






Overall balance of nitrogenOverall balance of nitrogen
soil mineralization - land conversion
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Phases of hypoxiaPhases of hypoxia
Conversion of prairies and subsistence Conversion of prairies and subsistence 
farmingfarming -- late 1800 late 1800 --1950  steady state 1950  steady state ––
period of resilienceperiod of resilience
Introduction of commercial fertilizers after Introduction of commercial fertilizers after 
1950  upset the steady. Hypoxia might 1950  upset the steady. Hypoxia might 
have started around 1960 but was not have started around 1960 but was not 
observed until 1985 observed until 1985 –– period of period of 
vulnerabilityvulnerability
Hypoxia appeared after 1980 with Hypoxia appeared after 1980 with 
concurrent diminishing of shellfish concurrent diminishing of shellfish 
population population –– period of impairmentperiod of impairment



SubglobalSubglobal transport of nitrogentransport of nitrogen

Source:

National Research 
Council



Diffuse pollution is related to or a Diffuse pollution is related to or a 
consequence of the use or misuse consequence of the use or misuse 

of land of land 

Agricultural Diffuse Pollution is caused Agricultural Diffuse Pollution is caused 
mostly by misuse and overuse of land mostly by misuse and overuse of land 



Community responseCommunity response
Intensive research and development of Intensive research and development of 
BMPsBMPs
•• Soil conservation (since mid 1930s)Soil conservation (since mid 1930s)
•• Integrated pest managementIntegrated pest management
•• Buffer strips and field bordersBuffer strips and field borders
•• Animal feedlot managementAnimal feedlot management
•• Targeting fertilizer needs of cropsTargeting fertilizer needs of crops
•• Incorporation and restoration of wetlandsIncorporation and restoration of wetlands
Grass root movement to organic farmingGrass root movement to organic farming
Taking polluting agricultural lands out of Taking polluting agricultural lands out of 
production production 



Three types of farmingThree types of farming
Subsistence (mostly small family  farms)Subsistence (mostly small family  farms)
•• Expanded by land conversionExpanded by land conversion
•• Without education and some incentives hardly Without education and some incentives hardly 

environmentally sustainable (slash, burn, farm and environmentally sustainable (slash, burn, farm and 
move away)move away)

•• Subsistence farmers in developing countries often may Subsistence farmers in developing countries often may 
not reason beyond providing food for their families not reason beyond providing food for their families 

Commercial (Large industrial farms and animal Commercial (Large industrial farms and animal 
operations)operations)
•• High reliance on fertilizers and pesticides, mostly High reliance on fertilizers and pesticides, mostly 

monoculturalmonocultural
•• Large increase of nutrient inputs into receiving waters Large increase of nutrient inputs into receiving waters 



Organic FarmingOrganic Farming

Ecologically manageable systemsEcologically manageable systems
Still relatively smallStill relatively small
Dramatic growth in Europe and USDramatic growth in Europe and US
Is it sustainable and/or less Is it sustainable and/or less 
polluting?polluting?

Converting the entire agriculture sector 
to organic farming is a challenge and 
only a long term goal



Sustainable Agriculture?Sustainable Agriculture?
Shortest definition of sustainability:

A sustainable agriculture is one that, over a long 
term, (1) enhances environmental quality and the 
resource base on which agriculture depends, (2) 
provides for basic human food and fiber needs, (3) is 
economically viable, and (4) enhances the quality of 
life for farmers and the society as whole

American Society of Agronomy 

Dream, Conflicting or Achievable?



Three Types of Farming 

Parameter Subsistence Commercial Sustainable (organic)

Social identity Family Corporation Family or Community
Nature of change Uncontrolled Controlled Planned and anticipated
Government support Education and Subsidies for    Same as subsistence

grants for BMPs                 production
and set- aside 
land 

Relation to environment Vulnerable Control over Anticipatory
Natural resources Finite; consume; Develop and Finite; conserve and

relocate when and consume preserve
exhausted

Role of government Undeveloped and Coordination,                Regulate
unstable protect rights   

and needs of 
land  owners

Knowledge base Tradition Science and Science and 
technology technology

Impact on diffuse pollution Localized, could be Significant and Small, often none
significant over widespread
long term

Cost of externalities Medium Large None

From Novotny (2003) and Padgitt and Petrzelka (1994)



ConclusionsConclusions
Over the last 50 years there has been a dramatic Over the last 50 years there has been a dramatic 
shifshif from subsistence family farming to from subsistence family farming to 
commercial large scale farms and feedlots with a commercial large scale farms and feedlots with a 
consequence of large losses of fertilizers into consequence of large losses of fertilizers into 
receiving waters (diffuse pollution)receiving waters (diffuse pollution)
More environmentally sustainable farming is More environmentally sustainable farming is 
emergingemerging
Ecologically sustainable (minimum diffuse Ecologically sustainable (minimum diffuse 
pollution) farming may emerge  by a conversion pollution) farming may emerge  by a conversion 
of large farm operations to more sustainable of large farm operations to more sustainable 
farming. This   can only be achieved by farming. This   can only be achieved by 
regulation and rethinking or eliminating subsidiesregulation and rethinking or eliminating subsidies
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