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•Nitrogen inputs are needed and crucial for maintaining 

agricultural production.  

•Nitrogen is one of the most dynamics and mobile elements. It 

is also susceptible to losses via several pathways.  

•With average worldwide recoveries of 50%, we need to 

continue developing tools that can help us improve the 

management of N. 

•Develop nutrient management systems that minimize the loss 

of nutrients to ground and surface water while maintaining a 

profitable agricultural economy.  
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Selected Cooperators - Locations 



Location of Spain (Valencia Study sites) and Argentina (Study Sites), (Lavado et al, 2010). 
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Figure 5. Spatial distribution of the nitrate content in the groundwater of Spain 

(Varela, 1991). 
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Dairy cattle in México: 2.2 million  

Dairy cattle in La Laguna:  0.44 million  

Average herd size: 1,300 cows 

Manure production: 7.5 million of ton/year (as excreted) 
 

0.925 million of ton/year (dry matter) 

The Region of La 

Laguna, 
in the States of Coahuila and 

Durango, México 

Selected Cooperators - Locations 



25,000 ton N 
susceptible  

to being lost 

Gross N Balance in Dairy Farms at La Laguna 
13,800 ton  

of volatilized N 

7,200 ton N 

extracted by forage 

crops 

46,000 ton  

of excreted N 
32,200 ton N 

incorporated into the 

soil  

Figueroa et al., 2009 

Selected Cooperators - Locations 



Average Nitrate Concentration  of 

Ground Water 
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U.S. consumption of Nitrogen
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NH3 emissions and NH4
+ in air and 

precipitation (1995-1998) 

  

1990 Annual Anthropogenic NH3 Emissions, AQPP CHRONOS 21-km  

North American Grid, Prepared by CEPS 

Lemunyon, NRCS 





Nitrogen Cycle  

and  

N loss pathways 



Nitrogen Management of Agricultural Systems 

How do we manage nitrogen in order to 

increase Nitrogen use efficiencies and 

reduce nitrogen loss to the environment? 



How is N2O Produced in the Soil? 

How Can N2O Emissions be minimized? 

 

 

How is NO3 Leached from the Soil? 

How Can NO3 Leaching be Minimized? 
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Effect of N fertilizer on N2O and CH4 uptake 

Native grassland                        0.3   6.3 

Fertilized grassland     0.6   4.1 

Irrigated wheat 

  Urea    6.0   0.9 

  Control    2.0   0.8 

Irrigated Corn (Maize) 

  Urea  16.5   0.6 

  Control    1.1   0.6 

 g N2O-N ha-1 d-1                 g CH4–C ha-1 d-1  

Mosier  et al. 1991, 1995, 1996 



Effect of N fertilizer and NI on N2O 

Irrigated Corn (Maize) 

  Urea     1651 

  Urea + nitrapyrin     980 

  Urea + ECC      483 

  Control         108 

Irrigated wheat 

  Urea         929 

  Urea + ECC      509 

  Urea + DCD      437 

  Control       440 

 g N2O-N ha-1 

Mosier  et al. 1991, 1995, 1996 



Delgado and Mosier 1996, J. Environmental Quality 
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Figure 13. Effect of N fertilizer rate applications on yield and N uptake by irrigated corn (Adapted from Bock and Hergert, 1991). 

Potential N available to leach (NAL) assuming major pathway for losses is leaching. The NAL was estimated as NAL =  N applied – N 

uptake . 

Delgado 2004 



Figure 5. Essential components of NO3-N leaching index (NLI) (From Shaffer and Delgado, 2002). 
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Figure 3. Mean Nitrous Oxide (N2O) and nitrate leaching (NO3-N) from a 10 year site specific simulation of 

a dryland wheat – fallow rotation in Colorado (wheat); corn-corn rotation in Ohio (corn) and a corn-soybean 

rotation in Ohio (soy).  The simulated scenarios were: 1) aboveground crop residue kept in the field (residue 

retained); 2) removing aboveground crop residue (residue removed); and 3) aboveground crop residue kept in 

the field but removal of a similar amount of N from the fertilizer input (residue retained, decrease fertilizer).  

Delgado et al. 2010 J. Nutrient Cycling  
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Figure 3. Mean Nitrous Oxide (N2O) from a 10 year site specific simulation of a dryland wheat – fallow rotation in 

Colorado (wheat); corn-corn rotation in Ohio (corn) and a corn-soybean rotation in Ohio (soy).  The simulated scenarios 

were: 1) aboveground crop residue kept in the field (residue retained); 2) removing aboveground crop residue (residue 

removed); and 3) aboveground crop residue kept in the field but removal of a similar amount of N from the fertilizer input 

(residue retained, decrease fertilizer).  
Delgado et al. 2010 J. Nutrient Cycling  



Table 2. 15N applications, recoveries and losses in irrigated 

cover crop studies. 

Delgado et al. 2010 J. Nutrient Cycling  



                                        Ctw 

Canola                233  b 

Fallow                            274  b 

Sorghum sudan-HS     308 ab 

W-Mustard                    225 b 

Sorghum-sudan           390 a 

Sorghum-sudan-hay    386 a 

Take Home Message 

Sorghum Sudan: 

Delgado et al. 2007 J. Soil and Water Conservation 



New Concepts for Nitrogen 
Management 

 

New Nitrogen Index  

 

Mexico, Spain, Ecuador, 

Bolivia, California, 

Caribbean, ….. 

Delgado et al., 2008. Ecol. Eng. 32:108-120 



Team Efforts 

Across Nations  – 

Case Scenarios 

Ecuador 





Rendimiento vs dosis de N  
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Photo NASA 



The Soil and Water Conservation Society invited the authors to 

review the science of conservation practices and their potential 

for climate change mitigation and adaptation.  

Photo USDA 





“Conservation Practices to Mitigate and Adapt to Climate Change ” 

 
 

• Jorge A. Delgado USDA ARS, Fort Collins, Colorado.  

• Peter M. Groffman Cary Institute of Ecosystems 

Studies, Milbrook, New York.  

• Mark A. Nearing USDA ARS, Tuscon, Arizona.  

• Tom Goddard Government of Alberta, Canada.  

• Don Reicosky USDA ARS (Former) 

• Rattan Lal The Ohio State University, Columbus, 

Ohio.  

• Newell R. Kitchen USDA ARS, Columbia, Missouri.  

• Charles W. Rice Kansas State University, Manhattan, 

Kansas.  

• Dan Towery is the owner of Ag Conservation 

Solutions, Lafayette, Indiana.  

• Paul Salon SWCS, New York Chapter.  

Photo NASA 



The 20th century’s Green Revolution showed that science-based 

solutions could provide answers to global challenges to the benefit of 

societies.  

 

Despite the success of the Green Revolution, today there are new 

concerns, and the threat of climate change is among the most 

severe threats that face our planet in the 21st century (USDA NRCS 

2010).  



 

• Climate change is occurring, and the implementation of sound 

conservation practices will be key for each country’s health, 

social stability, and security.   

Major World Challenges Related to Soil and Water 

Conservation 

Photos EPA 



 

•  Extreme weather events are creating environmental 

problems, accelerating the rate of erosion and threatening 

agricultural production needed for food security.  

Major World Challenges Related to Soil and Water 

Conservation 

Photo EPA Photo ARS Photo NRCS 



Additionally, climate change can increase the potential for 

higher erosion rates, which is also of concern because 

erosion has been reported to lower agricultural productivity by 

10% to 20% (Quine and Zhang 2002; Cruse and Herndel 

2009).  



 

• Key world agroecosystems that rely on significant amounts of irrigation 

water are being threatened because water resources are being depleted, a 

result of water use exceeding water storage replacement.  

•Since irrigated systems have, on average, double the yields of non-

irrigated systems, the depletion and salinization of these key world 

resources results in additional pressure to increase agricultural 

productivity.  

 

 

Major World Challenges Related to Soil and Water 

Conservation 

JSWC CAN 2004 JSWC 



Additionally, there are reports that for some regions, the 

melting of glaciers may affect the availability of water that 

is used for cities and/or irrigated lands. This presents a 

serious concern because, on average, irrigated systems 

have yields that are twice those of nonirrigated systems 

(Rangely 1987; Bucks et al. 1990; Tribe 1994).  

Photo EPA  (Kilimanjaro) 



Another concern that could affect the maximization of yields 

is energy costs, which are expected to rise in the future and 

which may reduce key fertilizer and agrochemical inputs at 

a farm level (UNEP GRID-Arendal 2009).  



Nonirrigated systems could also see their yields 

potentially reduced due to these stresses since it has 

been reported that for every increase in temperature of 

1°C (1.8°F), there is a potential reduction in yield, not 

only from heat stress, but also from the interaction of 

heat stress and drought stress that may be put on crops 

(Peng et al. 2004; Auffhammer 2011; Lobell et al. 2011).  

 

For example, across Africa, an increase in temperature 

of 1°C under drought conditions could affect 100% of 

the maize area, potentially reducing yields by at least 

20% (Auffhammer 2011; Lobell et al. 2011).  



 

 Population growth and the development of new, stronger 

economies, such as those of China and India, are increasing 

the demand for world resources.  

 

By 2050, the world population is expected to increase by 2.4 

billion people, and as the economies of countries with large 

populations improve, even more pressure will be put on the 

world’s agricultural systems. This increased demand for 

resources coupled with climate change could threaten the 

potential to achieve food security. 

  

  

Major World Challenges Related to Soil and Water 

Conservation 



 

   

 Due to anticipated impacts from climate change, deforestation, 

erosion, depletion of water resources, and other environmental 

problems, as well as potentially higher fuel prices, which could 

impact agricultural inputs, food security will increasingly become 

a concern in the coming decades.  

 

•This could become an even greater concern if extreme events, 

such as droughts or floods, or even extreme pest or disease 

outbreaks (e.g., blight, a potato disease that contributed to the 

infamous potato famine in Ireland) begin to occur on systems 

that are already stressed.  

 

 

 

Major World Challenges Related to Soil and Water 

Conservation 



The Carbon and Nitrogen Cycles and Agricultural 

Influences on Greenhouse Gases 

Greenhouse Gases Contributed by Agriculture are an 

Important Factor in Climate Change.  

Agriculture plays an important role in the GHG fluxes of CO2, 

N2O and CH4, contributing 6% of total United States GHG 

emissions, a total of 427.5 Tg CO2 equivalents (table 2; figure 

2) (USEPA 2010b).  

 



Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 

Principles for Communication of Soil and Water 

Conservation Programs  

 

•Teach the Value of Soil Carbon.  

Understanding the relationship between carbon (C) 

sequestration and soil and water quality benefits is key. 

Conservationists, farmers, policy advisors, K-12 and 

university students—in short, the general public—should 

have an understanding of how soil carbon can assist in 

climate change mitigation and adaptation.  

 

 

 



Principles for Communication of Soil and Water 

Conservation Programs  

 

•Develop Communication that Connects Science to 

Land Managers.  

 -Better communication with farmers and farmers’ 

groups is key to increasing the efficiency of soil and 

water conservation programs.  

 

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Communication of Soil and Water 

Conservation Programs  

 

•Develop Communication that Connects Science to 

the Public.  

-Better communication with the general public is 

essential to increasing awareness of the benefits of 

soil and water conservation programs.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Communication of Soil and Water 

Conservation Programs  

 

•Improve Historical Context. 

 -Development of long-term data records, programs, and 

studies are important for developing conservation 

programs that will contribute to climate change mitigation 

and adaptation.  

 

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Communication of Soil and Water 

Conservation Programs  

 

•Ongoing Training Essential.  

  -Education programs and the mentoring of new personnel 

are important for maintaining an educated workforce that 

will compete to develop the most efficient management 

practices.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



 

 

Principles for Communication of Soil and Water 

Conservation Programs  

 

•Enhance Exchange.  

  -Forums for exchanging information between farmers, 

professional societies, scientists, conservation practitioners, 

and the general public, and to discuss the advantages and 

disadvantages of recent advances, are needed to  continue 

advancing the field of soil and water conservation and are 

important for climate change mitigation and adaptation.  

 

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices for 

Climate Change Mitigation and Adaptation  

 

•Cover the Surface.  

     -Harvesting of plant residues should be avoided if soil 

function will be  compromised.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

 

•Soil Function Improves with Soil Carbon. 

     -Soil C sequestration is beneficial for the environment.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices for 

Climate Change Mitigation and Adaptation  

 

•Surface Residue Protects.  

     -Conservation agriculture increases sustainability.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•Value Perennial Crops.  

    -A large number of peer-reviewed manuscripts report 

that perennial bioenergy crops (e.g., switchgrass) can 

contribute to C sequestration and  better protect the 

environment than grain cropping used for energy.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•Off-Field Remediation Practices Are Helpful.  

    -Off-the-field conservation practices can contribute to 

climate change mitigation and adaptation ( e.g., riparian 

forest  buffer, wetland).  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•Improve Landscape Diversity with Agroforestry.  

     -Agroforestry can contribute to landscape diversity, 

benefiting the environment.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices for 

Climate Change Mitigation and Adaptation  

 

•Effectiveness Enhanced with Landscape-Targeting Precision 

Conservation.  

     -We need to account for spatial and temporal variability and 

avoid a one-size-fits-all approach if we are to maximize 

conservation. The scientific literature has many examples that 

show that to maximize conservation, managers will need to 

consider the effects of climate change on yield, productivity, and 

the environment. These effects are likely to be mixed and to vary 

greatly by region, by field, within field, and by crop type.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•Promote Energy Efficiency.  

    -Green programs can save energy at the farm level 

(e.g., wind, solar, and biomass programs).  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•Value Water More.  

    -Water-use efficiency needs to be increased, and 

water quality needs to be protected.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices for 

Climate Change Mitigation and Adaptation  

 

•Greater Diversity Needed.  

     -Diverse cropping systems will be key to mitigating and 

adapting to climate change. Development of new varieties 

that can be used for tolerance of   drought, temperature 

stress, and other effects of climate change will be needed.  

 

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices for 

Climate Change Mitigation and Adaptation  

 

•Minimize Gas Losses.  

     -Practices that can reduce emissions of methane (CH4) 

and other greenhouse gases at the farm level will contribute 

to sustainability.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Soil and Water Conservation Practices 

for Climate Change Mitigation and Adaptation  

 

•“Tighter” Nutrient Cycles.  

 

     -Practices that can capture nutrients and energy from 

manure contribute to   conservation. Cycling of crop 

residues, use of cover crops, and increasing fertilizer-use 

efficiencies are some examples of ways to contribute to 

tighter  nutrient cycles.  

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 



Principles for Development of New Science and 

Technologies  

 

•Research Pays Dividends Long Term.  

     -Research programs greatly contribute to soil and 

water conservation, making them important for climate 

change mitigation and adaptation.  

 

Soil and Water Conservation Principles Applied to  

Climate Change Mitigation and Adaptation 





The scientific literature suggests that with 

use of good policies, conservation 

programs, and practices we could have a 

better opportunity to achieve food security 

(good air, soil and water quality), while 

with bad policies and/or a lack of 

policies/conservation practices for climate 

change mitigation and adaptation, we will 

have lower air quality, soil quality and 

water quality, and there will be less 

potential to achieve food security. 



 

All of this information is available at the SWCS 

website (http://www.swcs.org/) and also published in 

the Journal of Soil and Water Conservation 

(http://www.jswconline.org/).  

 

Additional Information/Final Comments 

http://www.swcs.org/
http://www.jswconline.org/


Thank 

You! 


