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Global Population Growth Drives Demand 

for Food Security, Nutrient Management
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Chickens

Cattle

Pigs

World Inventory (vs. 1961)

1986 2011

Cattle 134% 149%

Chickens 232% 510%

Pigs 203% 237%

(FAOStat, 2013)

Animal Agriculture, Nutrients, & Food Security



Animal Agriculture, Nutrient Management 

and Global Food Security

(WHO, 2013)
(Poultry, USA)

(Pork, China)



Animal Production Transforms Nutrients from 

Natural Resources, Fertilizers, Soils into “Manure”
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Manure and Agriculture

• Linked to farming throughout 

history of civilization

• Primary nutrient source for 

food production until 20
th

century, still important today

• Environmental concerns  

about manures emerge in 

1970s, now worldwide issue 

for water, air quality

• Global trends in systems of 

animal agriculture, human 

diets now forcing changes, 

demanding innovations in 

manure management



Global Scenarios

(2000-2050)

Base:  IAASTD projection

EX:  Extensification, 10% production  

in mixed systems to pastoral systems

FE: Feed efficiency increases, 10% 

lower excretion rates in mixed and 

industrial systems

ST:  Storage/housing, 10% reduced 

emissions from animal infrastructure

IM: Improved recycling, manure 

integration into mixed systems

DI: 10% ruminant meat replaced in 

human diets by poultry

(Bouwman et al, 2012)



Global Trends in Nitrogen Budgets

IAASTD 2050:  

“…a world with an increasing 

population, continuous 

economic growth, increasing 

per-capita consumption, and 

important shifts in human diets 

to more meat and milk 

consumption”

“…a 117% increase in global 

livestock production, which is 

inherently inefficient compared 

with crop production ..an 

increase in global N and P 

surpluses of 23% and 54% 

respectively”

(Bouwman et al, 2012)

1950

2050



Trends in Nutrient 

Generation by 

US Animal Agriculture

Geographic intensification of 

animal production has led to 

large N and P surpluses in many 

areas of the USA

Feed grain production has 

been largely disconnected from 

animal production

Regional problems with 

nonpoint nutrient pollution of 

water and air have grown into 

national concerns 

Nitrogen

Phosphorus

(Kellogg et al., 2000)

Cattle
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Poultry



“Recovery” of Manure Nutrients?

(All USA Livestock, 1997)

0

2000

4000

6000

8000

N P

Excreted Recoverable

*Primarily not confined (grazing, etc.)

Million kg

Potentially Recoverable N, P

(% Available for Application)

N P

Poultry 58 83

Fattened cattle 35 74

Milk Cows 32 68

Swine 23 78

Other beef/dairy* 2 5

20%

37%

(Kellogg et al., 2000)



USA Animal Production Trends (1997-2012)



% Change

> +20%

+5-10%

- 5 to 10%

Hogs & Pigs Inventory: 1997 vs. 2012

(Top 15 States – 94% Inventory of 68 million)

252%

142%

137%

135%

4 states = 64% of US hogs and pigs inventory



Today’s nutrient cycle is fragmented

Fertilizer

Manure P
Manure P

Grain P

(Sharpley, 2006)



How Can We Improve Nutrient Use 

Efficiency by Animal Agriculture?

A “Global Framework” ?

1) Strategic, sustainable agri-environmental 

policies, tactics, and practices

2) Animal breeding, nutrition and health

3) Comprehensive nutrient management plans –

for the farmstead and cropland

4) Alternative uses for animal by-products –

technological solutions

(Sims and Saylor, 2
nd

International Nutrient Management Workshop, Beijing, China, 2008)



Nutrient Management & Animal Agriculture:  

Perspectives, Strategies and Policies

(FAO, 2006) (CAST, 2012)



Our Nutrient World:  The Problem

“The inclusion of livestock in 

the food chain substantially 

reduces overall nutrient use 

efficiency, leading to large 

pollution releases to the 

environment and requiring 

more N and P to sustain the 

human population than 

would be required by 

plant-based foods.”

“Globally, the 80% of N and 

P in crop and grass harvests 

that feeds livestock ends up 

providing ~20% (15-35%) of 

the N and P in human diets”



Our Nutrient World:  Key Actions

Key Action #2:  Improve NUE for Animal Agriculture

Animal breeding, housing, and health

Dietary management

Nutrient management planning

Key Action #3:  Improve Fertilizer Value of Manure

Reduce production, storage, and application losses

 Enhance fertilizer value via manure processing

Key Action #6:  Integration and Optimization

 “…integrate nutrient flows … such as through spatial 

integration of livestock and arable agriculture, 

improving NUE for animal manures”



Nutrient Management Policies-USA’s Changing View

40+ Years of Voluntary and 

Incentive Approaches to 

Nutrient Management 

(Extension Education, 

Cost Sharing)

 PA Nutrient Management Act (1993-97)

 MD Water Quality Improvement Act (1998)

 NC moratorium on new swine farms (1997-?)

 VA Poultry Waste Management Act (1999)

 Delaware Nutrient Management Act (1999)

 USDA-USEPA Unified AFO strategy (1999)

 USDA Nutrient Management Code 590 Standard (1999)

 USEPA “TMDLs” and “CAFO” Rules (2002, 2010)

 USDA Conservation Effects Assessment (2003)

 USEPA “National Strategy for Agriculture” (2006)

 President Obama Executive Order for Chesapeake (2009)



Case Study:  Chesapeake Bay, USA

“A National Treasure”

State of the Bay 2012

“DC”

Manure N Manure P



Priority Manure Management Challenges & Actions

1) Achieve nutrient balance on farms, in sub-watersheds

2) Develop markets to sustain manure management 

practices and systems

3) Improve compliance with manure, erosion, and 

sediment control rules

4) Improve on-farm infrastructure

5) Advance technologies for manure application

6) Develop and sustain manure processing industries

Chesapeake Bay: 2010 Manure Summit

(Kleinman, et al., 2012)



Manure Nutrient Management

IPNI: “The 4Rs”

1) Right Source

2) Right Rate

3) Right Time

4) Right Place

University of Delaware - 1992



Manage All Manure Consitutents

Manure “Contaminants”

1) Pathogens

2) Antimicrobials

3) Hormones

4) Impacts

5) Management

 Land application

 Storage

 Treatments

 Subsidies

 Regulations

Literature Review of 

Contaminants in Livestock and 

Poultry Manure and 

Implications for Water Quality

July, 2013



Comprehensive Nutrient Management Plans

“A CNMP is a conservation plan that is unique to animal 

feeding operations (AFOs). It is a grouping of conservation 

practices and management activities which, when 

implemented as part of a conservation system, will help to 

ensure that both production and natural resource protection 

goals are achieved.  Key elements include:”

1) Manure and wastewater handling and storage

2) Land treatment practices

3) Nutrient management plans

4) Feed management  

5) Record keeping

6) Alternative uses for manures (off-farm)

(USDA-NRCS National Nutrient Management Handbook, 2008)



Manure Nutrient Management: Challenges

1) Inefficient animal 

manure management 

practices in settings 

where sustainable 

manure use is possible

2) Agricultural systems 

highly efficient at 

animal production, 

but inefficient at or 

disconnected from 

sustainable manure 

use for (local) crops

Nutrient Use Efficiency

(Output/Input):

N = 36%

P =  35%  



Manure Storage and Application

Surface application, sloping ground

Manure injection for grasslands - $$$$

Inadequate, poorly maintained storage

Modern manure storage - $$$$



Balancing Manure and Soil Fertility?

• Soil test P maps of 

Australian dairy farms 

highlight practical 

challenges of distributing 

manure nutrients 

uniformly on farms

• Uneven distribution 

impacts yields, enhances 

risk of P loss to water

Farm #1

Farm #2

(“Accounting for Nutrients”

Australian DPI, 2011)



Animal Nutrition, Manure, and Environment

Balancing soil fertility in manured soils must 

integrate crop and animal nutrition (N:P ratios)

P Balance

Traditional

“CAFOs”:  1700 cows



Managing Poultry Diets to Reduce Phosphorus 

Excretion:  Phytase and “HAP” Corn
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Modified diets:

~20-50%

reduction

in manure TP

(Saylor et al., 2001)
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Mitigate Gaseous Emissions from Animal Agriculture 

(NH
3
, N

2
O, NO, CH

4
, VOC, Odors, PM

10
….)

China

Delaware, USA Ireland

Delaware, USA



Alternative Options for Swine Manure

Advanced wastewater 

Treatment for irrigation

Organic fertilizers

“Super Soil”

(Vanotti et a., 2008)



Manure-Based Inorganic Fertilizers

Recycling P from poultry and 

swine manures by use of 

chemical treatment (liming, 

acid extraction), solids 

separation, polymer 

dewatering, filtration produces 

high quality P fertilizers

(~20% P
2
O

5
)

Szogi et al, (2009)

Crop N:P ratio

Maize:  7.5:1

Cotton: 6.2:1



Can We Improve Nutrient Management for 

Global Animal Agriculture?

Yes Potentially

1) Agricultural and environmental 

policy frameworks and 

sustained financial support?

2) Systematic, effective education 

and technology transfer to our 

farming communities?

3) Integrated, basic and applied 

nutrient management research?

4) Global strategy for “CAFO”s to 

“recouple” animal and crop 

production systems?

Bottom Line: GPNM should be a leading force in global 

efforts to improve nutrient use efficiency by animal agriculture


