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Underlying factors for the challenges of the 
coming decades

Soil & nutrient 

management are 

common to all threeHuman 
nutrition

LandCarbon

Soil OM

• Land use

• Soil quality

• Water use & quality

• Waste disposal

• Etc.

• Climate change

• Cheap energy

• Bioenergy

• Etc.

• Food quantity

• Food quality

• Food cost

Carbon and land concept 

by Henry Janzen, 2009

A triangle of opportunity

for those offering 

solutions

or

a target for those 

perceived as contributing 

to problems



Is intensification the solution 
or part of the problem? 



http://www.initrogen.org/visualization.0.html

Nitrogen Visualization, ECN and MediaMonks, 2007. 
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Intensification must be seen 
as more than yield increases



Profit

Resource
use 

effic-
iencies:   

Return on 
investment

Yield stability

Water & air quality

Farm income

Working conditions

Nutrient balance

Nutrient loss

Yield

Quality

Soil erosion

Biodiversity

Ecosystems services

Adoption
Soil productivity

Performance Indicators 

Energy
Labor

Nutrient
Water 

Affordable food

Cropping system



Realizing a New Vision for Agriculture

World Economic Forum, 2010. 

“Social” has been replaced 

with “Food Security” … 

Why?



Norman Borlaug – Nobel Peace Prize



Preparing for intensification
1) In the field
2) On the farm
3) In the city 



Preparing for intensification
1) In the field 

Much of the rest of the Forum: 

Ismail, Fred, Tim, …



Percent of samples testing below critical levels 
for K for major crops in 2010.



Percent of samples testing below critical levels 
for P for major crops in 2010.



Soil test P distribution in the Corn Belt 
(12 states plus Ontario)
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Bray P1 Equivalent, ppm

Corn Belt P 2005  2.0 million samples
2010  3.0 million samples

17% <10 ppm

31% <15 ppm

44% <20 ppm

Prepared for intensification?



Change in median Bray P equivalent soil test levels 
from 2005 to 2010.  



Estimated P removal to use ratio by watershed, 2007.
(Numbers are state ratios)

IPNI, 2010
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Nutrient removal by crops in the U.S. (N removal by 
alfalfa, soybeans and peanuts excluded). 
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Nutrient   Fert. applied  Removal

N 116/yr 70/yr

P2O5 20/yr           55/yr

K2O              5/yr            73/yr    



Percent of samples testing < 1.0 ppm DTPA 
equivalent Zn in 2010.

16% < 0.5 ppm



Critical Bray P1 and 
ammonium acetate 
equivalent soil test 

levels, 2010.P

K

Are these levels correct 

for intensively managed 

cropping systems?

Zn levels? 

Mn levels?

S levels?

SSSA Symposium for 

2011 Annual Meeting



Subsoils … are they changing and does it matter??

• Australia – Queensland

– 50% of P uptake from below 
10 cm

– Starter P supplies only 5-10%

• Subsoils being depleted of P

• Placement via:

– Mechanical means

– Chemical mobility

– Nanotechnology 

CSIRO, GRDC



Potential impact of climate change on crop yields in 
2050 relative to 2000

With full CO2

fertilization

Without CO2

fertilization

% 

change

Which map “… will much 
depend on availability of 
additional inputs, especially N.”

World Bank (Background note to the World Development Report  2010). 



Does greater N input mean greater GHG 
emissions? (Survey of 19 studies, ½ in NA)

Van Groenigen et al., 2010 and 2011 (Wageningen University).

“We conclude that the aims of 

optimal agricultural production 

and low GHG emissions are 

remarkably similar ….”

N surplus relative to above ground N uptake, kg/ha

Build and protect yield 

potential to maximize N uptake

Get the rate right (& other 3Rs)

Marching orders:



Invest more resources in 

on-farm decision making 

… use the science!



Preparing for intensification
1) In the field
2) On the farm (beyond field boundaries)



Corn Grain Yield - AERF

Corn’s sensitivity to 

changing landscape 

position presents 

opportunities to increase 

overall landscape 

productivity by integrating 

other crops into the 

landscape. 

Gregg Johnson, U of MN (Waseca)



Switchgrass (Sunburst) False Indigo

Willow (9882-41 and SX67)

Alfalfa (Garst 6420 )

Corn (Dekalb DK 44-92 RR)  

Poplar (NM6)
Cottonwood (D125) 

Gregg Johnson, U of MN (Waseca)



Summit Depositional Flat W hillslope S hillslope SW 
hillslope

N hillslope

Switchgrass
+ - - + - - -

Alfalfa
+ - + - + + +

Corn Stover
+ - - + + + +

Corn Grain
+ - - + + - +

Willow SX67
- + + - + -

Willow 9882
- + + - - - -

Cottwd.D125
+ + + + + + +

Poplar NM6
+ - + + + + +

Productivity Matrix for Biomass Crops

CI=90%

Johnson, U of MN (Waseca)



A Multifunctional Landscape 
Perspective

 Production of food, feed, fiber, and fuel
 Carbon sequestration 
Water and air quality (reducing nutrient losses) 
Wildlife and recreation

Johnson, U of MN (Waseca)

Does this restructuring of farms need to be part of our 
preparation for truly intensive crop production? 



Controlled drainage as part of the intensification package
University of Minnesota, Lamberton

Year

Performance

indicator

Drainage

Free Controlled

2008 Soybean yield, bu/A 22 19

2008 NO3-N load, lb/A 18 7

2009 Corn yield, bu/A 202 224

2009 NO3-N load, lb/A 3 2

Jeff Strock (U of MN – Lamberton), 2011.

Multifaceted solution to drainage issues:
• Controlled drainage
• Appropriate drainage system designs
• Bioreactors
• Two-stage/managed ditches
• Buffers
• Water storage
• Side inlet controls
• Alternative practices



Preparing for intensification
1) In the field
2) On the farm
3) In the city 



Food and Beverage Companies Tracking 

Water and Carbon Footprints

More crop per drop

Oct. 21, 2010

Cool Farm Tool



Demand for More Sustainable, Less 

Chemically Dependent Agriculture

“…..boost the incomes of small and 

medium-sized farmers….while reducing 

the use of pesticides and fertilizer”  
Arkansas Democrat- Gazette, October 15, 2010



EPA Lays Out Five-Year Plan on Agency 

Priorities – Oct. 7, 2010

• Five strategic goals to advance EPA’s environmental 
and human-health mission:

– Taking action on climate change and improving air quality

– Protecting America’s waters

– Cleaning up communities and advancing sustainable 
development

– Ensuring the safety of chemicals and preventing pollution

– Enforcing environmental laws

Preparation should likely include use of environmental 

footprint estimation tools 
(ex - Field to Market Field Print Calculator)



Leading world exporters of corn 

http://www.ers.usda.gov/Briefing/Corn/trade.htm

16% of the 2010 

U.S. crop



Preparation in the “shining city on the hill” 

• Communicating to funding agencies the critical need for research 
on agronomic and environmental aspects of intensively managed 
high yield systems

• Example of the challenge: research proposals for Federal support 
are criticized for being too focused on corn, even though corn …

– Greatest crop acreage; A major U.S. export

– Consumes 43% of fertilizer N, 45% of P, and 44% of K

– Primary near term source of feedstock for biofuels

– Very effective at sequestering C

• Intensification of corn production is being viewed as the problem 
rather than the solution … we have a communication challenge



Preparing for intensification

• Cropping intensification can be viewed as either a solution or a 
problem … increases the importance of preparation

• Preparation is needed:

– In the field

• See Forum topics

• Soil fertility that will support intensive production

• A focus on N efficiency through N management & uptake maximization

– On the farm

• Management (and research) beyond fields to landscapes

– In the city

• Communicating credible environmental footprints to the public

• Refinement of funding agency priorities

• Utilizing 4R Nutrient Stewardship in communication efforts


