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Brave New World Since 2005 
• Rapid, sustained economic growth in the most 

populous developing countries 
• Rapid rise in petroleum prices 
• Convergence of energy and agriculture 
• Falling supply relative to demand for staple food 

prices 
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Urban-industrial expansion onto prime farmland at the periphery 
of Kunming (+6 million), the capital of Yunnan Province, China,  

Photo: K.G. Cassman 



Clearing virgin rain forest in Brazil: powerful +feedback to GHG emissions 

Photo: K.G. Cassman 



Brave New World Since 2005 
• Rapid, sustained economic growth in most populous 

developing countries 
• Rapid rise in petroleum princes 
• Convergence of energy and agriculture 
• Falling supply relative to demand for staple food 

prices 
• Little progress to reduce poverty and malnutrition  

 
 

6 14 Nov 2012 Fertilizer Industry Roundtable 



Food insecurity: unsustainable crop production on marginal 
land by poor farm families without other options 

Photo: K.G. Cassman 



15 April 2011 Food Security and Environment 8 
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Brave New World Since 2005 
• Rapid, sustained economic growth in most populous 

developing countries 
• Rapid rise in petroleum princes 
• Convergence of energy and agriculture 
• Smaller supply, relative to demand, of staple food crops; 

steep rise in  the price of these foods 
• Little progress to reduce poverty and malnutrition 
• Limited supplies of good quality arable land and 

accessible fresh water 
• Stagnating yields in some of the most productive 

cropping systems 
• Increasing concerns about environment and climate 

change 
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Irrigated systems occupied 18% of 
cultivated land area but produced 
40% of human food supply 
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Stagnating yields for RICE in Korea, Japan, and China; 
WHEAT in northwest Europe and India; MAIZE in China, 
and IRRIGATED MAIZE in the USA. 

Maize
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Cassman, 1999. PNAS, 96: 5952-5959  Grassini et al., 2011. FCR 120:142-152  

Cassman et al., 2003, ARER 28: 315-358  

Cassman et al., 2010, Handbook of Climate Change  



Brave New World Since 2005 
• Rapid, sustained economic growth in most populous 

developing countries 
• Rapid rise in petroleum princes 
• Convergence of energy and agriculture 
• Smaller supply, relative to demand, of staple food crops; 

steep rise in  the price of these foods 
• Increasing poverty and malnutrition 
• Limited supplies of good quality arable land and 

accessible fresh water 
• Stagnating yields in some of the most productive 

cropping systems 
• Increasing concerns about environment and climate 

change 
• These are likely to be LONG-TERM MEGATRENDS 
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• A ~60% increase in cereal* yields needed 
by 2050 (39 yr) = 1.54% yr-1 of current 
average yield 

• Business as usual will not meet 2050 global 
demand for food, feed, fuel in without large 
expansion of crop area 

• How much help from less meat and less 
post-harvest losses and food waste? 

 *Cereals for food, feed, fuel, bio-industrials 

Assuming a goal of no net expansion of 
current crop production area…… 
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The Challenge is Clear 
• Increase food supply +70% (cereals + 60%) 

on existing crop and pasture land 
• Substantially decrease environmental 

footprint of agriculture 
–Protect water quality and conserve water for 

non-agriculture uses 
–Maintain or improve soil quality 
–Reduce greenhouse gas emissions 
–Protect wildlife and biodiversity 

• Called “sustainable intensification” 
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A Golden Age for Fertilizer Industry? 
• Increased yields and removal of grain and 

biomass requires greater nutrient uptake 
(more commercial fertilizer) 

• But fertilizer efficiency is very low is most 
places; efficiency gains will make net increase 
in fertilizer use less than increase in yields (but 
still a substantial increase) 

• Increasing concerns about environmental 
impact of agriculture will place greater 
pressure on documenting environmental 
performance of fertilizer use, and perhaps also 
increasing regulations 
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• Greenhouse gas emissions from 
corn-ethanol life cycle (2006-2009) 

• Recent EPA report on Integrated 
Nitrogen Management (2011 release) 

• High yield, high efficiency, low 
global warming intensity, irrigated 
corn in Nebraska (2012) 

 

Three Disruption Stories 
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Biofuels Case Study: from good guy to 
villain in 2-years:  2005 to 2007 

Benefits 
 Decreased reliance on imported petroleum 
 Net reduction in greenhouse gas (GHG) emissions 
 Rural jobs and economic development 
 Reduces cost of gasoline for consumers ($25-80B/yr) 

Negative impacts and concerns 
 Relies on subsidies 
 Net increase in GHG emissions and net energy loss 

(energy inputs > outputs) 
 Uses too much water, causes land use change 
 Major cause of rising food prices 
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2007 EISA definition: Life Cycle GHG Emissions 
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Stillage 

CO2 
 

Fertilizer offset in crop production Horticultural 
uses/organic ag? 

N2O CH4 

CH4 
 

manure, urine 

CH4 

Meat 

Ethanol 
 

 Distillers grain 

 Grain 

Grain NO3 leaching 

N2O 
 

CO2 
 

Corn Production  
--Grain and stover yields in relation 
to climate and management 
--All inputs and outputs have 
energy and GHG equivalents 
--Net impact on soil carbon balance 
and  nitrate/phosphate losses 
(water quality concerns) 

Ethanol Plant 
--Energy input and outputs per 
bushel of corn, total energy yield 
--Energy sources (natural gas, 
coal, burning biomass, biogas) 
--Greenhouse emissions 
--Distillers grain processing 

Cattle Feedlot 
--Feed, energy and other inputs 
--Animal weight gain and feed efficiency 
--manure output and nutrient content 
--Methane, nitrous oxide, (and CO2?) 
emissions 
--Meat production 

NO3 leaching 

Methane Biodigestor 
--Manure and nutrient inputs 
--Methane output 
--Biofertilizer output, fertilizer 
replacement value, land requirement 
(higher value use in horticulture?) 

Biofertilizer 

Life Cycle Assessment: 
Integrated Biofuel Biorefinery with Corn Grain as Feedstock 

CO2 
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Biofuel Energy Systems Simulator (BESS) 
[available at: www.bess.unl.edu] 

• Most up to date estimates for direct-effect GHG emissions 
for corn ethanol based on best current science and input 
from all key disciplines (engineers, agronomists, soil 
scientists, animal nutritionists, industry professionals) 

• User-friendly, completely transparent, and well 
documented 

• Default scenarios based on regional-scale data, but can 
also be used for certification of an individual ethanol plant, 
its associated corn supply and co-product use 

• Can be used for estimating carbon-offset credits for 
emissions trading with an individual ethanol plant as the 
aggregator 

• If GREET can be consistent with BESS for corn-ethanol 
GHG emissions estimates, then BESS can be used for 
compliance and certification 
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Conclusions from BESS analysis 
• Based on state records and recent surveys, natural gas 

powered dry mills (90% of the industry) can reduce GHG 
emissions by 48-59% compared to gasoline on average, 
which is a 2-3 fold greater reduction than reported in 
previous studies 

• Crop production represents 42-51% of life-cycle GHG 
emissions for typical USA corn-ethanol systems; Co-
product credits offset 26-38% of life-cycle GHGs  

• Accurate GHG analysis is essential for enabling ethanol 
producers to meet the 20% GHG reduction relative to 
gasoline for the 2007 EISA, and will be critical for state-
level  LCFS  

Published in 2009:   Liska AJ, Yang HS, Bremer VR, Klopfenstein TJ, Walters DT, Erickson GE, 
Cassman KG.  Improvements in Life Cycle Energy Efficiency and Greenhouse Gas Emissions of Corn-
Ethanol. J. Industrial Ecol. 13:58-74  



Objectives 
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Released: 
October, 2011 

 Identify impact of reactive nitrogen (Nr) on the environment and links among the 
various impacts 

 Evaluate impact of integrated N management strategy on environmental impact 
 Identify options for EPA to reduce risk of negative environmental impact from Nr 
 Make recommendations to EPA about needed research and approaches to 

reduce risk of negative impact from Nr on environmental services 
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Recommendations 
• Because reactive nitrogen (Nr) flows through multiple ecosystems (land, 

surface and groundwater, estuaries) and in many different forms (NH4, NO3, 
N2O), new institutional structures are needed for effective control and 
management 

•  Requires integrated management that recognizes complex tradeoffs, are 
cost-effective, and identifies key intervention points 

• EPA Intra-agency task force recommended to: (i) better quantify Nr impacts 
on ecosystems, human health, climate change, (ii) monitoring needs to 
support informed policies, (iii) identify most efficient and cost-effective ways 
to reduce Nr volumes and negative Nr impacts on environment, HH, CC. 

• Inter-agency task force needed (EPA, USDA, DOE, NSF, DOT, etc) to 
coordinate “all of government” efforts 
 



Take Home on EPA Nr Study 
• Nr in form of commercial fertilizer is 

critical to ensure global food security 
• There is too much reactive N in the 

global environment, and it causes 
degradation of water quality, 
biodiversity, and has health concerns 

• Majority of Nr in the environment 
comes from agriculture 

• Recommends increased monitoring as 
basis for mitigation interventions 
 14 Nov 2012 Fertilizer Industry Roundtable 



On-farm analysis: maize 
fields in the Tri-Basin NRD 

--- Data from 3 years (2005, 2006, and 2007)  
--- 777 field-year data identified with 100% 
irrigated maize 

14 Nov 2012 



Tri-Basin NRD: irrigation system, rotation, and tillage 

Irrigation system (n = 777) 

GRAVITY  
(33%) 

PIVOT 
(49%) 

MIXED  
(pivot and gravity in  
the corners of the field)  

(18%) 

Crop rotation (n = 777) 

OTHERS (1%) 
  (wheat, sorghum, 

millet) 

CONTINUOUS 
CORN (38%) 

SOYBEAN-
CORN (61%)  

STRIP-TILL (10%) 

NO-TILL 
(37%)  

DISK 
(22%) 

RIDGE- 
TILL 
(31%) 

Tillage system (n = 123) 
(2%) 

DIESEL 
26% 

ETHANOL  

NATURAL 
GAS  
(49%) 

PROPANE (2%) 

ELECTRICITY 
(21%) 

Energy source for irrigation (n = 777) 



Effect of irrigation system and tillage 
* number of observations is indicated inside bars; ** vertical bars indicate ±SE of the mean; *** in the 
second figure, data were pooled across years. Selected t-test comparisons are shown.  

Applied irrigation with 
pivots was 4.5” less than 
with surface irrigation. 
No yield difference! 

Applied irrigation under 
ridge- and no-till was 
lower than with disk 
plow (-3.0”) 
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* Based on management data collected from 123 fields in the Tri-Basin NRD during 2005-2007 seasons. 
Values above bars indicate average corn grain yield (bu ac-1) for each rotation x tillage combination 

Tillage system: 

• Despite high yields (212 bu/ac average, 
or 13 metric tons/ha)……….. 

 
• And, although N rate is above U.S. 

average, yields and NUE are higher 
especially under soybean-corn rotation 
due to higher yields and lower N rate 
than continuous corn. 
 

• No difference in N fertilizer rate under 
continuous corn with CS or CV tillage; 
under soybean-corn rotation, N fertilizer 
tended to be higher under CS than CV. 

U.S. averages 

Corn yield, rate of N fertilizer, and nitrogen use efficiency (NUE)* 

Continuous corn Soybean-corn 

Modified from Grassini et al. (2011): Field Crops Res. 



Crop-system variable Rainfed Irrigated Difference ¶ 

Grain yield (t ha-1) 5.9              
(CV = 23%) 

13.2                
(CV = 3%) 

+124% 

Energy input (GJ ha-1)  10.8 30.0 +178% 

Net energy yield (grain energy 
minus fossil-fuel energy) 

74 159 +115% 

N fertilizer efficiency              
(kg grain kg-1 N) 

54 71 +32 

Water productivity (kg ha-1mm-1) 8.8 14.0 +59 

GHG intensity (kg CO2e t-1)‡ 388 231 -40% 

Grain yield, energy yield and efficiency, and greenhouse 
gas (GHG) emissions from maize production in Nebraska  

¶ Relative to rainfed maize values. Based on data from 2005-2007. 
† Includes emissions of CO2, N2O, and CH4 adjusted for CO2 warming equivalent. N2O estimated by the N-
surplus method of Van Groenigen et al. (2010).  
‡ GHG emissions per metric ton of grain production 

Grassini & Cassman, 2012: Proc. Natl Acad. Sci.  



Take home from Environmental Assessment 
of Irrigated Corn in Nebraska 

• Although NE irrigated corn receives large inputs of N 
fertilizer, water, and energy, compared to rainfed corn it 
has: 

– Greater N fertilizer efficiency 

– Greater net energy yield 

– Smaller global warming potential intensity 

• Good news for modern, science-based agriculture 

– Goals of high yield, high input efficiency, large energy 
yield, and minimal GHG emissions are complementary 

– Significant potential to further improve environmental 
performance of high-yield systems 
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Conclusions—Getting Ahead of the Curve 
• Conventional agriculture and associated industries are 

continually behind the curve and on the defensive 
about environmental concerns and standards 
– Agenda and metrics are established by those who know little 

about agriculture or care about its fate 
– “Crisis mode “ in response to bad science; negative 

perceptions are extremely difficult to change 
– Increased monitoring of environmental performance is driven 

by the food industry, environmental NGOs, and public 
perceptions about impact of agriculture on the environment  

– Ironically, high-yield, science-based agriculture is actually quite 
good and getting better in terms of fertilizer, water, energy 
efficiency, and has relatively low global warming potential 

• Tremendous opportunities to set environmental agenda 
if fertilizer, seed, and agricultural equipment companies 
provide leadership to support research and extension 
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