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University of Illinois US Midwest: sustainable N management 



Goals for this presentation

• Bring in an outside perspective 

• Share experiences with SI research/metrics as an agronomist

• Discuss alliances/partnerships for impact
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Yield gaps for rice, wheat, and maize

Mueller et al. 2013 Nature



Environmental concerns

Energy consumption

Smith et al. 2007 IPCC; Foley et al. 2011 Nature; 
Tilman et al. 2012 PNAS; Vermeulen et al. 2012 Annu. Rev. Environ. Resour. 

Water resources

Greenhouse gas emissions and climate changeNutrient pollution
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Premises underlying SI

1) Increased production 

2) Higher yields per unit area to avoid the environmental costs of 
agricultural expansion

3) Equal emphasis on food security and environmental sustainability

4) Denotes a goal but does not specify how it should be attained

Garnett et al. 2013 Science

The missing elements? Social equity, human health and well-being



Progress?

Despite much emphasis at international scales, there 
are limited large-scale examples evaluating whether it is 
possible to achieve these often conflicting goals



The reality: systems are complex

• C footprint

• Energy consumption

• Water use efficiency

• Soil quality

• GHG emissions

• Nutrient losses

• Water quality

Tscharntke et al. 2012 Biol. Conserv.



Leverage points: GHG emissions

Carlson et al. 2017 Nature Climate Change



Outline

• Background

• Global context for Sustainable Intensification (SI)

• Research example: Rice in Uruguay

• Opportunities for accelerating SI efforts

• Example platforms and tools



Rice systems in Uruguay

Neill Palmer CIAT

INIA: Álvaro Roel, Gonzalo Zorrilla, José Terra, Sara Riccetto, Ignacio Macedo, Camila Bonilla 



Increased production

Pittelkow et al. 2016 Global Food Security



National assessment

1) Estimate the sustainability 
impacts of rice intensification 

2) Evaluate synergies and 
tradeoffs among indicators

Pittelkow et al. 2016 Global Food Security



Methods

• Twenty year study period (1993-2013)

• National statistics (DIEA)

• INIA-rice industry working group statistics

• Reported information, conversion factors, or 
empirical data from the literature 

Sustainability indicators

Yields Water productivity

Net energy yield Agrochemical contamination risk

Nitrogen use efficiency Carbon footprint



Resource use efficiencies
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Environmental indicators
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Integrating metrics

• Increased energy efficiency 
while decreasing yield-
scaled C footprint

• Concerns: N losses, 
agrochemical contamination 
risk, CH4 emissions
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Next steps

• Ongoing work with INIA and PhD 
student (Meng-Chun Tseng)

• Breaking the yield ceiling project 
with on-farm trials

• Participatory research design

• Explore environmental costs 
associated with future yield 
increases



Treatments and preliminary results

INIA and Meng-Chun Tseng – PhD student



Treatments and preliminary results

INIA and Meng-Chun Tseng – PhD student



On-farm validation
15% p = 0.01 -29% p = 0.04 14% p = 0.03

-11% p < 0.01

INIA and Meng-Chun Tseng – PhD student



Reflections

• Outcomes can change 
drastically depending on 
indicators included

• Little data available for 
comparison with other regions

• Once yield ceiling is 
approached, SI appears to 
become more difficult

Irwin Loy/IPS



Questions raised

• Acceptable levels of accuracy?

• How to define system 
boundaries in space or time 
(e.g. rotations)?

• Need for robust baseline data 
to improve estimates (e.g. long-
term field trials)
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Key opportunities for SI at a global scale

1. Benchmark system performance

2. Explore thresholds for efficiency 
and set targets

3. Develop methods to account for 
tradeoffs (but keep it simple)

Sachs et al. 2010



1. Benchmark system performance

Musumba et al. 2017



2. Setting targets

Silva et al. 2017 Europ. J. Agronomy



3. Simple tools for assessing tradeoffs

Snapp et al. 2018 Agric. Systems
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Alliances to support SI progress

• Harmonized frameworks for evaluation

• Effective monitoring systems to track progress

• Multi-disciplinary from the start

• Some incentive for farmer participation



Sustainable Rice Platform

• Global initiative for rice-based 
systems

• Key developers include food 
retailers 

• Simple set of indicators to 
measure efficiency across 
diverse systems and 
environments



Indicators



Fieldprint® Calculator, USA

fieldtomarket.org



Goals of calculator

fieldtomarket.org



Goals of calculator

fieldtomarket.org



Carbon offset protocols (USA)



Conclusions

• Baseline knowledge of key indicators and tradeoffs is low

• Realistic expectations for SI may depending on existing yield gaps

• Environmental indicators will need continuous improvement

• The imperative of SI is common knowledge

• Next generation is being trained to tackle these issues

• Successful examples and frameworks for evaluation exist



Questions?

Neill Palmer CIAT


