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Agricultural Production in 2050: The challenges

• Population growth

• Competition for land and water resources

• Environmental concerns

• Climate change



What does the future look like?

• By 2050, > 80% of agricultural production is projected to come 
from increased productivity on presently cultivated land

• Increased agricultural production is frequently associated with 
management practices which degrade land and water 
resources



The Challenge

• The over arching challenge facing agricultural production is 
one of demand of increased production framed within long-
term resilience and sustainability

• Understanding the long-term fluxes of nutrients and water, 
and carbon within an agro-ecosystems is fundamental in 
ensuring a sustainable future



Overview

• Here we outline an ongoing strategy to reduce scientific 
uncertainty and understand how agro-ecosystems will 
respond to changes in land use, management practice, and 
climate change drivers

• Our goal is to develop meaningful, integrated economic 
societal and institutional instruments for the implementation 
of long term improved land and water resources at the 
catchment, regional, and continental scale



USDA ARS LTAR: Request for Applications

The criteria for LTAR candidacy were:

1) Research productivity

2) Infrastructure capacity

3) Data richness and availability

4) Geographic coverage at various scales

5) Partnerships

6) Institutional commitment



LTAR Concept

• Robertson et al. 2004. Rethinking the vision for environmental 
research in US Agriculture. BioScience 54: 61-65.

• Robertson et al. 2008. Long-term Agricultural Research: A 
research, education, and extension imperative. BioScience 58: 
640-645.

• Walbridge & Shafer. 2011. A long-term agro-ecosystem 
research (LTAR) network for agriculture. The Fourth 
Interagency Conference on Research in the Watersheds. 26-30 
Sept. 2011 Fairbanks, AK.



Sustainability / Resiliency
Continental Scale
Long-Term Trends

USDA-ARS Long-Term Agro-ecosystem Research 



LTAR Question

• How do changes in management impact farm financial 
sustainability?

• What water quality improvements can be gained from new 
conservation practices for tile-drained and karst landscapes?

• How are the fluxes of carbon, water, and nitrogen affected by 
changes in conservation practices and linked to water quality?

• From a systems analysis standpoint, what are the key 
indicators for defining  resilience and stability of an agro-
ecosystem? 

• What are the critical factors controlling resilience and 
stability?

• How does landscape structure (topography, vegetation, land 
use) affect the upscaling of soil and aquatic processes to a 
regional level?





LTAR: Shared Research Strategy

 Objective:
– The LTAR network is intended to serve as a proving ground for past 

and future strategies to ensure that agriculture sustains livelihoods 
and delivers the ecosystem services required by the nation.

 Vision: 
– To enable trans-disciplinary science, conducted over decades on the 

land in different regions; collect common geographically-scalable 
datasets; and enhance our understanding of the sustainable 
intensification of the production of agro-ecosystems goods & services. 



Shared Research Strategy: Key Processes & Concerns

• Net Primary Productivity
– Provide baseline information and advance models of the major processes 

controlling the net productivity of US agro-ecosystems, enabling 
retrospective evaluation of historical trends and forecasting of future 
changes. 

• Climate variability and change
– Describe and forecast the effects of climate change on processes 

important to the nation’s agricultural systems, from weather, to erosion 
(water and wind) and sedimentation, to hydrology (soil moisture, flooding, 
runoff) to pest cycles. 

• Conservation and environmental quality
– Elucidate the effect of management on natural resources and 

environmental quality through common databases and modeling

• Socio-economic ties to productivity, climate and environment
– Leverage partnerships with USDA action agencies (ERS, NASSS, US Census) 

to develop databases and models that improve our understanding of the 
causes and consequences of decision making across the nation’s food, 
fiber and biofuel production systems. 



Objectives of the Upper Mississippi River Basin LTAR

• Characterize and map nutrient budgets at national, regional, 
and local scales, contrasting conventional commodity 
production systems, and alternative production systems

• Characterize the soil, water, and air quality impacts of existing 
and alternative production systems

• Develop local, regional, and national livestock production 
systems that are self sufficient in nutrient use

• Develop local, regional, and national livestock production 
systems in which environmental, economic outcomes are 
optimized



Runoff Infrastructure



Groundwater / Leachate Monitoring



Plant and Soil Monitoring

• Plant growth
– Leaf gas exchange, water potential, growth and yield, etc.

• Soil
– Soil CO2 efflux, C:N ratio, soil nutrient content, etc.



Research Plots



Education and Training

• Undergraduate education
– Promote student experimental learning, 

critical thinking, decision-making, and 
leadership skills

– Research topic include, plant response 
to environmental and production stress, 
plant physiology, and below ground 
ecology

• Training
– Variety of on-farm educational and 

training programs



Selected Active Grants

• Production Agriculture Systems: Closing the gap in 
monitoring and on-farm learning opportunities
– Funding: United States Department of Agriculture National Institute 

of Food and Agriculture Capacity Building Grant for Non Land Grant 
Colleges of Agriculture

• Long-Term Agro-ecosystem Research in the Upper 
Mississippi River Basin
– Funding: United States Department of Agriculture National Institute 

of Food and Agriculture Capacity Building Grant for Non Land Grant 
Colleges of Agriculture




