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ABSTRACT 

¢ƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ wŜƎƛƻƴΩǎ !ƎǊƛŎǳƭǘǳǊŀƭ 9ȄǘŜƴǎƛƻƴ {ŜǊǾƛŎŜǎ ŀƴŘ 9ȄǇŜǊƛƳŜƴǘ {ǘŀǘƛƻƴǎ ŀǊŜ a foundation on which 

the $125 billion, 2.4 million job agriculture-driven industry in the region is built. This industry is already the 

most sophisticated and productive agriculture, forestry and value-added products system ever created, and it is 

poised to expand significantly with new markets such as novel health, specialty crops, biofuels and biobased 

products. Using just biobased products as an example, it is estimated that there is a potential to replace up to 

two-thirds of petro-based chemicals with agricultural-based materials, representing 50,000 different 

productsτa $1 trillion global market.1 There are similar opportunities with novel health, food safety, biofuels, 

and environmental technologies, each of which has potential to create thousands of new jobs and knowledge-

based companies across the North Central region and the United States. Sustaining and protecting current 

agricultural value-chain production, while realizing the potential of exciting new economic opportunities, 

requires support for the fundamental scientific research and translational support mechanisms contained 

within land-grant agricultural experiment stations and extension services. The land-grant system has played a 

central role in the rise of American agriculture to global preeminence, but the scale of opportunities contained 

in a fast-expanding bio-based 21st century economy warrant considerably more attention be paid to these core 

institutions. 

Sustained or expanded federal, state and local support will help this important land-grant, experiment station 

and extension service system to continue to perform its multi-faceted functions in cutting edge research for 

commercialization, education of knowledge workers for industry across the value chain, supply of unbiased 

information and support for farmers, and pursuit of opportunities for new collaborations and networks to grow 

the industry.  

Through the 12 member institutions in the North Central Cooperative Extension Association (NCCEA), county 

extension agents are providing education to farmers serving as the primary unbiased link between the farm 

and new technologies and production practices. On the R&D front the 12 member institutions in the North 

Central Regional Association (NCRA) of State Agricultural Experiment Station Directors and the NCCEA are 

working to produce and disseminate agbioscience solutions to pressing economic and social needs. Collectively 

these thousands of knowledge-workers are driving a system that is providing for a safe, competitive, and 

healthy agbioscience based economy for the United States, while generating the knowledge and research 

support required to expand the sector in the future as a foundation for new and enhanced sustainable 

industries in food, feed, health, materials, chemicals and energy. Without ongoing public support for land-grant 

agbioscience research and extension activities national and regional agbioscience industries will not be able to 

realize their competitive potential.   Indeed, at a national and state level, expanded support for agbioscience 

research and extension activities should ideally be pursued because the economic development opportunities 

are so large, the issues addressed strategic to the U.S., and funding support critical to maintaining and 

expanding U.S. leadership.   

Agbioscience holds the key to a bright future for the U.S. and the North Central region in what has been termed 

the BioCentury. It is a base of economic power for the region and the nation, but moreover it holds great 

promise as a central driver of a successful economic and societal future. 

                                                             
1 Jarrell, K.A., ά{ȅƴǘƘŜǘƛŎ .ƛƻƭƻƎȅ ŀƴŘ {ǳǎǘŀƛƴŀōƭŜ /ƘŜƳƛǎǘǊȅ wŜǾƻƭǳǘƛƻƴΦέ Industrial Biotechnology. Winter 2009.  
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EXECUTIVE SUMMARY 

This report highlights the fact that agriculture and modern agbiosciences 

represent a scientific and economic sector of central importance to the future 

of the United States. Agriculture and agbioscience are directly relevant to 

finding solutions to key challenges facing the U.S. and the worldτeconomic 

growth, food security, human health, and environmental sustainability. Within 

agbioscience the U.S. is a global R&D and production leader, working from a 

position of great strength. The U.S. is at the forefront in innovating and 

leveraging advanced technologies and bioscience knowledge advancements to 

enhance productivity and sustainability in food production and to create 

expanding economic opportunities in new advanced biobased products for 

fuels, chemicals, materials, healthcare products and a broad range of 

additional applications. 

While agriculture is an economic sector present and important in every state, 

the twelve-state North Central region of the U.S. stands as a premiere location 

for agbioscience R&D, high-volume and high-efficiency agricultural production, 

and for agribusiness generating value-added products for domestic 

consumption and export.  

Of central importance to progress in North Central regional agbiosciences are 

the presence and operations of land-grant universities, their experiment 

stations and extension services. These institutions undertake the fundamental 

and applied research leading to innovation in agbioscience. These institutions 

provide the testing, piloting and scale-up infrastructure and expertise to propel 

new innovations and technologies to market reality. These institutions provide 

support services in R&D, process improvement and the development of 

solutions to problems for industry. These institutions translate new knowledge, 

techniques and tools into the field through the translational activities of 

extension. And, these institutions educate the scientists, engineers and other 

skilled human capital required to sustain U.S. and North Central global 

leadership in agbiosciences. 

Lƴ ǘƘŜ ά.ƛƻ/ŜƴǘǳǊȅέ ǘƘŀǘ ƛs the 21st Century, land-grant universities, and their 

experiment stations and extension services, are on the frontline of sustaining 

ŀƴŘ ǎŜŎǳǊƛƴƎ !ƳŜǊƛŎŀΩǎ ƭŜŀŘŜǊǎƘƛǇ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƛƴ ǿƘŀǘ ƛǎ, and will be, 

the key macroeconomic sector of our time. As this report shows, sustaining 

these institutions, further investing in them, and addressing their challenges is 

of central importance to a sustainable economic future for the United States. 

The North Central regionΩǎ agbioscience assets are part of an agricultural 

άequation for progressέ (Figure ES-1): 

  

Land-grant universities, 

through their 

experiment stations 

and extension services, 

are on the frontline of 

sustaining and securing 

!ƳŜǊƛŎŀΩǎ ƭŜŀŘŜǊǎƘƛǇ 

and competitiveness in 

what is and will be the 

key macroeconomic 

sector of our time.  

There is no other arena 

of economic activity, or 

field of science and 

innovation, that so 

directly addresses 

human survival and 

quality of life, global 

economic development, 

and prospects for an 

environmentally 

sustainable future as 

agriculture and 

agbioscience. 
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Figure ES-1: Agriculture and Agbiosciences, an Equation for Sustainable U.S. Economic Progress 

 

 

By directly addressing key challenges and opportunities associated with 

agriculture and agbioscience the North Central regional land grant universities 

are playing a central role in U.S. progress across a range of fronts (Figure ES-2).  

The importance and relevance of agriculture and agbiosciences to major 

challenges facing states, the nation and the globe are further documented in a 

ǊŜŎŜƴǘ ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άA Science Roadmap for Food and Agricultureέ ǿƘƛŎƘ 

highlights the direct impact of land-grant institutions on seven identified 

άƎǊŀƴŘ ŎƘŀƭƭŜƴƎŜǎέΥ2 

 Enhancing the sustainability, competitiveness, and profitability of U.S. food 

and agricultural systems 

 Adapting to and mitigating the impacts of climate change on food, feed, 

fiber, and fuel systems in the United States 

 Supporting the energy security and the development of the bioeconomy 

from renewable natural resources in the Unites States 

 Playing a global leadership role to ensure a safe, secure, and abundant food 

supply for the United States and the world 

 Improving human health, nutrition, and wellness of the U.S. population 

 Heightening environmental stewardship through the development of 

sustainable management practices 

 Strengthening individual, family, and community development and 

resilience. 

  

                                                             
2
 Association of Public and Land-grant Universities, Experiment Station Committee on Organization and Policy ς Science and Technology 
/ƻƳƳƛǘǘŜŜΣ ά! {ŎƛŜƴŎŜ wƻŀŘƳŀǇ ŦƻǊ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜΦέ bƻǾŜƳōŜǊ 2010. 

Global opportunities 
and needs with 
agricultural and 

agbioscience 
solutions

12-State North 
Central Region U.S. 

leadership in 
agricultural 
production, 

agbioscience R&D 
and agribusiness 

operations

+ +

North Central 
regional land-grant 

universities, 

experiment stations 
and extension 
services .  The 
fundamental 
institutions 

performing and 
supporting advanced 
agbioscience R&D, 

education, 
technology transfer 

and knowledge 
diffusion

=

An economic
sector of central 

importance to the 
future of the United 

States

Lǘ ƛǎ !ƳŜǊƛŎŀΩǎ land-

grant universities that 

uniquely engage across 

the full-spectrum of 

agbiosciencesτfrom 

the most basic scientific 

enquiry through to 

practical services in 

support of producers, 

manufacturers and 

society provided via 

extension services. 
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Figure ES-2: Global Challenges with Agricultural and Agbioscience Solutions 

FOOD SECURITY

It is generally recognized that the growth of global 
population, in combination with rising incomes and 
associated food demands, mean that by 2030 global 
food supply may need to be doubled. The Council 
for Agricultural Science and Technology (CAST) 
notes:

ά¢Ƙƛǎ ƎǊƻǿǘƘ ƛǎ ŀ ǎǘŀƎƎŜǊƛƴƎ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ 
ōŜŎŀǳǎŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǳǎŀōƭŜ ŦŀǊƳƭŀƴŘ ƛǎ 
already in production.   In 1991, 0.81 acres of 
farmland was available to feed each person.  By 
2050, only 0.37 acres of farmland will be available 
for each person.  It means that the productivity of 
ŜŀŎƘ ǳƴƛǘ ƻŦ ƭŀƴŘ Ƴǳǎǘ ōŜ ƛƴŎǊŜŀǎŜŘΦέ 

HUMAN HEALTH

The World Health Organization states that 
malnutrition is the gravest single threat to the 
ǿƻǊƭŘΩǎ ǇǳōƭƛŎ ƘŜŀƭǘƘΦ ¢ƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ {ǇŜŎƛŀƭ 
Rapporteuron the Right to Food reports that 
mortality due to malnutrition accounted for 58% of 
global deaths in 2006 ςa total of 36 million people 
dying of hunger or diseases attributable to 
deficiencies in their nutrition. The World Health 
Organization states that malnutrition is the leading 
contributor to the death of children, present in half 
of all cases.

Agbioscience advancements in advanced food, 
nutrition and health products are central to 
enhancing global health.

ECONOMIC DEVELOPMENT

Crushing poverty in much of the world and 
increasing global competition in the developed 
world place an imperative on economic 
development.  

Agbioscience is at the forefront of a new wave of 
economic development opportunities built around 
biobased resources.  Furthermore, the growth of 
biobased feedstocks, coupled with their conversion 
to value added food, health, fuel and industrial 
products, provides economic opportunities for both 
rural and urban communities and for both the 
developed and developing world.

ENVIRONMENTAL SUSTAINABILITY

Our environment is being degraded at an increasing 
pace by human activity.  Deforestation, soil erosion, 
toxic waste, persistent plastics pollution, 
greenhouse gas emissions ςeach of these present a 
threat to the environment upon which we and every 
organism on this planet depend.

Agriculture and agbiosciences are  providing 
solutions to environmental challenges.  Biofuels and 
bio-based chemicals and materials provide a 
sustainable alternative to non-sustainable and 
polluting oil and other fossil-resource based 
products.  Innovations in fertilizer use efficiency, 
pest resistance  and water use efficiency are leading 
to reduced agricultural production inputs.

Global Challenges with Agricultural and Agbioscience Solutions
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BattŜƭƭŜΩǎ ǿƻǊƪ ƭŜŀŘs us to concur with the relevance of modern agriculture 

and agbiosciences to these grand challenges. Agbiosciences represent a unique 

field of science and applied R&D generating widespread innovations, 

technologies and solutions to tangible real-world needs.  

Agbioscience practitioners, ǘƘŜ ǊŜǎŜŀǊŎƘ ŎƻƳƳǳƴƛǘȅ ǎǳǎǘŀƛƴƛƴƎ !ƳŜǊƛŎŀΩǎ 

leadership in agbioscience innovation, and the extension professionals 

translating advancements into the field, have a critical role to play in 

supporting a sustainable global futureτeconomically, socially and 

environmentally.  

The North Central Region 

As noted above, the North Central region is a high performance center for 

agriculture, agbioscience R&D and educational activity. Its leading position in 

agricultural production is illustrated by Figure ES-3: 

Figure ES-3: The North Central Region ς The U.S. Leader in Agricultural Production 

45%

Percent of Total U.S.
Agricultural Exports

83%

Soybeans & 
Products Exports

85%

Feed Grains & 
Products Exports

60%

Live Animals &
Meat Exports

51%

Wheat &
Products Exports

37%

The North Central Region
contains 37% of U.S. farmland

¢ƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ wŜƎƛƻƴ ƛǎ !ƳŜǊƛŎŀΩǎ ŀƎ-export engine 

21%

The North Central Region of 12 States Comprises 21% of U.S. Land Area

The North Central Region.
¢ƘŜ ¦{!Ωǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛǾƛǘȅ ŀƴŘ ƛƳǇŀŎǘ ƭŜŀŘŜǊ

The North 
Central Region

21% of U.S. 
land producing 
45% of U.S. 
agricultural 
exports

 

This agricultural and biomass-based economy is supported by an extensive 

network of land-grant assets. Underpinning ǘƘŜ ǊŜƎƛƻƴΩǎ ƭŜŀŘŜǊǎƘƛǇ ƛƴ 

agriculture and agri-business, and its promise for the future, is an intensive 

Developments in 

agbioscience are also 

creating new markets 

for crops and crop 

residues as renewable, 

bio-based feedstocks 

for a number of key 

industries, including 

clean energy, 

chemicals, plastics and 

health products. 
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cluster of institutions, organizations and businesses engaged in agbiosciences 

research and associated R&D activities. Taken together, North Central regional 

assets in agricultural inputs development, agricultural production, ag-

processing, ag-equipment development, and downstream value-added food, 

ŦƛōŜǊ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŘǳŎǘǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŎƻƳǇǊƛǎŜ ŀƴ άŀƎōƛƻǎŎƛŜƴŎŜ 

innovation ecosyǎǘŜƳέτan environment in which agbioscience business 

development is thriving. 

¢ƘŜ bƻǊǘƘ /ŜƴǘǊŀƭΩǎ ŀŎŀŘŜƳƛŎ ŀƎōƛƻǎŎƛŜƴŎŜ ŎƻƳƳǳƴƛǘȅ ƛǎ ǇŜǊŦƻǊƳƛƴƎ ǿŜƭƭΦ Lƴ 

2009, colleges and universities in the North Central region attracted $3.6 billion 

in funding for academic R&D in agbiosciences and related disciplines. Likewise, 

the region is also a hub of major agbioscience-based industry multinationals 

that are active in R&D and technological innovation, for example: 

 Ten of the top 25 U.S. food manufacturers have their HQ operations in the 

North Central Region (Kraft, Anheuser-Busch, General Mills, ConAgra, 

Kellogg, Sara Lee, Hormel, Cargill, SABMiller and Chiquita Brands). 

 Two of the top five seed companies in the World are based in the North 

Central U.S. region (Monsanǘƻ ŀƴŘ [ŀƴŘ hΩ[ŀƪŜǎύΦ 

 ¢ǿƻ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇǊŜŜƳƛƴŜƴǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŜǉǳƛǇƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ŀǊŜ 

ōŀǎŜŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴ όWƻƘƴ 5ŜŜǊŜ ƛƴ LƭƭƛƴƛƻǎΣ ǘƘŜ ²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘΣ ŀƴŘ Ін 

ǊŀƴƪŜŘ /ŀǎŜ bŜǿ IƻƭƭŀƴŘΩǎ bƻǊǘƘ !ƳŜǊƛŎŀƴ Iv ƛƴ LƭƭƛƴƻƛǎύΦ 

 The North Central region is the hub for the U.S. animal health products 

industry, with operations of leading companies such as Fort Dodge Animal 

Health (Kansas), Abbott Animal Health (Illinois), Boehringer Ingelheim 

Vetmedica (Missouri), Novartis Animal Health (Iowa) and Pfizer Animal 

Genetics (Michigan). 

Taken together this uniquely active system of agricultural production and 

advanced value-added manufacturing makes the North Central region the 

global leader in both traditional agricultural economic activity and the leading 

emerging areas of the modern bioeconomy. The degree of leadership shown by 

the region in the emerging bioeconomy is well documented and illustrated by 

the example of the distribution of first-generation renewable biofuels 

production plants (shown in Figure ES-4). 

The renewable fuels sector, however, represents just one part of a multi-
faceted emerging bioeconomy for the North Central region. The significant 
chemicals, polymers and materials industry in the region is proactively 
investigating the use of biobased feedstocks as substitutes for current 
environmentally unfriendly and price volatile fossil-resource based feedstocks 
(primarily petroleum). Similarly food and health product manufacturers in the 
region are on the frontier of developing and manufacturing advanced foods, 
functional foods, nutraceutical products and other health enhancing 
agriculture-based products.  

North Central regional  

extension and 

experiment station 

assets focused on 

agricultural inputs 

development, 

agricultural production, 

ag-processing,  

ag-equipment 

development, and 

downstream value-

added food, fiber and 

industrial products 

manufacturing comprise 

ŀƴ άŀƎōƛƻǎŎƛŜƴŎŜ 

ƛƴƴƻǾŀǘƛƻƴ ŜŎƻǎȅǎǘŜƳέ 

τan environment in 

which agbioscience 

business development 

is thriving.  
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Figure ES-4: Clustering of Renewable Biofuels Operations Evident in the 
North Central Region. Ethanol Manufacturing Facilities in the United 
States 

 

The twelve 1862 Land-

grant universities in the 

North Central region 
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 Iowa State University 

 Kansas State 
University 

 Michigan State 
University 

 North Dakota State 
University 

 The Ohio State 
University 

 Purdue University 

 South Dakota State 
University 

 University of Illinois 

 University of 
Minnesota 

 University of Missouri 

 University of 
Nebraska 

 University of 
Wisconsin 

 

 

 

Land Grants and their 
Experiment Stations and 
Extension Services: Of Central 
Importance to Agbioscience 
Power and Promise 

¢ƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ ǊŜƎƛƻƴΩǎ 

leadership in agricultural 

production, agricultural processing 

and value-added manufacturing is 

advanced and supported by 

continuous innovation in agricultural 

and biological sciences, and within 

associated disciplines (such as 

engineering). Helping to drive 

scientific discovery, innovation and 

the deployment of new technologies 

and innovations to enhance industry 

productivity is a uniquely American 

ǎȅǎǘŜƳ ŘŜǾŜƭƻǇŜŘ ōȅ ǾƛǎƛƻƴŀǊƛŜǎ ƛƴ ǘƘŜ ƭŀǘŜ муллΩǎτthe Land-grant University. 

ά[ŀƴŘ-ƎǊŀƴǘ ¦ƴƛǾŜǊǎƛǘȅέ ƛǎ ǘƘŜ term used to identify a public university in each 

state that was originally established as a land-grant college of agriculture 

pursuant to the Morrill Act of 1862. In most states (including all of the North 

Central states) the original agricultural colleges grew over time into full-fledged 

comprehensive public universities by adding other colleges (e.g., arts and 

sciences, medicine, law, etc.). Today these universities stand among the 

ǿƻǊƭŘΩǎ ǇǊŜƳƛŜǊ ǊŜǎŜŀǊŎƘ ƛƴǎǘƛǘǳǘƛƻƴǎΦ 

Providing a comprehensive and integrated system of education, research, and 

knowledge and advanced practice diffusionτthe North Central reƎƛƻƴΩǎ ƭand-

grant universities provide the skilled human capital needed by the 

agbiosciences sector and they advance the basic and applied knowledge base 

that underpins agbioscience advancement. Unlike other academic-based 

disciplines, the agbiosciences at land-grant universities are deliberately 

leveraged for the good of agricultural producers, industry and society through 

the operations of a purpose-built extension system. This highly pragmatic 

system provides science and technology development and implementation 

services that keep U.S. agriculture, agribusiness and associated business 

sectors at the forefront of innovation, productivity and competitiveness. 

Through a systematic pipeline of research and education (see Figure ES-5), 

comprising experiment station and extension service programs, these 

institutions are leading the way in agbioscience R&D, in new knowledge 

dissemination, and in technology transfer and commercialization of 

technologies for the agricultural production and processing sectors. Under this 

system, colleges of agriculture and their experiment stations conduct basic and 



 
 

ES-7 

applied R&D in the agricultural and agbio industries through their laboratories, 

research farms and testing facilities. From basic science in molecular biology, 

biochemistry and genetics through to highly applied work in plant breeding, 

plant transgenics, agricultural engineering and biomaterials, this research work 

is helping to develop new crops, technologies, processes and value-added 

products for the American agricultural and agbio industries.  

Figure ES-5: Land-grant Universities and their Experiment Stations and Extension Services ς A Unique System for 
Agbioscience Research, Development, and Innovation Diffusion 

 
 

As Figure ES-5 shows, in this land-grant innovation ecosystem research 

inquiries in basic and applied sciences (sponsored by federal grants, state 

support, foundation funding, industry sponsorship and other typically 

extramural sources) generate technologies, innovations and practice examples 

that are tested and piloted through the unique infrastructure contained in 

agricultural colleges, associated university departments and the experiment 

station system. Via licensing, new business formation, knowledge-diffusion and 

other technology transfer activities, the land-grants (often through the 

extension service) proactively move innovations, technologies and practice 

advancements into use within the agbioscience industry value-chain. As a 

result of this land-grant system new products, enhanced products, process 
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The proximity of the 

North Central Land-

grant universities to 

distinctive clusters of 

plant bioscience and 

animal bioscience 

companies makes the 

North Central region a 

particularly vibrant 

center for realizing 

!ƳŜǊƛŎŀΩǎ ŀƎōƛƻǎŎƛŜƴŎŜ 

industry opportunity. 

improvements and other advancements in agbioscience knowledge and 

practice are transferred into commercial sectorsτkeeping them competitive 

and helping to drive U.S. economic growth.  

 

Within the North Central region, thousands of projects are undertaken 

annually by the 12-university regional land-grant system and it would be 

impossible to illustrate the impacts of each and every one. However, the broad 

variety of positive impacts engendered by this system can be, in part, 

illustrated by referencing specific impact examples recorded by the North 

Central Regional Association of State Agricultural Experiment Station Directors. 

Figure ES-6, on the following page, classifies the many core categories of 

impacts generated by this unique systemτillustrating the broad suite of 

impact categories addressed by the land-grant/experiment station/extension 

system. 

 

Advances in agbioscience depend on the quality of the technology developed 

as well as the successful translation of that technology into commercial 

utilization by producers and processors. Extension Service Programs at each of 

the universities comprise a network of specialists (typically in each and every 

county) providing a wide variety of information, technical knowledge and 

education services for individuals and companies in the community. Extension 

service providers work closely with farmers, ranchers, foresters, business 

persons and other members of the local community to provide timely, and 

unbiased advice on issues like the introduction of new crop varieties and 

production requirements, agricultural marketing opportunities, disease and 

pest management tools, animal and livestock health products, agricultural 

equipment, irrigation technologies, and agricultural processing technologies.  

 

The land-grant university, experiment station and extension service system is 

clearly a unique asset for the U.S. and represents a system of extreme 

relevance to the needs of a modern U.S. economy so dependent on innovation, 

knowledge and technological advancement to maintain its competitive edge.  

 

Table ES-1 serves to illustrate a number of the key issues being addressed 

through the land-grant/experiment station/extension service system:  
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Figure ES-6:  Examples of Impact Categories Within the North Central Region 
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Table ES-1: Experiment Stations and Extension Services ςRelevance to Major Issues and Challenges 

Issues Research Relevance Extension Education Relevance 

National 
economic 
competitiveness 

Innovations to enhance agricultural and forest 
productivity. 

Innovations to enhance the productivity and 
competitiveness of value-adding industry.  

Field trials, testing and scale-up of new technologies. 

Facilitation of research in specific soils, climatic and 
agronomic zones. 

Specialized testing and R&D services for industry 

New products and technology innovations for 
commercialization.  

Business and new technology incubation services. 

Adding value to domestic, home-grown resources. 

Development of products for export. 

Demonstration and field testing 

Education in new technologies and practices for 
producers. 

Education and technology transfer for industry. 

Direct consultation with producers on tools, 
techniques, products and markets to enhance 
competitiveness. 

Advisory services in new business development and 
commercialization. 

Homeland 
security 

Protecting the U.S. from plant, animal and zoonotic 
diseases.  

Specialized research infrastructure for specific crops, 
animals and associated threats. 

Reducing dependency on foreign imports and fossil 
fuel resources. 

Widespread on the ground monitoring and 
observation network. 

Tangible, hands-on assistance and advice to 
producers and processors. 

Specific food safety and handling education. 

Environmental 
sustainability 

Innovations in production inputs use efficiency, and 
plant transformation to reduce agricultural inputs. 

Technologies for reducing waste streams and waste 
stream impacts, and for converting waste to value-
added products e.g., energy.  

Production scale test sites for evaluation of 
environmental impacts and technologies. 

Demonstration facilities for environmentally 
sustainable practices, tools and technologies. 

Widespread on the ground monitoring and 
observation network. 

Tangible, hands-on education and advice to 
producers and processors. 

Education of practitioners, community members and 
youth regarding environmental sustainability. 

Water, energy and resource conservation advisory 
services. 

Demonstration and field testing 

Education, 
skilled human 
capital and 
workforce 
development 

Direct education of undergraduate and graduate 
students. 

Continuing education courses. 

Development of new knowledge and know-how for 
diffusion into practice.  

Facilitation of regional access to expertise and 
development resources. 

Facilitation of field research in regional crops, 
specific agronomic zones, etc. 

Knowledge and know-how diffusion. 

Continuing education for adult and youth audiences. 

K-12 programs and STEM (Science, technology, 
Engineering and Math) education support. 

4-H educational and youth development programs. 

Development of web and distance learning systems 
and educational materials 

Societal welfare Economics research and policy analysis 

Policy analysis 

Community, urban and rural development research 

Education and extension operations research 

Research on the American family, youth 
development and other key social issues 

 

4-H programs extending learning hours and reaching 
άŀǘ Ǌƛǎƪέ ȅƻǳǘƘΦ 

Tangible services in urban and rural economic 
development. 

Hands-on support and coaching for families,  
community groups and civic leaders. 

Promote public and individual health for adults, 
children and youth. 



 
 

ES-11 

The North Central 

ǊŜƎƛƻƴΩǎ ŜȄǇŜǊƛƳŜƴǘ 

stations and extension 

service programs 

provide an integrated 

system to research, 

develop, pilot, 

demonstrate, and 

disseminate new 

innovations to benefit 

practitioners and 

industry. 

!ƳŜǊƛŎŀΩǎ ƭŀƴŘ-grant 

universities, their 

colleges of agriculture, 

experiment stations and 

extension services face 

considerable challenges. 

As highlighted above, the bƻǊǘƘ /ŜƴǘǊŀƭ ǊŜƎƛƻƴΩǎ ŜȄǇŜǊƛƳŜƴǘ ǎtations and 

extension service programs provide an integrated system to research, develop, 

pilot, demonstrate, and disseminate new innovations to benefit practitioners 

and industry. This system is providing innovative systems for improving the 

profitability of agricultural producers and processors, creating new businesses 

and new economic opportunity, protecting food sources from toxins and 

pathogens, and ensuring the sustainability of the environment for the next 

generation and beyond. Importantly, this is also a system that is well-

structured to support U.S. economic development in the BioCenturyτ

leveraging biobased resources to expand our economy and enhance economic, 

societal and environmental sustainability. 

A System at Risk 

While agriculture and agbioscience have great relevance to human health, 

economic and social progress, and environmental sustainability in the 21st 

Century, the core institutions that are supporting advancements in these 

fieldsτ!ƳŜǊƛŎŀΩǎ ƭŀƴŘ-grant universities, colleges of agriculture, experiment 

stations and extension servicesτface considerable challenges. 

Table ES-2 highlights some of the diverse challenges and issues facing 

experiment stations, extension services and land-grant universities, and it is 

evident that the challenges come from multiple quarters. Fundamentally, the 

importance of agbiosciences is expanding due to its relevance to global needs 

and challengesτBUT, this is occurring at a time of budget crises within federal, 

state and local funding agencies and within private industry. There is, 

therefore, a fundamental tension between meeting expanding needs and 

opportunities while attempting to operate within a budget crisis environment.  

  



 
 

ES-12 

Table ES-2: Challenges to Agbioscience Institutions in the Current Environment 

 Challenges and Issues 

Federal  Decline of federal formula funding.  

 A need to increase funding for agbioscience related R&D, via NIFA,  if land-
grants are to fully address the major issues and opportunities. 

State  Rising tide of state fiscal crises limiting support to state universities, 
experiment stations and extension. 

 Fiscal problems for U.S. counties limiting traditional local support for 
extension. 

General Public  Lack of communications regarding the growing importance of agriculture 
and agbioscience to global issues and development opportunities. 

 Need for those benefiting from programs to voice their impact and 
appreciation with key decision makers. 

 bŜŜŘ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǘƘŜ άǇǳōƭƛŎ ǾŀƭǳŜέ ƻŦ ǇǊƻƎǊŀƳǎ 

 Need to better connect the message of agriculture = food = nutrition = 
health 

  

 

Perhaps chief among the challenges faced is an uncertain funding environment 

for agbioscience R&D and associated extension activities. While funding for the 

USDA and NIFA has been relatively steady, cuts are proposed in forthcoming 

budgets: cuts that will ripple through a system that leverages federal funding 

with state and local matching financial support. 

As discussed in this report, agbiosciences are critically important to tackling 

many of the most pressing issues facing the nation and globeτyet, as a 

collective suite of disciplines, agbiosciences receive comparatively low levels of 

funding attention in the national R&D funding scheme. Figure ES-7 illustrates 

this funding situation, showing the level of funding provided via USDA versus 

other agencies.   Ideally, recognition of the large-scale market opportunities in 

the agbioscience space should spur increased investment in NIFA because 

without such expanded investment it will be difficult to sustain U.S. R&D 

leadership in the sector, realize economic development gains from the 

development of R&D based agbioscience innovations to meet growing market 

needs, and reap the strategic benefits of a sustainable domestic biobased 

economy. 
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There is a fundamental 

tension between 

meeting expanding 

needs and opportunities 

while attempting to 

operate within a budget 

crisis environment. 

Figure ES-7: Federal Funding by Major Agency ς 1990 through 2009 (in 2008 constant dollars) 

(Source: American Association for the Advancement of Science - http://www.aaas.org/spp/rd/guihist.htm) 
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Not Just a Federal Issue 

Constrained NIFA research funding represents an issue, but it is not the only 

financial challenge facing experiment stations and extension services. 

Extension is funded by the USDA at the federal level, with federal funding 

matched and highly leveraged by state and local (county) partners. Current 

budgetary challenges are impacting each of these three legs of the funding 

stool (noted by land-grant college of agriculture deans to be a άperfect stormέ) 

In addition, general budget crises in many states are leading state governors 

and legislatures to consider substantial cuts to funding of what they see as 

άŘƛǎŎǊŜǘƛƻƴŀǊȅ ǇǊƻƎǊŀƳǎέ ǎǳŎƘ ŀǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎŜŀǊŎƘ ŀƴd extension (even 

though these are actually core drivers of future economic growth potential).  

The risk of not having agbioscience as a priority for the nation and states is 

potentially an erosion of financial support for land-grants, experiment stations 

and extension and, therefore, a reduction in our ability to compete effectively  

in global agriculture and agbioscience. The federal government and individual 

states are clearly in an era of budget crises and many programs appear to be at 

risk for funding cut-backs. Work performed by land-grant institutions in 

agbioscience though can provide a high return for funders -- giving back to 
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government more than is put-in.  Independent research performed by Battelle 

in Nebraska and in Oklahoma found that the land-grant agbioscience complex 

in these states generated between a 15 to 1 and 25 to 1 return on investment 

for state resources3.  

Standing Still is Not an Option 

The United States is not alone in the pursuit of frontier science as a driver of 

economic and societal development. Traditional competitors in Europe are 

being joined by fast developing economies such as India, China and Korea that 

see the benefits of investing in scientific research and applied development 

projectsτincluding agbioscience projects. 

At stake is leadership in the areas of science and technology development, and 

technical education, most relevant to key global challengesτand, therefore, 

most likely to generate high demand and economic opportunities.  

The National Academies4 has sounded warning bells regarding U.S. funding for 

science and the preparedness of our education system to sustain a leadership 

position.  With funding challenges coming across multiple fronts we have a 

system at riskτa system in which the U.S. currently has a leading position and 

tremendous potential opportunities, but one that can be rapidly eroded by 

foreign competitors if the U.S. fails to support the system and its key 

institutions. 

In Conclusion 

Agbiosciences represent an opportunity for the United Statesτan 

opportunity to expand on U.S. leadership in a biobased, sustainable resource-

driven economy with wide ranging innovation and technology-based 

development opportunities.  Within the U.S. the North Central region is a 

clear leader in agbiosciences and production within the agricultural value-

chain, a position that is supported by the R&D and education activities of 

agricultural experiment stations, extension systems and their twelve land-

grant universities.  These institutions should be considered priorities for 

further strategic investment and development given their importance in 

realizing the intrinsic growth potential of agbiosciences for the U.S. and 

regional economies. 

 

                                                             
3 Battelle Technology Partnership Practice research reports: 
άThe Oklahoma State University Division of Agricultural Sciences and Natural Resources Agbiosciences Activities Deliver Positive 
Economic Benefits for OklahomaέΦ aŀǊŎƘ нллт 
άThe University of Nebraska Institute of Agriculture and Natural Resources: A Generator of Positive Economic Impacts for NebraskaέΦ 
February 2007. 
4
 National Academies. July 2008. άwƛǎƛƴƎ !ōƻǾŜ ǘƘŜ DŀǘƘŜǊƛƴƎ {ǘƻǊƳΣ wŜǾƛǎƛǘŜŘΥ wŀǇƛŘƭȅ !ǇǇǊƻŀŎƘƛƴƎ ŀ /ŀǘŜƎƻǊȅ CƛǾŜΦέ National 

Academies Press. 
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I. Agriculture and Agbiosciences ς Of Central 
Importance in Meeting Expanding Global Needs 

A. Introduction 

This report addresses the importance of agriculture and agbioscience 

and their relevance to finding solutions to key challenges facing the U.S. 

and the worldτeconomic growth, food security, human health, and 

environmental sustainability. Within agbioscience the U.S. is a global 

R&D and production leader. The U.S. is at the forefront in innovating 

and leveraging advanced technologies and bioscience knowledge 

advancements to enhance productivity and sustainability in food 

production and to create expanding economic opportunities in new 

advanced biobased products for fuels, chemicals, materials, healthcare 

products and a broad range of additional applications. 

Within the United States, the twelve-state North Central region (Figure 

1) is a leading agricultural powerhouse. Home to intensive agricultural 

productivity and many of the largest and most innovative companies in 

agbioscience and biobased development, the North Central region 

represents a concentrated and vertically integrated agricultural 

economic engine for the nation. In the North Central region new and 

advanced inputs to agriculture are developed, production technologies 

innovated and advanced, and new applications for agricultural and 

forest biomass developed for use as fuels, industrial feedstocks, health 

products and other key value added uses. 

Figure 1: The 12-State North Central Region 

 

 

 

 

 

 

 

 

 

 

Of central importance to progress in North Central regional 

agbiosciences are the presence and operations of land-grant 

universities, their experiment stations and extension services. These 

Home to intensive 

agricultural 

productivity and many 

of the largest and most 

innovative companies 

in agbioscience and 

biobased development, 

the North Central 

region represents a 

concentrated and 

vertically integrated 

agricultural economic 

engine for the nation.  
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institutions undertake the fundamental and applied research leading to 

innovation in agbioscience. These institutions provide the testing, 

piloting and scale-up infrastructure and expertise to propel new 

innovations and technologies to market reality. These institutions 

provide support services in R&D, process improvement and the 

development of solutions to problems for industry. These institutions 

translate new knowledge, techniques and tools into the field through 

the translational activities of extension. And, these institutions educate 

the scientists, engineers, extension educators and other skilled human 

capital required to sustain U.S. and North Central global leadership in 

agbiosciences. 

Lƴ ǘƘŜ ά.ƛƻ/ŜƴǘǳǊȅέ ǘƘŀǘ ƛǎ ǘƘŜ нмst Century, land-grant universities, 

experiment stations and extension services are on the frontline of 

ǎǳǎǘŀƛƴƛƴƎ ŀƴŘ ǎŜŎǳǊƛƴƎ !ƳŜǊƛŎŀΩǎ ƭŜŀŘŜǊǎƘƛǇ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƛƴ 

what is and will be the key macroeconomic sector of our time. As this 

report shows, sustaining these institutions, further investing in them, 

and addressing their challenges is of central importance to a sustainable 

economic future for the United States.  

B. At the Forefront of Meeting Key Global Challenges 

Many of the greatest and most pressing challenges facing humankind 

have their solutions rooted in modern agriculture and agbioscience. 

There is no other arena of economic activity, or field of science and 

innovation, that so directly addresses human survival and quality of life, 

global economic development, and prospects for an environmentally 

sustainable future.  

In the past, agriculture formed the foundation of human civilization. 

Providing the means to forgo a nomadic hunter gatherer existence, 

agriculture allowed our early ancestors to build stable communities, 

while improvements in agricultural productivity moved us from 

subsistence agriculture, to a position whereby farmers generated a 

surplus of food for sale in the marketτfreeing others to specialize in 

trades and forming the foundation for commercial economies. 

Agriculture thus made civilization possible and, as this document finds, 

once again agriculture has come to the fore as a central platform for 

human economic and social progress. 

Today, most of us are distanced from the source of products used and 

consumed in our daily lives. We do not know, and often do not care, 

where our food comes from, where the lumber to build our homes 

originated, nor the source of the fibers in our clothes and furnishings. 

²Ŝ ŘƻƴΩǘ ƪƴƻǿ ƛŦ ǘƘŜ ŦǳŜƭǎ ǿŜ Ŏonsume, the plastics we use, the paints 

we apply are petroleum or bio-based, nor the original source of their 

inputs.  

Contemporary societies and economies are built on tradeτa highly 

complex web of continuous activities, transactions and 

Land-grant universities, 

experiment stations 

and extension services 

are on the frontline of 

sustaining and securing 

!ƳŜǊƛŎŀΩǎ ƭŜŀŘŜǊǎƘƛǇ 

and competitiveness in 

what is and will be the 

key macroeconomic 

sector of our time.  

There is no other arena 

of economic activity, or 

field of science and 

innovation, that so 

directly addresses 

human survival and 

quality of life, global 

economic development, 

and prospects for an 

environmentally 

sustainable future. 
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interrelationships that we tend to take for granted. Agriculture has 

ǘǊŀŘƛǘƛƻƴŀƭƭȅ ōŜŜƴ ŀ άōŀǎƛŎέ ƛƴŘǳǎǘǊȅ within this trading system, 

providing foodstuffs and natural resources that feed into a chain of 

further processing and value-added activity.  

Today, however, the picture is more complex and vibrant. Modern 

agbioscience and associated biotechnologies are highly dynamic, 

providing new feedstocks and pathways to a host of novel and high-

value materials, products and technologies. Biofuels, biobased 

chemicals and materials, plant and animal derived drugs and 

therapeutic products, advanced nutrition products and other emerging 

agbioscience product categories are opening up new horizons of 

opportunity and economic promise. Some have termed the 21st Century 

ǘƘŜ ά.ƛƻ/ŜƴǘǳǊȅΣέ and against this background of bio-based opportunity, 

agriculture has emerged once again as a robust platform for economic 

growth and solutions to broad-ranging human needs. 

hƴ ŀ Ǝƭƻōŀƭ ǎŎŀƭŜ ƘǳƳŀƴƪƛƴŘΩǎ ƴŜŜŘs and challenges are daunting. 

Worldwide population is projected to increase from 7 billion in 2010 to 

9.3 billion by 20305 (an increase of 2.3 billion, equivalent to doubling the 

entire current populations of China and India). To meet the rising 

demand for food (driven both by rising population and increasing 

income levels) it is anticipated that by 2030 we may actually need to 

double global food production,6 yet most cultivatable land is already in 

production.7 The inequity of global income levels and access to food 

across the planet already leads to debilitating levels of malnutrition, 

undernutrition and associated poor health for over 1 billion people.8 

Meeting the demands of a growing population, for more and better 

food, and the demand for the fiber, fuels and materials required as 

inputs for economic growth, is made all the more difficult by the 

pressing need to do so while reducing environmental impacts and global 

climate change associated with human economic activity. 

Against this background of global need and challenges, of threats and 

opportunities, it becomes clear that the role of agriculture, and 

associated agbioscience advancements, has come once more to the fore 

as a critical ŘǊƛǾŜǊ ƻŦ ƘǳƳŀƴƪƛƴŘΩǎ ŦǳǘǳǊŜ όCƛƎǳǊŜ 2).  

  

                                                             
5 University of North Carolina. Ibiblio.org services. Accessed online at www.ibiblio.org/lunarbin/worldpop 
6 Bruce M. Chassey, Wayne A. Parrott and Richard Roush. ά/ǊƻǇ .ƛƻǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǘƘŜ CǳǘǳǊŜ ƻŦ CƻƻŘΥ ! {ŎƛŜƴǘƛŦƛŎ 
!ǎǎŜǎǎƳŜƴǘΦέ CAST Commentary, QTA 2005-2, October 2005. 

7 ¦ƴƛǘŜŘ bŀǘƛƻƴǎ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ hǊƎŀƴƛȊŀǘƛƻƴ όC!hύΦ ά²ƻǊƭŘ !ƎǊƛŎǳƭǘǳǊŜ ¢ƻǿŀǊŘǎ нлмрκнлолΣ {ǳƳƳŀǊȅ wŜǇƻǊǘΦέ Accessed 
online at www.fao.org/documents/show_cdr?url_file/DOCREP 

8
 United Nations Food and Agriculture OǊƎŀƴƛȊŀǘƛƻƴ όC!hύΦ ά¢ƘŜ {ǘŀǘŜ ƻŦ CƻƻŘ LƴǎŜŎǳǊƛǘȅ ƛƴ ǘƘŜ ²ƻǊƭŘΦέ Accessed online at 

www.fao.org/publications/sofi/en/ 
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Figure 2: Global Challenges with Agricultural and Agbioscience Solutions 

FOOD SECURITY

It is generally recognized that the growth of global 
population, in combination with rising incomes and 
associated food demands, mean that by 2030 global 
food supply may need to be doubled. The Council 
for Agricultural Science and Technology (CAST) 
notes:

ά¢Ƙƛǎ ƎǊƻǿǘƘ ƛǎ ŀ ǎǘŀƎƎŜǊƛƴƎ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ 
ōŜŎŀǳǎŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǳǎŀōƭŜ ŦŀǊƳƭŀƴŘ ƛǎ 
already in production.   In 1991, 0.81 acres of 
farmland was available to feed each person.  By 
2050, only 0.37 acres of farmland will be available 
for each person.  It means that the productivity of 
ŜŀŎƘ ǳƴƛǘ ƻŦ ƭŀƴŘ Ƴǳǎǘ ōŜ ƛƴŎǊŜŀǎŜŘΦέ 

HUMAN HEALTH

The World Health Organization states that 
malnutrition is the gravest single threat to the 
ǿƻǊƭŘΩǎ ǇǳōƭƛŎ ƘŜŀƭǘƘΦ ¢ƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ {ǇŜŎƛŀƭ 
Rapporteuron the Right to Food reports that 
mortality due to malnutrition accounted for 58% of 
global deaths in 2006 ςa total of 36 million people 
dying of hunger or diseases attributable to 
deficiencies in their nutrition. The World Health 
Organization states that malnutrition is the leading 
contributor to the death of children, present in half 
of all cases.

Agbioscience advancements in advanced food, 
nutrition and health products are central to 
enhancing global health.

ECONOMIC DEVELOPMENT

Crushing poverty in much of the world and 
increasing global competition in the developed 
world place an imperative on economic 
development.  

Agbioscience is at the forefront of a new wave of 
economic development opportunities built around 
biobased resources.  Furthermore, the growth of 
biobased feedstocks, coupled with their conversion 
to value added food, health, fuel and industrial 
products, provides economic opportunities for both 
rural and urban communities and for both the 
developed and developing world.

ENVIRONMENTAL SUSTAINABILITY

Our environment is being degraded at an increasing 
pace by human activity.  Deforestation, soil erosion, 
toxic waste, persistent plastics pollution, 
greenhouse gas emissions ςeach of these present a 
threat to the environment upon which we and every 
organism on this planet depend.

Agriculture and agbiosciences are  providing 
solutions to environmental challenges.  Biofuels and 
bio-based chemicals and materials provide a 
sustainable alternative to non-sustainable and 
polluting oil and other fossil-resource based 
products.  Innovations in fertilizer use efficiency, 
pest resistance  and water use efficiency are leading 
to reduced agricultural production inputs.

Global Challenges with Agricultural and Agbioscience Solutions
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The importance and relevance of agriculture and agbiosciences to 

central challenges facing states, the nation and the globe are further 

ŘƻŎǳƳŜƴǘŜŘ ƛƴ ŀ ǊŜŎŜƴǘ ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άA Science Roadmap for Food 

and Agricultureέ which highlights the direct impact of land-grant 

institutions on seven identified άƎǊŀƴŘ ŎƘŀƭƭŜƴƎŜǎέΥ9 

 Enhancing the sustainability, competitiveness, and profitability of 

U.S. food and agricultural systems 

 Adapting to and mitigating the impacts of climate change on food, 

feed, fiber, and fuel systems in the United States 

 Supporting the energy security and the development of the 

bioeconomy from renewable natural resources in the Unites States 

 Playing a global leadership role to ensure a safe, secure, and 

abundant food supply for the United States and the world 

 Improving human health, nutrition, and wellness of the U.S. 

population 

 Heightening environmental stewardship through the development of 

sustainable management practices 

 Strengthening individual, family, and community development and 

resilience. 

This is further reinforced in the six key strategic goals expressed 

extension nationally in the Cooperative State Research, Education, and 

Extension Service Strategic Plan for 2007-2012:10 

 Enhance International Competitiveness of American Agriculture  

 Enhance the Competitiveness and Sustainability of Rural and Farm 

Economies  

 Support Increased Economic Opportunities and Improved Quality of 

Life in Rural America  

 9ƴƘŀƴŎŜ tǊƻǘŜŎǘƛƻƴ ŀƴŘ {ŀŦŜǘȅ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ !ƎǊƛŎǳƭǘure and Food 

Supply  

 LƳǇǊƻǾŜ ǘƘŜ bŀǘƛƻƴΩǎ bǳǘǊƛǘƛƻƴ ŀƴŘ IŜŀƭǘƘ  

 tǊƻǘŜŎǘ ŀƴŘ 9ƴƘŀƴŎŜ ǘƘŜ bŀǘƛƻƴΩǎ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜ .ŀǎŜ ŀƴŘ 

Environment 

.ŀǘǘŜƭƭŜΩǎ ǿƻǊƪ ǿƛǘƘ ƳǳƭǘƛǇƭŜ land-grant institutions and leading-edge 

work in strategic planning and economic analysis services focused on 

agbiosciences lead us to concur with the relevance of modern 

agriculture and agbiosciences to these grand challenges. Agbiosciences 

                                                             
9 Association of Public and Land-grant Universities, Experiment Station Committee on Organization and Policy ς Science and 
Technology CommiǘǘŜŜΣ ά! {ŎƛŜƴŎŜ wƻŀŘƳŀǇ ŦƻǊ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜΦέ bƻǾŜƳōŜǊ нлмлΦ 
10

 United States Department of Agriculture.  άCooperative State Research, Education, and Extension Service - Strategic Plan for 
2007-2012.έ  February 2007. 
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represent a unique field of science and applied R&D generating 

widespread innovations, technologies and solutions to needs.  

Agbioscience practitioners, the research community sustaining 

!ƳŜǊƛŎŀΩǎ ƭŜŀŘŜǊǎƘƛǇ ƛƴ agbioscience innovation, and the extension 

professionals translating advancements into the field, have a 

preeminent role to play in supporting a sustainable global futureτ

economically, socially and environmentally.  

It must be noted that agricultural and environmental biosciences do not 

stand separate from other fields of bioscience inquiry.  Indeed, much of 

modern science is interdisciplinary and there is considerable overlap in 

the application of inquiry in one field (such as agbioscience) and another 

(such as human biomedical science).  This is illustrated on Figure 3 

which shows the intersections and general content areas of key 

bioscience/biotechnology arenas.  Agbioscience stands as a key pillar 

and contributor to scientific and technological advancement in 

agricultural and environmental applications, but also contributes to 

advancements in biomedical, industrial and marine biotechnology: 

Figure 3: Agbioscience and Key Biotechnology Intersections in the 21st Century Bioeconomy 
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C. Agbiosciences Defined 

What is encompassed by the ǘŜǊƳ άŀƎōƛƻǎŎƛŜƴŎŜǎέΚ Well, agbiosciences 

can be viewed as embracing a broad continuum of activity in the 

development, production and use of plant and animal biological 

organisms for food, health, fuel and industrial applications. As used in 

this report, it is a holistic term encompassing a complex chain of activity 

from scientific inquiry and associated R&D through to the tangible 

production of inputs for agricultural production, primary agricultural 

and forestry production, and the downstream processing of agriculture 

and forest outputs into useful technologies and products. Figure 4 

illustrates this holistic view of the integrated agbioscience system. 

Figure 4: The Agbioscience Economy ς From R&D through Inputs, Production, Processing and Applications 
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In the R&D sector agbiosciences embrace scientific, engineering and 

technological research in a range of fields from fundamental basic 

inquiry through applied science and commercializable technology 

development. The fields engaged in agbioscience are broad, including 

such fields of inquiry as: biology; biochemistry; genomics; plant 

sciences; animal sciences; plant pathology; entomology; veterinary 

sciences; horticulture and crop science; agronomy; forestry; agricultural 

Agbiosciences embrace 

a broad continuum of 

activity in the 

development, 

production and use of 

plant and animal 

biological organisms 

for food, health, fuel 

and industrial 

applications.  
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and biological engineering; environmental sciences and natural resource 

management; food science; chemical engineering; materials science, 

and applied work in agricultural economics, community development , 

business management, finance and operations.  

wϧ5 ƛƴ ǘƘŜǎŜ ŦƛŜƭŘǎ ƻŎŎǳǊǎ ǿƛǘƘƛƴ ǘƘŜ ƴŀǘƛƻƴΩǎ ǳƴƛǾŜǊǎƛǘƛŜǎ όŜǎǇŜŎƛŀƭƭȅ 

land-grant universities), and also within non-profit institutes, federal 

laboratories (such as USDA and DoE labs) and private industry. It is, 

ƘƻǿŜǾŜǊΣ !ƳŜǊƛŎŀΩǎ land-grant universities that uniquely engage across 

the full-spectrum of agbioscienceτfrom the most basic scientific inquiry 

through to the practical services in support of producers, manufacturers 

and society provided via extension services. The integrated land-

grant/experiment station/extension system is an American invention 

that has formed the platform for U.S. leadership in global agriculture 

and associated industries. It is an intensely relevant system, central to 

addressing key economic opportunities and global challenges. 

 
  

Lǘ ƛǎ !ƳŜǊƛŎŀΩǎ ƭŀƴŘ-

grant universities that 

uniquely engage across 

the full-spectrum of 

agbioscienceτfrom the 

most basic scientific 

enquiry through to the 

practical services in 

support of producers, 

manufacturers and 

society provided via 

extension services. 
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II. Agriculture and Agbioscience in the United States 

Within global agbioscience and agriculture it is generally acknowledged 

that the U.S. is the worldwide leader. Statistics bear this out. Comprising 

just 6.1% of global land area, the United States in 2009/10 produced, for 

ŜȄŀƳǇƭŜΣ муΦт҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩs grains, 22.4% of global oilseeds and 12% 

of worldwide cotton11. In livestock, the U.S. is the worldwide leader in 

beef and poultry production (with 20.8% and 23.2% of global production 

respectively, and produces 10.8҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǊƪ). 12 

As a result of this productivity, agriculture is a critically important part 

of the U.S. economy. In 2007 there were over 2.2 million farms in the 

United States using 922 million acres (about 40%ύ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ 

land area for crops, forests and pastureland. These farms contributed 

over $325 billion to the American economy, including $96 billion in 

exports.13  

!ƎǊƛŎǳƭǘǳǊŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ the American economy, and society, does 

not end at the farm gate though. Continuous innovations in modern 

agbioscience have broadened opportunities for the production of 

agricultural commodities to help address some of the most important 

issues of our time: issues such as rapidly growing population, global 

poverty and malnutrition, climate change and environmental 

degradation.  

At the same time developments in agbioscience are also creating new 

markets for crops and crop residues as renewable, bio-based feedstocks 

for a number of key industries, including clean energy, chemicals, 

plastics and health products. New technologies, like those in biofuels, 

crop science and bio-processing, can prevent pollution, reduce costs, 

and conserve water and energy, while delivering valuable products to 

improve the quality of life not only for Americans but for people around 

the world. So, while the U.S. is currently the global leader in 

agbioscience and agricultural productivity, it is not resting on its laurels. 

Rather, U.S. institutions are taking a preeminent role in advancing 

scientific inquiry, developing new innovations, and commercializing new 

technologies to meet the challenges and opportunities of the 

                                                             
11 USDA Office of Global Analysis. Foreign Agricultural Service. October 2010. 
12 U.S. Census Bureau. Online at http://www.census.gov/compendia/statab/2010/tables/10s1338.pdf 
13 U.S. Department of Agriculture ς 9ŎƻƴƻƳƛŎ wŜǎŜŀǊŎƘ {ŜǊǾƛŎŜΦ ΨCŀǊƳ /ƘŀǊŀŎǘŜǊƛǎǘƛŎǎΩ ϧ ΨCŀǊƳ CƛƴŀƴŎƛŀƭ LƴŘƛŎŀǘƻǊǎΩΦ 

http://www.ers.usda.gov/statefacts/us.htm. 
bƻǘŜΥ ¢ƘŜ ΨhǘƘŜǊΩ ŎŀǘŜƎƻǊȅ ƛƴ Top 5 ς Agriculture Exports includes wine, essential oils, sugar and tropical products, nursery & 

greenhouse products, beverages except juice, coffee, tea, cocoa, oilseeds (mostly rapeseed and safflower seed) meals and 
their oils, vegetable waxes, protein substances, chocolate, spices, rubber, fibers other than cotton, and horticultural products 
such as starches, soy sauce, condiments, soups, gelatins, yeast, baking powder, food preparations, vinegar and hops.  
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Farmland 

(1000s of acres) 

 

United States 

Farmland 922,096 

Cropland 406,425 

Woodland 75,099 

Pastureland 408,832 

Total Land Area 2,260,994 

Farms  

Number of Farms 2,204,950 

Agriculture Output 

($1,000s) 

 

Crops 151,107,498 

Animals 138,592,007 

Services and Forestry 37,063,790 

Total Ag Output 326,763,295 

Top 5 and Total 

Agriculture 

Commodities ($1000s) 

 

Cattle and Calves 43,776,568 

Corn 42,035,337 

Soybeans 30,056,466 

Dairy products 24,342,440 

Broilers 21,812,789 

Total Ag Commodities  283,406,168 

Top 5 Agriculture 

Exports 

($ millions) 

 

Soybeans and products 17,708.8 

Other (see source) 12,432.5 

Feed grains and products 11,978.7 

Live animals and meat 8,906.6 

Wheat and products 8,598.2 

Total Ag Exports 96,632.0 

Source: 2007 data from USDA-ERS 

http://www.ers.usda.gov/statefacts/us.htm 

 

BioCentury. The U.S. is, for example, at the forefront of applying the 

tools and technologies of biotechnology and genomics in developing 

new and improved crops for global markets and is applying its 

technological expertise in 

the development of new 

processes for the utilization 

of biomass for energy and 

industrial applications. U.S. 

research and extension 

education is likewise 

pioneering the 

development and 

application of advanced 

food products with 

enhanced functional 

characteristics and 

nutraceutical applications. 

As the BioCentury continues 

to unfold, it is fair to expect 

that agbiosciences will 

represent a key national 

opportunity for economic 

expansion. 
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III. The Twelve-State North Central Region, a U.S. 
Agricultural and Agbioscience Powerhouse 

A. The North Central Region: At the Forefront of U.S. 
Agbioscience and Agricultural Production 

As noted above, the United States stands as the global leader in 

agricultural production, and within the U.S. the North Central region, 

comprising 12 Midwest states, is the leading agricultural and 

agbioscience region. The North Central states (as illustrated in Figure 5) 

comprise only 21% of U.S. land area, but together account for fully 44% 

of all US agricultural commodities and 45% of U.S. agricultural exports. 

In multiple major commodity categories, the region is highly important 

and productiveτresponsible for 83% of U.S. soybean exports, 85% of 

feed grain exports, 60% of live animal and meat exports and 51% of 

wheat exports.  

 

Figure 5: The North Central Region ς The U.S. Leader in Agricultural Production 
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The North Central region includes: Illinois, Indiana, 

Iowa, Kansas, Michigan, Minnesota, Missouri, 

Nebraska, North Dakota, Ohio, South Dakota, and 

Wisconsin. Together these states have 226 million 

acres in cropland, 86 million acres of pastureland, and 

17 million acres of woodland. The approximately 

800,000 farms in this region account for over 80% of 

ǘƘŜ ƴŀǘƛƻƴΩǎ ŎƻǊƴ ŀƴŘ ǎƻȅōŜŀƴǎΣ ŀǎ ǿŜƭƭ ŀǎ Ƴƻǎǘ ƻŦ ǘƘŜ 

ŎƻǳƴǘǊȅΩǎ wheat, sunflower, canola and sorghum 

production.14 In fact, these twelve North Central states 

lead the nation in the production of the top three 

agricultural commodities, producing 46% of the 

ƴŀǘƛƻƴΩǎ ŎŀǘǘƭŜ ŀƴŘ ŎŀƭǾŜǎΣ ут҈ ƻŦ ŎƻǊƴΣ ŀƴŘ уо҈ ƻŦ 

soybeans.  

The North Central regƛƻƴΩǎ exceptional level of 

agricultural output and productivity, together with the 

discovery and application of new technologies in 

agbioscience, has fueled the development of the 

agricultural processing and value-added products 

manufacturing industries in the region. Processing 

facilities add value to farm products before they leave 

each state; they also generate substantial local 

economic impact through direct expenditures and job 

creation. Additionally, facilities that are farmer-owned 

provide opportunities for producers to capture greater 

profits from processing and marketing their own value-

added products. 

 

Farms form part of a value-chain of agricultural 

production and agri-business. In 2009, in addition to 

the 800,000+ farms in the region, the North Central 

states contained more than 88,000 companies 

participating in the value-added chain through the 

provision of products and services such as: 

 The manufacturing and supply of agricultural, inputs such as seed, 

fertilizer, insecticides, farm equipment, etc. 

 Agriculture and forestry processing services such as grain milling, 

oilseed crushing, and lumber milling. 

                                                             
14 2007 Census of Agriculture. 

Farmland 

(1000s of acres) 

North 
Central 
Region 

Percent 
of U.S. 

Farmland 342,587 37% 

Cropland 226,171 56% 

Woodland 17,205 23% 

Pastureland 86,166 21% 

Total Land Area 480,218 21% 

Farms   

Number of Farms 806,300 37% 

Agriculture Output 

($1,000s) 

  

Crops 67,732,260 45% 

Animals 53,742,944 39% 

Services and Forestry 13,154,651 35% 

Total Ag Output 134,629,855 41% 

Top and Total 

Agriculture 

Commodities ($1000s) 

  

Cattle and Calves 20,130,804 46% 

Corn 36,661,158 87% 

Soybeans 24,878,810 83% 

Dairy products 6,706,927 28% 

Total Ag Commodities 125,968,737 44% 

Eggs (units thousands) 42,379  47% 

Top 5 Agriculture 

Exports 

($ millions) 

  

Soybeans and products 14,638 83% 

Other (see source) 1,515 12% 

Feed grains and products 10,191 85% 

Live animals and meat 5,371 60% 

Wheat and products 4,404 51% 

Total Ag Exports 43,111 45% 

Source: 2007 data from USDA-ERS 

http://www.ers.usda.gov/statefacts/us.htm 

 



 
 

14 

 The value-added manufacturing of food, nutrition and health 

products. 

 The production of industrial products from biomass including fuels, 

chemicals, materials, paper and textiles. 

Taken together these farms and industries employed almost 

2.4 million people (approximately 10% of private sector employment in 

the region). Demonstrating the intensity of the agbioscience economy 

across these twelve states, the concentration of agbioscience 

employment in the region is fully 25% greater than the national average 

(a location quotient of 1.25). As a result of this concentration, and the 

often skilled nature of the occupations generated, these workers were 

paid, on average, $2,600 more annually than their counterparts in the 

overall private sector (a 6% wage premium).15  

It is clear that the industries involved in the value-added agriculture and 

agribusiness chain, together with the thousands of agbioscience 

scientists and researchers (within regional higher education institutions, 

government labs and industry labs) and extension educators make up a 

specialized agbioscience industrial cluster in the North Central region. 

This is a cluster of current importance to the U.S. economy, but 

moreover represents a core strength for the nation to build upon as 

significant BioCentury opportunities continue to develop. 

B. The North Central Region ς Leading the Way in the New 
Biobased Economy 
Agbioscience is driving innovation and economic development along 

multiple broad pathways of opportunity. As shown in Figure 6, biological 

(ƻǊ άōƛƻƳŀǎǎέ) resources are the feedstocks for a broad range of value-

added products and services in nutrition and health, industrial products 

and the cleantech industry.  

Figure 6: Principal Agbioscience-Based Development Categories 

 
                                                             
15

 Based on Battelle analysis of U.S. Bureau of Labor Statistics; QCEW data from IMPLAN; unincorporated farm employment 
from U.S. Bureau of Economic Analysis 
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As the new biobased economy emerges, the North Central region is proving to 

be the home of intensive innovation, an early adopter of new technologies, and 

ǘƘŜ άƎƻ-ǘƻέ location for economic activity in a new cleantech economy. A clear 

example of this leadership in the emerging biobased economy can be seen in 

the geographic clustering of biofuels enterprise within the North Central states. 

This is specifically illustrated in Figure 7 which plots the location of biofuel (in 

ǘƘƛǎ ŎŀǎŜ άethanolέ) production facilities in the United Statesτclearly showing 

that the North Central region has emerged at the forefront of this renewable 

fuels industry.  

 

Figure 7: Clustering of Renewable Biofuels Operations Evident in the North Central Region. Ethanol 
Manufacturing Facilities in the United States 
 

 
 

At the time of this report writing, within the United States there are 

201 ethanol facilities in operation, producing 13.5 billion gallons of 

ethanol. The North Central region is home to 171 of these facilities, 

which are producing about 12 billion gallons of ethanol a year (fully 
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89% of the U.S. total).16 Importantly, based on regional agronomic 

conditions and infrastructure in the region, the North Central states 

have potential for expanding current production, not only of first 

generation corn ethanol, but also into second generation advanced 

biofuels including cellulosics. 

According to the EISA Renewable Fuels Standard at least 16 billion 

gallons of the mandated advanced biofuels will come from cellulosic 

biofuelsτi.e., biofuels produced from wood, grasses, and other non-

edible parts of plants. Biomass feedstock supplies for cellulosic ethanol 

facilities will come from dedicated energy crops, like switchgrass and 

miscanthus, as well as the biomass of trees, and unneeded agricultural 

and forestry matter (commonly referred to as άresidueέ). A study by the 

National Renewable Energy Laboratory (NREL) analyzing feedstock 

availability found that the North Central states accounted for about 

200 million tons (60 %) of the total biomass available in the U.S. If 

production capacity were developed proportionately to biomass 

availability, 60% of the 16 billion gallons of advanced cellulosic 

biofuelsτor 9.6 billion gallons of capacityτcould be generated in the 

North Central region. 17 

A multi-billion gallon cellulosic ethanol industry in the North Central 

states will offer new jobs to support rural communities and farm 

households and provide an economic stimulus for many agriculturally 

dependent areas. It is estimated that a 9.6 billion gallons per year 

industry would generate 192 production plants (at a typical 50 million 

gallons per year capacity per plant). The total initial investment for 

these plants would be almost $34 billion ($178 million per plant), and 

their annual direct expenditures benefiting local and regional 

economies would total nearly $10 billion. A production industry on this 

scale would directly employ nearly 15,000 workers (77 employees per 

plant), as well as support thousands of additional jobs in feedstock 

harvest and transportation. Additionally, feedstock payments could 

represent a substantial income supplement for agricultural producers 

(with feedstock estimated to account for nearƭȅ ƘŀƭŦ ƻŦ ŀ ǇƭŀƴǘΩǎ ŀƴƴǳŀƭ 

operating expenditures).18  

                                                             
16 U.S. Department of Agriculture. Ψ¦{5! .ƛƻfuels Strategic Production Report ς A USDA Roadmap to Meeting the Biofuels Goals 
ƻŦ ǘƘŜ wŜƴŜǿŀōƭŜ CǳŜƭǎ {ǘŀƴŘŀǊŘ ōȅ нлннΩΦ WǳƴŜ ноΣ нлмлΦ 

17 Milbrandt, A. 2005. A Geographic Perspective on the Current Biomass Resource Availability in the United States. Golden, CO: 
National Renewable Energy Laboratory, Technical Report TP-560-39181. 

18
 IƻŘǳǊΣ bŀƴŎȅ ŀƴŘ [ŜƛǎǘǊƛǘȊΣ [ŀǊǊȅΦ !ƎǊƛŎǳƭǘǳǊŀƭ aŀǊƪŜǘƛƴƎ wŜǎƻǳǊŎŜ /ŜƴǘŜǊΦ ΨwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ bŜǿǎƭŜǘǘŜǊΦΩ CŜōǊǳŀǊȅ нллфΦ 
http://www.agmrc.org/renewable_energy/biofuelsbiorefining_general/economic_impacts_of_biofuel_development.cfm.  

http://www.agmrc.org/renewable_energy/biofuelsbiorefining_general/economic_impacts_of_biofuel_development.cfm


 
 

17 

The renewable fuels sector, however, represents just one part of a 

multi-faceted emerging bioeconomy for the North Central region. The 

significant chemicals, polymers and materials industry in the region is 

proactively investigating the use of biobased feedstocks as substitutes 

for current environmentally unfriendly and price volatile fossil-resource 

based feedstocks (primarily petroleum). Similarly food and health 

product manufacturers in the region are on the frontier of developing 

and manufacturing advanced foods, functional foods, nutraceutical 

products and other health enhancing agriculture-based products.  

C. The North Central Region Agbioscience Innovation Ecosystem 

Underpinning thŜ ǊŜƎƛƻƴΩǎ ƭŜŀŘership in agriculture and agri-business, 

and its promise for the future, is an intensive cluster of institutions, 

organizations and businesses engaged in agbiosciences research and 

associated R&D activities. These are further supported by a 

comprehensive extension education system.  Taken together, North 

Central regional assets in agricultural inputs development, agricultural 

production, ag-processing, ag-equipment development, and 

downstream value-added food, fiber and industrial products 

manufacturing comǇǊƛǎŜ ŀƴ άŀƎōƛƻǎŎƛŜƴŎŜ ƛƴƴƻǾŀǘƛƻƴ ŜŎƻǎȅǎǘŜƳέτan 

environment in which agbioscience business development is thriving. 

¢ƘŜ bƻǊǘƘ /ŜƴǘǊŀƭΩǎ ŀŎŀŘŜƳƛŎ ŀƎōƛƻǎŎƛŜƴŎŜ ŎƻƳƳǳƴƛǘȅ ƛǎ performing 

well. In 2009, colleges and universities in the North Central region 

attracted $3.6 billion in funding for academic R&D in agbiosciences 

and related disciplines (about 22.5%of the national total). Likewise, the 

region is also a hub of major agbioscience-based industry multinationals 

that are active in R&D and technological innovation, for example: 

 Ten of the top 25 U.S. food manufacturers have their HQ 

operations in the North Central region (Kraft, Anheuser-Busch, 

General Mills, ConAgra, Kellogg, Sara Lee, Hormel, Cargill, SABMiller 

and Chiquita Brands). 

 Two of the top five seed companies in the World are based in the 

North Central U.S. region όaƻƴǎŀƴǘƻ ŀƴŘ [ŀƴŘ hΩ[ŀƪŜǎύ. 

 Two of the ǿƻǊƭŘΩǎ ǇǊŜŜƳƛƴŜƴǘ agricultural equipment 

manufacturers are based in the region (John Deere in Illinios, the 

²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘΣ and #2 ranked Case New HƻƭƭŀƴŘΩǎ bƻǊǘƘ !ƳŜǊƛŎŀƴ 

HQ in Illinois). 

 The North Central region is the hub for the U.S. animal health 

products industry, with operations of leading companies such as 

Fort Dodge Animal Health (Kansas), Abbott Animal Health (Illinois), 

North Central regional 

assets in agricultural 

inputs development, 

agricultural production, 

ag-processing,  

ag-equipment 

development, and 

downstream value-

added food, fiber and 

industrial products 

manufacturing comprise 

ŀƴ άŀƎōƛƻǎŎƛŜƴŎŜ 

ƛƴƴƻǾŀǘƛƻƴ ŜŎƻǎȅǎǘŜƳέ 

τan environment in 

which agbioscience 

business development 

is thriving.  
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Boehringer Ingelheim Vetmedica (Missouri), Novartis Animal Health 

(Iowa) and Pfizer Animal Genetics (Michigan). 

Taken together this uniquely active system of agricultural production 

and advanced value-added manufacturing makes the North Central 

region the global leader in both traditional agricultural economic 

activity and in the leading emerging areas of the modern bioeconomy. 
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The twelve 1862 Land-

grant universities in the 

North Central region 

include: 

 Iowa State University 

 Kansas State 
University 

 Michigan State 
University 

 North Dakota State 
University 

 The Ohio State 
University 

 Purdue University 

 South Dakota State 
University 

 University of Illinois 

 University of 
Minnesota 

 University of 
Missouri 

 University of 
Nebraska 

 University of 
Wisconsin 

 

 

IV. A Powerful Support System ς North Central 
Region Experiment Stations, Extension Services and 
their Land-grant Universities 

The North Central reƎƛƻƴΩǎ leadership in agricultural production, 

agricultural processing and value-added manufacturing is advanced and 

supported by continuous innovation in agricultural and biological 

sciences, and within associated disciplines (such as engineering). 

Helping to drive scientific discovery, innovation and the deployment of 

new technologies and innovations to enhance industry productivity is 

a uniquely American system developed by visionaries in the late 

муллΩǎτthe Land-grant University. άLand-grant Universityέ is the term 

used to identify a public university in each state that was originally 

established as a land-grant college of agriculture pursuant to the Morrill 

Act of 1862. In most states (including all of the North Central states) the 

original agricultural colleges grew over time into full-fledged 

comprehensive public universities by adding other colleges (e.g., arts 

and sciences, medicine, law, etc.). Today these universities stand among 

ǘƘŜ ǿƻǊƭŘΩǎ ǇǊŜƳƛŜǊ ǊŜǎŜŀǊŎƘ and extension education institutions. 

Providing a comprehensive and integrated system of education, 

research, and knowledge and advanced practice educationτthe North 

Central regionΩǎ land-grant universities provide the skilled human capital 

needed by the agbiosciences sector, and advance the basic and applied 

knowledge base that underpins agbioscience advancement. Unlike 

other academic-based disciplines, the agbiosciences at land-grant 

universities are deliberately leveraged for the good of industry, 

agricultural producers and society through the operations of a 

purpose-built extension system. This highly pragmatic system provides 

science and technology development and implementation services that 

keep U.S. agriculture, agribusiness and associated business sectors at 

the forefront of innovation, productivity and competitiveness. 

Through a systematic pipeline of research and extension (see Figure 8), 

comprising experiment station and extension service programs, these 

institutions are leading the way in agbioscience R&D, in new knowledge 

dissemination, and in technology transfer and commercialization of 

technologies for the agricultural production and processing sectors. 

Under this system, experiment stations and extension services conduct 

basic and applied R&D in the agricultural and agbioscience industries 

through their laboratories, research farms and testing facilities. From 

basic science in molecular biology, biochemistry and genetics through to 

highly applied work in plant breeding, plant transgenics, agricultural 
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engineering and biomaterials, this research and extension work is 

helping to develop new crops, technologies, processes and value-added 

products for agriculture and agbioscience industries and to integrate 

them into production, processing, distribution and marketing channels. 

Figure 8: Land-grant Universities and their Experiment Stations and Extension Services ς A Unique System for 
Agbioscience Research, Development and Education 
 

 
 

As Figure 8 shows, in this land-grant innovation ecosystem research 

inquiries in basic and applied sciences (sponsored by federal grants, 

state support county/local support, foundation funding, industry 

sponsorship and other typically extramural sources) generate 

technologies, innovations and practice examples that are tested and 

piloted through the unique infrastructure contained in agricultural 

colleges, associated university departments and the experiment 

station system. Via licensing, new business formation, knowledge-

diffusion and other technology transfer activities, the land-grants 

(often through the extension service) proactively move innovations, 

technologies and practice advancements into use within the vertically 
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It is interesting to note 

that the National 

Institutes of Health (NIH) 

are working to encourage 

the development of 

systems to translate 

research discoveries into 

improvements in 

healthcare. Dubbed 

άbench-to-bedsideέ 

initiatives, these efforts 

to promote translational 

biomedical R&D are, in a 

way, mirroring what has 

been occurring in 

agbiosciences for more 

than a century through 

experiment stations and 

extension. 

integrated agbioscience industry. As a result of this land-grant system 

new products, enhanced products, process improvements and other 

advancements in agbioscience knowledge and practice are transferred 

into commercial sectorsτkeeping them competitive and helping to 

drive U.S. economic growth. 

 

Within the North Central region, thousands of projects are undertaken 

annually by the 12-university regional land-grant system and it would be 

impossible to illustrate the impacts of each and every one. However, the 

broad variety of positive impacts engendered by this system can be, in 

part, illustrated by referencing specific impact examples recorded by the 

North Central Regional Association of State Agricultural Experiment 

Station Directors. Figure9, on the following page, classifies the many 

core categories of impacts generated by this unique systemτillustrating 

the broad suite of impact categories addressed by the land-

grant/experiment station/extension system. 

Advances in agbioscience depend on the quality of the technology 

developed as well as the successful translation of that technology into 

commercial utilization by producers and processors. Extension Service 

Programs at each of the universities comprise a network of specialists 

(typically in each and every county) providing a wide variety of 

information, technical knowledge and education services for individuals 

and companies in the community. Extension service providers work 

closely with farmers, ranchers, business persons and other members of 

the local community to provide timely, and unbiased advice on issues 

like the introduction of new crop varieties and production 

requirements, agricultural marketing opportunities, disease and pest 

management tools, animal and livestock health products, agricultural 

equipment, irrigation technologies, and agricultural processing 

technologies.  
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Figure 9:  Examples of Impact Categories Within the North Central Region 
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The Land-grant university, experiment station and extension service 

system is clearly a unique asset for the U.S. and represents a system of 

extreme relevance to the needs of a modern U.S. economy so 

dependent on innovation, knowledge and technological advancement 

to maintain its competitive edge.  

Table 1 serves to illustrate a number of the key issues being addressed 

through the land-grant/experiment station/extension service system:  

Table 1:  Experiment Stations and Extension Services ςRelevance to Major Issues and Challenges 

Issues Research Relevance Extension Education Relevance 

National 
economic 
competitiveness 

Innovations to enhance agricultural and forest 
productivity. 

Innovations to enhance the productivity and 
competitiveness of value-adding industry.  

Field trials, testing and scale-up of new technologies. 

Facilitation of research in specific soils, climatic and 
agronomic zones. 

Specialized testing and R&D services for industry 

New products and technology innovations for 
commercialization.  

Business and new technology incubation services. 

Adding value to domestic, home-grown resources. 

Development of products for export. 

Demonstration and field testing 

Education in new technologies and practices for 
producers. 

Education and technology transfer for industry. 

Direct consultation with producers on tools, 
techniques, products and markets to enhance 
competitiveness. 

Advisory services in new business development and 
commercialization. 

Homeland 
security 

Protecting the U.S. from plant, animal and zoonotic 
diseases.  

Specialized research infrastructure for specific crops, 
animals and associated threats. 

Reducing dependency on foreign imports and fossil 
fuel resources. 

Widespread on the ground monitoring and 
observation network. 

Tangible, hands-on assistance and advice to 
producers and processors. 

Specific food safety and handling education. 

Environmental 
sustainability 

Innovations in production inputs use efficiency, and 
plant transformation to reduce agricultural inputs. 

Technologies for reducing waste streams and waste 
stream impacts, and for converting waste to value-
added products e.g., energy.  

Production scale test sites for evaluation of 
environmental impacts and technologies. 

Demonstration facilities for environmentally 
sustainable practices, tools and technologies. 

Widespread on the ground monitoring and 
observation network. 

Tangible, hands-on education and advice to 
producers and processors. 

Education of practitioners, community members and 
youth regarding environmental sustainability. 

Water, energy and resource conservation advisory 
services. 

Demonstration and field testing 

Education, 
skilled human 
capital and 
workforce 
development 

Direct education of undergraduate and graduate 
students. 

Continuing education courses. 

Development of new knowledge and know-how for 
diffusion into practice.  

Facilitation of regional access to expertise and 
development resources. 

Knowledge and know-how diffusion. 

Continuing education for adult and youth audiences. 

K-12 programs and STEM (Science, technology, 
Engineering and Math) education support. 

4-H educational and youth development programs. 

Development of web and distance learning systems 
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The North Central 

ǊŜƎƛƻƴΩǎ ŜȄǇŜǊƛƳŜƴǘ 

stations and extension 

service programs 

provide an integrated 

system to research, 

develop, pilot, 

demonstrate, and 

disseminate new 

innovations to benefit 

practitioners and 

industry. 

Facilitation of field research in regional crops, 
specific agronomic zones, etc. 

and educational materials 

Societal welfare Economics research and policy analysis 

Policy analysis 

Community, urban and rural development research 

Education and extension operations research 

Research on the American family, youth 
development and other key social issues 

 

4-H programs extending learning hours and reaching 
άŀǘ Ǌƛǎƪέ ȅƻǳǘƘΦ 

Tangible services in urban and rural economic 
development. 

Hands-on support and coaching for families, 
community groups and civic leaders. 

Promote public and individual health for adults, 
children and youth. 

 

As highlighted above, the bƻǊǘƘ /ŜƴǘǊŀƭ ǊŜƎƛƻƴΩǎ Ŝxperiment stations 

and extension service programs provide an integrated system to 

research, develop, pilot, demonstrate, and disseminate new innovations 

to benefit practitioners and industry. This system is providing innovative 

systems for improving the profitability of agricultural producers and 

processors, creating new businesses and new economic opportunity, 

protecting food sources from toxins and pathogens, and ensuring the 

sustainability of the environment for the next generation and beyond. 

With combined budgets totaling $0.96 billion for the experiment 

stations and $0.7 billion for the extension services, it would be an 

almost impossible task to illustrate all of the research programs and 

initiatives of the North Central experiment stations and extension 

services and their impacts on individual communities, home states, the 

region and the nation. Rather than attempt this, the 

Battelle/BioDimensions project team provides an assessment herein of: 

 Some of the notable and unique assets of North Central institutions 

for agbioscience R&D and the acceleration of innovations into 

application 

 Examples of some of the highly significant impacts being generated 

by North Central institutions. 
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V.  The North Central Region and the Agbioscience 
Opportunity ς Key Regional Assets for Agricultural and 
Agbioscience-Based Development  

A. Size and Scope of the North Central 1862 Land-Grant 

Universities and Their Experiment Stations and Extension Operations 

The twelve 1862 land-grant universities constitute large-scale assets for 

agbioscience R&D and research translation. In terms of experiment 

station and extension service operations, the twelve combined 

institutions have 7,601 FTE extension personnel and 6,724 experiment 

station FTEs. Combined extension service budgets totaled almost 

$700 million (2010) while the experiment stations stood at a combined 

$956 million (See Table 2). 

Table 2: Personnel and Budgets of North Central Experiment Stations and Extension Services 

Year Experiment 
Stations FTEs 

Experiment 
Stations Combined 
Budgets ($ millions) 

Extension Services 
FTEs 

Extension Services 
Combined Budgets 

($ millions) 

2006 6909 856.2 7921 644.6 

2007 6836 864.0 8052 671.7 

2008 6860 901.4 7991 697.1 

2009 6730 939.0 7890 703.5 

2010 6724 955.7 7601 699.2 

 

The twelve states contain considerable variability from location to 

location in terms of agronomic characteristics (soil types, rainfall 

quantity, groundwater, etc.) and thus the land-grants have established 

multiple dedicated experiment station locations providing environments 

suited to testing and developing agricultural inputs, crop varieties, 

agricultural equipment and livestock operations. Within the North 

Central region there are 149 experiment station locations covering a 

combined area of over 176,000 acres. Figure 10 illustrates the 

significant geographic coverage provided by these experiment station 

assets. To these experiment station assets must be added the 

specialized local knowledge provided by extension specialists who 

cover each county across the regionτproviding support and education 

for land-owners, agricultural producers and processors. 
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Figure 10: Experiment Stations of the North Central Region 

 

Profiling the full variety of key agbioscience R&D assets contained 

within North Central extension services, experiment stations and land-

grant campuses would create a far too lengthy report (although 

appendices herein list many of these key assets across the institutions). 

Rather than provide a complete listing, Battelle reviewed major assets 

and has placed them into six categories: 

1. Plant science, crops, agronomy and plant transformation assets 

2. Animal science, animal health and livestock research assets 

3. Food product R&D and advanced nutrition and health products 

development assets 

4. Biosecurity and food safety assets  

5. Industrial bioeconomy R&D assets (fuels, chemicals, materials) 

6. Environmental sciences and sustainability assets. 

Note:  Extension 

services have offices, 

extension educators or 

other presence 

providing coverage for 

every individual county 

within the region. 
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A Crop Projects Example 

Wheat Fusarium Head Blight (FHB) Management 
 

FHB, or scab, caused by the fungus Fusarium graminearum, is the most economically 
threatening disease to wheat and barley, with yield losses of more than 45 percent in 
severe cases. In addition to lowering yield, the fungi also produce a toxin, commonly 
known as vomitoxin that is harmful to humans and livestock.  

Scientists at North Dakota State University, Ohio State, Kansas State, South Dakota 
State and Penn State have been working together to develop a web-based model to 
predict the risk of FHB based on observed weather patterns in a given area. This web-
based tool is currently used by growers, crop consultants, processors and others in 24 
states to inform disease management and crop marketing decisions.  

Applied research at experiment stations indicate that an integrated crop management 
strategy of disease resistant wheat varieties, fungicide application and crop rotation is 
the most effective way of protecting the crop against FHB. Extension personnel use 
the web-based tool as well as workshops, field days, news releases, letters and disease 
forecasts to demonstrate this integrated strategy.  

Wheat breeding programs at the University of Missouri are developing new lines of 
wheat suitable to the region with a focus on FHB resistance and increased yields. 
Researchers at Ohio State have developed a non-synthetic biobased pesticide for FHB 
and collaborated with extension services to develop educational materials on bio-
pesticide application and organic farming. 

²ƛǘƘƛƴ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǎƛȄ ŎŀǘŜƎƻǊƛŜǎ ŀƴ άŀǎǎŜǘ ƳŀǇέ ƛǎ ǇǊƻǾƛŘŜŘ ōŜƭƻǿΣ 

together with a general discussion of the asset category and its 

relevance to modern agbio-based opportunities and needs. It is 

apparent that the North Central region contains some of the most 

specialized and clustered assets for agbioscience R&D in the nation.  

B. Plant Science, Crops, Agronomy and Plant Transformation 

Research and Extension Assets 

As would be expected, each of the institutions across the 12 states has a 

significant focus on the development, improvement, protection and 

cultivation of agricultural crops suited to the growing conditions of their 

varied soil and climate characteristics and the needs and preferences of 

farmers. Experiment stations across the region perform R&D leading to 

crop improvements (such as increased yield, improved grain or oilseed 

quality, disease and pest resistance, etc.)τperforming this work via 

traditional breeding and hybridization techniques and via the latest 

transgenic techniques. 

 

Figure 11 highlights some of the specialized programs and infrastructure 

located in the North central region. This is not, of course, an exhaustive 

list, but does serve to illustrate the intensity of specialized resources 

and assets dedicated to the development and improvement of 

advanced crops and cropping systems. 
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Figure 11: Examples of Major Assets for Plant Science, Crops, Agronomy and Plant Transformation within North 
Central Region 1862 Land-Grant Institutions 

 

C. Animal Science, Animal Health and Livestock Research and 
Extension Assets 

Livestock is a major component of the U.S. value-added agriculture 

system and the North Central region is well known for its intensive 

vertically-integrated livestock operations. North Central land-grants and 

their experiment stations and extension services have operations in: 

advanced nutrition for livestock; livestock health products; livestock 

breeding; animal husbandry technology; meat science; dairy science and 

associated food products development. ¢ƘŜ ǳƴƛǾŜǊǎƛǘƛŜǎΩ ǿƻǊƪ 

contributes to substantial economic impacts from the livestock industry. 

For example, a report by Battelle for the Ohio Soybean Council found 

that over 45,000 jobs are directly or indirectly generated within the 

state by livestock agriculture.19 The value-added chain from the 

development of inputs to livestock agriculture through to the 

                                                             
19

 Battelle Memorial Institute, Technology Partnership Practice. April 2008. ά¢ƘŜ hƘƛƻ [ƛǾŜǎǘƻŎƪ LƴŘǳǎǘǊȅΩǎ 9ŎƻƴƻƳƛŎ LƳǇŀŎǘ ƻƴ 
ǘƘŜ {ǘŀǘŜ ƻŦ hƘƛƻΦέ Performed for the Ohio Soybean Council. 

North Central 1862 Land Grant
University Specialized Agbioscience 
Infrastructure and Assets:
Plant Science, Crops, Agronomy and
Plant Transformation

�‡ISU Plant Transformation Facility
�‡Seed Science Center
�‡Center for Plant Responses to 
Environmental Stresses

�‡Center for Agriculture & Rural 
Development

�‡North Central Plant Pest Disease 
& Pest Diagnostic Network

�‡Oilseed Development Center of 
Excellence

�‡NDSU High Throughput Genotyping 
Center

�‡Northern Crops Institute
�‡Winter Cereals: Sustainability in 
Action

�‡Barley Genome Project
�‡Dry Bean Genome Research �‡Discovery Farms Program

�‡National Magnetic 
Resonance Facility

�‡OJ Noer Turfgrass Research 
& Education Facility

�‡North Central Plant Pest 
Disease & Pest Diagnostic 
Network

�‡Dry Bean Genome Research

�‡Molecular & Cellular 
Imaging Center

�‡Center for Diagnostic 
Assays

�‡North Central Plant 
Pest Disease & Pest 
Diagnostic Network

�‡Plant Transformation 
Facility

�‡Molecular Genetics & 
Soybean Genomics Lab

�‡Center for Agroforestry
�‡Interdisciplinary Plant 
Group

�‡North Central Plant Pest 
Disease & Pest Diagnostic 
Network

�‡Drought Simulation 
Facility

�‡Flood Tolerance Lab

�‡Integrated Pest Mgmt
�‡Agrability Program for 
Disabled Farmers

�‡North Central Plant Pest 
Disease & Pest 
Diagnostic Network

�‡Plant Breeding Center

�‡iGrow
�‡Northern Crops Institute
�‡SDSU-AES Applied Genomics Solutions
�‡Winter Cereals: Sustainability in Action

�‡Wheat Genetic & Genomic Research 
Center

�‡Department of Grain Sciences & 
Industry

�‡Wheat Quality Lab

�‡Crop Diagnostic 
Training & 
Research Center

�‡Discovery Park
�‡New Ventures in 
Food & 
Agriculture

�‡North Central 
Plant Pest Disease 
& Pest Diagnostic 
Network

�‡Plant Transformation 
Center

�‡North Central Plant 
Pest Disease & Pest 
Diagnostic Network

�‡Dry Bean Genome 
Research

�‡Core for Applied Genomics & Ecology 
(CAGE)

�‡Plant Transformation Core Research 
Facility

�‡Dry Bean Genome Research
�‡Crop Mgmt & Diagnostic Program

�‡Plant Pathogen Research 
Lab

�‡Insect Research Lab
�‡North Central Plant Pest 
Disease & Pest Diagnostic 
Network

�‡Northern Crops Institute
�‡Winter Cereals: 
Sustainability in Action

�‡Barley Genome Project
�‡Dry Bean Genome 
Research


























































































