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ABSTRACT
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the $125 billion, 2.4 milliojob agricultue-drivenindustry in the region is built. This industry is already the

most sophisticated and productivagriculture forestryand valueadded productsystem ever created, and it is
poised to expandignificantlywith new markets suchs 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 petrebased chemicals with agricultudahsed materials, represeing 50000 different

products a $1 trillion global marketThere are similar opportunities with novel health, food safety, biofuels,
and environmenal technologieseach of whicthaspotential tocreate thousands of new jobs and knowledge
based companies acros North Centraregionand the United3ates. Sustainingand protectingcurrent
agricultural valuechainproduction,while realizing the potential aéxciting new economic opportunities,

requires support forthe fundamentalscientific research and traleional support mechanisms contained

within land-grant agricultural experiment stations and extension servitég. And-grant system has played a
central role in the rise of American agriculture to global preeminence, but the scale of opportunitiegneainta

in a fastexpanding biebased 21 century economy warrant considerably mattention be paid tathese core
institutions.

Qustainedor expndedfederal, state and local suppontill help thisimportant land-grant, experiment station
and extension servicgystemto continue to perform its multfaceted functiors incutting edge research for
commercializationeducation of knowledg®orkers forindustryacross the value chaiaupply ofunbiased
information and support for farmers, arqlrsuit ofopportunities fa new collaborations and networks to grow
the industry.

Through the 12 member institutions in tidorth CentralCooperative Extension Association (NCCéoAnty
extension agents are providirglucationto farmers serving as the primary unbiased link betw the farm

and new technologies and production practic@mn the R&D front the 12 member institutions in the North
Central Regional AssociatilCRADf State Agricultural Experiment StatiBirectorsand the NCCE#re
working toproduceand disseminatagbioscience solutions to pressing economic and social n&wmdectively
these thousands dfnowledgeworkersare driving a system that is providing for a saf@npetitive and
healthyagbioscience based economy for the United Staidsle generatinghe knowledge and research
supportrequired toexpand the sector ithe future as doundation for new and enhanced sustainable
industries infood, feed, health, materialghemicalsand energy. Withoubngoingpublic supporfor land-grant
agbioscience rsearch and extension activitiesitional and regional agbiosciencelustrieswill not be able to
realize their competitive potential.Indeed, at a hational and state level, expanded support for agbioscience
research and extension activities shoideallybe pusued because the economic development opportunities
are so large, the issues addressed strategic to the U.S., and funding support critical to maiataining
expandingJ.S. leadership.

Agbioscience holds the key to a bright future for the U.S. and the North Cesgiahrin what has been termed
the BioCenturylt is a base of economic power for the region and the nation, but moreover it holds great
promise asa central driver of a successful economid aocietal future
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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.

Landgrant universities,
through their
experiment stations
and extensim services
are on the frontline of
sustaining and securing
' YSNR O Qa f
and competitiveness in
what is and will be the
key macroeconomic
sector of our time.

EXECUTIVE SUMMARY

This report highlights th&ct that agriculture and mdern agbiosciences
represent a scientific and economic sectdrcentral importance to the future
of the United StatesAgriculture and agbioscience are directly relevant to
finding solutions to key challenges facing the Urfsl. the world economic
growth, food securityhuman health andenvironmental sustainabilitywithin

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 guots and a broad range of

additional applications.

While agriculture is an economic sector present and imporiaet/ery state,

the twelvestate North Central region of the U.S. stands asesnjerelocation
for agbioscience R&D, higilolume and higkefficiencyagricultural production
and for agribusiness generating valadded products for domestic

consumption and export.

Of central importance to progress in North Central regional agbiosciences are
the presence and operations of laiggant 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 scalg infrastructure and expertise to prep
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 intthe 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.
A & th&f' ey, dandjrént uiliversitiesand their
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experiment stations and extension servicage on the frontline of sustaining
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the key macroeconomic sector of our times fis 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.

TheNorth Central regioQ @gbioscience assets are part of amiagjtural
oequation for progress(Figure ES):
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Figure ES.: Agriculture and Agbiosciences, an Equation for Sustainable U.S. Economic Progress
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By directly addressing key challenges and opportunities associated with

agriculture and agbioscience tiNorth Central regional land grant universities

are playing a central role in U.S. progress across a range of fronts (Fig®)re ES

The importance and relevance of agriculture and agbiosciencesjor
challenges facing states, the nation and the gloleefarther documented in a

NBEOSy i

highlights the direct impact of lanrgrant institutions on seven identified

GINFyR OKItfSyasSagy

e Enhancing the sustainability, competitiveness, and profitstof U.S. food

and agricultural systems

e Adapting to and mitigating the impacts of climatbangeon food, feed,
fiber, and fuel systems in the United States

e Supporting the energy security and the development of the bioeconomy

from renewable natural remirces in the Unites States
e Playing a global leadership role to ensure a safe, secure, and abundant food
supply for the United States and the world

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

e Heightening environmental stewardshirough the development of

sustainable management practices

e Strengthening individual, family, and community development and

resilience.

2 Association of Public and Lagdant Universities, Experiment Station Committee on Organization and B&iiegnce and Technology
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FOOD SECURITY

Itis generally recognized that the growth of global
population, in combination with rising incomes and
associated food demands, mean thmst 2030 global
food supply may need to be doubledrhe Council
for Agricultural Science and Technology (CAST)
notes:

G¢CKA&E ANBSOK A& F adl 33y
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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
SIFOK dzyAil 2F fFyR Ydzai

Food variety and

Food access .
nutritional content

Starvation
Agricultural productivity

Pre and posharvest losses

Poverty Economic competition

Rural and urban development

Resource price volatility

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.

Economic sustainability

Figure E&: Global Challenges with Agricultural and Agbioscience Solutions

HUMAN HEALTH

The World Health Organization states that
malnutrition is the gravest single threat to the
g2NI RQa Llzof AO KSIfGK®
Rapporteuon the Right to Food reports that
mortality due to malnutrition accounted for 58% of
global deaths in 2006 a 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.

Immune system

deficiencies Vitamin deficiency

Access to clean water
Obesity Diabetes

Infectious diseases

d Agbioscience Solu

Global climate change

Pollution
Waste Soil erosion
Chemical runoff

Water resources Species extinctions

ENVIRONMENTAL SUSTAINABILI

Our environment is being degraded at an increasing
pace by human activity. Deforestation, soil erosion,
toxic waste, persistent plastics pollution,
greenhouse gas emissiogeach 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 nesustainable and
polluting oil and other fossilesource based

products. Innovations in fertilizer use efficiency,
pest resistance and water use efficiency are leading
to reduced agricultural production inputs.

ES3



Developments in
agbioscience are also
creating new markets
for crops and crop
residuesas renewable,
bio-based feedstocks
for a number of key
industries, including
clean energy,
chemicals, plastics and
health products.

BattSf f S Q& sds2oNdncuf vt 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 tangiblerealworld needs.

Agbioscience practitioneyf§ KS NX a S| NOK O2YYdzyAde ad
leadership iragbioscience innovation, and the extension professionals

translating advancements into the field, haverdicalrole to play in

supporting a sustagble global future economically, 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 actiltgyeading position in
agriculturalproduction is illustrated by Figure 885

FigureES3: The North Central Regio The U.S. Leader in Agricultural Production

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

The North Central Region.
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This agricultural and bioma$ssed economy is supported by an extensive
network of landgrant essetsUnderpinningd KS NX3A 2y Qa f SI RS
agriculture and ag#business, and its promise for the future, is an intensive
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North Central regional
extension and
experiment station
assetsfocused on
agricultural inputs
development,
agricultural production,
ag-processing,
ag-equipment
development, and
downstream value
added food, fiber and
industrial products
manufacturing comprise

'y al 30A2aC

AYYy20LGA2Y
T an environment in
which agbioscience
business development
is thriving.

cluster of institutions, organizations and businesses engaged in agbiosciences
research and associated R&D activities. Taken tmgeiNorth Central regional
assets in agricultural inputs development, agricultural production, ag
processing, agquipment development, and downstream valadded food,
FAOSNI F YR AYRdzZZAGNALFf LINBPRdzOGAa YI ydzFl
innovation ecos§t (i S Ya# environment in which agbioscience business
development is thriving.

¢CKS b2NIK /SyGuNlrftQa FOFRSYAO F36A240
2009, colleges and universities in the North Central region attracted $3.6 billion
in funding for acadaic R&D in agbiosciences and related disciplibik&wise,

the region is also a hub of major agbiosciebased industry multinationals

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

e Ten of the top 25 U.S. food manufacturers have th) operations in the
North Central Region (Kraft, Anheudgusch, General Mills, ConAgra,
Kellogg, Sara Lee, Hormel, Cargill, SABMiller and Chiquita Brands).

e Two of the top five seed companies in the World are based in the North
Central U.S.region(Monsar2 YR [ YR hQ[F1S&4a0o®

e ¢g2 2F (KS 62NI RQa LINBSYAYSyYyd I 3INRC
0FraSR Ay G(GKS NB3IAZ2Y O6W2KY 5SSNB Ay
NIFY1SR /1aS bSg 12tf1yRQa b2NIK ! Y

e The North Central region is thib for the U.S. animal health products
industry,with operations of leading companies such as Fort Dodge Animal
Health (Kansas), Abbott Animal Health (lllinois), Boehringer Ingelheim
Vetmedica (Missouri), Novartis Animal Health (lowa) and Pfizer Animal
Genetics (Michigan).

Taken together this uniquely active system of agricultural production and
advanced valuadded manufacturing makes the North Central region the
global leader in both traditional agricultural economic activity and the leading
emerging aras of the modern bioeconomyrhe degree of leadership shown by
the region in the emerging bioeconomy is well documented and illustrated by
the example of the distribution of firgjeneration renewable biofuels
production plants (shown in Figure-EBS

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

ES5



Figure ES4: Clustering of Renewable Biofuels Operations Evident in the

North Central Region. Ethanol Manufacturirkgacilities in the United

States

O Ethanol Facility

The twelve 1862 Land
grant universities in the
North Central region
include:

lowa State University

Kansas Stat
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
Wiscorsin

Land Grants and their
Experiment Stations and
Extension Service©f Central
Importance to Agbioscience
Power and Promise

¢CKS b2NILIK /SydaNrf N
leadership in agricultural

production, agricultural processing

and valueadded manufacturing is
advanced and supported by

continuous innovation in agricultural

and biological sciences, and within
associated disciplines (such as
engineering). Helping to dreé

scientific discovery, innovation and

the deployment of new technologies

and innovations to enhance industry
productivity is a uniquely American
aeaitsSYy RS@St2LISR 0@ @ iha lagdgranNIniBedisityA y
G FINR Yy i |y A A8MBsddioddentify apullikuSiversity in each

state that was originally established as a lagrdnt college of agriculture

pursuant to the Morrill Act of 1862. In most states (including all of the North
Central states) the original agricultural colleggrew over time into fulfledged
comprehensive public universities by adding other colleges (e.g., arts and
sciences, medicine, law, etc.). Today these universities stand among the
62NX RQad LINBYASNI NBaASHNODK AyailAaddziaxzy

Providing a comprehensive and igrated system of education, research, and
knowledge and advanced practice diffusiothe North Central rd A 2 gh@ a f
grant universities provide the skilled human capital needed by the
agbiosciencesectorandthey advance the basic and applied knowledgeebas
that underpins agbioscience advancement. Unlike other acadeased
disciplines, the agbiosciences at lagihnt universities are deliberately
leveraged for the good afgricultural producersandustry and society through
the operations of a purposbuilt 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 competitiess.

Through a systematic pipeline of research addcation(see Figure ES),
comprising experiment station and extension service programs, these
institutions are leading the way in agbioscience R&D, in new knowledge
dissemination, and in technology trsier and commercialization of

technologies for the agricultural production and processing sectors. Under this
system, colleges of agriculture and their experiment stations conduct basic and

ES6



applied R&D in the agricultural and agbio industries through tlabioratories,
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 azlded

products for theAmericanagricultural and agbio industries.

Figure ES: Landgrant Universities and their Experiment Stations and Extension Sendc&dJnique System for
Agbiosciencdresearch, Development, and Innovation Diffusion

Industry Sponsored Inquiry

Academic Initiated Inquiry

Industry

Industry: Inputs to Primary Production
(e.g. seeds, fertilizers, equipment)

Existing Primary Agricultural and Forestry Production
Businesses

n Industry: Agricultural Processing

Basic Applied Piloting & Technolo
L— ] L— | [ —> ]
Science Demonstratio Transfer

H Industry: Commodity Wholesale and Storage

Industry: Food, Nutrition and Health Products

Manufacturing

Industry: Industrial Products Manufacturing
(e.g. fuels, chemicals, materials)

As Figurd=S5 shows, in this langjrant innovation ecosystem research
inquiries in basic and applied sciences (sponsored by federal grants, state
support, foundation funding, industry sponsorship and attypically
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 systemVia licensing, new business formation, knowlediféusion and
other techrology transfer activities, theahd-grants (often through the
extension service) proactively move innovations, technologies and practice
advancements into use within the agbiosciemmegustryvaluechain As a

result of this lanegrant system new products, enhanced products, process

ES7



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

I YSNRA OF Qa |

industry opportunity.

improvements and other advancements in agbioscience knowledge and
practice are transferred into commercial sectorkeeping them competitive
and helping tadrive U.S. economic growth.

Within the North Central region, thousands of projects are undertaken

annually by the 12university regional langjrant 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 patrt,

illustrated by referencing specific impact examples recorded by the North
Central Regional Association of State Agricultural Experiment Station Directors.
FigureES6, on the following pge, classifies the many core categories of

impacts generated by this unique systerilustrating the broad suite of

impact categories addressed by the lagidhnt/experiment station/extension
system.

Advances in agbioscience depend on the quality of thénetogy developed

as well as the successful translatiortludt 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, ranchésgsters,business

persons and other members of the ld@@mmunity 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, agricliltura
equipment, irrigation technologies, and agricultural processing technologies.

The And-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 @ modern U.S. economy so dependent on innovation,
knowledge and technological advancement to maintain its competitive edge.

Table ES serves to illustrate a number of the key issues being addressed
through the landgrant/experiment station/extension sgice system:

ES8



FigureES6: Examples ofmpact CategoriesWithin the North Central Region

Breeding and genetics

New crop testing
Crop selection
Grain quality

Crop management

Decision strategies

Emerging diseases Protection

Pest management

Disease management

Research in crop development, crop protection
and agronomy for high productivity agriculture

Research to enhance quality of life for America’s
rural and urban families and communities

Family economics Family
Low income issues Systems
Education Community
Social change Systems

Agricultural engineering

Process engineering

Food safety

Processing technology

Biosecurity
Environmental hazards
Zoonotic diseases

Airborne particulates

Human
Health

Fatty acids

Consumer behavior

Breeding and genetics
Grazing systems
Reproduction
Nutrition

Management systems

Rerl:t;l:ch Nutrition
' I
R&D to pdvance
human Realth and
Production nutrition and Production
advance|food
security

Diagnostics

Protection Disease prevention

R&D to jmprove
production
economics and
enhance

practiceland

public policy

agribusiness

Engineering
Systems

Trade
Rural policy & welfare

Policy

Economics

Agricultural finance
Rural economics
Pricing & markets

Risk management

Disease control

R&D to enhance livestock production and
economics and ensure livestock health

Ecological, environmental and natural
resource management and technologies R&D

Fertility
Soil Organics
Conservation
Drainage
Water Use efficiency
Natural Landscape ecology
Resources Nitrogen cycling

Wildlife

Small & family business
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TableES1: Experiment Stations and Extension Servicgelevance to Major Issues and Challenges

Issues Research Relevance ExtensiorEducationRelevance

National
economic
competitiveness

Homeland
security

Environmental
sustainability

Educaton,
skilled human
capital and
workforce
development

Societal welfare

Innovations to enhance agricultural and forest
productivity.

Innovations to enhance the productivity and
competitiveness of valuadding industry.

Field trials, ésting and scalep of new technologies

Facilitaton of researd in specific soils, climatand
agronomic zones.

Specialized testg and R&D services for industry

New products and technology innovations for
commercialization.

Business and new technology incubation services
Adding value to domestic, horrgrown resouces.
Development of products for export

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

Specialized research infrastructure for specific cro
animals and assaied threats.

Reducing dependency on foreign imports and foss
fuel resources.

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

Technologies for reducing wasteams and waste
stream impacts, and faronverting waste to value
added products e.genergy.

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

Demonstration facilities for environmentally
sustainable practices, tools and technologies.
Direct education of undergraduate and graduate
students.

Continuing education courses.

Development of new knowledge and knéww for
diffusion into practice.

Facilitaton of regional access to expertisad
development resources.

Facilitaton offield research in regional crops,
specific agronomic zones, etc.

Economics research and policy analysis

Policy analysis

Community, urban and rural developmteresearch
Education and extension operations research

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

Demonstration and field testing

Education imew technologies and practicésr
producers.

Educationand technology transfefor industry.

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

Advisory services in new business development a
commercialization.

Widespread on the ground monitoring and
observation network.

Tangible, handen assistance and advice to
producers and processors.

Specific food safety and handliegucation

Widespread on the ground monitoring and
observation network.

Tangible handson education and advic®
producers and processors.

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

Water, energy and resource conservation advisor
services.

Demonstration and field testing
Knowledge and knowow diffusion.
Continuing educatiofor adult and youth audiences

K-12 programs and STE{@cience, technology,
Engineering and kth) educationsupport

4-H educationabnd youth developmenprograms.

Development of web and distance learning systen
and educational materials

4-H programs extending learning hours and reach
G0 NRA]lé &2daiKo

Tangible services in urban and rural economic
develgment.

Handson support and coaching for families
community groups and civic leaders.

Promote public and individual health for adults,
children and youth.
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The North Central
NEIAZ2yQa SE
stations and extension
service programs
provide an integrated
system to research,
develop, pilot,
demonstrate, and
disseminate new
innovations to benefit
practitioners and
industry.

As highlighted aboveheb 2 NIi K/ Sy (4 NI f N&ighdadd/ Qa SEL
extensionserviceprogramsprovide an integrated system to research, develop,
pilot, demonstrate, and disseminatesw innovations to benefit practitioners

and industry. This system is providingovative system$r improving the
profitability of agricultural producers and progsors, creating new businesses
and new economic opportunity, protecting food sourdesm toxins and

pathogens, and ensuring the sustainability of the environment for the next
generationand beyondImportantly, this is also a system that is well

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

leveraging biobased resources to expand our economy and enhance economic,
societal and environmental sustainability.

A System at Risk

While agriculture and agbioscience hayreatrelevance to humaihealth,
economic and social progress, and environmental sustainability in the 21
Century, the core institutionthat aresupporting advancements in these
fieldst | Y'S NR& O kgi@rit univdrsifid®, colleges of agriculture, experiment
stations and extensiogervices face considerable challenges.

Table E& highlights some of the diverse challenges and issues facing
experiment stations, extension services and kagmndnt universities, and it is
evident that the challenges come from multiple quartedfsndamenally, the
importance of agbiosciences is expanding due to its relevance to global needs
and challenges BUT, this is occurring at a time of budget crises within federal,
state and local funding agencies and within private industhere is,

therefore, a fundamental tension between meeting expanding needs and
opportunities while attempting to operate within a budget crisis environment.

I YSNR Okgfaidt €
universties, their
colleges of agriculture,
experiment stations and
extension services face
considerable challenges.
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Table E€: Challenges to Agbioscience Institutions in the Current Environment

Challenges and Issues
Federal e Decline dfederalformula funding.
e A need tancreasefunding for agbioscience related R&D, via NIFA, if-la
grants are tdully address the major issues and opportunities.

State ¢ Rising tide of state fiscal crisksiting support to state universities,
experiment staibns and extension.
e Fiscal problems for U.S. counties limiting traditional local support for
extension.

General Public e Lack ocommunications regardintpe growing importance of agriculture
and agbioscienct® global issues and development opportunities.
e Need for those benefiting from programs to voice their impact and
appreciation withkeydecisionmakers.
e bSSR (G2 O02YYdzy AOIFIGS GKS alLlzt AO
e Need to better connect the messageajriculture = food = nutrition =
health

Perhaps chief amng the challenges faced is an uncertain funding environment
for agbioscience R&D and associated extension activitibde funding for the
USDA and NIFA has been relatively steady, cuts are proposed in forthcoming
budgets cutsthat will ripple throudh asystemthat leverages fedetdunding

with state and locainatchingfinancial support.

Asdiscussed itthis report, agbiosciences are critically important to tackling
many of the most pressing issues facing the nation aodenl yet, as a
collective suite of disciplines, agbiosciences recedraparatively low levels of
funding attention in the national R&D funding scherk@gure ES illustrates
this fundingsituation, showing thdevelof funding provided via USDA versus
other agencies.ldeally, recognition of the largsecale market opportunities in
the agbioscience space should spur increased investment indedaise
without such expanded investment it will be difficult to sustai®UR&D
leadership in the sector, realize economic development gains from the
development of R&D based agbioscience innovattormaeet growing market
needs and reap the strategic benefits of a sustainable domestic biobased
economy

ES12



FigureES7: Federal Funding by Major Agengy1990 through2009(in 2008 constant dollars)
(Source: American Association for the Advancement of Scienttge//www.aaas.org/spp/rd/guihist.htm)
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There is a fundamental
tension between
meeting expanding
needs and opportunities
while attempting to
operate within a budget
crisis environment.

Budget Year

Not Just a Federal Issue

ConstrainedNIFA research funding repressian issue, buttiis not the only
financial challenge facing experiment stations and extension services.
Extension is funded by the USDA at the federal level, with federal funding
matchedand highly leveragely state and local (county) partners. Current
budgetary challeges are impacting each of thede¢e legs of the funding
stool (noted byland-grant college ofgriculturedeans to be aperfect sbrmg)

In addition, general budget crises in many states are leading state governors
and legislatures to consideubstantialcuts to funding of what they see as
GRAAONBGAZ2Y I NB LINE INI Y& dexdedziOkeven & |
though these are actually core drivers of future economic growth potential)

The risk ofhot havingagbiosciencasa priority for the nation andtatesis
potentiallyan erosion of financial support ftaind-grants experiment stations
and extensiorand, therefore, a reduction in our ability to competffectively

in global agriculture and agbiosciendédne federal government and individual
states are clearly in an era of budget crises arahyprograms appear to be at
risk for funding cubacks. Work performed by largtant institutions in
agbioscienc¢houghcan providea high return for funders- giving back to

ES13
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government more than is ptih. Independent research performed by Battelle
in Nebraska and in Oklahoma found that the lagrdnt agbioscience complex
in these states generated between a 15 to 1 and 25 to 1 return on inegtm
for state resource$

Standing Still is Not an Option

The United States is not alone in the pursuit of frontier science as a driver of
economic and societalevelopment.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 researod applied development
projects including agbioscience projects.

At stakeis leadership in the aresaf scence and technology development, and
technical educationmost relevant to key global challengeand, therefore,
most likely to generate high demand and economic opportunities.

The National Academiébassounded warnindpells regarding U.S. funding for
science and the preparedness of our education system to sustain a leadership
position. With funding challenges coming across multiple froméshave a

system at risk a system in which the U.S. currently has a leading iposiind
tremendous potential opportunitiesbut one that can be rapidly eroded by
foreign competitors if the U.S. fails soipport the system and its key

institutions.

In Conclusion

Agbiosciences represent an opportunity for the United Statean
opportunity to expand on U.S. leadership in a biobased, sustainable resource
driven economy with wide ranging innovation andethnology-based
development opportunities. Within the U.S.the North Central region is a
clear leader in agbiosciences and production within the agricuitlvalue-
chain, a position that is supported by the R&D and education activities of
agriculturalexperimentstations, extension systems and thetwelve land-
grant universities. These institutions should be considergatiorities for
further strategic investment and development given their importance
realizingthe intrinsic growth potential of agbioscience®r the U.S. and
regional economies.

% Battelle Technology Partnership Practice research reports:

GThe Oklahoma State University Division of Agricultural Sciences and Natural Resources Agbiosciences Activities Reliver Positi
Economic Benefits for Oklahoma a | NOK HAnT

GThe Universitpf Nebraska Institutef Agriculture and Natural Resources: A Generator of Positive Economic Impacts for Neldraska
February 2007.

* National Academies. July 208BwA a Ay 3 ! 6208 G(GKS DI GKSNAY3I {(2N¥Z Natibndh aA G SRY
Academies Press.
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POWER & PROMISE:
Agbioscience in the North Central United States

The Imporaince of North Central Experiment Stations, Extension Services
and their Landgrant Universities in the Global Bioscience Economy




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 thenation.

l. Agriculture and Aybioscienceg, Of Central
Importance inMeeting ExpandingGlobal Needs

A. Introduction

This report ddresses the importance of agriculture and agbioscience
and their relevance to finding solutions to key challenigesng the U.S.
and the world economic growthfood securityhuman health and
environmental sustainabilitywithin agbioscience the U.Saglobal
R&D and production leadeThe U.S. is at the forefront in innovating
and leveraging advanced technologies and biosci&noavledge
advancements to enhance productivity and sustainability in food
production andto createexpanding economic opparhities in new
advanced biobased productsr fuels, chemicals, materialsgalthcare
productsand a broad range afdditionalapplications.

Within the United Statesthe twelvestate North Centrakegion(Figure

1)is a leading agricultural powerhouddome to intensive agricultural
productivity and many of the largest and most innovative companies in
agbioscience and biobased development, Kharth Centrakegion
representsa concentratedand vertically integrated agricultural

economic engine for the nan. In theNorth Central regiomew 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 1&tate North Central Region

Of central importance to progress North Central regional
agbioscienceare the presence and operations of lagtant
universities, their experiment stations andtexsion servicesThese




Landgrant universities,
experiment stations
and extension services
are on the frontline of
sustaining and securing
' YSNRA O Q& f
and competitiveness in
what is and will be the
key macroeconomic
sector of our time.

There is no other@ena
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.

institutions undertake the fundamental and applied research leading to
innovation in agbioscienc&hese institutions provide the testing,
piloting and scalaip infrastructure and expertise to propel new
innovations and technologige market reality.These institutions
provide support services in R&D, process improvement and the
development of solutions to problems for industihese institutions
translate new knowledge, techniques and tools into the field through
the translationalactivities of extensionAnd, these institutions educate
the scientists, engineerextension educatorand other skilled human
capital required to sustain U.S. aNdrth Centrablobal leadership in
agbiosciences.

Ly G4KS a. A2/ Sy'CeuNd landgraatuniversities, G KS H
experiment stations and extension services are on the frontline of
adza0FAYAY3 YR aSOdz2NAy3 ! YSNAOF Q&
what is and will be the key macroeconomic sector of our tifkethis

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

and addressing their challenges is of central importance ¢astainable
economic future for the United States.

B. At the Forefront of Meeting Key Global Challenges

Many of the greatesaind most pressig challenges facing humankind
have their solutions rooted imodernagriculture and agbioscience.
There is no othearenaof economic activity, or field of science and
innovation that so directly addresses human surviasadl quality of life
global econmic development, and prospects for an environmentally
sustainable future.

In the past, griculture formed the foundation of human civilization
Providing the means to forgo a nmadic hunter gatherer existence,
agriculture allowed our early ancestors taild stable communities,
while improvements in agricultural productivity moved us from
subsistence agriculture, tmposition whereby farmers generated a
surplus of food for sale in the markefreeing others to specialize in
trades and forming the foundatn for commercial economies.
Agriculturethus madecivilizationpossibleand, as this documeriinds,
once agairagriculturehas come tahe fore as a centrgdlatform for
human economic and social progress.

Today most of us are distanced from the souraiproducts useagnd
consumedn our daily livesWe do not know, andften 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.
2 S R2y Q0 1Y 2 gondume, ihkpfastidsaes dse, thespdintsO
we apply are petroleum or bibased nor the original source of their
inputs.

Contemporarysocietiesand economies are built on tragdea highly
complex web otontinuousactivities, transactions and

M
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interrelationshigs that we tend to take for grantedAgriculture has

OGN RAGAZ2Y It & owtBiythidtrading systemO¢ Ay Rdza G N.
providing foodstuffs and natural resources that feed into a chain of

further processing and valuadded activity.

Today, however, the pligre is more complex and vibraritlodern
agbioscience andssociatediotechnologies aréighly dynamic,
providing new feedstocks and pathways to a host@feland high
valuematerials, products and technologidBiofuels, biobased
chemicals and materig) plant and animal derived drugs and
therapeutic products, advanced nutrition products and oteearerging
agbioscience product categories are opening up new horizons of
opportunity andeconomicpromise Some have termed the 2Century
0KS &. AX2ahdSgainstNi® background of Hiased opportunity,
agriculture has emerged once againaasbust platform for economic
growth and solutions tdroad-ranginghuman needs.

hy I 3ft20lFt aO0lstad chalgesyaie Bayirdi@a y SSR
To meet the rising Worldwidepopulation is projected to increase from billionin 2010 to
demand for food 9.3 billionby 20’ (an increase of 2.3 billioequivalent to doubling the
(drivenboth by rising entire current populations of China and Infi&o meetthe rising
population and demand for fooddriven both by rising population aridcreasing
increasing income income levelyit is anticipated that by 2030 we maygtuallyneed to

double global food productiafyet most cultivatable land is already in
production’ The inequity ofjlobalincome levels and accessfood
across the planetireadyleads todebilitatinglevels of malnutrition
undernutritionand associated poor health fover 1 billion peoplé
Meeting the demandof a growing populatiorfor more and better

levels) it is anticipated
that by 2030 we may
actually need to double
global food production,

yet most cultivatable food, andthe demand for the fiber, fuels and materials required as
land is already in inputs for econanic growth, is made all the mouifficult by the
production. 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 agricultuasd
associatedgbioscience advancemenhas come once more to the fore
asacriticalRNRA @SNJ 2F KdzYl yDAYRQa& TFdziidzZNB 6 C;

° University of North Carolina. Ibiblio.org servicdscessed online atww.ibiblio.org/lunarbin/worldpop

® Bruce M. Chassey, Wayne A. Parrott and Richard RoUSMNR2 L) . A 2 1 SOKy 2f 23& FyR G(GKS CdzidzNB 2°
I & a S a aCASTdmdentary, QTA 2065 October 2005.

"YyAGSR bliA2yd C22R FyR ! ANAOdA dzNBE hNHFYAT I A2\ Accés@@tiho ® &2 2
online atwww.fao.org/documents/show_cdr?url_file/DOCREP

& United Nations Food and Agriculturéd®@ | Y AT | GA2Y OC! hod a¢KS { (AtcésSedanine@22R Ly & SO«
www.fao.org/publications/sofi/en/




FOOD SECURITY

Itis generally recognized that the growth of global
population, in combination with rising incomes and
associated food demands, mean thmst 2030 global
food supply may need to be doubledrhe Council
for Agricultural Science and Technology (CAST)
notes:

G¢CKAA INRGGK Aa I &adlr 33
6S0IdzaS Y2al 2F GKS g2 NJ
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
SFOK dzyAild 2F fFyR Ydzai

Food variety and

Food access .
nutritional content

Starvation
Agricultural productivity

Pre and posharvest losses

Poverty Economic competition

Rural and urban development

Resource price volatility

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.

Economic sustainability

Figure 2Global Challenges with Agricultural and Agbioscience Solutions

HUMAN HEALTH

The World Health Organization states that
malnutrition is the gravest single threat to the
$2NI RQa Llzof AO KSIfGK®
Rapporteuon the Right to Food reports that
mortality due to malnutrition accounted for 58% of
global deaths in 2006 a 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.

Immune system

deficiencies Vitamin deficiency

Access to clean water
Obesity Diabetes

Infectious diseases

d Agbioscience Solu

Global climate change

Pollution
Waste Soil erosion

Chemical runoff

Water resources Species extinctions

ENVIRONMENTAL SUSTAINABILI

Our environment is being degraded at an increasing
pace by human activity. Deforestation, soil erosion,
toxic waste, persistent plastics pollution,
greenhouse gas emissiogeach 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 nesustainable and
polluting oil and other fossilesource based

products. Innovations in fertilizer use efficiency,
pest resistance and water use efficiency are leading
to reduced agricultural production inputs.




The importanceand relevance of agriculturand agbioscience®s

central challenges facing states, the nation and the globdwatker
R20dzySyGdSR Ay | NSSOiéhyelRoaBapd®Miod Sy G A (
and Agriculturé which highlights the direct impacf land-grant

institutionson severidentifiedd ANJ y R OKlI f f Sy3Saéy

Enhancing the sustainability, competitiveness, and profitability of

U.S. food and agricultural systems

Adapting to and mitigating the impacts of climathangeon 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, familgnd community development and

resilience.

This is further reinforceah the sixkey strategic goals expressed
extension nationally in th€ooperative State Research, Education, and
Extension Service Strategic Plan for 22072

Enhance International Cqetitiveness 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

OYKIYyOS tNRGSOGAZ2Y I yYRurdandrdade 2 F (¢

Supply

LYLINRB@ZS (GKS bliAz2yQa
t NPGSOG YR 9yKIyOS
Environment

bdzi NAGAZ2Y | yR
GKS bliA2yQa bl

. FGG0StEt SQa g Ridyrantnstifuions\aodileddingiigs
work in strategic planning and economic analysivises focused on
agbiosciences lead us to concur with the relevance of modern
agriculture and agbiosciences to these grand challengkiosciences

® Association of Public and Lagdant Universities, Experiment Station Committee on Organization and B&itignce and

Technology Commai(i S S =

al

{OASYOS w2l RYILI F2NJ C22R

Iy R

I ANR Odzt G dzNB v ¢

1% ynited States Department of AgriculturéCooperative State Research, Education, and Extension Sedtiagegic Plan for

2007-2012¢ February 2007.




represent a unique field of science and applied R&D generating
widespread innovations, technologies araligions to needs.

Agbioscience practitioneythe research community sustaining

I YSNAR O Qa dgSascieiénBoiaionlant tfie extension
professionals translating advancements into the field, have a
preeminent role to play in supporting a sustable global future
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 théseconsiderable 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/biotechnalgy 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 th& Z&ntury Bioeconomy
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Agbioscienceembrace
a broad continuum of
activity in the
development,
production and use of
plant and animal
biological organisms
for food, health, fuel
and industrial
applications.

C Agbiosciences Defined

Whatis encompassed by thé S NJY
can be viewed as embraciadroad continuunof activity in the
developmentproduction and use of plant and animal biological
organisms for food, healtifueland industrial applicationgAs used in

this report, t is a holistic term encompassiagcomplexchain of activity
from scientific inquiry anéssociatedR&D through tdhe tangible
production of inputs fomgriculturalproduction, primary agricultural

and forestry production, and the downstream processing of agriculture
and forest outputs into useful technologies and produ€igure4
illustrates this holistic view of thimtegratedagbiosciencesystem.

Figure4: TheAgbioscienceeEconomy FFom R&D throughinputs, Production,Processing and Applicatian

G I 30 Mlj &hidSgletdsa ¢ K
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In the R&D sector agbioscienaambracescientifi engineering and
technologicaleseach in a range of fields frofindamentalbasic
inquirythrough applied sciencand commercializable technology
development The fields engaged in agbioscience are broad, including
such fields of inquiry as: biology; biochemistry; genomics; plant
sciencesanimal scienceglant pathology; entomology; veterinary
sciences; horticulture and crop science; agronomy; forestgyicultural




LG A& ! YSN&A
grant universities that
uniquely engage across
the full-spectrum of
agbioscience from the
most basic scienti€
enquiry through to the
practical services in
support of producers,
manufacturers and
society provided via
extension services.

and biological engineering; environmental sciences and natural resource
management; food science; chemical engineering; make science,

and applied work in agricultural economics, community development,
business management, finance and operations.

wg5 Ay (GKSasS FTAStRa 200dz2NB gAUGKAY (K
land-grantuniversities)and alsowithin non-profit institutes, federal
laboratories(such as USDé#nd DoHabs)and private industrylt is,

K2 ¢ S@SNE lahdg@aititmiGersies thauniquelyengage across
the full-spectrum of agbioscientefrom the most basic scientifiaquiry
through to the practichservices in support of producemmanufacturers
and societyprovided via extension serviceBhe integrated land
grant/experiment station/extension system is an American invention
that has formed the platform for U.S. leadership in global agriculture
andassociated industriedt is an intensely relevant system, central to
addressing key economic opportunities and global challenges.




Il.  Agriculture and Agbioscience in the United States

Within global agbioscience and agricultutrés generally acknowtged

Within global that the U.S. is thevorldwide leader. Statistics bear this ouComprising
agbioscience and just 6.1% of global land area, the United State2009/10produce, for
agriculture it is SEF YLX S my ogfiraing #2.4% &f §lobél Dilsded? end 12%
generally acknowledged of worldwide cottort. In livestock, the U.S. is theorldwideleader in

that the U.S. is the beef and poultry production (with 20.8% and 23.2% of global production
worldwide leader. respectively, and produces 0.8 2 ¥ (G KS )d2 NI RQ& LJ2 NJ

As a result of this productivitygaiculture is a criticd important part

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

United States using 922 million acres (abo®0 2 ¥ (G KS 02 dzy i NB
land area for crops, forests and pasturelaitiese farms contributed

over $325 billion to the American econonigicludirg $96billion in

exports®?

I 3 NA Odzt { dzNB Qthe AQ&igai etdnonuziaidsgtiety, does
not end at the farm gate thouglContinuous innovations in modern
agbioscience have broadened opportunities for the production of
agricultural commodities thelp address some of the most important
issues of our time: issuesuch as rapidly growing population, global
poverty and malnutrition, climate change and environmental

degradation.
Developmentsin At the same time developments in agbioscience are also creating new
agbioscience are also markets for crops and crop residues as renewable;b@eed feedstocks
creating new markets for a number of key industries, includisganenergy, chemical
for crops and crop plasticsand healthproducts New technologies, like those in biofuels,
residues as renewable,  crop scienceind bioprocessing, can prevent potlan, reduce costs,
bio-based feedstocks and conserve wateand energy, while delivering valuable products to
for a number of key improve the quality of life not only for Americans but for people around
industries, including the world. So, while the U.S. is currently the global leader in
clean energy, agbioscience and agricultunatoductivity, it is not resting on its laurels.
chemicals, plastics and  Rather, U.S. institutions are takingggeeminentrole in advancing
health products. scientific inquirydeveloping newinnovatiors,and commercializing new

technologesto meet the challengeand opportunitiesof the

1 USDA Office of Global Analy$isreign Agricultural Service. October 2010.
12y.s. Census Bureau. Online at http://www.census.gov/compendia/statab/2010/tables/10s1338.pdf
¥ U.S. Department of Agricultu@® 02y 2 YA O wSa Sl NOK { SNBAOS® WCINXY / KENIOGSNA &G,
http://www.ers.usda.gov/statefacts/us.htm.
b20iSY ¢KS Wh ok 5MNdiculiute Epattdlilessing, essential oils, sugandtropical products, nursery &
greenhouse products, beverages except juice, coffee, tea, cocoa, oilseeds (mostBehpad safflower seed) meals and
their oils, vegetable waxes, protein substances, chocolate, spices, rubber, fibers other than cotton, and horticultucis produ
such as starches, soy sauce, condiments, soups, gelatins, yeast, baking powder, foodipnepanaegar and hops.
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Asthe BioCentury
continues to unfoldit is
fair to expect that
agbiosciences will
represent a key
national opportunity
for economic
expansion.

BioCentiry. 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 fothe utilization ["Farmiam 922,096
of biomass for energy and  ["Cropland 206,425
industrial applicationsU.S. [woodland 75,009
researchand extension Pastureland 408,832
educationis likewise Total Land Areal 2,260,994

pioneering the |
developmeniand
applicationof advanced
food productswith
enhanced functional Crops 151,107,498
characteristics and Animals 138,592,007
nutraceutical applicatios. Services and Forestry 37,063,790
As the BioCentury continues Total Ag Output| 326,763,295
to unfold, it is fair to expect
that agbiosciences will

represent a key national Cattle and Calves 43,776,568
opportunity for economic o 42.035.337
expansion. Soybeans 30,056,466
Dairy products 24,342,440
Broilers 21,812,789

Total Ag Commodities 283,406,168

Soybeas and products 17,708.8
Other (see source) 12,432.5
Feed grains and product ~ 11,978.7
Live animals and meat 8,906.6
Wheat and products 8,598.2

Total Ag Exports  96,632.0
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lll.  The TwelveStateNorth Central Regiona U.S.
Agricultural and Agbioscience Powerhouse

A. The Nath Central RegionAt the Forefront of U.S.
Agbioscience and Agricultural Production

As noted above, th&nited States stands as the global leader in
agricultural production, and within the U.S. the North Central region,
comprising 12Midwest statesis he leading agricultural and
agbioscience regiol.he North Central states (as illustrated in Figbjre
compriseonly 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 regionhiighly important
andproductiver responsible for 83% of U.S. soybean exports, 85% of
feed grain exports, 60% of live animal and meat exports and 51% of
wheat exports.

The North Central
statescomprise 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.

Figure5: The North Central RegionThe US. Leader in Agricultural Production

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

The North Central Region.
¢CKS ! {! Q& I INAXOdzt GdzNI f LINZ

e North C azntr\érﬁégion\\\-,,_

; z
/ contains 37% of U.S. farmland
/,/ s )

The North
Central Region

21%of U.S.

land producing
45% of U.S.

agricultural
exports

N

Soybeans & Feed Grains & \'\\ ﬁeat & Live Animals & v“42?\e|‘:t:ent of Total U.S.
Products Exports Products Exports Products Exports Meat Exports A"’Qj}ricultural Exports
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Farmland 342,587 37%
Cropland 226,171 56%
Woodland 17,205 23%
Pastureland 86,166 21%
Total Land Areal 480,218 21%

Numbe of Farms 806,300 37%
Crops 67,732,260 45%
Animals 53,742,944 39%
Services and Forestry 13,154,651 35%
Total Ag Output| 134,629,855 41%

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 A47%
Soybeans and products 14,638 83%
Other (see source) 1,515 12%
Feed grains and product 10,191 85%
Live animals and meat 5,371 60%
Wheat and products 4,404 51%
Total Ag Exports 43,111 45%

142007 Census of Agriculture

The North Central region includdfinois, Indiang

lowa, KansasMichigan Minnesota,Missouri

Nebraska, North Dakot®hio, South Dakotaand
WisconsinTogether thesestateshave 226 million

acres in cropland, 86 millicacres ofpastureland, and

17 millionacres ofwoodland.Theapproximately

800,000 farms in this region account fwrer 86 of

GKS ylraAaz2yQa O2NYy |yR ad2&06Sly
O 2 dzy whédt, Qunflower, anola and sorghum

production* In fact,these twelveNorth Central states

lead the nation in the production of the top three

agricultural commodities, producing 46% of the
y6EiA2yQa OFGGtS FyR OlFf@gSasz vy
soybeans

The North Central reg 2 ¥x@eptionalevel of
agriculturaloutput and productivity, together with the
discovery and application of new technologies in
agbiosciencehas fueled the development of the
agricultural processing and vahaelded products
manufacturingindustriesin the region.Processing
facilitiesadd value to farm products before they leave
eachstate; they also generate substantial local
economic impact through direct expenditures and job
creation.Additionally, facilities that are farmeswned
provideopportunitiesfor producers to capture greater
profits from processing and marketirigeir ownvalue
addedproducts.

Farms form part of &alue-chainof agricultural
production and agrbusinessin 2009, in addition to
the 800,000+ farms in the region, the Nortlefitral
states contained more than 88,000 companies
participating in the valueadded chain through the
provision of products and services such as:

The manufacturing and supply of agriculturafuts such aseed,
fertilizer, insecticides, farnequipment etc.

Agriculture and forestrprocessingervices such as grain milling,
oilseed crushing, and lumber milling.
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This is a cluster of
currentimportance to
the US. economy, but
moreover represents a
core strength for the
nation to build upon as
significantBioCentury
opportunities continue
to develop

e The valueadded manufacturing ofoiod, nutrition and health
products
e The production ofridustrial productdrom biomass includinfuels,
chemicas, materials, papeandtextiles.
Taken together thesdéarms andindustriesemployedalmost
2.4million people (approximatelyl0% of private sector employment in
the region).Demonstrating the intensity of the agbioscience economy
across these twelve stagethe concentration of agbioscience
employment in the regiois fully25% greater than the national averag
(a location quotient of 1.25As a result of this concentration, and the
often skilled nature of the occuptionsgenerated these workers were
paid, on average$2,600 moreannually thantheir counterparts in the
overall private sectora 6% wage premiumy’

It is clear that the industries involved in the valadded agriculture and
agibusiness chain, together with thhousands ofgbioscience
sdentists andresearchergwithin regional higher education institutions,
government labs and industry labe)d extension educatormake up a
specialized agbioscience industrial cluster in the North Central region.
This is a cluster afurrent importanceto the U.S. economy, but
moreover represents a core strength for the nation to build upon as
significantBioCentury opportunities continue wevelop

B. The North Central RegiogLeading the Way in the New
Biobased Economy
Agbiosciencés driving innovatbn and economic development along

multiple broad pathwaysof opportunity. As shown in Figur@, biological

(2 NJ & 0 A resdurcésiate the feedstocks for a broad range of value
added products and services in nutrition and health, industrial products
and the cleantechindustry.

Figure6: Principal AgbiosciencBased Development Categories

Crop
Residues
Dedicated
Biomass Energy Fibers and

Production

Nutrition and Health Products

s Industrial Bioproducts and Fuels

Crops

—_— Fuels Chemicals

(generation) materials
Blomass Lo
Landscaping Products and Services
Organic

Waste
Streams Landscaping products Commercial and residential

landscaping services

!> 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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Asthe new biobased economy emerges, the North Centrgloris proving to

be the home ointensiveinnovation, an early adopter of new technologies, and
i K S -(i @lacation for economic activity ianew cleantecheconomy A clear
example of this leadership in themergingbiobased economy can be seen in

the geographic clustering of biofuels enterprise within the North Central states.
This isspecificallyillustratedin Fgure7 whichplots the location of biofuelig

i KA & et@ahak)$roduction facilities in the United Stateslearlyshowing

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

Figure7: Clustering of Reneable Biofuels Operations Evident in the North Central RegiBthanol
ManufacturingFacilities in the United States

O Ethanol Facility

At the time of this report writingwithin the United States there are
201 ethanol facilities in operation, producing 13.5 billion gatis of
ethanol. The North Central region is home to 171 of these facilities,
which are producing about 12 billion gallons of ethanol a yehirllfy
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89% of the U.S. totali® Importantly, based on regional agronomic
conditions and infrastructure in the regipthe North Central states
have potential foexpandingcurrent production, not only ofirst
generationcorn ethanol, but alsmto second generatioadvanced
biofuelsincluding cellulosics

According to theEISA Renewable Fuels Standaréast 16 bilion
gallons of themandatedadvanced biofuels will come from cellulosic
biofuels i.e., biofuels produced from wood, grassesyd other non-
edible parts of plantsBiomassédedstock supplies for cellulosthanol
facilitieswill come from dedicated energyaps, like switchgrass and
miscanthus, as well dse biomass of trees, and unneedadricultural
and forestry matter (commonly referred to asesidu€). A study bythe
National Renewable Energy Laboratory (NRE&alyzing feedstock
availability found thaithe North Central statesaccounted forabout
200million tons 60 %) of the total biomass available in the UIIS
production capacity were developed proportionately to biomass
availability, 6060f the 16 billion gallons of advanced cellulosic
biofuelst or 9.6billion gallonsof capacity could be generatedin the
North Central egion.’

A multi-billion galloncellulosic ethanol industry in the Northe@Gtral
stateswill offer new jobs to support rural communities and farm
households and provide an econorsiimulus for many agriculturally
dependent areadlt is estimated that &.6 billion gallons per year
industry wouldgeneratel92 productionplants(at a typicab0 million
gallons per year capacity per planthe total initial investmentfor
these plantsvould bealmost$34 billion ($178 million per plaptand
their annual direct expenditurdsenefitinglocal and regional
economies would total nearly $10 billioA.production industry on this
scalewould directly employ nearly 15,000 workdi®’ employes per
plant), as well as suppothousand ofadditional jobs in feedstck
harvest and transportationAdditionally, Eedstock payments could
represent a substantial income supplent for agricultural producers
(with feedstockestimated to account foneaf &€ KI f ¥ 2F | LJX | y
operating expenditures'®

8 U.S. Department of Agriculturé?! { 5 fuels Siraegic Production ReparA USDA Roadmap to Meeting the Biofuels Goals
2F GKS wSySglofS CdSta {GFyRFNR 08 HAHHQ® WdzyS HOX HAmMAD

" Milbrandt, A. 2005. A Geographic Perspective on the Current Biomass Resource Availability in the United State<<Giold
National Renewable Energy Laboratory, Technical Repes6TrB9181.

Bl 2Rd2NE blyOe FyR [SAZGNRGI S [FNNE® ! ANKOdzZ (GdzNF £ al Ny SdAy3I w
http://www.agmrc.org/renewable energy/biofuelsbiorefining_general/economic_impacts_of biofuel _development.cfm
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The renewable fuels sectohowever,represents just one part of a
multi-faceted emerging bioeconomy for the North Central regiorhe
significant chemicals, polymers and materials industry in theoreg
proactively investigating the use of biobased feedstocks as substitutes
for currentenvironmentally unfriendly and price volatile fosssource
based feedstocks (primarily petroleungimilarly food and health
product manufacturers in the regionewon the frontier of developing
and manufacturing advanced foods, functional foods, nutraceutical
products and other health enhancing agriculttyased products.

C. The North Central Region Agbioscience Innovation Ecosystem

UnderpinninghS  NXB 3 A ershi@ inagric8tiirdrand agbusiness

andits promise for the futurejs an intensive cluster of institutions,

organizations and businesses engaged in agbiosciences research and
associated R&D activitieShese are further supported by a

comprehensive @ension education systemlaken togetherNorth

Centralregional assets in agricultural inputs development, agricultural

production, agprocessing, agquipment development, and

downstream valueadded food, fiber and industrial products

manufacturing cohdNA &S 'y alF 30A 23 0OA Stya®OS Ayy2@
environment in which agbioscience business development is thriving.

North Central regional
assets in agricultural
inputs development,
agricultural production,
ag-processing,
ag-equipment
development, and

downstream value ¢CKS b2NIK /SyiNIfQa | OF RggNokmihgl 360A240
added food, fiber and well. In 2009, colleges and universities in the North Central region
industrial products attracted $3.6 billion in funding for academic R&D in agbiosciences

manufacturing comprise and related disciplinegabout 22.540f the national total).Likewise, the
Iy &l 36A2acC regionisalsoa hub of major agbiosciendssed industry multinationals
AYYy2@F GA2Y that are active in BD and technological inn@asion, for example

T an environment in
which agbioscience
business development
is thriving.

e Ten of the top 25 U.S. food manufacturers have their HQ
operations in the North Centralegion (Kraft, AnheuseBusch,
General Mills, ConAgra, Kellogg, Sara Lee, Hormel, Cargill, SABMiller
andChiquita Brands)
e Two of the topfive seedcompanies in theNorld are based in the
North Central U.S.region a2y al yi2 IyR [FYR hQ[ I ]
e Twooftheg 2 NI RQa LayiBiBunaleguiprylaint
manufacturers are based in the regiqdohn Deere in lllinigshe
2 2 NI R Qaand#? rhidResCaseNew #if f | YRQa b2NIK 'Y
HQin lllinois)
e The North Central region is the hub for the & animal health
products industry with operations of leading companies such as
Fort Dodge Animal Health (Kansas), Abbott Animal Health (lllinois),
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Boehringer Ingelheinvetmedica (Missouri), Novartis AratHealth
(lowa) and Pfizer Animal Genetics (Michigan).

Taken together this uniquelyactive system of agricultural production
and advanced valu@added manufacturing makes the North Central
region the global leader ifoth traditional agricultural economic
activity andin the leading emerging areas of theodern bioeconomy.
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The twelve 1862 Land
grant universiies in the
North Central region
include:

lowa 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 PowerfulSupportSystem¢ North Central
Region Experiment Station&xtension Serviceand
their Landgrant Universities

The North Central i@ A 2lga@eéshipin agricultural production,
agriculturalprocessing and valuadded manufacturing iadvancedand
supportedby continuous innovation in agricultural and biological
sciences, anwithin associated disciplingsuch as engineering
Helpingto drive scientific discovery, innovation and the deployment of
new technologies and innovations to enhance industry productivity is
a uniguely American system developed by visionaries in the late

My nuitied andgrant University. dLandgrantUniversity is the term
used toidentify a public university in each state that was originally
established as lnd-grantcollege of agriculture pursuant to the Morrill
Act of 1862In most stategincluding all of the North Central statethpe
original agriculturatolleges grew over time into fulledged
comprehensiveublic universities by adding other colleges (e.g., arts
andsciences, medicine, law, etcToday these universities stand among
0KS ¢2NI RQa hoNBExiersiSriaduiaaim&tituthdis K
Providing a comprehensive and integrated system of education,
research, and&nowledgeandadvanced practiceducatiort the North
CentralregiomQland-grantuniversities provide the skilled human capital
needed by the agbiosciences sector, and advance the basi applied
knowledge base that underpins agbioscience advancenémitke

other academiebased disciplines, the agbioscienceslahd-grant
universities aredeliberatelyleveraged for the good of industry,
agricultural producers and society through thaperations ofa
purposebuilt extensionsystem This highly pragmatic system provides
science and technology development and implementagervices that
keep U.S. agriculture, agribusiness and assatiatsiness sectors at
the forefront of innovation, poductivity and competitiveness.

Througha systematigipeline of research anextension(see Figure8),
comprisingexperimert station andextensionserviceprograms, these
institutions are leading the way in agbioscience Ri&bgw knowledge
disseminationand intechnology transfeand commercialization of
technologies for the agricultural production and processing sectors.
Under this systemexperimentstations and extension servicanduct
basic and applied R&D in the agricultural and agtiEnceindustries
through their laboratories, research farms and testing facilitieem
basic science in molecular biology, biochemising geneticshroughto
highly applied work in plant breedinglant transgenicsagricultural
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engineering andbiomaterials this researctand extensiorwork is

helping to develomew crops, technologieprocesseand valueadded
products foragriculture and agbioscience industries and to integrate
them into production, processing, distribution and marketing channels.

Figure8: Land-grant Universitiesand their Experiment Stations and Extension Servieg& Unique System for
Agbioscience Research, Developmermtd Education

Industry
Industry: Inputs to Primary Production

(e.g. seeds, fertilizers, equipment)

Industry Sponsored Inquiry Primary Agricultural and Forestry Production
Businesses

Industry: Agricultural Processing

Basic Applied Piloting & Technolog
. C— ] C— ] ol ——> ]
Science R&D Demonstratiol Transfer

Industry: Commodity Wholesale and Storage

New Enterprise : o
Academic Initiated Inquiry :::dustfrvc.tFo?d, Nutrition and Health Products
anufacturing

Industry: Industrial Products Manufacturing
(e.g. fuels, chemicals, materials)

As Figure8 shows,in this landgrant innovation ecosystemesearch
inquiriesin basic and applied sciens¢sponsored by federal grants,
state supportcounty/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 infastructure contained iragricultural
colleges associated university departments and the experiment
station system.Via licensing, new business formation, knowledge
diffusion and other technology transfer activigs, the land-grants
(often through the exension service) proactively move innovations,
technologies and practice advancements into use within thertically
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integrated agbioscience industryAs a result of thidand-grant system
new products, enhanced products, process improvements and other
advancements in agbioscience knowledge and practice aiensferred
into commercial sectors keeping them competitive and helping to
drive U.S. economic growth.

Within the North Central regionhousands of projects are undertaken
annually by the 1iniversityregionalland-grantsystem and it would be
impossible to illustrate the impacts of each and every dtewever, the
broad variety of positive impacts engendered by this system caimbe
part, illustrated by referencing specific impact examples recordgthie
North Central Regional Association of State Agricultural Experiment
Station DirectorsFiguré, on the following pageslassifies the many
core categories of impacts generated by this unique systdhastrating
the broad suite of impact categories@messed by théand
grant/experiment station/extension system.

Advances in agbioscience depend on the quality of the technology
developed as well as the successful translationtibét technology into
commercial utilization by producers and processoExension Service
Programs at each of the universities comprise a network of specialists
(typically in each and every county) providing a wide variety of
information, technicaknowledgeand education services for individuals
and companies in the communitigtension 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 ofhew crop varietiegand production

requirements agriculturalmarketing opportunitiesdisease and pest
management tools, animal and livestock health products, agricultural
equipment, irrigation technologies, and agricultural processing
technologies.

It is interesting to note
that the National
Institutes of Healti{NIH)
areworking toencourage
the development of
systems to translate
research discoveries into
improvementsn
healthcare.Dubbed
cbenchto-bedside
initiatives, these efforts
to promote translational
biomedical R&[Are, in a
way, mirroringwhat has
been occurring in
agbiosciences for more
than a centurythrough
experiment stations and
extension.
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Figure9: Examples of Impact Categories Within the North CahfRegion

Breeding and genetics

New crop testing
Crop selection
Grain quality

Crop management

Decision strategies

Emerging diseases Protection

Pest management

Disease management

Research in crop development, crop protection
and agronomy for high productivity agriculture

Research to enhance quality of life for America’s
rural and urban families and communities

Family economics Family
Low income issues Systems
Education Community
Social change Systems

Agricultural engineering

Process engineering

Food safety

Processing technology

Biosecurity

Environmental hazards

Zoonotic diseases

Airborne particulates

Human
Health

Fatty acids

Consumer behavior

Breeding and genetics
Grazing systems
Reproduction
Nutrition

Management systems

Rerl:t;l:ch Nutrition
' I
R&D to pdvance
human Realth and
Production nutrition and Production
advance|food
security

Diagnostics

Protection Disease prevention

R&D to jmprove
production
economics and
enhance

practiceland

public policy

agribusiness

Engineering
Systems

Trade
Rural policy & welfare

Policy

Economics

Agricultural finance

Rural economics
Pricing & markets

Risk management

Disease control

R&D to enhance livestock production and
economics and ensure livestock health

Ecological, environmental and natural
resource management and technologies R&D

Fertility
Soil Organics
Conservation
Drainage
Water Use efficiency
Natural Landscape ecology
Resources Nitrogen cycling

Wildlife

Small & family business
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ThelLandgrantuniversity, experiment station and extension service
system isclearlya unique asset for the U.S. and represents a system of
extreme relevance to the needs @modern U.S. economgo
dependent on innovation, knowledge and ténological advancement
to maintain its competitive edge.

Tablel serves to illustrate a number of tHeey issues being addressed
through theland-grantexperiment station/extension service system:

Tablel: Experiment Stations and Extension Serviegg&ekvance to Major Issues and Challenges

Issues Research Relevance ExtensiorEducationRelevance

National
economic
competitiveness

Homeland
security

Environmental
sustainability

Education,
skilled human
capital and
workforce
development

Innovations to enhance agricultural and forest
productivity.

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

Field trials, ésting and scatlep of new technologies

Facilitaton of research in specific soils, climagicd
agronomic zones.

Specialized testg and R&D services for industry

New products and technology innovations for
commercialzation.

Business and new technology incubation services
Adding value to domestic, horrgrown resources.
Development of products for export

Protecting the U.S. from plant, aniirend zoonotic
diseases.

Specialized research infrastructure for specific cro
animals and associated threats.

Reducing dependency on foreign imports and foss
fuel resources.

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

Technologies for rediing waste seams and waste
stream impacts, and faronverting waste to value
added products e.genergy.

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

Demonstration facilities for environmentally
sustainable pratices, tools and technologies.
Direct education of undergraduate and graduate
students.

Continuing education courses.

Development of nes knowledge and knowow for
diffusion into practice.

Facilitaton of regional access to expertise and
development resources.

Demonstration and field testing

Education imew technologies and practicésr
producers.

Educationand technolog transferfor industry.

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

Advisory services in new business development a
commercialization.

Widespread on the ground monitoring and
observation network.

Tangible, handsn assistance and advice to
producers and processors.

Specific food safety and handlirducation

Widespread on the ground monitoring and
observation network.

Tangible, handsn education and advic®
producers and processors.

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

Water, energy and resource conservation advisor
services.

Demonstration and field testing
Knowledge and knowow diffusion.
Continuing edaoationfor adult and youth audiences

K-12 programs and STE[@cience, technology,
Engineering and Mattgducationsupport

4-H educationahnd youth developmenprograms.
Development of web and distance learning systen
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Societalwelfare

The North Cemtl
NEIAZ2Yy Qa
stations and extension
service programs
provide an integrated
system to research,

develop, pilot,

demonstrate, and
disseminate new

innovations to

practitioners and

industry.

Facilitaton offield research in regional crops,
specific agronomic zones, etc.

Economics research and policy analysis

Policy analysis

Community, urban and rural development researc
Education and extension operations research

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

As highlighted aboveheb 2 NJi K

and educational materials

4-H programs extendqg learning hours and reachin
alkd NAaléE ez2dzwiKo

Tangible services in urban and rural economic
development.

Handson support and coaching for families
communitygroups and civic leaders.

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

[ Sy (xpérimentd&iGhd 2 Y Q&

andextensionserviceprogramsprovide an integrategystemto

SE

research, develomilot, demonstrate and disseminateewinnovations
to benefit practitioners and industrylhis systenis providingnnovative
systemdor improvingthe profitability of agricultural producers and
processorsgreating newbusinesses and new economic opportunity
protecting food sourcegrom toxins and pathogens, and ensuritig
sustainability of the envanment for the next generatioand beyond

With combined budgets totalin§0.96 billion for the experiment

benefit

stations and $0.7 billion for the extension servigesould be an
almost impossible task to illustrate all of thesearch programs and
initiatives of theNorth Central experiment stations and extension
servicesand their impact®n individual communities, home states, the

region and the nationRather than attempt this, the
Battelle/BioDimensions project team provides an assessment herein of:

e Someof the notable and unique assets of North Central institutions
for agbioscience R&D and the acceleration of innovations into

application

e Examples osome of thehighly significant impacts being generated
by North Central institutions.
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V.  The North Cental Region and the Agbioscience
Opportunity ¢ Key Regional Assets for Agricultural and
AgbioscienceBased Development

A. Size and Scope of the North Central 1862 L&ent
Universities and Their Experiment Stations and Extension Operations

The twelve 188 landgrant universities constitute larggecale assets for
agbioscience R&D and reseatcdnslation In terms of experiment
station and extension service operations, the twelve combined
institutions have 7,601 FTE extension personnel &)d24 experiment
station FTESCombined extension service budgets totaled almost
$700million (2010) while the experiment statiosstood ata combined
$956million (See Table).

Table2: Personnel and Budgets of North Central Experiment Stations and Extension Services

2006
2007
2008
2009
2010

6909
6836
6860
6730

Experiment Experiment Extension Serviceg Extension Serviceg
Stations FTEs Stations Combined Combined Budgets
Budgets ($ millions (% millions)
856.2 7921 644.6
864.0 8052 671.7
901.4 7991 697.1
939.0 7890 703.5
955.7 7601 699.2

6724

The twelvestatescontainconsiderable variability from location to
location in terms of agronomic characteristics (soil types, rainfall
quantity, groundwater, etc.) and thus the latwggants have established
multiple dedicated experiment station locations providing environments
suited to testing and developing agricultural inputs, crop varieties
agricultural equipment antivestock operationswWithin the North
Central region there are 19lexperiment station locations ceering a
combined are of over 176,000acres.FigurelOillustrates the
significant geographicoverageprovided by these experiment station
assetsTo these experiment station assetaust be added the
specialized local knowledge provided by extension sjadists who
cover each county across the regiorproviding supportand education
for land-owners, agricultural producers and processors.
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Figurel10: Experiment Stations of the North Central Region

North Dakotaj
State|University,

South Dakota

State University,

—

University,
of Nebraskal

® Experimental Research Stations

Note: Extension 4 Land-Grant Universities

services have offices,
extensioneducators or

other presence - . . . .
providing coverage for Profiling thefull variety of key agbioscience R&D assetntained

every individual county within North Centrakxtension servicegxperiment stations anthnd

within the region. grantcampuses would create a far too lengthy report (although
appendices herein list many of these key assets across the institutions).
Rather tharprovide acomplete listimg, Battelle reviewed major assets
and hasplaced them into six categories:

1. Plant science, cropsgeonomy and plantriansformationassets
2. Animalscienceanimal health andlivestockresearch assets

3. FoodproductR&Dandadvancednutrition and health products
developmentassets

4. Biosecurity andood safety assets
5. Industrial hoeconomyR&D assetffuels, chemicals, materials)

6. Environmentakciences andustainabilityassets.
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together with ageneral discussioof the asset category and its
relevance to modern agbibased opportunities and needk is
apparentthat the North Central region contains some of the most
specialized andlusteredassets for ghioscience R&D in the nation.

B. PlantScience, Crops, Agronomy and Plant Transformation
Research and Extensiokssets

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 &ed 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
quadlity, disease and pest resistance, etcgerforming this work via
traditional breeding and hybridization techniques and via the latest
transgenic techniques.

A Crop Projects Example
Wheat Fusarium Head Blight (FHB) Management

FHB, or scab, caused by the fungus Fusarium graminearum, is the most econot
threatening disease to wheat and barley, with yield losses of more than 45 perce
severe casedn addition to lowering yield, the fungi also produce a toxin, commo
known as vomitoxin that is harful to humans and livestock.

Scientists at North Dakota Staténiversity, Ohio State, Kansas State, South Dalk
State and Penn State have been working together to develop abaebd model to
predict the risk of FHB based on observed weather patterns in a givenTdrisaveb
based tool is currently used by growgecsop consultants, processors and others in
states to inform disease managemeartd crop marketing decisions.

Applied research at experiment stations indicate that an integrated crop manager
strategy of disease resistant wheat varieties, fungi@gplication and crop rotation is
the most effective way of protecting the crop against FHRBtension personnel use
the webbased tool as well as workshops, field days, news releases, letters and di
forecasts to demonséte this integrated strategy.

Wheat breeding programs at the University of Missouri are developing new line
wheat suitable to the region with a focus on FHB resistance and increased y
Researchers at Ohio State have developed asymhetic biobased pesticide for FH
and colaborated with extension services to develop educational materials on
pesticide application and organic farming.

Figurell highlights some of the specialized programs and infrastructure
located in the North cetral 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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Figurell: Examples of Major A%ts for Plant Science, Crops, Agronomy and Plant Transformationiwitorth
Central Region 1862 Lardrant Institutions

Pilseed Development Center of
Excellence

NDSU High Throughput Genotyping Plant Pathogen Research

Center

Northern Crops Institute

Winter Cereals: Sustainability in
Action

North Central 1862 Land Grant
University Specialized Agbioscience
Infrastructure and Assets:

Lab Plant Science, Crops, Agronomy an

insect Research Lab Plant Transformation
North Central Plant Pest
Disease & Pest Diagnostic

Barley Genome Project Network
Pry Bean Genome Research Northern Crops Institute PDiscovery Farms Program
Winter Cereals: National Magnetic
Sustainability in Action Resonance Facility
iGrow Barley Genome Project J Noer Turfgrass Research
Northern Crops Institute Pry Bean Genome & Education Facility .
BDSUAES Applied Genomics Solutions  Research North Central Plant Pest Plant Transformation

Winter Cereals: Sustainability in Action

Center
North Central Plant
Pest Disease & Pest
Diagnostic Network
3SU Plant Transformation Facility Pry Bean Genome

. Research
BSeed Science Center

Disease & Pest Diagnostic
Network
PDry Bean Genome Research

Lore for Applied Genomics & Ecology iCenter for Plant Responses to

(CAGE) Environmental Stresses
Plar_mg Transformation Core Research iCenter for Agriculture & Rural ) ) Molecular & Cellular
Facility Development Lrop Diagnostic Imaging Center
Pry Bean Genome Research North Central Plant Pest Disease #ntegrated Pest Mgmt Training & #:en%ergfor Diagnostic
Lrop Mgmt & Diagnostic Program & Pest Diagnostic Network HAgrability Program for Research Center Assays 9
Disabled Farmers Piscovery Park Y
) North Central Plant
. North Central Plant Pest New Venturesin -
Plant Transformation ) Pest Disease & Pest
- Disease & Pest Food & ) -
Facility . ) . Diagnostic Network
) Diagnostic Network Agriculture
Molcular Genetics & lant Breeding Center ~ North Central
WWheat Genetic & Genomic Research Soybean Genomics La%) 9 X
Plant Pest Disease
Center Lenter for Agroforestry . -
. . Lo & Pest Diagnostic
Pepartment of Grain Sciences & Interdisciplinary Plant
Network
Industry Group
Wheat Quality Lab North Central Plant Pest
Disease & Pest Diagnostic
Network
IDrought Simulation
Facility
Flood Tolerance Lab
C Animal Sience,Animal Health andLivestockResearchand

19 Battelle Memorial Institute, Technology Partnership Practice. April 2088K S h KA 2 [ A@Sai2
{ G (Rerfoaned for 1 @hib Soybean Council.

iKS

ExtensionAssets

Livestock is a major component of the U.S. valdded ariculture
system and the North Central region is well known for its intensive
verticallyintegrated livestock operationdorth Central lanejrants and
their experiment stationsnd extension servicdsgave operations in:
advanced nutrition for livestoclivestock health products; livestock
breeding; animal husbandry technologgeat science; dairy science and

associated food products developmestK S dzy A GSNEAGA SaQ
contributes to substantial economic impacts from the livestock industry.

For example, aeport by Battelle for the Ohio Soybean Council found
that over 45,000 jobs are directly or indirectly generated within the
state by livestock agricultur€.The valueadded chain from the
development of inputs to livestock agriculture through to the

(@]
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