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Since the invasive ash tree killer known as the emerald ash borer 
(EAB) was found in the United States in 2002 — threatening 
10 percent of all trees in Ohio and destroying the state’s 
$20-million-a-year production of this popular landscape 
tree — Ohio Agricultural Research and Development Center 
researchers have been on the leading edge of research efforts 
aimed at assessing its environmental impact and trying to save 
ash as a species in North American forests and landscapes.

Just like chestnut blight and Dutch elm disease before it, EAB 
is capable of wiping out an entire species of native trees from 
North America. Entomologist Dan Herms and plant pathologist 
Enrico Bonello lead a project aimed at developing a hybrid ash 
that would be resistant to the voracious beetle and still carry 
characteristics of the native trees.

“Identification of resistant genotypes will be critical for 
reforestation, as well as for maintaining market demand for ash 

in the nursery industry,” said 
Herms, whose collaborators 
also include Michigan State 
University, Wright State 
University, and the U.S. Forest 
Service’s (USFS) laboratory in 
Delaware, Ohio. 

The project has so far attracted 
more than $1 million in 
funding from sources such 
as the U.S. Department of 
Agriculture (USDA), USFS, 
the International Society 
of Arboriculture, and the 
Horticultural Research 
Institute.

Through experimental 
plantings in Michigan and 
Ohio that combine native  
ash species and Manchurian 

ash (an Asian species that has evolved alongside EAB and is 
resistant to it), researchers are exposing these trees to natural 
attack by the insect and looking for markers of resistance in 
those that are capable of withstanding such attack.

“Once the genes associated with those markers of resistance 
are found, they can be used in targeted breeding programs that 
may involve hybridization of native ash with Asian ash,” Bonello 
explained. Based on preliminary results, USFS researchers have 
begun projects to hybridize Asian and North American ashes —
the first step in developing a resistant tree. 

In another research project, funded by a $500,000 USDA grant, 
scientists are studying the environmental impacts EAB is having 
on forested land in Michigan and Ohio. In the process of killing 
native ash trees, said weed specialist and project leader John 
Cardina, EAB opens up gaps in the forest canopy — creating an 
opportunity for invasive plants to colonize the understory and 
trigger a cascade of changes in forest structure and dynamics.

“Killing the ash trees is bad enough, but this may not be the 
worst impact of EAB on eastern U.S. forests,” said Cardina. 
“These invasive plants can change natural cycles and soil 
chemistry, out-compete seedlings of native trees such as oak, 
maple, and cherry, and degrade the ecosystem in many other 
ways. The entire composition of the forest could be impacted 
in the long-term.”

The data generated by this project will translate into practices 
that those in charge of forest management can use to minimize 
the ecological impacts of EAB in Ohio and throughout eastern 
North America.

For more information: 
http://ashalert.osu.edu

Resisting emeRald ash boReR

Identification of resistance 
mechanisms against emerald 
ash borer in Asian ash trees is 
key to developing native hybrids 
that can withstand this invasive 
pest and lead to reforestation 
efforts. Plant pathologist Enrico 
Bonello (right) and graduate 
student Justin Whitehill are part 
of a team working to breed the 
new North American ash tree. 

In collaboration with colleagues in Michigan and federal 
researchers, entomologist Dan Herms (above, right) and 
weed specialist John Cardina are studying the potential 
ecological impact of emerald ash borer on Midwest forests  
as invasive plants take over in the absence of ash trees.
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and Environmental Sciences, the Ohio Agricultural Research and Development 
Center (OARDC) employs nearly 650 scientists and staff members throughout 
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is the largest agbioscience research facility in the United States, and OARDC scientists 
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projects in the areas of agricultural, environmental, and development economics; 
food, agricultural, and biological engineering; animal sciences; entomology; food 
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research that makes a difference for Ohioans and for the world. 

OARDC is supported by a line-item appropriation from the Ohio General 
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receives no funding from student tuition at The Ohio State University, nor is it 
supported by the higher education subsidy.



www.oardc.ohio-state.edu • www.oardcreport.osu.edu      
Bringing Knowledge To Life

The state of Ohio has called for bold action to bolster the teaching 
of STEM (science, technology, engineering, and math) disciplines 
in K–12 schools — a move seen as crucial for Ohio to attract and 
retain 21st-century businesses, as well as to create and sustain 
high-skill, high-wage jobs. 

Known for its excellence in training world-class graduate 
students in food, agricultural, and environmental sciences, the 
Ohio Agricultural Research and Development Center is now 
also taking its knowledge and resources to Ohio schools to help 
boost science education and prepare the future generation of 
U.S. scientists.

Thanks to a $2.9 million grant from the National Science 
Foundation’s (NSF) Graduate Teaching Fellows in K–12 Education 
(GK–12) Program, OARDC has partnered with public, private, 
and Amish parochial schools in the Sugar Creek watershed 
(northeast Ohio region) to provide technical knowledge of 
watershed ecology, help teachers develop and deliver curriculum 
through a hands-on approach, and expose students to innovative 

technology and research methods.

“This grant addresses two basic needs,” 
said project leader Richard Moore, 
an associate professor in Ohio State 
University’s Department of Human and 
Community Resource Development. 
“One is that schools need to improve their 
science curriculum and proficiency. The 
other is the shortage of science teachers 
in the country as a whole.”

The NSF grant — which began in the 
2007–08 school year and will run for a 
total of four years — builds upon work 
conducted by the Sugar Creek Watershed 
Project, a grassroots effort partnering 25 

Ohio State scientists with local farming communities in Wayne 
and Holmes counties and aimed at improving water quality (this 
watershed has been labeled as one of the most degraded in Ohio) 
and maintaining economic viability in the area. 

As part of the grant, Ohio State graduate students from various 
scientific fields — eight different fellows each year of the project — 
work directly with teachers and students for 10–15 hours a week, 
conducting both classroom activities and field work.

One of the fellows is Heather Fair, a master’s student in the 
environmental science graduate program, who worked with  
11th-graders at Hiland High School in Berlin during the first 
year of the grant. 

Fair used the Headwater Habitat Evaluation Index (HHEI) — 
a unique tool pioneered by the Ohio Environmental Protection 
Agency — with her students to assess the quality of headwater 
streams near the school. Her study was so successful that 
she received an NSF Summer Fellowship to implement the 
HHEI in China’s Gongga Wildlife Refuge, on the foothills of 
the Himalayas.

“Small headwater streams are the vital water resources that create 
major rivers, and I hope that the knowledge that students gained 
this past year in the GK-12 Program will lay a similar foundation 
for lifelong learning and involvement in protection of water 
resources in their communities,” Fair said.

True to its goals, the GK–12 Program has helped spark interest 
in science among high school students. Hiland’s Meggan Spencer, 
who worked with Fair doing water quality evaluation, enriched 
her experience by enrolling in the OARDC Research Internship 
Program last summer, identifying stream micro-invertebrates 
in Sugar Creek under Moore’s guidance.

OARDC rural sociologist Richard Moore (left 
and below) leads the GK-12 Program, which 
promotes science in Ohio schools by teaming 
up graduate scholars with teachers and students 
in the Sugar Creek watershed, such as these 
at Kidron Elementary School. Water quality and 
biodiversity are key topics in this program.

imPRoVing sCienCe edUCation in ohio sChools— 
OARDC	uses	$2.9	million	NSF	grant	to	teach	STEM	disciplines 
with	emphasis	on	the	environment

“I hope that 
the knowledge 
that students 
gained will lay 
a foundation 
for lifelong 
learning and 
protection 
of water 
resources 
in their 
communities.”

— Heather Fair
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On a sunny morning in early July, four young mothers took a 
walk together in Ohio Agricultural Research and Development 
Center’s Secrest Arboretum. Each of the mothers pushed a 
stroller with a child in it. But none of the mothers nor any of 
their children were there to conduct research on plants. And 
that made the person in charge of the place happy.

Ken Cochran, the Wooster arboretum’s program director and a 
dedicated student of plants himself, has led the 125-acre facility’s 
transformation from a site for scientific research alone to an 
inviting landscape of enjoyment and discovery. He’s done it 
by forging new public–private partnerships, creating teams that 
generate new ideas, leverage new support, and benefit new and 
wider communities. Scientists and gardeners, yes, still, but also 
now walkers, runners, bicyclists, and birdwatchers; children, 
their parents, and grandparents; and others. “Their benefit is not 
the plants,” Cochran says of the new visitors. “Their benefit is 
the well-being in their own lives of being in the natural world.” 

The successful, recently completed  
$850,000 “Growing for You, Phase 1” 
development campaign — which yielded, 
among other things, new people-friendly 
paths, terraces, and display gardens —
represents one of those partnerships.

So does the striking new Discovery 
Pavilion, with an innovative design 
that parallels the seasons. OARDC 
entomologists Dave Nielsen and Dan 
Herms put up an initial $50,000 toward 
it — a show of thanks for the arboretum’s 
role in their research — then lined up 
partners who then provided the in-
kind support to complete it: in all, an 
additional $200,000 worth which pushes 
private gifts past $1 million to enhance 

the beautification and life-long learning contributions of  
the arboretum. 

The Cleveland Clinic’s Wooster location — specifically, the site’s 
active staff wellness program — makes a point of holding an 
annual employee day in Secrest Arboretum, with plenty of time 
built in for interaction with nature.

Teachers at a Medina County elementary school are working 
with Cochran to expand the arboretum’s children’s programs — 
specific to second- and third-graders, spurred by Richard Louv’s 
2005 Last child in the woods: Saving our children from nature 
deficit disorder. “I took that book seriously,” Cochran notes. 
“Children raised in nature are more creative, interactive, and 
use their minds more.”

The venerable Akron Garden Club has teamed with Secrest 
Arboretum for almost 15 years. The group provides an annual 
internship scholarship and feeds Cochran new ideas. The club’s 
involvement, he says, “just further expands our program.”

Lending a hand to all this and more are the members of the 
Secrest Arboretum Council, the Friends of Secrest Arboretum, 
and five support committees, who each year volunteer an 
estimated 4,000 hours of service. 

Last year Secrest Arboretum celebrated its 100th birthday. 
Its legacy as home to long-term research on plants for yards, 
gardens, and cities continues. Some 3,000 types of trees and 
shrubs grow there. And now more and more people are there 
to enjoy them. The partnerships with them “are powerful,” 
Cochran says. “We wouldn’t be where we are today without 
them.”

For more information: 
http://secrest.osu.edu

seCRest aRboRetUm:  
ReseaRCh with a side of PleasURe

Jim Chatfield of OARDC and OSU Extension 
shares Secrest Arboretum with schoolkids, part 
of the arboretum’s growing education efforts.

Ken Cochran: Secrest 
Arboretum serves a 
new, bigger audience 
now — “people who 
are more aware of 
their environment and 
how they can connect 
to it.”
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Beyond its crucial role as a provider of food, agriculture has 
throughout the ages also contributed to meeting humanity’s fuel 
and fiber needs — cotton and wool for clothing, seed and oils for 
paints and lubricants, and ethanol and plastic from crops in the 
early days of the automobile.

Today more than ever, the U.S. agricultural industry is at a 
crossroads of enormous challenges and opportunities as it 
positions itself to be leader not only in the feeding — but also 
in the powering, fueling, and manufacturing — of the country’s 
future by meeting the increasing need for renewable energy, 
fuels, and industrial materials. 

Aware that Ohio’s economic future is 
linked to accelerating the development and 
commercialization of novel technologies, 
the Ohio Agricultural Research and 
Development Center is focusing its 
knowledge and resources on the emerging 
bioeconomy — increasing food-production 
efficiency and security while fostering 
environmental stewardship; making 
advances in the field of biobased energy, 
fuels, and products; and establishing 
partnerships with other sectors of Ohio’s 
economy (such as polymers and chemicals) 

to spur the generation of new discoveries, industries, and jobs.

“While agriculture’s role in providing a secure food supply 
remains the priority, emerging trends indicate an increasing 
role with renewable energy and materials that will catalyze 
innovation as well as mitigate risk associated with overdepen-
dence on imported fossil fuels,” said Stephen Myers, OARDC 
assistant director and head of the Ohio BioProducts Innovation 
Center (OBIC).

OARDC’s comprehensive, interdisciplinary, and transinstitutional 
approach to promoting agricultural biosciences research and 
entrepreneurship has led to attracting and leveraging millions 
of dollars in federal grants and Third Frontier awards, in areas 
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the state of Ohio has identified as key to its future success: the 
combination of biomass and fuel cells for clean energy generation; 
the development of biobased specialty chemicals, polymers/
plastics, and advanced materials; and the creation of domestic, 
non-food sources of natural rubber and ethanol.

Studies conducted by Battelle and Cleveland State University 
have found that biopolymers are expected to be a major source 
of innovation for Ohio’s polymer and advanced materials 
industries, while focused development efforts in areas such 
as polymers, energy, and agriculture would give “the best 
opportunities for protecting and augmenting Ohio’s economic 
base and facilitating growth in the state.” 

The numbers support these claims: growth rates in the renewable 
energy and biobased materials industries are projected to exceed 
20 percent per year over the next decade. This growth will involve 
the intersection of agriculture, materials, and energy industry 
sectors as well as the integration of emerging technologies such 
as biotechnology, nanotechnology, and informatics. 

Moreover, OARDC’s leadership in securing and expanding the 
supply of food, fuel, and fiber in Ohio has helped the Buckeye 
State be ranked as the best in the Midwest and fourth in the 
country in biotechnology, in a 2008 study by Business Facilities 
magazine. Ohio also placed fifth in the nation in the agricultural 
feedstocks and chemicals ranking.

At the heart of OARDC’s efforts to capitalize on the emerging 
bioeconomy is, of course, the conviction that environmental 
sustainability must be a critical component of the larger equation.

“A multidisciplinary approach involving strong public–private 
collaboration will be necessary to develop an integrated 
bioeconomy which addresses the food, fuel, and fiber needs 
of society in a more sustainable manner,” Myers pointed 
out. “The complexity of this challenge creates significant 
opportunities for educational institutions 
in helping to train the next generation of 
leaders for this bioeconomy.” 

oaRdC ReseaRCh addResses food, fUel, 
and fibeR needs in the new ‘bioeConomy’ eRa

“Emerging 

trends indicate 

an increasing 

role with 

renewable 

energy and 

materials that 

will catalyze 

innovation.”

— Stephen Myers
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Research conducted by OARDC, in collaboration with 
industry partners, is helping position Ohio as a leader in 
the emerging bioeconomy — a production model in which 
agriculture builds upon its role as food provider to also 
supply new sources of fuel, energy, and materials while 
committing to the goal of environmental sustainability.
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Studies by Battelle show that the contributions 
of the Ohio Agricultural Research and 
Development Center to Ohio’s economy range 
into the billions of dollars annually, fueling 
the state’s more than $90 billion food and 
agriculture industry. And the potential for 
translating research into economic opportunity 
is greater today than ever before, as we live 
in an economy driven by the generation and 
transfer of knowledge. 

To further enhance and accelerate the process 
of knowledge generation and implementation 
in Ohio, OARDC and its outreach counterpart 
OSU Extension have partnered to create the 
AgBioscience Centers of Innovation — an 
initiative designed to transform discovery and 
knowledge into innovations that have positive 
economic, social, and environmental impacts, 
while contributing to local and state economies 
and promoting an entrepreneurial culture 

within The Ohio State 
University. 

“Universities must work 
with private industry to 
commercialize discover-
ies and play an active 
role in Ohio’s economic 
future,” said OARDC 

Associate Director Bill Ravlin. “This is particu-
larly true in the agbiosciences, where the poten-
tial impacts for food, fiber, fuel, and biobased 
products have never been greater.”

Interdisciplinary in nature, the AgBioscience 
Centers of Innovation develop and support 
research teams that commercialize discoveries, 
create start-up companies, expand existing 
companies, and create public–private 
partnerships. 
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The	following	centers	have	been	created	as	part	of	this	initiative:

agbiosCienCe CenteRs of innoVation: 
dRiVing eConomiC deVeloPment thRoUgh knowledge 
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Center for Diagnostic Assays: 
Diagnostic	tests	for	infectious	
pathogens	are	essential	for	the	health	
of	food-producing	animals	and	plants,	
and	for	the	safety	and	security	of	our	
food	supply.	Center	scientists	are	
developing	molecular-based	diagnostic	
assays	for	diseases	such	as	infectious	
bursal	disease	virus	(IBDV)	of	poultry,	
crop-damaging	phytoplasma	bacteria,	
and	E. coli.	

Center for Food Safety and 
Agrosecurity: Food	safety	and	
security	are	high	national	priorities	with	
major	local	impact.	This	center	brings	
advances	in	food	safety	to	commercial	
applications,	including	novel	processing	
techniques	that	eliminate	dangerous	
bacteria	(e.g.	ozone	and	UV	radiation	for	
Salmonella	in	eggs),	tamper-proof	caps	
for	food	packages,	and	rapid	tests	to	
diagnose	foodborne	pathogens	such	 
as	noroviruses.	

Center for Advanced 
Functional Food Research and 
Entrepreneurship: Aging	Americans	
are	suffering	epidemics	of	chronic	
illnesses,	including	obesity,	diabetes,	
vascular	diseases,	and	cancer.	This	
center	is	addressing	such	serious	
societal	issues	by	developing	functional	
foods	—	including	berry	compounds	that	
fight	cancer,	heart-healthy	soy	bread,	
and	a	soy-tomato	drink	to	combat	high	
cholesterol	and	cancer.	

Center for Urban Environment 
and Economic Development: This	
center	focuses	on	the	development	and	
commercialization	of	a	series	of	new	
organic	and	biological	products	to	meet	
the	fertility,	pest	control,	and	pollution	
mitigation	needs	of	rapidly	expanding	
urbanized	landscapes	—	including	pest-
killing	nematodes,	biocontrol-amended	
soils,	and	techniques	for	reclamation	of	
urban	brownfields.	

Center for Innovation Based 
Enterprise: This	center	was	
established	to	provide	the	necessary	
expertise	to	address	barriers	to	product	
commercialization	by	providing	cutting-
edge	research	into	entrepreneurship,	
contract	design,	finance,	marketing,	and	
risk	management	for	innovation	based	and	
start-up	AgBioscience	enterprises.	

The Ohio BioProducts Innovation 
Center (OBIC): The	focus	of	OBIC	is	to	
develop	specialty	chemicals,	polymers,	
and	industrial	products	from	renewable	
plant	sources.	For	example,	OARDC	
plant	breeders	are	creating	high-yield,	
disease-resistant	varieties	of	soybeans,	
wheat,	and	corn,	combined	with	value-
added	traits	specifically	targeted	
toward	industrial	applications	such	as	
biodegradable	plastic	and	packaging.	

Groundbreaking research conducted by 
OARDC scientists, such as Daral Jackwood 
of the Center for Diagnostic Assays (right), 
is being transformed into innovations that 
have widespread economic, social, and 
environmental impacts — while contributing 
to local and state economies.
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More than 2.5 million people visit Ohio’s Cuyahoga Valley 
National Park — 33,000 acres between Cleveland and Akron, 
America’s ninth most visited national park — every year. 

And a survey says that most would like to see three things 
in the park in the future: limited development; preservation 
and restoration of the natural areas there; plus cleaner water 
in the park’s centerpiece, the Cuyahoga River.

Taking care of a national park, especially an urban one, isn’t 
simple. Managers have to balance the needs of nature and also 
of people, especially for recreation. And there’s only so much 
funding, only so many tax dollars, to do it.

But now Cuyahoga Valley’s managers have a powerful new tool 
to help them, and it came from the work of Ohio Agricultural 
Research and Development Center scientists. 

Using a Geographic Information System, or GIS, the researchers 
developed a landscape-based, computer-assisted process to iden-
tify riparian areas and prioritize them for restoration. Riparian 
areas are lands along a natural watercourse — in this case, the 
22 miles of the Cuyahoga that the national park snakes alongside. 
The park’s managers are required to and receive funding to 
restore such areas — “to re-establish natural functions and 
processes,” as National Park Service policy puts it.

Until now, managers of riparian areas, whether in the Cuyahoga 
Valley or anywhere else, have generally taken a fixed-width 
approach, which simply defines a riparian zone as land within, 
say, 50 or 100 feet of the shoreline, regardless of any details 
about the stream or the valley it’s in. Restoration then takes 
place within that set-width buffer: one size fits all.

“As an ecologist, I didn’t think that was the best way to deal 
with this,” said Charles Goebel of the School of Environment 
and Natural Resources. 

Instead, he worked with doctoral student Katie Holmes to create 
a system that delineates a riparian area based on ecological 

functions — flood control, bank stabilization, and wildlife 
habitat among them. Soils, topography, vegetation, commercial 
and residential development, and other details get factored in, 
too. So do “management filters” to account for park-specific 
missions such as recreation access and environmental education. 
The result is a clearer, better picture of what makes up a riparian 
area; a science-based way to target restoration dollars; and, in 
the end, a healthier, better-working ecosystem there.

The new approach employs remotely sensed data, a first for this 
sort of process, and does it on a desktop computer. It’s easy to use, 
easy to add new data to, and easy to adapt to other places.

“What we wanted to do was put as 
much information as possible at 
(park managers’) fingertips so they 
can make a decision that’s more 
ecologically based — it’s based on 
riparian function — and so they can 
make comparative decisions,” Goebel 
explained. “We wanted them to be able 
to see different options and different 
scenarios so they could look at them 
and say, ‘Based on riparian function, 
these are the different options we have. 
Let’s do this one.’ ”

“In an ever-increasing environment 
where money is an issue — there’s 
not enough money to do everything 

that everyone wants to do — there needs to be some sort of  
tool to prioritize where these efforts are undertaken,” he said. 
“(The new system) provides a common framework and a 
defensible method.”

enViRonmental qUality: 
RestoRing RiPaRian aReas 

“What we wanted 

to do was put as 

much information 

as possible at 

(park managers’) 

fingertips so 

they can make a 

decision that’s 

more ecologically 

based.”

— Charles Goebel

Charles Goebel in Cuyahoga Valley National 
Park. His new GIS-based computer model lets 
park managers “make more-informed decisions 
about where their restoration efforts should be.”
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Natural rubber is key to transportation, defense, and many other 
industries — but the United States has to import 100 percent of 
this strategic resource from abroad, with inventories becoming 
alarmingly scarce and costs increasing almost seven-fold since 
2002.

Ethanol can be produced from domestic sources such as corn, but 
there are growing concerns about the use of food crops for fuel. 

Ohio Agricultural Research and Development Center research-
ers may have found a solution to both issues. 

With help from a $3 million Third Frontier Wright Projects 
Program grant from the state of Ohio, OARDC and its Ohio 
BioProducts Innovation Center (OBIC) — along with other 
university and industry partners — are developing a renewable, 
domestic source of natural rubber that can be grown right here 
in Ohio and is expected to create new industries and jobs by 
bringing together the state’s agricultural and rubber-products 
sectors.

This source is Taraxacum kok-saghyz (TKS), a type of dandelion 
native to the former Soviet republics of Kazakhstan and 
Uzbekistan. TKS produces high-quality natural rubber in its 
fleshy taproot, comparable in performance to the latex extracted 
from the only commercially available source of natural rubber 
today: the Brazilian rubber tree, Hevea brasiliensis. 

What’s even better, 45 percent or more of Russian dandelion 
dry matter is comprised of inulin, a carbohydrate used as a food 
additive that can also be turned into ethanol.

“This project is a prime example of taking advantage of your 
strengths,” said Bill Ravlin, OARDC associate director and 
principal investigator in this project. “Agriculture and polymers 
have co-existed in Ohio for many years, and we have married 
the two in this one project to introduce a new crop and a 
domestic source of natural rubber.”

On OARDC’s Wooster campus, crop scientist Matt Kleinhenz  
is leading the domestication and rubber-yield enhancement  
of TKS plants in Ohio, which he said can produce 15 or more 
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pounds of rubber from every 100 pounds of dry roots. His 
colleague, biosystems engineer Fred Michel, is in charge of 
extraction and processing techniques for the Russian dandelions. 
Tests of the Ohio-grown rubber by the University of Akron — 

one of the partners in the project — have 
found the material to be of comparable 
quality to Hevea rubber.

Ravlin said most of the Third Frontier 
grant will go toward building a pilot-
scale processing facility in Wooster that 
will generate 20 metric tons of rubber a 
year for industrial testing. 

Project partners envision that Ohio 
will have the first module of a TKS 
commercial facility in place by 2013. 
This plant will be expanded to 60 
million pounds of natural rubber 
annually by 2015. Rubber-processing 
facilities would be located near the 
areas where TKS is grown, much 
like the corn ethanol model. Inulin, 
they added, would be sold to existing 

ethanol plants in the region as a low-cost ethanol feedstock.

“This project has been possible thanks to the fact that we have 
the state’s best polymer and agricultural research centers right 
here in northeast Ohio,” Ravlin said.

Additional project partners include the Bridgestone Americas 
Center for Research and Technology, Cooper Tire & Rubber 
Company, Veyance Technologies Inc. (formerly Goodyear 
Engineered Products), Oregon State University, and the U.S. 
Department of Agriculture (USDA).

For more information: 
http://oardc.osu.edu/penra

loCal, Renewable, stRategiC: 
oaRdC deVeloPs ohio-gRown soURCe of RUbbeR, ethanol
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A Russian dandelion 
industry would help 
the United States 
reduce its dependence 
on imported, increasingly 
scarce natural rubber: 
a strategic resource for 
both the transportation 
and defense sectors.

OARDC engineer Fred Michel (left) and crop 
specialist Matt Kleinhenz (right) have come 
together in an effort to develop a domestic 
source of natural rubber that could create  
new industries and jobs in Ohio.
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Esther van der Knaap’s unique discovery of a gene that controls 
fruit shape in tomatoes landed her work on the March 14, 2008, 
cover of the prestigious journal Science. But even more important-
ly, the process of cloning this gene is contributing to important 
advances in plant development studies and vegetable breeding 
programs that impact agriculture in Ohio and beyond.

A geneticist in the Department of Horticulture and Crop 
Science on the Ohio Agricultural Research and Development 
Center’s Wooster campus, van der Knaap and colleagues in her 
lab cloned a gene, dubbed SUN, which plays a significant role 
in the elongated shape of different tomato varieties. In addition 
to explaining how tomatoes evolved from a round, berry-sized 
fruit into the wide array of shapes and sizes known today, SUN 
could also help unravel the mystery behind the morphological 
differences among edible fruits and vegetables such as peppers 
and members of the cucumber and squash family.

Beyond their contributions 
to the scientific community’s 
understanding of plant 
development, van der Knaap’s 
SUN gene discovery and her 
ongoing research program have 
important implications for the 
vegetable- and fruit-production 
industry. Being able to control 
and modify fruit shape could 
lead to the development of new 
varieties, helping growers to 
serve specialty markets and 
processors to reduce costs 
(the tomato industry alone is 
worth more than $100 million 
a year in Ohio).

“This discovery will tell us, 
too, how we can influence 
the process of fruit formation 
and facilitate the development 
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of ‘designer fruit,’ ” van der Knaap explained. “The design or 
control of fruit shape is especially useful when introducing  
new varieties. Depending on the goal of the breeding project, 
the creation of niche markets may require an unusual shape of 
the product so that consumers are curious to check it out.”

Through grants from the National Science Foundation (NSF), 
van der Knaap’s program has also contributed to acquiring 
new genotyping and DNA sequencing equipment for OARDC’s 
Molecular and Cellular Imaging Center (MCIC) — which 
supports a number of breeding programs addressing disease 
resistance, nutrient content, and new variety development in 
crops from soybeans to wheat to, of course, tomatoes. 

In the case of OARDC’s tomato breeding program, van der 
Knaap’s lab has made another key contribution via a software 
program known as the Tomato Analyzer — which was created 
to more accurately and automatically measure the effects 
on fruit shape and size of different regions of the tomato 
genome. Researcher David Francis, also in the Department 
of Horticulture and Crop Science, is using this technology to 
study color disorders that can affect as much as 65 percent of 
Ohio’s processing tomato crop. Color analysis is also crucial 
in Francis’s efforts to breed tomatoes with a higher content 
of lycopene, as redder tomatoes carry higher contents of this 
cancer-fighting nutrient.

For more information:

Van der Knaap Laboratory 
http://www.oardc.ohio-state.edu/vanderknaap/

Tomato Fruit Morphology Database 
http://www.tomatoshapes.net/

Tomato Genetics and Breeding Program 
http://www.oardc.ohio-state.edu/tomato/

Molecular and Cellular Imaging Center 
http://www.oardc.ohio-state.edu/mcic/

tomato gene disCoVeRy means 
bReakthRoUghs in aPPlied Vegetable ReseaRCh
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The OARDC-developed Tomato 
Analyzer software, which 
can measure shape and color 
variations in vegetables, is 
helping researchers conduct 
genomic studies of fruit 
development and tackle color 
disorders that can seriously 
affect the tomato processing 
industry.

Esther van der Knaap’s (right) groundbreaking 
discovery of a gene that controls fruit shape 
could lead to the development of new vegetable 
varieties, helping growers to serve specialty 
markets and processors to reduce costs.
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Recent outbreaks of E. coli and Salmonella in fresh produce, 
coupled with heightened media coverage of such events, have 
thrust fruit and vegetable safety into the forefront of public 
attention. 

The outbreaks — or perceived outbreaks — can be costly. Ohio 
State University research estimates the economic cost of foodborne 
illness in Ohio between $1 billion and $7.2 billion each year. A 
widespread Salmonella outbreak in 2008 is estimated to have cost 
American tomato growers more than $300 million, even though 
contamination was finally traced to Mexican-grown peppers 
with no direct link to tomatoes.

The Ohio Agricultural Research and Development Center is 
tackling this issue through a comprehensive approach that 
includes microbiological studies of how foodborne pathogens 
survive and reproduce on the field; an analysis of how farmers 
think about food safety and how they can be better reached; and 
customized training of produce growers to prevent contamination 
of fresh fruits and vegetables before they reach consumers.

In one project, an interdisciplinary team of researchers (including 
microbiologist Jeff LeJeune, food safety specialist Ken Lee, and 
vegetable pathologist Sally Miller) are looking into the processes 
that impact growth and survival of E. coli O157 on the surface 
of vegetables, or even worse, inside the plant tissue — where it 
cannot be washed off or killed by disinfectants.

Funded at more than $500,000 by the U.S. Department of 
Agriculture (USDA), this research has found a distinct 
seasonality in the frequency that vegetables are contaminated 
with bacteria from the environment. “This corresponds to 
warmer months of the year, the same time when most outbreaks 
of disease associated with vegetables have occurred in the 
United States,” LeJeune explained.

Researchers have also found that plant diseases and other damage 
to living plants can contribute to increased E. coli proliferation.

“Plant pathogens come in contact with vegetables and break down 
tissue, which releases sugars and other compounds that can be 
used by human pathogens as a food source,” Miller said. “Human 
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pathogens can also get into the tissue thanks to the injuries 
caused by plant pathogens, where they find a safe environment  
to survive.”

Research about the interaction between human pathogens (such 
as E. coli) and plants is limited, so this study is expected to fill 
critical gaps in understanding how foodborne illnesses work and 
what can be done to prevent outbreaks and save lives in the future. 

In another project, LeJeune and weed scientist Doug Doohan 
are looking into factors that hinder adoption of food safety 
practices by underserved farmers (such as the Amish or African-
Americans) in Ohio, Kentucky, and Indiana. 

Funded by a $2.5 million USDA grant, this study employs 
“mental models” — the beliefs, attitudes, and perceptions 
that underlie behaviors and practices associated, in this case, 
with vegetable handling among growers — in order to better 
understand how various groups of farmers think about food 
safety, how they can be more adequately reached, and what 
strategies will better communicate risk and promote adoption 
of good agricultural practices. 

The information collected in this study is being used in a related 
project involving OARDC, OSU Extension, and industry 
groups to train a majority of the state’s more than 1,000 fruit 
and vegetable growers, as well as gardeners who sell produce at 
farmers’ markets or roadside stands. Small farmers in particular, 
Doohan said, may be at a higher risk for producing contaminated 
produce because of limited resources, cultural and demographic 
factors, and lack of access to science-based recommendations.

“This kind of outreach is very much needed among our  
people to raise awareness about practices they can put in place  
to improve food,” said Mr. Yoder, an Amish community  
leader who represents some 100–120 small growers in 
Fredericksburg, south of Wooster, whose produce is sold 
at regional supermarket chains. 

taCkling E. coli, Salmonella: innoVatiVe ReseaRCh, 
oUtReaCh Combine to imPRoVe food safety in ohio
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OARDC microbiologists (Jeff LeJeune, left) 
and plant pathologists (Sally Miller, top right) 
have found a correlation between plant 
diseases and the risk of foodborne pathogen 
contamination in fresh produce.
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The soil and how we manage it are important players in achieving 
food security, enhancing water quality and biodiversity, and 
mitigating climate change through off-setting carbon dioxide 
emissions.

Research has found that loss of soil carbon into the atmosphere 
has an impact on global warming, and as temperatures increase, 
the potential for carbon loss becomes even greater.

“Soils in the permafrost regions of the world hold 40 percent of 
the world’s carbon pool. If temperatures increase and those soils 
thaw, we’ll lose a major stock of carbon to the atmosphere,” said 
Rattan Lal, a world-renowned Ohio State University soil scientist 
with the Ohio Agricultural Research and Development Center. 
“Furthermore, for every 10 degrees Celsius the temperature goes 
up, the rate of decomposition of carbon doubles. So it’s possible 

that many soils around the 
world will lose more carbon 
with the projected global 
warming.”

The key to offsetting carbon 
emissions, said Lal, is to 
sequester, or store, carbon in 
the soil. Through a five-year, 
$12 million university-wide 
Targeted Investments in 
Excellence (TIE) effort, 
OARDC researchers within 
the School of Environment 
and Natural Resources are 
studying ways to manage 
carbon in terrestrial systems 
(agricultural, forestry, and 
pastoral land uses along  
with biofuel plantations  
and wetlands) as it relates  
to climate change.

The Climate, Water, and Carbon TIE program focuses on carbon 
sequestration in four global eco-regions:

•	 Tropical ecosystems, specifically focusing on Costa Rica. 
 Researchers are studying the carbon dynamics of tropical  
 crops, such as bananas and pineapples, compared to grain  
 crop production.

•	 Temperate climate, specifically focusing on states in the 
 Midwest. An initiative, led by Ohio State (covering seven 
 states including Michigan, Indiana, Pennsylvania, Ohio,  
 Kentucky, West Virginia, and Maryland) and Battelle, focuses 
 on intensive grain crop production systems and how changes 
 in soil management can influence carbon dynamics in  
 croplands, forest lands, minesoils, and coastal wetlands. 

•	 Subtropical region, specifically focusing on south Asia.  
 Research initiatives include on-farm field demonstrations  
 related to soil and water conservation, as well as studying 
 the evolution of soil exposed from receding glaciers in the  
 Himalayas, and how that impacts carbon dynamics in soil 
 and vegetation.

•	 Arctic climate, specifically focusing on Iceland. Research is 
 focusing on three items: the impacts of receding glaciers on 
 evolution of soil and vegetation and carbon dynamics; the 
 impact of erosion and how it influences the depletion of carbon 
 in the soil over large areas; and the establishment of specific 
 vegetation to restore desertified soils, improve soil quality, and 
 enhance the ecosystem carbon pool. 

“Focusing on those four regions gives us a very diverse ecosystem 
to study the impact of climate change on carbon pools and 
emissions of greenhouse gases,” said Lal.

For more information:  
http://cwc.osu.edu

stoRing CaRbon to slow 
Climate Change, keeP soils feRtile

“Improve the soil by improving its quality, and 
to do that you must restore carbon to the soil,” 
says Rattan Lal, a world-renowned OARDC soil 
scientist. Lal’s career has focused on managing 
natural resources through carbon sequestration.

Soil is nature’s carbon storage.  
If every farmer who grows  
crops in the United States 
adopted conservation tillage 
practices, we could sequester 
about 300 million tons of soil 
carbon each year. 
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There’s more to livestock manure than just waste. Not only 
used as a natural fertilizer, the byproduct is proving its worth  
as a source of renewable energy production.

Animal waste is teeming with microbial life, and Ohio State 
University agricultural engineers with the Ohio Agricultural 
Research and Development Center have found that, if harnessed 
properly, some bacteria can be used to generate electricity.

“The process is similar to a fuel cell, but instead of running on 
hydrogen, this technology involves using a biological catalyst for 
energy conversion,” said Ann Christy, an OARDC agricultural 
engineer heading the microbial fuel cell project. “We are simply 
tapping into the normal metabolism of the microbes’ cells and 
turning that chemical energy into electrical energy. It has the 
potential to be a cheaper, more environmentally friendly way of 
serving people’s alternative energy needs.”

Through the microbial fuel  
cell project, OARDC research-
ers have been able to produce 
enough electricity to power a 
lamp or Christmas tree lights. 
Christy said that the low volt-
age has applications in remote 
areas where electricity is not 
easily accessible, as well as in 
the medical field.

“It certainly is only one piece 
in a bigger world of bioenergy 
research, but it does have a 
lot of potential to help people 
and help the environment,” 
said Christy.

For more information on the 
microbial fuel cell project, 
log on to http://digitalunion.
osu.edu/r2/summer07/
nskrinak/
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Other bioenergy projects OARDC researchers are pursuing 
include:

•	 Evaluating the conversion of cellulosic biomass from 
 sugarcane into ethanol. The one-year project, led by  
 agricultural engineering students, looked at using microbes 
 from livestock manure to assist in the process of breaking 
 down cellulosic material to the stage required for ethanol 
 production. The study demonstrated that using biological 
 organisms is possible for breaking down cellulosic material 
 as the first step in converting the biomass into ethanol.

•	 Evaluating the production and economic feasibility of 
 growing switchgrass in Ohio as an alternative bioenergy 
 crop. Researchers have found that the crop, which has 
 twice the amount of biomass than corn, has potential on 
 a small scale.

•	 Evaluating technologies to convert millfeed into bioenergy. 
 Millfeed, a byproduct of the milling industry, contains 
 30 percent starch and other carbohydrates that can be  
 converted to ethanol. OARDC researchers Clay Sneller and 
 Fred Snyder are leading the project. The U.S. milling industry, 
 supported by soft red winter wheat production, produces 
 6.8 million tons annually of millfeed. Ohio ranks 5th in the 
 nation in soft red winter wheat production, according to 
 the U.S. Department of Agriculture.

•	 Exploring technology that can convert waste into biogas 
 and then use that biogas to generate energy. The system,  
 designed by OARDC animal scientist Floyd Schanbacher,  
 utilizes solid-oxide fuel cells that take animal manure 
 and food-processing leftovers and convert them to clean,  
 renewable energy. Benefit to the Buckeye State: Ohio’s  
 biomass is capable of producing at least 65 percent of the 
 state’s residential electricity needs.

tURning waste into eneRgy: 
oaRdC takes ChaRge in bioRenewables ReseaRCh 
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OARDC scientists are converting 
animal manure and food 
processing waste into clean, 
renewable energy.
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Ohio Agricultural Research and Development Center research 
enables Ohioans to grow and serve profitable niche markets, work 
that boosts incomes for small farmers, processors, and marketers 
and meets consumer demand. Specialties include grass-fed 
beef, organic bread wheat, fish and shrimp, and fresh fruits and 
vegetables — all from here in Ohio.

•	 OARDC	animal	scientists	Francis	Fluharty,	Paul	Kuber,	and 
 Henry Zerby — teaming with Leah Miller of OARDC and 
 Ohio’s Small Farm Institute (SFI), Parker Bosley of Cleveland’s 
 North Union Farmers’ Market, and an Ohio grazing-farmer 
 group — spearhead an effort to raise, process, and market 
 grass-fed beef cuts. Among their goals: to improve grass-fed 
 nutritional strategies; to evaluate, then teach, high-value 
 French meat-cutting techniques; and to offer consumers 
 leaner, healthier meat. 

“The neat thing about this project,” says Miller, who serves as 
SFI director, OARDC Advisory Council facilitator, and stake-
holder coordinator of OARDC’s Agroecosystems Management 
Program, “is that everybody gets a ripple effect — farmer, 
processor, marketer, consumer. It’s not just one person in the 

system that benefits.”

•	 The	Ohio	Farm	Family	Beef	Industry 
 Network, started with support from 
 OARDC, today links 80 small farmers 
 and meat processors. They sell branded 
 beef products, Ohio Signature Beef,  
 and Ohio Heritage Beef, through more 
 than 30 retailers and annually earn 
 $11 million. 

•	 Ohio	fish	farmers,	backed	by	OARDC 
 research, have nearly doubled their 
 sales in the past 10 years. For example, 
 twenty-five farms, up from two in  
 2001, now raise freshwater shrimp. 

OARDC scientists first proved the practice would work here. 
Current projects include breeding bluegill and yellow perch that 
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grow 40 percent faster; the fish reach market sooner, are bigger, 
and are worth more money. 

•	 Ohio’s	wine	industry,	a	niche	player	nationally,	is	booming.	 
 Long-term collaboration with OARDC scientists has led to 
 more than 80 wineries, up from 37 in the past 10 years. Annual 
 harvest: 3,000 acres of wine grapes, 800,000 gallons of wine, 
 and $70 million in revenue.

•	 Joe	Kovach	of	OARDC’s	Integrated	Pest	Management	Program 
 studies ecologically designed  “polyculture modules” — inten- 
 sive fruit and vegetable plantings that gross up to $100,000 per 
 acre per year. OARDC vegetable researcher Matt Kleinhenz 
 evaluates high tunnels — unheated structures that let farmers 
 grow produce 11 months out of the year. Both systems target  
 the niches for local, naturally grown foods.

•	 Deb	Stinner	of	OARDC’s	Organic	Food	and	Farming	Educa-	
 tion and Research Program leads a team developing high- 
 quality Ohio-grown spelt (a wheat relative) and hard winter 
 wheat (for now mostly grown out West). Both are used in and 
 needed by artisan breads. As it is, most Ohio wheat is of the 
 lower-value soft type, best for products such as crackers. 
 Project partners include Wooster’s Broken Rocks Cafe and 
 Bakery, Hudson’s Great Lakes Bakery, and Holmes County’s 
 Berlin Natural Bakery and Green Field Farms Amish organic 
 cooperative. Organic hard wheat earns $7 per bushel versus 
 $4 for soft. 

“If we can find ways to give products added value, to make it 
not as hard for farmers to make a living producing them, that’s 
what I mean by ‘ripple effect,’ ” Miller explains. “We create 
additional opportunities.”

niChe maRkets boost ohio inCome
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Michael Mariola (left) of Wooster’s South Market 
Bistro and Parker Bosley, North Union Farmers 
Market, Cleveland, backed by OARDC research, 
can serve a new niche: specialty cuts of grass-
fed beef.

Ohio Signature Beef 
taps OARDC expertise 
as it sells branded beef 
products.
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