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In V iv o

Dean Kate VandenBosch

Recruiting and Retaining the Best
Few people inspire students as much as our professors. When I ask students

about their most important experiences at CALS, almost invariably they talk
about professors who have changed their lives—how, as researchers, teachers
and mentors, professors opened their eyes to new fields of knowledge and new
ways of envisioning their own futures.
But our professors don't only provide inspiration. They are the lifeblood of
our college, bringing in more than $100 million in research grants each year as
they make discoveries across campus and around the world. It is essential to our
long-term success that we continue to recruit and retain top-notch faculty.
One of the best ways to do this—and one of our best tools as we compete
with other universities—is through private support to create named
professorships and chairs, prestigious titles (with accompanying funding)
awarded to faculty of distinction. Private support will allow us to maintain our
tradition of faculty excellence into the future, and also help us use state funds
more efficiently.

“Our professors are the lifeblood of our college.”

We already had the good fortune of offering a number of named
professorships at CALS. But thanks to the generosity of donors John and
Tashia Morgridge, we are now in a position to offer several more. The
Morgridges honored the University of Wisconsin–Madison with a
$125.1 million gift providing a 1-to-1 match for any other donor who made
a contribution to endow a professorship, a chair or a distinguished chair—
a tremendous gift that ended up more than tripling the university’s number
of fully endowed professorships and chairs.
CALS has reaped the benefits of the Morgridges’ generosity. Their
donation allowed us to establish:
■ The Owen R. Fennema Professorship in Food Chemistry, matched by
a group of donors led by James Behnke MS’68 PhD’72 and Daryl Lund MS’65
PhD’68, a former professor of food science;
■ The Henry C. Taylor Professorship in Agricultural and Applied
Economics, matched by a gift from Robert Miller MS ’59 PhD ’67;
■ The Patrick Walsh and Noreen Warren Endowed Professorship in
Biological Systems Engineering, matched by a gift from BSE emeritus
professor and department chair Patrick Walsh and his wife, Noreen Warren;
■ The Clif Bar and Organic Valley Chair in Plant Breeding for Organic
Agriculture, matched by gifts from those two companies;
■ The James F. Crow Professorship in Genetics, named for the late emeritus professor James F. Crow, matched by gifts from a group of donors; and
■ A soon-to-be-named chair in bacteriology, now in the final stages of
planning.
We thank all these donors for their generous gifts, which will go a very
long way toward “growing the future” at CALS.
If you wish to learn more about private support for professorships, please contact
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On Henry Mall
News from around the college

Going for the Gut
A CALS-based start-up offers an antibiotic alternative to animal producers
Eggs from these hens
contained antibodies
that were used to test the
antibiotic replacement.

off-switch inside the intestine, the site of
major farm animal infections such as the
diarrheal disease coccidiosis.
“People have manipulated the immune
system for decades, but we are doing it in
the lumen of the gastrointestinal system.
Nobody has done that before,” Cook says.
Cook vaccinates laying hens to create
antibodies to IL-10. The hens transfer
the antibody to their eggs, which are then
blended, pasteurized and sprayed on the
feed of the animals he wants to protect.
The antibody neutralizes the IL-10 offPhoto Courtesy of Mark Staudt, WARF
switch in those animals, allowing their
How do we keep food animals healthy when bacteria
immune systems to better fight disease.
and other pathogens are so good at outsmarting
In experiments with more than 300,000 chickens,
drugs intended to work against them?
those that ate the antibody-bearing material were
In an innovation that holds great promise,
fully protected against coccidiosis and other gastroCALS animal sciences professor Mark Cook and
intestinal diseases that commonly affect poultry.
scientist Jordan Sand have developed an antibioticSmaller tests with larger animals also show promfree method to protect animals raised for food
ise. In one example, animal sciences professor Dan
against common infections.
Schaefer and his graduate research assistant, Mitch
The innovation comes as growing public concern Schaefer, halved the rate of bovine respiratory disease
about antibiotic resistance has induced McDonald’s,
in beef steers by feeding them the IL-10 antibody for
Tyson Foods and other industry giants to announce
14 days.
major cuts in antibiotic use in meat production.
Cook and Sand, who have been working on the
About 80 percent of antibiotics in the United States
IL-10 system since 2011, are forming Ab E Discovery
are used by farmers because they both protect against LLC to commercialize their research. One of the
disease and accelerate weight gain in many farm
four patents they have filed through the Wisconsin
animals.
Alumni Research Foundation has just been granted,
The overuse of antibiotics in agriculture and
and WARF has awarded a $100,000 Accelerator
human medicine has created a public health crisis of
Program grant to the inventors to pursue the
drug-resistant infections, such as multidrug-resistant antibiotic-replacement technology. The Discovery
Staphylococcus aureus (MRSA) and “flesh-eating
to Product partnership between UW and WARF
bacteria.”
played a key role in helping Cook and Sand prepare
“You really can’t control the bugs forever; they
it for commercialization.
will always evolve a way to defeat your drugs,” says
Cook has already turned his research and some
Cook.
40 patented technologies into start-up companies
Cook and Sand’s current work focuses on a
including Aova Technologies, which improves
fundamental immune “off-switch” called Interleukin
animal growth and feed efficiency, and Isomark LLC,
10 or IL-10, manipulated by bacteria and many
which is developing a technology for early detection
other pathogens to defeat the immune system during of infection in human breath.
infection. He and Sand have learned to disable this
—David J. Tenenbaum
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Stay Longer in the Kickapoo
CALS researchers help extend the tourist season in Wisconsin’s scenic west

Photo courtesy of Kickapoo Valley Reserve

Natural beauty: A rock
bluff along the Kickapoo
River, one of the area's
many draws for tourists.
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The Kickapoo Valley is a picturesque area of western Wisconsin that attracts many visitors during
the summer. But to improve economic development throughout this rural region, many residents
and business owners want to lengthen the tourism
season—and CALS/UW–Extension researchers are
helping them make plans to do so.
“We’re fairly busy in the peak season, but tourism
drops off in the shoulder months,” says Sadie Urban,
the events coordinator for the Kickapoo Valley
Reserve, an 8,500-acre natural and recreational area.
“There’s still a lot to do in the area during those
times, but we don’t really see the tourists then.”

To form a plan of action to attract new visitors,
the Kickapoo Valley Reserve applied for funding help
from the Kickapoo Valley Reforestation Fund, also
known as the Ralph Nuzum Fund. The fund supports projects that enhance the ecological, economic
and social well-being of Kickapoo Valley residents.
As part of the grant, Urban and her colleagues
needed a University of Wisconsin partner—and Bret
Shaw, a CALS professor of life sciences communication, was the right fit for the project.
“I’m interested in the intersection of tourism, sustainability and economic development, so
this project was right in my wheelhouse of market
research and helping rural communities,” says Shaw,
who also has an appointment with UW–Extension as
an environmental communications specialist.
Shaw started work in the valley by talking with
stakeholders and identifying the goal of attracting
tourists during the shoulder months. He and graduate student Heather Akin then surveyed Kickapoo
Valley visitors and wrote a report about tourist
demographics, behaviors and feelings. The full report
is available at http://go.wisc.edu/kickapoo.
Community organizations in the Kickapoo
Valley are using Shaw’s findings to influence their
marketing materials and plan new events. Research
indicated that excitement, adventure and foodrelated experiences would attract visitors. An immediate response was the Kickapoo Reserve Tromp and
Chomp, a new trail run held in May featuring postrace meals by local chefs and growers. Urban says
the event brought at least $6,400 tourist dollars into
local economies—and that it will be held annually.
In addition to consulting on new events, Shaw is
involved in the Ralph Nuzum Lecture Series, which
introduces valley residents to experts on topics such
as agriculture, wildlife and sustainability. Shaw also
helped establish an Extension video channel to share
those lectures with a broader audience and showcase
the valley in general. Videos are available at http://
uwexvideochannel.org/.
Shaw is optimistic that these ongoing collaborations between UW–Madison, UW–Extension and
the Kickapoo Valley Reserve will produce the desired
increase in tourism and economic development.
“Each time we attract a new visitor, that person
spends around $140 if they stay overnight, so we’d
like to see these events continue to help local businesses and residents,” Shaw says.
—Caroline Schneider MS’11

Moth Mating, Disrupted
CALS researchers deploy insect “birth control” to protect cranberries
It’s no fun being a male moth in one of Shawn
Steffan’s cranberry research plots. When the time
comes to mate, it’s tough to find a partner.
Here’s why: Using an approach known as
pheromone-based mating disruption, Steffan and his
team dot their test fields with hundreds of dollops
of pheromone-infused wax—known as SPLAT® for
short—that give off the scent of female moths ready
to mate.
The males can’t tell the difference between the
pheromone plume emanating from the SPLAT versus the real thing—and many die before they are able
to home in on a real partner.
“We throw a wrench into their communication
system with lots of false plumes. In essence, it’s moth
birth control,” explains Steffan MS’97, a CALS professor of entomology and a USDA entomologist.
Wisconsin is the nation’s leading producer of
cranberries, growing more than all other states combined. Insect pests are a perennial problem, and while
growers have insecticide sprays that largely do the
job, notes Steffan, there’s room for improvement—
especially in the interest of saving pollinators such as
the honeybee.

“One of the typical spray-timings for the cranberry fruitworm is when the adult moths are flying,
which is right during bloom when the honeybees are
out,” explains Steffan. “That’s one of the huge drivers
behind pheromone-based mating disruption—to
avoid spraying when pollinators are active.”
In addition to such environmental benefits, this
approach could also have a major impact on growers’
bottom lines. With growers doing fewer pesticide
applications, the state’s cranberries should have an
easier time entering European and Asian markets,
which have stricter rules about pesticide residue
levels.
“Wisconsin fruit has sometimes failed to meet
those standards,” says Steffan, “but mating disruption
is poised to change that.”
Growers of all stripes are eager to get their hands
on this new option, including organic growers, who
need more pest control options. “This will give them
a powerful new tool,” says Steffan.
To speed things along, Steffan and his team are
hard at work trying to mechanize the application
of SPLAT. They are particularly excited about the
potential of unmanned aerial vehicles (UAVs, better
known as drones) and are
working with Brian Luck,
a CALS/UW–Extension
professor of biological
systems engineering, to
build the perfect UAV for
the job.
Steffan’s team is also
exploring reformulating the SPLAT recipe. It
currently works against
two of the state’s top three
cranberry pests: the aforementioned cranberry fruitworm and the blackheaded
fireworm. But they want to
go for the trifecta by adding the pheromone for the
sparganathis fruitworm.
“I think this would be
the first-ever three-species
mating disruption blend,”
says Steffan. “That’s what I
dream about.”

Entomologist Shawn
Steffan poses with
SPLAT (in beaker) and
a UAV—but the UAVs
to be used in SPLAT
application, now being
built in partnership with
BSE professor Brian
Luck, will be bigger and
better.

—Nicole Miller MS’06
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Move Over, Beer
UW–Madison’s first enologist, based at CALS, will aid Wisconsin’s wine and cider industry
Wisconsin is known for fermented products like
cheese, pickles and beer. But now it’s adding even
more to that blossoming list: wine and cider. And
the Badger State’s 110 wineries and commercial cider
makers now have a new resource to help them compete: Nick Smith.
Since he started at CALS earlier this year as the
university’s first wine and cider outreach specialist,

Photo by Kelly April Tyrrell

Nick Smith and
fermentation
equipment in his
lab in Babcock Hall.
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Smith has been traveling the state, knocking on doors
and meeting Wisconsin’s wine and cider makers.
Wine grapes can be difficult to grow in
Wisconsin since most varieties prefer warmer climates, but after years researching wine and working
with growers in Minnesota, Smith is confident there’s
a market for it here, too, given the state’s legacy of
fermented products, bustling tourism industry and
agricultural diversity.
Smith’s also interested in helping producers realize profits in cider, where it can be hard to compete
with large cider makers who sell product for the
price of craft beer. “It’s a relatively rapidly growing
industry, especially for cider, which is one of the
fastest-growing market segments in terms of percentage growth year after year,” he says.
Smith has blazed a meandering trail to his current
position. He was a 19-year-old business management major at the University of Minnesota the day

he caught the wine and beer bug. He was making a
delivery for one of his campus jobs when he noticed a
certain shop across the street.
“There was a homebrew shop right there on
campus—I think it was owned by a retired microbiology professor,” he says. “I thought: ‘What is that?’
and instantly, I was hit. It never occurred to me that
you could homebrew.”
Smith ended up taking numerous food
and fermentation science classes. He then
spent a year studying beer and winemaking
at Oregon State University before taking a
job as a chemist for a commercial winemaker in California.
But the draw back to the Midwest was
strong, and he took a position as a research
winemaker at the University of Minnesota,
where he spent eight years preparing small
batches of wine for tasting analysis based
on the selections of grape breeders. He also
earned a master’s degree in food science.
Just prior to joining CALS, Smith
was working as a winemaker in Rochester,
Minnesota, but the opportunity to
build something from the vineyard (and
orchard) up in Wisconsin was too good to
turn down.
Since his arrival, Smith has participated
in workshops hosted by the wine industry
and is gathering input and information
about the needs of wine and cider makers
in Wisconsin. Many, he says, are new to commercial
production and are looking for advice and help in
scaling up from homebrew or commercial smallbatch operations.
Smith, who is funded by state and industry
grants, is working with the Wisconsin Winery
Association to develop educational outreach tracks
for conferences, find speakers and develop short
courses for industry, much like the CALS-based
Center for Dairy Research, which he says serves as
a good model for developing outreach and viticulture partnerships. As examples, over the summer he
hosted an industry workshop on sparkling wine production, which he expects to be a profitable segment
of the market in Wisconsin, as well as a preharvest
workshop on aspects of fermentation chemistry in
winemaking. This fall he’s hosting regional winemaker roundtables at three wineries around the state,
offering winemakers an opportunity to meet and

discuss wines they are producing.
Smith’s also working to get a fermentation lab bubbling in Babcock Hall, where he currently shares space
with ice cream and other frozen-dessert researchers.
He may also take students interested in making wine
and cider for an independent study course, similar to
a beer-brewing course recently led by Jim Steele, head
of the fermented foods and beverages program in the
Department of Food Science. The department plans
to soon offer an undergraduate certificate in fermented
foods and beverages.
Smith hopes the revenue generated from workshops will fund additional research on how grape
growing affects flavor and aroma development.
Wisconsin is, after all, fertile terroir: roughly 10 new
wineries, 10 new breweries and 10 new distilleries pop
up in the state each year.
“It’s a growing industry, and it’s going to grow without us,” he says. “But the UW can help it grow better.”
—Kelly April Tyrrell
Photo by Wolfgang Hoffmann BS’75 MS’79

New Face in the Garden
BEN FUTA has one of the most beautiful workplaces on
campus. And, as the new director of the CALS-based Allen
Centennial Gardens, he loves the opportunity to connect
Photo by Bryce Richter / UW Communications

visitors with its many splendors.
“What I like most is connecting people with plants,” says
Futa. “People come in and say, ‘I’ve never seen this plant. What
is it?’ Or they ask, ‘How do you get away with growing this in
Wisconsin?’ And you get to share something with them.”
Futa comes to Allen from Fernwood Botanical Garden
and Nature Preserve in Niles, Michigan, where he started
as a horticulturist and eventually became manager of
horticulture. Futa, who studied sustainability at Indiana
University South Bend, also did an internship at Lurie Garden
in Chicago’s Millennium Park.
Futa is already revitalizing Allen with a newly established
year-round internship program offering students hands-on
experience in the areas of public garden leadership, education
and community programming, marketing and outreach, and
plant records management. Another new program is Tai Chi in the
Garden, offered in partnership with the Tai Chi Center of Madison.

All these efforts, Futa says, are intended to preserve and
enhance Allen’s welcoming environment as the campus’ artful
living laboratory.
“You don’t have to know a thing about plants,” Futa says.
“Just come out and embrace the space.”
| Learn more at allencentennialgardens.org
Fall 2015 grow
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classAct
Sarah Krier

Raising “Little Aldos”
Sarah Krier, a junior majoring in environmental studies
and life sciences communication, had already spent two
seasons as a camp counselor in
Hudson. But this past summer
she wanted to do something
deeper: impart the teachings of
Aldo Leopold to young people.
In particular she wanted
Photo Courtesy of Sarah Krier
to draw from a recent massive
open online course (MOOC), “The Land Ethic Reclaimed:
Aldo Leopold, Perceptive Hunting, and Conservation,” featuring wildlife ecology professor Tim Van Deelen.
“I never fully appreciated the outdoors until my dad took
me hunting when I was 12. For the first time I felt that nature
is a community I’m a part of,” says Krier. While hunting was
not on the camp’s agenda, the course’s overarching concepts
certainly could be: “I wanted every child to be able to form a
personal connection with the outdoors.”
For the “Little Aldos” project, as it was called, Krier
received a Wisconsin Open Education Community
Fellowship, an award totaling up to $6,000 offered by the
Division of Continuing Studies and the Morgridge Center
for Public Service. Under the guidance of LSC professor Bret
Shaw she designed programs for younger and older campers, drawing on materials from the nonprofit Aldo Leopold
Foundation.
The YMCA Camp DayCroix offered a rich opportunity
to work with children from diverse backgrounds, many of
them from the Twin Cities. Younger children explored the
camp’s different ecosystems and engaged in fun activities
(wildlife observation, planting sugar maples) developed as an
accompaniment to Leopold’s A Sand County Almanac. They
kept nature journals in which to draw and write about their
experiences.
Older campers built Leopold benches and led a project
implementing a compost system for the camp’s food waste.
While Krier had nearly 80 kids in her programs throughout
the summer, these activities extended her reach to many more
of the season’s some 3,000 campers.
She feels she met her goal of helping children form a
personal connection with nature.
“Every kid’s connection was a little bit different. Some
kids really got into bug catching. Others dove into their journals,” Krier says. “We had kids who had never actually seen a
chicken. For them to come and say ‘I eat chicken all the time,
and that’s what it looks like?’ is just a really cool way for them
to have that connection to nature.”
10
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—Joan Fischer

NAMED World Agriculture Prize laureate, Rajinder P.
Singh MS’72 (Biological Systems Engineering), for decades

of breakthrough research in food engineering and establishing
food engineering programs at numerous institutions around
the world. Singh is a distinguished professor emeritus at the
University of California, Davis.
APPOINTED chair of the President’s Committee on the
National Medal of Science by President Barack Obama,
Judith Kimble, Vilas Professor of Biochemistry. Kimble, a
member of the National Academy of Sciences, has served on
the committee for several years.
WINNERS at the National Weed Olympics, the UW–
Madison Agronomy Weeds Team (photo, left to right:
Danielle Edelburg, Katelyn Van Treeck, Nick Maurer,
Matt Richmond, Anne Radtke and Madeline Fischer).

RECIPIENTS of Alfred Toepfer Faculty Fellow Awards:

Chris Hittinger (genetics) and Garret Suen (bacteriology).

The one-year award is bestowed on pre-tenure faculty whose
research benefits agricultural activities within the United
States.
APPOINTED Beers-Bascom Professor in Conservation,

Timothy Van Deelen, a professor in the Department of

Forest and Wildlife Ecology. The appointment is for a fiveyear term.
NAMED William C. Winder Bascom Professor, James
Steele, a professor of food science. The recipient is appointed

for a five-year term.

Number
Crunching

1,065

GIFTS

were contributed to the CALS
Annual Fund this summer
in a special campaign that
exceeded the $100,000 match
available. Thanks to each and
every donor for contributing to
the success of this effort!

F ront Lis t

Five things everyone should know about . . .

Nutmeg
By Johanna oosterwyk

1

l It’s not a nut. nutmeg is the seed

kernel inside a yellow fruit of the
nutmeg tree, an evergreen native

to the Molucca islands (sometimes
called the Spice islands) of
indonesia. Whole nutmeg seeds
are oval, brown and about an inch
long, with a nutty aroma and
taste—but they don’t pose a risk
to people with nut allergies.

2

l This beloved holiday spice

can be dangerous. But only in

fairly large amounts. it takes two
tablespoons or more to produce
symptoms of nutmeg poisoning,
toxicologists say. Those symptoms
may include acute nausea, dry mouth,
dizziness and a slowdown of brain
function to the point where victims
experience blackouts. Higher doses can
cause shock and hallucinations.

3

l That’s due to the nutmeg’s essential oil. Myristica, as the oil is called, contains myristicin,

a narcotic that functions in the plant as a natural insecticide. nutmeg also—as do its frequent
recipe companions, cinnamon and clove—acts as an antibiotic.

4

l Nutmeg has other medicinal properties as well. Consumed in small doses, nutmeg can serve

as a digestive aid in reducing flatulence and indigestion, and can also help treat nausea and

diarrhea as well as lower blood pressure. Applied topically, it can offer pain relief and has been
used for rheumatism, mouth sores and toothache.

5

l Nutmeg was more valuable than Manhattan. By the 16th century, nutmeg—coveted as a

flavoring, hallucinogen, alleged aphrodisiac and deterrent to the plague—was being sold by

european traders at a 6,000 percent markup. The Dutch soon wrested control of all the nutmegproducing Moluccas except for a tiny island called Run, which was controlled by the British.
At that time, Run seemed more valuable than Manhattan, then under Dutch control as new
Amsterdam. in order to seal their nutmeg monopoly, the Dutch gave the British new Amsterdam
in exchange for Run. it seemed like a good idea.

Johanna oosterwyk, a faculty associate in the Department of Horticulture, is manager of the DC Smith greenhouse, a facility that provides plant-growing space for the instructional needs of departments and programs
of the College of Agricultural and Life Sciences.
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Even Cows are “Texting”
Modern communication systems allow dairy farmers to more efficiently monitor the health,
milk yield, movement and other metrics of both herds and individual cows by cell phone,
says Doug Reinemann.
Interview by Sevie Kenyon BS’80 MS’06

g What kinds of things are cows texting their owners?

D

ouglas J. Reinemann

is a professor and chair of
the Department of Biological
Systems Engineering at
UW–Madison and a milking
equipment/energy specialist
with UW–Extension. His
research focuses on machine milking, energy use
and energy production in agricultural systems.
He is a member of the sustainability group of
the UW–Madison-based Great Lakes Bioenergy
Research Center, where he examines environmental
impacts of biofuels production systems. He also
leads UW–Madison’s “green cheese” team, which
investigates synergies between dairy and biofuels
production systems in Wisconsin. Reinemann has
directed activities of the UW Milking Research and
Instruction Lab since 1990. His extensive work
with machine milking includes serving as the U.S.
representative and chair of the International Dairy
Federation’s working group on machine milking as
well as the U.S. representative on machine milking
committees with the International Standards
Organization. He also has chaired machine
milking committees with the American Society
of Agricultural and Biological Engineers and the
National Mastitis Council.
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This is a development that’s come about through the implementation of robotic milking systems. A robotic milking
system has a computer for a brain, and, of course, computers can communicate with us, so dairy farmers have the
option of selecting what sorts of information they’d like to
get from the dairy herd and how often and when they’d like
to get that information.
For example, earlier this year I was at the National
Mastitis Council meeting and some dairy farmers there
were frequently checking their cell phones to monitor what
was going on back home—how’s the robot doing, are the
cows showing up to be milked, is the machine working—
and even tracking individual cows’ health status and milk
production. How’s this cow doing today?

g What kind of information is texted to a cell phone?

There are several levels of alert. There are more important
things such as, for example, if the machine breaks down
and it’s not working—that’s a very high level of alert. And
the computer will call you up on your phone and say, “We
have a problem with unit No. 2, it doesn’t seem to be operating. Come out and have a look at it or send someone to
have a look at it.”

g What other kinds of information are dairy farmers

collecting from their herds?

With robotic milking in particular, but also in conventional parlors, we can collect the most basic information—
milk yield, for example, so that we know how much the
cow is giving at each milking. With that information you
can determine that if today’s yield is down by a certain
percentage, you might want to have a look at that cow.
That’s a text message you might receive: “Cow No. 3765,
Elsie, is down to half of what we should expect, and you
might want to have a look at her today.”

g What are some advantages of this kind of technology

on the dairy farm?

It falls into the general category of precision agriculture.
This kind of information allows a dairy manager to track
individual cow information, as opposed to the more general
trend in the industry toward group management in the last
decade or so. This is a move back toward more individual
cow management, which allows the farm to be more
efficient.

Photo by Mark Hoffman/Milwaukee Journal Sentinel

Showing some bling: The elaborate
collar connects the cow to a robotic
milking system that transmits information about the cow via cell phone
and/or other electronic devices.

g You mentioned that this is “too much information’ for
some farmers. . .

[Laughs] The game changer with robots is that when a robot
is milking the cow, there’s not a person standing there. That
really created the need for some kind of automated communication system. The robot has to be able to communicate
with a human being in the event that something goes wrong.
When you install a robot, one of the big questions is, “Who
gets the call?”
Some farmers think that this is just fantastic. They say,
“I don’t have to worry about the robot, I can just let it run,
and if something goes wrong, it will give me a call and then
I’ll go look at it, but otherwise I don’t have to worry about it.”
On the other hand, you have people who hate it because
they say, “I’m always on call and I’m always nervous about
getting the call, and it’s driving me crazy!”
So that’s a really interesting dynamic, I think. And it
raises all kinds of questions. Do we trust this technology?
Do we want the information? We certainly want to know
when something’s going wrong—but on the other hand,
sometimes we really don’t.

g What other information can be collected on a
dairy cow?

Right after milk yield, mastitis detection is near the top of
the list. Even in conventional parlors we have ways of detecting
whether a cow might be developing a mastitis infection. But in
a robotic milking system, that detection technology is more
sophisticated.

g How about feed management, walking activity. . .

There’s a whole variety of sensors that tell us about different
aspects of cow activity. The one we’ve been using the longest
would be a simple pedometer to tell us how many steps the
cow is taking. I recently got a Fitbit myself, so now I’m counting my steps as well.
Activity monitoring is used for a number of things,
primarily reproduction—it’s used for heat detection—
but it also can be used for lameness detection. And more
sophisticated systems can actually locate the cow in the barn,
so we know whether the cow is in the feed bunk or whether
she’s lying down. That allows us to look at time budgets, the

percentage of time spent resting or
eating. An even more sophisticated
technology detects the rumination
activity of a cow. Rumination monitors
can be put in the rumen, like a large
pill, and they transmit information
wirelessly.

g How does such up-close information about the rumen

help a dairy farmer?

It’s used to manage nutrition. Cows are ruminants, and
rumination is what drives milk production, so a decrease in
rumination activity is an indication that there is something
wrong either with animal health or potentially something
wrong with the dairy ration.

g What resources are available to help farmers adopt

these new technologies?

I actually ran a series of user groups for managers of milking
parlors, which we established through UW–Extension agents.
We got milking parlor managers together and talked about
what technologies they were using and how they were using it.
It was a very effective way to break the chicken-or-egg
syndrome. You don’t really know what the technology can do
for you until you actually start using it. And you don’t even
know how to go about using it unless you know what it can do
for you. The user groups are farmers saying, “I tried this and it
really helped.”
One of the challenges is, salespeople sometimes make big
promises about what their technology can do, and it can’t
really do it. So people become hesitant. Once you’ve had a
few experiences with some technology that promises you the
world and then it doesn’t work, it sours you on technology in
general. User groups are a way to get feedback from someone
who’s tried it and can confirm that it’s helpful in managing
dairy operation.
There are also user groups organized by companies that
produce a particular technology, including robotic milking.
These companies seem to be doing a good job facilitating
user groups.

g Look into your crystal ball. Where can this go from

here?

The move toward automation in dairy farming has been
steadily progressing over the last 100 years. So this progression
is really just a continuation of more automation in the dairy
industry. What that means for dairy producers is economic
efficiency, better animal welfare and better quality of life for
the cow and the farmers. g
Fall 2015 grow
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MEXICO

❍
Mapping the roots of
poverty and inequality

Photos courtesy of Emily Sellars

A village and countryside
in the state of Guanajuato
in north-central Mexico,
one of the areas in which
researchers traced the
history of land use and
ownership.
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What makes development projects work? Jennifer
Alix-Garcia, a professor of agricultural and applied
economics, is diving deep into Mexico’s history to
shed light on that question. Specifically, she seeks to
illuminate what political, climatic and epidemiological events in 16th-century Mexico tell us about the
country’s modern agrarian system—and what role
history played in defining the present.
When Spanish conquistadors arrived in Mexico
in 1519, they found an advanced society of about
25 million people. Only six decades later, European
diseases and local plagues, coupled with the severest
drought in 600 years, had killed 90 percent of the
native population. It was one of the worst demographic collapses in human history.
“Such radical depopulation had to have a large
impact on the institutions developed by the Spanish

colonists,” explains Alix-Garcia. In particular, the
population collapse enabled the colonists to claim
land once farmed by those who had succumbed to
pestilence. This led to the formation of large landholdings (haciendas) that dominated the Mexican
economy and society for generations.
“The hacienda owners were able to control the
labor force because they owned most of the land,”
says Alix-Garcia. Worker shortages led to coercive
labor practices that mimicked European feudalism
or even slavery.
Though the hacienda system no longer exists,
Alix-Garcia and graduate student Emily Sellars
PhD’15 show that it continues to shape Mexico’s
development. During the 20th century, more than
half the nation’s land was redistributed in one of
the largest agrarian reforms in history. Haciendas
were dismantled and peasants were given commonproperty parcels—or ejidos—that allow for limited
farming rights without direct ownership.
Using data on population and land ownership
from colonial days to the present, the team has
mapped patterns of land distribution in modern-day
Mexico. They find that areas with the highest depopulation saw the greatest increase in land inequality, which subsequently led to high demand for land
reform.
“We’re using events occurring four centuries
before the reform to predict its intensity,” says
Alix-Garcia. “We hope this will help us understand
the role of land redistribution on the well-being of
today’s rural communities.”
Despite decades of agrarian reform efforts
around the globe, evidence on their development
impact remains elusive. Recent studies in India and
South Africa show poverty reduction effects, but the
particular case of Mexico’s reform defies the pattern.
“I want to map Mexico’s development outcomes
so that we can see if our theories about the power of
institutions are correct,” Alix-Garcia says. “If we can
recognize the fundamental sources of inequities in
society—the importance of specific local institutions
embedded in a long history—we can design policies
that truly encourage economic growth.”
—Barbara Forrest BS’76

MIDDLE EAST

Improving water policy
in an arid region

❍

Political conflict in the Middle East is a constant
source of media attention, but Samer Alatout, a
CALS professor of community and environmental
sociology, focuses his efforts on a serious but less
heralded struggle: how to best manage fresh water in
a region that has so little.
Alatout, an expert on environmental policy in
the Middle East, received Fulbright funding last year
to advance his research on water policy—work that
took him back to his hometown of Nablus, in the
northern West Bank.
There he taught at An-Najah National University
and established a number of research partnerships
with Palestinian colleagues. He gathered valuable
information about water policy in the region for
these new collaborative projects, for his broader
research program and for his forthcoming book,
Water History and Politics in Historic Palestine: From
Empire to Globalization, 1750–2009.
In one of those projects, Alatout is assessing the
interplay of administrative units that have jurisdiction over water resources in the Palestinian territories—but that don’t always work together “in the
most efficient or equitable way,” notes Alatout. He
and his collaborator will analyze conditions on the
ground and propose recommendations. “This project
Photo courtesy of Samer Alatout

is about building better institutional mechanisms to
solve administrative overlap among agencies,” Alatout
explains.
In another project he looks at policies governing how Palestine and Israel share water resources,
including the large mountain aquifer that sits
beneath them. The goal is to find alternative ways for
sharing the water that are more equitable—and work
for all parties.
“It’s about how to negotiate productive solutions
for managing trans-boundary water resources,” says
Alatout. “In particular, how do you create win-win
solutions, so that water access in Palestine can be
increased without affecting Israeli communities in a
negative way?”
Another big-picture goal arose from Alatout’s
Fulbright trip: to help build the institutional
relationship between UW–Madison and An-Najah
National University, with the long-term objective
of helping Palestinians tackle some of the tough
environmental and agricultural challenges they face.
These include arid climate, pollution and soil erosion.
“Any help that UW experts can provide in terms
of research will make a huge difference on the ground
in the daily lives of people,” says Alatout. At the same
time, true to the spirit of the Wisconsin Idea and the
push for internationalization, “Getting involved in an
arid region like Palestine can be very productive for
CALS researchers,” Alatout notes. “They will benefit
greatly from facing fundamentally different issues
surrounding agriculture and water policy making.”
—Nicole Miller MS’06

Samer Alatout at a
small reservoir linked
to Al-Auja spring. The
water is distributed
to fisheries and a date
farm in nearby Jericho.
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Bitten
When it comes
to mosquitoes,
nobody wants to
be attractive
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Photo Illustration by Diane Doering based on Photo by Michael C. Thomas

By Bob Mitchell BS’76

T

here’s no ignoring it. Some of the students enrolled in this medical entomology class are

far more attractive than others. They know it, their classmates know it, and so does Susan Paskewitz,
professor and chair of the Department of Entomology.
Paskewitz describes herself as “relatively unattractive,” and she proceeds to prove it using the same test
her students have just performed. She fills a small vial with warm water, rubs it between her palms to coat
it with volatile compounds from her skin, then places the vial on top of a thin membrane stretched over
the top of a plastic container akin to an economy-sized ice cream tub. She invites a visitor to do the same.
Waiting on the other side of that membrane are 20 blood-starved specimens of Aedes aegypti,
commonly known as the yellow fever mosquito. Hungry as they are, the insects don’t show a lot of
interest in Paskewitz’s vial. They hover near where it touches the membrane, but only two or three land.
The visitor’s vial, on the other hand, is a busy spot. At least a dozen have landed and are testing the
surface with their needle-like proboscises.
“Wow,” says Paskewitz. “You’re really attractive!”
In another context, those three words could make your day. But not here. Nobody wants this kind
of animal magnetism. Nobody wants to be the person who’s cursing and slapping and reaching for the
DEET while others are calmly eating their brats and potato salad.
If you’re that person, take heart. Paskewitz can tell you a little bit about why you might have more
than your share of interspecies charisma and offer some suggestions on how to scale it back. But first,
let’s talk about why this matters.

An average American adult

outweighs an average-size mosquito
by about 30 million to one. Ounce
for ounce, that’s like the USS Nimitz
vis-a-vis a good-size duck. But while it’s
a safe bet that a 100,000-ton aircraft
carrier won’t change course to avoid a
six-pound mallard, it’s almost certain
that, on a regular basis, you change
your behavior to avoid being bitten by a
2.5-milligram mosquito.
Mosquitoes cause us to do things
we’d rather not, like dosing ourselves
with a repellent that’s sticky and smelly
and comes with a sobering warning label
(you can apply it to your kids’ skin, but
keep the bottle out of their reach), or
pulling on long pants, long sleeves, a hat
and maybe a head net on a sweltering
midsummer day.
Mosquitoes keep us inside when we’d
much prefer to go out. In the summer
of 2009, Paskewitz and environmental
economist Katherine Dickinson, of the

Colorado-based National Center for
Atmospheric Research, asked a sample
of Madison residents how they coped
when mosquitoes got fierce.
The second-most-common answer
(right after applying repellent) was to
stay indoors. About two-thirds of the
respondents said they had curtailed outdoor household activities—gardening,
yard work, sitting on the deck—in the
past month because of mosquitoes, especially in the evening hours, which, for
working people, may be the only time
available to get a little fresh air. About
a third said they had avoided outings,
and a similar share said they had avoided
outdoor exercise.
Nobody wants to be outside more
than John Bates, of Manitowish. An
author of seven books about Wisconsin’s
north woods and a naturalist by trade,
Bates leads interpretive hikes yearround—except in June: “We just kind of
throw the month out. The mosquitoes
cause too much discomfort for people

to listen to interpretation. All we can do
is keep walking. People hire me because
they want to learn more about the place
than they knew before they came. If they
can’t stop to listen, what’s the point?”
If we do venture out when mosquitoes are massing, we may not get the
experience we were hoping for. Andrew
Teichmiller, an outfitter of bikes and
paddling gear in Minoqua, recalls
mountain biking in 2014, arguably the
area’s worst mosquito year ever. “You
had to ride the complete trail without stopping, all the way back to the
parking lot, and jump in the car, quick,
because if you stopped there were 15
or 20 mosquitoes on you immediately.”
As for camping: “It’s a different type of
experience when you can’t sit by the fire
at night and tell stories. You’re forced to
run for your tent. It definitely affects the
feel of the trip.”
But let’s be clear: A ruined camping trip is far from the worst possible consequence of a mosquito bite.
Fall 2015 grow
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Mosquitoes transmit diseases that kill
nearly a million people every year and
sicken hundreds of millions. Tropical
and subtropical areas bear the brunt of
this, but no place is immune, including
Wisconsin. Malaria plagued the immigrants who settled in Wisconsin in the
1800s, and various types of encephalitis
are diagnosed on a regular basis.
But today the biggest concern is
West Nile virus (WNV). Wisconsin
has been relatively lucky since the first
case arrived here in 2002, with a total of
230 cases reported through 2014. But
all four adjacent states have had bigger
outbreaks—notably Illinois, with 2,093
cases total and 884 in its worst year,
most of them just across the border in
the Chicago area. Wisconsin’s worst year
brought 57 cases.
Most cases of WNV bring no
symptoms, according to the Centers
for Disease Control, but about one in
five can involve a fever, headache, body
18
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Entomology professor Susan Paskewitz
poses with an “artificial arm,” a device to
measure the effectiveness of mosquito
repellents without using a human
subject.

aches, vomiting and a fatigue that can
last for weeks or months. Fewer than
1 percent of WNV victims display
severe neurologic symptoms, including
disorientation, coma, tremors, seizures
or paralysis, and of those, about
1 percent die.
Nevertheless, Wisconsin residents
are bothered much more by the nuisance of biting mosquitoes than they
are worried about West Nile virus.
The Madison residents responding to
Katherine Dickinson’s 2009 survey said
they’d be willing to pay an average of
$149 for a hypothetical program to control nuisance mosquitoes, but wouldn’t
pay anything for one targeted at mosquitoes carrying WNV when risks were as
low as they were at the time (about one
case per year in Madison with a population of 250,000).
It’s not surprising to find that
attitude in Wisconsin, where mosquitoborne disease is relatively rare, but

Dickinson says that people
tend to think the same way in
places where mosquito bites
are often fatal. She observes
that in Tanzania, biting mosquitoes were a major factor
motivating people to use bed
nets. “It was a similar situation
to ours,” she says. “Some mosquitoes are more noticeable
and more of a nuisance, but
those that transmit malaria are
kind of sneaky; people don’t
feel them biting as much. In
areas where mosquitoes were
more of a nuisance, people
used the bed nets more.”
Biting-wise, there’s
an important distinction
between nuisance mosquitoes
and the ones that transmit
WNV. The former come at us
aggressively, in such staggering
numbers that they’re impossible to ignore. They remind
us to protect ourselves. Culex
pipiens, the WNV vectors, are
more subtle and harder to notice.
Nuisance mosquitoes and the WNV
carriers also show up at different times.
The most annoying biters—Aedes vexans in particular—are floodwater species
that breed after a stretch of wet weather.
Culex breed in water that stagnates during a dry spell.
“When it’s been really dry, the water
just sits in the stormwater catch basins
that are the biggest sources of the WNV
vectors,” says Paskewitz. “There’s not
enough rain to flush them. Things get
more fetid, stinkier. That’s the year when
we see a ton of Culex.”
The take-home message: If you only
grab the DEET when the biting is so
bad that you can’t stand to be without
it, you’re not protecting yourself against
West Nile virus.
“You need to protect yourself against
bites even if you’re not getting a lot of
them,” says John Hausbeck, director of

Emily Carnahan BS’14, an employee with Dane
County Public Health, checks a water sample
with mosquito larvae as part of West Nile virus
surveillance work. Undergraduate Connor
Martz worked with her last summer.

environmental health services for Dane
County and the City of Madison. “We’ll
see summers where it’s really dry and the
floodwater mosquitoes are very limited,
but we still have plenty of small pools
that the Culex can breed in.”
That “biting pressure” is something
that Hausbeck needs to stay on top
of, and Paskewitz helps with that. She
and former grad student Patrick Irwin
PhD’10 were able to characterize the
types of sites where Culex are most likely
to breed and identified alternatives for
treating them—for example, introducing fathead minnows to feed on Culex
larvae. She and her students analyze
the mosquitoes trapped in the area to
see how many are Culex and whether
they’re carrying WNV. Their data tell
Hausbeck whether he needs to issue a
public alert.
It’s important to remain vigilant.
“When West Nile first came into the

What makes you attractive?
It sounds like the topic of an article in Seventeen magazine—and, interestingly,
some of the same general categories apply whether you’re talking about your
appeal to a mosquito or to a certain someone of your own species.

Your breath. If you breathe, you’re mosquito bait. Every breath adds to
a plume of carbon dioxide (CO2 levels in your breath are 100 times that of the
atmosphere) emanating from where you stand. “That’s the big signal,” says
entomology professor Susan Paskewitz. “Insects are very sensitive to chemical
cues. They’ll zigzag to pick up the chemical as it gets stronger and stronger, circling
to narrow in on you.”

Your aroma. Once they find you, mosquitoes use chemical cues to decide
whether to land and dig in. They have a lot to sort through: You emit roughly
400 different compounds from your skin and 200 in your breath. Many mosquito
species won’t land on humans, even if they’re starved for blood. Others will bite us
in a pinch but prefer other hosts, Paskewitz says.

Your genes. Perhaps you were born to be bitten. A pilot study at the London
School of Hygiene & Tropical Medicine found that identical twin sisters were
significantly more alike in their attractiveness to mosquitoes than were nonidentical twins. Since identical twins are closely matched genetically, this suggests
that some of your Culicidae charisma is inherited. Some volatile compounds
on our skin are produced by skin cells (others are produced by bacteria),
which would be gene-regulated, the study’s authors note.

Your jeans. What color you wear matters. This is based on a series
of studies in which researchers draped different colors of cloth on human
volunteers or on robots heated to simulate human body temperatures, then
counted mosquito landings. For the most part, darker colors were more
attractive. White was least attractive, followed by yellow, blue, red
and black.

Your smelly feet. “The malaria mosquito is really attracted to
the smell of funky feet,” Paskewitz says. “It’s a classic story in medical
entomology. The compound that makes feet smell funky and attractive
to mosquitoes is the same one that causes Limburger cheese to smell the
way it does.” That compound is produced by bacteria that can accumulate
in the moist spots between your toes, and are kin to those used to culture
Limburger.

Your drinking habits. A number of researchers speculate that
drinking alcohol makes you more attractive to mosquitoes. A team in
Japan put this to the test. They asked some volunteers to drink 350 ml of
beer while a control subject did not. The percentage of mosquito landings
after alcohol consumption increased substantially. Why this happens is
unresolved, although some have speculated that people who have been
drinking are easier targets because they move more slowly.
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(Below) Undergraduate Sheniyah
McKoy is working to see if plantains
attract as many mosquitoes as
bananas.

Getting under your skin
Maybe you don’t get more mosquito bites than other people. Maybe your
body just makes a bigger deal of it. The swelling, redness and itching are
signs of your immune system kicking into gear, explains Apple Bodemer,
an assistant professor of dermatology at the UW–Madison School of
Medicine and Public Health. And some people’s immune systems kick harder
than others.
A mosquito bite involves give and take. Before drawing out up to .001 milliliters of your blood, the mosquito injects a bit of its saliva, which contains
anticoagulants to prevent clotting. You can spare the blood, but the saliva
is a problem. That’s how disease gets transmitted. And the saliva contains
foreign proteins, or antigens, that spur your immune system to create antibodies, Bodemer explains. “When antibodies bind to the antigens, it initiates
an inflammatory response, which includes the release of histamine, which
causes the blood vessels to dilate, which brings the swelling and redness and
the inflammatory mediators that are responsible for the itching.”
This doesn’t happen the first time you’re bitten. It’s the second time,
when your body has built up the antibodies, that your immune
system engages. If you get bitten enough times by the same
strain of mosquito, you may become desensitized and have
either a very mild reaction or no reaction at all to the bites.
“People often have more vigorous immune responses early in
the season and then, as the summer goes on, they don’t have
as much swelling and redness and itching,” Bodemer says. “But
when you go a winter without any exposure, you often become
resensitized.”
For the same reason, younger kids tend to have more aggressive reactions. Once they’ve had several years of mosquito exposure, their response tends to die down, Bodemer says.
As for scratching? Doctor’s orders: Don’t! “Scratching really
promotes the full inflammatory reaction. It causes more irritation, causing the blood vessels to be more dilated and further
dispersing the inflammatory mediators. It initiates a cycle of
swelling, redness and itching. If you can avoid scratching, a lot of
times the bumps will disappear.”
Antihistamines can ease the itching, she says, or you can try
a home remedy: “I paint a little clear nail polish on the mosquito
bite. That will stop the itching to some degree and allow the
people cover the bite with Scotch tape for two to four hours.
The tape stops you from scratching and when you peel it off, it
removes some of the mosquito saliva.”
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inflammation to clear up more quickly,” Bodemer says. “Some

country, people doubted it
would make it through the first
winter,” Paskewitz says. “Well,
it did persist, and in a very
short period of time it whipped
across the whole country. We’ve
had a lot of cases in new places.
First it was really bad in North
and South Dakota. Then
Colorado and Arizona. Then
Texas, Illinois. It’s really hard to
predict. And given the vagaries
of climate, we just don’t know
whether the next year it might
be Wisconsin.”

M
aybe WNV hasn’t changed
Wisconsin residents’ ideas about why

to guard against mosquito bites, but it
certainly has spurred a lot of questions

Do they love me?
Undergraduates Maggie Mumps and Cole
Nygard transferred their skin substances
onto a vial placed on top of a plastic tub
holding mosquitoes—and are counting
how many mosquitoes are drawn to it.

Photo by Wolfgang Hoffmann BS’75 MS’79

Avoiding bananas—When
she first heard the idea that eating
bananas makes you more attractive to mosquitoes, Paskewitz
raised her eyebrows. “I thought,
okay, we’ll debunk that,” she
says. She was teaching medical
entomology at the time with 24
students—enough for a robust
sample—so she made it a class
project. For several weeks, each
student ate a banana and then
performed an attractiveness assay
at prescribed intervals. “We were
really intrigued. It did look like
we were getting an increase a
couple hours after eating the bananas.”
Paskewitz repeated the trial the next
two times the course was offered, with
a few tweaks to the methodology: Half
the students ate bananas, the other half
grapes.
“The third trial was the best of
all—the strongest statistical evidence
and the most repeatable,” Paskewitz says.
“We did it three times and saw a strong
difference between the groups. Grapes
didn’t matter, bananas did. At that point
I was convinced. I think it’s real,” she
says. Does that mean you if you leave
bananas out of your picnic fruit salad,
you can skip the bug spray? Probably
not, Paskewitz says.
Because “less attractive” is not the
same as mosquito-proof, Paskewitz gets
plenty of mosquito bites, probably more
than her share, because she spends a lot
of time around mosquitoes—in the
woods doing field research, in her
garden, and in her lab. When you’re a
mosquito researcher, getting bitten
comes with the job. g

about how. There is a seemingly endless list of products and strategies, that,
according to somebody, will eliminate
mosquitoes or repel them—and since
WNV arrived, Paskewitz has been getting
questions about pretty much all of them.
“They call me to ask, ‘Would this
work or wouldn’t it?’ There is a lot of
misinformation out there and not many
good sources of information, so I realized I needed to get a better idea of what
the science was behind these things,”
Paskewitz says.
As she comes up with answers, she
posts summaries online. Her website,
http://go.wisc.edu/mosquitoes, gets
plenty of visits (55,000 last year) and
triggers a lot of calls from media from
across the nation.
A few of her findings:
Repellents can be very effective,
but comparing them is tricky. There
are lots of products with varying active
ingredients offered in different concentrations and combinations. Generally
speaking, DEET, Picaridin, IR3535, and
oil of lemon eucalyptus have good track
records. There are also a number of
other plant-based compounds—garlic,
catnip oil, vanilla and oil of cloves, for
example—for which there’s less research
and conflicting results. The website
sums all this up and gives links to more
information.

Yard traps get a thumbs-down.
“We tested those and didn’t get any
positive outcome,” Paskewitz says.
Yard traps lure mosquitoes by releasing
C02, light or octenol, a compound
contained in our breath and sweat.
Sure, they can catch mosquitoes by the
hundreds, Paskewitz says. But does this
significantly reduce the numbers that
bite you? Properly controlled studies
say “no.”
“Sonic” devices—wristbands,
smartphone apps, etc.—do better at
extracting your money than keeping
mosquitoes off your deck. “You can test
them yourself,” Paskewitz says. “Sit at
the picnic table and count how many
mosquitoes land on you, then turn on
the device and count again. Or you can
trust the research and save your money.”
Bats are busted. The idea that a
colony of bats can consume millions
of mosquitoes per night came from a
study in which someone put a bat in a
room full of mosquitoes and estimated
how many it ate. The question is, given
the choice, is that what bats eat in the
wild? Researchers who examined the
stomach contents and fecal pellets of
bats have found bigger insects, like butterflies, moths and beetles, but very few
mosquitoes. “Bat houses are great for
conserving bats,” Paskewitz says,
“but not for mosquito control.”

For more mosquito facts, myth busting
and advice for coping, visit the Wisconsin
Mosquitoes website: http://go.wisc.edu/
mosquitoes. For more information on
Wisconsin mosquitoes in the 1800s, please
see our online-only sidebar, “Wisconsin’s
Pestilent Past,” at grow.cals.wisc.edu.
Fall
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The Future, Unzipped
Biochemist John Ralph and his colleagues
have pioneered a technology that could
revolutionize how industry produces
biofuels and other value-added goods.
By Erik Ness
Lignin is a tough organic compound
that gives plants like this poplar their
structure—and it’s one of the biggest
obstacles in breaking down plants to
produce biofuel. John Ralph and his
team have created a new technology that
makes it easier to break down (or “unzip”)
the lignin in cell walls to release the
cellulose within.
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John Ralph

PhD’82

talks with the easy, garrulous rhythms of

his native New Zealand, and often seems amiably close to the edge of laughter.
So he was inclined toward amusement last year when he discovered that
some portion of the Internet had misunderstood his latest research. Ralph—a
CALS biochemist with joint appointments in biochemistry and biological
systems engineering—had just unveiled a way to tweak the lignin that helps give
plants their backbone. A kind of a natural plastic or binder, lignin gets in the
way of some industrial processes, and Ralph’s team had cracked a complicated
puzzle of genetics and chemistry to address the problem. They call it zip-lignin,
because the modified lignin comes apart—roughly—like a zipper.
One writer at an influential publication called it “self-destructing” lignin.
Not a bad turn of phrase—but not exactly accurate, either. For a geeky science
story the news spread far, and by the time it had spread across the Internet, a
random blogger could be found complaining about the dangers of walking
through forests full of detonating trees.
Turning the misunderstanding into a teachable moment, Ralph went image
surfing, and his standard KeyNote talk now contains a picture of a man puzzling
over the shattered remains of a tree. “Oh noooo!” the caption reads. “I’ll be
peacefully walking in a national park and these dang GM trees are going to be
exploding all around me!”
That’s obviously a crazy scenario. But if the technology works as Ralph
predicts, the potential changes to biofuels and paper production could rewrite
the economics of these industries, and in the process lead to an entirely new
natural chemical sector.
“When we talk to people in the biofuels industry, what we are hearing is that
creating value from lignin could be game-changing,” says Timothy Donohue, a
CALS professor of bacteriology and director of the UW–Madison-based Great
Lakes Bioenergy Research Center, where Ralph has a lab. “It could be catalytic.”

After cellulose, lignin is

the most abundant organic compound
on the planet. Lignin surrounds and
shapes our entire lives. Most of us
have no idea—yet we are the constant
beneficiaries of its strength and binding
power.
When plants are growing, it’s the
stiffening of the cell wall that creates
their visible architecture. Carbohydrate
polymers—primarily cellulose and
hemicelluloses—and a small amount
of protein make up a sort of scaffolding
for the construction of plant cell walls.
And lignin is the glue, surrounding
and encasing this fibrous matrix with a
durable and water-resistant polymer—
almost like plastic. Some liken lignin to
the resin in fiberglass.
Without lignin, the pine cannot
soar into the sky, and the woody herb
soon succumbs to rot. Found primarily in land plants, a form of lignin has
been identified in seaweed, suggesting
deep evolutionary origins as much as a
billion years ago.
“Lignin is a funny thing,” says
Ralph, who was first introduced to lignin chemistry as a young student during
a holiday internship at New Zealand’s
Forest Research Institute. “People who
get into it for a little bit end up staying
there the rest of their lives.”
The fascination is born, in part,
from its unique chemistry. Enzymes,
proteins that catalyze reactions, orchestrate the assembly of complex cell wall
carbohydrates from building blocks
like xylose and glucose. The types of
enzymes present in cells therefore determine the composition of the wall.
Lignin is more enigmatic, says
Ralph. Although its parts (called
monomers) are assembled using
enzymes, the polymerization of these
parts into lignin does not require
enzymes but instead relies on just the
chemistry of the monomers and their
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Unraveling the mysteries of lignin:
John Ralph standing before a nuclear
magnetic resonance (NMR) spectrometer,
a sophisticated tool of his trade.

radical coupling reactions. “It’s combinatorial, and so you make a polymer in
which no two molecules are the same,
perhaps anywhere in the whole plant,”
says Ralph.
This flexible construction is at the
heart of lignin’s toughness, but it’s also
a major obstacle for the production of
paper and biofuels. Both industries need
the high-value carbohydrates, especially
the cellulose fraction. And both have
to peel away the lignin to get to the
treasure inside. A combination of heat,
pressure, and caustic soda is standard
procedure for liberating cellulose to
make paper; bleach removes the remaining lignin. In the biofuels industry, a
heat and acid or alkaline treatment is
often used to crack the lignin so that it
is easier to produce the required simple
sugars from cellulose. Leftover lignin is
typically burned.
The economic cost of these treatments alone is significant, and lignin
pretreatment is at the heart of many of
the more egregious environmental costs
of paper. On the biofuels side, lowering
treatment costs to liberate carbohydrates
from lignin could change the very economics of biofuels. In these large-scale,
industrial processes, saving a percentage
point or two is often worthwhile, but
the Holy Grail is a quantum jump.
“Because it’s made this way”—Ralph
jams his hands together, crazy-wise,
fingers twisted together into a dramatic
representation of lignin polymerization—“there is no chemistry or biology
that takes it apart in an exquisite way,”
he says. “We actually stepped back and
thought: How would we like to design
lignin? If we could introduce easily
cleavable bonds into the backbone, we
could break it like a hot knife through
butter. How much can you actually mess
with this chemistry before the tree falls
down?”
Ralph’s team had their eureka moment
more than 15 years ago, and have been
trying to bring it to life ever since.
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With a background in

forage production and ruminant nutrition, John Grabber, an agronomist
at the USDA–Agricultural Research
Services’ Dairy Forage Research Center
in Madison, got pulled into lignin
chemistry through the barn door. On
his family’s dairy farm he grew up with
lignin stuck to his boots, though he
never knew it. But during graduate
school he became interested in how
plants are digested by cows. Cell walls
are potentially a great source of digestible carbohydrates—most plants contain
anywhere from 30 to 90 percent of
their mass in their cell walls—but it is
entangled with lignin. “You quickly find
out that lignin is the main barrier to
feed digestion,” he says.
Grabber began working on a model
system to understand plant lignification—for corn in particular—in 1989.
After meeting at a conference, Grabber
joined Ralph and plant physiologist
Ronald Hatfield at the Dairy Forage
Research Center back in 1992. There
were many projects ongoing, but
Grabber remained interested in trying to
fully understand the structural characteristics of the lignin: how it’s made and
how to modify it. In his model system
they could make any kind of lignin
they wanted to study, and see how the
changes affected utilization.
Ralph and Hatfield advocated for
the work, helping to find funding and
offering their expertise. “If I had worked
for somebody else I probably wouldn’t
be doing this work,” says Grabber. “John
and Ron gave me freedom and support
to do it.”
Around the same time, Fachuang
Lu joined Ralph’s lab seeking a Ph.D.
His journey into lignin chemistry was
not, at first, his idea. A native of mainland China, he’d enjoyed a successful
undergraduate career in Beijing studying
chemical engineering, then found himself assigned by the college to a master’s

program in lignin chemistry. Lignin is
an ingredient in the slurry of chemicals
used in oil drilling, and that was his
specialty. In 1989 Lu left Beijing for a
teaching position at Guangxi University,
but three years later he decided to
continue his education. Though he’d
never met Ralph, he was fascinated by
the chemistry and applied to study in
his lab.
As Ralph, Grabber, Hatfield and Lu
continued to tinker with lignin chemistry, momentum began to build in the
lab. Though lignin created a snowflake
universe of different molecules, there
were rules of assembly. A complex chemical pathway enabled lignin construction, with a mechanism that remained
constant across different families of
plants, but with many potential building
blocks.
Ralph and his colleagues were the
first to detail what was happening to
lignin as the controlling genes of the
biosynthetic pathway were turned on
and off, a task ably completed by a slew
of outstanding collaborators worldwide
with expertise in biotechnological methods—but who lacked the diagnostic
structural tools to determine what the
plant was doing in response.
Ralph’s team quickly learned that
lignification was somewhat flexible.
“We figured that we could engineer
lignin well beyond the previously held
bounds,” says Ralph. As various pathways and chemical possibilities danced
in their heads, it struck them: What if,
during lignification, they could persuade
the plant to slip in a few monomers
that had easily broken chemical bonds?
If they did it right, lignin would retain
its structural value to the plant, but be
easier to deal with chemically.
“In the course of our conversation
we realized that if plants could do this,
it could really revolutionize how readily
you could make paper,” recalls Grabber.
Says Ralph: “It’s almost impossible to
tell which one of us actually verbalized it
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first—it is one of those great outcomes
of the group dynamic.”
Lu’s particular genius was synthesizing the various complex chemicals
needed, particularly a novel monomerconjugate called coniferyl ferulate. It
was the key to the zip-lignin—the teeth
of the zipper. “He’s got to be one of the
best in terms of making molecules,” says
Grabber.
They were thrilled by such a revelation, but, in retrospect, they soon realized it was sort of an obvious idea—one
suggested by the underlying chemistry
and biochemistry of a pathway that was
becoming increasingly well understood.
Yet it was a discovery of huge potential
value. They dropped into stealth mode
and began to work on it. They finished
important research and stuck it in
drawers—signature research, the kind
that, when finally published, would
capture journal covers. And yet they sat
on it, quietly chipping away for nearly a
decade.
It helped that there was a flurry
of controversy in the field—what
Chemical & Engineering News called
“the lignin war.” “Part of the reason
we could sit on it was that, at the time,
making these kinds of molecules was so
far-fetched,” says Grabber. “Probably if
we had talked about it, people would
have laughed at us.”

But as the idea for zip-lignin grew
in principle, it became stronger. Lu,
Hatfield and colleague Jane Marita
MS’97 PhD’01 found that balsa trees and
a fiber crop known as kenaf produced
very small amounts of coniferyl ferulate.
But even as the idea seemed more and
more feasible, Hatfield and Marita
couldn’t isolate the gene needed to
manufacture coniferyl ferulate because
of its very low expression in these
plants.
And they got stuck. “At the beginning we were thinking that this is just a
fantastic idea, but we really didn’t have
that much confidence,” says Lu. “Maybe
John [Ralph] had more confidence
than me.” So they just kept at it. “Every
step you think, yes, we are closer, closer,
closer.”

In 2008 Ralph moved his

work from the Dairy Forage Research
Center into UW labs, with research
projects under the recently formed
Great Lakes Bioenergy Research Center
(GLBRC). The center, launched with
a $125 million grant from the U.S.
Department of Energy that has since
been renewed, was just one manifestation of the money and intellectual heft
infusing biofuels research—and for
zip-lignin it was a lucky move.

During the center’s first full meeting, Curtis Wilkerson, a plant biologist
at GLBRC partner Michigan State
University, was sitting in the audience when Ralph took his turn at the
podium.
Wilkerson is a cell wall specialist.
Though lignin is a third of the wall’s
carbon and is essential to the way plants
conduct water, he confesses he’d never
given it much thought. In a room full of
cell wall specialists, Ralph would “likely
be the only person talking about lignin,”
he says. “It just split that way a long time
ago. People like myself had very little
exposure to what John was thinking.”
It was this kind of academic silo
that a place like GLBRC was supposed
to breach. Ralph talked about putting
ester bonds into lignins and his team’s
long search for the elusive enzyme.
Wilkerson saw a solution. Due to recent
technical advances, the price of determining all of the expressed enzymes in
a plant had become more refined and
much less expensive. He offered to use
these recent developments to try to find
the missing enzyme to enable zip-lignin.
From the previous work, Wilkerson
knew essentially the size and shape of
the puzzle piece he was looking for.
He began, quite literally with Google,
trolling through the scientific literature
looking for a plant that made a lot of
Fall 2015
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Adding teeth to the “zipper” in
zip-lignin: Fachuang Lu’s work in
synthesizing molecules was critical
to the team’s success.

coniferyl ferulate. The Chinese medicinal “dong quai” or Chinese angelica
(Angelica sinensis) soon emerged as a
candidate. Its roots contained about 2
percent coniferyl ferulate.
The team used knowledge about the
likely type of enzyme they were searching for and successfully identified the
gene and its enzyme that could produce
coniferyl ferulate. The whole search
took less than six months.

Would you believe an

essential tool for the genetic engineering
of poplars is a hole punch? That’s the
word from Shawn Mansfield, a molecular
biochemist at the University of British
Columbia, who took the zip-gene from
the Angelica and made it work in poplar, a popular tree in the biomass and
forest products industry.
Working from Wilkerson’s gene,
the first job was figuring out how to tag
the new protein so that it fluoresced
during imaging. While not necessary
to the function of the genetically modified plant, it essentially allows the scientists to check their work: see where
the protein is, how much is there, and if
it is behaving as a protein should.
Researcher Steven Karlen holds a bundle of
samples from poplar trees that were genetically modified with zip-lignin technology.
They’re being used in studies to understand
how zip-lignin affects the conversion of
biomass to liquid fuels and other coproducts.
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Mansfield’s lab also had to find a way
to turn the gene on at the right time and
place. It could make all the coniferyl
ferulate one wanted, but if it wasn’t
made at the right time and tissue, there
would be no zip-lignin.
After perfecting these finer points,
the gene is inserted into a special bacterium—and then the hole punch finally
comes into play. Disks punched from
poplar leaves are mixed with bacteria
that have been inoculated with a special
chemical that stimulates the bacteria
to share their DNA around. Then the
leaf disks are put in a special growth
medium. As many as 12 shoots might
emerge off of a single disk, but the lab
would select and nurture only one shoot
from each disk.

In the end they had about
15 successful transgenic candidates that they grew in the
greenhouse and then shipped
off to Wilkerson and Ralph for
further study. Final selection was
made based on the amount of
fluorescent yellow the trees gave
off, and from a newly devised
analytical method developed by
Lu and Ralph that was particularly diagnostic for the incorporation of the zip monomer into
the lignin polymer.
The team knew that genetically
modified organisms are not popular or
easily talked about—never mind the
exploding trees. The idea of reworking a
fundamental building block of the plant
world will breed resistance.
Ralph argues that this is already
part of nature’s vocabulary: they’ve
found their building blocks within the
plant kingdom, including mutants that
do similar things. And now that they
know what they are looking for, Steven
Karlen, a member of Ralph’s group, is
continuing to find more evidence that
Mother Nature is doing it herself. “We
managed to persuade plants to do this,”
Ralph says. “Chances are that nature has

already attempted it and you could actually get there by breeding.”
It’s no surprise that Mansfield, who
created the final transgenic tree, argues
that there is a role for this kind of
technology. “We as scientists should be
wise in advocating for the proper use of
it,” he cautions. “I would never force it
on anybody. I would never try to sway
people to think that it is the end-all or
be-all for everything.”
But given the growing human population and rising CO2 levels, something
like zip-lignin has a definite use in reducing the carbon footprint by reducing
processing energy and chemical loads.
“That means there are less environmental pollutants that need to be cleaned up
afterwards,” Mansfield says.
“Our ecological footprint can be
much reduced using these kinds of
transgenic trees,” he argues. “The caveat
is that we need to be very smart about
where and how we plant them.”

Not many things in the

natural world can take apart lignin, but
any homeowner with a deck knows
that fungi are up to the task. A recent
analysis of mushroom genomes suggests
that fungi evolved this ability about 300
million years ago. This is about the end
of the Carboniferous era, when earth’s
coal production began to slow down.
Coincidence? Perhaps not. Now that
wood could rot, it probably slowed the
burial of organic carbon via tree trunks
and other lignin-rich plants.
Could the discovery of zip-lignin
signal another transition, and hasten our
move away from fossil fuels laid down in
the Carboniferous?
Tim Donohue likes to think so.
He likens biofuels now to the early oil
industry, when oil was simply being
turned into liquid fuel while the byproducts were burned or dumped. It
took a few decades for inventors to capitalize on this now valuable stream of raw
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Out from the plant: In vials and in a
pile, lignin that has been extracted
from corn stover using various
pretreatment techniques.

materials to build the modern
chemical industry.
“Lignin is about 25 to
30 percent of carbon in the
plant. So if we’re going to
catalyze an industry that
makes clean energy and
chemicals from plant biomass,
Photo by Muyang Li/MSU
figuring out what to do with
the lignin is going to be key,”
Donohue says.
People in the industry used
to joke that you could do a lot
of things with lignin except
make money from it. But
that may be changing. “The
economics and profitability
of the industry will be very
different if lignin can be turned
into valuable compounds,” says
Donohue.
One of the early efforts
to make use of lignin was in
Rothschild, Wisconsin, at
a company now known as
Borregaard LignoTech. When
processed properly, lignin has
many uses, from the manufacture of
This story is just beginning. Zipvanilla flavor to additives for concrete.
lignin has a patent and has excited
There is even a small amount of it in the industrial interest that could be worth
battery of your car that allows it to keep
significant dollars. Ralph and his colrecharging.
leagues continue working to further
Jerry Gargulak is research manager
refine the process, increasing the perat Borregaard LignoTech, and learned
centage of zippable bonds in poplar and
about zip-lignin recently in his capacity
also inserting the gene into more plants,
as a scientific advisor to the GLBRC.
such as corn and Brachypodium, both
Despite its many uses, Gargulak and his
grasses.
colleagues dream about a time when
And in the basement of the shiny
lignin can replace carbon black in tires
new Wisconsin Energy Institute buildand be used to build carbon fibers and
ing, where the GLBRC is based, two
structural plastics.
massive new nuclear magnetic resonance
Zip-lignin and the ideas behind it
(NMR) spectrometers work 24/7, procould bring this day closer. “It gives us
viding a level of detail into lignin that
a technology that might yield a more
Ralph has never had before.
interesting lignin-derived starting mate“We spend a lot of time looking at
rial,” Gargulak says. “It could potentially these Rorschach test–like figures,” Ralph
lead to a lot of innovation downstream
says of the information generated from
in lignin technology.”
the NMR. “The detail in them is
But he emphasizes, “There are a lot
unbelievable. These things have been
of i’s to be dotted and t’s to be crossed.”
revolutionizing what we do.” g
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NEW
OLD FOREST
the

Clear-cutting in past centuries left Wisconsin with very few old-growth
forests—and fewer of the environmental benefits they provide. CALS has
partnered with the DNR and other institutions on a long-term project
to learn how such forests can be reestablished and sustainably used.

By Caroline Schneider MS’11
Photos courtesy of Jodi Forrester
unless otherwise noted
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ODI F ORRESTER GOT THE CALL WHILE
she was in the forest. The loggers were ready to go. So on a cold winter
day in northern Wisconsin, she found herself riding shotgun in a
harvester. Forrester, a research scientist in forest and wildlife ecology, watched as the loggers cut down the trees she and her team had
carefully selected in the Flambeau River State Forest. Another huge
vehicle, a forwarder, clambered behind, pinching the cut trees in its
claw and moving them to where they were needed. All the while, the
loggers played a little game, dodging between laundry baskets placed
around the forest floor to catch leaves and falling debris. In the end,
they managed to avoid all but a few.
It was not a typical job for the loggers. Instead of harvesting trees
for timber, they were taking part in an experiment—the second phase
of a research project on a large scale. Under the supervision of CALS
forest and wildlife ecology professor David Mladenoff, Forrester and
her colleagues had already been working for years to plan a forest
experiment that would stretch over almost 700 acres. The loggers were
there to implement that plan. Because all the wood they were cutting
was going to be left in the forest as part of the experimental setup, the
loggers were not able to remove any of it. It went against their nature.
“Every once in a while, the loggers had to cover their eyes,” says
Forrester with a smile. “There are a lot of beautiful, valuable trees in
that forest, and I think they weren’t too sure about what they were
being asked to do.”
But the loggers had agreed to the job because they knew it was part
of an experiment that would push the science of forest management in
Wisconsin forward. All the work, including the tough job of watching
the wood get left behind, was being done in the name of science—
specifically, in the name of bringing the characteristics of old-growth
forests back to the state.
Old-growth forests have been a scarce sight in Wisconsin since the
early 20th century. Clear-cutting in the late 1800s and early 1900s left
few old-growth stands. In the Upper Midwest, most big trees had been
cut down by the 1930s. In the place of those stands, younger secondgrowth forests emerged.
Fall 2015
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Researchers established grids on the forest floor
to mark the exact location from which various data
(plants and other life forms, soil, temperature and
water conditions, etc.) are gathered.

Starting in the 1980s, a push to
promote and protect old-growth forests
picked up steam. It started in the Pacific
Northwest, where obligate species,
such as the spotted owl, live only in
old-growth forests. As the interest in
these forests moved east, people in the
Midwest began recognizing the valuable
ecosystem services provided by oldgrowth forests, such as storing carbon,
maintaining soils and fostering biodiversity in plants, animals and microbes by
offering needed habitats.
In Wisconsin it wasn’t a matter of
protecting old-growth forests, it was a
question of creating them again, or at
least some of the functions they provide.
And that was no small task. Creating
old-growth forests requires defining
them, and even that can be difficult.
It’s not just a matter of age—and age
doesn’t always mean the same thing. A
40-year-old aspen forest would be old,
notes Mladenoff; a 40-year-old sugar
maple forest, on the other hand, would
be quite young.
“It’s not always the age that matters,” says Mladenoff. “Sometimes what
really matters are the characteristics and
30
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features of the forest.”
With the features of
Upper Midwestern oldgrowth forests unclear,
Mladenoff and scientists
at UW–Madison, other
UW campuses and the
Wisconsin Department of
Natural Resources (DNR)
in 1992 started Phase 1 of
what was dubbed the Old
Growth Project.
Phase 1 was a comparative study. The researchers
looked at forests of various
ages and histories—a
total of 46 different
areas—to determine what
was unique to the older,
unmanaged forests. They
considered features like
plant and tree species and
sizes, woody debris on the ground, snags
or standing dead trees, soil characteristics and forest wildlife. Different
scientists looked at different aspects,
the collaboration creating a complete
picture of the forests.
After a decade of collecting and
comparing enormous amounts of data,
Mladenoff and his colleagues found
that many of the features of old-growth
forests had to do with two structural
elements: the size and distribution of
gaps in the forest canopy and coarse
woody debris—sizable logs—on the
forest floor.
Gaps are openings in the forest canopy caused when large trees fall. With
sunlight able to reach the forest floor,
these areas become places of regeneration and growth, and the diversity of
understory plants is often higher in gap
areas than in the surrounding forest.
Coarse woody debris, meanwhile,
provides shelter for salamanders, insects
and other small animals as well as food
for fungi, insects and even other trees
like hemlock and yellow birch. Logs also
sequester carbon on the forest floor and

reduce the amount of carbon dioxide
returning to the atmosphere.
“We wanted to explore the importance of those two elements in more
detail,” explains Mladenoff. “We wanted
to know if creating those structural
elements in second-growth northern
hardwood forests could restore functional old-growth characteristics.”

Phase 2—The Experiment
Mladenoff, Forrester and their colleagues—including Craig Lorimer and
Tom Gower, emeritus and former CALS
professors of forest and wildlife ecology,
respectively—wanted to address that
question using an experimental setup.
Phase 2 of the Old Growth Project, the
Flambeau Experiment, was born. The
first step of that phase, however, was
not a trivial one. They had to find a
piece of land on which to conduct the
experiment. They needed a site that was
big enough for all the treatments they
envisioned and that would otherwise
be undisturbed for a long period of
time—50 years, in fact.
With help from the DNR,
Mladenoff and his colleagues used geographic information systems—GIS—to
look at forests at different sites to find
one that would fit the bill. After two
years of looking, the researchers, including a postdoctoral student dedicated
to the project, finally chose the site in
the Flambeau River State Forest—a
hardwood stand around 100 years old,
dominated by sugar maples.
Before the experimental treatments
were applied to the newly found forest, pretreatment data were collected.
Scientists could then compare the
data collected after treatment to this
baseline information. Forrester and her
colleagues, including several graduate
students, used grids that they laid on the
forest floor to count and catalog understory plant species such as trout lilies,

Researcher Jodi Forrester on one of
her regular visits to Flambeau.

wild leeks, nodding trillium
and jack-in-the-pulpits. They
also observed and measured
tree species and diversity, leaf
litter that fell in the forest,
nutrient cycling, activity of soil
microbes and more.
Finally, after spending two
years looking for a site and two
more years collecting pretreatment data, the Flambeau
site was ready for treatment
in January 2007. In came the
loggers and machinery to create the canopy gaps and coarse
woody debris. The researchers
also put up fences surrounding
some of the plots to exclude deer and
remove their influence from those treatment areas.
For five years after Forrester first
rode shotgun in the harvester, she,
graduate students and other scientists
worked year-round to collect data. In
the winter, researchers made the fourhour trip from Madison to Flambeau to
check equipment, take measurements,
replace batteries and mend fences.
Once the spring thaw came, their work
ramped up.
A typical summer day in the forest
lasted about 10 hours. The scientists
would ride from their rented cabins
to the Flambeau Forest, walk about a
half-mile to the research site and start
collecting data. These days would last
until October or November, when the
researchers would start to see the orange
vests of hunters.
“We’d head out in the morning
and take our lunch and everything we
needed for the day,” says Forrester. “We’d
walk into the site, do our work, then
head back to the cabins and crash.”
Their work included collecting a
huge number of plant and soil samples.
Without any university buildings at
the Flambeau site, Forrester and her
colleagues had to transport all of those
samples back to Madison in their vans.

Once back on campus, the samples and
data needed to be analyzed and entered
into spreadsheets.
“We have gobs of soil and wood
samples, and we employed a lot of
undergrads to help us,” says Forrester,
laughing. “Some folks would help in the
field in the summers and then continue
working in the lab in the fall while they
took classes.”
Ten years into Phase 2, Forrester,
Mladenoff and their collaborators are
just now beginning to shape a picture
of the effects of their treatments. While
a decade seems like a long time for
research, they have another 40 years
ahead of them. Such is the course of a
50-year experiment. And researchers
have a vast array of forest components to
consider and measure.
At this point they have some preliminary data and even some surprising
results. One of the unexpected outcomes has been in the plots with coarse
woody debris. While the researchers
were expecting that the effects of woody
debris would take years to recognize
as the wood decayed, they are already
beginning to see changes in the carbon
dynamics. The woody debris affected
rates of decomposition and what kinds
of microbes were present in the soil, for
example, within just a few years after
being left on the forest floor.

“I thought someone
else would be seeing what
happens to the wood in
the future, that I would
just be seeing the effects of
the canopy gaps,” explains
Mladenoff. “But it didn’t
turn out that way.”
The researchers are
also seeing more expected
results. Saplings and understory vegetation are growing more quickly in areas
with canopy gaps and more
light, for example. Also, the
deer exclusion fences make
a difference. In areas without the fences, the deer are eating all of
the sprouts growing from the stumps of
harvested trees, which can change the
composition of the forest, leaving more
of the less palatable and lower value trees
such as ironwood.
After five years of intense sampling
after treatment, the researchers are now
spacing out their measurements and
sampling to allow the forest time to
grow, settle, decay and cycle. With such
a long-term experiment, some of the
time must be spent waiting.
That time will also be spent securing funding for the project as it goes
forward. The DNR provided money
both for Phase 1 of the project and to
get the experimental Phase 2 going.
That initial funding for Phase 2 allowed
the researchers to do the preliminary
work, after which other funding started
flowing in.
“The DNR was really helpful in getting this project started,” says Forrester.
“They provided all that base funding
for us to get established, and only once
we started were we able to get other
money.”
The USDA has provided a five-year
grant, and Mladenoff and his colleagues
have also received funding from the
Department of Energy and USDA
McIntire-Stennis grants for graduate
Fall 2015

grow

31

A tower extending above the forest canopy
has sensors mounted on top to measure
light levels, precipitation and temperature.
(Posing beside it: Student assistant Hayden
Elza BS’14.)
Inset: Trees within research plots are tagged
with numbers in order to follow diameter
growth and survival of tree populations.

interact with the scientists. The graduate students gained valuable mentorship
experience. It was a beneficial experience for all involved, and one that both
Forrester and Mladenoff discuss with
pride.
“It was an important part of the
project, and it turned out to be a really
great component of those summers,” says
Forrester.

DNR Collaboration

students. Forrester is now working to
secure funds for the years ahead.
The USDA grant afforded Forrester
and her colleagues an unexpected
benefit—the opportunity to teach a
new generation of forest ecologists. The
grant was awarded based on their proposal to integrate an educational component into their research, and to fulfill
that aspect, Forrester created a summer
internship program. Undergraduate
students from around the country and
the world, most with little experience in
32
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forest research, joined the scientists in
the Flambeau.
“Initially we taught them the basics
of forest ecology measurements and had
them help us with our measurements,”
explains Forrester. “As summer rolled
on, we helped them focus on a topic and
develop an independent study project.”
Around 40 students participated in
the program over the four years it was
available. At the end of each summer,
they’d hold a symposium to allow the
students to present their work and

In addition to providing funding,
scientists at the DNR are also long-term
collaborators with CALS
researchers. They are working on a parallel 50-year
project called the Managed
Old-Growth Silviculture
Study, or MOSS.
Silviculture is the practice
of managing forests to meet
various needs or goals.
Having worked with
Mladenoff and his team
from Phase 1 of the project
and into Phase 2, the DNR
wanted to look at many of
the same elements of oldgrowth forests, but with a
more operational spin. They
wanted to find out how to
create the characteristics of old-growth
forests while also allowing for economically beneficial harvesting of timber.
“There were three objectives for
the MOSS project,” says Karl Martin
BS’91, a former wildlife and forestry
research chief at the DNR who is now
with UW–Extension as state director
of the Community, Natural Resource
and Economic Development (CNRED)
program. “We wanted the study to be
applicable to the forest industry, we
wanted to do something on a large scale
so we could look at impacts on wildlife, and we wanted to show this was
economically viable from a commercial
standpoint.”

Let it go:
A bounty of living
things arise from
simply leaving
woody debris on
the forest floor.
Researchers are
closely watching
what happens
over time.

Martin worked closely with
Mladenoff and other CALS and UW
scientists to collaborate on the parallel
MOSS project. One of the three MOSS
sites is just north of the CALS site in the
Flambeau River State Forest, with the
two other sites located in the Northern
Highland American Legion State Forest
and the Argonne Experimental Forest.
Many of the treatments used on those
three tracts of land are the same as those
the CALS team is using in their experiment—canopy gaps, coarse woody debris
and deer exclosures. The MOSS project
also considered snags, or standing dead
trees, which are another feature of oldgrowth forests.
Before establishing the treatments,
Martin and his team spent several years
surveying and measuring the trees.
Because they wanted to harvest timber,
they had to carefully consider which
trees would be cut down and which
would be left behind. Yellow birch trees
were rare in the sites, so those were
immediately off the table for harvesting. They also wanted to avoid cutting
down the largest trees in the stands. To
establish snags, the researchers chose
crooked or highly branched trees that
were of low economic value. While such
trees make good habitat for wildlife, they
are most likely to be used for low-valued
pulpwood or firewood if harvested.

“We took three or four years before
treating to really get things in place,” says
Martin. “The problem with a 50-year
study is that if you rush into it, you’re
going to look back and wish you’d done
something differently. We really wanted
to cover all our bases.”
As with the CALS study, MOSS is
in the early stages of gathering data and
there are many angles to consider. The
economic viability of silviculture that
encourages old-growth characteristics is
one of the main questions MOSS aims
to answer, and Tom Steele MS’83 PhD’95,
director of the Kemp Natural Resources
Station in Woodruff, has been instrumental in finding that answer. Early data
suggest that treatment cost of traditional
harvests and the MOSS harvests is similar. In addition, the difference in timber
revenue that a landowner would receive
is quite minimal—just a few percent.
With years ahead to uncover the economics of such a system, MOSS is well
positioned to understand and implement
silviculture systems that are both economically and ecologically viable. That,
in the end, is what the CALS–DNR collaboration is all about. It’s a partnership
that brought about an otherwise unlikely
project.
“The idea behind the collaboration is to leverage the resources of both
organizations to help the citizens of the

state,” explains Martin. “The scale of
this study would not have been possible
without the partnership of the university
and the DNR. You need those resources,
both intellectual and financial, to come
together in a cohesive project.”
The size and scope of the Flambeau
Experiment and MOSS are what make
the projects so powerful—and so promising. There are decades of study ahead
for researchers, and many of the original
scientists will have to pass the project on
to new researchers before it’s over. But
the goal is clear: To determine if diverse
ecosystems of old-growth forests can be
developed through management while
allowing for sustainable timber harvests.
The outcome of the projects will have
major impacts on forest management
and harvests as well as on property owners, residents and visitors.
“With long-term studies, we work
in the present, build on those that came
before us, and count on colleagues in
the future to continue the work,” says
Mladenoff. “This research will be essential
for long-term sustainable ecosystems and
the services they provide.” g
Forestry technician Donald Radcliffe BS’15,
who graduated with CALS degrees in forestry
and life sciences communication, contributed to
reporting this piece.
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in the field
Aerica Bjurstrom

Amber Canto

Aerica Bjurstrom BS’00 • In her work
as an agricultural agent focusing on
dairy and livestock production and
management in Kewaunee County,
Aerica Bjurstrom both meets and
anticipates her customers’ needs. “My
programming changes depending on
what farmers are asking for—or if I see a
need for something new before they ask,”
she says. Bjurstrom, whose CALS degree
is in animal sciences, works with dairy
producers in such areas as production
practices, farm safety and dairy forages.
She also facilitates her county’s Master
Gardener Volunteer and horticulture
programs, which include working
with three community gardens. She’s
especially happy to be serving as the
executive secretary for Farm Technology
Days, which will be held in Kewaunee
County—for the first time ever—in
2017. “Now I’m working with even more
amazing people with a passion for
agriculture,” she says.

Amber Canto BS’07 • As a poverty and
food security specialist, Amber Canto
supports county educators and statelevel partners dedicated to improving
access to healthy food for Wisconsinites
with limited incomes. Her CALS degree
is in dietetics. She also holds a master’s
in public health from the University
of North Carolina and is finishing her
Ph.D. in the UW–Madison Department
of Population Health. Before joining
UW–Extension, Canto worked as a
nutrition consultant with UNICEF in
the Dominican Republic, where she
coordinated infant and young child
feeding interventions on the Dominican–
Haitian border. She was introduced to
the Dominican Republic as CALS student.

34

grow

Fall 2015

Eric Cooley

“One of my most memorable experiences
was a summer study abroad there,”
she says. “I met my future husband
and solidified my desire to address
nutritional disparities and apply a localglobal framework to my career.”

Eric Cooley BS’98 MS’05 • Eric Cooley
serves as co-director of Discovery
Farms®, a UW–Extension-based program
with the mission of determining,
through on-farm and other research,
the economic and environmental effects
of various agricultural practices on a
range of Wisconsin farms representing
the state’s diverse soil types, physical
and water characteristics, and livestock
and cropping systems. His own work
focuses on natural resource issues in
eastern Wisconsin, with an emphasis on
surface water runoff and tile drainage.
On a daily basis he coordinates and
implements water quality research,
collects and disseminates data and
develops educational materials based
on Discovery Farms’ research. “I enjoy
utilizing science and research to address
modern-day challenges and increase
the efficiency of agricultural systems,”
says Cooley, whose CALS degrees are in
soil science. “The best part of my job is
working with farmers, who are natural
problem solvers.”

Hannah Gerbitz BS’13 • Hannah Gerbitz
launched her working life with AgrAbility,
a federal program that in Wisconsin
partners with UW–Extension to help
people keep working in production
agriculture while living with a farm
injury, disability or other limitation.
Gerbitz completed an internship with
AgrAbility as an undergraduate and,

Hannah Gerbitz

Dan Hill

after earning a degree in dairy science
and life sciences communication, soon
began working for the organization as an
outreach specialist, overseeing efforts to
broaden and enhance public awareness
of the program. “My favorite part of my
job is seeing our services come full circle
and benefiting the farmers that we work
hard to serve,” says Gerbitz, who grew up
on a small dairy farm.

Dan Hill MA’88 • Dan Hill serves as a
local government specialist at UW–
Extension’s Local Government Center
(LGC), whose mission is to provide
leadership and coordination to UW–
Extension educational programs that
support local government—serving
more than 5,000 locally elected and
appointed county, city, village and
municipal officials around the state—as
well as expand the knowledge base for
local government education. Hill’s areas
of expertise include open meetings,
open records, elections, parliamentary
procedure and public policy education.
He educates LGC constituents about
these matters in a number of ways.
“For example, I am frequently invited
to speak with groups of local officials
about the Wisconsin open meetings law
and their responsibility to comply with
it,” Hill says. He also serves half-time
as Secretary of the Faculty and Staff at
UW–Extension. Hill’s CALS degree is in
agricultural economics.

Brian Hudelson MS’89 PhD’90 •As
director of the Plant Disease Diagnostic
Clinic, Hudelson serves the state from
his base on the UW–Madison campus.
“My primary job is to identify plant
diseases and provide my clients with

Alumni who serve the state through UW-Extension
Cooperative Extension

Brian Hudelson

Charles S. Law

diagnoses and information on disease
control,” he says. His clients include
agribusinesses, home gardeners and
plant health consultants (for example,
crop scouts and arborists). Hudelson
does his share of teaching—he’s a
co-instructor in several plant pathology
courses and teaches plant disease
diagnostics to graduate students each
summer—and “tons of outreach,” he
says, encompassing 60–80 talks each
year as well as producing fact sheets and
appearing frequently on Larry Meiller’s
“Garden Talk” on Wisconsin Public Radio.
“I love the variety of what I get to do and
that I’m always learning new things,
even after 17 years,” Hudelson says.

Charles S. Law BS’79 • Chuck Law serves
as director of UW–Extension’s Local
Government Center (LGC), whose mission
is to provide leadership and coordination
to UW System educational programs that
support local government—serving more
than 5,000 locally elected and appointed
county, city, village and municipal
officials around the state—as well as
expand the knowledge base for local
government education. Law also serves
as a community planning and design
specialist, supporting county-based
UW–Extension colleagues who work with
local officials on a range of community
planning challenges, including
downtown redevelopment and rural
building preservation. Law, who holds a
CALS degree in landscape architecture
and a Ph.D. in renewable natural resource
studies from the University of Arizona,
is considered the state’s leading expert
on Business Improvement District
(BID) creation and administration. He
also serves as one of the founders and

Patricia Malone

Karl Martin

coordinators of the nationally recognized
Wisconsin Barn Preservation Program.

Patricia Malone BS’87 • As a community
development educator in Trempealeau
County, Pat Malone focuses primarily
on building the organizational capacity
of individuals, businesses, community
organizations and local governments
to address a range of issues, from
water quality and strategic planning to
industrial sand mining. She pursues that
work by providing education about the
issues, facilitation and applied research.
Malone, whose degree is in agricultural
economics, still loves her job after 27
years. “It’s never the same day, and I get
to learn constantly and reinvent myself
on a regular basis,” she says. “When I
started, I was the ‘bag lady’ of the county,
working on solid waste and recycling.
Since then I’ve had the opportunity
to focus on criminal justice issues,
groundwater quality, long-term care
reform, and, most recently, industrial
sand mining. It’s a grand opportunity to
be a lifelong learner.”
Karl Martin BS’91 • Karl Martin serves
as state director for the Community,
Natural Resource and Economic
Development (CNRED) program, which
involves some 50 county-based faculty,
30 UW–Extension specialists, and 30
integrated faculty and academic staff
at UW–Madison, UW–Stevens Point,
UW–River Falls, UW–Superior, UW–
Green Bay and Iowa State University.
CNRED’s purview spans a wide range
of community development issues,
including downtown revitalization, local
government training, energy efficiency,
broadband and e-commerce, land use

Ken Schroeder

planning and business development
and expansion. The program also
includes natural resource issues such
as watershed management, invasive
species, well testing, lake management
and monitoring and forest and wildlife
management—areas that speak more
specifically to Martin’s own scholarship
(his CALS degree is in wildlife ecology,
and he holds master’s and Ph.D. degrees
in wildlife and forest science from
Oregon State University). The best part
of his job? “Interacting with a diversity
of colleagues who epitomize the
Wisconsin Idea in the work they do
every day,” he says.

Ken Schroeder BS’93 MS’96 PhD’00 •
Ken Schroeder serves as the agricultural
agent for Portage County, specializing
in commercial vegetable production. He
pursues that work in a variety of ways,
from one-on-one consulting to group
education and field tours. He conducts
on-farm applied research in cooperation with area vegetable growers, and his
current projects focus on improving the
sustainability of vegetable production on
irrigated land in central Wisconsin. His
statewide work includes serving on the
UW–Extension Fresh Market and Commercial Vegetable Team, on the education
committee of the Wisconsin Potato and
Vegetable Growers Association (WPVGA)
and on the Central Wisconsin Groundwater Task Force. “My favorite part of my job
is helping people. I enjoy working with
farmers, agribusinesses and home gardeners, providing educational programing and resources where they live and
work,” says Schroeder, who holds degrees
in horticulture and in plant breeding and
plant genetics.
Fall 2015
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Catch up with …

						

S

Shannon Strader

Shannon Strader BS’14 is no

• Why is Bella Soul needed?

stranger to pain. At age 8 she

Before Bella Soul, out of the nation’s

lost her twin sister, Lauryn,

1.5 million nonprofits, there was

to complications arising from

not one directed toward help-

cerebral palsy. Strader herself

ing college students confronting

suffered from an excruciating

chronic illness or disability through

condition that was eventually

scholarships and/or emotional

diagnosed as posterior nut-

support that wasn’t limited to a

cracker syndrome, a rare kid-

specific illness. Bella Soul does not

ney disease where the renal

favor a particular disease. Another

vein is anatomically displaced

cool thing is that 100 percent of our

and compressed by the spinal

donors’ money goes to scholarships.

cord and aorta.

We pay for our printers, paper and

“I never knew what it was like

fundraising galas through corpo-

to not be in pain,” Strader says.

rate donations. We do not pay our

“I never went a day without

“employees,” either.

a stabbing pain in my lower

• What kind of feedback have

back and abdomen. I never

you gotten?

knew what it was like to eat
without feeling nauseated. I never knew what it was

Individuals who read our stories online say they have

like to have a functional body.”

been blown away by what some young adults persevere

A series of surgeries alleviated her suffering, but
not before Strader had reached college age. From her
anguish, two dreams arose. One was to work with
pioneering stem cell researcher Jamie Thomson in his

their dreams. Every story and scholarship application
we have received I have cried over and really been
touched by.

• Can you share a few examples?

Institute for Research. Another was to found a non-

In this last scholarship round, we were going to give

profit that would provide emotional support and finan-

out one scholarship. Instead we ended up giving out

cial assistance to college students coping with disease

four. How do you decide between Sarah, who has to

or disabilities.

deal with the difficulties of cerebral palsy financially

in Thomson’s lab all four years, and for her capstone
project as a CALS biology major conducted research
involving DNMT3B, a gene that plays an important role
in embryonic development.

and emotionally, and Cheyenne, who recently was diagnosed with cancer? We ended up giving a scholarship
to both of them, along with two others.

• You’ve just started medical school in Tennessee. What are
your long-term hopes for Bella Soul and your career?

And—with help from the Thomson lab, the McBurney

Our plan is to start Bella Soul chapters at other univer-

Disability Resource Center, and fellow students Lauren

sities and provide resources for hospitals to share with

Wilmet, Harris Sinsley, Kym Ludwig, Al Ritger, Jamie

teenagers transitioning to college. As for my career, I

Holt and Matt Anderson—she founded Bella Soul, a

hope to someday establish my own cerebral palsy clinic

nonprofit that in just over one year of operation has

as well as be a principal investigator in an embryology/

provided scholarships to six students and support to

developmental research lab.

countless others.
grow

through every day while working hard to accomplish

regenerative biology lab at UW–Madison’s Morgridge

Strader was successful on both counts. She worked
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—J oan F ischer
| Learn more at http://livebellasoul.org
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A Light, Airy Space for Soil Science

“S

oil is the hidden, secret friend, which is the root domain of lively darkness
and silence.”

—Francis D. Hole (d. 2002), CALS professor of soil science

Francis D. Hole’s poetic description of

through five large windows. The room

soil rings true. But those who study

reveals wonderful architectural details

soil also need friends who are neither

of the Soils Building with its gabled

“hidden” nor “secret”—and they also

ceiling and exposed steel column (see

need to break the silence.

illustration of the planned renovated space).

“Science is both a
solitary and a social
activity,” notes soil
science professor and
former department
chair Bill Bland.
“The social side of
this is both formal,
through meetings
and publications,
and informal—

CHRISTMAS TREE SALE—The 42nd annual
UW Forestry Club Christmas Tree Sale takes
place December 4–6 in the UW Stock Pavilion.
Tree species include Fraser ﬁr, balsam ﬁr and
white pine as well as Fraser ﬁr wreaths. Proceeds
support student educational opportunities
within the Department of Forest and Wildlife
Ecology. Come early—trees are often sold out
by Saturday. Cash or checks accepted. More info
at http://go.wisc.edu/xmastree.
NEW ART ON CAMPUS—Artist Angela
Johnson, a recent MFA recipient, spent time in
the lab of genetics professor Ahna Skop drawing inspiration from such organisms as
C. elegans worms, E. coli and zebraﬁsh embryos.
Johnson describes her work (see sample below)
as follows: “Using a pipette as an artistic tool,
I ‘paint’ with liquid bacteria that I have added
color pigment to ... Using high-powered microscopes as cameras, I compose imagery of these
tiny microcosms. I then photo document the
bacterial growth as well as the breakdown of
the agar over days and weeks.” Johnson’s work is
on display outside of Skop’s lab in the Genetics/
Biotech Center Addition, 425-G Henry Mall
(second ﬂoor). The exhibition will be on display
for the next few years, Johnson says.

casual discussions
in which ideas are
gently improved and
new understandings
emerge serendipitously.”
The Soils and King Hall buildings,

Renovating the space will include
removing two interior partitions,

the home of soil science at CALS, are

constructing a kitchenette area with

both cherished and historic, but they

running water and covering exposed

were designed nearly a century before

electrical conduits. Furnishings, lighting,

architects understood how workspaces

painting and carpet—and, possibly, the

can foster such crucial interaction.

installation of air conditioning—will

Plans are under way now to address
that need by creating a light-infused

complete the job.
Faculty and staff are already

space where soil science faculty,

envisioning how the presence of the

staff, graduate students and their

Jackson–Tanner Commons will enhance

collaborators can interact informally in

their work.

a relaxed and pleasing environment.
The Jackson–Tanner Commons, as it

“The informal setting of the
Commons will create a space

is called—named after Marion Jackson

for conversations, creativity and

and Champ Tanner, the first two soil

community building,” says soil science

science faculty members at CALS to

professor and department chair Alfred

be elected to the National Academy

Hartemink.

of Sciences—will be located in room

MARK YOUR CALENDARS for the Wisconsin Agricultural Outlook Forum on Thursday,
January 21, 2016 at Union South. The event is
held by CALS and UW–Extension. More information available soon at news.cals.wisc.edu.

—Joan Fischer

360 of the Soils Building. The room sits

To contribute to the project, please visit http://

at the northeast corner of Soils, with

supportuw.org/giveto/Jackson-TannerCommons or

views of the Lakeshore dorms and Lake

contact development director Jodi Wickham at (608)

Mendota to the north and the savannah

308-5315, jodi.wickham@supportuw.org.

and Elizabeth Waters dorm to the east,

THE SCIENCE OF SUPPER CLUB foods and
drinks is the subject of a 20-minute video called
“Supper Clubs 101,” produced by Wisconsin Public Television. The show deftly weaves together
information about supper club culture and the
science of food, featuring CALS professors Jim
Steele, Irwin Goldman, John Lucey and Jeﬀ
Sindelar. Watch it at http://go.wisc.edu/
supperclubs.

For more information, go to: www.grow.cals.wisc.edu

UWMadisonCALS
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The story of UW–Madison’s
accomplishments stretches back to the time of
our founding and forward even further than we can imagine.
Each step is a connection between our amazing past and our
limitless future. In 167 years, we’ve come so far. But we still
have a long way to go. To move

, we need to attract

and support the brightest, most promising students—those
who defy expectations and dance on the line between serious and silly. The
ones who will carry on the proud traditions of Badgers everywhere. To move
forward, we must maintain our community of luminaries and thought leaders—
those talented and esteemed faculty who turn our snow-blanketed campus into a
hotbed of creativity and

. To move forward, we have to honor our campus

community. Whether we’re making wishes come true with Badgers
Give Back, making breakthroughs in the lab, or
making Bascom Hill a flamingo sanctuary, we’re making a difference
in the world. To move forward, we must continue to question the
status quo. We’ve changed how the world takes its vitamins. We
transformed a toxic chemical into a lifesaving drug. As the
fourth largest research institution in the nation, we need
to keep reinventing the notion of
possible to serve the needs of
people everywhere.
Together, we can
explore beyond
the limits of our
potential
and tell
the
story of how we are moving
our university, and the world,
forward. Our story continues

at

allwaysforward.org
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WONDERFUL WHEAT
growing at the Marshfield Agricultural Research
Station. Learn more about activities there at
http://marshfield.ars.wisc.edu.

