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MANAGING EDITOR’S NOTE: As we interviewed the scientists involved in the research projects presented in this report, they provided us with 
lengthy lists of colleagues, students, organizations and funders integral to their efforts. Including all of this information would easily double the length 
of the report, so we opted to limit project narratives to key research elements and the importance of the work in its respective field. We do, however, 
want to convey the interviewees’ acknowledgments of the individuals and organizations with which they collaborate and their gratitude for the 
support they receive in doing their work.
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Last spring Senator Debbie Stabenow of Michigan held a hearing 
at Michigan State University (MSU) to say, as Ranking Member of 
the Senate Committee on Agriculture, she intends to work across 
the aisle to write and pass a new Farm Bill in 2018 that supports 
Michigan farmers and families and creates new jobs. For farmers  
— many of whom are going through difficult financial times not 
experienced since the 1980s — Senator Stabenow’s pledge brought 
peace of mind. 

Once again, the Senator chose MSU — the place where the 2014 
Farm Bill was signed into law under her leadership — as the 
location for this important announcement. For those of us in food 
and agricultural sciences, the hearing at MSU — an institution 
committed to cutting-edge ag research — gave even more 
reassurance. 

As federal dollars devoted to agriculture and food sciences 
continue to decline, the private sector and foundations are funding 
innovative science that will feed the world with less impact on our 
natural resources. In fact, today, the private sector outspends the 
public sector by a 4-to-1 margin in food and ag research. When 
working together most effectively, public and private research are 
symbiotic — driving each other to achieve bigger and bolder things. 
Yet, until now, no single institution has existed to harness the 
power and resources of both. 

In a stroke of genius, Congress created that institution, the 
Foundation for Food and Agriculture Research (FFAR), in 2014. I 
joined their board of directors soon thereafter. 

The first and only independent nonprofit research foundation 
dedicated to food and agriculture, FFAR’s mission is to accelerate 
problem solving on behalf of U.S. agriculture by funding cutting-
edge research. FFAR is required to match every one of its public 
dollars with non-federal funding, meaning it delivers huge value for 
American taxpayers by partnering with companies, foundations, 
universities, trade associations, philanthropists — almost anyone 
with a great idea. In fact, for every $1 invested by FFAR, they attract 
$1.40 in non-U.S. federal funding. The result: The U.S. government’s 
$200 million investment in the Foundation will deliver more than 
$400 million in scientific programming to benefit farmers and 
anyone who eats.  

And the Foundation is nimble, with the ability to award grants 
in as little as one week to combat emerging pests, diseases, and 
weather threats before it’s too late. Through an emergency response 
grant program modeled after Michigan’s own Project GREEEN 
(Generating Research and Extension to meet Economic and 
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Environmental Needs), FFAR 
partnered with MSU and 
industry to combat spotted 
wing drosophila (SWD), an 
invasive pest that decimated 
21 percent of Michigan’s 2016 
cherry crop. This important 
research has the potential for far-reaching impacts on American 
farmers not only in Michigan, but in the 40 other states where 
SWD has been identified. 

FFAR also brings together diverse groups that might not otherwise 
collaborate to solve big challenges. The Crops of the Future project 
is a great example. Here, the Foundation is collaborating with 
eight international companies and organizations. The partners are 
contributing money, research and data to identify genetic traits in 
crops that help meet new demands, like withstanding drought or 
delivering higher nutritional content. 

The Foundation is also on the cutting edge of today’s most exciting 
discoveries. In mid-September, FFAR and the Gates Foundation 
announced a $45 million investment to develop plants that use 
their own natural photosynthetic process — which converts light 
and air into energy for growth — to grow bigger and faster. The 
result: food plants produce 20 percent more food using the same 
resources. This science will be a game-changer for global hunger 
relief as populations continue to grow. 

Here in Michigan, the future of crop and livestock production is 
top of mind. If we hope to maintain historic output in a changing 
environment, our food system must adopt new innovations brought 
about by cutting-edge science and research. The FFAR model 
delivers and doubles the taxpayer’s investment, to boot.

Senator Stabenow, along with her Republican counterpart Senator 
Pat Roberts of Kansas, should be commended for having the 
foresight to create this forward-thinking institution. As Congress 
decides what priorities to fund in the next Farm Bill, I am hopeful 
FFAR is near the top of their list.

Douglas D. Buhler 
MSU AgBioResearch Director 
MSU Assistant Vice President of Research and Graduate Studies

This Op-ed was originally published in the Detroit News on Nov. 27, 2017
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UNDERSTANDING, 
PREVENTING 
TRANSPORT 
OF PLANT 
PATHOGENS 
IN WATER

A soil physicist at Michigan State University (MSU), Wei 
Zhang, is drawn to some of the most challenging problems 
facing modern-day agriculture. He heads the Soil and Water 
Research Lab at MSU, a group of scientists tasked with 
identifying ways to utilize soil and water resources more 
efficiently.

How do we grow a greater quantity of healthy food for a rising 
world population? How can we address antibiotic resistance? 
How can we act as better stewards of the environment and 
reduce contamination? Zhang and his team aspire to answer 
these questions and to tap into the vast plant science expertise 
at MSU outside of his lab.

In March 2012 — just a couple of months after Zhang started at 
MSU — he attended a presentation given by Mary Hausbeck, 
a renowned plant pathologist and University Distinguished 
Professor in the MSU Department of Plant, Soil and Microbial 
Sciences. She has served the Michigan vegetable and greenhouse 

Embedded within Zhang’s research 
program is One Health, a philosophy 
endorsed by organizations around 
the world that promotes the notion of 
human, animal and environmental health 
as interdependent. 

“Every input into the environment 
has a consequence,” Zhang said. “It is 
important that we understand the effects 
of any of the tools we use to eradicate 
diseases and pests. The best outcome is 
one where we solve any problems while 
also keeping a low stress level on the 
plants, thus maintaining a lower stress 
level on the environment.”

With the One Health approach in mind, 
Zhang, Hausbeck and graduate students 
began their work in the laboratory. 
They focused on methods to retain 
Phytophthora zoospores in the filtration 
process, analyzing the retention ability of 
porous media such as iron-oxide-coated 
sand and uncoated sand in a range of 
solutions at various pH levels.

Zhang said the filters function similarly 
to household units attached to faucets, 
but the medium in those filters is 
typically activated carbon. 

The group found that the iron-oxide-
coated sand retained zoospores at a 
greater rate in higher pH solutions. Both 
the coated and uncoated sand performed 
well in low-pH solutions. These 

findings tell researchers that filtering 
the pathogen can be effective, especially 
in well-controlled environments — an 
encouraging sign for greenhouse systems.

A paper on the study was published in 
the journal Environmental Science and 
Technology. 

To take this newfound knowledge to 
the applied research stage, the next step 
was to design and test a small-scale 
greenhouse filtration system. 

The team constructed a water-recycling 
unit that pumps from a prefilter tank to 
the filter, which then sends water to a 
holding tank. Then the filtered water is 
pumped into the area with the plants on 
a predetermined schedule. Eventually the 
water returns to the prefilter tank. 

In trials with squash and poinsettias, 
iron-oxide-coated sand filtration again 
proved effective, besting both activated 
carbon and a fungicide treatment with 
no filter. The results bode well for 
implementing recycled-water systems, 
which require less water, fungicides and 
pesticides.

“We are encouraged by the small-scale 
trials,” Zhang said. “In the future, it 
would be nice to get a grower involved to 
scale it up in a larger greenhouse setting. 
We will continue to seek the resources 
to do so.”

Thus far, Zhang and Hausbeck have been 
pleased with the support they’ve received 
from a diverse set of organizations. At 
the outset of the project, they received 
a $2,500 grant from the Western 
Greenhouse Association, followed by 
$10,000 from the Fred C. Gloeckner 
Foundation. The largest grant came from 
the American Floral Endowment — 
three-year funding at a total of $120,000. 
Zhang and Hausbeck also received 
support from MSU AgBioResearch to 
add students to the project.

Partnering with MetaMateria 
Technologies, a company concerned 
with water quality, the team operated 
as a subcontractor on a Small Business 
Innovation grant from the U.S. 
Department of Agriculture’s National 
Institute of Food and Agriculture.

“It has been a great multidisciplinary 
effort thus far, where we have been able 
to touch every aspect of the land-grant 
model and provide potential solutions 
to problems facing food production 
in greenhouses,” Zhang said. “We 
are teaching and providing research 
opportunities, and Mary has done some 
outreach. We believe there is definitely 
room to expand this work moving 
forward.”

MSU AGBIORESEARCH
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“UNDERSTANDING AND DEVELOPING 
A SYSTEM THAT ALLOWS FOR THE 
FILTRATION OF PATHOGENS FROM 
WATER IS IMPORTANT, ESPECIALLY IN 
GREENHOUSES, WHERE WE IDEALLY 
RECYCLE WATER.”
- Wei Zhang

ornamental industries for nearly three decades, tending to crop 
disease issues as a researcher and MSU Extension specialist. 

Hausbeck spoke to her colleagues about Phytophthora and 
Pythium, water molds that wreak havoc on a wide range of 
crops. Spores from these molds — called zoospores — can 
travel through water and infect neighboring plants, a chain 
reaction that can quickly devastate a grower’s operation. 

Zhang primarily deals with the transport of contaminants 
within soil and water, so he believed this presented a 
collaboration opportunity to delve into plant diseases. 
Hausbeck agreed.

“I sent Mary an email, and she responded right away,” Zhang 
said. “Understanding and developing a system that allows for 
the filtration of pathogens from water is important, especially 
in greenhouses, where we ideally recycle water. This idea got us 
excited about the prospect of combining our work.”

Mary HausbeckBy Cameron Rudolph
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FLINT WATER CRISIS: 
HEARING THE COMMUNITY’S 
CONCERNS
In large-scale crises, scores of well-intended individuals and 
organizations often flock to disaster areas to lend a hand to 
those in need. These groups often come equipped with ready-
made short-term solutions to what are typically broad, systemic 
problems.

But gaining understanding of the problem from those experi-
encing it is vital to improving the situation. In the rush to find 
answers and “help” amidst great uncertainty, the voices of those 
affected can be lost in the chaos.

Michigan State University (MSU) researchers found this to be 
the case during the Flint water crisis. To provide immediate as-
sistance, thousands descended upon the city with bottled water 
and other supplies. At a deeper level, however, the situation 

After learning more about participatory 
modeling, Sadler and the CFGF invited 
an MSU team to work in the city. MSU 
would bring the modeling expertise, and 
the CFGF would organize four work-
shops in distinct areas of Flint and one 
citywide meeting for a project dubbed 
Voices of Flint.

During the spring and summer of 2016, 
Flint residents were invited to attend 
various sessions to speak about their 
experiences. More than 60 participated, 
filled out surveys and collaboratively 
represented the complex dynamics of the 
issues, primarily identifying the causes, 
consequences and potential solutions to 
the crisis. 

“It was extremely important that we 
frame this work as an exercise in lis-
tening,” said Steven Gray, an assistant 
professor in the MSU Department of 
Community Sustainability. “We came 
into an emotionally charged situation, 
and we needed to respect that. The 
people of Flint were, and still are, dealing 
with traumatic circumstances.”

Sadler understood that trust between 
residents and the government at all levels 
was broken. They needed a way to com-
municate the community perspective to 
those in charge of the response and help 
bridge the gap to influence policy.

“MSU came into the situation as an 
outside observer who could look at the 
problem from a systemic viewpoint,” 
Sadler said. “It’s difficult to create change 
in government and policy with anecdotal 

feedback from just a few residents. But 
when we use participatory modeling to 
compile dozens of similar experiences, 
we have something to work with.”

After the workshops, researchers and 
community members collaborated to 
ensure the accuracy of the information. 
Using a participatory modeling soft-
ware developed by Gray called Mental 
Modeler, the team published a research 
summary in December 2016.

The report showed that residents felt 
they have the least amount of power to 
effect change, and that governmental 
institutions don’t have their best inter-
ests in mind. Because of this mistrust, 
community members anticipated that 
recovery efforts would be more compli-
cated and that some potential solutions 
would cause more harm and conflict than 
good.

Though those surveyed believe that infra-
structural problems such as deteriorated 
pipes contributed to the water crisis, 
they conveyed that years of negligence, 
marginalization, loss of decision-making 
control and Flint’s depressed economy 
were the main factors in getting to that 
point.

Lead exposure was the primary health 
worry, but other physical and emotional 
consequences were expressed, including 
daily stress, uncertainty and fear of long-
term health risks. Residents concluded 
that many of these issues would not be 
adequately addressed by simply enacting 
a “fix-the-pipes” approach.

The community had several ideas for 
solutions, ranging in time frame from 
short-term to indefinite. Replacing pipes 
and installing whole-house water filters 
in homes were foremost on their minds, 
but residents also expressed the desire to 
hire local contractors. Community mem-
bers viewed keeping recovery funds in 
Flint as an opportunity to gain autonomy, 
improve the city’s tax base and stop the 
flow of jobs out of the city.

“The main goal of this project was to hear 
what the community understood the 
problem to be, what they believe caused 
it, and how they think it can be miti-
gated moving forward,” Gray said. “The 
residents’ feedback was tremendous, 
and their suggestions helped us create a 
report that community groups and resi-
dents could reference when talking about 
policies that address their concerns.”

Sadler said that keeping residents en-
gaged throughout the project engendered 
trust and provided a safe forum for them 
to discuss the topics important to them.

“This was really a model in how you 
do community participation research,” 
Sadler said. “We were able to use the 
relationships we had in the community, 
and MSU brought a unique and credible 
process. The compassion that was shown 
in making sure to get it right by truly 
representing Flint’s people was amaz-
ing. The work we’ve done will hopefully 
last long into the future and inform the 
necessary steps toward progress.”

from the perspectives of Flint residents was not fully under-
stood.

Primarily through the MSU Office of Outreach and Engage-
ment, the university has longstanding relationships throughout 
Flint with organizations such as the Community Foundation of 
Greater Flint (CFGF). 

Artina Sadler, the food system navigator and program manager 
with the CFGF, had taken part in participatory modeling work 
at MSU through events such as the Innovations in Collaborative 
Modeling Conference. Participatory modeling is a computation-
al approach that brings together various perspectives on major 
health and environmental issues to solve complex problems. 

“IT WAS EXTREMELY IMPORTANT THAT 
WE FRAME THIS WORK AS AN EXERCISE 
IN LISTENING.”

- Steven Gray

By Cameron Rudolph
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ESTIMATING 
EFFECTS OF 
GENES: ONE 
SIZE MAY NOT 
FIT ALL

For decades, animal breeders have benefited from databases of livestock 
performance information on economically important traits such as milk 
yield or reproductive performance, along with pedigree, to accurately 
predict genetic merit of animals. Genotype information using single 
nucleotide polymorphism (SNP) markers available within the past 
decade, particularly in dairy cattle, has further increased their accuracy 
and the ability to select younger animals for breeding stock, thereby 
doubling genetic gain in milk yields per year.

One of the surveyors of heredity is Rob Tempelman, professor of 
quantitative genetics and animal breeding in the Michigan State 
University (MSU) Department of Animal Science and recipient of the 
2017 Jay L. Lush Award in Animal Breeding from the American Dairy 
Science Association.  

Tempelman describes his work as an attempt to enhance research 
reproducibility while recognizing that genetic effects and their as-
sociations with economically important traits can vary widely across 
different environments. 

For the past couple of decades, Tempelman, along with several graduate 
students, has developed statistical models and computationally feasible 
algorithms to help assess the nature of this heterogeneity and the im-
pacts on prediction on genetic merit of ignoring it. His current research 
on the use of SNP markers to predict genetic merit for complex traits, is 
factoring in influences such as management systems. 

Feed efficiency of dairy cows is an 
example of an area that has benefited. 
Agricultural producers want to maxi-
mize milk output while minimizing feed 
cost without jeopardizing the health of 
the cow. Feeds with different chemical 
compositions — including, for example, 
energy and protein content — are used 
across farms or even between seasons on 
the same farm, so there can be substantial 
heterogeneous genetic and non-genetic 
relationships between the various com-
ponent traits of feed efficiency.  

Tempelman considers himself to be 
incredibly fortunate to have been part 
of a multi-institutional research team 
(including principal investigator Mike 
Vandehaar, also from MSU) funded by 
the USDA that allowed him to address 
such issues with data from various 
collaborators worldwide. Some of this 
work also was conducted in conjunction 
with another USDA grant involving Juan 
Steibel at MSU and Tempelman’s former 
graduate student, Nora Bello, at Kansas 
State. This project focused on develop-
ing statistical and computational tools 
to model heterogeneous genetic effects 
across environments.

“A need exists beyond classical quantita-
tive genetic analyses on feed efficiency to 
better model the heterogeneous relation-
ships between component traits of feed 
efficiency across locations,” Tempelman 
said. “This includes identifying chromo-
somal regions whose genetic control on 
feed efficiency is sensitive to environ-
mental influences such as temperature or 
herd management.”

Scientists understand that factors such 
as milk production, body weight and 
dry matter intake are elements of feed 
efficiency. The cow itself is a key vari-
able. Genetic data on the domestic cow 
ballooned with the sequenced genome of 
Bos taurus reported in 2009. 

As exciting as this breakthrough was, the 
data are only part of the means to under-
stand traits such as milk production and 
feed conversion. With almost 3 billion 
base pairs in the genome assembly, the 
number of markers that can help locate 
genes associated with a trait could be 
overwhelming.

This is where Tempelman’s skills and 
statistical tools come in. By combining 
knowledge of genetics and dairy produc-
tion with expertise in statistics, he not 
only can provide insights into predicting 
outcomes in breeding programs but, pos-
sibly more important, he understands the 
pitfalls of erroneous assumptions.

“From one of my other responsibilities 
— as co-director of the CANR Statistical 
Consulting Center — I have run across 
many types of data sets,” Tempelman 
said. “Good experimental designs and 
data analyses can help reveal whether 
treatment effects are consistent versus 
heterogeneous across environments in a 
range of agricultural and natural resourc-
es projects.”

The number of genetic markers in a 
cow’s genotype is typically in the tens 
of thousands, yet the number of pheno-
types from individual cows is compara-

tively small for estimating the effects of 
individual SNP markers on key traits, 
such as milk production, in a “genome-
wide association” (GWA) analysis. A 
GWA analysis is typically a first step in 
identifying genes that are potentially 
important for the trait of interest, such as 
milk production or feed efficiency. 

Some of the better performing statistical 
GWA models are based on sophisticated 
“hierarchical Bayesian” analyses but 
require specification of the proportion of 
SNP markers that are believed to be as-
sociated with a particular trait. In these 
models, such a proportion is typically 
referred to as a “hyperparameter.”

Many scientists have arbitrarily 
“guessed” these and other hyperparam-
eters rather than attempting to estimate 
them from the data at hand. Tempelman 
and his graduate students have dem-
onstrated that estimating these hyper-
parameters is important to improving the 
sensitivity of GWA analyses and accuracy 
of predictions of genetic merit.  

“To predict an animal’s performance with 
insight from the genome requires well-
defined statistical models and computing 
power,” Tempelman said. “If we want to 
optimize traits like milk yield, reproduc-
tive performance or feed efficiency, no 
one discipline is solely sufficient on its 
own. We need to continue to work more 
seamlessly across fields such as genetics, 
nutrition and reproductive physiology in 
our scholarship to improve the perfor-
mance, health and welfare of livestock.”

“TO PREDICT AN ANIMAL’S 
PERFORMANCE WITH INSIGHT FROM 
THE GENOME REQUIRES WELL-
DEFINED STATISTICAL MODELS AND 
COMPUTING POWER.”
- Rob Tempelman

By Michelle Hendrick
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ENHANCING 
GREAT LAKES 
LANDSCAPES 
FOR HEALTHY 
POLLINATORS

The research team also includes Doug 
Landis, University Distinguished 
Professor; Meghan Milbrath, Michigan 
Pollinator Initiative coordinator; Larry 
Gut, professor; Zsofia Szendrei, associate 
professor; and Julianna Wilson, tree fruit 
integrator. Pollinators are being studied 
in cherries, blueberries, cucumbers, 
field corn and prairie plantings in four 
regions of the state to address key gaps 
in knowledge: understanding long-term 
changes in pollinator communities, 
developing habitat management practices 
for challenging settings and predicting 
optimal landscapes for pollinator habitat 
investment. They are working with MSU 
Extension and industry stakeholders 
such as growers, beekeepers and 
conservationists to ensure that pollinator 
protection and habitat improvement 
plans are relevant and that new findings 
reach those who can use them.

The project’s outcomes will include 
improved best management practices for 
pollinator health to serve beekeepers, 
farmers, gardeners and other landowners 
in four key regions of the state: 
southwestern, central, eastern and 
northwestern Michigan. These regions 
bring to the project a range of relevant 
issues, including relative importance to 
commercial beekeepers, varying intensity 
and type of specialty crop production, 
and degrees of landscape diversity. 

The team, including several students, 
is measuring pollinator diversity and 
relevant bee health intensively within 
these regions. This information will serve 
as the baseline for future monitoring 
and comparison of sites that will be 
resampled intensively every 5 years.

MSU postdoctoral researcher Kelsey 
Graham is providing oversight of the 
project. 

“We can’t move forward and figure 
out what is going on with pollinators 
unless we look at historical records and 
establish a good baseline,” she said. “This 
past summer we collected over 5,400 
pollinators at our research sites.”

Michigan has over 460 species of wild 
bees, and identifying each of those 
pollinators to species is the task of 
Jason Gibbs, former MSU postdoctoral 
researcher. Gibbs, now a faculty member 
at the University of Manitoba, is 
recognized as a lead bee taxonomist in 
the eastern United States and Canada. 
The bee identification information will 
be digitized and entered into a searchable 
database for easy use by future 
researchers. 

Honeybees are the foundation of modern 
crop pollination, but some crops — 
such as tomatoes, blueberries, potatoes, 
peppers and pumpkins — have flowers 

that are more easily pollinated by wild 
bees. The wild bees practice what is 
called “buzz pollination” — they grab 
onto the flower and shake or vibrate it. 
This releases more pollen than can be 
spread by a honeybee visit. Graham said 
that increasing wild bee populations 
can enhance the sustainability of crop 
pollination.

Once researchers identify where bees 
are in the landscape, that information 
will be merged with spatial information 
about where pollinators are needed. For 
example, researchers will determine 
where pollinator habitat should be 
expanded to increase pollination 
needed for crop production and optimal 
locations for future pollinator habitat 
investment. 

“With this level of landscape analysis, we 
hope to identify where habitat should be 
placed to have maximum benefit for crop 
orchards or fields,” Graham said. “We 
will be able to determine the benefits if 
the habitat is right next to a blueberry 
field rather than three miles away.”

Better-informed choices will result in 
healthier pollinators and will help guide 
state and national plans to support 
pollinator health.

“THE CHALLENGES FACED BY 
HONEYBEES, WILD BEES AND 

OTHER FLOWER-VISITING INSECTS 
THREATEN OUR FOOD SECURITY.” 

         - Kelsey Graham

Tiny but mighty pollinators are an essential contributor to many of 
Michigan’s high-value fruits and vegetables. In the past 10 winters, 
however, American beekeepers have lost a high proportion of their 
colonies, with some of the biggest losses recorded in the Midwest. 
At the same time, some wild bee species once common in the Great 
Lakes region, such as the rusty-patched bumble bee, have become 
extremely rare. Even the iconic monarch butterfly is less common 
because of the many challenges facing pollinators, such as habitat 
reduction, pathogens, parasites and pesticide exposure.

In response, over the past decade Michigan State University (MSU) 
has been bolstering its pollinator expertise in the Department of 
Entomology. This past summer, the department launched a new 
$1 million project funded by the U.S. Department of Agriculture 
National Institute for Food and Agriculture aimed at improving 
Great Lakes landscapes to support healthy pollinators. Led by 
entomology professor and extension specialist Rufus Isaacs, the team 
is building on previous work to explore the complexities of poor 
pollinator health. 

“The challenges faced by honeybees, wild bees and other flower-
visiting insects threaten our food security,” Isaacs said. “Addressing 
this in Michigan is of particular importance. We have a significant 
honeybee industry that provides local and national pollination 
services and honey production, and Michigan is a leader in growing 
fruits and vegetables that depend on these insects for pollination.” 

By Joy Landis
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SYNTHETIC 
BIOLOGY MAY 
HOLD KEY TO 
ANSWERING 
SOME OF THE 
MOST DIFFICULT 
SCIENCE 
QUESTIONS

The scientific community spends much of 
its time on the challenges surrounding food, 
health, energy and the environment. The specific 
problems may differ by location, but the basics 
are universal: society needs more nutritious food, 
improved prevention and treatment of diseases, 
renewable energy sources and protection for the 
environment.

With a global population estimated to exceed 9 
billion by 2050, that’s no small task.

One emerging field — synthetic biology — is 
attempting to broadly address these categories, 
starting at the most foundational of levels. 

human health, engineering — all areas 
that advance our understanding and 
improve synthetic biology.”

His team is focused on plants and their 
specialized metabolites — compounds 
synthesized by plants that perform a 
complexity of functions ranging from 
growth to defense.

Researchers have identified the diverse 
utility of metabolites but know relatively 
little about the processes that yield them. 
By determining how plants develop 
substances to defend themselves, for 
instance, scientists can better understand 
how to replicate or enhance production 
of valuable compounds in synthetic 
systems.

Hamberger said that the higher the 
structural complexity of the molecules, 
the more inefficient it is to produce them 
via traditional chemical synthesis. This 
means that scientists need to improve 
their methodology.

“First, we need to understand how 
the plant performs the desired task,” 
Hamberger said. “Then we’re looking to 
take what is essentially a blueprint of 
the plant’s natural mechanisms and use 
that in a synthetic, biosustainable system 
to produce molecules in a more efficient 
way. Making processes ‘green’ and 
sustainable is really important.

“Some plants are able to manufacture 
specialized, bioactive molecules for plant 
defense that hold medicinal properties 
coveted by people for millennia. These 
can be used as antimicrobials, antifungals 
and in several other pharmaceutical 
applications.”

Techniques such as RNA sequencing and 
metabolomics are employed in the lab to 
create large libraries of information about 
what metabolic pathways are active in a 
plant. 

Hamberger and Robin Buell, an MSU 
Foundation Professor in the Department 
of Plant Biology, are working with a 
plant in the coffee family to discover the 
chemistries, activity and function of its 
molecules.

In the realm of biofuels, Hamberger 
said that there are significant concerns 
relating to economic feasibility. His 
laboratory is looking to add value to 
plants, improving the economic return 
on propagation and increasing yields.

With funding from the Great Lakes 
Bioenergy Research Center, Hamberger 
and his team are engineering molecules 
that plants utilize to fashion novel 
compounds. These end up as the 
foundation for high-end inks, glues, 
cosmetics and other products. 

Hamberger said a major benefit is that 
substances such as organic solvents, 
which are conventionally transformed 
from petroleum, are replaced with 
“green” alternatives. 

Hamberger also serves as a principal 
investigator on the first MSU 
international genetically engineered 
machine (iGEM) team. A group 
comprising professors, advisers and 
undergraduate students, the team earned 
a bronze medal at the iGEM competition 
in Boston in December 2016. 

Their project engineered cold and 
freezing adaptations to cyanobacteria. 
The group engaged the Lansing 
community and presented its work, 
explaining the significance of synthetic 
biology and its potential impact on the 
future. Hamberger said MSU teams 
intend to compete in the future as well.

“I am really excited to be a part of this at 
MSU,” Hamberger said. “We’re learning 
more about synthetic biology all the 
time, and we’re unmasking the clues that 
show us how to harness plants’ natural 
processes. The potential is enormous, 
from fighting cancer to growing more 
resilient food crops, so I’m happy to be a 
part of a revolutionary field.”

Synthetic biology has a variety of components, but at its core is understanding 
the biological functions of molecules to improve or construct new processes.  
Putting this understanding to work can take the form of developing high-
value molecules that perform any number of designated jobs. Implications of 
synthetic biology advances include breakthroughs in medicine, biofuels, food 
production and much more. 

At Michigan State University (MSU), Bjoern Hamberger is spearheading the 
charge by taking advantage of expertise across campus.

“’Synthetic biology’ is a fairly new term used to describe a very broad 
discipline that takes principles from many areas of science,” said Hamberger, 
an assistant professor in the MSU Department of Biochemistry and Molecular 
Biology. “This is all new ground that we’re breaking. We have much to learn, 
but the possibilities are almost limitless. MSU has experts in plant science, 

“WE’RE LEARNING MORE ABOUT 
SYNTHETIC BIOLOGY ALL THE TIME, 
AND WE’RE UNMASKING THE CLUES 
THAT SHOW US HOW TO HARNESS 
PLANTS’ NATURAL PROCESSES.”
- Bjoern Hamberger

The Euphorbia lathyris plant can be used to create compounds that treat a variety of 
skin conditions.

By Cameron Rudolph



1716

MSU AGBIORESEARCH  2017 ANNUAL REPORT

PRESERVING 
HARDWOOD 
DIVERSITY 
THROUGH 
NEW 
MANAGEMENT

In the early days of Michigan statehood, it was a common belief that a 
squirrel could easily cross the entire state without ever setting foot on the 
ground because of the plentiful forests. Though much of that landscape 
has since changed, forests remain tremendously important to Michigan’s 
economy and culture. 

With the state boasting approximately 20 million acres of woodland, 
Michigan’s forest products industry includes more than 800 logging 
and trucking companies, and over 1,000 manufacturers that depend 
on Michigan lumber, according to the Michigan Department of 
Natural Resources (MDNR). The density and diversity of those forests 
are dwindling, however, and a Michigan State University (MSU) 
AgBioResearch team is working to remedy that.

For the past half-century, the majority of Michigan’s northern hardwood 
forests were managed using a method called single tree selection 
silviculture. In this practice, emulating the dynamics of old-growth forests, 
loggers enter a stand of woodland every 10 to 20 years, cutting down single 
trees and leaving small gaps in which the ecosystem would naturally 
replenish itself. This should have led to diverse ages among the trees, but 
forest managers returning to stands over decades discovered that they 
remained fairly even aged. Instead of rejuvenating the stands, they were 
effectively thinning them out, threatening the long-term sustainability and 
diversity of the forests.

Species diversity protects the forest ecosystem from threats such as 
pathogens and insect predation because what targets one species has 

less impact on others. A healthy, 
resilient forest, therefore, features a 
wide assortment of trees, from the 
commercially and ecologically significant 
sugar maple to yellow birch, red 
maple and others. Single tree selection 
combined with high deer population, 
has been found to have a homogenizing 
effect, limiting the species that are able to 
regenerate. Worse still, those species that 
do regenerate tend to be less preferable 
economically and environmentally, such 
as American beech and ironwood.

Taken together, these issues represent 
a threat to one of Michigan’s most 
important natural resources. That’s 
why the MDNR approached MSU 
AgBioResearch forest ecologist Michael 
Walter for help. Walter has dedicated 
his academic career to developing better, 
more sustainable ways of managing 
forests. 

“There’s been a growing awareness of 
these problems for about 20 years,” 
said Walters, associate professor in the 
MSU Department of Forestry. “Many 
of our forests are not being managed 
sustainably, and that’s left them 
vulnerable to not only disease and pests 
but also to larger forces, such as climate 
change. It’s nearing the end of the road, 
and we have to do something.”

The findings of numerous studies 
have suggested that the root cause of 
these problems is a combination of the 
small gaps in the forest left by single 

tree selection and overgrazing by large 
white-tailed deer populations. Through 
an approximately $1 million grant from 
the MDNR, Walters and his colleague, 
MSU AgBioResearch wildlife ecologist 
Gary Roloff, are leading a six-year project 
to develop a new, more sustainable 
model for northern hardwood forest 
management.

The team designed an experiment that 
compares single tree selection with three 
alternative silvicultural systems:

•  Seed-tree silviculture, in which all trees 
in a stand except a select few of diverse 
species are harvested. The remaining 
trees reseed the next generation.

•  Shelterwood silviculture, in which 
enough trees are cut to thin the canopy, 
allowing enough light to reach the 
ground for tree seedlings to grow 
but not so much that weeds and less 
desirable species flourish.

•  Gap-based silviculture, in which trees 
are harvested to leave larger multi-
tree gaps of varying sizes in the forest, 
allowing more space for young trees  
to grow.

In addition to testing the effects of 
various harvesting methods on tree 
seedlings, the team is also looking at 
other ways to limit the impact of deer on 
regenerating trees.

“When you get concentrated numbers 
of deer in an area, they can significantly 

“WHEN YOU GET CONCENTRATED 
NUMBERS OF DEER IN AN AREA, 

THEY CAN SIGNIFICANTLY IMPACT 
TREE SURVIVAL.” 

 - Gary Roloff

impact tree survival,” explained 
Roloff, associate professor in the MSU 
Department of Fisheries and Wildlife. 
“They love to browse a lot of important 
species, such as yellow birch and red oak, 
and when you have all these other factors 
already limiting those species, adding 
deer on top of that makes the perfect 
storm for failure.”

Using 250 motion-activated cameras, 
Roloff and his team are monitoring 
how deer interact with tree stands and 
finding ways to shift their attention away 
from the species the project is trying to 
protect. One experiment involves having 
loggers leave the top limbs and branches 
of harvested trees on the ground, creating 
a barrier that would shift deer to other 
areas of the stand.

The project encompasses 142 30-acre 
stands ranging from the western Upper 
Peninsula to the mid-Lower Peninsula 
and is being carried out in cooperation 
with both state forest managers and 
private industry. The team will enter 
each stand every two years, taking 
measurements and gauging both the 
regeneration and the diversity of the 
stands.

“The scope we’re operating at is 
unprecedented for this type of project,” 
Walters said. “We need it to be 
operationally accurate, however, so that 
the practices we test are realistic in terms 
of what companies and the state can 
apply.”

By James Dau
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LUPUS: 
PREVENTING 
ONSET FROM AN 
ENVIRONMENTAL 
TRIGGER

DHA is inherent in many popularly 
consumed fish species and is also present 
in fish oil supplements taken daily by 
millions of people around the world.

Lupus, like other autoimmune disorders, 
is believed to be the result of a multitude 
of influences, including genetics and the 
environment. The illness is more common 
in those who have worked in industries 
such as construction and mining, where 
workers may come in to contact with 
certain substances.

“There’s a toxic mineral called crystalline 
silica that many people in a variety of 
industries are more exposed to,” Pestka 
said. “Using a mouse model with animals 
that were predisposed to lupus, we 
showed that well over 90 percent of the 
lesions on the lungs and kidneys were 
stopped after the animals ingested DHA. 
We still have a long way to go, but these 
are tremendously positive results that 
can mean a great deal for all autoimmune 
problems.”

After the findings were published, 
Pestka’s team received $2.3 million over 
five years from the National Institutes of 
Health (NIH). The group will endeavor 
to determine why DHA had such a 
positive impact. There are theories about 
how DHA halted the onset of lupus in the 
mice, but Pestka said there isn’t enough 
evidence to point to one conclusion.

“We think there could be a number of 
explanations, and like most things, it’s 
difficult to distill the situation down 
into one tidy solution,” Pestka said. 
“One thought is that the DHA could be 
telling the body not to overreact to the 
lesions, and thus the immune system isn’t 
targeting healthy cells. There are other 
possible answers as well. We’re learning 
more about the effects on the body and 
hope that means we can start to look at 
the causation side of things.”

Pestka’s expertise in toxicology 
stimulated his interest in autoimmunity, 
but to truly realize the potential of 
the team’s discoveries, involvement 
of autoimmune disorder specialists is 
required.

“There is much to be learned about the 
human health implications of our study,” 
Pestka said. “The next logical step after 
our project is to work on that. I’m very 
interested in ways we can collaborate 
with doctors, human health researchers 
and others who could help us take these 
studies to the next level.”

In addition to the NIH funding, the 
research team recently received a donor 
gift from Robert and Carol Deibel that 
was used to endow Pestka’s position 
— making him the Robert and Carol 
Deibel Family Endowed Professor — and 
provide monetary support to the Pestka 
laboratory. 

The Deibels are no strangers to food 
science or autoimmune disorders. 
Robert enjoyed a distinguished career 
in academia and private business as 
a microbiologist and expert on food-
borne illnesses. Carol is an alumna, and 
multiple members of the Deibel family 
have battled lupus. Upon hearing of 
the potential advancements in lupus 
treatment at MSU, the couple wanted to 
get involved.

“I’m really honored that the Deibels 
have entrusted me and our team with 
their generous donation,” Pestka said. 
“It demonstrates the faith that people 
have in MSU and our capacity to deliver 
answers to questions that are really 
important to them. 

“For people like Dr. Deibel, who is so 
well-respected in the microbiology 
field, and Carol to think that highly of 
MSU is very flattering. I look forward to 
continuing to share our results with the 
Deibel family and others like them who 
are invested in our work.”

More than 23 million Americans have an autoimmune disorder*, 
a condition in which the body’s immune system attacks healthy 
cells by mistake. Dozens of diseases fall under the autoimmune 
category — lupus, rheumatoid arthritis, Type 1 diabetes and 
multiple sclerosis are some of the most common — and none 
have cures. 

Symptom relief and management are currently the primary 
strategies for medical professionals, but the healthcare 
community is working hard to determine the underlying causes.

Michigan State University (MSU) researcher James Pestka, 
the Robert and Carol Deibel Family Endowed Professor in 
the Department of Food Science and Human Nutrition, is 
collaborating with other MSU scientists to uncover the secrets 
of autoimmunity.

Focusing on lupus, Pestka and his colleagues used funding 
from the National Institute for Environmental Sciences and the 
Lupus Foundation of America to conduct studies that showed 
how consuming the omega-3 fatty acid DHA can prevent the 
activation and progression of the disease when the cause is 
exposure to a toxic environmental substance.

Photo courtesy of iStock.

“USING A MOUSE MODEL WITH ANIMALS 
THAT WERE PREDISPOSED TO LUPUS, 
WE SHOWED THAT WELL OVER 90 
PERCENT OF THE LESIONS ON THE 
LUNGS AND KIDNEYS WERE STOPPED 
AFTER THE ANIMALS INGESTED DHA.”
- James Pestka

*National Institutes of Health

By Cameron Rudolph
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CONTRIBUTING 
TO CLEAN 
ENERGY NEEDS 
THROUGH 
CELLULOSIC 
BIOFUELS

“We have a finite amount of oil left in the earth, and we can’t wait 
around for the earth to make more,” said Kurt Thelen, professor of 
Plant, Soil, and Microbial Sciences at Michigan State University 
(MSU). “Eventually, we’re going to have to go to alternative fuels.”

Cellulosic biofuels, derived from grasses and wood, could be part 
of the answer to our energy needs for the future. Researchers at the 
Great Lakes Bioenergy Research Center (GLBRC), including Thelen 
and MSU professor Phil Robertson, are investigating the possibilities 
of sustainable biofuels, which are hoped to be a step toward cleaner 
energy especially for transportation. 

From a global climate change standpoint, these biofuels are a clear win-
ner over oil. The carbon we release into the atmosphere when we burn 
oil, estimated to be about 200 million years old, is not native to the 
atmosphere, and accelerates climate change. 

Sustainably grown biofuels, on the other hand, give us the opportunity 
to recycle carbon from the atmosphere. Biofuel plants can also seques-
ter some carbon in the soil, which results in a net negative release of 
carbon.

“We can burn the biofuels so much more cleanly than the way we burn 
fossil fuels,” said Thelen.

In 2016, a record-breaking high of 143.37 billion gallons of petroleum-
based gasoline were consumed in the United States, according to 
the U.S. Energy Information Administration. As gasoline is burned, 

it produces carbon monoxide, carbon 
dioxide, nitrogen oxides, and other 
contributors to air pollution.

“In the near term, biofuels are mostly a 
gasoline replacement,” said Robertson, 
who is a distinguished professor of eco-
system science in MSU’s Department of 
Plant, Soil and Microbial Sciences. “We 
want to be all-electric in the future, but 
we need to have a climate-friendly bridg-
ing technology until we have the energy 
grid to support that. Biofuels are the 
natural choice for that bridging period.”

Going all-electric could be a carbon-free 
scenario for transportation if the fuel 
used to produce the electricity were 
renewable. However, even if we were 
able to make passenger vehicles elec-
tric across the board, there would still 
be some energy needs that electricity 
couldn’t match, like airplanes and long-
distance transport like trains and trucks. 
There are also other uses of oils that 
would need to be accounted for.

“Only about 70 percent of a barrel of 
oil is actually used for gasoline or other 
power,” said Robertson. “The other 30 
percent goes into products like plastics 
and paints and other chemical uses, and 
those are also going to need to be made 
with renewable sources like cellulosic 
biomass in order to go carbon-neutral.”

The GLBRC is a collaboration between 
the University of Wisconsin-Madison 
and MSU, with field sites at several loca-
tions in Wisconsin and Michigan, includ-
ing one at MSU’s W.K. Kellogg Biological 
Station, where Robertson conducts the 
bulk of his research. 

This year, the GLBRC was granted next-
phase funding from the US Department 
of Energy. With that funding, GLBRC re-
searchers are taking steps toward highly 
focused research on four biofuel crops 
- switchgrass, energy sorghum, poplar 
trees and restored prairies.

These crops are being grown on marginal 
lands, which are nutrient-limited and 
aren’t used for growing food. This means 
that biofuels would be grown without 
competing for arable land that we need 
for food production.

“It’s pretty clear that in the future, 
marginal soils are where biofuels will be 
relegated, because food is always our top 
priority,” said Thelen. “We can also look 
at bringing some of these marginal soils 
into production in a way that’s going to 
even improve their ecosystem services, 
plus give us some economic development 
in those rural areas where these soils 
exist.”

Growing biofuels on nutrient-limited 
lands means that researchers have to get 
creative in how these plants can sustain-
ably thrive.  Part of that is examining 
what natural processes they might be 
able to leverage, like nitrogen-fixing 
bacteria in the rhizosphere that can give 
plants the nitrogen they need. 

“We know the cost of nitrogen fertil-
izer is often the most expensive input 
for the farmer,” said Thelen. “It’s also the 
most expensive in terms of its carbon 
footprint. It takes a lot of natural gas to 
make synthetic nitrogen fertilizer, and 
that has its own emissions problems, so 
there’s tremendous advantage if you have 
nitrogen fixation taking place.”

“There’s a lot of work to be done,” said 
Robertson. “This area of microbiome-
assisted plant growth is a novel one that 
is only now getting to the point where 
we understand enough about it to think 
about managing it in the future.”

Robertson, Thelen, and others at the 
GLBRC reported in a 2017 Science article 
that the climate benefit of biofuels is even 
greater than originally anticipated.  How-
ever, it’s a challenge to pin down how 
to maximize that benefit, and minimize 
other tradeoffs.

Future research on biofuels will help to 
determine an optimal balance of produc-
tivity, sustainability, and cost-effective-
ness, and a big part of sustainability is 
the provision of biodiversity and climate 
benefits. It’s difficult to engineer a win-
win-win situation across the board.

“For example, as a landowner I might 
be happy to give up 10 percent of my 
productivity to double my impact on 
conservation,” said Robertson. “But if  
I have to give up 90 percent of potential 
productivity in exchange for 10 percent 
more biodiversity, the economics get 
dicier. In order to make sound choices we 
have to know the consequences of differ-
ent choices.”

The future of biofuels, according to 
Thelen and Robertson, rests on their 
economic viability and sustainability, and 
will likely require government policy in 
order to be implemented effectively. 

“ONLY ABOUT 70 PERCENT OF A 
BARREL OF OIL IS ACTUALLY USED 

FOR GASOLINE OR OTHER POWER.”
- Phil Robertson

By Bethany Bohlen
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REDUCING 
ANTIBIOTIC 
USE AND 
MASTITIS 
OCCURRENCE 
THROUGH 
EMPLOYEE 
TRAINING

The U.S. dairy industry spends countless dollars each year combating 
and researching mastitis, a common udder infection in cows, yet masti-
tis continues to account for a major portion of on-farm antibiotic use. A 
research team led by Ron Erskine, professor in the Michigan State Uni-
versity (MSU) Department of Large Animal Clinical Sciences, is working 
on a way to help lower the incidence of mastitis on dairy farms through a 
relatively simple concept: employee training. 

The research project is funded by a five-year $3 million USDA National In-
stitute of Food and Agriculture (NIFA) grant aimed at reducing mastitis 
and antibiotic use on dairy farms. Erskine’s team of research and Exten-
sion professionals from MSU joined forces with Michigan dairy industry 
experts and field veterinarians in addition to researchers from Pennsylva-
nia State University, Mississippi State University and Florida Agricultural 
and Mechanical University to ensure that the research project would 
encompass many facets of dairy farming.  

“NIFA was targeting mastitis, which remains the most important infec-
tious disease on dairy farms and the No. 1 reason for use of antibiotics,” 
Erskine said. “Along with that, they wanted some way to target programs 
to help reduce mastitis antibiotic use.” 

A 12-farm pilot study gave researchers the opportunity to interview farm 
employees anonymously — they used clicker technology to answer ques-
tions about their work. That information, combined with an evaluation 
tool, helped clarify how to move forward with the project. 

“We know the four pillars of mastitis control — how cows are milked, 
milking equipment maintenance, mastitis treatment detection and pro-
tocols, and proper bedding and housing — and we know what works,” 

Erskine said. “However, there’s a new 
challenge to the dairy industry, and that’s 
labor availability and labor development 
or training. During the pilot study, we 
did something that I don’t believe too 
many studies have done before, and that 
is talking about the needs of employees 
and what they want.”

A monitoring device placed on milking 
units on 125 farms across three states 
helped researchers learn how well a farm 
is faring with mastitis control. It lets the 
cows, rather than people, score the milk-
ing protocols.  

“Now we go into a parlor, we put these 
devices on the units, and we give a farm 
a grade just like a 60-70-80-90 percent,” 
Erskine said. “You want to be an 85 or 
90 percent herd, and if you are a 65 or 70 
percent herd with your correct milking, 
that tells us we have to go in and work 
with the employees.”

A consistent theme emerged through-
out the main study — dairy producers 
ranked the importance of retaining and 
recruiting good employees on the farm 
“very high” in regard to mastitis, calf 
health and cow treatment. Employees 
reported frustration with a lack of train-
ing and education. 

“Many farms lack the capacity to effec-
tively train and educate employees,” Ers-
kine said. “The producers are aware of it 
and they certainly believe in it, but given 
the time and their comfort level, there’s a 
different dynamic when education occurs 
between a boss and employee versus 
someone who is a third-party teacher. 
That’s why sometimes teachers can have 
a good effect with kids when they don’t 
listen to their parents and vice versa.” 

Reducing mastitis through employee 
training is not a new concept, and most 
farm employees go through some type of 
on-the-job training. As Erskine and his 
team’s research progressed, they found 
that the mechanism and procedures by 
which employees are trained might not 
be working as well as intended. Often 

employees are trained by other employ-
ees, opening the door for missed steps 
and inaccurate information, which can 
lead to an uptick in herd mastitis.

Even when a farmer consults with Exten-
sion dairy educators or its milk coopera-
tive to train employees in proper milking 
procedures, the one-time, one-training-
fits-all approach can fall short because 
every farm is unique, and the employees 
don’t usually have access to follow up 
with the trainers. 

“If I am an employee, why would I want 
to listen to someone from 100 miles away 
telling me how I should do my job when 
I am milking seven to eight hours a day?” 
Erskine said. “We thought there has to be 
a better way — what we really need is a 
science teacher who can teach very basic 
things like why cows let their milk down 
and why we rub teats before milking and 
why we use germicides for disinfection.”

As the team discussed this concept, they 
realized that dairy farms have someone 
who knows the science, spends time on 
the farm and is respected by employees: 
the farm veterinarian. 

“We thought: why not set up this pro-
gram to essentially train the trainers how 
to be the science teachers?” Erskine said.

Offering on-farm employee training gives 
veterinarians an opportunity to expand 
their practice while improving rap-
port with their clients. Dairy producers 
gain more consistent milking protocols 

resulting in higher quality milk and 
fewer mastitis cases. Some dairies even 
have veterinarians working with their 
employees regularly through mandatory 
meetings that focus on a different aspect 
of herd health each month. 

“We have been able to show this can 
work because we have had some prac-
tices where some practitioners have run 
with this,” Erskine said. “We supply les-
sons for them in English and Spanish. We 
have also put teaching videos online. You 
would be surprised how little there is out 
on YouTube on how to milk a cow.”

As his team nears the end of the 
project, Erskine is working on ways 
to help farms use the research on an 
everyday basis. During the project, 
Erskine formed a team of veterinarians, 
Extension educators and dairy industry 
representatives who are prepared to 
carry the training program concept 
forward with Michigan dairy farms and 
veterinarians.

“Our purpose is to show that this 
can be done,” Erskine said. “This is a 
demonstration to show with scientific 
information from the surveys that yes, 
producers and employees are interested 
in this. We need to do a better job of 
educating, here’s a model that’s been 
working. That’s where we are at this 
point we know logistically it works well 
and we have demonstrated that there 
are veterinarians and producers who are 
buying on to this.”

“WE THOUGHT: WHY NOT 
SET UP THIS PROGRAM  
TO ESSENTIALLY TRAIN 
THE TRAINERS HOW  
TO BE THE SCIENCE 
TEACHERS?” 
- Ron Erskine

By Mindy Maxwell Tape
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TINY INVASIVE INSECT ATTACKING 
HEMLOCK TREES IN MICHIGAN

A tiny insect — no larger than 1.5 millimeters in length — 
threatens more than 170 million trees in Michigan, and the 
cascading ecosystem effects could be catastrophic. Michigan has 
already experienced this with previous invasive pests, but this 
latest one — hemlock woolly adelgid (HWA) — threatens not 
only trees but the health of aquatic species and wildlife as well.

Deb McCullough, professor with the Michigan State University 
(MSU) Department of Entomology, knows the enormity of the 
challenge facing the state. She has been through it before with the 
emerald ash borer and the gypsy moth. “It’s a tree killer,” said Mc-
Cullough, in reference to HWA. 

It preys on hemlock trees, which are vitally important to the 
ecological health of aquatic species and wildlife throughout 
Michigan. Hemlocks provide dense shade during periods of 
extreme weather that helps to protect animals. They typically 
grow along the banks of lakes and rivers, where they help to 
provide nutrients to soils and waterways. 

Scientists suspect that the pest was 
brought into Michigan on hemlock trees 
imported from nurseries. The adelgid may 
have been in Michigan for about 15 years, 
but if so, the populations stayed low and 
went unnoticed. Small, localized infesta-
tions near the Lake Michigan shoreline 
were discovered in 2015, and additional 
adelgid hot spots have since been found 
in four western Michigan counties.  

The insect does not fly, but its eggs can 
be blown by the wind or transported 
by birds or animals or on clothing. The 
insects feed at the bases of hemlock 
needles, sucking up moisture and nu-
trients from the woody shoots. Insects 
secrete strands of white wax as they feed.  
This wax or “wool” helps to protect the 
insects. Populations can increase rapidly 
because two generations of the pest oc-
cur each year. 

The Michigan Department of Agricul-
ture and Rural Development (MDARD) 
has implemented an interior quarantine 
in infested parts of Allegan, Muskegon, 
Oceana and Ottawa counties, limiting the 
movement of nursery stock and hemlock 
branches, trees or similar material in and 
out of the four-county area. 

The challenge posed by the adelgid re-
quires cooperation from several entities, 
and McCullough said the partnerships 
formed at the local, state and national 
levels have been invaluable. 

She communicates with other forest 
entomologists throughout the eastern 
United States who have been confronted 
with the HWA firsthand, learning about 
identification, evaluation, insecticide 
treatments and biological controls. 

McCullough is also collaborating with 
officials at the Michigan Department of 
Natural Resources, forest health special-
ists with MDARD and the U.S. Forest 
Service, and land managers in western 
Michigan to develop strategies and tac-
tics to respond to the infestations.

McCullough and other MSU researchers 
are working to develop a statewide haz-
ard map that will identify where hemlock 
is abundant and the pest is most likely to 
thrive. Those areas can then be priori-
tized for HWA surveys and mitigation 
efforts to reduce impacts of the pest. 

MSU climatologist Jeff Andresen is 
analyzing winter temperatures going 
back to 1980 to identify regions of the 
state where the winter climate is likely 
to cause HWA mortality in at least some 
years as well as areas where the moderat-
ing influence of Lake Michigan might 
allow HWA populations to thrive.  

McCullough and her colleagues will also 
be monitoring temperatures at various 
tree heights and directions to see how 
temperatures vary during the winter 
depending on exposure to sunlight or 
snow depth.  

“We want to use as much data as we can 
to get a better sense of where and how 
quickly the adelgid is going to impact 
hemlocks throughout the state,” she 
explained.  

Another big part of McCullough’s work 
is outreach and education.

“We are working with several partners to 
get the word out about HWA.  The West 
Michigan Cooperative Invasive Species 
Management Area will play a key role in 

“WE HAVE A LONG HISTORY OF 
WORKING TOGETHER TO SOLVE 

PROBLEMS IN MICHIGAN.” 
- Deb McCullough

In the eastern United States, the death of hemlock caused by 
hemlock woolly adelgid has altered soil temperatures, nitrogen 
cycling and decomposition rates. It has also increased erosion, 
raised water temperatures and reduced water quality. 

“People might assume that when you lose hemlock, those birds 
and animals will find somewhere else to go, or another tree will 
take its place,” McCullough said. “But hemlock is unique. Losing 
big, mature hemlock trees will affect the function and quality of 
these ecosystems.”

The HWA is native to Asia and was transported into the Pacific 
Northwest in the 1920s.  Both Asian hemlock and western 
hemlock are highly resistant and are rarely killed by the insect. 
Eastern species of hemlock, however, have been devastated by 
the adelgid. The pest was first reported in the eastern United 
States in 1951 and has since spread to 19 states from Georgia to 
Maine, killing hundreds of thousands of trees. 

carrying out HWA surveys and in orga-
nizing and informing property owners 
about the threat of the adelgid and the 
treatment options that can protect trees.”

She will also be working with partners 
in MSU Extension on outreach efforts to 
inform residents about the pest and to 
encourage the public to report sightings 
of HWA on the Midwest Invasive Species 
Information Network (misin.msu.edu). 

That spirit of cooperation helps to drive 
McCullough. 

“We have a long history of working 
together to solve problems in Michigan,” 
McCullough said. 

“Think about Tahquamenon Falls with-
out all those beautiful hemlock trees. 
We have so many forests that have been 
affected by invasive pests such as the em-
erald ash borer, beech bark disease and 
oak wilt.  Now we have another pest that 
could knock out hemlock. Where does it 
stop? There’s rarely a vacuum in nature. 
Something will grow there, but it will 
change those systems, and the forests 
become less diverse and less resilient.”

Despite the daunting task ahead, Mc-
Cullough said she is committed to 
fighting as hard as possible to protect 
Michigan’s hemlock trees, no matter how 
long it takes.

“I learned a long time ago that, if you’re 
going to do anything related to forests, 
you better have a long-term perspective 
— rarely does anything happen fast.”

By Sean Corp
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DEVELOPING 
NEW CROPPING 
SYSTEMS TO 
HELP MICHIGAN 
VEGETABLES 
SURVIVE 
EXTREME 
WEATHER

Michigan vegetable producers are facing an increased incidence of 
extreme weather events — such as drought, heat and heavy rainfall — 
that place extreme stress on crops. New cropping systems are needed 
to help reduce the risks associated with these events.

Daniel Brainard, associate professor in the Michigan State University 
(MSU) Department of Horticulture, is undertaking a range of research 
projects to build resiliency in vegetable crops. He is looking at reducing 
tillage and maintaining crop residues on the soil surface, two principles 
basic to conservation agriculture.  

His current projects include several long-term trials exploring the best 
way to implement strip tillage systems to build soil health, increase 
moisture retention and protect tender crops, and develop new irriga-
tion systems to reduce heat and drought stress for historically non-
irrigated Michigan vegetables.

Strip tillage involves tilling fields in straight lines separated by a strip
of untilled soil where a cover crop may be planted. For some crops, such 
as carrots, the cover crop strip can protect the cash crop when plants 
are small and vulnerable. When the cover crop dies and is left on the 
soil surface, it acts as mulch and helps to preserve soil moisture and 
prevent erosion.

With support from other MSU specialists and MSU Extension educa-
tors, Brainard’s long-term strip tillage trials have shown beneficial in-
creases in soil organic matter and improvements in soil moisture under 
drought conditions, along with reduced labor and fuel costs for tillage.   

“Part of what we are looking at is what 
crops strip till systems work for,” 
Brainard said. “What are the potential 
benefits? What are the constraints, and 
what are complementary practices that 
people could integrate into that system 
to make it work — including adjust-
ments in weed and nutrient management 
practices. Growers need to be aware that, 
if you’re going to try this, you’re also go-
ing to need to make other adjustments in 
the system to make it work.”

Strip tillage sometimes requires a spe-
cialized approach to weed management 
because weeds that were previously 
controlled with tillage can spread and 
interfere with the crop. Weeds emerging 
in the tilled in-row zone are particularly 
challenging to manage without damag-
ing the crop.  This is not a major issue for 
crops with suitable herbicides, but it is 
for those crops without herbicides or for 
organic growers.

To help address weed management chal-
lenges in both strip tilled and conven-
tionally tilled vegetable crops, Brainard 
received a Partnership Grant from the 
North Central Region SARE program 
(Sustainable, Agriculture, Research and 
Education) to travel to Europe with 
three Michigan growers to study in-row 
cultivation tools (weeding machinery) 
and bring them back to test in Michigan. 
These were demonstrated to more than 
100 growers at the Midwest Mechani-
cal Weed Control Field Day and will be 
featured in an upcoming series of videos.

“We have learned that many of the 
European growers are successfully using 
in-row tools such as finger and torsion 
weeders, which aren’t being used very 
much here,” Brainard said. “And we’ve 
learned quite a bit about where these 
tools work best — in specific crops and 
soil conditions — and where they don’t 
work so well. We’ve spent time learning 
how to calibrate these tools to work best 
so that Michigan growers don’t have to.”

Through a long-term trial, Brainard has 
also developed a system to irrigate as-
paragus that increases yields and reduces 
heat stress through evaporative cooling. 
The evaporative cooling helps prevent the 
asparagus from growing too quickly dur-
ing hotter spring months, which causes 
the asparagus spears to open, making 
them unappealing to consumers. 

“Irrigation can be very valuable for 
certain varieties of asparagus, especially 
on light, sandy soils,” Brainard explained. 
“There is a newer variety called Guelph 
Millennium that is not as drought-
resistant or -tolerant as some of the 
older varieties, so to make that work in 
Michigan, it has helped for some growers 
to have irrigation in place. Our long-term 
trial has shown about a 10 percent boost 
in yield with irrigation on average over 
the past seven years.”

Brainard’s work is made possible by 
funding from USDA initiatives such 
as the Organic Agriculture Research 
and Extension Initiative, MSU Project 

“OUR LONG-TERM TRIAL HAS SHOWN 
ABOUT A 10 PERCENT BOOST IN YIELD 
WITH IRRIGATION ON AVERAGE OVER 
THE PAST SEVEN YEARS.”
- Daniel Brainard

GREEEN (Generating Research and Ex-
tension to meet Economic and Environ-
mental Needs), and support from Michi-
gan vegetable commodity groups such as 
the Michigan Vegetable Council and the 
Michigan Asparagus Research Board.

Though his research in both irrigation 
and strip tillage seeks to reduce risk 
for farmers, Brainard said there are also 
risks involved in trying anything new, 
and that research cannot eliminate all of 
them.  Ultimately, for growers, the most 
important question is should they make 
the investment?

 “When growers invest in an irrigation 
system, they are making a decision about 
buying infrastructure not just for that 
year but for the whole life of the as-
paragus,” he said. “They know that some 
years it is not going to need irrigation, 
but they also know that some years it 
might. The system might not get used for 
three years, but if you have that one really 
hot, dry year and you use it then and you 
get 20 percent increase in yield? It pays 
for itself.

“That’s why I like to do long-term trials, 
where you can start to get a feeling for 
this risk avoidance. You’re going to have 
some years when something bad will 
happen that you can’t anticipate. But if 
you have your systems set up well, they 
can survive that.”

By Tom Cummins
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COLLECTING, 
ANALYZING 
AND 
PROCESSING 
‘BIG DATA’ 

The world of environmental modeling and monitoring can sometimes 
sound like a sci-fi movie, from laser beams shooting from the sky to 
space stations affixed with devices called “GEDI” (pronounced “Jedi”). 
There are also complex tools and systems built to handle staggering 
amounts of digitized information and technologies that empower 
people to make sense of even the most complex systems. 

Welcome to the world of forest management and modeling expert 
Andrew Finley, an associate professor in the Michigan State University 
(MSU) Department of Forestry, whose work may sometimes sound 
more like science fiction than real life. 

Finley builds open-source tools and theoretical frameworks that help 
interpret “big data” — sets of information so massive that they are 
nearly impossible to manage, process and store. His work provides 
researchers and practitioners the tools they need to answer questions 
related to big data, such as how much biomass is in a forest, what pol-
lutants are in the air we breathe, and how does climate change affect 
our lives?

Big data is collected in various ways. For example, data from social 
media interactions and tracking information from GPS-enabled devices 
is collected to analyze human-computer interactions. 

Complex data collection systems include LiDAR (Light Detection 
Imaging and Ranging), which works like a radar but uses light from 
a laser. (NASA GEDI [Global Ecosystem Dynamics Investigation] 

and NASA G-LiHT, Goddard’s LiDAR, 
Hyperspectral and Thermal Imager are 
examples of systems that use LiDAR.) 
These laser systems are mounted onto 
airplanes, satellites and space stations 
to capture location-specific data. When 
data is collected, there’s tons of it.

“We’re awash in data,” Finley said. “The 
challenge is how do we combine these 
data sources in a statistically valid way to 
identify true patterns and not just spuri-
ous ones. The challenge is increasing 
because the data volumes are increasing 
at such a rapid rate.”

His work furthers both theory and ap-
plied science to make big data usable. For 
example, Finley was part of a team that 
won the 2017 Outstanding Statistical 
Application Award from the American 
Statistical Association. In the article, the 
international team develops and applies 
a model to process a massive space-time 
dataset from air pollution monitoring 
stations. Their work helped show the 
extent and movement of airborne envi-
ronmental pollutants used for assessing 
impact on human health. In addition to 
the application, the model is a new tool 
that can be used in a wide range of big 
data sciences.

Finley’s research is about making acces-
sible tools for data processing. He creates 
statistical models and applications that 
work faster and more efficiently, and 
convert datasets into maps, graphs, and 
other visual and interactive media. Prac-
titioners on the ground working with 
spatial and temporal data have used his 
tools in a range of topics, such as deter-
mining air quality, forest health or the 
reason for fluctuation in housing prices. 
As these examples suggest, these tools 
can be implemented broadly to answer 
numerous questions.

“It’s about how we bring information 
together to make a final, mapped product 
that is much more than a pretty pic-
ture,” he said. “The focus is on making a 
statistically valid product that articulates 

uncertainty, which can be fed into other 
decision support systems.”

Another example of his applied and 
theoretical work is an ongoing collabora-
tion mapping forests in interior Alaska. 
Finley is working with NASA and the 
U.S. Forest Service to determine forest 
characteristics, soil conditions, biomass 
and carbon density. Utilizing data from 
NASA G-LiHT and an on-the-ground 
tree inventory from the U.S. Forest 
Service, Finley and collaborators are 
documenting the unknown. 

They are capturing data from interior 
Alaskan forests to determine how much 
carbon is stored within them. The health 
and breadth of Alaskan forests have a di-
rect impact on carbon in our atmosphere 
and climate change. When complete, this 
project will provide the first inventory of 
110 million acres of forestland in interior 
Alaska — an area a bit smaller than twice 
the size of Michigan. 

The resulting products are 3-D, seam-
less, interactive maps of Alaskan forests. 
They’re created through LiDAR (3-D 
mapping of foliage distribution and 
canopy structure), spectroscopy (species 
composition, age and health) and thermal 
data (surface temperatures and heat/
moisture stress, which helps estimate the 
future health of forests). Each second, 
G-LiHT fires 150,000 laser beams and 
captures 75 frames from each camera. The 
amount of data collected is stunning. 

“More data doesn’t always mean more 
information. The other part of my job is 
to take this massive amount of data and 
extract what can be useful,” Finley said. 

He is the conductor who makes thou-
sands of terabytes of discordant data into 
usable, reliable products that can be used 
by scientists, researchers, forest manag-
ers and legislators to make policies. 

Most importantly, Finley’s work em-
braces MSU land-grant roots and enables 
anyone to access tools and models to 
improve worldwide knowledge. He uses 
open-source programming languages (C, 
R and Fortran) as the structure for his 
work. He also teaches an online course, 
FOR/STT 875 R Programming for Data 
Sciences. He is instructing the next 
generation of programmers to process, 
manage and utilize big data. 

“Very little is new, we’re almost always 
building on someone else’s hard work 
— truly standing on the shoulders of gi-
ants,” he said. “I see my work and that of 
my students as following our land-grant 
charge. We’re developing new tools, dis-
seminating them through free software 
and training people to use both. Then 
the tools are applied to tackle pressing 
environmental challenges.” 

Andrew Finley 

“THE FOCUS IS ON MAKING A 
STATISTICALLY VALID PRODUCT 
THAT ARTICULATES UNCERTAINTY, 
WHICH CAN BE FED INTO OTHER 
DECISION SUPPORT SYSTEMS.”
- Andrew Finley

By Jeana-Dee Allen
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SOLVING THE PHOSPHORUS POLLUTION 
PUZZLE TO IMPROVE WATER QUALITY IN 
THE GREAT LAKES REGION 

When fertilizers run off into nearby streams, rivers and lakes, 
phosphorus in the fertilizer can degrade water quality, promote 
harmful algal blooms and, in extreme cases, cause massive fish 
kills. These effects also have impacts on recreational activities 
such as swimming as well as industries such as fishing.

The state of Ohio and countless other stakeholders around the 
Great Lakes are working to stop the flow of fertilizer into the 
water. Included in that group are researchers at Michigan State 
University (MSU), who are implementing strategies that start at 
the source of the issue — farmers’ decision making on fertilizer 
use. Cloé Garnache, assistant professor in the MSU Department 
of Agricultural, Food and Resource Economics, is the lead 

“If we want to understand how water 
quality is impacted by agricultural 
runoff, we have to think about all the 
pieces of the puzzle,” Garnache said. 
“And the first piece is farmer behavior.” 

Hired as a part of the MSU Global 
Water Initiative, Garnache and her team 
of economists and crop scientists are 
focusing on understanding how farmers 
make decisions. The key questions are 
why some farmers use more fertilizer 
than necessary to maximize crop growth, 
and whether social comparisons could 
persuade farmers to apply less fertilizer. 

“We believe it might have something to 
do with social norms and how farmers 
perceive they are doing relative to their 
peers,” Garnache said. “For example, 
can knowing that your peers apply less 
fertilizer make you reconsider how much 
fertilizer you apply on your field?”

A growing body of evidence shows that 
consumers respond to social norms, but 
little work has been done with farmers. 
Garnache and her team want to uncover 
whether social norms can help reduce the 
use of fertilizer.

The MSU team will survey row crop 
farmers in Michigan, informing some of 
them of their neighbors’ nutrient man-
agement practices and comparing their 
behavior to those who are not provided 
the social comparisons information. 

“Using a randomized controlled trial, 
we’ll be able to measure the extent to 
which social norms can be effective 
at nudging farmers into being better 
stewards of the environment,” Garnache 
said.

The insights gained will feed into the 
second project. The researchers will 
combine the results on why farmers do 
what they do and whether they can be 
nudged into different behaviors with 
other factors — such as the surrounding 
ecosystem, the phosphorus that goes 
from farms to streams to lakes to beaches, 
and the people who recreate, fish or 
use the water for industry — to form a 
comprehensive, integrated model.

“We want to put all those pieces 
together to estimate the cost of farmers 
reducing phosphorus and link it to the 
benefits of that reduction in terms of 
cleaner beaches, more fish and better 
ecosystems,” Garnache said.

The team plans to build an integrated 
model that includes farmers, crops, 
hydrological systems, aquatic ecology, 
fish biology and the newly found factors 
such as farmer decision-making. That 
integrated model will allow them to see 
how a small change in farmer behavior 
can significantly affect beach-going or 
fishing or performance of numerous 
water-based industries. 

The overarching goal of these two grants 
(worth $750,000) is to give insightful 
information to policymakers, who can 
then make informed policies related to 
fertilizer use and improved water quality 
in the region. 

“This work would not be happening 
without the MSU WaterCube program,” 
Garnache said. “It was instrumental 
in helping us put together a team of 
experts that spans three colleges and five 
departments. The WaterCube program 
provided us with a platform to meet 
people from other disciplines, and then 
it gave us the resources to work together 
and to get ideas like this started and 
proposals drafted.” 

These proposals focused on the Great 
Lakes region are just two of many 
projects that Garnache is exploring. 
Interested in the valuation of 
environmental amenities, Garnache is 
studying things such as how wildfires 
can affect the value of nearby properties 
and how a good snow year affects places 
such as the Upper Peninsula, with its 
strong, snow-based tourism industry. 

“The unifying goal in all of my projects 
is to help policymakers understand 
environmental amenities,” Garnache said. 
“It’s up to them to manage and protect 
our resources, and I want my work to 
help them.”  

“IF WE WANT TO UNDERSTAND 
HOW WATER QUALITY IS IMPACTED  
BY AGRICULTURAL RUNOFF, WE HAVE 
TO THINK ABOUT ALL THE PIECES  
OF THE PUZZLE.” 
- Cloé Garnache

researcher in two nationally funded grants to understand why 
and how farmers decide how much fertilizer to use on their 
crops. 

The first grant, co-sponsored by the Economic Research Service 
(ERS) and the National Institute of Food and Agriculture 
(NIFA), aims to understand the source of the algae problem by 
using insights from psychology and behavioral economics to test 
whether farmers could be nudged into applying less fertilizer. 
The second grant, funded by NIFA, looks at how all aspects of 
the phosphorus problem are connected to help identify the most 
cost-effective policies. 

Photo courtesy of iStock.

By Samantha Ward



Michigan Alliance for Animal Agriculture more 
than doubles research, outreach investment 
The Michigan Alliance for Animal Agriculture (M-AAA) invested 

nearly $1.5 million in 2017 — more than twice the amount of 

previous years — to support research and outreach to benefit the 

animal agriculture industry in Michigan.

Because of increased support from the state, M-AAA was able to 

more than double project funding this year compared with the 

$600,000 per year in 2014-2016.

Eighteen projects were selected for funding through a competitive 

grant process.

M-AAA works to enhance the economic impact and sustainability 

of animal agriculture in Michigan and addresses critical issues 

facing the industry, such as antimicrobial resistance, emerging 

infectious diseases and animal welfare. 

The initiative was formed in 2014 to address critical and emerging 

issues limiting the state’s animal agriculture industry.

Two AgBioResearch faculty members win 
American Dairy Science Association awards
At the American Dairy Science Association’s national meeting, two 

Michigan State University AgBioResearch faculty members were 

presented with awards.

Lorraine Sordillo, who holds the Meadow Brook Chair in Farm 

Animal Health and Well-being in the College of Veterinary 

Medicine, was given the Zoetis Physiology Award for her 

outstanding research in dairy cattle physiology.

Robert Tempelman, a professor in the Department of Animal 

Science within the College of Agriculture and Natural Resources, 

was awarded the J. L. Lush Award in Animal Breeding for his 

outstanding research in animal breeding that improves dairy cattle.

Michigan State University Researchers  
Awarded Grant to Combat Invasive Pest in  
Tart Cherry Trees
The Foundation for Food and Agriculture Research, a nonprofit 

established through bipartisan congressional support in the 

2014 Farm Bill, awarded $150,000 to scientists at Michigan State 

University (MSU) to combat spotted wing drosophila (SWD), an 

invasive pest that decimated 21 percent of Michigan’s 2016 cherry 

crop, according to industry surveys. 

Michigan State University, the Michigan Cherry Committee and the 

Michigan State Horticulture Society are matching the foundation’s 

grant. The $300,000 total investment in research will be used to 

mitigate and prevent future damage from SWD. 

The pest poses an economic threat to Michigan tart cherry farmers, 

who must take costly measures to protect their crop against 

SWD. Michigan produces two-thirds of the nation’s supply of tart 

cherries, or more than 200 million pounds, worth hundreds of 

millions of dollars in the global export market.
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USING COMMUNICATION 
TO REDUCE FOOD 
WASTE
People who buy too much food only to 
throw out what they don’t eat may be 
persuaded to behave differently depend-
ing on how their culture influences 
what they see and hear about food waste 
prevention.

New research from the Michigan State 
University (MSU) Department of Com-
munication and MSU AgBioResearch 
shows that people from the United States 
and China respond differently to mass 
media and social media campaigns relat-
ed to food waste. While people from both 
countries share similar attitudes about 
food waste prevention, social norms and 
cultural orientations influence the type 
of communication that works best for 
getting the message across about health 
and environmental issues.

Rain Wuyu Liu began studying how 
social norms impact communication 
designed to change behavior as part of 
her doctoral program in communication 
in MSU’s College of Communication 
Arts and Sciences. She chose to examine 
food waste prevention after observing 
the huge amount of food that got wasted 

every day in university dining halls, and 
after hearing that nearly a third of all 
food produced worldwide gets lost or 
wasted. Her curiosity was also piqued 
when she learned that food waste gener-
ates a substantial amount of greenhouse 
gas that hurts the environment.

“That was enough for me to get inter-
ested in this topic and use it within my 
communication research,” she said. “I 
also saw that I was buying too much food 
and throwing it out.”

Message for Change
Liu started her research in 2014, culmi-
nating in her doctoral dissertation in the 
summer of 2017. Her study was among 
several projects that looked at how social 
norms interact with culture to affect 
people’s environmental behaviors and 
decisions, and was supported by the 
National Science Foundation (NSF).

Liu set up two studies. Both involved 
data collected from the United States and 
China. Each study involved combining 
information on food waste with messages 
designed to change perceived norms and 

behaviors. Her study revealed that people 
from cultures that favor direct com-
munication like the U.S. respond better 
to explicit messages about how certain 
behaviors can yield social sanctions like 
shame, isolation or criticism.

Conversely, people from more high-
context cultures like China do not dif-
ferentiate their responses between direct 
or indirect messages since they already 
interpreted the social consequences from 
implicit messages. Her studies also show 
that people who are more culturally 
group-oriented are more susceptible to 
social normative influence compared to 
those who are more individual-oriented.

“In general, people in the U.S. tend to 
interpret things based on what has been 
communicated explicitly,” she said. 
“They hear a direct message and are not 
likely to go beyond what they’ve heard. 
In China, messages can be less direct. 
People interpret the social sanction even 
if the message about a socially disap-
proved behavior doesn’t mention it.

Professor of Communication Maria 
Lapinski served as Liu’s advisor. She is 
also the principal investigator on a series 
of NSF-funded projects involving social 
norms, environmental behaviors and in-
tercultural communication. She said Liu’s 
study began with the basic premise that 
cultural and social norms influence a per-
son’s behavior. The key to Liu’s study, she 
said, was to identify the most effective 
form of communication for influencing 
environmental behavior given the social 
norms of a specific country.

“When there is a communication ef-
fort to shift people’s behaviors in some 
way, the structure of communication is 
important,” said Lapinski, also a profes-
sor in MSU AgBioResearch and director 
of the ComArtSci Health, Environment 
and Risk Communication Center. “Stud-
ies like Liu’s help us understand how 
that structure should differ for different 
groups.”

This article was originally published at 
comartsci.msu.edu. Liu is now an assistant 
professor at Bellarmine University in Louisville, 
KY.  

Lorraine Sordillo

SWD in the lab

By Ann Kammerer
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MSU soil scientist honored with prestigious 
Jackson Soil Chemistry and Mineralogy Award
Hui Li, an associate professor in the Department of Plant, Soil and 

Microbial Sciences at Michigan State University (MSU), is the 

recipient of the 2017 Jackson Soil Chemistry and Mineralogy Award. 

The honor, presented by the Soil Science Society of America, 

is given to a midcareer scientist who has made outstanding 

contributions to soil chemistry and mineralogy.

Throughout his nearly 20 years in the field, Li has established 

himself as an expert in the environmental fate and transformation 

of chemicals of emerging concern, as well as organic contaminants 

and pesticides in soils and their impacts on ecosystems and human 

health.

Li has also made significant contributions to advancing the 

understanding of the molecular-scale mechanisms involved in 

sorption and transformations of pharmaceuticals and organic 

contaminants on soil mineral surfaces.

In the classroom and the research lab, Li plays a key role in teaching 

soil and environmental chemistry, and in training graduate students 

and postdoctoral associates.

MSU hosts international antibiotic resistance 
researchers at conference
Antibiotic resistance experts from around the globe gathered 

at Michigan State University (MSU) Aug. 13-17 for the fourth 

International Symposium on the Environmental Dimension of 

Antibiotic Resistance.

The vexing subject has been studied for decades, but disturbing 

new human health, environmental and agricultural findings have 

vaulted the problem to the fore in public and governmental forums.

James Tiedje, the director of the MSU Center for Microbial Ecology 

and a university distinguished professor, appreciates the urgency 

with which scientists are approaching antibiotic resistance.

“Multidrug-resistant pathogens are a great cause for concern all 

over the world,” said Tiedje, who was also the EDAR conference 

chair for 2017. “This conference brings together leading minds that 

will help us create mitigation strategies. We need to better define 

the scope of the problem. We know it’s a significant challenge that 

requires action.”

Throughout the five-day symposium, over a dozen keynote speakers 

shared research outcomes and posed questions to the 250 attendees 

from 31 countries.

Research breakthrough could cleanse soil, 
sediment and water pollution
New research from Michigan State University (MSU) has shown 

for the first time that activated carbon — a substance widely 

used in water purification — can help eliminate the health risks 

associated with soils, sediments and surface water polluted by 

highly toxic dioxins.

Stephen Boyd, a university distinguished professor in the MSU 

Department of Plant, Soil and Microbial Sciences, led the study, 

which is published online in the journal Environmental Toxicology 
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and Chemistry. The research looked specifically at soil and 

freshwater ecosystems that had been contaminated mainly through 

the industrial manufacture of pesticides and other chemicals.

Removing dioxin from contaminated soil and sediment currently 

requires expensive, years-long dredging of river beds, followed by 

disposal in hazardous waste landfills. Though activated carbon’s 

capacity for sequestering toxins is well-documented, questions 

remained about whether those toxins remained a danger to animal 

and, ultimately human, health.

In a series of experiments, the team showed that when mice were 

exposed to a sample containing activated carbon, they showed no 

signs of dioxin toxicity. This is a key step toward demonstrating 

that the mixture would protect human health.

MSU researcher leads $3.2 million grant to 
improve stevia taste, U.S. production
Michigan State University (MSU) researchers will work to improve 

the flavor of the low-calorie sweetener stevia and find ways to help 

farmers effectively produce the leafy green perennial in the United 

States with a $3.2 million Specialty Crop Research Initiative grant 

from the U.S. Department of Agriculture (USDA) National Institute 

of Food and Agriculture (NIFA).

Consumer demand for domestically produced, good-tasting, low- 

and zero-calorie natural sweeteners has created a potential market 

opportunity for stevia. Most stevia consumed here is grown and 

bulk extracted in China; only a limited acreage of the plant is grown 

in the United States.

Ryan Warner, MSU associate professor of horticulture, is leading 

the research team looking in to the feasibility of commercially 

growing and producing stevia in the United States. The researchers  

 

will explore various aspects of stevia, including improving the 

plant’s flavor profile at the molecular level, examining consumer 

preferences, determining best farming practices and identifying 

conducive growing regions.

The MSU team will also help annotate the genome sequence, test 

various combinations of sweet-tasting compounds to determine 

a desirable flavor profile, and focus on what drives purchasing 

decisions by consumers looking for reduced-calorie products.

Michigan State University partners with  
Philips Lighting to modernize greenhouse 
supplemental lighting
Michigan State University (MSU) has teamed with Philips 

Lighting, a global leader in lighting solutions, to update greenhouse 

supplemental lighting on the university’s East Lansing, Michigan, 

campus.

High-pressure sodium (HPS) lights have been the horticulture 

industry standard for decades, but light-emitting diodes, commonly 

known as LEDs, have spiked in popularity for a variety of reasons. 

LEDs exhibit greater energy efficiency and last longer than HPS 

lamps.

In total, 264 Philips LED toplighting modules with a deep red/

white, medium blue spectrum were installed in 11 greenhouse 

sections used for horticulture teaching and outreach at MSU. The 

installation is the result of a partnership between Philips Lighting 

and several entities at MSU.

Because the supplemental lighting is used heavily — up to 16 hours 

per day — from October to April each year, the energy savings is 

significant. Factoring in a decrease from 440 watts with HPS lamps 

to 200 watts with LEDs, MSU projects an annual energy savings 

worth more than $15,000.

Hui Li

James Teidje

Stephen Boyd

Kristin Getter and Roberto Lopez 
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MSU AgBioResearch engages in innovative, leading-edge research that combines scientific expertise 
with practical experience to generate economic prosperity, sustain natural resources, and enhance the 
quality of life in Michigan, the nation and the world.

The mission, supported by more than 330 scientists working in agriculture, natural resources, 
engineering, social and natural sciences, human ecology and veterinary medicine, has enabled 
MSU AgBioResearch to be one of the most successful organizations of its kind in the country. This 
success is due to the efforts of outstanding researchers; close partnerships and collaborations with 
MSU Extension, seven MSU colleges, federal and state agencies, commodity groups and other key 
stakeholders; and exceptional legislative support.
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