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ABOUT THE CENTER 

UMCA is one of the world’s leading centers contributing to the sci-
ence underlying agroforestry. UMCA, established in 1998, has 
been supported by significant collaborative funding from the 
USDA-ARS. Interdisciplinary research conducted by faculty, re-
search specialists, graduate and undergraduate students, provides 
sound science that uncovers new environmental and economic ben-
efits from agroforestry practices and solves production challenges. 
 
Linked to the Center’s solid science and research programs are sev-
eral key partnerships with landowners, natural resource profession-
als, federal and state agencies and non-profit organizations. 
Through these critical partnerships, UMCA and its partners are pro-
ducing an expanding list of positive outcomes for landowners, the 
natural environment and society as a whole. 
 
UMCA Mission 
To initiate, coordinate and enhance agroforestry activities to meet 
the environmental, social and economic needs of land management 
within the state of Missouri, North America and the temperate zone 
worldwide. 
 
To accomplish our mission, UMCA: 
● Conducts, coordinates and promotes interactive research on ag-

roforestry practices to improve the productive and protective 
functions of agricultural and forest lands. 

● Conducts, coordinates and promotes interdisciplinary research 
on the social, economic and market dimensions of agroforestry. 

● Conducts an active outreach program that increases the aware-
ness and adoption of agroforestry practices. 

● Conducts, coordinates and promotes interdisciplinary research 
on the policy dimensions of agroforestry. 

● Provides opportunities for formal education via a series of 
online courses. Both a graduate certificate and/or master’s de-
gree in agroforestry are available through MizzouOnline at the 
University of Missouri. 

● Develops and carries out a collaborative international agrofor-
estry program in the areas of instruction, research and outreach. 
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DIRECTOR’S MESSAGE 

The Center for Agroforestry has completed another successful year!  The 
Center has long been a leader in developing agroforestry practices for the 
temperate zone worldwide with wide ranging impacts based on our re-
search, education, outreach and economic development programs.  The 
annual report highlights a few of the accomplishments of our faculty, staff 
and students.  It was particularly rewarding to see faculty, staff, and stu-
dents come together to compete for a record number of external grants and 
winning many of them from local, state, national and international funding 
agencies.   
 
Some of the accomplishments we are proud of during 2014-2015 include: 
 

Center faculty and staff were PIs or Co-PIs on grants totaling 
 $7.3 million (research expenditure of $3.2 million), covering a 

broad spectrum of biophysical and socioeconomic research, out-
reach and entrepreneurial activities in agroforestry. 

 
Both the on-campus and online agroforestry graduate programs have 

grown considerably with a total of 41 current students and five 
 Graduates. 
 
Outreach programs have reached new heights by providing local, 
 regional, national and international leadership in program deliv-

ery; highlights include thematic workshops, monthly Agroforestry 
in Action webinars, Green Horizon newsletter with a circulation 
of over 15,000,Agroforestry Academy, return of the Chestnut 
Roast – our Center’s signature field day, among others. 

 
Entrepreneurial development activities have resulted in multiple inven-

tion disclosures, three patents, one trademark, one cultivar release 
and two start-up companies. 

 
The hard work of our faculty, staff, and students, and support of our 
stakeholders are responsible for our success, especially for our ability to 
weather the budget difficulties we faced from 2011 through mid-2014.  With a very strong and experi-
enced core team working closely with a wide array of collaborators, our program has demonstrated proof 
of its’ diversity, agility, and ability to react quickly to opportunities. In other words, we are both strong 
and resilient and remain committed to our mission to support the long-term future of rural and urban 
working farms and forests by achieving economic, environmental and social sustainability.  This annual 
report outlines the many ways by which we accomplished our mission during 2014-2015. We appreciate 
your continued support of our program and look forward to another productive year in 2016. 

 
 

– SHIBU JOSE, Ph.D., H.E. Garrett Endowed Professor and Director, 
The Center for Agroforestry at the University of Missouri 
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THE MAIN PRACTICES OF 

Agroforestry 
Windbreaks 
Windbreaks are planned and managed as part of a crop and/or livestock oper-
ation. Field windbreaks protect a variety of wind-sensitive crops; enhance 
production and conservation; control wind erosion; and increase bee pollina-
tion and limit spray drift of pesticides. Livestock windbreaks help reduce an-
imal stress and mortality; reduce feed consumption; and help reduce visual 
impacts and odors. Windbreaks also may provide excellent wildlife habitat. 
 

Forest Farming 
In forest farming, high-value specialty crops are grown under the protection 
of a forest canopy modified to provide the correct shade level. Crops such as 
ginseng, truffles, shiitake mushrooms and decorative plants are sold for me-
dicinal, culinary and ornamental uses. Forest farming provides short-term 
income while high quality trees are grown for timber or wood products will 
provide more long-term income. Wildlife may find ideal habitat in a forest 
farming setting. 
 

Silvopasture 
Silvopasture is the intentional combination of trees, forage and livestock 
managed as a single integrated practice. In a typical silvopasture practice, 
perennial grasses and/or grass/legume mixes are planted between rows of 
widely spaced trees for livestock pasture. The trees not only provide a long-
term investment with nut crops or a timber harvest, but also provide animals 
shade in the summer and a windbreak in the winter. In turn, the forage base 
provides feed for cattle, and other livestock. A silvopasture practice diversi-
fies farm income; can minimize the need for vegetation control; and can re-
duce hay and feeding costs for livestock and improve animal health. 
 

Alley Cropping 
Alley cropping is planting rows of trees at wide spacings while a companion 
crop grows in the alleyways between the rows. Alley cropping can diversify 
farm income, improve crop production, and provide protection and conserva-
tion benefits to crops. Common examples of alley cropping plantings include 
pumpkins, hay, berry bushes, wheat, corn, or soybeans planted in between 
rows of black walnut or pecan trees. Trees selected for alley cropping may 
include valuable hardwood species, such as nut or fruit trees, or trees desira-
ble for wood products. 
 

Riparian Forest & Upland Buffers 
Riparian forest and upland buffers are living filters comprising trees, shrubs, 
forb and grasses, including native plants. They enhance filtration of nutrients 
from surface runoff and shallow groundwater. These excess nutrients are uti-
lized for plant growth. Riparian forest and upland buffers protect the water 
quality of streams and lakes and are an effective tool for controlling erosion 
and providing food and cover for wildlife. Decorative woody florals, nuts 
and berries planted in the shrub zone can provide additional income. 
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UMCA’s interdisciplinary research program contin-
ues to work in clusters in order to create more syner-
gy among scientists, enhance the Center’s research 
creativity and productivity, and achieve better inte-
gration among diverse PIs and disciplines.  Clusters 
serve as the vehicle to achieve an in-depth systems 
level understandings of agroforestry.  Clusters enable 
UMCA scientists to be more efficient in sharing re-
sources (fiscal, physical and human) and ideas and 
spawn new proposals to successfully leverage core 
funding.   
 

Ecosystem services 
Focus is to quantify fate and en-
vironmental benefits of woody/
grass buffers on rural nonpoint 
source pollutants and bioremedi-
ation connected to urban 
wastewater treatment plants.  
Includes paired watershed stud-
ies focused on biomass crops 
and livestock, farm-focused edge
-of-field monitoring as part of 
the NRCS Missouri River 
Healthy Watershed Basin Initia-
tive and additional bioremedia-
tion studies on a wide range of 
agricultural chemicals, pharma-
ceuticals and personal care prod-
ucts.  
 

Socio-economic-marketing 
The cluster’s integrated ap-
proach works to understand the social and economic 
dimensions of a given enterprise, including institu-
tions, and networks, along with market and non-
market valuation.  Research activities provide an un-
derstanding of factors that facilitate or constrain in-
volvement in agroforestry. 
 

Entrepreneurship 
Taking research developed by Center research teams 
from the field and lab to the market. Focused on con-
ducting research and promoting discovery along with 
applications for the technologies and intellectual 

property that result from our work.  
 

Biomass/Biofuels 
Focus is to quantify production of Populus clones, 
biomass sorghum, switchgrass and other species for 
biomass production and flood tolerance. Focus in-
cludes a flood tolerance research facility to study the 
effects of short- and long-term flooding on woody 
and non woody biomass species.  Linked to ongoing 
efforts in entrepreneurship and phytochemistry to 
convert field research into lucrative business enter-
prises. 
 

Specialty crops 
Includes all researchers involved in 
pecan, black walnut and chestnut re-
search (with consideration to addi-
tional nut species in the future).  Foci 
for all nut species include field stud-
ies, market research and outreach. 
 

Tree/crop interactions 
Focus is on multiple above and below 
ground interactions between trees and 
crops and also includes insect preda-
tor-prey dynamics. 
 

Education 
The Center’s education efforts focus 
on an innovative, one of a kind, 
online agroforestry MS degree and 
graduate certificate. In addition, Cen-
ter faculty offer study abroad pro-
grams in conjunction with CAFNR 

international programs. 
 

Outreach 
The outreach program is focused on five diverse are-
as of Missouri centered on and adjacent to five outly-
ing research properties with ongoing agroforestry re-
search (HARC, Greenley, Wurdack, SW Center, Al-
len Research Center), and building out from these 
strengths.  Includes an annual week-long Agroforest-
ry Academy targeted to natural resource profession-
als, landowners and military veterans; the annual 
Missouri Chestnut Roast, the Center’s premier annual 

RESEARCH CLUSTERS 

At the Missouri State Fair, 
UMCA Director Shibu Jose 
discusses with Governor  

Nixon biofuels & the 
Center’s on-going research 
into biomass & conversion 

technologies. 
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outreach event; numerous short-term trainings on 
all facets of agroforestry and specialty crops 
throughout the year. Socio-economic-market re-
search is designed to mesh closely with outreach 
programming. 
 

Medicinals/Phytochemistry 
This cluster is focused on the elucidation and utili-
zation of phytochemicals derived from a wide ar-
ray of plant materials to be used in the health, nu-
trition and personal care industries.   
 

Silvopasture/Shade tolerance 
Integration of Silvopasture into Forage-Livestock 
Production Systems.  Objectives include:  Re-
search on the integration of silvopastoral practices 
into unimproved, standing timber; studying the 
effects of silvopasture practices on survival and 
growth of under planted white oak; shade tolerance 
studies on big bluestem accessions and perfor-
mance of big bluestem under a canopy of cherry 
bark oak (and shortleaf pine). 

 

 
 

Dr. Chung-Ho Lin and his colleagues Drs. George 
Stewart and Brian Thompson, were able to devel-
op a spore-based biocatalyst for remediation of 
pollutants and biofuel production and successfully 
transfer this technology into a U.S. patent based on 
the results derived from creating Elemental En-
zymes, Inc. One of the developed technologies has 
been successfully transferred to industry. 
 
● Spore-based biocatalyst for remediation of pol-

lutants and biofuel production (Granted, U.S. 
Application Serial Nos. 13/089,015, USA 
14/849,295. 2015; Spin-off: Elemental En-
zymes Inc. 

 
Outgrowing their campus-based startup in the MU 
Incubator, in 2015 Elemental Enzymes moved its 
headquarters to a 26,000 square foot building in St. 

Louis with 20 full time positions for scientists and 
professionals in the region. 
 

 Two additional patents were to Dr. Chung-Ho Lin 
by United States Patent and Trademark Office, and 
(Elemental Enzymes, Inc.).  
 

● Contaminant reducing functionalized carbon 
conjugate (Granted 2013, US 13/448,065) 

● Nanocarbon-based biocatalyst for remediation 
of environmental pollutants and 
(US2013/0280781 A1 Second Divisional Pa-
tent) 

 
Dr. Mark Coggeshall and commercial partner For-
rest Keeling Nursery run by Wayne Lovelace and 
Kim Young (MU alumni), trademarked Bucks Un-
limited™, a precocious selection of swamp white 
oak (Quercus bicolor) that produces acorns after 
the sixth year of growth, instead of the typical 
twenty years. The tree was chosen to be the 175th 
planted on the Mizzou campus to commemorate 
the 175th anniversary of MU. 
 
Dr. Jerry VanSambeek and colleagues released a 
shade tolerant big bluestem (Andropogon gerardi) 
for silvopasture applications. 

PATENTS & TRADEMARKS 

RESEARCH CLUSTERS 

Collecting water samples at a constructed 
wetland connected to a wastewater treat-

ment plant to evaluate effectiveness of 
wetlands in removing pharmaceuticals & 

personal care products. 
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PARTNERSHIPS 

The Center for Agroforestry at the University of Missouri partners with universities, natural resource  
entities, agricultural organizations and landowners across  our state and the globe to foster an integrated 
approach to farming across diverse landscapes. We are a Center for entrepreneurship and the environment  
through the practices of agroforestry.  

MU Collaborations 
 

Bioinformatics Institute 
College of Agriculture, Food & Natural Resources 
Dalton Cardiovascular Research Center 
School of Medicine 
School of Natural Resources 
Mizzou Advantage 
Partnerships with MU faculty: Agronomy; Biochemistry; 
Children & Family Across Cultures; Civil & Environmen-
tal Engineering; Entomology; Family & Community Medi-
cine; Family & Policy Research; Fisheries & Wildlife; 
Food Systems & Bioengineering; Forestry; Grape & Wine 
Institute; Horticulture;  Human Development & Family 
Sciences; Life Science Center; Molecular Microbiology & 
Immunology; Plant Sciences; Physics; Rural Sociology; 
Soil, Environmental & Atmospheric Sciences (SEAS); Vet-
erinary Pathobiology; University of Missouri AES Farms 
and Centers: Bradford Research and Extension Center;  
Greenley Memorial Research Center; Horticulture and Ag-
roforestry Research Center; South Farm Research Center; 
Southwest Research Center; Thompson Research Center; 
Wurdack Farm; 
University of Missouri Extension 
 

External University Collaborations 
 

Kansas State University, Lincoln University, Michigan 
State University, Missouri State University, Pennsylvania 
State University, Purdue University, University of Califor-
nia-Davis, University of California-San Francisco, Univer-
sity of Florida, University of Illinois, University of Minne-
sota, University of Notre Dame, University of Tennessee 
 

Federal and State Agency Partnerships 
 

Missouri Department of Agriculture 
Missouri Department of Conservation 
Missouri Department of Natural Resources 
Missouri Natural Resources Conservation Service 
National Agroforestry Center, Lincoln, Neb. 
USDA ARS - Cropping Systems and Water Quality Re-
search, Columbia, Mo. 
USDA ARS - Dale Bumpers Small Farms Research Center, 
Booneville, Ark. 
USFS - Central Hardwoods Research Unit, Columbia, Mo. 
USDA Forestry Research Advisory Council 
USDA Natural Resource Conservation Service 
USGS Columbia Environmental Research Center 
 

Professional Associations and Businesses 
 

Association for Temperate Agroforestry 
Chestnut Growers of America 
Commonweal Foundation 

Danforth Center of St. Louis 
Elemental Enzymes, Inc. 
Etimine USA 
Flick Seed Co. 
Forest & Woodland Association of Missouri 
Forest ReLeaf of Missouri 
Forrest Keeling Nursery 
Hammons Products Company 
Metabolon 
Missouri Chapter Walnut Council 
Missouri Christmas Tree Association 
Missouri Consulting Foresters Association 
Missouri Farm Bureau 
Missouri Forest Advisory Council (MOFRAC) 
Missouri Forest Products Association 
Missouri Northern Pecan Growers, LLC 
Missouri Nut Growers Association 
Missouri Society of American Foresters 
Missouri Tree Farm System 
Monarch Media 
MS-Omics 
National Aviary 
Roeslein Alternative Energy, St. Louis 
Shepherd Farm 
Thar, Inc. 
Tiger Energy Solutions, LLC 
 

Donors and Friends 
 

AgriGro 
Caribbean Probiotics, LLC 
Doug Allen 
Barnes & Associates 
Bartimus Frickleton Robertson & Goza 
Kelly Foods Corp. 
NutraPet Systems, LLC 
Proviera Biotech 
SCD Probiotics 
 

International Collaborations 
 

Abdul Wali Khan University, Pakistan 
Center for International Forestry Research 
Gadja Mada University, Yogyakarka, Indonesia 
Inner Mongolia Agriculture University, China 
Institute Pertanian Bogor, Indonesia 
International Crops Research Institute for the 
 Semi-Arid Tropics, India (ICRISAT) 
Moscow State University, Russia 
NATO – Science for Peace and Security Program 
National Biodiversity Institute (INBio) Costa Rica 
Quad-i-Azam University, Pakistan 
University of Abomey Calavi, Benin 
University of Costa Rica 
World Agroforestry Centre, Nairobi, Kenya 
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STAFF & COLLABORATORS 

DIRECTOR    Shibu Jose, Ph.D.  ASSOCIATE DIRECTOR     Michael Gold, Ph.D. 

UMCA Faculty & Staff 
Sougata Bardhan, Ph.D., Asst. Res. Professor 
Zhen Cai, Ph.D., Asst. Res. Professor 
Mark Coggeshall, Ph.D., Asst. Res. Professor 
Harold ‘Gene’ Garrett, Ph.D., Professor 
 Emeritus, Outreach Specialist 
Sagar Gupta, Ph.D., Postdoc 
Thi L. Ho, Ph.D., Research Scientist 
Chung-Ho Lin, Ph.D., Asst. Res. Professor 
Gregory Ormsby Mori, MPH, Education & Outreach 
 Coordinator 
Kejia Pang, Ph.D., Postdoc 
Caroline Todd, B.S., Business Specialist 
Ranjith Udawatta, Ph.D., Assoc. Research 
 Professor  
Carol Williams, Ph.D., Research Scientist 

HARC Farm Staff 
Kenny Bader, B.S., Research Specialist 
Nancy Bishop, Sr. Lab Technician 
Barry Eschenbrenner, B.S., Farm Manager 
Spencer Fiser, B.S., Sr. Lab Technician 
Shibu Jose, Ph.D., Superintendent 
David Williams, B.S., Sr. Lab Technician 

Associate Faculty & Staff 
Francisco Aguilar, Ph.D., Forestry 
Steve Anderson, Ph.D., SEAS 
Heidi Appel, Ph.D., Life Science Center 
Bruce Barrett, Ph.D., Entomology 
Arianna Bozzolo, Ph.D., Plant Sciences 
Charles Brown, Ph.D., Veterinary Pathobiology 
Johann Bruhn, Ph.D., Emeritus, Plant Sciences 
Gustavo Carlo, Ph.D., Children & Families Across 
 Cultures 
Christine Costello, Ph.D., Bioengineering 
Aaron Ericsson, Ph.D., Metagenomics Center 
Maria Fidalgo, Ph.D., Civil/Enviro Engineering 
Felix Fritschi, Ph.D., Plant Sciences 
Matt Gompper, Ph.D., SEAS 
Keith Goyne, Ph.D., SEAS 
Richard Guyette, Ph.D., Forestry 
Hong He, Ph.D., Forestry 
Zhiqiang ‘Zack’ Hu, Ph.D., Civil/Enviro 
 Engineering 
Jason Hubbart, Ph.D., Forestry 
Enos Inniss, Ph.D., Civil/Enviro 
 Engineering 
Robert Kallenbach, Ph.D., Agronomy 
Kattesh Katti, Ph.D., Radiology & Physics 

Cerry Klein, Ph.D., Industrial/Mfg. Sys Engr. 
Ben Knapp, Ph.D., Forestry 
David Larsen, Ph.D., Forestry 
Teng Teeh Lim, Ph.D., Food Systems & 
 Bioengineering 
Marc Linit, Ph.D., CAFNR, AES 
Louis Manfra, Ph.D., Human Development & 
 Family Science 
Jane McElroy, Ph.D.,  Family & Community Medicine 
Jeanne Mihail, Ph.D., Plant Pathology 
Josh Millspaugh, Ph.D., SNR Interim Director 
Peter Motavalli, Ph.D., SEAS 
Rose-Marie Muzika, Ph.D., Forestry 
Susan Nagel, Ph.D., Ob, Gyn & Women’s Health 
Henry T. Nguyen, Ph.D., Plant Sciences 
Francisco Palermo, Ph.D., Family & Policy 
 Research 
Bob Pierce, Ph.D., Fisheries & Wildlife 
Tim Reinbott, Ph.D., Director AES Field Ops 
Sandy Rikoon, Ph.D., Rural Sociology 
Jack Schultz, Life Science Center 
Mike Stambaugh, Ph.D., Forestry 
Hank Stelzer, Ph.D., Forestry 
Andrew Thomas, M.S., Horticulture 
Corinne Valdivia, Ph.D., Ag Applied Economics 
Dusty Walter, Ph.D., AES 
Michele Warmund, Ph.D., Plant Sciences 
Patrick Westhoff, Ph.D., Ag Applied Economics 
Xiaoqin Zou, Ph.D., Dalton Cardio Research 
 Center 

External Collaborators 
Lisa Allen, Missouri Dept. of Conservation 
Claire Baffaut, USDA ARS 
Charles Barden, Kansas State University 
Anastasia Becker, Missouri Dept. of Agriculture 
Gary Bentrup, USFS/NAC 
Harry Bozoian, Missouri Dept. of Agriculture 
Deborah Brennan, USDA ARS  
Karen Brinkman, Missouri NRCS 
Scott Brundage, Missouri Foresters  
Lauren Cartwright, Missouri NRCS 
Gregory Cuomo, University of Minnesota 
Daniel C. Dey, USDA Forest Service  
Annie Donoghue, USDA ARS, Fayetteville, Ark. 
J. R. Flores, Missouri NRCS  
Larry Godsey, Missouri Valley College 
Nate Goodrich, Missouri NRCS 
Robert Harrison, University of California 
Abua Ikem, Lincoln University 
Newell Kitchen, USDA ARS 
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External Collaborators 
Steven Latta, National Aviary 
Robert Lerch, USDA ARS 
Kate MacFarland, USFS/NAC 
Robert Matteri, USDA ARS Midwest Area  
Phillip Moore, USDA ARS, Fayetteville, Ark. 
Pascal Nzokou, Michigan State University 
Mel Oliver, USDA ARS 
Sharyle Patton, Commonweal Foundation 
KB Paul, Lincoln University  
Dan Pote, USDA ARS, Booneville, Ark. 
Charlotte Clifford-Rathert, Lincoln University 
Jason Rowntree, Michigan State University 
Anuradha Roy, University of Kansas 
John Sadler, USDA ARS 
Michael Sadowsky, University of Minnesota 
Tom Sauer, USDA ARS, Ames, Iowa 
Brian Schweiss, Missouri Dept. of Conservation 
Ajay Sharma, Lincoln University 
Craig Sheaffer, University of Minnesota 
David Stanley, USDA ARS  
Susan Stein, USFS/NAC 
Richard Straight, USDA/NAC 
Donald Tillitt, USGS 
Jerry VanSambeek, USDA Forest Service 
Wilfred Vermerris, University of Florida 
Kristen Veum, USDA ARS 
Doug Wallace, Missouri NRCS  
Tricia Ward, Agric. & Agri-Food Canada 
Richard Warner, Green Lands Blue Waters  
Ronald S. Zalesny, Jr., USFS 
Diomy Zamora, University of Minnesota 

Graduate Students 
Adam Ash 
Garien Behling, Graduate Certificate 
Boaz Bett 
Brandon Bless 
Michelle Bond 
Michael Borucke 
Todd Brewer 
Eriks Brolis 
Ryan Dibala 
Greg DiBenedetto, Graduate Certificate 
Christopher Burney 
Janith Chandrasoma 
John Falco 
Dylan Frentzel 
Marcello Goyzueta 
Nathan Harder 
Chris Heim 
Hannah Hemmelgarn 

Matt Hendrickson 
Kaley Hensel 
Michael Hill, Graduate Certificate 
Mohammed K. Hussain 
Badger Johnson 
Matthew Lebon 
Yan Li 
Jonah Long 
Robert Lusk 
Stephen Mann, Graduate Certificate 
Alex McCormick 
Jace McCown 
Kelly McGowan 
Gregory Ormsby Mori 
David M. Pritchett 
Stephen S. Quinn 
Ahsan Rajper 
Thad Rhodes, Graduate Certificate 
Danielle Turley 
Danh Vu 
Tricia Ward 
Timothy Watkins 
Catharine Watson 
John S. Weedon 
Chamara Weerasekara, Graduate Thesis 
Chathuri Weerasekara 
Donald Whittaker 
Niranga Wickramarathne 
Jacob Winterbower, Graduate Certificate 

COLLABORATORS & GRAD STUDENTS 

AWARDS 
Dr. Chung-Ho Lin, 2015 MU Mizzou Advantage 
Entrepreneurial Award. 

Dr. Shibu Jose, 2014 IUFRO Scientific Achievement 
Award. 

Dr. Shibu Jose, 2014 SAF Barrington Moore Memo-
rial Award. 

Dr. Thi Ho, 2014 Japan International Award for 
Young Agricultural Researchers. 

Sche-Min Su, 2014 Research Excellence from Mis-
souri senator Tom Dempsey. 

Sche-Min Su, 2014 Life Science Week research ex-
cellence award, 1st place.  

Sche-Min Su, 2014 Excellence in Undergraduate 
Research award.  

Ryan Dibala, 2015 U.S. Borlaug Graduate Research 
Fellowship. 

Ryan Dibala, 2014 Brown Graduate Fellowship. 
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CLIMATE-SMART AGRICULTURE 

Agroforestry for Climate Change Mitigation and 
 Adaptation 
Agriculture and the world’s changing 
 climate 
 

Climate change and variability are ever-increasing 
challenges for agriculture and natural resource 
management.  Chang-
es in average weather 
conditions over time, 
more frequent ex-
treme weather events 
like drought and 
flood, and their ef-
fects on crop yields, 
livestock production, 
pests, diseases, and 
weeds have become 
increasingly problem-
atic.  Climate change 
is predicted to contin-
ue or even intensify 
over the coming decades.  
At the same time a grow-
ing global population needs food, feed, fiber and 
fuel.  Agriculture must deliver these goods while 
protecting precious natural resources.  The pace 
and complexity of changing conditions threatens to 
overwhelm current agricultural systems.  To pre-
serve long-term productivity we need new ap-
proaches and new technologies that will ensure ag-
ricultural resiliency and adaptability. 
 

Climate-smart agriculture 
The Food and Agriculture Organization of the 
United Nations has identified Climate-smart Agri-
culture as a pathway for achieving greater agricul-
tural resiliency.  Climate-smart Agriculture is de-
fined as production systems that address food secu-
rity and climate challenges simultaneously.  Cli-
mate-smart Agriculture has a three-pronged goal to 
increase agricultural productivity and farmer in-

comes while adapting and building resilience to 
climate change, and while reducing the factors that 
contribute to climate change. 
 
Agroforestry practices create options for income 

diversification and risk reduc-
tion, conserving water, pro-
tecting soil and water quality, 
providing habitat diversity, 
and sequestering atmospheric 
carbon above and below 
ground.  Through intentional 
design and integration of 
trees, shrubs, crops and live-
stock, agroforestry practices 
enhance productivity, profita-
bility, and environmental 
stewardship, and are climate-
smart approaches to improve 
agricultural resiliency.  The 

Center for Agroforestry has nu-
merous activities that support knowledge and prac-
tice of Climate-smart Agriculture.  Researchers are 
looking at runoff, water capture and storage, soil 
carbon and biomass production in agroforestry 
practices and developing flood, drought, and shade 
tolerant cultivars with important implications for 
Climate-smart agriculture. 
 

Runoff, water capture and storage 
Drought and flood, and the means to prevent and 
mitigate them, are in part, issues of human impact 
on landscape storage of water.  Landscape storage 
is the absorption and holding of water by soil and 
vegetation across large areas – ranging from fields 
to whole farms and entire river basins.  Landscape 
storage of water is frequently diminished through 
activities that compact soil, expose soil, alter hy-
drology, and convert natural vegetation like wet-
lands, prairies and forests to other types of vegeta-

Dr. Ranjith Udawatta explains environmental 
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CLIMATE-SMART AGRICULTURE 
tion.  Agroforestry practices can improve landscape 
storage of water by enhancing the water absorbing 
and holding functions of soil, increasing the total 
amount of vegetation during growing season, and 
increasing the amount of perennial vegetation on the 
landscape.  
  
Research by UMCA’s  Drs. 
Ranjith Udawatta, Gene Garrett, 
Shibu Jose, and colleagues, ex-
amines the effects of agroforest-
ry buffers, cover crops, manage-
ment intensive rotational graz-
ing (MIRG), and prairie restora-
tion on soil infiltration and hy-
draulic properties, and run-
off.   They have designed stud-
ies comparing agroforestry 
buffers, grassed buffers, cover 
crops, and row crop monocul-
tures, and in paired watersheds 
of different vegetation cov-
er.  Through modeling and field 
monitoring their findings pro-
vide evidence that MIRG and 
perennial vegetation reduce run-
off and improve soil mois-
ture.  They have also created a tool for evaluating 
soil water infiltration and potential runoff to aid de-
sign of conservation buffers for row crop manage-
ment to reduce soil erosion and non-point source 
pollution. 
 
Findings of their recent studies confirm previous 
results indicating that buffers improve soil water 
storage during recharge due to improvements in soil 
physical properties.  Their studies also show that 
during the growing season buffers use more water 
that the annual crops as buffers leaf out early and 
continue to transpire after the cash crop is harvest-
ed.  These changes in soil water help reduce soil and 
nutrient losses from agricultural watersheds and 
thus help improve water quality which in turn re-
duces sediment and nutrient contributions to hypox-

ia zones.  Research by UMCA faculty and others 
funded by the Mississippi River Basin Healthy Wa-
tersheds Initiative show that conservation practices 
such as crop rotation, grass waterways, cover crops, 
buffers, and nutrient management reduce non-point 
source pollution from agricultural watersheds. 
 

Carbon sequestration 
Reduction of atmospheric 
carbon dioxide (CO2) is a 
world goal for slowing the 
pace of, and mitigating the 
effects of, climate 
change.  Capture of atmos-
pheric CO2

 through physical 
and biological processes is 
the principle way of transfer-
ring it into long-term storage 
in biomass, soil organic mat-
ter, and soil carbon.  In gen-
eral, agroforestry practices 
enhance the carbon storage 
potential of the land-
scape.  The enhanced carbon 
storage concept of agroforest-
ry is based on the efficient use 
of resources by plant commu-

nities that are structurally and functionally more di-
verse and complex than monoculture systems and 
unmanaged grazing.  Multiple vegetation types in 
agroforestry systems promote larger and more di-
verse microbial and faunal communities that also 
contribute to soil carbon. 
  
Researchers at the UMCA, and their colleagues, are 
examining carbon accumulation and variability 
within several temperate agroforestry systems com-
pared to other agricultural practices. (See feature 
article on carbon sequestration.)  Their studies have 
found more carbon within agroforestry buffers and 
alley cropping systems than conventional corn and 
soybean systems.  Perennial vegetation of agrofor-
estry in annual row crop-dominated watersheds, and 
management intensive grazing management practic-

A flume is installed at a field edge to 
collect and measure run-off. 
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es have shown more soil carbon throughout the soil 
profile.  Deeper roots, increased soil microbial activ-
ity and greater amounts of soil litter are attributed 
for these improvements in soil carbon.  These stud-
ies imply that temperate agroforestry practices can 
contribute to climate change mitigation strategies of 
carbon sequestration.  
 

Biomass 
Perennial vegetation in agroforestry has many ad-
vantages over agricultural monocultures not just in 
terms of storing carbon in the soil, but also in above- 
and below-ground biomass.   Perennial trees, shrubs, 
and grasses have greater carbon storage capacity 
than annual monoculture crops because they allocate 
higher percentages of carbon to below-ground bio-
mass and often have longer growing seasons. Peren-
nial warm-season grasses, used as forage in sil-
vopasture systems and as biomass for harvest in al-
ley cropping systems, can provide hydrological, wa-
ter and soil quality, carbon sequestration, feed and 
renewable energy benefits.  A major challenge, how-
ever, is potential yield reductions in grasses due to 
shade, compared to production in full sun.  Another 
challenge is change in chemical and physical charac-
teristics that may affect forage and bioenergy feed-

stock quality. 
 
UMCA’s Drs. Jerry Van Sambeek, Gene Garrett, 
Kejia Pang and Shibu Jose are evaluating the shade 
tolerance and vegetation quality of multiple varieties 
of Big Bluestem (Andropogon gerardii), 
Switchgrass (Panicum virgatum), Indiangrass 
(Sorghastrum nutans) and other native grasses and 
forage legumes.  To do this they are growing more 
than 40 forage species and cultivars in shade-
controlling structures and in alley cropping systems 
at the Horticulture and Agroforestry Research Cen-
ter.  Through their artificial shade experiments they 
are screening plants using three levels of shade: 
100% of full sunlight (no shade), 45% of full sun-
light (medium shade), and 20% of full sunlight 
(dense shade).  All species and cultivars have done 
equivalently well or significantly better under medi-
um shade than the no shade treatment and a few spe-
cies have tolerated dense shade very well.  Their re-
sults have shown that crude protein concentration 
under medium shade is equivalent to the no shade 
treatment for most species, but increased under 
dense shade.  With regard to relative feed value, 
they found that grasses and legumes had a high de-

September 2015, Researcher Kejia Pang collects photosynthesis measurements on perennial grasses in an alley 
cropping system at the Horticulture and Agroforestry Research Center in New Franklin, Mo. Photo by Lijie Zhao. 
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CLIMATE-SMART AGRICULTURE 
gree of shade tolerance, but grasses were slightly 
more tolerant.    
The researchers conclude that overall, agroforestry 
practices featuring medium shade conditions have 
the potential to produce equivalent or even higher 
forage yield than open pasture while maintaining 
comparable level of forage quality.  These results 
are providing important information for calibrating 
the use of perennial warm-season grasses in agrofor-
estry with the needs of livestock producers and bio-
energy producers.  Improving the productivity of 
these systems and the quality of their products may 
help expand the adoption of Climate-smart Agricul-
ture. 
 

Biochar for improving soil quality 
Biochar is a carbon-rich solid material produced by 
thermal decomposition of biomass under limited 
supply of oxygen (O2), and at relatively low temper-
atures (<700 °C). Pyrolysis is the method that is 
used to 
produce 
biochar. It 
can be used 
alone or as 
a compo-
nent of a 
blended 
product, 
with a wide 
range of 
applica-
tions. The 
specific 
properties 
of biochar 
such as high 
stability 
against decay and superior ability to retain nutrients 
in comparison to other forms of soil organic matter 
enhance the value of this product. 
 
Biochar can be made from biomass waste materials. 
Biomass waste materials that can be used for biochar 
production include crop residues (both field residues 

corn stover, switchgrass, wood chips and processing 
residues such as nut shells, fruit pits, bagasse, etc.), 
as well as yard, food and forestry wastes, and animal 
manures. The characteristics of biochar depend on 
its production method and type of feedstock used. 
The production parameters such as temperature, rate 
of temperature increase, pre and post processing also 
affect the quality of resulting biochar including 
availability of nutrients to crops, physical and chem-
ical properties of crops, and the amount of stable 
carbon (C) sequestered. 
 
Studies have demonstrated that biochar application 
can enhance several soil properties such as increase 
of soil pH, CEC, total C, total N, available P, water 
holding capacity, exchangeable cations, nutrient cy-
cling and attracting more beneficial fungi and mi-
crobes, while decreasing available soil Al, soil 
strength, and soil bulk density. These factors provide 
numerous benefits to increase biomass yield and 

crops yield under 
different condi-
tions. Furthermore, 
soil biochar addi-
tions can reduce the 
nutrient leaching 
and have the capac-
ity to absorb dis-
solved organic C 
(DOC) from the 
soil solution. Hence 
the ability of bio-
char to reduce N 
mineralization and 

NO3-−N leaching are 
important in making 
management options 

in the agriculture production.  
 
Moreover, biochar is important for improving bene-
ficial microbial populations in the soil. Because of 
high porous structure and large surface area of bio-
char it can harbor beneficial soil micro-organisms 
such as mycorrhizae and bacteria, and enhance the 

Chathuri Weerasekara working with plants for biochar research in 
the greenhouse at HARC. Biochar amendments increased crop 
production and improved water holding capacity of marginal soil. 
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CLIMATE-SMART AGRICULTURE 
binding sites for nutrients. Therefore it would in-
crease the bioavailability and plant uptake of key 
nutrients. In addition, it has been reported positive 
interactions when N fertilizer and biochar were ap-
plied together as more N fertilizer remained in the 
biochar amended soil than soils without amend-
ments. Therefore, the ability of biochar to retain and 
prevent leaching of N can increase N fertilizer use 
efficiency and maintain crop yield under smaller N 
inputs. 
 

Screening for Flood Tolerance of 
 Herbaceous and Woody Crops 
Extreme weather events such as severe droughts and 
frequent prolonged floods are becoming regular 
events in the Midwest.  Increasing flood and drought 
tolerance of agricultural 
crops will be essential to 
adapting to these new 
norms.  Promising bio-
mass crop species, for de-
ployment in marginal 
lands along the Missouri 
and Mississippi river 
floodplains, include short 
rotation trees such as cot-
tonwood (Populus spp.) 
and willow (Salix spp.), 
perennial grasses such as 
giant miscanthus 
(Miscanthus giganteus) 
and switchgrass (Panicum  
virgatum L.) and annuals like 
high biomass sorghum (Sorghum bicolor L.).  
 
Identifying and developing flood tolerant cultivars 
of these species has been a goal for a team of UM-
CA researchers for the past three years.  The objec-
tive of this study is to evaluate the performance and 
suitability of four promising biomass species for sur-
vival, establishment, growth and flood tolerance in a 
Midwestern floodplain. The sorghum minicore col-
lection (from ICRISAT) with 243 cultivars from dif-
ferent parts of the world was also screened for flood 

tolerance.  Fifteen variety/cultivars each for poplar, 
willow, switchgrass, and sorghum (three replicates) 
were planted in the flood tolerance lab located at the 
HARC. Imposed flood treatments were 0, 1, 3 and 6 
weeks for the variety trial and 4 weeks for the mini-
core trial. Various cultivars responded to flooding 
differently. Some biomass sorghum cultivars were 
susceptible to lodging.  Additional flood tolerance 
screening was conducted in greenhouse trials fol-
lowing screening in the outdoor flood lab.  After the 
first year, the most tolerant and most susceptible 
genotypes of sorghum were tested further under 
field and greenhouse conditions. 
 
Based on these results, two contrasting genotypes 
(tolerant vs susceptible) were selected to study gene 

expression responses in 
apical and basal root zones 
in response to waterlog-
ging. Waterlogging and 
control conditions were 
imposed on 30 days old 
greenhouse-grown plants 
of the two genotypes. Tis-
sue samples from the 
growth zone and basal re-
gion of nodal roots of wa-
terlogged and control 
plants were sampled and 
used for RNA-seq analy-

sis. Results of the differen-
tially expressed genes (DEG) 
will provide new insight into 

sorghum responses to waterlogging and candidate 
genes for the development of tolerant cultivars. 
 
Overall, results of multiple experiments suggest that 
selections of tolerant cultivars of biomass feedstocks 
species can be deployed  in river floodplains subject 
to prolonged flooding, which are not suitable for 
production agriculture. New cultivars are also under 
development that may even offer better biomass 
growth under flooded conditions. 

High biomass sorghum cultivar evaluation for flood 
tolerance established by Dr. Sougata Bardhan at 

the HARC Flood Tolerance Laboratory. 
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CARBON SEQUESTRATION 

Agroforestry’s Role in Global Carbon Sequestration 
In December 2015, world leaders from 195 coun-
tries met in Paris and agreed on a landmark plan to 
address global climate change by holding countries 
accountable for their commitments to carbon emis-
sions reductions and other actions. The agreement 
calls for all nations to pledge to limits on carbon (C) 
emissions necessary to keep average global warm-
ing less than 2 degrees Celsius above pre-industrial 
levels.  This historic agreement recognizes the im-
portance of “reducing [C] emissions from deforesta-
tion and forest degradation, and the role of conser-
vation, sustainable management of forests, and en-
hancement of forest carbon stocks…[and] sustaina-
ble management of forests.”  Success of the plan 
depends on the ability of individual countries to not 
only reduce emissions but to also capture C from the 
atmosphere and keep it out of the atmosphere. 
 
Carbon sequestration (CS) is the long-term storage 
of C in oceans, soils, vegetation and geologic for-
mations.  Storage of C in vegetation occurs through 
uptake of atmospheric carbon dioxide (CO2) during 
photosynthesis and conversion into plant biomass.  
Soil storage of C occurs when soil microbes convert 
dead plant matter into soil organic matter through 
decomposition.  To meet the ambitious goals of the 
Paris Agreement, the world needs enhanced CS 
techniques that provide social, environmental, and 
economic benefits while reducing atmospheric CO2 

concentrations. 
Agroforestry (AGF) practices have been approved 
as a strategy for soil CS by both afforestation and 
reforestation programs and under the Clean Devel-
opment Mechanisms of the Kyoto Protocol.  This is 
primarily due to use of perennial vegetation in AGF 
practices.  Perennial vegetation provides opportuni-
ties for above- and below-ground biomass produc-
tion and potential for greater soil carbon creation.  
Perennial trees, shrubs, and grasses used in AGF are 
more efficient in CS than annual monoculture crops 
and pasture vegetation because they allocate a high-
er percentage of C to belowground biomass and of-
ten extend growing seasons.  Agroforestry practices 
accumulate more C than forests and pastures alone 
because AGF combines forest and grassland compo-
nents. 
 
The enhanced CS concept of AGF is based on the 
efficient use of resources by plant communities in 
AGF practices.  Agroforestry systems typically have 
more structurally- and functionally-diverse plant 
communities than crop monocultures or unmanaged 
grass systems.  Diverse plant communities in AGF 
result in greater capture of available sunlight which 
drives greater use of CO2 for photosynthesis and 
therefore more sequestration in plant biomass and 
eventually soil carbon.  For example, trees, grasses, 
and shrubs in corn-soybean alley cropping begin 
photosynthesis before the cash crop is established 
and continue after the cash crop is harvested, and 
they partition greater amounts of carbon to below-
ground biomass (roots).  Moreover, the quantity and 
quality of plant residue supplied by trees, shrubs and 
grasses in AGF enhances soil C as these materials 
are decomposed by soil microbes.  Multiple vegeta-
tion types also promote larger and more diverse mi-
crobial and faunal communities which contribute 
further to soil C.  This sequestration potential of 
AGF varies by the type of practices used (plants and 
management), climate, soil type, topography, hy-

Alley cropping on 10% of the U.S. cropland could 
sequester 24 million tons of carbon per year. 
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drology, and ages of the component species of par-
ticular AGF systems.  In well-managed AGF pro-
duction systems C can be retained for centuries. 

 
Highly productive riparian buffers, silvopastures, 
alley cropping systems and windbreaks can play a 
significant role in CS in soil and biomass.  Center 
for Agroforestry researchers Drs. Ranjith Udawat-
ta and Shibu Jose conducted a synthesis of the 
available literature for the conterminous U.S., and 
concluded that agroforestry practices have the po-
tential to sequester more C than current cropping 
systems.  They estimated an average aboveground 
C stock of 55 tons C per acre for mature riparian 
buffers with a 50-year cutting cycle.  There are 3.5 
million miles of river and stream length in the con-
terminous U.S. upon which conservation buffers 
could potentially be established.  Establishment of 
a 100 ft. wide riparian buffer along both sides of 
5% of total river length would occupy 2 million 
acres.  The potential CS by addition of riparian 
buffers could be as high as 2 million tons per year. 

 
Well-managed silvopastoral systems can improve 

overall agricultural productivity while sequester-
ing carbon.  For example, soil productivity in tra-
ditional cattle management systems declines be-
yond five years post-forest clearing for establish-
ment of pastures.  The result is release of signifi-
cant amounts of C into the atmosphere.  Estimates 
of C released from low productivity pastures in 
Latin America range from 14-27 tons per acre in 
the first 20 years after forest clearing.  On the 
slopes of the Ecuadoran Andes, total soil C in-
creased from 8% under open Setaria sphacelata 
pasture to 11% beneath the canopies of Inga spp 
while soils under Inga contained an additional 9 
tons per acre in the upper 6 inches of soil com-
pared to open pasture. Silvopasture in the U.S. 
could potentially sequester 190 million tons of C 
per year. 

 
A large body of literature both from tropical and 
temperate regions elucidates the positive effects of 
AGF on CS by alley cropping.  In the southern 
U.S., greater soil organic matter and microbial bi-
omass were found in pecan (Carya illinoensis)-
cotton (Gossypium hirsuitum) alley cropping as 

compared to monocrop cotton.  In Mis-
souri, C quantities were found to be 
greater in alley cropping practices as 
compared to conventional corn-
soybean rotation.  Unfortunately, adop-
tion of alley cropping has been slow in 
the US.  Cropland in the U.S. occupies 
about 442 million acres which includes 
approximately 40 million acres of idle 
land.  Dr. Gene Garrett and colleagues 
suggest that 98 million acres of highly 
erodible nonfederal cropland (22% of 
total cropland) could be suitable for 
alley cropping.  It is estimated that less 
than 10% of U.S. cropland will be used 
for alley cropping in the near future.  
The CS potential of alley cropping on 
that 10% of cropland could sequester 
24 million tons C per year. 
 

According to IPCC, of all the managed land use systems, 
agroforestry has the greatest potential to sequester C globally. 

 

Source: IPCC, 2000 

 

      

Approximately 230 million acres of cropland in the 
North Central region of the U.S. need windbreaks 
to reduce agricultural damages.  Additional wind-
breaks are required to protect homes and roads.  It 
is estimated that 210 million acres under wind-
breaks would have a sequestration potential of 1.78 
billion tons of carbon per year.  If only 5% of 
cropland were converted to windbreaks, 120 mil-
lion trees planted for farmstead protection, and 2 
million conifers were planted for road protection, 
the result would be sequestration of approximately 
4 million tons of C per year after 20 years. 
 
Overall, U.S. agroforestry has the potential to se-
quester 220 million ton of C per year which is 
enough to offset nearly a third of the current C 
emission in the U.S. 
 
A large number of studies have appeared in recent 
years on CS potential and C stocks of agroforestry 
systems all over the world.  In the West African 
Sahel, improved agroforestry practices such as live 
fence and fodder banks sequestered more carbon 
than traditional parklands. In northwest India, un-
der a poplar-based agroforestry system, the soil 

organic carbon concentration and pools were high-
er in soils under agroforestry and increased with 
tree age. Tree density and plant-stand characteris-
tics such as species richness and age of south Indi-
an home gardens also affected soil carbon seques-
tration.  These case studies add to the growing 
body of literature indicating that agroforestry sys-
tems have the potential to sequester more above- 
and below-ground carbon compared to traditional 
farming systems. 
 
In general AGF practices improve soil condition, 
soil water status, and microclimate and these im-
prove plant growth conditions which further en-
hance the CS potential of the landscape. Selection 
of suitable trees, shrubs, and grasses and improv-
ing management practices can further improve CS 
for enhancing Climate-smart agriculture. Addition-
al research and more comprehensive data are need-
ed to improve knowledge of C distributions in all 
AFS practices across countries. This information 
will help improve design of AGF systems for en-
hanced CS and increase the success of the Paris 
Agreement. 

CARBON SEQUESTRATION 

The Annual Missouri Chestnut Roast, 
 Celebrating Agroforestry, attracts 1,500 - 3,000 
visitors to Horticulture & Agroforestry Research 

Center in  New Franklin, MO. 
Did you know… Agroforestry 
could sequester enough carbon to 
offset a  third of the U.S. carbon 
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drology, and ages of the component species of par-
ticular AGF systems.  In well-managed AGF pro-
duction systems C can be retained for centuries. 

 
Highly productive riparian buffers, silvopastures, 
alley cropping systems and windbreaks can play a 
significant role in CS in soil and biomass.  Center 
for Agroforestry researchers Drs. Ranjith Udawat-
ta and Shibu Jose conducted a synthesis of the 
available literature for the conterminous U.S., and 
concluded that agroforestry practices have the po-
tential to sequester more C than current cropping 
systems.  They estimated an average aboveground 
C stock of 55 tons C per acre for mature riparian 
buffers with a 50-year cutting cycle.  There are 3.5 
million miles of river and stream length in the con-
terminous U.S. upon which conservation buffers 
could potentially be established.  Establishment of 
a 100 ft. wide riparian buffer along both sides of 
5% of total river length would occupy 2 million 
acres.  The potential CS by addition of riparian 
buffers could be as high as 2 million tons per year. 

 
Well-managed silvopastoral systems can improve 

overall agricultural productivity while sequester-
ing carbon.  For example, soil productivity in tra-
ditional cattle management systems declines be-
yond five years post-forest clearing for establish-
ment of pastures.  The result is release of signifi-
cant amounts of C into the atmosphere.  Estimates 
of C released from low productivity pastures in 
Latin America range from 14-27 tons per acre in 
the first 20 years after forest clearing.  On the 
slopes of the Ecuadoran Andes, total soil C in-
creased from 8% under open Setaria sphacelata 
pasture to 11% beneath the canopies of Inga spp 
while soils under Inga contained an additional 9 
tons per acre in the upper 6 inches of soil com-
pared to open pasture. Silvopasture in the U.S. 
could potentially sequester 190 million tons of C 
per year. 

 
A large body of literature both from tropical and 
temperate regions elucidates the positive effects of 
AGF on CS by alley cropping.  In the southern 
U.S., greater soil organic matter and microbial bi-
omass were found in pecan (Carya illinoensis)-
cotton (Gossypium hirsuitum) alley cropping as 

compared to monocrop cotton.  In Mis-
souri, C quantities were found to be 
greater in alley cropping practices as 
compared to conventional corn-
soybean rotation.  Unfortunately, adop-
tion of alley cropping has been slow in 
the US.  Cropland in the U.S. occupies 
about 442 million acres which includes 
approximately 40 million acres of idle 
land.  Dr. Gene Garrett and colleagues 
suggest that 98 million acres of highly 
erodible nonfederal cropland (22% of 
total cropland) could be suitable for 
alley cropping.  It is estimated that less 
than 10% of U.S. cropland will be used 
for alley cropping in the near future.  
The CS potential of alley cropping on 
that 10% of cropland could sequester 
24 million tons C per year. 
 

According to IPCC, of all the managed land use systems, 
agroforestry has the greatest potential to sequester C globally. 

 

Source: IPCC, 2000 

 

      

Approximately 230 million acres of cropland in the 
North Central region of the U.S. need windbreaks 
to reduce agricultural damages.  Additional wind-
breaks are required to protect homes and roads.  It 
is estimated that 210 million acres under wind-
breaks would have a sequestration potential of 1.78 
billion tons of carbon per year.  If only 5% of 
cropland were converted to windbreaks, 120 mil-
lion trees planted for farmstead protection, and 2 
million conifers were planted for road protection, 
the result would be sequestration of approximately 
4 million tons of C per year after 20 years. 
 
Overall, U.S. agroforestry has the potential to se-
quester 220 million ton of C per year which is 
enough to offset nearly a third of the current C 
emission in the U.S. 
 
A large number of studies have appeared in recent 
years on CS potential and C stocks of agroforestry 
systems all over the world.  In the West African 
Sahel, improved agroforestry practices such as live 
fence and fodder banks sequestered more carbon 
than traditional parklands. In northwest India, un-
der a poplar-based agroforestry system, the soil 

organic carbon concentration and pools were high-
er in soils under agroforestry and increased with 
tree age. Tree density and plant-stand characteris-
tics such as species richness and age of south Indi-
an home gardens also affected soil carbon seques-
tration.  These case studies add to the growing 
body of literature indicating that agroforestry sys-
tems have the potential to sequester more above- 
and below-ground carbon compared to traditional 
farming systems. 
 
In general AGF practices improve soil condition, 
soil water status, and microclimate and these im-
prove plant growth conditions which further en-
hance the CS potential of the landscape. Selection 
of suitable trees, shrubs, and grasses and improv-
ing management practices can further improve CS 
for enhancing Climate-smart agriculture. Addition-
al research and more comprehensive data are need-
ed to improve knowledge of C distributions in all 
AFS practices across countries. This information 
will help improve design of AGF systems for en-
hanced CS and increase the success of the Paris 
Agreement. 

CARBON SEQUESTRATION 

The Annual Missouri Chestnut Roast, 
 Celebrating Agroforestry, attracts 1,500 - 3,000 
visitors to Horticulture & Agroforestry Research 

Center in  New Franklin, MO. 
Did you know… Agroforestry 
could sequester enough carbon to 
offset a  third of the U.S. carbon 
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Agroforestry practices, including silvopasture, can be 
used to diversify risk in the face of a changing cli-
mate.  Changing climatic conditions affect animal ag-
riculture due to changes in forage crop production and 
quality, and animal health, growth, and reproduction. 
Livestock and dairy production are more affected by 
the number of days of extreme heat than average with 
average temperature. Projected increases in extreme 
heat events will increase animal stress leading to 
greater impacts on production. Optimum animal core 
body temperature must be maintained within a 4°F to 
5°F range, larger deviations in temperature create ani-
mal stress. Livestock production practices such as sil-
vopasture, which provide partial or total shelter, can 
reduce the risk and vulnerability associated with ex-
treme heat. Silvopasture practices modify the local 
microclimate to reduce direct impacts of weather ex-
tremes on animal production. 
 
Research has shown that livestock prefer shaded areas 
in summer. Shade increases beef steer gains by ~0.2 
lb./head/day compared to no shade. Milk production 
in dairy cows can also be increased ~ 15% by provid-
ing shade. In addition, beef production from silvopas-
tures is equal to or greater than open pastures in well 
designed and managed systems. 
 

International 
Doctoral candidate Ryan Dibala, working under the 
supervision of Dr. Jose, is investigating plant neigh-
borhood effects on production and nutrient availabil-
ity in silvopastoral systems. With financial assistance 
from the Brown Fellowship and Borlaug Global Food 
Security Fellowship, Ryan spent the summer of 2015 
in Panama establishing ~3.5 acres of multi-strata sil-
vopastoral systems. Silvopasture can be implemented 
in two ways: by planting trees on to pasture or by 
planting pasture beneath existing trees. In the pasture, 
Ryan is examining the neighborhood influences of 
nitrogen fixing and phosphorous aggregating fodder 
trees on the growth and survival of commercially im-
portant timber seedlings and grass dry matter yield. In 

the understory of native mixed species tree planta-
tions, he is assessing the growth and nutritional con-
tent of several species of popularly planted improved 
grasses across a gradient of shade intensities. Due to 
the recent surge of reforestation in the region, there is 
a need for research on the effects of multiple land use 
on the growth and survival of mature native trees.  
 

Domestic 
At the Horticulture and Agroforestry Research Center 
(HARC), New Franklin, Missouri, Ryan Dibala is es-
tablishing a multi-strata silvopastoral system in the 
understory of cherrybark oak (Quercus pagoda) plan-
tations.  Understory plants include red mulberry 
(Morus rubra) saplings, orchardgrass (Dactylis glom-
erata) and red clover (Trifolium pretense).  Ryan will 
examine the combined effects of shade and nitrogen 
fixation on the growth, dry matter yield, and nutritive 
content of red mulberry leaves to assess the practicali-
ty of integrating this alternative forage into  
rotationally stocked grazing systems.   

UMCA graduate student, Ryan Dibala, transports 
Leucaena seedlings by horse in Los Santos 

Province, Panama. 

SILVOPASTURE 

Climate-smart pasturing 

Did you know… Cattle can gain up to 20% 
more weight when provided with adequate 
shade than without shade. 
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The development of improved black walnuts for use 
in Missouri agroforestry practices (e.g. alley-
cropping) continues to focus on: 1) identification of 
the best adapted and most productive cultivars cur-
rently available to landowners; 2) development of an 
applied breeding program that seeks to maximize fu-
ture crop yields, both in terms of nut quality and 
quantity; and 3) defining the genetic basis for host 
resistance to emerging pests such as thousand cankers 
disease, using both clonal and seedling-origin pedi-
greed populations. 
 
The walnut descriptors multi-year dataset has been 
critical to the identification of the most productive and 
best adapted accessions in the UMCA collection, 
leading to the development of landowner recommen-
dations across Missouri based on nut productivity and 
season length data.  These same data led to the identi-
fication of which specific cultivars to hybridize in our 
applied breeding program. 
 
Applied Breeding Program.  A total of 12 control pol-
linated trees from the 2002 seed year were re-
propagated in the spring 2014 and outplanted at 
HARC and the Southwest Center in 2015. These 12 
selections are the “best” nut producers derived from 
the UMCA breeding program to date, based upon cu-
mulative nut data from 2005-2010.  
 
Multiple Pedigreed Population Development.  The 
creation of large full sib populations (in which multi-
ple seedling offspring all share the same male and fe-
male parents) will facilitate the development of the 
first “genetic map” for black walnut.  This map will 
be used to identify specific genetic markers associated 
with sets of genes which control commercially im-
portant traits of interest, such as kernel percent and 
nut yield.  In addition, it will clarify the genetic basis 
for resistance to emerging pests that threaten black 
walnuts, such as Thousand Cankers Disease. 
   

Key Findings: Genotyping work was completed in 
2011, and 320 full sibs representing a single cross 
were identified.  Another set of 135 individuals repre-
sented a second cross. These two “mapping popula-
tions” will ultimately allow us to define which genetic 
markers are associated with which phenotypic trait of 
interest (e.g. leafing date, anthracnose tolerance, early 
flowering, kernel percent, walnut twig beetle feeding 
preference, etc.).  In 2014, stem and leaf samples were 
collected from each full sib to develop a genetic 
marker library.  This library will contribute to the de-
velopment of the first densely populated genetic link-
age map for this species. This genetic marker devel-
opment effort is supported by the National Science 
Foundation. Publication of the first genetic map for 
black walnut is scheduled for early 2016. 

 
 
 
 
 
 
 

SPECIALTY CROPS 

Did you know...There are more than 50 health 
promoting chemicals in black walnuts. 

Dr. Chung-Ho Lin and his team are identifying 
the differences found among the black walnut 

trees in our collection at HARC. As these differ-
ences are defined, we will explore ways to 

improve this species in terms of contributing to 
healthy human diets.  

Eastern black walnut 
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2014-2015

Ph.D. student Ryan Dibala has been working under the 
advisorship of Dr. Jose investigating plant neighborhood effects 
on production and nutrient availability in silvopastoral systems. 
With financial assistance from the Brown Fellowship and Borlaug 
Global Food Security Fellowship, Ryan spent last summer in the 
Republic of Panama establishing 1.5 hectares (~3.5 acres) of 

multi-strata silvopastoral systems. 

A number of MU faculty are involved in developing courses 
in a Food Security Master’s project for the World Bank. 
The project is focused on curricular development for two 

Master’s degree programs for the faculty at Moscow State 
University (Russia), one in AgroFood Management and a 

second on Land and Water Resource Management. 

Online/On Campus Agroforestry Masters Students

Chathuri Weerasekara, MS
Chamara Weerasekara, MS
(campus based, Sri Lanka)

Colleen O’Sullivan, Graduate Certificate 
(London, England, UK)

Badger Johnson, MS 
(campus based, Ohio)

Don Whittaker, MS (New 
Jersey)

Adam Kranz, MS
Adam Ash, MS
(Wisconsin)

Michael Borucke, MS 
(California)

Dylan Frentzel, MS 
(New Mexico)

Nathan Harder, MS 
(Minnesota)

Chris Hein, MS 
(Missouri)

Robert Lusk, MS 
(Pennsylvania)

Alex McCormick, MS 
(Alberta, Canada)

Todd Brewer, MS 
(Texas)

Ryan Dibala, PhD 
(campus based, Connecticut/ Panama)

A new Nature, Culture and Agriculture Study 
Abroad program in Indonesia (December 27, 2015 
to January 18, 2016) was approved by the CAFNR 

Study Abroad office and the MU International 
Center. Led by Center Director, Dr. Shibu Jose, and 
the Center’s Education and Outreach Coordinator, 
Gregory Ormsby Mori, the program will explore 

themes of agricultural production, conservation of 
natural resources and Indonesian culture.

Shibu Jose, Director of UMCA, co- organized and chaired 
the temperate agroforestry session of the World Congress 
on Agroforestry in New Delhi, India, from February 10 - 14, 
2014. 

Cathy Watson, MS
(online, Nairobi)

Research Collaborators/Others

Six University presidents and two faculty 
members from UICEH in Mexico visited UMCA 

for a week-long training.

IUFRO Agroforestry workshop conducted in 
collaboration with the faculty at the University 

of Concepion.

Dr. Mario Campos, visiting scientist, spent one 
year at UMCA.

Nataliya Kutsokon, Fulbright scholar spent 
nine months at UMCA working on short 

rotation poplar cottonwood trees.

Dr. Shibu Jose serves as external advisor 
to the EU Agroforestry project. The annual 

meeting took place in Greece in 2015.

Dr. Ranjith Udawatta conducted a 
workshop at the Inner Mongolia Agriculture 

University.

Dr. Fengzhen from Wuhan University 
worked on urban agroforestry for one year 

at UMCA.

Dr. Chung-Ho Lin participated in large scale 
dioxins remediation project at An-Shun area 

of Tainan City in southern Taiwan.

Doland Nichols from Southern Cross 
University visited UMCA for a roundtable 

with faculty.

Tricia Ward, MS 
(Saskatchewan, Canada)
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“Bucks Unlimited” Swamp White Oak 
 

The 175th commemorative tree at Mizzou, called 
‘Bucks Unlimited Oak’ represents a joint effort by 
CAFNR’s Center for Agroforestry and Forrest Keel-
ing Nursery. Center researchers did the research and 
development, while Forrest Keeling added its RPM 
technology to quickly grow large numbers of trees. 
 
‘Buck’s Unlimited Oak’ is a new trademarked swamp 
white oak (Quercus bicolor) tree variety developed by 
Dr. Mark Coggeshall, assistant research professor of 
forestry. He developed it at HARC.  Swamp white 
oak is a native tree often found in Midwestern bot-
tomland forests and valleys. 
 
Acorns from the swamp white oak species are the 
most preferred fall food source for many wildlife spe-
cies, including white tailed deer and turkey. Accord-
ing to Dr. Coggeshall, no other source of planting 
stock is also well adapted to the regional growing 
conditions of the Midwest, and potentially most of 
the eastern U.S. 
 

The goal was to select for swamp white oak seed 
sources that had consistent, heavy acorn production at 
~ six years of age (much earlier than similar oaks in 
the wild), along with greater survivability and faster 
growth in a variety of climates. 
 
Because of this ability, ‘Buck’s Unlimited Oak’ was 
trademarked by MU and licensed for production to 
Forrest Keeling. The company is selling the tree to 
landscapers, conservationists, landowners and others 
in the tree’s natural growing area of Kansas to Florida 
to Maine. 
 
Ultimately, it is landowners who most benefit as the 
tree attracts wildlife to property for recreational view-
ing and hunting. Good hunting property is worth 
thousands of dollars more per acre than other proper-
ty, said Shibu Jose, director of the MU Center for Ag-
roforestry. Hunting, according to Hunting Works for 
Missouri, supports 24,000 jobs in Missouri with an 
overall impact of $1 billion.  
 

Story adapted from Randy Mertens · Photography by Kyle Spradley  
 
 

 

 

 

‘Bucks Unlimited’  White Swamp Oaks at Horticulture 
& Agroforestry Research Center in New Franklin, Mo. 

Dr. Mark Coggeshall giving a tour at HARC. 

SPOTLIGHT 

SPECIALTY CROPS 

Did you know...A farmers annual revenue 
may 
 increase up to 10% through silvopasture. 
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Several perennial warm-season grasses native to the 
Midwest are feedstock candidates for cellulosic biofu-
el.  Integrating these grasses into alley cropping prac-
tices has the potential to reduce greenhouse gas emis-
sions, improve soil health and enhance wildlife habi-
tats. Although switchgrass (Panicum virgatum) has 
been identified as a model feedstock species for cellu-
losic biofuel, Indiangrass (Sorghastrum nutans) may 
be better suited for low-input alley cropping systems.   
In field trials at the Alley-cropping Shade Laboratory 
(ACSL) located at MU’s  Horticulture and Agrofor-
estry Research Center, Indiangrass survival and yield 
exceeded switchgrass, indicating that Indiangrass is 
more shade tolerant in alley cropping systems com-
pared to switchgrass. 

 

Four native warm-season grasses were established in 
an experiment of different shading conditions at 
ACSL in 2010-2011.  The experiment includes an 
open field treatment adjoining alley-cropping treat-
ments with three replications of 20 foot, 40 foot, and 
60 foot north-south oriented alleys.  Tillers from 
plants grown in the Shade Tolerance Screening La-
boratory (STSL) were used to establish five eastern 

gamagrass (Tripsacum dactyloides), six big bluestem 
(Andropogon gerardii), and thirty little bluestem 
(Schizachyrium scoparium) accessions.  Seedlings 
from the NRCS Plant Materials Center was used to 
establish ‘Rumsey’ Indiangrass and fifteen 
switchgrass cultivars.  Photosynthetically active radia-
tion sensors were mounted across each alley to deter-
mine daily sunlight received at multiple positions 
within alleys on cloudless days.   
 
Of the five warm-season grasses evaluated, third year 
survival rates indicate that eastern gamagrass and In-
diangrass are more shade tolerant than little bluestem 
and big bluestem.  Upland and lowland switchgrass 
ecotypes were found to be intermediate for shade tol-
erance.  Average above-ground biomass per plant de-
creases as the cumulative average daily sunlight re-
ceived decreased.  Indiangrass showed the least 
change in biomass production between 75% of full 
sunlight in the 60-foot alleys and full sunlight in the 
open plots suggesting a relatively high tolerance to 
shading and an ability to compete with tree roots for 
water and nutrients.  Early results suggest Indiangrass 
would be a better species for production of biofuel 
feedstocks in an alley-cropping practice compared to 
switchgrass.  

TREE & CROP INTERACTION 

Researcher Dr. Kejia Pang checks 
switchgrass cultivar ‘Kanlow’ under shade. 

Drs. Shibu Jose and Sougata Bardhan 
evaluating a new biomass switchgrass 

cultivar. 

www.centerforagroforestry.org  UMCA 2014-2015 Annual Report 20



 

Online Agroforestry M.S. and  
 Graduate Certificate Programs 

 

Responding to unmet needs of full-time working 
professionals interested in obtaining in-depth agro-
forestry knowledge via formal agroforestry gradu-
ate education, UMCA developed the online Agro-
forestry M.S. (30 credit) and Graduate Certificate 
(12 credit) program which launched in 2011.  MU 
agroforestry program courses are all online, includ-
ing courses on biophysical and so-
cioeconomic foundations of agro-
forestry. As long as an individual 
has an Internet connection, it is fea-
sible to complete the coursework. 

 
Interest in the online programs has 
grown rapidly in the U.S. and 
abroad. As of January 2016, there 
are 36 enrolled in M.S. program (in 
2014 and 2015, a total of five stu-
dent graduated with their online 
M.S.) and five students enrolled in 
the graduate certificate program (1 
completed the graduate certificate 
in 2015). 
 
Jacob Winterbower’s (Dr. Gold, 
Advisor) MS essay was: “Effects of 
Buffer Width and Site Characteris-
tics on Phosphorous Runoff: A Review of Scientific 
Literature.” Garien Behling’s (Dr. Jose, Advisor) 
essay was: “The USDA Agroforestry Strategic 
Framework: Reversing the Trends and Consequenc-
es of the 20th Century and Saving American Agri-
culture.”  Brandon Bless (Dr. Gold, Advisor) MS 
project focused on the development of two new 
courses at Sterling College in Vermont, “An Intro-
duction to Restoration Agriculture” and in response 
to student and faculty interest, a second course 
“Agroforestry Practices”.  Brandon presented 
“Restoration Agriculture Curriculum at Sterling 
College: Growing Tree Crops and Cultivating the 
Next Succession of Agriculturalists” at the 2014 

Sustainable Agriculture Education Association 
(SAEA) conference in Raleigh, NC. Michael Hill 
(Dr. Jose, Advisor) MS essay was: “Dynamic Min-
eral Accumulation in Agroforestry Systems” which 
he presented at the 14th North American Agrofor-
estry Conference, June 1-3, 2015, in Ames, Iowa.  
Stephen Mann’s (Dr. Gold, Advisor) essay was:  
“Ozarks Nature Trails Urban Agroforestry Demon-
stration and Education project” and he presented 
“Urban Agroforestry: Connecting Agroecology, 

Permaculture, Urban Forestry 
and Urban Agriculture into Ur-
ban Food Forests” at the 14th 
North American Agroforestry 
Conference, June 1-3, 2015, in 
Ames, Iowa. 
 
Military Tuition Award 
for Online Students 
 

The University of Missouri pro-
vides military personnel, veter-
ans and their families (qualified 
dependents) with a 10 percent 
reduction on base tuition for 
undergraduate and graduate 
distance degree and certificate 
program credit hours. The Miz-
zou Online Military Tuition 
Award applies to distance stu-

dents after they are admitted to the university and 
enrolled in their respective programs. 

 
New Study Abroad Program in 
 Indonesia 

 

A new Nature, Culture and Agriculture Study 
Abroad program in Indonesia (December 27, 2015 
to January 18, 2016) was recently offered through 
the CAFNR Study Abroad office and the MU Inter-
national Center. Led by UMCA’s Dr. Jose and 
Gregory Ormsby Mori, the program explored 
themes of agricultural production, conservation of 
natural resources and Indonesian culture. Local 
partners included faculty at two host institutions on 

EDUCATION 

Dr. Michael Gold teaches 
online courses, conducts the 

annual academy & gives  
presentations at workshops 

and conferences. 
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the Island of Java: the Institute Pertanian Bogor 
(IPB) in Bogor and the Universitas Gadjah Mada 
(UGM) in Yogyakarta. The program consisted of 
numerous site visits and field trips along with 
informative presentations at IPB and UGM on 
the themes of agriculture, forestry, food security, 
and conservation in Indonesia. Students also had 
the opportunity to visit the World Agroforestry 
Centre (ICRAF), the Bogor Botanical Garden, 
and the Center for International Forestry Re-
search (CIFOR).  While traveling between Bogor 
and Yogyakarta students visited national parks, 
agricultural landscapes, community managed 
forestry sites, and marine conservation projects. 
Yogyakarta is considered to be the cultural capi-
tol” of Indonesia, where both traditional and 
modern styles of art are found intermingled with 
music, theatre and other forms of cultural ex-
pression. Special opportunities were arranged for 
academic and cultural interaction with local Indone-
sian students.  

 
Graduate Program on Food Security in  
 the Eurasian Region 

 

As part of a large University of Missouri faculty ef-
fort, a number of UMCA faculty are involved in de-
veloping courses in a Food Security Master’s degree 
project for the World Bank. The project is focused on 
curricular development for two Master’s degree pro-
grams for the faculty at Moscow State University 
(Russia), one in AgroFood Management and a second 
on Land and Water Resource Management. The over-
all project goals are: 1) Building the knowledge and 
skills needed to critically examine and formulate sus-
tainable, innovative solutions to problems that impact 
food security and land and water resource manage-
ment throughout the Eurasian Region; and 2) To pro-
mote the development of a network of professionals 
throughout the Region. 

 
Center faculty are involved in a number of the courses 
and include Dr. Jose (Ecological Principles of Natural 
Resources and Agroecosystem Management) and Dr. 
Jose and Dr. Udawatta (Fundamentals of Land Re-

source Management for Food Security), Dr. Lin [with 
Dr. Lupo] (Climate Change, Land Degradation and 
Desertification and Implications for Food Security), 
and Dr. Gold [with Dr. Hendrickson and Dr. Wil-
liams] (Sustainable Agriculture and Development). 

 
 

Indonesian Study Abroad team visiting an 
agroforestry system involving Melaleuca (pollarded 

tree pictured), corn & soybean near Yogyakarta.  

EDUCATION 

Shibu Jose, UMCA Director and 
Project Co-Leader, along with 

colleagues from MU Division of 
Applied Social Sciences and 

 Monarch Media at Moscow State 
University, Russia. 

www.centerforagroforestry.org  UMCA 2014-2015 Annual Report 22



 

OUTREACH 
The Center’s outreach activities introduce the bene-
fits of agroforestry practices, both economic and en-
vironmental, to agricultural and forest landowners, 
natural resource professionals and consumers. The 
results of a multi-faceted, sustained commitment to 
knowledge creation “putting the science behind the 
practice”, information sharing and transfer include: 
greater adoption of agroforestry practices, compre-
hensive research to support the establishment of new 
specialty crops and associated value-added industries, 
increased consumer demand for specialty crops, re-
duced non-point source pollution, increased habitat 
and wildlife biodiversity, and increased opportunities 
for agritourism and economic development in rural 
and urban areas. 

 
In 2014, with a fresh infusion of financial support in 
collaboration with the USDA ARS, Booneville, Ar-
kansas, UMCA expanded its outreach capacity with 
the addition new staff including: former UMCA Di-
rector Dr. H.E. “Gene” Garret as Senior Outreach 
Specialist and Gregory Ormsby Mori as Education 
and Outreach Coordinator. 

 
During 2014-2015, Center outreach delivered useful 
information about the benefits of agroforestry to 
thousands of people through two newsletters 
(Agroforestry in Action and Green Horizons), 
launched the Agroforestry in Action webinar series, 
sponsored events that included workshops and tours, 
and via the addition of new online resources available 
on the Center’s website (centerforagroforestry.org).  
Outreach efforts also included exhibits and presen-
tations at local, regional, national, and international 
events ranging from agricultural field days, to re-
gional growers’ conferences, scientific and profes-
sional events including  Missouri Natural Resources 
Conference, Great Plains Growers Conference, 
Northern Nutgrowers Association meeting, Walnut 
Council meeting,  Green Lands Blue Waters Con-
ference, Society of American Foresters convention, 
biennial North American Agroforestry Conference, 
ASA/CSSA/SSSA Annual Meeting, and World Ag-
roforestry Congress. 

 

Highlights 
 

Agroforestry  Symposium 
 

Since 2010, the Center has hosted an Annual Agro-
forestry Symposium to highlight and explore in depth 
a current and compelling topic relevant to agroforest-
ry science and practice. 
 
The focus of the 2014 Symposium was cover crops.  
The 2015 the Annual Agroforestry Symposium was 
entitled “Climate-Smart Agriculture: the Role of Ag-
roforestry” had over 180 in attendance plus an addi-
tional 350 online viewers. The theme for the 7th An-
nual Agroforestry Symposium to be held on January 
28, 2016, is: “The Future of Pollinators: Why Agro-
forestry Matters.”  
 

Agroforestry  Academy 
 

The Agroforestry Academy was established to train 
the next generation of agroforestry professionals and 
expose them to agroforestry opportunities through 
classroom work and farm visits. “We’re trying to cre-
ate a network of knowledgeable people,” said Mi-
chael Gold, associate director of the Center for Agro-
forestry. “This is an opportunity to go more in depth. 
We try to put a lot of content in a week.” 
The initial project was a joint effort among five Mid-
western states — Nebraska, Missouri, Minnesota, 
Iowa and Wisconsin — that compose the Mid-
America Agroforestry Working Group (MAAWG). 
The innovative program was funded for the first two 

2015 Agroforestry Academy attendees and instructors  
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years as a USDA North Central SARE Professional 
Development Program and earned a national award 
from the USDA. The project was named the 2012 
Paula Ford Professional Development Program Pro-
posal of the Year. 
 
In 2013, the 1st Agroforestry Academy was held in 
Columbia, M0.  In 2014 the Agroforestry Academy 
shifted north to Minnesota in partnership with the 
University of Minnesota. In 2015 Academy returned 
to Columbia, and saw greater participation from 
landowners and beginning farmers. The 25 partici-
pants from across North America, including Califor-
nia, Connecticut, Indiana, Illinois and Kansas and 
Ontario, Canada. The Center offered scholarship 
opportunities this year for military veterans through 
the “Armed to Farm” program, funded by the Na-
tional Institute for Food and Agriculture. Ten mili-
tary veterans attended the academy on the scholar-
ship fund.  In the first three years, 81 individuals 
have participated in the Academy and participant 
feedback surveys give the Academy very high 
marks. 

 
Missouri Chestnut Roast 
 

The Center created the Roast in 2003 to showcase 
the ongoing research in specialty crops and agrofor-
estry at HARC.  The Roast was the Center’s premier 
annual outreach event for the next 8 years (through 
2010), averaging over 3,000 visitors per year.  With 
a return of fiscal stability in 2014, the Roast was 
reestablished in 2015.  More than 1,500 people at-
tended the Roast at HARC on Saturday, Oct. 17, 
2015. Agroforestry practices and specialty crops 
(including chestnut, black walnut, pecan, pawpaw, 
elderberry) were highlighted. Guests were able to 
sample roasted chestnuts, purchase fresh chestnuts 
from regional vendors, buy chestnut trees from For-
rest Keeling Nursery and attend a chestnut cooking 
demonstration. There was music, children’s activi-
ties, and tours of HARC and the Historic Hickman 
House, built in 1819 and fully restored. Over 20 lo-
cal vendors included demonstrations, samples 

(including goat cheese, salsa, wine, locally brewed 
beer, specialty flavored whiskey, nuts and fruits, 
pies, Buck’s pawpaw ice cream) and educational 
materials. 

Agroforestry Tours & Workshops 
 

Center faculty and staff regularly provided in-depth 
HARC tours for MU students and students from 
both US and foreign Universities, along with groups 
from Missouri, the Midwest, across the USA and 
worldwide.  A 3-day tour was arranged for NRCS 
staff from Arkansas, Missouri and Louisiana to view 
agroforestry practices at HARC and at selected sites 
around central Missouri. The Center hosted a wide 
assortment of international professionals that includ-
ed: China, Inner Mongolia, Tajikistan, Costa Rica, 
Mexico, India, Indonesia, Senegal, and Germany. In 

Missouri Chestnut Roast features a cooking demo,  
samples, and plenty of chestnuts for purchase. 

OUTREACH 

Senator Roy Blunt discussing agroforestry’s 
potential to help farmers during his visit to the 

Horticulture and Agroforestry Research Center. 
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addition to the MU HARC farm, Center researchers 
are conducting research and outreach at other MU 
farms and Centers. For example in 2015: an agrofor-
estry workshop was organized for landowners at the 
Doug Allen Research and Education Site; an agrofor-
estry tour was organized as part of the Walnut Coun-
cil annual meeting in St. Charles, MO; a nut growing 

workshop 
was held 
at the MU 
South-
west Cen-
ter in Mt. 
Vernon, 
MO. Six 
gourmet 
mush-
room cul-
tivation 
work-
shops 
were held 
in collab-
oration 

with MU 
County Exten-
sion offices 

and other partners and several mushroom growing 
demonstration areas were installed at HARC, 
Wurdack Research Farm and other sites around Mis-
souri. 

 
Agroforestry  in Action Webinar Series 
 

New to the Center’s outreach programming, the 
“Agroforestry in Action Webinar Series” was 
launched in March of 2015. These presentations 
showcase agroforestry research and practice, drawing 
on examples from both the USA and around the 
globe. Information and recorded webinars can be 
viewed at: www.agroforestryinaction.org 
 
 
 

Green Horizons & Agroforestry  in Action 
 Newsletters 
 

Green Horizons (GH), published since 1997, is a free 
newsletter published by the Center three times a year, 
currently offered in conjunction with the Forest and 
Woodland Association of Missouri.  GH is distribut-
ed online to over 12,000 readers and to an additional 
3,500 readers through the postal mail.  The newsletter 
has an active editorial board and twelve external 
sponsors representing Missouri’s forestry and natural 
resources industries. Articles feature a variety of top-
ics related to forestry and agroforestry, including for-
est health and management; forest industry; commu-
nity and urban forestry; nut trees and other value-
added products produced through agroforestry; up-
coming forestry and natural resources events; tree 
health and care; and new market opportunities. 
http://agebb.missouri.edu/agforest/index.htm 
 
Agroforestry in Action is a monthly e-newsletter that 
focuses on the activities and accomplishments of 
Center faculty, staff, collaborators and visitors.  Ag-
roforestry in Action recognizes awards and honors, 
has a monthly events calendar, and features Center 
research, teaching, outreach and entrepreneurial ac-
tivities and their impacts.  http://
centerforagroforestry.org/pubs/action/archive.php 

2015 Field Day at Doug Allen’s, Laurie, Mo. 

Outreach Coordinator, Gregory 
Ormsby Mori demonstrates 
mushroom log preparation.  

OUTREACH 
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ENTREPRENEURSHIP 

Development of a novel 
continuous-flow saccharification 
process for advanced biofuel 
 

The 2007 U.S. Energy Independence and Security 
Act mandates that annual biofuel use nearly triple to 
36 billion gallons per year (BGY) by 2022 with 21 
BGY coming from advanced biofuels. Although cel-
lulosic advanced biofuel production has been 
demonstrated on a pilot scale, the high enzyme cost 
associated with the saccharification process 
(enzymatic hydrolysis of cellulose to sugars), has 
been a bottleneck for commercial-scale success. 
Commercial-scale production requires transforma-
tional science to streamline the production process 
and significantly lower production cost.  
 
UMCA’s Drs. Chung-Ho Lin and Shibu Jose and 
other MU colleagues have teamed up with strategic 
industrial partners.  The transdisciplinary research 
team created to develop a novel saccharification pro-
cess for the production of advanced biofuels in-
cludes: UMCA, MU Life Sciences Center, Dept. of 
Physics and Radiology, Dept. of Veterinary Patholo-
gy, Dept. of Biological Engineering, Cancer Nano-
technology Platform, and Tiger Energy Solutions, 
LLC. The novel continuous-flow saccharification 
process design integrates a recently developed cost-
effective enzyme immobilization technique, a readi-
ly regenerated enzyme platform, genetically engi-
neered enzymes, and optimized ionic liquid pretreat-
ment processes.  
 
The process design, in brief, incorporates the immo-
bilized genetically engineered recombinant enzymes 
fused with linkers that are highly specific to the 
readily regenerated biofilter system comprised of 
functionalized mesh. The expressed enzymes will be 
subsequently immobilized to the functionalized bio-
filter system. Laboratory scale studies are evaluating 
the conversion efficiency, enzyme stability, platform 
regeneration cycles, cellulose depolymerization, 

sugar profiles, production cost and scalability of the 
bioreactor system.  
 
The developed genetic cassette and cost-effective 
functionalization and immobilization process can be 
utilized to 1) rapidly immobilize the enzymes on the 
designed platforms, 2) express a wide variety of in-
dustrial enzymes on the same platform, 3) regenerate 
and reuse the platforms, and 4) improve chemical 
stability, thermal stability, and storage shelf-life of 
the enzymes in the continuous-flow bioreactor sys-
tem. 
     
The innovative bioreactor system has several ad-
vantages over existing technologies, including 1) 
reduction of enzyme cost by improved chemical sta-
bility, thermal stability, and storage shelf-life of the 
immobilized engineered enzymes, 2) more effective 
enzyme loading and enzyme synergies for industrial 
process, 3) regeneration of the enzyme biofilter sys-
tem (~20- fold) by a simple, low-cost thermal regen-
eration, 4) elimination of the cost associated with 
enzyme purification and chemical conjugation pro-
cesses, 6) efficient recycle/reuse of enzymes, and 7) 
easily customized enzyme production with the de-
veloped genetic cassette. 
 
Upon completion, the research team’s innovative 
continuous-flow bioreactor system will demonstrate 
conversion efficiency orders of magnitude better 
than conventional processes, thus making biofuel 
manufacturing commercially sustainable. The biore-
actor system will provide immediate competitive 
advantages and market differentiation. During the 
current R&D phase, the project benefits from MU’s 
commitment to accelerating investment activity and 
growth of its’ entrepreneurial culture.  This project 
is expected to attract broad industry interest and fa-
cilitate translation of the technology into commercial
-scale applications and that Tiger Energy Solutions, 
LLC, will provide the business framework to accel-
erate commercial implementation.  This project 
builds upon MU’s world-class reputation in the field 
of sustainable bioenergy research and education.   

Production of Biofuels 
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ENTREPRENEURSHIP 

Innovative Technology for Earth 
Friendly Leather Manufacturing 
 

UMCA’s Chung-Ho Lin and his research colleagues 
at MU have teamed up with Proviera Biotech, a sub-
sidiary of SCD Probiotics in Kansas City to improve 
upon a novel method of reducing the leather indus-
try’s environmental impact with biochemical from 
probiotics.  SCD Probiotics was founded by Mat-
thew Wood (B.S CAFNR 1998).  Leather goods re-
main in high demand and highly regarded as a luxu-
ry item among consumers. 
 
SCD Probiotics offers products that use biochemi-
cals derived from probiotics, which displace many 
traditional chemicals used to process leather.  Lin’s 
group is using MU’s expertise in analytical chemis-
try, bioinformatics, microbiology and molecular 
technology to help improve the company’s formula 
and production techniques.  The company’s environ-
mentally friendly products could rejuvenate an 
American leather tanning industry that has been 
largely shut down due to an inability to economical-
ly meet federal environmental standards. 
 
The use of probiotics is a novel, environmentally 
friendly approach in leather manufacturing. Accord-
ing to Natalie Rada, Proviera Biotech’s Senior Busi-
ness Manager and CAFNR graduate, “Proviera’s 
line of probiotic-derived products are competing in 
the $4.4 billion global tannery chemicals industry 
and provide unique benefits and advantages over 
current chemical and green-technology options.” 
 
Lin helps SCD on various quality assurance and 
quality control method developments for its tannery 
line of products.  According to SCD Probiotics Vice 
President of Technology, Dr. Narin Tipsrisukond 
(Ph.D. CAFNR 2003) “Lin’s methods have been 
used in our current manufacturing programs to en-
sure the highest quality and consistency of products 
from batch to batch, he also provided testing ser-
vices for general product properties. We also have a 

few other testing 
service projects in 
progress that are 
non-tannery relat-
ed.” 
 
The company mar-
kets several prod-
ucts, all of which 
are 100 percent bio-
degradable, includ-
ing a degreasing 
agent, a hydrating and 
wetting agent as well 
as a dispersing agent.  Improved leather quality and 
yield, reduced operating costs, reduced environmen-
tal impact, reduced odor levels, reduced water con-
sumption and reduced processing time are just a few 
of the benefits the products offer. Eighty percent of 
the firm’s products are exported.  
 
Proviera’s products significantly reduce the toxicity 
of tannery effluent by displacing chemicals and also 
degrading the organic material released from the op-
erations. Dr. Tipsrisukond said the company offers 
products which are showing up in tanneries all over 
the world. “The reception of our products in the 
market has been very positive and we intend to in-
crease our footprint in the industry.  Finished leather 
articles processed with our probiotic derived bio-
chemicals are already in the hands of finished leath-
er buyers and on consumer shelves in numerous re-
gions around the globe.” 
 
Dr. Lin indicated that his lab also benefits from the 
collaboration as his students receive hands-on train-
ing aligned with industrial needs.  In addition, 
knowledge developed from the research can be ap-
plied to other R&D projects in his lab.  “This is a 
win-win for everyone,” Lin said. “The collaboration 
supports our teaching and research missions while 
assisting the economic development of an innovative 
Missouri biotechnology company.” 

Story adapted from Randy Mertens, CAFNR Communications. 

 
Dr. Chung-Ho Lin 
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Forest farming for medicinals 

 

  In the US, the term “forest farming” describes the 
cultivation of crop species beneath a sustainably man-
aged forest overstory. Many non-timber forest product 
(NTFP) species are medicinal plants with high market 
values (e.g., ginseng - Panax quinquefolius).  Due to 
over-harvest in the wild, region-specific techniques 
for efficiently cultivating these species to meet market 
demand may aid in these species’ conservation, as 
well as profitability to the harvester. 
 
Proper conditions of light and soil fertility are key for 
successful NTFP forest farming in Missouri. Forest 
farming trials of four species of economic interest: 
wild ramps (Allium tricoccum), black cohosh (Actaea 
racemose), goldenseal (Hydrastis canadensis) and 
stone root  (Colinsonia canadensis) have been estab-
lished at the Horticulture and Agroforestry Research 
Farm (HARC) in New Franklin, MO and at the Doug 
Allen Project Site (DAPS) in Laurie, MO in 16 plots, 
four in small canopy gaps and four under the natural 
forest canopy per site. 
 
It is predicted that soil tests will show higher soil fer-
tility at HARC than at DAPS, and that survival rate 

for individuals of 
each species will 
have significant posi-
tive correlation with 
one or more soil fer-
tility metrics. Photo-
synthetic rates of 
each species are pre-
dicted to correlate 
with the average 
available photosyn-
thetically active radi-
ation (PAR) levels, 

up to a species-specific 
light saturation point that is typical of the natural 
(closed) canopy plots. Final survival rates of each spe-
cies are predicted to have a significant negative inter-
action with the higher PAR levels.  

Phytochemistry 
 

Walnuts have multiple nutritional benefits as they 
contain numerous vitamins and minerals and are the 
only nut that contains a significant source of alpha-
linolenic acid (ALA) (2.5 grams per ounce), an omega
-3 fatty acid with heart and brain-health benefits. Con-
sumption of walnuts has been linked to many health 
benefits including decreased risk of cardiovascular 
disease, reduced levels of cholesterol, stimulated brain 
functions and prevention of certain cancers (e.g., pros-
tate and breast cancers). A recent animal study pub-
lished in the Journal of Alzheimer's Disease indicates 
that a diet including walnuts may have a beneficial 
effect in reducing the risk, delaying the onset, slowing 
the progression of, or preventing Alzheimer's disease. 
More than 50 health-promoting bioactive compounds 
(phytosterols and phytophenolics) have been identi-
fied.  However, systematic characterization of the bio-
active compounds in walnuts using modern bioinfor-
matics and metabolomics approach has never been 
explored. In addition, the links between the specific 
compounds and the health benefits have not been well 
established.  Finally, information about the concentra-
tions of these health promoting compounds in differ-
ent cultivars across geographic gradients is lacking. 
 
A research project designed to isolate and characterize 
the bioactive lowering cholesterols phytosterols and 
health-promoting phytophenolics from black walnuts 
(Juglans nigra) has been initiated.  The project objec-
tives include: 1) identification and characterization of 
the bioactive phytosterols, phytophenolics and other 
secondary metabolites using targeted and untargeted 
global metabolomics approach (XCMS); 2) bioassays 
(e.g., anti-inflammatory and antioxidant)  to quantify 
bioactivity and purification  to identify the bioactive 
compounds; 3) animal studies to monitor the degrada-
tion of these compounds in serum/tissues; and 4) tran-
scriptome and gene expression analysis to correlate 
the levels of the gene expression to the phytochemical 
concentrations in serum/tissues. 

MEDICINALS 

Student Badger Johnson 
preparing forest farming 
plot for medicinal plants. 
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MU/UMCA OUTLYING FARMS & CENTERS 

Horticulture and Agroforestry 
 Research Center (HARC) 
 

HARC is one of the University of Missouri’s Agri-
cultural Research Centers, a network of sites across 
the state hosting state-of-the-art programs that bring 
Missouri agricultural land and forest owners’ new 
information for reaching maximum income potential 
and environmental benefits on a variety of land types 
and ecoregions. 
 
Located at New Frank-
lin, Mo., and set in the 
beautiful, rolling Mis-
souri River hills, 
HARC is the primary 
research site for the 
Center for Agroforest-
ry at the University of 
Missouri. HARC sits at 
the interface of the lo-
ess hills and Mis-
souri River bottom and 
provides a scenic, his-
toric and scientific set-
ting for development of 
horticultural- and agro-
forestry-related studies. 
This 665-acre farm in-
cludes several experi-
mental fruit and nut 
orchards; forest farm-
ing, riparian buffer, sil-
vopasture, alley cropping, and windbreak demon-
strations as well as forage shade trials; flood toler-
ance trials; biofuel trials; pinestraw production trials; 
greenhouses; five lakes and ponds and one of Mis-
souri’s oldest brick homes, the fully restored 1819 
Thomas Hickman House. Tours and educational 
events are hosted regularly including the annual 
Missouri Chestnut Roast. 
 
Interdisciplinary cooperation allows researchers 
from multiple disciplines, including tree breeding 

and improvement, entomology, plant pathology, hor-
ticulture, agronomy, animal science and agroforest-
ry, to combine research efforts to address an array of 
economic and environmental issues.  Specialty crops 
featured include major germplasm collections of 
northern pecan, eastern black walnut, and Chinese 
chestnut, along with research on pawpaw, pine 
straw, grapes, and gourmet mushrooms.  In addition 
HARC features an innovative, outdoor 24-channel 
flood tolerance research laboratory and bioremedia-

tion, non-point source pollution and 
shade and flood tolerance studies.   
 
Wurdack Research Center 
 

 Nestled along the Meramec River 
near Cook Station in the northeast 
Ozarks, the Hugo Wurdack Re-
search Center conducts demonstra-
tions and research in integrated live-
stock, forages, forestry silvopasture 
(agroforestry) and wildlife manage-
ment practices that are economically 
viable, environmentally sound and 
sociologically acceptable for the 
Ozark Region of Missouri. Wurdack 
is operated using Best Management 
Practices and provides educational 
information on a wide range of agri-
cultural, natural resource and scien-
tific topics to area beef and forage 
producers, soil and water district 
members, students from elementary 

and secondary schools, and other interested groups. 
Farm activities emphasize management practices 
that promote sustainable agricultural production 
while protecting the natural environment and the 
quality of life for citizens of Missouri’s Ozark re-
gion.  
 
Southwest Research Center 
 

Established in 1959, this Center addresses the main 
agricultural concerns of area industries including 

At HARC: Dr. Michael Gold & Dr. 
Mark Coggeshall discuss black 

Walnut research during the 2015 
Agroforestry Academy. 

 

dairy, beef, forage and specialty crop production.  
Horticultural research, including black walnut, pe-
can, elderberries and grapes provides information on 
viable production alterna-
tives for both commercial 
producers and home gar-
deners interested in small 
fruits and vegetables. For-
age grass breeding con-
ducted at the Southwest 
Center has been instrumen-
tal in the development of 
three new “endophyte-
free” tall fescue varieties – 
“Missouri 96,” “Mozark” 
and “Martin” – as well as 
an orchardgrass variety, 
“Justus.”  Small grains re-
search focuses on variety 
testing and development, proper 
fertilization practices and har-
vest management alternatives.  
 
Greenley Research Center 
 

The major objective of the center is to evaluate effi-
cient, profitable crop production in northern Mis-
souri while emphasizing soil conservation, water 
quality and energy efficiency. Researchers study the 
benefits of reduced tillage, alternative cropping prac-
tices, the effects of new technology and products, 
variety testing, soil fertility and beef cattle back-
grounding. Studies on water quality and the environ-
mental impact of crop production are being imple-
mented.  UMCA has maintained a long-term (25 
years) paired-watershed agroforestry research study 
located at Greenley that has generated a wealth of 
scientific information about the value of upland ag-
roforestry buffers in claypan agricultural soils.  On-
going performance testing of corn, soybean, sun-
flowers, biomass and winter wheat yields results to 
aid Missouri producers. 
 

Bradford Research Center 
      

As a research laboratory and outdoor classroom, 
Bradford’s faculty and students investigate 

wastewater management, entomol-
ogy, pest and weed control, spe-
cialty crops, organic transition 
techniques, agroforestry, permacul-
ture and engage the community 
through workshops, field days, and 
partners with University organiza-
tions to improve MU’s sustainabil-
ity. 
 
Doug Allen Research & 
Education Site 
 

The Doug Allen Research and Ed-
ucation Site contains 521 predomi-
nantly hilly and wooded acres in 

the Ozark region near Laurie, Mo., and 
contains many desirable tree species, 

including black and white oak, shagbark hickory, 
northern red oak, white ash, river birch and eastern 
red cedar. Approximately 83 acres of the site are bot-
tomland fields and have been converted to warm sea-
son prairie grasses. Portions of the property feature 
soil well-suited to growing the Missouri native 
shortleaf pine - a species the Center has invested fif-
teen years of research into as a potential source of 
short and long-term income for landowners. 

Dr. Ranjith Udawatta’s agroforestry/permaculture 
planting at Bradford Research Center, Dec. 2015. 

Dr. Gene Garrett discusses the 
work being accomplished at the 

Doug Allen Site. 

MU/UMCA OUTLYING FARMS & CENTERS 
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MU/UMCA OUTLYING FARMS & CENTERS 

Horticulture and Agroforestry 
 Research Center (HARC) 
 

HARC is one of the University of Missouri’s Agri-
cultural Research Centers, a network of sites across 
the state hosting state-of-the-art programs that bring 
Missouri agricultural land and forest owners’ new 
information for reaching maximum income potential 
and environmental benefits on a variety of land types 
and ecoregions. 
 
Located at New Frank-
lin, Mo., and set in the 
beautiful, rolling Mis-
souri River hills, 
HARC is the primary 
research site for the 
Center for Agroforest-
ry at the University of 
Missouri. HARC sits at 
the interface of the lo-
ess hills and Mis-
souri River bottom and 
provides a scenic, his-
toric and scientific set-
ting for development of 
horticultural- and agro-
forestry-related studies. 
This 665-acre farm in-
cludes several experi-
mental fruit and nut 
orchards; forest farm-
ing, riparian buffer, sil-
vopasture, alley cropping, and windbreak demon-
strations as well as forage shade trials; flood toler-
ance trials; biofuel trials; pinestraw production trials; 
greenhouses; five lakes and ponds and one of Mis-
souri’s oldest brick homes, the fully restored 1819 
Thomas Hickman House. Tours and educational 
events are hosted regularly including the annual 
Missouri Chestnut Roast. 
 
Interdisciplinary cooperation allows researchers 
from multiple disciplines, including tree breeding 

and improvement, entomology, plant pathology, hor-
ticulture, agronomy, animal science and agroforest-
ry, to combine research efforts to address an array of 
economic and environmental issues.  Specialty crops 
featured include major germplasm collections of 
northern pecan, eastern black walnut, and Chinese 
chestnut, along with research on pawpaw, pine 
straw, grapes, and gourmet mushrooms.  In addition 
HARC features an innovative, outdoor 24-channel 
flood tolerance research laboratory and bioremedia-

tion, non-point source pollution and 
shade and flood tolerance studies.   
 
Wurdack Research Center 
 

 Nestled along the Meramec River 
near Cook Station in the northeast 
Ozarks, the Hugo Wurdack Re-
search Center conducts demonstra-
tions and research in integrated live-
stock, forages, forestry silvopasture 
(agroforestry) and wildlife manage-
ment practices that are economically 
viable, environmentally sound and 
sociologically acceptable for the 
Ozark Region of Missouri. Wurdack 
is operated using Best Management 
Practices and provides educational 
information on a wide range of agri-
cultural, natural resource and scien-
tific topics to area beef and forage 
producers, soil and water district 
members, students from elementary 

and secondary schools, and other interested groups. 
Farm activities emphasize management practices 
that promote sustainable agricultural production 
while protecting the natural environment and the 
quality of life for citizens of Missouri’s Ozark re-
gion.  
 
Southwest Research Center 
 

Established in 1959, this Center addresses the main 
agricultural concerns of area industries including 

At HARC: Dr. Michael Gold & Dr. 
Mark Coggeshall discuss black 

Walnut research during the 2015 
Agroforestry Academy. 

 

dairy, beef, forage and specialty crop production.  
Horticultural research, including black walnut, pe-
can, elderberries and grapes provides information on 
viable production alterna-
tives for both commercial 
producers and home gar-
deners interested in small 
fruits and vegetables. For-
age grass breeding con-
ducted at the Southwest 
Center has been instrumen-
tal in the development of 
three new “endophyte-
free” tall fescue varieties – 
“Missouri 96,” “Mozark” 
and “Martin” – as well as 
an orchardgrass variety, 
“Justus.”  Small grains re-
search focuses on variety 
testing and development, proper 
fertilization practices and har-
vest management alternatives.  
 
Greenley Research Center 
 

The major objective of the center is to evaluate effi-
cient, profitable crop production in northern Mis-
souri while emphasizing soil conservation, water 
quality and energy efficiency. Researchers study the 
benefits of reduced tillage, alternative cropping prac-
tices, the effects of new technology and products, 
variety testing, soil fertility and beef cattle back-
grounding. Studies on water quality and the environ-
mental impact of crop production are being imple-
mented.  UMCA has maintained a long-term (25 
years) paired-watershed agroforestry research study 
located at Greenley that has generated a wealth of 
scientific information about the value of upland ag-
roforestry buffers in claypan agricultural soils.  On-
going performance testing of corn, soybean, sun-
flowers, biomass and winter wheat yields results to 
aid Missouri producers. 
 

Bradford Research Center 
      

As a research laboratory and outdoor classroom, 
Bradford’s faculty and students investigate 

wastewater management, entomol-
ogy, pest and weed control, spe-
cialty crops, organic transition 
techniques, agroforestry, permacul-
ture and engage the community 
through workshops, field days, and 
partners with University organiza-
tions to improve MU’s sustainabil-
ity. 
 
Doug Allen Research & 
Education Site 
 

The Doug Allen Research and Ed-
ucation Site contains 521 predomi-
nantly hilly and wooded acres in 

the Ozark region near Laurie, Mo., and 
contains many desirable tree species, 

including black and white oak, shagbark hickory, 
northern red oak, white ash, river birch and eastern 
red cedar. Approximately 83 acres of the site are bot-
tomland fields and have been converted to warm sea-
son prairie grasses. Portions of the property feature 
soil well-suited to growing the Missouri native 
shortleaf pine - a species the Center has invested fif-
teen years of research into as a potential source of 
short and long-term income for landowners. 

Dr. Ranjith Udawatta’s agroforestry/permaculture 
planting at Bradford Research Center, Dec. 2015. 

Dr. Gene Garrett discusses the 
work being accomplished at the 

Doug Allen Site. 
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GRANTS 2014-2015 

AGROFORESTRY 
 

Gold, M., USDA Forest Service (2013-
2017) Agroforestry as a climate change 
mitigation and adaptation tool for agricul-
ture in temperate regions - Developing an 
annotated bibliography, $20,000 
 
Jose, S., USDA ARS (2012-2017) Agro-
forestry for Small Farm Sustainability, 
$2,000,000 
 
Jose, S., USDA ARS (2012-2016) Pasture 
Management Strategies to Reduce NPSP 
and Enhance Integrated Production Sys-
tems that Include Agroforestry, $73,000 
 
Thomas, A., Co-PI, USDA National La-
boratory for Agriculture and the Environ-
ment (2015) Carbon and Nutrient Dynam-
ics of a Bioenergy Agroforestry System, 
$32,570 
 

BIOFUEL/BIOMASS 
 

Jose, S., Bardhan S., Co-PI, Etimine USA 
(2015-2016) Role of Boron in Biofuel 
Crop and Row Crop Production, $65,000  
 
Jose, S., PI for MU, US DOE and DBT 
India (2012-2017) U.S.-India Consortium 
for the Development of Sustainable Bio-
mass and Biofuels, $24,000,000 total; 
$5,400,000 MU portion. 
 
Jose, S.; Lin, C.-H., Co-PI, MU Mizzou 
Advantage Competitive Grants Programs, 
(2014-2016) Accelerating Advanced Bio-
fuels Production: Three-pronged Ap-
proach, $300,000 
 
Jose, S., MU Provost Office Enterprise 
Endowment, (2014-2015) Accelerating 
Advanced Biofuels Production in Mis-
souri: Three-pronged Approach, $75,000 
 
Jose, S., MU CAFNR McQuinn Funds 
(2014-2015) Accelerating Advanced Bio-
fuels Production in Missouri: Three-
pronged Approach, $75,000 
 
Jose, S., Roeslein Alternative Energy, LLC 
(2015-2016) Managing Native Prairie for 
Biomass Production and Wildlife Conser-
vation, $108,000 

Lin, C.-H.; Jose, S., Co-PI, MU Mizzou 
Advantage Competitive Grants Programs, 
(2014-2016) Development of a Novel 
Continuous Flow Saccharification Process 
for Advanced Biofuel Production, $50,000 
 
Udawatta, R., Co-PI (2012-2015) Perenni-
al biomass crop establishment and envi-
ronmental impacts in the Midwest, 
$499,447 
 

EDUCATION 
 

Jose, S., Co-PI; Gold, M., Co-PI, USDA 
NIFA (2011-2015) Internationalization of 
Forestry Education, Research and Exten-
sion U.S.- Costa Rica Cooperation, 
$148,007  
 
Lin, C.-H., Co-PI, USDA National Needs 
Program (2010-2015) Integrating discipli-
nary diversity in graduate student educa-
tion to support forest resource manage-
ment decisions, $245,000 
 

ENVIRONMENTAL SERVICES 
 

Jose, S., USDA NRCS (2013-2018) cyber-
linked watersheds, $160,000 
 
Jose, S., Co-PI, USDA NRCS CIG (2014-
2017) Improving Soil Water Retention in 
Sandy Soils using SWRT Membranes, 
$476,000 
 
Jose, S., Co-PI, USDA NRCS/MO Dept. 
of Natural Resources (2012-2017) Cover 
Crop Management for Flooded Areas to 
Improve Soil Heath, Environmental Quali-
ty and Farm Productivity. Conservation 
Innovation, $268,161  
 
Lin, C.-H., Co-PI, MU Research Board 
(2016-2017) Degradation of Veterinary 
Antibiotics via Digestion, $47,940 
 
Lin, C.-H., Co-PI, NIH/NIAID R21 (2015-
2017) a cyclic di-GMP signaling of spores 
of Bacillus anthracis, $375,000  
 
Lin, C.-H., Co PI, NIEHS/NIHH (2015-
2017) Endocrine disrupting activity associ-
ated with hydraulic fracturing, $400,000 
 
 

Lin, C.-H., Co-PI, EPA (P3) Program 
(2015-2016) Water quality monitoring at 
hydraulic fracturing sites using molecular-
ly imprinted porous hydrogels, $15,000 
 
Lin, C.-H., Co-PI, MU Mizzou Advantage 
(2014-2016) a novel spore display system 
for bioremediation of dioxins, $50,000  
 
Lin, C.-H., Co-PI Mizzou Advantage 
(2014-2016) Environmental toxicants and 
low-SES children's health and learning, 
$30,000  
 
Lin, C.-H., Co-PI, MU Mizzou Advantage 
(2014-2016) Endocrine Disrupting Activi-
ty Associated with Hydraulic Fracturing 
for Natural Gas and Oil, $75,000  
 
Thomas, A., Co-PI, US NIH (2010-2016) 
University of Missouri Center for Botani-
cal Interaction Studies, $7,700,000 
 
Lin, C.-H., Co-PI, MU Mizzou Advantage 
(2014-2015) Endocrine disrupting activity 
in groundwater associated with hydraulic 
fracturing for natural gas and oil, $75,000  
 
Lin, C.-H., Co-PI, USDA NRCS (2010-
2015) Mississippi river basin healthy wa-
tersheds initiative, $380,000 
 
Lin, C.-H., MU International Office (2014) 
Development of the Knowledge Exchange 
Platform between MU and UCR for En-
hancing Education and Research Capacity 
on Bioanalytical Chemistry Research, 
$3,700  
 
Lin, C,.H., Co-PI, Experiment Crowdfund-
ing (2014) Does fracking contaminated 
water with hormone disrupting chemicals? 
$25,000 
 
Lin, C.-H., Co-PI, SIRC (2013-2014) Mul-
tidisciplinary, Collaborative Pilot Study on 
Environmental Toxicants and Children’s 
Development Outcomes, $1,500 
 
 
Udawatta, R.; Jose, S., Co-PI, Conserva-
tion Innovation USDA NRCS/MO Dept. 
of Natural Resources (2012-2016) Multi-
purpose Cover Crop and Conservation 
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Practices for a Sustainable Agricultural 
System to Improve Soil Heath, Environ-
mental Quality and Farm Productivity, 
$1,100,000 
 
Udawatta, R.; Jose, S., Co-PI, USDA 
NRCS (2009-2016) Mississippi River 
Basin Initiative (MRBI) multiple sites, 
$1,279,384 
 
Udawatta, R., USDA NRCS/MO Dept. of 
Natural Resources (2012-2017) Cover 
Crop Management for Flooded Areas to 
Improve Soil Heath, Environmental Qual-
ity and Farm Productivity. Conservation 
Innovation, $268,161 
 
Udawatta, R., Co-PI (2013-2016) Hydro-
logic Regime and Nitrogen Cycling: Un-
derstanding the Difference between Clay-
pan and Loess Watersheds in Missouri, 
$192,510 
 

OUTREACH 
 

Gold, M., USDA NCR SARE (2013-
2014) Increasing agroforestry adoption 
and networking in the Midwest through 
targeted professional development, 
$74,842 
 
Gold, M., USDA NCR SARE (2013 – 
2014) Create an Agroforestry Planning 
and Design Handbook in Support of Nat-
ural Resource and Agricultural Profes-
sionals, $8,000 
 
Gold, M., Co-PI, USDA NAC (2011 – 
2013) Expanding learning partnerships to 
increase the adoption of agroforestry by 
farmers, ranchers, woodland owners in 
the USA, $30,000 
 
Jose, S., Missouri Department of Conser-
vation (2009-2015) Green Horizons 
Newsletter, $46,250 
 
Jose, S., Co-PI USDA NIFA (2014-2019) 
Armed to Farm: Veteran Labeled Market-
ing, Education and Research Strategies to 
Soldier Success for Military Veteran 
Farmers, $499,978  
 
Jose, S. Co-PI, USDA NIFA (2015-2018) 
Armed to Farm: Soldiering the Success of 
Military Veterans in New Poultry, Live-
stock and Agroforestry Enterprises, 
$500,000 

 

SILVOPASTURE 
 

Jose, S., USDA ARS (2012-2016) Pasture 
Management Strategies to Reduce NPSP 
and Enhance Integrated Production Sys-
tems that Include Agroforestry, $73,000 
 

SOCIOECONOMICS/
MARKETING/
ENTREPRENEURIAL  
 

Gold, M., Missouri Dept. of Agriculture 
(2013-2015) Growing Missouri's Chest-
nut Industry - Harvesting, Marketing and 
Financial Decision-Making, $40,491  
 
Gold, M., USDA NCR SARE – R&E 
(2010-2014) Developing Successful Mar-
keting Strategies for Elderberry Growers 
and Value Added Processors: A Model 
for Specialty Crop Development in the 
U.S. Midwest, $105,427 
 
Lin, C.-H., MU Mizzou Advantage (2014
-2016) Development of a novel continu-
ous-flow saccharification process for ad-
vanced biofuel production, $50,000  
 

SPECIALTY CROPS 
 

Coggeshall, M., USDA-NIFA (2012-
2017) Development of disease resistant 
walnut rootstocks: Integration of conven-
tional and genomics approaches. 
$164,043 
 
Coggeshall, M., NSF (2011-2015) 
TRPGR: Comparative genomics of envi-
ronmental stress responses in North 
American hardwoods, $357,028 
 
Gold, M., Co-PI, Missouri Dept. of Ag. - 
Specialty Crops Block Grant Program 
(2012 – 2013) Hosting the First Interna-
tional Elderberry Symposium (June 2013) 
to Fast-track the Growth of Missouri’s 
Elderberry Industry, $30,000 
 
Gold, M., Co-PI, USDA NIFA AFRI 
Foundation Grant (2012 – 2013) the Or-
ganization and Hosting of the First Int’l 
Elderberry Research Symposium in Mis-
souri, $25,000 
 
Hammons, B.; Thomas, A., Co-PI, Mis-
souri Dept. of Ag. - Specialty Crops 
Block Grant Program (2013 – 2015) de-

velopment of a Combined Black Walnut 
Harvester-Huller that will Transform Har-
vest Efficiency and Producer Profitabil-
ity, $24,500 
 
Jose, S., Missouri Department of Conser-
vation (2009-2016) Tree Improvement 
Program, $217,500 
 
Thomas, A., Co-PI, Missouri Dept. of Ag. 
- Specialty Crops Block Grant Program 
(2015) Determining and Mitigating the 
Potential Occurrence of Cyanide in Elder-
berries, $29,775 
 
 

TREE/CROP INTERACTIONS 
 

Jose, S.; VanSambeek, J., Co-PI, USDA 
Forest Service (2014-2015) Genetic vari-
ation in adaptive traits to reduced light for 
native grasses and root competition from 
native hardwoods, $71,000 
 
 

Dusty Walter teaches a future 
forester proper technique in 

chainsaw operation. 
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PUBLICATIONS 2014-2015 
ABSTRACTS 
 

Adhikari, P., R.P. Udawatta, and S.H 
Anderson. 2014. Soil thermal properties 
under prairies, conservation buffers and 
corn/soybean management systems. 69th 
Soil and Water Conservation Society In-
ternational Conference “Making Waves 
in Conservation” 27-30 July, Lombard, 
Illinois. 
 
Akdemir, E., S. Anderson, and R. Uda-
watta. 2015. Influence of agroforestry 
buffers and row crop management on soil 
hydraulic properties. 70th Annual Soil 
and Water Conservation Society Confer-
ence. Coming Home to Conservation, 
Putting Science into Practice. Abstract 
Book. JULY 28, 2015. Sheraton Greens-
boro at four seasons, Greensboro, NC.   
 
Carlson, J.E.; Staton, M.; Addo-Quaye, 
C.; Romero-Severson, J.; Schlarbaum, S.; 
Coggeshall, M.; Liang, H.; Gailing, O.; 
Shumaker, K.; Orendovici-Best, T.; Zem-
bower, N.; Wheeler, N. 2014. Genomic 
resources for North American hardwoods. 
XXII International Plant and Animal Ge-
nome Conference, San Diego, CA.    
 
Chandrasoma, J.M., R.P. Udawatta, S.H. 
Anderson, and C.J. Gantzer. 2014. Com-
parison of in situ saturated hydraulic con-
ductivity of restored and native prairies. 
Abstracts 2014 ASA, CSSA, and SSSA 
International Annual Meetings. Long 
Beach, CA. November 2-5, 2014. Ameri-
can Society of Agronomy,  Crop Science 
Society of America, Soil Science Society 
of America, 5585 Guilford Road, Madi-
son, Wisconsin 53711-1086.  
 
Chandrasoma, J.M., R.P. Udawatta, S.H. 
Anderson, and C.J. Gantzer. 2014. Meas-
ured and HYDRUS-simulated water infil-
tration within areas under conservation 
buffers and corn/soybean management. 
69th Soil and Water Conservation Society 
International Conference “Making Waves 
in Conservation” Abstracts, 27-30 July, 
Lombard, Illinois.  
 
Chandrasoma, J., R. Udawatta, S. Jose, 
and M. Altamirano. 2015. Grass and ag-
roforestry buffer influence on spatial dif-
ferences of selected soil quality parame-
ters. 70th Annual Soil and Water Conser-
vation Society Conference. Coming 
Home to Conservation, Putting Science 

into Practice. Abstract Book. JULY 28, 
2015. Sheraton Greensboro at four sea-
sons, Greensboro, NC.  
 
Chandrasoma, J., P. Weerasinghe, R.P. 
Udawatta, and P.I. Yapa. 2015. Making 
nitrogen enriched biochar and its effects 
on crop performance and soil properties. 
Agroforestry as a Catalyst for On-farm 
Conservation and Diversification. 14th 
North American Agroforestry Confer-
ence, June 1-3, 2015, Ames, Iowa, USA.  
 
Chandrasoma, J., R.P. Udawatta, S.H. 
Anderson, and A.L. Thompson. 2015. 
Soil hydraulic properties as influenced by 
prairie restoration. Agroforestry as a Cat-
alyst for On-farm Conservation and Di-
versification. 14th North American Agro-
forestry Conference, June 1-3, 2015, 
Ames, Iowa, USA 
 
Chatwin, W.B.; Heim, C.R.; Coggeshall, 
M.V.; Romero-Severson, J. 2015. Best 
under stress: Does an episodic hybrid 
advantage suppress reproductive barriers 
in oaks? 18-21 October, 2015. 8th Inter-
national Oak Society Conference.  Lisle, 
IL 
 
Gantzer, C.J., R.P. Udawatta, and T. 
Reinbott. 2014. Cover crops, native polli-
nator species field borders, and riparian 
buffers for environmental quality. 69th 
Soil and Water Conservation Society In-
ternational Conference “Making Waves 
in Conservation” 27-30 July, Lombard, 
Illinois. 
 
Gantzer, C., B. Svoma, S. Anderson, R. 
Udawatta, and R. Miles. 2015. Long term 
research- soil water availability. 70th 
Annual Soil and Water Conservation So-
ciety Conference. Coming Home to Con-
servation, Putting Science into Practice. 
Abstract Book. JULY 28, 2015. Sheraton 
Greensboro at four seasons, Greensboro, 
NC.  
 
Gold, M.A. 2015.  The Agroforestry 
Academy - A crash course to educate 
natural resource professionals.  Society of 
American Foresters Conference, 5-6 No-
vember, 2015. Baton Rouge, LA.  
 
Goyzueta, M., R.P. Udawatta, C.J. 
Gantzer, and S.H. Anderson. 2014. Cover 
crops, an alternative practice to improve 
soil physical properties and soil-water 

dynamics on Missouri claypan soils. 69th 
Soil and Water Conservation Society In-
ternational Conference “Making Waves 
in Conservation” Abstracts, 27-30 July, 
Lombard, Illinois. 
 
Hefty, A.R.; Venette, R.C.; Aukema, 
B.H.; Coggeshall, M.V. Seybold, S.J. 
2015. Host screening of two Juglans spe-
cies for the walnut twig beetle. Western 
Forest Insect Work Conference. 30 March 
– 3 April, 2015.Santa Fe, NM.  
 
Heim, C.R.; Coggeshall, M.V.; Konar, 
A.; Romero-Severson, J. 2015. Develop-
ment of new genomic resources for north-
ern red oak (Quercus rubra L.) 18-21 Oc-
tober, 2015. 8th International Oak Society 
Conference.  Lisle, IL 
 
Konar, A.; Choudhury, O.; Heim, C.R.; 
Emrich, S.J.; Staton, M.; Gailing, O.; 
Coggeshall, M.V.; Romero-Severson, J. 
2015. Le Premier Pas: A genetic map for 
the Lobatae. 18-21 October, 2015. 8th 
International Oak Society Conference.  
Lisle, IL 
 
Lane, T.; Davitt, D.; Cook, M.; Henry, 
N.; Orendovivi-Best, T.; Zembower, N.; 
Koch, J.L.; Coggeshall, M.V.; Carlson, 
J.E.; Staton, M.E.  2015. Developing ge-
nomic resources for green ash through 
deep transcriptome sequencing and low-
coverage whole genome sequencing Con-
ference: International Plant and Animal 
Genome Conference XXIII 
 
Rajper, A., R.P. Udawatta, R.J. Kremer, 
C.H. Lin, and S. Jose. 2015. Assessing 
the role of probiotics on soil quality under 
cover crops in field and greenhouse stud-
ies. Agroforestry as a Catalyst for On-
farm Conservation and Diversification. 
14th North American Agroforestry Con-
ference, June 1-3, 2015, Ames, Iowa, 
USA. 
 
Romero-Severson, J., Konar, A., 
Choudhury, O., McCleary., Schlarbaum, 
S.E., Gailing, O., Coggeshall, M., 
Emrich, S., Staton, M., Pfrender, M., 
Carlson, J.E. 2014. Comparative genetic 
mapping in American and European oaks. 
13-17 January, 2014. XXII International 
Plant and Animal Genome Conference. 
San Diego, CA. 
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Sahin, H., S. Anderson, and R. Udawat-
ta, Water infiltration in claypan soils 
influenced by agroforestry and grass 
buffers for row crop management sys-
tems. 70th Annual Soil and Water Con-
servation Society Conference. Coming 
Home to Conservation, Putting Science 
into Practice. Abstract Book. JULY 28, 
2015. Sheraton Greensboro at four sea-
sons, Greensboro, NC. 
 
Senaviratne, G.M.M.M.A., Udawatta, 
R.P., Baffaut, C. and Anderson, S.H. 
2014. Stepwise multi-parameter optimi-
zation - a multi-objective evaluation of 
APEX for environmental benefits. 20th 
World Congress of Soil Science. June 8
-13, 2014.  Jeju, Korea 
 
Senaviratne, A., Baffaut, C., Lory, J.A., 
Udawatta, R.P. 2015. Impact of Apex 
model parameterization strategy on 
estimated benefit of conservation prac-
tices. Abstracts 2015 ASA, CSSA, and 
SSSA International Annual Meetings. 
Minneapolis, MN. November 15-19, 
2015. American Society of Agrono-
my,  Crop Science Society of America, 
Soil Science Society of America, 5585 
Guilford Road, Madison, Wisconsin 
53711-1086. 
 
Senaviratne A., C. Baffaut, J.A. Lory 
and R. Udawatta. 2015. Effect of multi-
site parameterization on field-scale bmp 
assessment by the APEX model. SWAT 
2015. International Soil and Water As-
sessment Tool Conference. Oct 14-16, 
Purdue University, West Lafayette, 
Indiana, USA. 
 
Staton, M.E., Orendovici-Best, T., 
Zembower, N., Lane, T., Davitt, J., 
Zhebentyaveva, T., Coggeshall, M.V., 
Gailing, O., Liang, H., Romero-
Severson, J., Saski, C.A., Schlarbaum, 
S., Shumaker, K., Wheeler, N., Carlson, 
J.E. 2015. The Hardwood Genomics 
Project: Outcomes and Future Direc-
tions after Four Years of Resource De-
velopment. XXIII International Plant 
and Animal Genome Conference. San 
Diego, CA.   Abstract 
 
Udawatta, R.P., Gantzer, C.J., Reinbott, 
T.M., Wright, R. and Pierce, R. 2015. 
Temporal and spatial yield differences 
influenced by riparian buffers and CRP. 

Abstracts 2015 ASA, CSSA, and SSSA 
International Annual Meetings. Minne-
apolis, MN. November 15-19, 2015. 
American Society of Agronomy, Crop 
Science Society of America, Soil Sci-
ence Society of America, Madison, 
Wisconsin 
 
Udawatta, R.P., Jose, S., Garrett, H.E. 
2015. Agroforestry and grass buffers 
for water quality improvements in row 
crop watersheds. Abstracts 2015 ASA, 
CSSA, and SSSA International Annual 
Meetings. Minneapolis, MN. November 
15-19, 2015. American Society of 
Agronomy,  Crop Science Society of 
America, Soil Science Society of Amer-
ica, Madison, Wisconsin 
 
Udawatta, R.P., Jose, S. and Garrett, 
H.E. 2015. A paired watershed evalua-
tion of agroforestry effects on water 
quality on a corn/soybean rotation. Ge-
ophysical Research Abstracts. Vol. 17, 
EGU2015-2503, 2015. EGU General 
Assembly 2015, April 12-17, 2015. 
Vienna, Austria 
  
Udawatta, R.P., Gantzer, C., Anderson, 
S. and Assouline, S. 2015. Synchrotron 
microtomographic quantification of 
geometrical soil pore characteristics 
affected by compaction. Geophysical 
Research Abstracts. Vol. 17, EGU2015-
1834, 2015. EGU General Assembly 
2015, April 12-17, 2015. Vienna, Aus-
tria 
 
Udawatta, R.P., Jose, S. and Garrett, 
H.E. 2015. Agroforestry benefits on 
water quality of a corn/soybean rota-
tion: a paired watershed study. Agrofor-
estry as a Catalyst for On-farm Conser-
vation and Diversification. 14th North 
American Agroforestry Conference, 
June 1-3, 2015, Ames, Iowa, USA 
 
Udawatta, R.P., Reinbott, T.M, Wright, 
R.L. and Gantzer, C.J. 2015. Riparian, 
CRP, and root pruning on temporal and 
spatial corn yield variability. Agrofor-
estry as a Catalyst for On-farm Conser-
vation and Diversification. 14th North 
American Agroforestry Conference, 
June 1-3, 2015, Ames, Iowa, USA 
 
Udawatta, R.P. and Jose, S. 2015. Wa-
ter quality benefits of conservation 

practices on edge of field monitoring. 
Abstracts. Nutrient Management and 
Edge of Field Monitoring Conference. 
Memphis, TN. December 1-3, 2015. 
Soil Water Conservation Society. 
Ankeny, IA 
 
Van Sambeek, J.W., Pang, K., Garrett, 
H.E., Wallace, D.C., Navarrete-Tindall, 
N.E., Jose, S. 2105. Design and opera-
tion of a facility for evaluating forage 
shade tolerance. National SAF/National 
Silviculture Workshop, Baton Rouge, 
LA  
 
Weerasekara, C., Udawatta, R.P. Jose, 
S., Kremer, R.J. 2015. Soil quality dif-
ferences in a row-crop watershed with 
agroforestry and grass buffers. Agrofor-
estry as a Catalyst for On-farm Conser-
vation and Diversification. 14th North 
American Agroforestry Conference, 
June 1-3, 2015, Ames, Iowa, USA 
 
Zaibon, S., Anderson, S.H., Thompson, 
A.L., and Udawatta, R.P. 2014. Vegeta-
tive buffer effects on infiltration and 
runoff for variable rainfall processes. 
69th Soil and Water Conservation Soci-
ety International Conference “Making 
Waves in Conservation” Abstracts, 27-
30 July, Lombard, Illinois. 
 
BOOKS & BOOK CHAPTERS 
 

Bardhan, S., Jose, S. and Godsey, L. 
2015.  Cellulosic Biofuel in the United 
States: Targets, Achievements, Bottle-
necks and Case Study of Three Ad-
vanced Biofuel Facilities.  In. Jose, S. 
and Bhaskar T. (eds.). Biomass and 
Biofuels.  CRC Press Boca Raton, FL. 
 
Jose, S., and Gold, M.A. 2014. Agro-
forestry. In: Achieving Sustainability: 
Visions, Principles, and Practices, 1st 
Edition. Debra Rowe (ed). Detroit: 
Macmillan Reference USA. 
 
Jose, S., and Bhaskar, T. (eds.). 2015.  
Biomass and Biofuels: Advanced Bio-
refineries for Sustainable Production 
and Distribution. CRC Press Boca Ra-
ton, FL. 372p. 
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Rao P.S., Prakasham R.S., Parthasarathy 
P.R., Chopra S., Jose, S. 2015.  Sorghum 
as a sustainable feedstock for biofuels.  
In. Jose, S. and Bhaskar T. (eds.). Bio-
mass and Biofuels.  CRC Press Boca 
Raton, FL 
 
Williams, C.L. 2015.  Biomass feed-
stocks: types, sources, availability, pro-
duction and sustainability.  In. Jose, S. 
and Bhaskar T. (eds.). Biomass and Bio-
fuels.  CRC Press Boca Raton, FL 
 
JOURNAL ARTICLES 
 

Blank, PJ, CL Williams, DW Sample, 
TD Meehan and MG Turner. 2015. Alter-
native scenarios of bioenergy crop pro-
duction in an agricultural landscape and 
implications for bird communities. Eco-
logical Applications. In press. http://
dx.doi.org/10.1890/14- 1490.1 
 
Bobryk, C.W., Rega, C.C., Bardhan, S., 
Farina, A., He, H., Jose, S. 2015. As-
sessing structural and compositional re-
sources in temperate agroforestry sys-
tems using soundscape analysis. Agrofor-
estry Systems (in press) DOI 10.1007/
s10457-015-9879-6 
 
Bunyan, M., Bardhan, S., Aditya, S., and 
Jose, S.  2015.  Effect of topography on 
the distribution of tropical montane forest 
fragments: A predictive modeling ap-
proach.  Journal of Tropical Forest Sci-
ence 27: 30–38. 
 
Byers, P.L., Thomas, A.L. and Nathan, 
M. 2015. Effect of genotype, environ-
ment, growth stage, and foliage type on 
American elderberry leaf elemental sta-
tus. Acta Horticulturae 1061:183-189. 
 
Cernusca, M.M. and Gold, M.A. 2015. 
Breaking down market barriers for elder-
berry growers and producers. Acta Horti-
culturae 1061:269-277. 
 
Dai, J., Zhang, C., Lin, C.H., Hu, Z. 2015 
Emission of Carbon Dioxide and Me-
thane from Duckweed Ponds for Storm-
water Treatment. Water Environment 
Research. 2015: 87:805-812. 
 
Donoghue, D.J., Mays, A.R., Hale, M., 

O’Gorman, M., Gekara, O., Goodwin, 
H.L., Arsi, K., Spencer, T., Jose, S., 
Burke, J.M., Donoghue, A.M. 2014.  
Armed to Farm: Developing Training 
Programs For Military Veterans in Agri-
culture.  Journal of Rural Social Sciences 
29:82-93. 
 
Hu, W., Yin, J., Deng, B., and Hu, Z.Q. 
2015. Application of nano TiO2 modified 
hollow fiber membranes in algal mem-
brane bioreactors for high-density algae 
cultivation and wastewater polishing. 
Bioresource Technology 193: 135-141. 
 
Islam K.K., Jose S., Masakazu T., 
Kimihiko H., Krott M. and Sato N. 2015. 
Does actor power impede outcomes in 
participatory agroforestry approach? Evi-
dence from Sal forests area, Bangladesh.  
Agroforestry Systems 89:885-899 
 
Jiang, J.M., Zong, Y., Chuang, D.Y., Lei, 
W., Lu, C.H., Gu, Z., Fritsche, K.L., 
Thomas, A.L., Lubahn, D.B., Simonyi, 
A. and Sun, G.Y. 2015. Effects of elder-
berry juice from different genotypes on 
oxidative and inflammatory responses in 
microglial cells. Acta Horticulturae 
1061:281- 288. 
 
Kassotis, C.D., Klemp, K.C., Vu, D.C., 
Lin, C.H., Meng, C.X., Besch-Williford, 
C.L, Pinatti, L., Zoeller, R.T., Drobnis, 
E.Z., Balise, V.D., Isiguzo, C.J., Wil-
liams, M.A., Tillitt, D.E. and Nagel, S.C. 
2015. Endocrine disrupting activity of 
hydraulic fracturing chemicals and ad-
verse health outcomes following prenatal 
exposure in male mice. Endocrinology 
doi: 10.1210/en.2015 
 
Kassotis, C.D., Tillitt, D.E., Lin, C.H., 
McElroy, J.A., Nagel, S.C. 2015. Endo-
crine-disrupting chemicals and oil and 
natural gas operations: potential environ-
mental contamination and recommenda-
tions to assess complex environmental 
mixtures. Environmental Health Perspec-
tives. DOI:10.1289/ehp.1409535 
 
Keller, K.E., Mosier, N.J., Thomas, A.L., 
Quito-Avila, D.F. and Martin, R.R. 2015. 
Identification of two new carlaviruses in 
elderberry. Acta Horticulturae 1061:161-
164. 

Khodwekar, S., Staton, M., Coggeshall, 
M.V. Carlson, J.E., Gailing, O. 2015. 
Nuclear microsatellite markers for popu-
lation genetic studies in sugar maple 
(Acer saccharum Marsh.). Ann. For. Res. 
58(2) DOI:10.15287/afr.2015.360, 12 pp. 
 
Kutsokon, N., Jose, S., Holzmueller. E. 
2015.  A global analysis of temperature 
effects on Populus plantation production 
potential.  American Journal of Plant 
Sciences 6:23-33. 
 
Le, T.H., Lin C.H., Smeda, R.J., Leigh, 
N.D., Wycoff, W.G., Fritschi, F.B. 2014. 
Isolation and identification of an alle-
lopathic phenylethylamine in rice. Phyto-
chemistry 108:109-21. 
 
Mihail, J.D. 2015. Is it time for morels 
yet? McIlvainea 23:53-60. http:// 
www.namyco.org/publications/
mcilvainea/v23/time_for_morels.html. 
 
Nordenholt, R.M., Goyne, K.W., Kre-
mer, R.J., Lin, C.H., Lerch, R.D., Veum, 
K.S. 2015. Veterinary Antibiotic Effects 
on Atrazine Degradation and Soil Micro-
organisms. Journal of Environmental 
Quality (In Press) 
 
Perkins-Veazie, P., Thomas, A.L., Byers, 
P.L. and Finn, C.E. 2015. Fruit composi-
tion of elderberry (Sambucus spp.) geno-
types grown in Oregon and Missouri, 
USA. Acta Horticulturae 1061:219-224. 
 
Rajper, A., Udawatta, R., Kremer, R., 
Lin, C-H., Jose, S. 2015.  Effects of pro-
biotics on soil microbial activity, biomass 
and enzymatic activity under cover crops 
in field and greenhouse studies.  Agrofor-
estry Systems (in press) 
 
Senaviratne, G.M.M.M.A., Udawatta, 
R.P., Baffaut, C. and Anderson, S.H. 
2014. Evaluation of a stepwise, multi-
objective, multivariable parameter opti-
mization method for the APEX model. J. 
Environ. Qual. 43:1381-1391. 
doi:10.2134/jeq2013.12.0509 
 
Senaviratne, G.M.M.M.A., Udawatta, 
R.P., Baffaut, C. and Anderson, S.H. 
2014. Evaluation of a stepwise, multi-
objective, multivariable parameter opti-
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mization method for the APEX model. J. 
Environ. Qual. 43:1381- 1391. 
doi:10.2134/jeq2013.12.0509 
 
Senaviratne, G.M.M.M.A., Udawatta, 
R.P., Anderson, S.H., Baffaut, C., and 
Thompson, A. 2014. Use of Fuzzy rain-
fall- runoff predictions for claypan water-
sheds with conservation buffers J. Hy-
drology. 507:1008-1018. 
 
Sharma, A., Bohn, K., Jose, S., Cropper 
W.  2014.  Converting even-aged stands 
to uneven-aged stands: A simulation 
analysis of silvicultural regimes.  Forest 
Science 60:893-906 
 
Shen, Q., Wall, J., and Hu, Z. Q. 2015. 
Solids retention time-dependent photo-
trophic growth and population changes 
between algal and cyanobacterial species 
under chemostat conditions. Water Envi-
ronment Research (DOI: http://
dx.doi.org/10.2175/106143014X1397503
5526103). 
 
Staton, M., Best, T., Khodwekar, S., 
Owusu, S., Xu, T., Xu, Y., Jennings, J. 
Cronn, R. Arumuganathan, A.K., 
Coggeshall, M.V., Gailing, O., Liang, H., 
Romerpo-Severson, J., Schlarbaum, S., 
Carlson, J.E. 2015. Preliminary genomic 
characterization of ten hardwood tree 
species from multiplexed low coverage 
whole genome sequencing. PLoS ONE 
10(12): e0145031. doi:10.1371/
journal.pone.0145031 
 
Tang, T., Fadaei, H., and Hu, Z.Q. 2014. 
Rapid evaluation of algal and cyanobac-
terial activities through specific oxygen 
production rate measurement. Ecological 
Engineering 73:439-445. 
 
Thomas, A.L., Byers, P.L., Gu, S., 
Avery, Jr., J.D., Kaps, M., Datta, A., Fer-
nando, L., Grossi, P. and Rottinghaus, 
G.E. 2015. Occurrence of polyphenols, 
organic acids, and sugars among diverse 
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Agroforestry practices help landowners diversify prod-
ucts, markets and farm income; improve soil and water 
quality; and reduce erosion, non-point source pollution 
and flood damage. The integrated practices of agrofor-
estry enhance land and aquatic habitats for fish and 
wildlife and improve biodiversity while sustaining land  
resources for generations to come. 

UMCA Philosophy: 

“A farm can be regarded as a food factory and the crite-
rion for its success is saleable products. Or, it can be 
regarded as a place to live, and the criterion for its suc-
cess is harmonious balance between plants, animals and 
people; between the domestic and the wild; and between 
utility and beauty.” - Aldo Leopold 

● Shibu Jose, Director of UMCA, was appoint-
ed to the Forestry Research Advisory Council
(FRAC) by U.S. Secretary of Agriculture
Tom Vilsack in 2014. He currently serves as
chair-elect of FRAC.

● During 2014-2015, three patents were granted
by United States Patent and Trademark Office
to Dr. Chung-Ho Lin and colleagues and one
of the developed technologies has been suc-
cessfully transferred to industry (Elemental
Enzymes, Inc.)

● In March 2015, the UMCA launched the Ag-
roforestry in Action Webinar Series.

● A new Nature, Culture and Agriculture Study
Abroad program in Indonesia (December 27,
2015 to January 18, 2016) was approved by
the CAFNR Study Abroad office and the MU
International Center.

● A number of MU faculty are involved in de-
veloping course in a Food Security Master’s
project for the World Bank. The project is
focused on curricular development for two
Master’s degree programs for the faculty of
Moscow State University (Russia), one in Ag-
roFood Management and a second on Land
and Water Resource Management.

● Mark Coggeshall, assistant research professor
has brought Quercus bicolor, trade name
Buck’s Unlimited Oak, to the market.
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