Multi-State Project #51032: Animal Production Systems: Synthesis of Methods to Determine Triple

Bottom Line Sustainability from Findings of Reductionist Research

Progress and Final Report 2018

Accomplishments

The 2018 S1032 Annual Meeting was held in Room 1410B, USDA-NIFA, Waterfront Centre, 800 9th
Street, SW, Washington, DC, May 21-22, 2018.

The meeting was chaired by Erin Cortus. Fourteen project members attended the meeting. Project
officers for 2018-19 will be: Zifei Liu; Chair; Kevin Janni; Vice chair; Lide Chen, Secretary; and
Erin Cortus, Past chair. Their terms begin October 1, 2018. Plans for the annual and final project
report were discussed. ldeas for a submitting a conference grant, plans for publicizing the new
committee, website updates and plans for future webinars were discussed.

After the business meeting several USDA NIFA National Program Leaders made interesting
presentations on program opportunities. Presenters included: Steven Smith, Charotte Kirk Baer,
Peter Johnson, Wesley Dean, Lakshmi Matukumalli, Karelyn Cruz and Steve Thompson.

Ron Lacewell provided an Administrative Advisor update. His contributions to the committee
over many years was recognized and celebrated.

An Impact Writing Workshop led by Sara Delheimer was given at the Annual S1032 meeting.
Project members were broken into three groups and tasked with drafting impact statements. The
statements were presented and critiqued.

Luis Rodriguez provided an update on the INFEWS-ER project. The project is developing a
virtual resource center supporting research and education in the interdisciplinary field of Food,
Energy, and Water Systems. IFEWS-ER will establish a transdisciplinary virtual resource center
for engaging graduate students from across multiple institutions to address complex problems in
food, energy and water systems. Faculty can participate by developing Toolbox Modules or
submitting Cohort Challenges. Faculty and students interested in participating in the project are
encouraged to complete the INFEWS-ER form at https://tinyurl.com/INFEWS-ER.

Three small committees met to discuss committee communications or evaluation. They reported
recommendations to the project members.

The accomplishments (collective and state based) for this reporting period are listed by the project’s three
objectives below. The participating states and respective principal investigators (PIs) are listed in Table 1.

Objective 1: Engage collaborators from needed broad range of disciplines, institutions, and
stakeholder groups to catalyze conceptual and quantitative synthesis, collaboration, and data
sharing.

Planned activities to accomplish this objective include: provide more learning and idea generation
opportunities by increasing regular interactions among project participants using webinars and annual
meeting format that allows structured analysis and discussions to achieve the goals of the group. Project
participants completed the activities listed below towards this objective.

The project rewrite committee met regularly via a web-based platform from September 2017
through February 2018 to draft a new five-year project. This platform was used for the sharing of
ideas and for dedicated work time. The re-write committee engaged a new collaborator from the



environmental science field. The proposed multi-state project title is: Future Challenges in
Animal Production Systems: Seeking Solutions through Focused Facilitation.

Deanne Meyer, a project member from California, continued to work with Carol Barford from the
University of Wisconsin on a dairy data dictionary. The goal is to harmonize definitions for a data
dictionary.

California work has increased participation by consulting engineers and nutrient management
specialists and has enhanced understanding and feedback mechanisms associated with nutrient
management that protects groundwater.

lowa State University project member Dan Anderson developed cost estimates for covering
lagoons for odor and ammonia management and methane capture by engaging Roeslein
Alternative Energy to share cost data about covering lagoons and synthesizing data in literature to
characterize potential positive benefits.

lowa State University project member Dan Anderson performed a review and synthesis of
manure production in lowa to evaluate the potential to utilize manure as a crop fertilizer source
and how production and use have changed over time.

lowa State University project member Jacek Koziel led work that continued to improve
mitigation technologies for odor and gaseous emissions from swine and poultry operations.
Development and testing will from lab- to pilot-, and to farm-scales.

Michigan State University project member Steve Saffereman prepared a comprehensive literature
review on winter manure application and soil health in conjunction with the North Central Water
Network and Soil Health Institute. An annotated bibliography of related articles will be prepared
and housed on the new Soil Health Institute Landscape Tool.

University of Minnesota project member Erin Cortus engaged in a successful grant proposal that
leveraged S1032 goals and collaborations, as well as connections with the INFEWS-ER Project
(PI Rodriguez). The grant proposal engages investigators outside of S1032 in the disciplines of
natural resource management, agricultural economics and agricultural education. The project is
titled “Curriculum Development for Wicked Problem Solving”, led by Dr. Benjamin Turner
(Texas A&M University, Kingsville).

University of Minnesota project member Erin Cortus published results from a national survey
describing the demographics within a network of manure nutrient management professionals and
the sources of information used by the network's members (Cortus et al. 2018). Within this
network, there is a shared goal of education of the general public and agricultural community.
There is considerable overlap in the tasks performed by different sectors of the networks, and in
the types of sources people seek for new knowledge, presenting both challenges and opportunities
in working toward a shared goal.

North Carolina researchers are conducting analysis of environmental variables and their impact
on food security/insecurity



Table 1. Project participants by state, CLD nodes relevant to their work, and data or resources

available to share

State Name CLD - Node/Loop  |Data/Resources
Arkansas  [Jun Zhu B14, B19, B15 Data to develop a cost effective advanced anaerobic digester system
that uses dry poultry litter as feedstock
California  [Deanne Meyer R10, B11, B12, B13, |Lagoons, feed, solid separation, biodigesters, flow (of solids, and
B14, B15, B19, R18 |nutrients) through commercial dairy operations
Ruihong Zhang
'Wendy Powers B14, B15, B21, B26, |Feed, production, excretion, pasture + soil GHG
R10, R25
ldaho Lide Chen B13, B15, B19 Biodigesters, air quality
Illinois Luis F. Rodriguez (B4, B5, B11, B14, B15
Xinlei Wang
Indiana T. Applegate
Albert Heber
lowa Jacek A. Koziel B14, B15, R10, B11, |NAEMS data, AMPAT database on performance of odor, gas and dust
B12 emissions control technologies for livestock operations, Air Quality
Laboratory, Olfactometry Laboratory. Lab-, pilot-, farm-scale set-ups
for development and testing of emissions mitigation technologies.
Kansas Zifei Liu B15, GHG Vegetative buffers and UV to reduce air pollutants from livestock
facilities; Meta-analysis of NH4 and CH4 emissions from cattle
operations; Estimating contributions of agricultural sources to air
quality (PMzsand Os) through receptor modeling
Kentucky  |Joseph Taraba
Michigan  |Amor Ines
Steven Safferman |B13, B14, B15, B18, |Biodigesters, biomass feedstock
B19
Minnesota |Erin L. Cortus R10, B11, B15, GHG |NAEMS data, Confined beef cattle facility emission data, bedded
manure packs; information transfer mechanisms
Kevin Janni R18, R19, B15
Mississippi [John C. Schneider
Missouri Teng Lim B17, B19, R10, R18 |Manure management, air quality, and degradation of antimicrobials.
Nebraska  |Amy M. Schmidt |R10, B14, B16 Soil health; fate of nutrients, AMR bacteria, steroid hormones
Rick Koelsch
North Edward L. Kick  |R28, B21, B19
Carolina John J. Classen R28, B12, B13, B15, |Ammonia recovery, characteristics of scraped manure
B26, B29, B30
North Shafiqur Rahman |R18, B15 Greenhouse gas, air quality
Dakota
Ohio Lingying Zhao
South
Dakota
Texas Brent Auvermann |All; B26, R10, B14, |Land application of manure; dust, visibility, and bioaerosols; human
B15, B17, R18, B19 |health; antimicrobial resistance; Stella/VVensim models; beef LCA;
biofuel feedstock characterization; compost characterization
Kenneth D. Casey [B14, B15, B17, GHG [Emission data for NHz and H2S from beef cattle feedlots, and H2S from
open-lot dairy corrals. NAEMS data for OK4B Site. Emission data for
N20, CH4 and CO2 from the manure pack at beef cattle feedlots and
open-lot dairy corrals. Water use data for feedyards and dairies.
Robert E. DeOtte [B14, Food Security  |Data on water conservation in meat packing plants, results of
workshops on secure beef cattle production, biosecurity plans and
continuity of operations plans for beef cattle production.
Marty Rhoades
Jovana Vukovic
Brigette Guerrero
Virginia Jactone A. Ogejo |B13, B14, B15, B19 |Lagoon, biodigesters
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Figure 1. Base causal loop diagram (CLD) to facilitate organization, synthesis, and integration of component-based research findings and
supporting data




Objective 2. Facilitate organization, synthesis, and integration of component-based research
findings and supporting data.

The underlying premise of this objective is that project participants collaborate or work together in teams
to build a component(s) of the relational aspects of animal protein production presented in the causal loop
diagram (CLD) in Figure 1. Participants will make/share data available to support the CLD work via a
publicly accessible database. Planned activities to meet this objective include: (1) identifying the types of
data participants have or being generated in their current work and (2) designing and hosting a publicly
accessible database for sharing project data by participants to facilitate development/integration of system
components outlined in the CLD (figure 1). The accomplishments towards achieving this objective
include:

o California: Developed a protocol for chopped forage sampling to precisely estimate nutrients
removed from fields where manure is applied.

e Idaho: Lide Chen’s group shared data and resources on biodigesters, air quality and manure
nutrients related to CLD nodes B13, B15 and B19.

e Kansas: Zifei Liu’s group conducted a systematic review for life cycle assessment on the carbon
footprint for cattle and swine operations. The group also conducted smoke management
workshops and developed fact sheets for prescribed rangeland burning in Kansas.

e Michigan: Steven Safferman demonstrated the potential for an enhanced holistic phosphorus fate
and transport index that includes consideration of manure application during different seasons. A
major goal was to identify site-specific best management practices that maximize beneficial
nutrient utilization while minimizing runoff. The research entailed modeling the complex system
using Hydrus and running various scenarios, typical of the Great Lakes states. Enhance existing
method to characterize macropores that applies a tracer dye, simulates a rain event, and excavates
a trench. Photographs are then taken which are processed to allow for a quantitative assessment
of the amount and extent of macropores. The ultimate goal is to use this data in the above
mentioned model.

e Minnesota: Cortus has been working with colleagues at South Dakota State University, North
Dakota State University and several centers of the USDA-ARS to collect and aggregate
environmental and production data for confinement cattle operations in the Northern Great Plains.
The modelling component of this project incorporates multiple loops and nodes indicated in
Figure 1 including, but not limited to B4, B5, B11 and R10.

e Minnesota: Cortus and Janni secured funding to develop a computer simulation for demonstrating
pathogen transmission risk around poultry farms and operations. The simulation game is based on
modeling experiences and ideas enhanced through S1032 participation, and ultimately supports
nodes and loops that are affected by poultry market share. The simulation game will have
implications for biosecurity education for other livestock specie systems.

e Minnesota: Cortus and Janni are engaged with multidisciplinary team members to use innovative
energy production and transfer methods on livestock farms (R18 and B19 loops). The overall goal
of the research team is to reduce energy use for swine and dairy production by identifying major
energy uses and to increase use of renewable energy for swine and dairy production. Data
collection, producer engagement and analysis are ongoing.

e Nebraska & Missouri: Project members from Nebraska and Missouri conducted work related to
the CLD nodes R10, B14, and B15 for land application of animal manures. Farmers are
increasingly aware of the importance of soil quality. Research has demonstrated that carefully
managed manure applications can contribute to improved soil quality. The Manure & Soil Health
(MaSH) initiative has assembled current knowledge, improved its accessibility to those



influencing manure management decisions, and used it to facilitate future research and
educational activities. Specific accomplishments include:

0 Hosting four MaSH roundtable discussions. Twelve experts provided reviews of current
knowledge, critical issues, and information needs of farmers.

o0 Developing three MaSH related white papers on the topics of 1) Analysis of Missouri
Soil Health Data; 2) Winter Manure Application: Management Practices and
Environmental Impact; and 3) Synthesis of studies reporting soil quality metrics.

0 Publishing a monthly MaSH blog to encourage on-going conversations about manure
management and soil health among experts and those who advise farmers.

o North Carolina: Project members collected data for 50 variables, cleaned it, formed it into a
codebook, analyzed it in “R” using Structural Equation Modeling, and reached conclusions based
on multiple model estimations. A number of publications were produced, professional
presentations made and extension exhibits produced. The results suggest a number of offshoot
projects, particularly those related to environmental impact.

e North Dakota: Project member Rahman led a study using different nanoparticles (nZnO and nAg)
entrapped in beads and applied to swine manure as beads and as-is basis to determine their
effectiveness to mitigate gaseous emissions and total gas production. Headspace gases were
collected and analyzed for methane (CH.), carbon dioxide (CO5), and H2S concentrations.
Microbial populations were characterized via Quantitative Polymerase Chain Reaction (QPCR)
analysis.

e Virginia: Project member Ogejo and his team developed a first generation compartment based
model to improve estimation of gas emissions from manure pits during storage. Scenario analysis
was used to compare the compartmental model results to a non-compartmental model for
ammonia emissions from stored manure at a small dairy farm. The results showed that the non-
compartmental model over estimated emissions due to its inability to discern variability in
manure characteristics spatially.

Objective 3. Discover (reveal), substantiate, and interpret the broader impacts of component-level
modifications to animal production systems.

In Arkansas, effort continued on understanding the technical details of anaerobic digestion of poultry
litter with a focus on total solids (TS) levels that can be handled by the digestion process. Focus was
placed on determining the relationship between TS and digestion efficiency and the level of inhibitory
free ammonia concentration in poultry litter digestion. The work was related to the CLD node B19 about
renewable energy. The work will generate data to develop a cost effective advanced anaerobic digester
system that uses dry poultry litter as feedstock. The ultimate product will be a better digestion technology
that can be implemented at farm level for poultry producers to manage poultry litter nutrients to reduce
the environmental liability of their production.

In California, project members participated in numerous state committees evaluating proposals for
anaerobic digester projects and alternative manure management practices to reduce methane emissions.

In Idaho project members focused on manure nutrient removal by solid separation, duckweed cultivation,
and biological treatment. Members also worked on mitigating gas emissions from composting manure by
adding zeolites.



In Minnesota work on a multistate project showed that differences in aerial nitrogen losses were minimal
between fall-applied solid beef cattle manure and urea. Project members also quantified airflows through
gable-roofed beef cattle facilities to support barn management decisions and emission estimations.

The University of Minnesota Biosecure Entry Education Trailer (BEET) was at the Minnesota Pork
Congress, Midwest Poultry Federation Convention, Minnesota FarmFest and the Minnesota State Fair
where people had opportunities to learn about biosecurity. BEET was also used with veterinary students,
swine system employees, horse enthusiasts and Minnesota 4-H Livestock Project participants. Although
it’s primary function is demonstrating Danish Entry protocols used in swine and poultry production,
people with other animal species such as beef cattle, goats and rabbits learned about appropriate
biosecurity practices too.

In Minnesota grant funded research on the impact of partial slotted flooring on turkey performance,
wellbeing and barn ammonia levels continued. Additional grant funding was secured to assess bird
density levels when using partial slotted flooring in turkey grower barns.

In lowa, the “INFEWS/T4: The INFEWS-ER: a Virtual Resource Center Enabling Graduate Innovations
at the Nexus of Food, Energy, and Water Systems” (Jan 2017 — Dec 2020) project was initiated (Koziel,
co-PI). A Community Odor cohort challenge serves as the initial team-based learning activity for graduate
students working on transdisciplinary projects.

In lowa Koziel contributed major sections on US and agriculture sectors to a critical review of odor
regulations around the world. When published, this review will help regulatory agencies, researchers and
other stakeholders on the process of writing and updating odor regulations.

In Nebraska, research and outreach is on-going related to the origin, fate and potential risks of
antimicrobial resistance (AMR) in beef, dairy and swine production systems and transport of these and
other manure-borne contaminants in runoff from manured soils. Beef feedlot research is focused on
quantifying microbial community ecology within the ruminant animal, pen surface, stockpiled and
composted manures, runoff and soil under varying nutritional, antimicrobial administration and manure
management strategies. Dairy research is focused on thermal-based manure treatments while swine
research centers around storage management impacts on AMR. Outreach is focused on developing a
nationwide network of expertise around AMR-related food safety with both producer- and consumer-
facing programs and on influencing adoption of practices to mitigate contaminant transfer from animal
feeding operations to food and the environment.

In North Carolina research results suggest deeper exploration of the rolling back of production to smaller-
scale farming in many sectors. Many researchers argue cogently this will increase productivity and
reduce prices to consumers. As well, it will halt the treadmill of production that moves the near-
monopolies forward in every component of the food system and restore employment or retain it to smaller
farmers with a love for the land and its conditions rather than just finance. Any country which has created
the phenomenal suicide rate among farmers the U.S. has, needs to address the 1% of small farmers lost
every year since 1960 as well as the suicide rate of 2-5 times the national average (depending on the
source). Only people who believe in stark evolutionary principles applied to humans can condone the
restructuring of all the components of the farm industry to favor near-monopolies.



In Texas data was collected to improve our understanding of greenhouse gas emissions from feedlots. The
work required development of techniques and facilities to investigate greenhouse emissions from surfaces
with manure typically found in beef cattle feedlots and open-lot dairy pens. The results showed the impact
of temperature and different rainfall amounts on nitrous oxide emissions and a two phase emission
process. The second phase of the nitrous oxide emissions process may be inhibited at low temperatures.

Impacts

2017-18 Annual Impacts

a)

b)

f)

9)

h)

Arkansas: Work continued on understanding the technical details of anaerobic digestion of poultry
litter. The work focused on determining the relationship between total solids and digestion
efficiency and the free ammonia concentration that inhibited poultry litter digestion. The results
will give poultry producers the ability to generate renewable energy and options for handing poultry
litter.

California: An improved chopped forage sampling protocol was developed. Educational programs
improved the understanding of the forage sampling protocol and the variability in nutrient
accounting. The improved protocol and the greater understanding will improve nutrient
management planning and water quality.

lowa: Thirty eight swine lagoons were covered for methane capture and development of biomass-
to-methane anaerobic digestion. Over 5000 livestock producer learned about how to change manure
application rates to maximize nitrogen use.

Michigan: Demonstrated an enhanced soil phosphorus holding capacity index for evaluating the
site-specific effectiveness of best management practices.

Minnesota: More data related to beef manure nutrient fertilizer value and losses, and barn
environment conditions was collected to build a stronger information base for decisions made by
producers, government staff, private industry, and University/Extension members. Biosecurity is
important for animal producers large and small. Over 300 people have been directly reached with
the Biosecure Entry Education Trailer.

Nebraska: The Manure and Soil Health (MaSH) program held roundtables, published three whiter
papers and a blog. The 383 roundtable participants influence decisions on more than 48,000 total
farms over a one-year period. Eighty seven percent of the round table participants indicated that
they gained new knowledge or knowledge that added value to what they already knew. The overall
impact of the MaSH program will lead to changes in manure and soil management practices.

North Dakota: Research results have improved our understanding of gaseous emissions from swine
manure and how emissions can be managed using nanoparticles. The results will lead to new
technologies for managing gas emissions and odors from swine operations.

Texas: Research results have improved our understanding of nitrous oxide emissions from beef
cattle feed yards and open-lot dairy operations. The results will potentially lead to new targeted
mitigation strategies to reduce greenhouse gas emissions for feedlots. The work was related to CLD
node B15 and air quality.

Overall Project Impacts 2013-18

1.

Finding and using the best available data is an ongoing challenge. A successful webinar series
exposed project members to modelling and data sharing experiences in the crop production sector,
which resulted in collaborations that incorporated livestock manure data in these existing databases.
Challenges that sustainable animal production systems need to address in the future need the next
generation of social and physical scientists to be capable of dealing with problems that involve
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trans-disciplinary environments and analyses. Multiple S-1032 members are leaders and
participants of a National Science Foundation (NSF) funded project to develop a virtual resource
center supporting research and education in the interdisciplinary field of Food, Energy, and Water
Systems (IFEWS-ER). The IFEWS-ER transdisciplinary virtual resource center will engage
graduate students from multiple institutions to address complex problems in food, energy and water
systems. Faculty can develop Toolbox Modules or submit Cohort Challenges. Faculty and students
participating in the project are developing the skills and experiences to address complex
multidisciplinary problems in sustainable animal production.

Uniform terminology with clear definitions is essential when working across disciplinary lines and
multiple stakeholders. S-1032 project members collaborated with researchers around the world
using multimedia to better understand data dictionaries, data sharing and the USDA digital data
commons library. The knowledge gained produced harmonized definitions for a data dictionary that
applies across multidisciplinary groups. The uniform terminology will allow data users to access
much more data and more reliable data for analysis and use to enhance sustainable protein
production systems.

Understanding manure generation and land application data quality and its variability is essential
for balancing nutrients for crop production and protecting groundwater quality. Multiple S-1032
members conducted research, developed online tools and held educational events for producers,
government staff, industry, and University/Extension members to improve crop and manure sample
collection, feedstuff and manure nutrient assessment and land application information. These efforts
will improve the practices used for nutrient management and protecting surface and groundwater
resources.

Land applying manure impacts nutrient retention, crop use, soil health and air quality.
Comprehensive literature reviews, numerous research projects and educational programs were
conducted by S-1032 members and collaborators from multiple states. The information gathered
has identified critical factors and improved the global scientific understanding of the fate and
transport of nutrients, pathogens, and pharmaceuticals applied to crops. Literature reviews helped to
quantify runoff risks under winter conditions.

Odors and other gaseous emissions from animal feeding operations and land applied manures
continue to be sources of conflict. S-1032 members and international collaborators conducted a
literature review and numerous research studies to test techniques to reduce gaseous emissions.
Studies involved using nanoparticles, a soybean based manure pit additive, biochar, black light,
ultraviolet light, vegetative environmental buffers, and a microbial-mineral treatment. Technically
successful and economical technigues were identified. Development of field-scale studies
continues.

Food security is a critical concern for millions of people around the world. Data on over 50
variables from sources around the world, including the World Bank, were analyzed to identify
national conditions and resources such as biome strength, political capital, economic capital,
infrastructure and natural resources that impact food productivity and security. Results indicated
that agricultural productivity did not determine food security/insecurity. Biome strength, political
capital as well as economics impacted food security. Internal corruption and external forces were
factors too. Food security for millions of people can be improved by stable democratic governments
and programs that reduce food waste.

Animal manures can be mixed with other organic wastes to generate renewable energy and reduce
greenhouse gas emissions. S-1032 members have developed and maintain online tools to inventory
biomass materials and energy modeling to support renewable energy production in Michigan. The



suite of tools can model the economic, renewable energy production, and greenhouse gas emissions
reduction from blended feedstocks.

9. Poultry raised on litter are an important sustainable protein source. The litter is a potential resource
for generating renewable energy if optimal conditions for anaerobic digestion can be identified. S-
1032 members have conducted numerous studies to identify the carbon to nitrogen ratios, total
solids levels and free ammonia nitrogen concentrations to enhance methane gas production.
Research results are anticipated to lead to the development of on-farm anaerobic digestion of
poultry litter for generating renewable energy and nutrient recycling.

10. Effective biosecurity practices and rapid disease diagnosis is critical to maintaining a safe and
continuous food supply. S-1032 members have developed and offered educational programs on
biosecurity practices to reduce disease outbreaks and spread. An S-1032 member collaborated with
scientists with the National Animal Disease Center and the National Wildlife Research Center to
identify biomarkers for important infectious diseases. Fast and non-invasive disease detection can
improve animal-side diagnostics to better identify and manage important infectious diseases in
animal feeding operations.

Publications

Journal Articles

Andersen, D.S., Yang, F. Trabue, S., Kerr, B., How. A. 2018. Narsin as a manure additive to reduce
methane production from swine manure. Trans. of the ASABE (In Press).

Borhan, M.S., S. Rahman, and N. Sarker. 2017. Dry scrubbing of hydrogen sulfide gas using nano zinc
oxide coated glass beads. Applied Engineering in Agriculture, 33(3): 407- 418.

Cortus, E.L., B. Kasu, J. Jaquet, N. Embertson, A. Schmidt, T.T. Lim and J. Heemstra. 2017. Relevant
information sources in the vast and complex manure nutrient management network. Journal of
Extension 56(3), Article 3FEAG6. Available at: https://www.joe.org/joe/2018june/a6.php

Gautam, D. P., S. Rahman, A. Fortuna, M. S. Borhan, B. Saini-Eidukat, and A. N. Bezbaruah. 2017.
Characterization of zinc oxide nanoparticles (nZnO) alginate beads in reducing gaseous emission
from swine manure. Environmental Technology, 38(9): 1061- 1074

Jadhav, H.T., Hoff, S.J., Harmon, J.D., Alvarex, I. Andersen, D.S., Passe, U. 2018. Swine finishing room
air infiltration; Part 1. Quantification and Prediction. Applied Engineering in Agriculture 34(2): 413-
424,

Janni, K.A., M. M. Torremorell, L.D. Jacobson, C. Alonso, B.P. Hetchler. 2018. Modeling airborne virus
concentrations in filtered swine barns with negative-pressure ventilating systems. Trans of ASABE
61(3):1089-1099 doi.org/10.13031/trans.12561.

Kerr, B.J., Trabue, S.L., Van Weelden, M.B., Andersen, D.S., & Pepple, L.M. 2018. Impact of narasin on
manure composition, microbial ecology, and gas emissions from finishing pigs fed either a corn-
soybean meal or a corn-soybean meal-dried distillers grans with solubles diets. J. of Animal Science
96(4): 1317-1329.

Kick, E.L., Tiezzi, F., & Pena, P. (2017) Food Production or Food Distribution: The Key to Global Food
Security. Perspectives on Global Development and Technology 16: 1-17.

Kick, E.L., Burns, T., & McKinney, L. (2017) The Coupling Effects of World-System Position and
National Capitals on Relative Economic Growth in Developing Countries”. Agricultural Research
and Technology 11: 1-15.

Kick, E.L. (2017) The Participation of Diverse Faculty and Graduate Students in U.S. Engineering
Programs Implications for Future Agricultural Technology”. Agricultural Research and Technology
9:1-5.

Kick, E.L., Zering, K. & Classen, J. (2017) Approaches to Agricultural Innovation and Their
Effectiveness”. Agriculture and Food 2: 370-373.

10



Kick, E.L., Zering, K. & Classen, J. (2017) Elucidating the Specifics of Food Security: Diverse
Challenges, Differing Perspectives, and Ranges of Solutions. Agriculture and Food 2: 1.

Kick, E.L., May, J.E., Schnake, D.K. & Thomson, G. (2017) The Sustainable Management of Privately-
Owned US Forests. Agricultural Research and Technology 4: 1-11.

Koziel, J.A., H.K. Ahn, T.D. Glanville, T.S. Frana, H. van Leeuwen, L.T. Nguyen. 2018. Lab-scale
evaluation of aerated burial concept for treatment and emergency disposal of infectious animal
carcasses. Waste Management, 76, 715-726.

Liu,Z. and Y. Liu. 2018. Review: Mitigation of greenhouse gas emissions from animal production.
Greenh. Gases. S. 00:1-12; DOI: 10.1002/ghg.

Maurer, D.L, A. Bragdon, B. Short, H.K. Ahn, J.A. Koziel. 2018. Improving environmental odor
measurements: comparison of lab-based standard method and portable odour measurement
technology. Archives of Environmental Protection, 44(2), 100-107. DOI: 10.24425/119699.

Maurer, D., J.A. Koziel, T.J. Engelken, V.L. Cooper, J.L. Funk. 2018. Detection of volatile compounds
emitted from nasal secretions and serum: Towards non-invasive identification of diseased cattle
biomarkers. Separations, 5(1), 18. doi: 10.3390/separations5010018.

Miller, CMF, JG Fadel, JM Heguy, BM Karle, PL Price, D Meyer. 2018. Optimizing accuracy of
protocols for measuring dry matter and nutrient yield of forage crops. Science of the Total
Environment 624: 180-188.

Ni, J. Q., Diehl, C. A,, Chai, L., Chen, Y., Heber, A. J., Lim, T. T., & Bogan, B. W. (2017). Factors and
characteristics of ammonia, hydrogen sulfide, carbon dioxide, and particulate matter emissions from
two manure-belt layer hen houses. Atmospheric Environment, 156, 113-124.
http://dx.doi.org/10.1016/j.atmosenv.2017.02.033.

Ni, J. Q., A. J. Heber, T. T. Lim, S. M. Hanni, and C. A. Diehl. 2017. Laboratory evaluation of a manure
additive for mitigating gas and odor releases from layer hen manure. Aerosol and Air Quality
Research 17(10): 2533-2541. http://dx.doi.org/10.4209/aaqr.2016.07.0327.

Ni, J.Q., S. Liu, C.A. Diehl, T.T. Lin, B.W. Bogan, L. Chen, L. Chai, K. Wang, and A.J. Heber. 2017.
Emission factors and characteristics of ammonia, hydrogen sulfide, carbon dioxide, and particulate
matter at two high-rise layer hen houses. Atmospheric Environment (154) 260-273.

Parker D. B., H. M. Waldrip, K. D. Casey, B. L. Woodbury, M. J. Spiehs, K. Webb and W. M. Willis.
2018. How do temperature and rainfall affect nitrous oxide emissions from open-lot beef cattle
feedyard pens? Transactions of the ASABE 61(3): 1049-1061. http://dx.doi.org/10.13031/trans.12788

Parker, D. B., K. D. Casey, R. W. Todd, H. M. Waldrip, G. W. Marek, B. W. Auvermann, T. H. Marek,
K. Webb, W. M. Willis, B. Pemberton, and B. Meyer. 2017. Improved chamber systems for rapid,
real-time nitrous oxide emissions from manure and soil. Transactions of the ASABE 60(4): 1235-
1258. http://dx.doi.org/10.13031/trans.12151

Rice, S., N. Lutt, J.A. Koziel, M. Dharmadhikari, A. Fennell. 2018. Determination of selected aromas in
Marquette and Frontenac wine using headspace-SPME coupled with GC - MS and simultaneous
olfactometry. Separations, 5(1), 20. doi: 10.3390/separations5010020.

Rice, S., J.A. Koziel, M. Dharmadhikari, A. Fennell. 2017. Evaluation of tannins and anthocyanins in
Marquette, Frontenac, and St. Croix cold-hardy grape cultivars. Fermentation, 3(3), 47. doi:
10.3390/fermentation3030047.

Safferman, S.1.; J. Smith; Y. Dong; C.M. Safferon; J.M. Wallace; D. Binkley; MR.. Thomas; S.A. Miller;
E, Bissel; J. Booth; J. Lentz. (2017). Resource Recovery from waste: benefits and complexity.
Journal of Environmental Engineering, 143(11).

Sharma, S., N. Rajan, S. Cui, K. D. Casey, S Ale, R. Jessup, and S. Maas. 2017. Seasonal variability of
evapotranspiration and carbon exchanges over a biomass sorghum field in the Southern US Great
Plains. Biomass and Bioenergy 105, 392-401. http://dx.doi.org/10.1016/j.biombioe.2017.07.021

Shen, J., J. Zhu. 2017. Development of general Gompertz models and their simplified two-parameter
forms based on specific microbial growth rate for microbial growth, bio-products and substrate
consumption. Advances in Biotechnology & Microbiology 4(3): 555640. DOI: 10.19080/
AIBM.2017.04.555640.

11


http://dx.doi.org/10.1016/j.atmosenv.2017.02.033
http://dx.doi.org/10.4209/aaqr.2016.07.0327
http://dx.doi.org/10.13031/trans.12788

Shen, J., J. Zhu. 2017. Methane production in an upflow anaerobic biofilm digester from leachates
derived from poultry litter at different organic loading rates and hydraulic retention times. Journal of
Environmental Chemical Engineering 5:5124-5130.

Shen, J., J. Zhu. 2017. Modeling kinetics of anaerobic co-digestion of poultry litter and wheat straw
mixed with municipal wastewater in a continuously mixed digester with biological solid recycle using
batch experimental data. Chemical Engineering Communications 204(4):501-511.

Waldrip, H. M., K. D. Casey, R. W. Todd, and D. B. Parker. 2017. Nitrous oxide emissions from
Southern High Plains beef cattle feedyards: Measurement and modelling. Transactions of the ASABE
60(4): 1209-1221. http://dx.doi.org/10.13031/trans.12085

Wu, SX., L. Chen, J. Zhu, M. Walquist, D. Christian. 2018. Pre-digestion to enhance volatile fatty acids
(VFASs) concentration as a carbon source for denitrification in treatment of liquid swine manure.
Journal of Environmental Science and Health Part A. In Press.

Wu, S. and J. Maskaly. 2017. In-depth study on the effect of total dissolved solids (TDS) on the
performance of an SBR for COD and nutrients removal. Journal of Environmental Science and
Health. Journal of Environmental Science and Health. 53(2): 146-153.

Wu, S. 2017. Nutrients removal and nitrous oxide emission by a two-step fed SBR in treating dairy
manure wastewater. Transactions of the ASABE. 60(5): 1729-1736

Conference Proceedings

Andersen, D.S. 2018. Getting the most from manure- an ancient fertilizer in a precision age.

Baimatova, N., O. Demyanenko, B. Kenessov, J. Koziel. 2017. Disclosing potential sources of
uncertainties during determination of time-weighted average concentrations of BTEX in air by SPME-
GC-MS using COMSOL Multiphysics. In the proceedings of the 23rd International Symposium on
Separation Sciences (ISSS 2017), Vienna, Austria, September 2017.

Brown, J. T., T.-T. Lim, J. M. Zulovich, and C. Costello. 2018. Evaluation of Mechanical Scraper System
Finishing Barn for Solid-Liquid Separation. In ASABE Annual International Meeting. ASABE Paper
No. 1801273. St. Joseph, Mich.: ASABE.

Casey, K., R. Todd, M. Rhoades, and D. Parker. 2018. Emissions of hydrogen sulfide from the pen area
of a beef cattle feedyard in the Texas High Plains. In: Proc of the 10 th International Livestock
Environment Symposium (ILES X). Sep 25-27. 2018, Omaha, NE.

Casey, K. D., D. B. Parker, H. M. Waldrip, and R. W. Todd. 2017. Diurnal variation in greenhouse fluxes
from a feedyard pen surface. In: Proc of the ASA, CSSA and SSSA International Annual Meetings,
Oct 23-25. 2017, Tampa, FL.

Chen, B., J.A. Koziel, Z. Meiirkhanuly, D. Anderson, D.B. Parker. 2018. Evaluation of current products
for use in deep pit swine manure storage structures for mitigation of odors and reduction of NH3, H2S,
and VOC emissions from stored swine manure. Oral presentation at the 5th Graduate and Professional
Student Research Conference, Ames, IA, April 2018.

Harner, J. P., Marin, J. G., Zulovich, J. M., & Brouk, M. J. (2017). Water Conservation for Next Gen
Dairies. In: Western Dairy Management Conference, Reno, NV. http://wdmc.org/proceedings/

Justino E., F. Maluf, and K. Casey. 2018. Impact of pig farm construction and environmental
management practices on nursery pig performance — A Brazilian case study. In: Proc of the 10 th
International Livestock Environment Symposium (ILES X). Sep 25-27. 2018, Omaha, NE.

Karunarathne, S.A., M. Chung, J.Ogejo. 2017. Compartmental process-based model for estimating
ammonia emission from liquid dairy manure storage tank ASABE Annual International Meeting.
ASABE Paper No. 1701433. St. Joseph, Mich.: ASABE. DOI: 10.13031/aim.201701433

Kenessov, B., J.A. Koziel, M. Derbissalin, O. Demyanenko. 2018. Improved model of air sampling by
porour SPME fibers based on COMSOL Multiphysics software. Oral presentation at ExTech 2018
20th International Symposium of Advances in Extraction Technologies, Ames, 1A, June 2018.

12


http://wdmc.org/proceedings/

Kick, E.L. and McKinney. L. 2016 A Cross-National SEM Analysis of Geographical, Institutional, and
Agricultural Systems as Determinants of Food Insecurity and Obesity. Presented at the annual
meetings of the Rural Sociological Society in Toronto, Canada.

Kick, E.L. 2016 The Use of Structural Equation Modeling in Estimating Livestock Production and Food
Security Systems. Presented at the annual meetings of the S-1032 Multi-state meetings. Raleigh:NC.

Koziel, J.A., D.L. Maurer, W. Zhu, W.S. Jenks. Using light to mitigate odor and improving air quality.
Poultry Science Association 2018 Annual Meeting, San Antonio, Texas, July 2018.

Koziel, J.A., D. Maurer, T.J. Engelken, V.L. Cooper, J.L. Funk. 2018. Detection of volatile compounds
emitted from nasal secretions and serum: Towards non-invasive identification of diseased cattle
biomarkers. Oral presentation at ExTech 2018 20th International Symposium of Advances in
Extraction Technologies, Ames, 1A, June 2018.

Lim, T.-T., C. B. Bromfield, J. A. Zulovich, and R. Massey. 2017. Biosecurity: Collaboration to ensure
state of readiness. In International Symposium on Animal Environment and Welfare. Rongchang,
Chongging, China.

Maurer, D.L, A. Bragdon, B. Short, H.K. Ahn, J.A. Koziel. 2017. Improving environmental odour
measurements: comparison of lab-based standard method and portable odour measurement
technology. In the proceedings of the 7th International Water Association Conference on Odours and
Air Emissions, Warsaw, Poland, September, 2017.

Maurer, D., J.A. Koziel, T.J. Engelken, V.L. Cooper, J.L. Funk. 2018. Detection of volatile compounds
emitted from nasal secretions and serum: Towards non-invasive identification of diseased cattle
biomarkers. Oral presentation at Academy of Veterinary Consultants summer meeting, Denver, CO,
August 2018.

Miller, S.R., Mann, J.T., Rozeboom, D.W., Safferman, S.I., Leschewski, A., and Smith, J. (2017). Survey
of Winter Manure Handling Practices on Small-to-Medium-Sized Michigan Farms and an Economic
Assessment of Policy Change. 2017 Annual International ASABE Meeting, Spokane, Washington,
Paper Number 1701423.

Meyer, D. Carbon the next frontier. Presented at the Golden State Dairy Management Conference. March
29, 2018. UC ANR

Norris, A. B., L. O. Tedeschi, K. D. Casey, J. C. B. Dubeux, J. L. Foster, J. P. Muir, and W.E. Pinchak.
2018. Quebracho (Schinopsis balansae) extract in beef cattle fed high-roughage total mixed ration
affects manure gas emissions. In: Proc of the 10 th International Symposium on the Nutrition of
Herbivores (ISNH 2018). Sep 2-6. 2018, Clermont-Ferrand, France.

Norris, A. B., L. O. Tedeschi, K. D. Casey, J. C. B. Dubeux, J. L. Foster, J. P. Muir, and W. E. Pinchak.
2018. Effects of feeding different levels of Quebracho (Schinopsis balansae) extract in a high-
roughage total mixed ration on manure gas emissions. In: Proc of the American Society of Animal
Science, Southern Section Meeting. Feb 3-6. 2018, Fort Worth, TX.

Parker, D., K. Casey, H. Waldrip, J. Jennings, and R. Todd. 2018. Enteric and simulated pen surface
emissions of nitrous oxide from beef cattle feedyards. In: Proc of the 10 th International Livestock
Environment Symposium (ILES X). Sep 25-27. 2018, Omaha, NE

Parker, D. B., E. L. Cortus, K. D. Casey, G. W. Marek, K. R. Heflin, and H. M. Waldrip. 2018. Empirical
model of annual nitrous oxide emissions from open-lot beef cattle feedyard pens in the Southern High
Plains. ASABE Paper 1800508. St. Joseph, MI: ASABE.

Parker, D. B., T. Jennings, B. Meyer, J. Jennings, A. Cole, H. Waldrip, and K. Casey. 2018. Enteric
nitrous oxide emissions from beef feedlot Cattle. In: Proc of the American Society of Animal Science,
Mid-West Section Meeting. Mar 13-15. 2018, Omaha, NE.

Rajan, N., R. Schnell, M. Bagavathiannan, S. Nair, D Constance, K. Casey, D. Zapata, J. Moreno, S.
Samuelson. 2017. Transitioning organic grain and soybean cropping systems in Texas: Challenges and

13



benefits. In: Proc of the ASA, CSSA and SSSA International Annual Meetings, Oct 23-25. 2017,
Tampa, FL.

Sarker, N. C., S. Rahman, Md. Borhan, P. Rajasekaran, S. Santra, and A.Ozcan. 2017. Efficacy of
Different Nanoparticles in Mitigating Gaseous Emissions from Liquid Dairy Manure Stored Under
Anaerobic Condition. 2017 ASABE Annual International Meeting, Paper #1700994, Spokane,
Washington, July 16-19, 2017.

Shen, J., J. Zhu. 2017. Role of Hydrolysis in Two-phase Anaerobic Digestion System for Poultry Litter.
ASABE Annual International Meeting paper#: 1700072, Spokane, WA. July 17-20, 2017.

Shen, J., J. Zhu. 2017. Simulation of Unstable Kinetics of Continuously Mixed Anaerobic Digester with
Biological Solid Recycle using Parameters Obtained from Batch Experiments. ASABE Annual
International Meeting paper#: 1700073, Spokane, WA. July 17-20, 2017.

Waldrip, H., D. Parker, S. Miller, K. Casey, R. Todd. 2018. Unscrambling nitrous oxide production in
beef cattle feedyard manure: effect of temperature and water content on denitrification rates. In: Proc
of the 10 th International Livestock Environment Symposium (ILES X). Sep 25-27. 2018, Omaha, NE.

Zhu, W., J.A. Koziel, D.L. Maurer. 2017. Mitigation of livestock odours using a black light and a new
titanium dioxide-based catalyst: proof-of-concept. In the proceedings of the 7th International Water
Association Conference on Odours and Air Emissions, Warsaw, Poland, September, 2017.

Zulovich, J. A., and T.-T. Lim. 2017. Initial technical feasibility of air conditioning to eliminate heat
stress in swine grow-finish facilities. In International Symposium on Animal Environment and
Welfare. Rongchang, Chongging, China

Zulovich, J. M., Milhollin, R. K., Horner, J. L., Harner, J. P., Lim, T.T. (2018) Air conditioning for
naturally ventilated dairy barns. 10th International Livestock Environment Symposium. Paper
ILES18-109. St. Joseph, MI: ASABE

Zulovich, J. M., Milhollin, R. K., Horner, J. L., Harner, J. P., Lim, T.T. (2018) Air conditioning for
mechanically ventilated LPCV dairy barns. 10th International Livestock Environment Symposium.
Paper ILES18-110. St. Joseph, MI: ASABE

Zulovich, J. M., Milhollin, R. K., Harner, J. P., Horner, J. L. (2018) Robotic Rotary Parlor Systems for
Dairy Operations. 10th International Livestock Environment Symposium. Paper ILES18-111. St.
Joseph, MI: ASABE.

Zulovich, J. M., Milhollin, R. K., Harner, J. P., Horner, J. L. (2018) Automated Milking Systems for
Dairy Operations. 10th International Livestock Environment Symposium. Paper ILES18-112. St.
Joseph, MI: ASABE

Thesis/Dissertations

Kevin C. Kruger (2017) “Utilizing anaerobically digested dairy manure for the cultivation of duckweed
for biomass production, nutrient assimilation, and sugar production” Master student thesis

Mario E. de Haro Marti (2018) “On-farm use of clinoptilolite zeolite with composting and air filtration
technologies to control ammonia emissions, odor, and nitrogen retention from dairy manure” PhD
student thesis.

Niloy C. Sarker. 2018. Application of nanoparticle in livestock manure and characterization of pollutant
gas reduction mechanisms, Ph.D. Dissertation, North Dakota State University.

Sampath A. Karunarathne (2018) “Compartmental Process-based Model for Estimating Ammonia
Emission from Stored Scraped Liquid Dairy Manure” PhD student thesis.

Extension and Outreach
Meyer, D. 2018. Extension publications and quarterly newsletter articles in California Dairy Newsletter

14



http://ucanr.edu/sites/Dairy/California Dairy Newsletter/?close=yes

Other

Chen, L. 2017. Understand the 5 most influencing factors in composting manure. Progressive Dairyman —
Canada Edition. August 2017. Also available at:
(http://www.progressivedairycanada.com/topics/manure/understand-the-5-most-influencing-factors-in-
composting-manure).

Chen, L. 2017. Achieve maturity at the end of the manure composting process. Progressive Dairyman —
Canada Edition. March 2017. Also available at:
(http://www.progressivedairycanada.com/topics/manure/achieve-maturity-at-the-end-of-the-manure-
composting-process).

Cortus, E. 2018. Swine & U: Sustainability requires definition, standards, measurements. 19 April 2018.
The Land.

Haipeng, A., T. Lim, D. Brandt, S. Norkaew, R. Miles. 2017. Manure Land Application and Soil Health
Indicators. Manure and Soil Health Working Group Report.
http://soilhealthnexus.org/files/2018/02/ncrwn-manure-land-application-and-soil-health-indicators-
report-FINAL.pdf 12 pages.

Haipeng, A., T. Lim, D. Brandt, S. Norkaew, R. Miles. 2017. Manure Land Application and Soil Health
Indicators. Manure and Soil Health Working Group Data Brief.
http://soilhealthnexus.org/files/2018/02/ncrwn-manure-land-application-and-soil-health-indicators-
data-brief-FINAL.pdf 8 pages.

Harner, J. P., Zulovich, J. M., Kammel, D. W., & Tyson, J. T. (2017). Chapter 03-19: Feed center system
design and management. In David K. Beede, Editor-in-Chief (Ed.), Electronic Book — Large Dairy
Herd Management (3rd Edition). American Diary Science Association.

Janni, K. 2018. Do you need an engineer on your team? 27 January 2018. Dairy Star

Janni, K. 2018. Preparing for equipment breakdowns. 12 May 2018. Dairy Star

Janni, K. 2018. Remodel or retire? Hoard’s Dairyman. 25 May 2018. 163(10):337.

Janni, K. and Cortus, E. 2018. Learn More About Manure at 2018 North American Manure Expo. 14 July
2018. Dairy Star.

Kammel, D. W., Zulovich, J. M., & Harner, J. P. (2017). Chapter 03-12: A systems approach to dairy
farmstead design. In David K. Beede, Editor-in-Chief (Ed.), Electronic Book — Large Dairy Herd
Management (3rd Edition). American Diary Science Association.

Koziel, J.A., D. Maurer, T.J. Engelken, V.L. Cooper, J.L. Funk. 2018. Detection of volatile compounds
emitted from nasal secretions and serum: Towards non-invasive identification of diseased cattle
biomarkers. Poster presentation at ExTech 2018 20th International Symposium of Advances in
Extraction Technologies, Ames, 1A, June 2018.

Koziel, J.A. Review of livestock odor regulations, emissions and mitigation technologies. Oral
presentation at the University of Warmia and Mazury in Olsztyn, Poland, May 2018.

Koziel, J.A. Lessons learned from solving livestock odor problem. Oral presentation at the Korea Pork
Producers Association, Republic of Korea, May 2018.

Koziel, J.A. Lessons learned from solving livestock odor problem. Graduate Seminar, Chungnam
National University, Republic of Korea, May 2018.

Koziel, J.A. Lessons learned from solving livestock odor problem. Undergraduate Seminar, Chungnam
National University, Republic of Korea, May 2018.

Koziel, J.A. Lessons learned from solving livestock odor problem. Oral presentation at the National
Institute of Animal Science, Republic of Korea, May 2018.

15


http://ucanr.edu/sites/Dairy/California_Dairy_Newsletter/?close=yes
http://www.progressivedairycanada.com/topics/manure/achieve-maturity-at-the-end-of-the-manure-composting-process
http://www.progressivedairycanada.com/topics/manure/achieve-maturity-at-the-end-of-the-manure-composting-process

Koziel, J.A. How to find opportunities to conduct research in the USA. Wroclaw University of
Environmental and Life Sciences, Wroclaw, Poland, September 2017.

Koziel, J.A. Solving industry-outsourced problems: lessons learned. Wroclaw University of
Environmental and Life Sciences, Wroclaw, Poland, September 2017.

Koziel, J.A. 2017. Odor mitigation. ISU In-Service Day. Agriculture Systems and Environmental
Stewardship Team, Department of Agricultural and Biosystems Engineering, October 2017.

Koziel, J.A. 2017. Odor mitigation. ISU In-Service Day. Swine Specialists, Department of Animal
Science, October 2017.

Lim, T.-T., C. Wang, A. J. Heber, N. Ji-Qin, and L. Zhao. 2018. Effect of Electrostatic Precipiration on
Particulate Matter Emissions from a high-rise layer house. In Air Quality and Livestock Farming, 372
p. T. Banhazi, A. Aland, and J. Hartung, eds. Australia: CRC Press, Taylor and Francis Group.

Ni, J.-Q., A. J. Heber, and T.-T. Lim. 2018. Ammonia and hydrogen sulfide in swine production. In Air
Quality and Livestock Farming, 372 p. T. Banhazi, A. Aland, and J. Hartung, eds. Australia: CRC
Press, Taylor and Francis Group.

Schott, L. and A. M. Schmidt. 2017. Synthesis of Short- and Long-term Studies Reporting Soil Quality
Metrics under Agricultural and Municipal Biosolid Applications. Manure and Soil Health Working
Group Report. http://soilhealthnexus.org/files/2018/02/ncrwn-synthesis-of-short-long-term-studies-
reporting-soil-quality-metrics-report-FINAL.pdf . 48 pages.

Schott, L. and A. M. Schmidt. 2017. Synthesis of Short- and Long-term Studies Reporting Soil Quality
Metrics under Agricultural and Municipal Biosolid Applications. Manure and Soil Health Working
Data Brief. h http://soilhealthnexus.org/files/2018/04/ncrwn-synthesis-of-short-long-term-reporting-
soil-quality-metrics-data-brief.pdf . 2 pages.

Smith, J.S., Crow, R., Safferman, S.I. (2017). Winter Manure Application: Management Practices and
Environmental Impact. North Central Region Water Network, Soil Nexus.
http://soilhealthnexus.org/files/2018/02/ncrwn-winter-manure-app-mngmt-practices-enviro-impact-
report-FINAL.pdf.

Smith, J.S., Crow, R., Safferman, S.I. Winter Manure Literature Review — Document Summaries. North
Central Regional Water Network, Soil Nexus. http://soilhealthnexus.org/files/2018/02/ncrwn-winter-
manure-literature-review—document-summaries-FINAL.pdf

Smith, J.S., Safferman, S.I. (2017). Winter Manure Application: Research Needs and Future Direction.
North Central Region Water Network, Soil Nexus. http://soilhealthnexus.org/files/2018/02/ncrwn-
winter-manure-literature-review—document-summaries-FINAL.pdf.

Zulovich, J. M., & Harner, J. P. (2017). Preface - Section 3: Facilities and Environment. In David K.
Beede, Editor-in-Chief (Ed.), Electronic Book — Large Dairy Herd Management (3rd Edition).
American Diary Science Association.

Zulovich, J. M., Harner, J. P., & Kammel, D. W. (2017). Chapter 03-13: Systems approach to designing
milking centers and other dairy systems. In David K. Beede, Editor-in-Chief (Ed.), Electronic Book —
Large Dairy Herd Management (3rd Edition). American Diary Science Association.

16



	Accomplishments
	Impacts
	Publications
	Journal Articles
	Conference Proceedings
	Thesis/Dissertations
	Extension and Outreach
	Other


