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Welcome to the Institute for Livestock and the Environment’s  
2nd Annual Stakeholder Summit! 
 
The Institute for Livestock and the Environment’s 2nd Annual Stakeholder Summit is a forum 
for disseminating information about research conducted by ILE faculty members and 
stakeholders and for exchanging ideas. This year’s conference theme, “working together to 
solve environmental problems,” reflects the core mission and purpose of the Institute—
solving real-world environmental problems facing the livestock industry and communities in 
the Great Plains and Intermountain West. 
 
In 2008, the Stakeholder Summit served as a kick-off event for the recently established 
Institute, giving the 70 stakeholders in attendance a chance to voice their concerns and ideas 
about the most pressing environmental issues facing the livestock industry—issues that ILE 
members could address through collaborative research. This year, ILE is focused on 
communicating the results of recent and on-going projects, and continuing a dialog with 
stakeholders to ensure that ILE is addressing relevant topics.  
 
Founded in January 2008, the ILE brings faculty members from 16 different disciplines 
across the Colorado State University system together with concerned stakeholders to develop 
win-win solutions to issues in the livestock industry that balance economic growth with our 
need for a sustainable environment. Currently, 40 CSU faculty are members of the Institute 
with research interests ranging from water quality, air quality, ecosystems, 
pathogens/disease, animal science, natural resources, and economics. Members regularly 
work together in interdisciplinary teams, often in conjunction with livestock producers and 
other stakeholders, to assess the environmental, economic and social impacts of livestock 
production; develop viable management practices and tools to reduce environmental impacts 
of livestock production; evaluate public/producer support of different management practices; 
test feasibility of innovative practices; and advise producers and inform policy makers about 
new, effective tools.  
 
The success of this Summit reflects the efforts of the hard-working folks who organized this 
event including ourselves, Sarah Lupis, Shawn Archibeque, Michael Carolan, Rich Conant, 
Mike Lacy, and Kierra Jewell. We thank them, and we thank you for taking the time to attend 
and contribute. 
 

Best wishes, 

Jessica Davis, Director of ILE 

Catherine Keske, Associate Director of ILE 
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Program Agenda 
 
 
Time  Summit Event 

11:30  Summit Registration (free) and poster set-up 

12:00   Lunch 

12:15   Welcome Remarks from Craig Beyrouty, Dean of the College of Agriculture 

12:30  Keynote Address by Lester Brown, President of Earth Policy Institute* 

2:00  Poster Session 

3:30  Stakeholder Panel† Discussion: “Working together to solve environmental  

problems.” 

4:30  Graduate Student Poster Awards 

 

 

* Please note, Lester Brown is also giving a lecture at 7:00 p.m. on November 19th about his new book “Plan B 
4.0: Mobilizing to Save Civilization,” at CSU’s Lory Student Center, Main Ballroom. The lecture is free and 
open to the public; Plan B 4.0 will be available for sale and a book signing will follow the lecture. Also after the 
lecture, ILE faculty members will host an open-forum discussion about issues raised during the lecture. 

† Members of the Stakeholder Panel will be announced on the ILE web site as soon as they are finalized; please 
visit www.livestockandenvironment.info for more information. 
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Reducing springtime ammonia emissions from cattle feedlots 
along the Front Range 

Jay Ham 
Department of Soil and Crop Sciences, College of Agricultural Sciences, Colorado State 
University, Fort Collins, Colorado  
 
Nitrogen (N) deposition from the atmosphere is having an impact on mountain ecosystems 
along the Front Range of Colorado. While there are many sources of reactive N (e.g., urban, 
interstate transport, agriculture), one potential source is the intensive cattle feeding area east 
of the mountains. A recent study (RoMANS, 2009) suggests that contributions from 
northeastern Colorado primarily occur in the spring. Thus, to minimize feedlot impacts on 
the mountains, management practices for reducing ammonia (NH3) losses should focus on 
the spring and early summer. A model of feedlot NH3 emissions was developed and used to 
explore how changes in pen cleaning patterns prior to spring warming might reduce NH3 
losses from the pen surface. Strategies included a complete “spring cleaning” of the feedlot 
and within-pen manure mounding practices. Results will show the magnitude of potential 
NH3 emissions reductions and identify optimal timing of the practices to maximize their 
utility. 
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Evaluating ammonia emissions from cattle-feedlot-pen soils with 
a laboratory chamber system 
 
Joshua Stratton1, Karen Galles 2, 3, Jay Ham 2, 3, and Thomas Borch3, 4 
1 Graduate Program in Chemistry, College of Natural Sciences, Colorado State University, 
Fort Collins, Colorado 
2 Department of Soil and Crop Sciences, College of Agricultural Sciences, Colorado State 
University, Fort Collins, Colorado 
3 Graduate Degree Program in Ecology, Colorado State University, Fort Collins, Colorado 
2 Department of Chemistry, College of Natural Sciences, Colorado State University, Fort 
Collins, Colorado 
 
Wet deposition of ammonium in Rocky Mountain National Park has reached a “critical load” 
where negative impacts on alpine ecosystems are evident. Many different sources are likely 
contributing to this deposition; however very few measurements of ammonia emissions from 
potential sources have been made, limiting our ability to apportion deposited nitrogen to the 
appropriate sources. This poster describes a laboratory chamber system being developed to 
measure ammonia fluxes from intact soil cores taken from sites with widely varying 
characteristics (e.g., cattle feedlot pens, urban corridors, forest soils). The system routes 
ammonia-free air from a compressor through modified vacuum desiccators containing the 
intact soil cores. Acid trap bubblers collect ammonia volatilized from the soil cores, and 
analysis is done using a Flow Injection Analyzer. In conjunction with parallel field-based 
experimental and monitoring systems, this approach enhances our ability to identify 
ammonia sources and quantify emissions along Colorado’s Front Range. 
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A [pro]active stakeholder approach to addressing nitrogen 
deposition concerns at Rocky Mountain National Park 
 
Phyllis I. Woodford 
Environmental Agriculture Program, Colorado Department of Public Health and 
Environment, Denver, Colorado 
 
For over 20 years the National Park Service has actively monitored air quality and ecosystem 
health in Rocky Mountain National Park (RMNP). Data from these monitoring efforts 
document ecosystem changes from nitrogen deposition on the east side of the Continental 
Divide including changes in the type and abundance of aquatic plant species, elevated levels 
of nitrate in surface waters, elevated levels of nitrogen in spruce tree needles, long-term 
accumulation of nitrogen in forest soils and a shift in alpine tundra plant communities 
favoring sedges and grasses over wildflower flora (RMNP Nitrogen Deposition Reduction 
Plan, August 16, 2007). Because two-thirds of the park is near or above treeline, the park’s 
ecosystems are particularly susceptible to changes due to atmospheric deposition of 
pollution.  
 
Identifying every source of nitrogen that contributes to deposition in the park is a daunting 
task, but is critical in order to fairly and equitably develop a plan to reduce nitrogen levels in 
the park. Livestock facilities and the application of commercial fertilizer during crop 
production, in particular, have been identified by air quality monitoring, inventory and 
modeling data as one of the significant sources of nitrogen (i.e., ammonia) deposition to the 
park. 
 
As a result, beginning in October 2006 a stakeholder group over 30 participants strong and 
comprised of agricultural producers and trade associations, academia, environmental 
organizations and government agencies, came together to analyze air quality data related to 
the park and to provide recommendations on how to best address ammonia deposition 
concerns from Colorado’s livestock and crop production industries. This poster highlights 
some of the actions taken, or being planned, by the stakeholder group to address agriculture’s 
contribution to atmospheric ammonia deposition in the park. 
 
Even though the stakeholder group has been meeting periodically over the past three years to 
discuss air quality issues related to Rocky Mountain National Park, it is too early to make 
any conclusions as to the success of the proactive stakeholder approach (i.e., voluntary 
measures versus regulatory controls) or to the extent that the industry’s plan would even 
result in ammonia reductions in the park (through implementation of best management 
practices scientifically proven to result in ammonia reductions). Instead, this poster is 
intended to share with the participants of the Institute for Livestock and the Environment’s 
Stakeholder Summit some of the challenges and achievements, to date, of this particular 
stakeholder-driven approach.  
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COMET-VR: A tool for reporting voluntary carbon 
sequestration activities 
 
Rich Conant1, Jill Schuler1, Robin Kelly1, and Keith Paustian2 
1 Natural Resources Ecology Lab, Colorado State University, Fort Collins, Colorado 
2 Department of Soil and Crop Sciences, College of Agricultural Sciences, Colorado State 
University, Fort Collins, Colorado 
 
In order to better understand the science behind agricultural soil carbon sequestration and 
greenhouse gas mitigation, inform policy- and decision-makers in the state, and provide 
infrastructure for Colorado farmers to participate in agricultural greenhouse gas mitigation 
activities, the Colorado Legislature enacted HB-1203, which was signed by the Governor on 
May 23, 2007. Among the provisions of the bill is a county-level appraisal of carbon stocks 
and carbon sequestration and greenhouse gas mitigation potential to be conducted by 
Colorado State University's Natural Resource Ecology Laboratory consisting of the 
following elements: 
 

 A baseline compilation of land use and management practices, relevant to emissions 
and sequestration of greenhouse gas, throughout the state; 

 Estimates of current soil carbon stocks and trajectories; 
 Assessments of the potential for carbon sequestration and agricultural bioenergy 

production in the state, involving crop-derived biomass from grain and/or residues; 
 Development of county-level carbon sequestration databases; and 
 Development of a decision support tool for farm use in evaluating alternative 

cropping practices and greenhouse gas mitigation benefits. 
 
We have conducted a series of stakeholder-oriented activities that sought to get up-front, 
grass-roots involvement in the design of a state-level assessment and the development of an 
on-line decision tool, as well as to provide information and outreach on agriculture and 
carbon sequestration issues in Colorado. We continue to engage stakeholders, specifically 
agricultural producers, producer and commodity organizations and environmental NGOs, to 
help gather additional Colorado-specific data on land use and management practices to 
support the assessment activities and to contribute to all five of the objectives stated above. 
 
Here we wish to introduce an online decision support system based upon the COMET-VR 
model, which our lab has developed in collaboration with USDA/NRCS for voluntary 
reporting of greenhouse gas emissions. The Colorado-specific tool “COGHG” will be an 
enhancement of the COMET-VR system, by incorporating more detailed, Colorado-specific 
crop and grassland management systems, based in part on information collected at meetings 
such as this one. 
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Central Shortgrass Prairie Ecoregional Assessment and 
Partnership initiative 
 
David Anderson, Lee Crunau, and Renee Rondeau 
Colorado Natural Heritage Program, Fort Collins, Colorado 
 
Livestock production in prairie environments can create and maintain crucial habitat for at-
risk native grassland species, but it can also pose a significant threat to some species, 
depending on how grazing is managed. Coordination between private producers, 
conservation biologists, and agencies is needed to ensure that ranching remains a viable 
economic enterprise on Colorado’s shortgrass prairie while maintaining a beneficial, or at 
least neutral, effect on the ability of vulnerable species to survive. To address this need, the 
Central Shortgrass Prairie Partnership was formed in 2004. The Colorado Natural Heritage 
Program (CNHP), part of the Fish, Wildlife, and Conservation Biology Department at 
Colorado State University, has been a member of this partnership since its founding. The 
overall goal of this initiative is to support efforts to conserve native species, natural 
communities, and ecosystems of the Central Shortgrass Prairie ecoregion while promoting 
economically productive landscapes that sustain local communities. The CNHP is working 
with the Partnership to develop a conservation program that uses novel conservation tools to 
facilitate proactive, voluntary, collaborative conservation of multiple species-at-risk 
throughout the ecoregion. These tools include incentives for private land conservation such 
as grass banks and markets for conservation credits.  
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Interactive effects of fire and grazing in shortgrass steppe 
 
David Augustine1 and Justin Derner2 
1 Rangeland Resources Research Unit, USDA-ARS, Fort Collins, Colorado 
2 Rangeland Resource Research Unit, USDA-ARS, Cheyenne, Wyoming 
 
Combined fire and grazing management has been recommended as a tool to generate a 
heterogeneous vegetation mosaic and achieve conservation objectives in tallgrass prairie of 
the eastern Great Plains. Less is known about fire-grazing interactions in semi-arid 
grasslands of the western Great Plains. We initiated a patch burning experiment in shortgrass 
steppe (northeastern Colorado) comparing three unburned pastures with three pastures in 
which 25% of the area is burned per year. The first burns in November of 2007 were 
conducted with a mean fuel load of 698 kg ha-1 and produced maximum temperatures of 
102–221°C at 1–2 cm aboveground. Herbaceous plant production on burns (mean + 1SE = 
498 + 82 kg ha-1) was similar to unburned sites (462 + 53 ka ha-1; P = 0.73) during the first 
post-burn growing season in 2008.   Burns influenced vegetation structure by removing 
>95% of standing dead biomass, reducing vertical vegetation density in mid-June by 46% 
(1.8 + 0.2 cm on burns vs. 3.8 + 0.3 cm in unburned sites), and reducing standing residue at 
the end of the grazing season (early October; 523 kg ha-1 on burns vs. 585 kg ha-1 in 
unburned sites). Patch burning did not influence cattle weight gains (1.07 kg/steer/day in 
patch burned pastures vs. 1.06 kg/steer/day in control pastures). Findings will be discussed in 
relation to effects of patch burning on cattle distribution (measured using GPS collars in 
2008) and their implications for managing breeding habitat for grassland birds of 
conservation concern. 
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Yield, forage quality, and soil carbon and nitrogen dynamics in 
grass and grass/legume mixes for irrigated pasture using organic 
production methods 

 
Matt Booher1, Tunsisa Hurisso1, Dwi Widiastuti1, Joe Brummer2, and Jessica Davis2 
1 Graduate Program in Soil and Crop Sciences, College of Agricultural Sciences, Colorado 
State University, Fort Collins, Colorado 
2 Department of Soil and Crop Sciences, College of Agricultural Sciences, Colorado State 
University, Fort Collins, Colorado 
 
Increasing demand for organic milk also increases the demand for organic hay and 
pastureland. Selecting irrigated pasture mixes adapted to organic systems in the semi-arid 
West can be challenging. Additionally, using legumes and/or composted manure to fulfill 
nitrogen (N) requirements of perennial forage grasses is complex, and the amount of N 
mineralized under field conditions needs to be determined in order to optimize compost rates 
and yields. Furthermore, the potential to sequester carbon (C) in perennial pastures may lead 
to an additional income source for hay producers; thus, this potential needs to be quantified 
as well. Four grass mixes (tall fescue (TF), hybrid wheatgrass/tall fescue/hybrid brome 
(HWG/TF/HB), orchardgrass/meadow brome/smooth brome (OG-MB-SB), and 
orchardgrass/ meadow brome/Kentucky bluegrass) were established in 2008. Half of the 
plots were interseeded in fall 2008 with each of four legumes (alfalfa, birdsfoot trefoil, 
sainfoin, and white clover). Remaining plots were treated with 0, 11.2, or 22.4 Mg/ha of 
dairy compost to compare the effects of compost versus legumes on yield and quality of the 
grass mixes. Mixes were harvested six times to simulate season-long, rotational grazing and 
evaluated for yield, crude protein, neutral detergent fiber (NDF), acid detergent fiber, and in 
vitro true digestibility. Data showed that annual dry matter yields of TF and HWG/TF/HB 
were 10,975 and 9,814 kg/ha, respectively, and averaged 19% higher than the other mixes. 
The dry matter yield per cutting of TF also averaged 23% greater than those of the other 
grass mixes. Conversely, crude protein of tall fescue (19.8%) averaged two percentage points 
lower than all other grass mixes. NDF, averaged across all species, declined (higher quality) 
throughout the growing season. The rate of N mineralization was examined in two grass 
mixes (i) HWG-TF-HB and (ii) OG-MB-SB. An in-situ ion exchange resin soil core method 
was used to determine the dynamics of gross N mineralization during the growing season 
(April-October). Results show that gross N mineralization was similar in the two grass mixes 
during the growing season considered in this study. However, there was a significant (P 
<0.0001) sampling date effect on gross N mineralization. The amount of N mineralized in the 
third, fourth, and fifth sampling dates was 148, 197, and 279 kg N (NO3

- –N+ NH4
+–N) ha-1, 

respectively. Results of trend analysis indicated that there was strong evidence of linear 
(P<0.0001) and quadratic (p=0.0252) effects of sampling date on gross N mineralization. In 
addition, HWG-TF-HB had the greatest total C (2.16%) and recalcitrant C (0.78%) levels 
among the forage mixes tested. Alfalfa+dairy compost resulted in the greatest total C levels 
(2.16%) as compared to other N-sources. The alfalfa+dairy compost (2.34% C) had 
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significantly higher total C in the 0-5 cm depth than sainfoin (2.14%) or alfalfa (2.14%). This 
study is continuing in order to optimize yield, forage quality, N mineralization, and C 
sequestration in organically-managed pastures in the semi-arid West.  
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Interpretation of hummocks relative to the condition of wetlands 
in Colorado 
 
Andrew W. Don Carlos1, Alan D. Bright2, Paul J. Meiman3, Joe E. Brummer4, and 
David J. Cooper3 
1 Graduate Program in Human Dimensions of Natural Resources, Warner College of Natural 
Resources, Colorado State University, Fort Collins, Colorado 
2 Human Dimensions of Natural Resources, Warner College of Natural Resources, Colorado 
State University, Fort Collins, Colorado 
3 Forest, Rangeland, and Watershed Stewardship, Warner College of Natural Resources, 
Colorado State University, Fort Collins, Colorado 
4 Department of Soil and Crop Sciences, Department of Agricultural Sciences, Colorado 
State University, Fort Collins, Colorado 
 
Hummocks are small mounds (generally <1 m in diameter and height) that result in an 
uneven ground surface and are commonly found in wetland areas throughout western North 
America. Preliminary discussions with natural resource specialists in Colorado suggest that 
the presence of hummocks in wetlands may be used as an indicator of wetland condition and 
might be related to management of domestic livestock. Research literature supporting the use 
of hummocks as indicators of condition is limited, and some studies suggest that hummocks 
form by processes unrelated to large ungulates. Due to the significance of wetland areas in 
conservation of western rangeland ecosystems, a formal examination of how resource 
specialists and other stakeholders interpret the presence of hummocks is an important 
research need. Using semi-structured interviews and fixed-item questionnaires, this study 
will examine how Colorado resource specialists and other key stakeholders interpret: 1) the 
presence of hummocks as an indicator of wetland condition, 2) theories related to hummock 
formation, 3) positive/negative ecosystem impacts associated with hummocks, 4) the need 
for, and use of management action in response to the presence of hummocks. Systematic 
comparisons across management agencies, professional disciplines, and geographical regions 
will provide a more thorough characterization of how hummocks are interpreted than is 
currently available in the literature. Results will thus enhance the understanding of the role 
hummocks play in rangeland management, and suggest hypotheses to be tested with field 
experiments to further clarify key edaphic, microclimatic, hydrologic, and vegetative 
characteristics of hummocks.  
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Linking ecological and economic state-and-transition models for 
adaptive management of rangeland ecosystems 

Maria E. Fernandez-Gimenez1, Willow Hibbs1, Emily Kachergis2, Windy Kelley1, 
James Pritchett3, Kira Puntenny, 1 John Ritten4, Roy Roath1, Monique Rocca1, Aleta 
Rudeen1, and Ryan Wattles1 

1 Department of Forest, Range, and Watershed Stewardship, Warner College of Natural 
Resources, Colorado State University, Fort Collins, Colorado 
2 Graduate Program in Ecology, Colorado State University, Fort Collins, Colorado 
3 Department of Agricultural and Resource Economics, College of Agricultural Sciences, 
Colorado State University, Fort Collins, Colorado 
4 Department of Agricultural and Applied Economics, University of Wyoming Laramie, 
Wyoming 
 
Stewards of western rangelands manage increasingly complex social-ecological systems with 
few decision-making tools to assist them. Sources of ecological complexity include non-
native invasive species, altered fire regimes, and climate change. Social complexity is 
increasing due to land conversion and rising land values, the changing demographics and 
character of rural communities, and shrinking producer profit margins. These accelerating 
ecological and social changes threaten the viability of ranches, sustainability of working 
landscapes, and well-being of rural communities. At the same time, natural resource 
management policies have transitioned away from “command and control” management and 
equilibrium-based scientific paradigms, towards land stewardship that applies adaptive 
management and collaborative learning to build ecological and social resilience. This shift in 
management philosophy has increased awareness of the importance of multiple ecosystem 
services, and the need to quantify and value both market and non-market services. Practical 
tools to help land managers in the transition towards adaptive management for ecosystem 
resilience are sorely lacking. This integrated research and extension project will develop and 
promote one such tool, a linked ecological and economic state-and-transition model (STM), 
to help ranchers and land managers understand the effects of economic decisions on land 
health and ecosystem services, and the impacts of changing ecological conditions on ranch 
economic viability and profitability. 
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Organic annual forages grown in rotation with winter vegetables 

Daniel A. Goldhamer1, F.H. Stonaker2, Joe Brummer3, Maysoon Mikha4, Matt R. 
Booher3, and Jessica G. Davis3 
1 Graduate Program in Soil and Crop Sciences, College of Agricultural Sciences, Colorado 
State University, Fort Collins, Colorado 
2 Department of Horticulture and Landscape Architecture, College of Agricultural Sciences, 
Colorado State University, Fort Collins, Colorado 
3 Department of Soil and Crop Sciences, College of Agricultural Sciences, Colorado State 
University, Fort Collins, Colorado 
4 USDA-ARS, Akron, Colorado 
 
There are a limited number of organic forage producers in Colorado and thus organic dairies 
are faced with a shortage of high quality, locally produced organic forage. In order to satisfy 
the demand for high quality organic forage, these dairies are forced to truck in forage from 
locations as far away as Montana and Idaho. Thus this is an opportunity for local organic 
producers to step in and satisfy this demand. This study was conducted to explore warm 
season forage production in rotation with spring vegetable production as a viable cropping 
system. In order to evaluate the usefulness of annual forage crops in an organic vegetable 
production rotation, Teff (Eragrostis tef) and German millet (Setaria italic) were seeded in 
the summer of 2008. The grasses were either seeded alone or in combination with either 
forage soybean (Glycine max) or Sesbania (Sesbania macrocarpa). The viability of these 
forage crops was evaluated in terms of their yield, crude protein content, digestibility, and 
weed composition. In the spring after the harvest of the forage crops, a crop of lettuce 
(Lactuca sativa) was planted and yield was measured. Yields for forage were between 
4656.68 Kg ha-1 for Tef alone to 77743.44 Kg ha-1 for German millet alone. These two were 
the only significantly different forage mixes in terms of yields. Additionally, when millet was 
planted alone, it contained significantly less weeds then the other forage treatments. The 
German millet when planted alone was composed of 28.89% weeds while the other forage 
treatments contained between 45.34% to 66.17% weeds. Additionally, legume establishment 
in all plots was poor with at most 1.1% of the mix being legume which was the Tef and 
forage soybean treatment. There were little significant differences between the forages in 
terms of digestibility and crude protein. Thus this production system may provide growers 
with an opportunity to expand their market while also providing dairies with a local source of 
organic forage if the issues of weed control and legume establishment can be fixed.  
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The agricultural cost to support wildlife in Colorado 
 
Dana Hoag 
Department of Agricultural and Resource Economics, College of Agricultural Sciences, 
Colorado State University, Fort Collins, Colorado 
 
Few people would disagree that agriculture can find a healthy coexistence with wildlife. 
However, studies show that wildlife can cost farmers and ranchers in excess of $4 billion 
annually across the United States. This study provides an estimate of what wildlife 
interactions cost farmers and ranchers in Colorado, using secondary data such as GIS maps 
of livestock and wildlife populations, food sources and land ownership, and benefit transfer 
from previously published research. Wildlife costs to agriculture include 1) opportunity costs 
(lost profits from lost production of crops or livestock taken by predators), 2) damages (such 
as fence repairs or stored feed consumed), and 3) prevention and management (actions taken 
to prevent wildlife damage).     
 
Estimated costs include predation of sheep and cattle, competition for forage from ungulates, 
competition from prairie dogs for forage, and prevention costs from producers, the state of 
Colorado, and the Federal government. Altogether, estimated costs exceed $60 million 
annually. Predation costs are about $19 million; ungulate competition is almost $23 million; 
competition from prairie dogs is about $10 million; and prevention costs are about $15 
million. These estimates are compared to two published studies by applying their survey 
findings to Colorado demographics, which result in estimated costs of $49 million and $61.7 
million. These damages are on top of about $13 million spent by state and federal programs 
to prevent damages.  
 
Understanding where costs occur in agriculture will help focus efforts, like education and 
government cost-sharing programs, to manage wildlife damage to where it is most beneficial. 
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Describing ecosystem shifts in aspen rangelands using data-
driven state and transition models 

 
Emily Kachergis1, Maria Fernandez-Gimenez2, Monique Rocca2 
Graduate Program in Ecology, Colorado State University, Fort Collins, Colorado 
Department of Forest, Rangeland, and Watershed Stewardship, Warner College of Natural 
Resources, Colorado State University, Fort Collins, Colorado 
 
Rangeland stewards must manage complex ecosystems amid increasing uncertainty about 
future ecosystem dynamics. State and transition models (S-T models) are conceptual models 
of vegetation change that show promise as a decision-making tool to reduce this uncertainty. 
S-T models integrate different types of knowledge about the sources of ecological 
complexity (e.g. invasive species, altered fire regimes) and communicate current 
understanding of how these factors impact rangeland ecosystem dynamics. They aid in 
decision-making by showing the outcomes of management alternatives and enabling 
comparison of the costs and benefits of applying management practices to different parts of 
the landscape. While many S-T models are based on expert knowledge, we are interested in 
developing data-driven models and standardizing field and statistical methods. We sampled 
aspen plant communities in northwestern Colorado to describe their response to grazing 
management practices and ecological disturbances and construct a data-driven S-T model. 
Species cover, aboveground production, percent utilization of grasses and forbs, and aspen 
size and density were estimated on 30 plots stratified by grazing management history. 
Measured environmental variables included slope, aspect, and understory light availability. 
States and transitions were determined using cluster analysis and non-metric 
multidimensional scaling of cover data together with herbivory, management and disturbance 
history, and environmental variables. Results describe distinct plant communities that are 
characterized by dominant vegetation as well as unique disturbance histories and aspen stand 
structures. Differences in forb grazing intensity associated with contrasting toxicity and 
palatability of the Larkspur and Palatable Forb communities suggest that herbivory may drive 
differences in aspen understory composition in these communities. All Mixed Forb plots 
occurred in either non-persistent or non-self-replacing aspen stands. The Reproducing Aspen 
plant community had high densities of aspen saplings and adults, and included all burned 
plots. This approach generated hypotheses about aspen states and how disturbances and 
grazing management drive transitions between them. Long-term monitoring data and local 
knowledge will facilitate construction of a data-driven S-T model. 
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Timing of sage grouse habitat requirements and implications for 
livestock management 
 
Heather R. Messick 
Graduate Program in Integrated Resource Management, Colorado State University, Fort 
Collins, Colorado 
 
Concern over the long-term success of sage grouse populations is rising. As such, ecosystems 
that support sage grouse are considered critical habitat across North America. When 
discussing management of sage grouse habitat, livestock is often considered detrimental to 
habitat quality. However, with an understanding of the effects of livestock grazing on the 
components of sage grouse habitat, management programs could likely be used for habitat 
enhancement. Specifically, the resource manager must understand how vegetation structure 
and species composition influence habitat quality. This is not an easy task, as sage grouse 
require six different habitats annually. This poster provides a synthesis of seasonal vegetation 
required by sage grouse and associated implications for resource managers seeking to 
optimize sage grouse habitat by managing the timing of livestock grazing. 
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Wild ungulate herbivory of willow outside of national parks is a 
significant management consideration 
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3 Department of Renewable Resources, College of Agriculture, University of Wyoming, 
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4 Department of Agriculture, School of Science and Technology, Cameron University, 
Lawton, Oklahoma 
 
Livestock and wildlife browse willow, but efforts to quantify willow herbivory by wild 
ungulates are rare except in national parks. As a result, willow herbivory is often attributed to 
livestock and livestock operators are required to change their management as a result. This 
study was conducted to estimate willow utilization by wildlife on two U.S. Forest Service 
cattle and horse allotments in northern Wyoming and to compare these values to published 
estimates for national parks. We also compared total annual and seasonal willow utilization 
by wildlife between sites dominated by willows of different heights. A repeated measures 
analysis was used to determine the effects of height category, site and season on willow 
utilization. Willow utilization transects were established at 12 sites on 2 allotments. Willow 
twig lengths were recorded four times over 12 months to estimate willow utilization for three 
periods. Compared to published estimates for national parks, total annual willow utilization 
was similar on one allotment (P=0.0864), and greater on the other (P=0.0421). There were no 
general seasonal patterns of willow utilization for short or tall willow communities on either 
allotment, but rather differences among sites within height categories (P<0.001). Total annual 
willow utilization by wildlife on both allotments varied by site within height category 
(P=0.0165) preventing generalizations for tall or short willow communities. Wildlife 
browsing pressure on willow in this study was similar to, and perhaps higher than reports for 
national parks where significant concern has been expressed about the condition of riparian 
willow communities. Clearly, willow utilization should be partitioned between wildlife and 
livestock where both groups of ungulates exist. 
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Landscape scale constraints on conversion of a sagebrush steppe 
ecosystem to an annual grass dominated stable state in 
southeastern Wyoming 
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Cheatgrass (Bromus tectorum) is one of the most prolific invaders of western rangelands, 
increasing fire frequency, decreasing wildlife and livestock habitat value and limiting the use 
of prescribed fire as a management tool. Once cheatgrass becomes established, it modifies 
the environment to create an ecologically stable state that is resilient to both successional 
processes and management intervention. The objective of the study reported here is to 
evaluate landscape scale constraints on conversion of perennial grass/shrublands to 
cheatgrass dominated stable states. Study sites were located in southeastern Wyoming and 
stratified by aspect and slope position along a fire chronosequence. Circular nested plots 
(CNP’s) were randomly located within these strata to measure effects on plant community. 
Field observations and preliminary analysis indicate that cheatgrass is more likely to persist 
on south facing aspects at low to mid elevations than on other aspects and at higher 
elevations. Additional CNP’s were established in areas prone to persistent infestation to test 
plant community and ecosystem process response to cheatgrass invasion, fire history, 
chemical control, seeding, and grazing. Future field work will assess the effectiveness of 
treatments to reduce the rate of N turnover and rate of soil moisture depletion. Researchers 
have identified these factors as key processes that promote alternative stable states dominated 
by cheatgrass. 
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Cost and effectiveness of traditional versus modern methods for 
preventing carnivore depredation on livestock 
 
Jordan E. Sedlacek 
Graduate Program in Integrated Resource Management, Colorado State University, Fort 
Collins, Colorado 
 
Since humans have been caring for animals, they have been in conflict with carnivores 
attacking those animals. Every year in the United States, carnivore depredation on livestock 
costs producers around 93 million dollars and in is responsible for 36% of all losses in the 
sheep and lamb industry. In the past, lethal control has been used on carnivore populations. 
Today, managers are becoming increasingly aware that not only are these programs 
unpopular with the public, but they may be ineffective at preventing depredation and 
antithetical to conservation goals. Research in recent years has developed a multitude of non-
lethal options. These new techniques include sterilization, translocation, animal armor, 
disruptive stimuli and aversive stimuli. But these new technologies can be very expensive 
and may have a limited window of effectiveness. Traditional non-lethal methods such as 
intensive husbandry techniques, fladry, and guard animals are, in some situations, more 
effective and less costly than the newer technologies. It is essential to assess the resources 
that are already available. No one method will fit every situation, but producers should be 
aware of the existing options in order to make educated decisions on how to best benefit their 
operations. 
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Hummocks in riparian and wetland areas are relatively small mounds (typically less than one 
meter in height and diameter) that create uneven ground. The presence of hummocks is often 
used as an indicator of degraded riparian or wetland condition caused by domestic livestock 
which can influence grazing management plans. However, this assumption may or may not 
be valid, and little information is available regarding characteristics of hummocked and non-
hummocked sites. The objective of this study was to identify and describe the edaphic, 
climatic, topographic and vegetative characteristics of riparian and wetland areas in Colorado 
that do and do not support hummocks. Twenty-five natural resource professionals throughout 
Colorado provided ten sites each that were a mix of hummocked and non-hummocked in 
proportion to their local abundance. From this list, 40 hummocked and 40 non-hummocked 
sites were randomly selected for sampling. Several sites were unsuitable due to size of area 
or inadequate hummock cover resulting in 73 (35 hummocked and 38 non-hummocked) sites 
sampled across Colorado. Vegetation was evaluated using Daubenmire cover classes, soil 
samples were collected and site characteristics were recorded. Hummock size, shape and 
density were determined at hummocked sites. Preliminary results suggest that hummocked 
sites were more common at higher elevations (60% above 9000 feet) than non-hummocked 
sites (29% above 9000 feet) and occurred most frequently in slope wetlands as opposed to 
depressional or riverine wetlands. There did not appear to be consistent vegetation 
differences between hummocked and non-hummocked sites. Different types of hummocks 
were apparent which suggested different formative processes. 
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New approaches to livestock management unify production and 
wildlife objectives 
 
Theodore P. Toombs 
Environmental Defense Fund, Center for Conservation Incentives, Boulder, Colorado 
 
Wildlife conservationists and agencies have recommended managing rangelands for 
vegetation heterogeneity to improve wildlife habitat, particularly for many grassland birds. 
However, range management focuses on livestock production and associated practices and 
structural items (e.g., fences, water developments) that are applied to improve livestock 
distribution. This poster assesses the occurrence of livestock distribution-oriented grazing 
management in the spending and applied practices of the Natural Resources Conservation 
Service (NRCS), the federal agency charged with assisting private landowners with 
implementation of U.S. Department of Agriculture conservation programs. NRCS applied 
practices and spending both suggest an emphasis on livestock distribution and associated 
structures, with almost 20 million ha of prescribed grazing systems, 10,000 km of fence, and 
127,000 water facilities implemented in 17 western states with assistance from NRCS 
programs between 2004 and 2007. We suggest that increasing the emphasis of NRCS 
conservation programs and financial assistance on maintaining or increasing compositional 
and structural heterogeneity of vegetation, rather than livestock distribution, could be an 
approach that unifies livestock production and wildlife habitat objectives. To address these 
strategies, several organizations hosted a two-day workshop entitled “New Approaches to 
Managing Semi-Arid Grasslands:  Promoting Habitat Diversity While Supporting Livestock 
Production.” See link http://www.ars.usda.gov/Main/docs.htm?docid=17215. Participants 
included local, regional, and national wildlife biologists, rangeland specialists from both state 
and federal agencies, and representatives from cattlemen’s and conservation organizations 
from 10 western grassland states. In this poster, we showcase some of the ideas presented in 
the workshop, and highlight some of the changes in the agency that indicate recognition of 
this issue. 



 

 

 



   Energy 
 

 
29 

Heartland Renewable Energy, LLC bio-energy facility 
 
Don Anderson1, Lindsay Sartorius1, Tim Naylor1, George Howard2, Roger Dirstine2, and 
Tom Kremer2 
1 AGPROfessionals, LLC, Longmont, Colorado 
2 Heartland Renewable Energy, LLC, Longmont, Colorado 
 
Heartland Renewable Energy, LLC in conjunction with Colorado Green, LLC is proposing an 
anaerobic digester facility located in southeast Weld County, Colorado. Anaerobic digestion of 
organic wastes in a controlled environment yields environmentally sound products. This facility 
will utilize agricultural wastes (including cattle manure) from confined animal feeding 
operations, organic wastes from local meat processing facilities, facility wastes from restaurants, 
food and beverage processing establishments, yard and horticultural wastes, and various forms of 
green waste.  
 
The digestion process will yield two major outputs: 1) A methane rich gas stream which will be 
refined and processed to meet the quality requirements for interstate pipeline gas, and for 
injection into the local high pressure natural gas transmission pipeline; and 2) A composted solid 
by-product, superior to traditional compost and soil amendments for horticultural and 
agricultural applications, will be produced and marketed to various distributors and end users.   
 
The process of using cattle manure, food wastes and other organic wastes as feed stock for the 
digester facility will preclude release of pollutants to the environment, and specifically, will 
reduce the emission of significant amounts of nitrous oxide to the atmosphere. Nitrous oxide is a 
greenhouse gas which is emitted from natural decomposition of manure in an aerobic 
environment. This natural decomposition yields an environmental impact that is approximately 
300 times more detrimental than carbon dioxide in its environmental impacts and negative 
effects on the upper atmosphere. 
 
Estimated daily production of biogas from this facility will be approximately 340,000 cubic 
yards, which will be withdrawn and processed for delivery to the natural gas transmission 
pipeline. This facility is currently in the permitting process with Colorado Department of Public 
Health and Weld County Planning Services. 
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This project assesses the economic feasibility of anaerobic digesters (AD) in Mountain West 
livestock operations. Converting manure and other feedstocks into energy through anaerobic 
digestion provides opportunities for the production of renewable energy as well as a potential 
value-added source of income for producers. However, large-scale AD investment and 
implementation still faces a variety of hurdles, several of which are unique to the Mountain 
West. Comparisons will be made between Western livestock operations and those in the Midwest 
and Eastern United States in order to identify how regional assumptions and variation affect AD 
profitability.  
 
The study will also explore the effect of odor nuisance issues on the economic feasibility of 
anaerobic digesters. Previous lawsuits suggest that odor violations in livestock production can be 
quite significant and can potentially be mitigated through AD installation. We attempt to 
quantify this risk (although it will likely vary significantly across operations) as well as address 
how institutional factors relating to odor nuisance affect AD feasibility. 
 
By identifying economic and technological bottlenecks, this research could potentially yield 
practical advice for operations in the West considering AD installation, as well as provide policy 
advice for state and local governments looking to promote alternative energy generation and 
rural economic development. 
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Algae meal from Nannochloropsis oculata as a safe and nutritionally 
adequate source of crude protein for rat diets 
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As the demand for fossil fuel continues to increase, the need for sustainable, alternative fuels is 
becoming more important. The use of high oil producing algal species to produce bio-fuel is 
being explored as a more sustainable and economical alternative to both fossil fuels and bio-fuels 
derived from grain crops. A study was developed to explore the safety and possible nutritional 
benefits of utilizing the algae meal that remained after the oil was extracted from the algae 
species Nannochloropsis oculata. This algae meal was then added at 10% inclusion level to a test 
diet that was isocaloric and isonitrogenous to the control diet (with no algae meal). Twenty-four 
adolescent male Sprague-Dawley rats were the test subjects for a feeding trial that fed 12 rats the 
control diet (no algae meal) and 12 rats the test diet (10% algae meal). The rats were fed ad-
libitum for 36 days, and body weights were recorded every seven days. Blood was drawn via a 
lateral venous tail puncture, and analyzed using an ISTAT handheld blood analyzer on days 0 
and 21 of the study. A nutrient balance trial was conducted from day 21 through day 28, 
measuring all food and water consumed, as well as all feces and urine produced. On day 36 of 
the study, the rats were euthanized, blood was collected via a heart puncture, at the same time the 
organ weights were recorded, and tissue samples for histology were taken of the kidneys, liver 
and spleen. Chemical analyses were run on the urine and feces collected, and no toxic elements 
were recovered. Overall, the results showed that the algae meal of Nannochloropsis oculata was 
a safe and nutritionally adequate source of protein for young, growing rat diets.   
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Multistage anaerobic digestion of agricultural wastes 
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A leachate based digestion system utilizing a high rate reactor has been constructed and 
demonstrates promise as an effective bio-energy solution for agriculture in the arid west. 
Feedstocks demonstrated in this system include animal manures from feedlots, dairies, and 
stables, as well as agricultural and food processing residues. This system utilizes much less water 
than conventional anaerobic digestion systems. When coupled with our nutrient recovery reactor, 
the water requirements for this process compare favorably with the water required for aerobic 
composting in arid climates. 
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A biosensor for rapid detection of Escherichia coli O157:H7 in 
environmental water 
 
Juan Leon1, Bledar Bisha2 and Lawrence D. Goodridge2 
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Contaminated water from environmental sources may facilitate transfer of E. coli O157:H7 
to food. The objective of this study was to develop an Antimicrobial Incorporated Multi-
Angle Light Scattering (ANIMALS) based assay for rapid detection of viable E. coli 
O157:H7 in environmental water. Appropriate E. coli O157:H7 and Salmonella enterica 
serovar Typhimurium isolates were seeded into individual 50 ml water samples at several 
concentrations (101, 102, 103 CFU/ml). The samples were subjected to immunomagnetic 
separation (IMS) using E. coli O157 specific IMS beads. Following IMS and wash steps, the 
beads (with any bacteria attached) were resuspended in 1 ml of lambda diluent, and one half 
(500 Âµl) of each sample was added to 10 mls of tryptic soy broth (TSB) that contained 1 ml 
of a 37 bacteriophage cocktail (1010 PFU/ml). The other half of the samples were added to 
TSB that did not contain the cocktail and these samples served as controls. The samples were 
incubated for 6, 10, and 15 hours. Following incubation, 100 Âµl aliquots were removed 
from each sample, and separately assayed using a SpectraPoint light scattering spectrometer. 
Light scattering spectra were generated for each sample. An algorithm was developed to 
evaluate the area under the curve of each spectra, and mean values were obtained from each 
spectra (test and control). Differences between the means of the test and control samples 
were used to determine a positive or negative test result. E. coli O157:H7 was detected in all 
samples that contained this pathogen within 6 hours. For example, as few as 101 CFU/ml of 
E. coli O157:H7 was detected within 6 hours. In contrast, the samples that contained S. 
Typhimurium were consistently negative. These results demonstrate the ability of ANIMALS 
to detect viable bacterial cells, following phage infection. When coupled with IMS, this 
method may be applied to the rapid and sensitive detection of viable E. coli O157:H7 in 
water from environmental sources. 
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Development of portable constructed wetland filters for 
treatment of agriculturally impacted water 
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Constructed wetlands have been in use in Europe and Great Britain and the U.S. for treating 
agricultural wastewater, particularly dairy parlor wastewater, for over 20 years. Constructed 
wetlands have lower capital costs and maintenance requirements than traditional wastewater 
treatment systems such as aerated lagoons or activated sludge processes, which are also 
unrealistic treatment options for multiple decentralized wastewater sources such as dairies 
and feedlots. In the past, treating wastewaters containing high levels of organic matter and 
ammoniacal-nitrogen with constructed wetlands was restricted due to poor distribution 
throughout the active zones of a wetland and low oxygen transfer across the water-biosolids 
interface.  These disadvantages can be minimized by subsurface flow systems which 
distribute water evenly throughout a planted bed media and by allowing the wetlands to cycle 
through wet and dry periods by utilizing pulsed or “tidal” flow conditions.   
 
Vertical flow constructed wetlands are characterized by both conditions. The objective of the 
current study is to develop portable constructed wetland filter units to effect treatment of 
water impacted by agricultural runoff. The constructed wetlands units comprise of an 8ft 
diameter galvanized aluminum livestock sedimentation tank, placed on a 7-foot steel stand, 
which feeds two separate wetland units by gravity flow. The top section of the wetland unit is 
a 4ft diameter galvanized aluminum livestock feeding tank, which has the bottom removed 
and replaced with 1in steel grating. The bed matrix consists of 5cm of a 60-100mm diameter 
gravel bottom layer, followed by a 30cm layer of 20-40mm diameter volcanic tuff or 100mm 
x 15mm PET plastic pieces from 2L soda bottles, and a 15cm top layer of 60% topsoil and 
40% dairy compost soil. The topsoil is planted with eight plants each of three species of 
Carex nebrascensis (Nebraska sedge), Scirpus americanus (Three square bulrush), and 
Juncus balticus (Baltic rush).  
 
Submerged roughly halfway through the topsoil layer is a subsurface irrigation system 
composed of 1/2in PVC pipe with holes drilled approximately 1.5in apart along the length of 
the lateral pipes. The top units are placed on 3.5 ft tall steel stands coated in a polyurethane 
paint, which sets inside a lower 4ft diameter galvanized aluminum tank which serves as a 
reservoir for the percolating water from the top unit. This water is recirculated back to the top 
unit by an Easy Pro Mag submersible pump (Model # EP200). The filters are currently being 
primed, and will be evaluated shortly for their ability to remove microorganisms from 
agricultural water. 
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In the past century, antibiotics have revolutionized human medicine by reducing morbidity 
and mortality associated with infectious disease. And yet, the number of antibiotic resistant 
infections has been increasing while the numbers of new antibiotics coming to market has 
been steadily decreasing. The Center for Disease Control recognizes antibiotic resistance as a 
crucial public health crisis that needs to be addressed. Environmental pathways are attracting 
attention as a potentially important factor in the growing problem of antibiotic resistance. 
Animal feeding operations (AFO) and wastewater treatment plants (WWTP) are potential 
sources of antibiotic resistance genes (ARG) in rivers and/or antibiotics that may select for 
ARG in native river bacteria. The aim of this study is to identify ARG profiles that can 
characterize potential sources of ARG including the native river and then use this knowledge 
to determine the sources and mechanisms involved in the spread of ARG to river 
environments.  
 
To this end, three wastewater treatment plants, six animal feeding operation lagoons, three 
sites along a pristine region of the Cache la Poudre River, and a wildlife fish rearing unit 
were compared with respect to the distribution, levels, and phylogenetic diversity of their 
ARG profiles.  From correspondence analysis of the distributions of ARG in the source 
environments and pristine PR, tet(H), tet(Q), tet(S), and tet(T) were found to indicate animal 
feeding operation influence, while high detection frequencies of tet(C), tet(E), and tet(O) 
were more typical of wastewater treatment plant profiles.  Sul(I) was detected in 100% of 
samples from source environments, but just once in the pristine river environment. The ARG 
profile of the pristine Poudre River was dominated by tet(M) and tet(W), demonstrating their 
presence in an environment does not indicate anthropogenic disturbance. The tet(W) gene 
libraries from pristine Poudre River, wastewater treatment plants, and animal feeding 
operation lagoons, were each unique, as determined by both restriction fragment length 
polymorphism and phylogenetic analysis. The libraries of different wastewater treatment 
plants were fairly similar, but the animal feeding operation lagoon libraries were quite 
diverse.  
 
Secondly, samples from the Poudre River and South Platte River in Northern Colorado were 
characterized with respect to the distribution, levels, and diversity of their ARG profiles. On 
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the basis of the ARG indicator variables derived in the study of source environments, most 
river samples were classified as wastewater treatment plant influenced by discriminant 
analysis. Classification and regression tree analysis was used to determine the relationship 
between spatial explanatory variables and the ARG response variables. There was good 
agreement between the classification of river sites according to spatial variables and source 
indicator variables, demonstrating the effectiveness of these indicators in source-tracking 
ARG.  
 
Through this research, a link between ARG indicator variables and spatial indicators was 
established. Furthermore, it was demonstrated that the ARG profiles of river samples were 
more similar to wastewater treatment plants than animal feeding operation lagoon or pristine 
river environments. Based on this work, transport of ARG from sources may be a reasonable 
mechanism for ARG proliferation in riverine environments. 
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Degradation kinetics of testosterone by manure-borne bacteria: 
influence of temperature, pH, glucose amendments, and dissolved 
oxygen 
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Land application of manure may contribute endocrine disrupting compounds (EDCs) such as 
steroid hormones to the environment. At trace levels, steroid hormones have been linked to 
various adverse effects on fish, including altered sex ratios, intersex fish, and diminished 
reproduction.Little attention has been paid to the potential for degradation of steroid 
hormones by manure-borne bacteria and their degradation kinetics and pathways. In a 
laboratory study, the potential for biodegradation of testosterone, 17β-estradiol and 
progesterone by swine manure-borne bacteria was examined. In addition, the impact of 
temperature (22 and 37°C), pH (6, 7, and 7.5), glucose amendments (0, 3, and 22 mM), and 
presence of oxygen on testosterone degradation kinetics was determined. Testosterone, 17β-
estradiol and progesterone were biodegraded within 25 hrs of reaction initiation under 
aerobic conditions. The degradation of testosterone followed pseudo first-order and zero-
order reaction kinetics under aerobic and anaerobic conditions, respectively, in tryptic soy 
broth (TSB) pre-enriched systems. The half-life (t1/2) for the degradation of testosterone 
under anaerobic conditions (no oxygen) was approximately six times longer than aerobic 
conditions (with oxygen present) for systems pre-enriched in TSB under oxic conditions, 
indicating that facultative anaerobic bacteria in swine manure transform testosterone more 
efficiently under aerobic conditions than anaerobic conditions. Testosterone degradation was 
found to significantly (p-value <0.025) increase (approx. 17%) when incubated at 
physiological temperature (i.e., 37°C) vs. 22°C. The impact of pH (t1/2 ranged from 4.4 to 
4.9 h) and glucose amendments (t1/2 ranged from 4.6 to 5.1 h) on the testosterone 
degradation rate were found to be small. Testosterone was transformed to 
dehydrotestosterone (major degradation product), androstenedione, and androstadienedione 
under aerobic conditions as revealed by liquid chromatography-UV absorption spectroscopy 
and confirmed by liquid chromatography-time-of-flight mass spectrometry (LC/TOF-MS). 
These results indicate that testosterone is rapidly degraded by manure-borne bacteria under a 
wide range of environmentally relevant conditions. However, the formed degradation 
products are still of potential concern due to their endocrine disrupting potential. 
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The Northern Plains and Mountains (NPM) Regional Water Program has developed and 
implemented a multi-state, multi-faceted toolbox of resources to strengthen the capacity of rural 
water users to assess the quality of their drinking and livestock water supplies. An on-line water 
quality interpretation tool allows users to obtain interpretations for drinking, livestock, and 
irrigation waters along with recommendations for water treatment practices. Livestock drinking 
water quality is not protected by regulatory oversight, putting the management burden on 
livestock producers and landowners to test, treat, and protect water resources used by livestock. 
Livestock problems resulting from nitrate, sulfate, total siTDS, and blue-green algae are known 
to cause economic losses and are well documented, but in general, a wide-array of water quality 
concerns have not received adequate attention by research and extension. Following an extension 
literature review, we compiled water quality recommendations for livestock and incorporated 
them into our online tool. Links to other sources of information on this topic, factsheets, and 
treatment options are included with recommendations. During the first four months of operation, 
more than 1,100 pages of text were viewed, with average visit time exceeding six minutes. To 
date, information on livestock water quality is the most frequently sought-after information. The 
tool will be demonstrated during the poster session. The tool can be accessed at: 
www.region8water.org 
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Use of Reactive Impoundment and Drain (RID) systems for 
removing nutrient, pharmaceutical and odor contaminants from 
animal feed operation waste lagoons. 
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The goal of the proposed research is to adapt the reactive impoundment and drain (RID) 
technology that has been developed for agricultural runoff near streams to animal feed operation 
(AFO) waste lagoons and ponds to minimize the release of phosphorus, nitrogen, pharmaceutical 
and sulfide-related odor compounds to the environment. The goals of this project support another 
CIVE project, “Development of a Two-stage Anaerobic Digester for Generation of Energy from 
Dairy and Feedlot Wastes in Colorado” by developing a technique to remove odors and reclaim 
nutrients while maximizing methane production. These projects are both in their early stages; 
this poster will describe progress to date and detail the objectives of the research and the 
expected benefits for the agricultural industry.  
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