Station Report to W-3012 – Montana State University

Timothy DelCurto

Objective 2. Coordinate research and extension activities in extensive livestock production systems.

· Work closely with the Nancy Cameron Endowment advisory committee to set research and teaching goals for my position as they relate to the needs of the Montana beef cattle industry.  Active participant with the Montana Stockgrowers Association with participation in quarterly and annual meetings. Discuss ongoing and future research with feedback from the Montana beef cattle industry.

· Invited Speaker at Regional, National & International Meetings/Symposiums:

· Invited speaker at the Saskatoon Beef Industry Conference (January 2019, 400 attendees)

· Invited speaker at the Beef Improvement Federation meetings (Brookings SD, June 2019, 500 attendees)

· Regional outreach activities:

· Montana Angus Association Fall Tour  (September, 2018; 400 attendees)

· Montana State Agriculture Appreciation Week (November, 2018; 500 attendees)

· MSU Winter Feeding Program Speaker (January 2019, 60 attendees)

· Harlotown Agriculture Appreciation Day Speaker (January 2019, 50 attendees)

· Montana Ag Live Television Show.  Panelist discussing value added programs with Montana’s beef industry (May 2019)

· Ag & Natural Resource Class from Clemson University tour of department of Animal & Range Sciences (June, 2019; 20 attendees) 

Objective 3. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Major Professor for masters student, Alyson Williams, studying the influence of cow size and weaning weight ratio on grazing behavior and landscape distribution patterns.  Project evaluated total DM intake, milk production and composition during the early post-partum period.  Completed project in 2018.

· Co-major Professor (with Dr. Megan Van Eman):

· Hayley White, studying the influence of pelleting on intake behavior of yearling heifers consuming a 25% salt pasture supplement.  Hayley will also study the impact of amount and frequency of salt intake on ruminal fermentation, microbial populations and digesta kinetics.

· Kristin Eisman (PhD Student) evaluating the impact of vitamin E on beef cattle performance and immune response in calves and/or during periods of stress.

· Co-major Professor (with Dr. Darrin Boss):

· Cory Parsons (PhD Student) who will evaluate the use of RFI taken with post weaning heifers on life time productivity, feed intake and performance characteristics.

·  Tyrell McClean, who will be studying the use of self-fed supplements (Bovabox by performix) with beef cattle.  Emphasis will be placed on supplement intake, variation in supplement intake, and performance in beef cattle grazing low-quality forages..

· Graduate Students just beginning their programs of study:

· Noah Davis

· Shay Larsen

· T.J. Carlisle

· We also routinely use undergraduates students as research technicians for research projects throughout the year.  Over the past year, I have utilized three undergraduate students and one will begin a master’s program in 2020.

Publications – Montana State University

Timothy DelCurto

Abstracts

Eiseman, K.R.,, A. Prill-Adams, J.H. Hampton, T. DelCurto, and M.L. Van Emon.  2019.  Evaluating historical data from the Wisconsin Beef Improvement Association (WBIA) Bull Test from 2013-2019.  J. Anim. Sci. (western section poster abstract).

McClain. T. P, S. A. Wyffels, N. G. Davis, C. F. Arias, B. H. Carter and T. DelCurto.  2019. The effect 
of loose mineral and salt on protein block supplement intake behavior with first calf heifers 
grazing late summer dry land pasture.  J. Anim. Sci. (western section poster abstract).

Western Section Symposium Proceedings

Wyffels, S. A., Williams, A. R., Parsons, C. T., Dafoe, J. M., Boss, D., DelCurto, T., Davis, N. G., Bowman, J. 2018.  The influence of age and environmental conditions on supplement intake and behavior of winter grazing beef cattle on mixed-grass rangelands (Issue suppl_1, 27  ed., vol. 2, pp. Pages S89–S92). Translational Animal Science. https://academic.oup.com/tas/article/2/suppl_1/S89/5108304?guestAccessKey=e87143d4-3e17-4d75-82a8-f6c3f3e7c4d2

Williams, A. R., Parsons, C. T., Dafoe, J. M., Boss, D., Bowman, J., DelCurto, T. 2018. The influence of beef cow weaning weight ratio and cow size on feed intake behavior, milk production and milk composition (Issue suppl_1, 27  ed., vol. Volume 2, pp. Pages S79–S83). Translational Animal Science.

Williams, A. R., Wyffels, S. A., Parsons, C. T., Dafoe, J. M., Boss, D., Bowman, J., Davis, N. G., DelCurto, T. 2018. The influence of beef cow weaning weight ratio and cow size on winter grazing and supplement intake behavior (Issue suppl_1, 27  ed., vol. Volume 2, pp. Pages S84–S88). Translational Animal Science.

Davis, N. G., S. A. Wyffels, D. Damiran, E. Darambazar, M. Vavra, R. A. Riggs, and T. DelCurto.  2019.  Influence of forest series and stand age on the growing season nutritional dynamics of plant growth forms in a mixed-conifer forest.  Translational Animal Sciences (In press).

DelCurto, T. , N. G. Davis, S. A. Wyffels, D. Damiran, E. Darambazar, M. Vavra, and R. A. Riggs.  2019.  The influence of forest series and stand age on individual plant species nutritional quality in a mixed-conifer forest.  Translational Animal Sciences (In press).

Parsons, C. T., S. Wyffels, J. Dafoe, D. Boss, and T. DelCurto.  2019.  Impacts of heifer post-weaning residual feed intake classification on reproductive and performance measurements of first, second and third parity Angus beef females.  Translational Animal Sciences (In press).

White, H. C. , N. G. Davis, M. L. Van Emon, S. A. Wyffels, and T. DelCurto.  2019.  Impacts of increasing levels of salt on intake, digestion, and rumen fermentation with beef cattle consuming low-quality forages.  Translational Animal Sciences (In press).

White, H. C., M. L. Van Emon, H. M. DelCurto-Wyffels, S. A. Wyffels and T. DelCurto.  2019.  Impacts of form of salt-limited supplement on supplement intake behavior and performance with yearling heifers grazing dryland pastures.  Translational Animal Sciences (In press).

Wyffels, S. A. , T.P. McClain, J. M. Dafoe, C. T. Parsons, D. L. Boss, and T. DelCurto.  2019.  An evaluation of the relationship between supplement intake behavior, performance and grazing behavior by beef cattle raised on mixed-grass rangelands.  Translational Animal Sciences (In press).

Refereed Journal Articles

Damiran, D., T. DelCurto, S. L. Findholt, B. K. Johnson, and M. Vavra. 2019. The effects of previous grazing on the subsequent nutrient supply of ungulates grazing late-summer mixed-conifer rangelands. Sustainable Agriculture Research 8(4):13–27. doi: 10.5539/sar.v8n4p13
Book Chapter, in Scholarly Book-Revised, In Press
Putman, D., DelCurto, T. Forage systems for Arid Regions.  In: R. F. Barnes, C. J. Nelson, K. J. Moore, and M. Collins (Eds) Forages, Volume II.  The Science of Grassland Agriculture (7th edition).  Iowa State Press, In Press. Forages:  The Science of Grassland Agriculture. Blackwell 

Manuscripts in preparation

Clark, A. A., T. DelCurto, and S. A. Wyffels.  2017.  The Influence of Lactation on Botanical Composition, Diet Quality, and Grazing Behavior of Cattle Grazing Native Bunchgrass Prairie.  Rangeland Ecology and Management.  In preparation.

Impacts – Montana State University

Timothy DelCurto

· Initiated collaboration with Dr. Darrin Boss (MSU Northern Agriculture Research Center) and Dr. Megan Van Emon to evaluate strategic supplementation strategies for beef cattle winter grazing northern mixed grass prairies.  Project looks at optimal supplementation delivery systems that optimize beef cattle production with distribution and use of native vegetation during the winter season.  Project will be ongoing and utilize SmartFeed Pro Supplement delivery technology with GPS collars to identify best management practices for western beef producers.

· Working with Dr. Megan Van Eman as well as Kim Hager and Cenex Harvest States to evaluate self-limited intake of supplements with the appropriate additional of salt.  A series of studies is underway that will characterize variation in intake, the influence of pelleting on intake variation, and the impact of amount and frequency of salt intake on ruminal fermentation and digesta kinetics.
· Currently working on collaboration with Cargill (Dr. Anna Taylor and Steve Stafford) as well as Montana State Faculty (Dr. Wyffels, Van Emon and Sanford) to evaluate the Cargill sustained release ruminal mineral bolus.  Research is currently evaluating the efficacy of the bolus (degradation rates under various ruminal environments) and, with successful preliminary data, will be expanded to digestion and performance research in the future.  

Station Report to W-2012 – Oregon State University (2019)

David Bohnert

Objectives:

1.
Assess variation across space and time for n-alkane composition in unique classes of forages common to the Western United States, which is necessary for predicting feed intakes and diet choices of grazing ruminant animals.
Nothing to report

2.
Coordinate research and extension activities in extensive livestock production systems.
a) Presented 23 on livestock nutrition or beef cattle nutritional management in rangelands systems to 562 people.

b) PI on a research project on “Horse Impacts on Sage-Grouse Habitat Structure and Composition on grazed Rangelands”.  This research is being conducted in cooperation with the ARS group at EOARC Burns and a private landowner.  We are in the second year of a 3-year preliminary data collection period.  IMPACT: Given that feral horse numbers are at an all-time high nationally, and that horse density in most publically managed Herd Management Areas is above the Allowable Management Level, quantifying the impacts of feral horses on sage-grouse habitat is of critical importance.  This research will provide baseline information on the effects of free-ranging horses on habitats used by sage-grouse for nesting purposes.

c) Co-PI on a research project titled “Grazing Season of Use Effects on Sagebrush Obligate Avian Habitat.  IMPACT: This research will fill important knowledge gaps that currently exist around the short- and long-term effects of different grazing regimes on plant community and habitat characteristics of sagebrush rangelands”. This research will also fill a sizeable knowledge gap related to the influence of grazing on sagebrush-obligate songbird abundance and nest success. This is the kind of information that is desperately needed to help rangeland owners and managers identify and implement management practices that are sustainable for both grazing and sagebrush obligate avian species in the sagebrush ecosystem.

d) Collaborator on a study titled “Testing the Compatibility of Innovative Cattle Grazing Practices with Salmonid Restoration: Meadow Creek Experiment, Starkey Experimental Forest and Range, Northeast Oregon”.  Cattle grazing is the dominant land use on public allotments in the western United States that contain salmonid-bearing streams, and where recovery of salmonids under the Endangered Species Act has become a primary objective. Testing of innovative grazing practices compatible with salmonid recovery, however, has received little research attention, and represents a major knowledge gap and source of controversy in management. To address this knowledge gap, we are testing a set of grazing practices designed to minimize grazing time by cattle in riparian areas and the potential for detrimental grazing effects on salmonids. IMPACT: This research should result in an assessment of the practical and economic viability of innovative grazing practices.  These practices include the use of small pastures, upland water, upland nutritional supplementation, short grazing periods, real-time forage monitoring, moderate stocking rates, deferred rotation, early-season grazing, compressed late-season grazing, and regular monitoring and herding of cattle, all of which are intended to maintain cattle distribution in uplands. These practices are not new, but their integration is novel and untested at practical scales of public allotments. The logistical and economic feasibility of these practices, which require more intensive herd management and infrastructure investments, also is a key research focus. Social acceptance of the practices found to be ecologically and economically effective is an additional focus of critical importance.

Outreach is a critical component of these research projects and will be essential in the success of incorporation and acceptance of the resulting management recommendations.

3.
Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.
a) Member of graduate committee for 2 graduate students (M.S. & Ph.D.) who graduated from OSU; currently serve on the graduate committee for 1 Ph.D. student from UI and 1 M.S. student from OSU.

b) Mentored 1 Post-Doctorial Scholar

c) Helped train 1 intern who assisted with beef cattle research and outreach programs.

Publications

Refereed Journal Articles

Schubach, K. M., R. F. Cooke, A. P. Brandão, T. F. Schumaher, K. G. Pohler, D. W. Bohnert, and R. S. Marques.  XXXX.  Impacts of post-weaning growth rate of replacement beef heifers on their reproductive development and productivity as primiparous cows.  J. Anim. Sci.  (Accepted 7/31/19).

Schumaher, T. F., R. F. Cooke, A. P. Brandão, K. M. Schubach, O. A. de Sousa, D. W. Bohnert, and R. S. Marques.  2019.  Effects of vaccination timing against respiratory pathogens on performance, antibody response, and health in feedlot cattle.  J. Anim. Sci.  97:620-630.  doi: 10.1093/jas/sky466

Marques, R. S., D. W. Bohnert, O. A. de Sousa, A. P. Brandão, T. F. Schumaher, K. M. Schubach, M. P. Vilela, B. Rett, and R. F. Cooke.  2019.  Impact of twenty-four hour feed, water, or feed and water deprivation on feed intake, metabolic, and inflammatory responses in beef heifers.  J. Anim. Sci.  97:398-406.  doi: 10.1093/jas/sky397

De Sousa, O. A., R. F. Cooke, A. P. Brandão, K. M. Schubach, T. F. Schumaher, D. W. Bohnert, and R. S. Marques.  2019.  Productive and physiological responses of feeder cattle supplemented with Yucca schidigera extract during feedlot receiving.  J. Anim. Sci.  97:208-219.  doi: 10.1093/jas/sky412

De Souza, K. A., R. F. Cooke, K. M. Schubach, A. P. Brandão, T. F. Schumaher, I. N. Prado, R. S. Marques, and D. W. Bohnert.  2018.  Performance, health, and physiological responses of newly-weaned feedlot cattle supplemented with feed-grade antibiotics or alternative feed ingredients.  Animal.  12:2521-2528.

Brandão, A. P., R. F. Cooke, K. M. Schubach, R. S. Marques, D. W. Bohnert, R. S. Carvalho, N. W. Dias, C. L. Timlin, S. Clark-Deener, J. F. Currin, D. B. Jump, K. G. Pohler, R. L. A. Cerri, and V. R. G. Mercadante.  2018.  Supplementing Ca salts of soybean oil after artificial insemination increases pregnancy success in Bos taurus beef cows.  J. Anim. Sci.  96: 2838-2850.  doi: 10.1093/jas/sky156

Silva, L. G. T., R. F. Cooke, K. M. Schubach, A. P. Brandão, R. S. Marques, T. F. Schumaher, P. Moriel, and D. W. Bohnert.  2018.  Supplementing a yeast-derived product to enhance productive and health responses of beef steers.  Animal.  12:1576-1583.  doi.org/10.1017/S1751731117003585

Proceedings

A. P. Brandão, R. F. Cooke, K. M. Schubach, R. S. Marques, D. W. Bohnert, and V. R. G. Mercadante.  2018.  Supplementing calcium salts of soybean oil after artificial insemination increases pregnancy success in Bos taurus beef cows.  Transl. Anim. Sci.: 2:S9-S13 doi: 10.1093/tas/txy017

Schubach, K. M., R. F. Cooke, A. P. Brandão, O. A. de Sousa, T. F. Schumaher, D. W. Bohnert, and R. S. Marques.  2018.  Supplementing Micro-Aid to optimize health and performance of receiving cattle.  Transl. Anim. Sci.: 2:S22-S26.  doi: 10.1093/tas/txy018.

Abstracts

Schroeder, V., J. B. Dinkins, D. D. Johnson, W. D. Robinson, C. Boyd, T. Miller, P. Schreder, K. Davies, F. Brummer, and D. W. Bohnert.  2019.  Contemporary grazing and sagebrush-obligate songbird reproductive success. Bend, OR: The Wildlife Society, Oregon Chapter.
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Wisdom, M., and D. Bohnert.  2018.  Testing the Compatibility of Innovative Cattle Grazing Practices with Salmonid Restoration: Meadow Creek Experiment, Starkey Experimental Forest and Range, Northeast Oregon.  Webinar Presentation to Forest Service Range Professionals, 23 January 2018.

Station/Field Day Reports

Bohnert, D. W.  2018.  Interspace/Undercanopy Foraging Patterns of Horses in Sagebrush Habitats: Implications for Sage-Grouse.  Beef177.  In: 2018 Oregon Beef Council Report, pp 75-76.

Popular Press

Bohnert, D. W.  2019.  Preparation is Key – Tips to Trouble-Free Calf Arrivals.  Oregon Cattleman.  February 2019.  pp 48-50.

Bohnert, D. W.  2018.  Getting Ready for the Calving Season.  Oregon Cattleman.  January 2018.  pp.  
Grants

Obtained the following grants ($1,018,590) in support of research/outreach programs

	Funding Source
	Role
	Date
	Amount Requested
	Amount Funded

	US Dept. of Interior; BLM
	Co-PI: V. Schroeder, D. Johnson, and D. Bohnert
	2019-2021
	$48,094
	$48,094

	Title: Grazing season of use effects on sagebrush-obligate avian habitat

	
	
	
	
	

	USDA-ARS
	PI: D. W. Bohnert
	2019-2022
	$900,000
	$900,000

	
	Co-PI: D. Johnson
	
	
	

	Title: Enhancing Rangeland Science Diversity in the Northern Great Basin

	USDA Forest Service
	PI: D. W. Bohnert
	2018-2019
	$62,496
	$62,496

	Title: Implementation Meadow Creek Cattle Grazing Practices to Evaluate Compatibility with Recovery of Threatened Salmonids

	
	
	
	
	

	Oregon Beef Council
	PI: D. W. Bohnert
	2018-2019
	$20,000
	$8,000

	Title: Interspace/Undercanopy Foraging Patterns of Horses in Sagebrush Habitats: Implications for Sage-Grouse

	
	
	
	
	


Station Report to W-3012 – University of Idaho

(Results shown are for work done on previous W-2012 which expires 9/30/2019)

James E. Sprinkle

Objective 1. Assess variation across space and time for n-alkane composition in unique classes of forages common to the Western United States, which is necessary for predicting feed intakes and diet choices of grazing ruminant animals.

· Continued collaboration with Dr. Ron Lewis of University of Nebraska-Lincoln to examine the utility of using a pulse dose alkane marker for predicting forage intake in a rangeland application. Laboratory results indicate that reliable logarithmic payout of the marker can be produced which enables prediction of fecal output and thus forage intake, passage rate, residence time, and gastrointestinal tract size. Validation feedlot study revealed ± 10% variance between actual intake (GrowSafe) and predicted intake for 4 cattle over 4 days.

Objective 2. Coordinate research and extension activities in extensive livestock production systems.

· Presented 12 talks (8 invited) on range livestock nutrition or range livestock research at 7 locations and 5 remote locations (Webinar) in Idaho and 2 locations in Montana to approximately 475 people. 

· Presented 1 invited talk on E. coli and grazing to 19 agency employees and grazing permittees on a DEQ identified watershed of concern near Pocatello, Idaho. Assisted in writing a grant and securing funding to examine E. coli levels over time on the watershed and the source (human, wildlife, cattle). 

· Beef Cow Efficiency on Rangeland: A series of studies have been undertaken by faculty from the University of Idaho Nancy M. Cummings Research, Extension & Education Center to characterize cows that fit a rangeland environment. Using efficient and inefficient cows previously classified via residual food intake (RFI), cows have grazing behavior (locations, distance traveled, slope, elevation, walking time, resting time, grazing time, and bite rate), forage intake, and production efficiency (e.g., fertility, cow weight, and condition score) evaluated during mid- and late lactation as well as post weaning in a rangeland environment. Selection pressure on RFI is being applied by the cattle industry for bull purchases but very limited scientific studies have considered the impact of replacement heifers with divergent RFI in a limited range environment. The majority of grazing behavior data analysis has been completed and was presented at the Western Section, American Society of Animal Science meeting in Boise June 2019. A proceedings paper has been accepted by Translational Animal Science for this research. Our results indicate that efficiently ranked cattle utilize rugged rangeland more sustainably when summer temperatures increase; climbing to higher elevations, while inefficient cattle spent more time in the bottoms along creeks. Most likely, this was due to greater metabolic heat load which accompanies a larger gastrointestinal tract for cows with greater appetites. We also found that when temperatures were mild, inefficient cattle spent more time grazing than did efficient cattle (presumably due to greater appetite), but not when ambient conditions placed inefficient cattle in mild heat load. Other findings in our data suggest that inefficient cows initiate grazing earlier in the afternoon when temperatures are not elevated, most likely due to their greater appetite. There were no differences in cow weights and body condition among these lactating cows and weaning weights were similar.

· Protein Supplementation on Late Season Rangeland: Due to loss of performance that occurs for range cows on cool season grass rangelands during late fall, a 2 year study was conducted to evaluate performance and grazing behavior for supplemented vs non-supplemented cows on both rotated and continuously grazed pastures. The data was presented at the Western Section, American Society of Animal Science meeting in Boise June 2019. A proceedings paper has been accepted by Translational Animal Science for this research. Results indicate that cattle with reduced nutritional requirements (efficient vs inefficient cattle) rested more and walked less than did cattle with greater nutritional quality demands, which may be related to searching behavior. Similarly, cattle on continuously grazed pastures that were not provided with protein supplement engaged in similar searching behavior for a better-quality diet.

Objective 3. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Assisted in planning a national hands-on workshop (19 people) at the Society for Range Management annual meeting in Minneapolis on how to use and apply current technologies to assess livestock grazing behavior. Led one session on using accelerometers to assess daily livestock foraging behavior. Resources (programming script, example data, instruction manual, hands-on exercises) were permanently placed online https://app.box.com/folder/61108686720 to assist others in applying this technology to grazing experiments.

· 
Member of Graduate Committee, James Vinyard, M. S., Animal & Veterinary Science, 2016-2019.

·    Member of Graduate Committee, Alex Laurence-Treynor, College of Natural Resources, 2018-present.

· 
Member of Graduate Committee, Carmen Willmore, Ph. D., Animal & Veterinary Science, 2015-2019.

(Changed to another major in 2019, but continue to mentor her research project to completion.)

Grants – University of Idaho

James E. Sprinkle

Winford, E., J. Sprinkle, A. Kolok, M. Strickland, and R. Findlay. Mink Creek Watershed water sampling project. U. S. Forest Service, Caribou-Targhee National Forest, $25,153. 2019-2020.

Arispe, S., A. Hulet. N. Glenn, B. Perryman, D. Johnson, B. Schultz, S. Jensen, J. Sprinkle, and L. Henderson. Fine Fuels Management to Improve Wyoming Big Sagebrush Plant Communities Using Dormant Season Grazing: Equipping Rangeland Managers with Skills and Science-Based Information to Promote a Healthy Sagebrush Steppe. USDA National Institute of Food and Agriculture, Critical Agricultural Research & Extension, $299,797. 2019-2022.

Hulet, A., K. Lee, K. Launchbaugh, J. Sprinkle, and E. Winford. Dormant season grazing to reduce cheatgrass and promote perennial bunchgrasses. U.S. Forest Service, Intermountain Region, $431,308. 2019-2024.

Hall, J. B., M. Ellison, G. Chibisa, and J. Sprinkle. $4,900. Impact of grazing high nitrate forages on cattle performance and circulating methemoglobin concentrations. Mary Turner Endowment, University of Idaho Animal & Veterinary Science. 2019.

Sprinkle, J. E. Extension Support Endowment. Travel grant to attend Society for Range Management Annual Meeting. $500. 2019.

Sprinkle, J. E. University of Idaho internship. University of Idaho Cooperative Extension, $5,000. 2019. Turned back grant due to inability to secure an outstanding intern in time for summer work.

Sprinkle, J. E. Travel grant to attend W1188 Multistate Research Project: Maintaining resilient sagebrush and rural communities. Idaho Ag Experiment Station, $870. 2019.
Sprinkle, J. E. Travel grant to attend W2012 Multistate Research Project: Enhancing management, production, and sustainability of grazing ruminants in extensive landscapes. Idaho Ag Experiment Station, $550. 2019.
Sprinkle, J. E., J. B. Hall, M. J. Ellison, C. M. Willmore, and G. E. Chibisa. Determining optimal efficiency of beef cattle for Idaho rangelands. University of Idaho College of Agriculture and Life Sciences, $16,800 for laboratory analyses. 2016-2019.
Sprinkle, J. E., J. B. Hall, M. J. Ellison, C. M. Willmore, and G. E. Chibisa. Determining optimal efficiency of beef cattle for Idaho rangelands. University of Idaho, Idaho Experiment Station, $16,800 for laboratory analyses. 2016-2019.
Sprinkle, J. E., J. B. Hall, M. J. Ellison, C. M. Willmore, and G. E. Chibisa. Determining optimal efficiency of beef cattle for Idaho rangelands. University of Idaho College of Agriculture and Life Sciences Beef Program of Distinction, $2,000 for laboratory analyses. 2016-2019.

Sprinkle, J. E., J. B. Hall, C. M. Willmore, G. E. Chibisa, and M. J. Ellison. Determining optimal efficiency of beef cattle for Idaho rangelands. In-kind laboratory NIRS fecal analyses, Sonora A & M AgriLife Research Center, $6,000. 2016-2019.

Impacts – University of Idaho

James E. Sprinkle

Objective 2:

· Efficient cows can be selected (via residual feed intake classification) which graze rugged rangelands more sustainably than inefficient cattle (greater forage intake) while maintaining similar production efficiency. Thus, cattle ranches using this animal selection criteria can increase both profitability and environmental sustainability.

· Rotational grazing can enhance cow performance on late season rangeland even without added protein supplementation.

Objective 3:

· Online resources have been made available at https://app.box.com/folder/61108686720 to remove some of the mystery on using low-cost technology to collect grazing behavior data. Researchers using this site and the example datasets and programming script provided can effectively execute grazing behavior research using new technology such as accelerometers. 
Publications – University of Idaho

James E. Sprinkle

Refereed Journals

Sprinkle, J. E., S. D. Baker, J. A. Church, J. R. Findlay, S. M. Graf, K. S. Jensen, S. K. Williams, C. M. Willmore, J. B. Lamb, and D. W. Hansen. 2018. Regional assessment of mineral status in Idaho forage and range grasses. Prof. Anim. Sci. 34:494-504. DOI: https://doi.org/10.15232/pas.2017-01715 .

Vinyard, J. R., J. B. Hall, J. E. Sprinkle, and G. E. Chibisa. 2018. Effects of maturity at harvest on the nutritive value of Eragrostis tef (Moxie) when fed to beef cattle. Journal of Animal Science 96:3420-3432.  DOI: 10.1093/jas/sky202 093/jas/sky202

Society for Range Management Rangeland Assessment and Monitoring Committee. 2018. Utilization and residual measurement- A tool for adaptive rangeland management. Rangelands 40:146-151. https://doi.org/10.1016/j.rala.2018.07.003
Brugger, J., M. P. McClaran, and J. E. Sprinkle. 2019. ‘Storytelling’ natural resource conflict on U.S. public lands. Ethos: Journal of Anthropology. 25 pp. DOI: 10.1080/00141844.2018.1456476
Karl, J. W. and J. E. Sprinkle. 2019. A low-cost livestock GPS collar from commercial off-the-shelf parts. Rangeland Ecol. Manag. (Accepted).

Sprinkle, J. E., J. B. Taylor, P. E. Clark, J. B. Hall, N. K. Strong, and M. C. Roberts-Lew. 2019. Grazing behavior and production characteristics among cows differing in residual feed intake while grazing late season Idaho rangeland. J. Anim. Sci. (Submitted).

Proceedings

Sprinkle, J. E., M. J. Ellison, J. B. Hall, J. V. Yelich, C. M. Willmore, and J. R. Brennan. 2019. Are low residual feed intake cows adapted to rangelands? Transl. Anim. Sci. (Accepted).

Sprinkle, J. E., J. K. Sagers, J. B. Hall, M. J. Ellison, J. V. Yelich, J. R. Brennan, J. B. Taylor, and J. B. Lamb. 2019. Grazing behavior and production for cattle on differing late-season rangeland grazing systems with or without protein supplementation. Transl. Anim. Sci. (Accepted).

Abstracts

Sprinkle, J. and J. R. Brennan. 2019. Monitoring daily livestock foraging activity with accelerometers; Calibration, formula discovery, and final data processing. Society for Range Management. 12 February 2019. Minneapolis, MN.

Sisson, M. L., J. E. Sprinkle, and R. R. Loucks. 2019. Archiving historic University of Idaho beef cattle mineral study data. Undergraduate poster presentation, West. Sec. Amer. Soc. Anim. Sci. 12 June 2019. Boise, ID.

Extension Publications

Sprinkle, J. E. 2018. Applying adaptive grazing management. Pacific Northwest Extension Publication. PNW 711. 8 pp.

Sprinkle, J. 2018. 2018 Utilization report Poison Creek Allotment and Rock Creek Ranch. 8 pp.

Sprinkle, J., S. Arispe, and D. Macon. 2019. Determining stocking rates on rangeland. Western Beef 
Resource Committee Cattle Producers Handbook. (Accepted).

Popular Press

Sprinkle, J. 2018. Can late season rangeland grazing work for you? Line Rider Magazine, October 2018. 4 pp. 1,100 circulation.

Sprinkle, J. 2018. Mineral concentrations in Bingham County for beef cattle. Bingham County Cooperative Extension Livestock Newsletter. November 2018. 1 pp. 738 circulation.

Sprinkle, J. 2019. Beef cow efficiency on rangeland. Progressive Cattlemen, January 2019. (Peer Reviewed). 

3 pp. 44,917 circulation.
Sprinkle, J. 2019. Range cow adaptability. Cattlemen’s Corner Beef Newsletter, Southern District Extension Counties, Idaho. 2 pp. June 2019. 1,200 circulation.
Sprinkle, J. and J. B. Hall. 2019. Cow size, milk production, and rangeland adaptability. Line Rider Magazine, June 2019. 3 pp. 1,100 circulation.

Station Report to W-2012 – Utah State University

Dr. Matthew Garcia

(Reporting period: 10/1/18 – 9/30/19)

Objective 1. Assess variation across space and time for n-alkane composition in unique classes of forages common to the Western United States, which is necessary for predicting feed intakes and diet choices of grazing ruminant animals.

Station is a non-participant
2.
Objective 2. Coordinate research and extension activities in extensive livestock production systems.

· Made 13 presentations at 11 locations detailing the importance of livestock genetic predisposition when selecting for specific production environments. These presentations occurred in NM, UT, AZ, and WY and in total was presented to 520 people. 
· Presented 3 invited talks and 2 demonstrations on range system and livestock compatibility to approximately 115 people at 3 locations in NM and UT. 
· Beef Bull Efficiency in rangeland systems. A study has been initiated, Combining Commercial Genomic Testing and GPS technology to calculate a more accurate measure of bull power in rangeland breeding systems. In this study we have collaborated with 2 beef producers in Northern and Southern UT. Bulls were fitted with solar powered GPS ear tags and their movements tracked over the entire period of the breeding season. When calving commenced the subsequent year all calves had a biological sample taken for DNA extraction and future genomic testing. Calves had parentage determined and all females had the igenity beef profile test conducted. We are currently awaiting the results of the genetic tests but we believe that bull movement and number of calves sired will provide another valuable tool to increase compatibility and subsequent efficiency in rangeland breeding operations. Furthermore, the igenity profile will provide another tool to potentially increase the accuracy and compatibility of female replacement selection in rangeland operations. 
· Combining forage resource information with production system practices. A second study has been initiated that will combine NDVI green up curves information and potential production system changes. This study will try to provide evidence to change calving dates in order to maximize the efficiency of forage resources so that cow production cycles are more compatible with natural rhythms. 
· Drought planning and preparedness. A new study has been initiated to create distance education training modules that help producers conceive and implement a drought plan. This project provides potential solutions depending on severity of drought conditions, long term goals of the producer and the availability of resources. 
3. Objective 3. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Trained two undergraduate students during the summer of 2019 from Utah State University in genetic trend analysis, proper EPD utilization, biological tissue collection for DNA extraction, and the importance of utilizing genetic selection tools to maximize system compatibility and efficiency. 

Grants –Utah State University

Matthew Garcia

1. Garcia, M.D. Larsen, R., Thacker E. Extension Risk Management Grant “Risk and Profitability in Beef Production”. 

Amount Funded: $34,225

2. Garcia M.D. Santa Gertrudis Breeders International. “Maximizing hybrid vigor in crossbreeding schemes”. Year 2. .

Amount Funded: $10,000 supplies and funding

3. Larsen, R., Garcia, M.D., Thacker, E. USU Extension Grant. “Drought management strategies for Utah Beef Cattle Producers”. 

Amount Funded: $30,000

4. Thornton-Kurth. K. Rood, K., Garcia M.D. Western SARE Grant “Establishment of a protocol for receiving cattle that are at-risk of having a mineral deficiency’. 

Amount funded: $206,209

5.Garcia M.D, Rood, K., Dallin, J. Thacker, E. USU Extension Grant “Utilizing GPS and genomic testing technology to quantify a more accurate bull power estimate in beef range production systems”

Amount funded: $30,000

Impacts- Utah State University

Dr. Matthew Garcia

Objective 2:

· We have had a large number of producers asking us to conduct onsite training on how to implement the GPS technology study and the NDVI curve information to adjust their production systems. Furthermore, upon conducting a needs assessment on the drought planning program we have had an overwhelming response from producers. As such all tasks implemented for objective 2 have begun to change behavior and practices with producers in multiple states. 

Objective 3:

· Of the two students mentored this summer, one will start graduate school in the ADVS department in January and the other will remain as a student employee working on projects until they graduate in May of 2021.
Publications- Utah State University 

Dr. Matthew Garcia

Extension Publications: 

1. Extension Fact Sheet: M.D.Garcia, J. Dallin, and J. Keyes. Utilizing EPD’s as a selection tool in beef cattle. (2018)

Videos:

1. UT/AZ Strip meeting live stream presentation “Evaluating Bull EPD’s for the selection of more compatible range cattle. 493 views, 15 comments, 9 shares, 41 likes. Facebook Live 2018

2. Benefits of grazing in the beef production system. Beef Producer Educator Program: 611  views, 1406 reached by post, 27 comments, 22 shares, 52 likes. Facebook and YouTube 2018
Popular Press:

Progressive Cattleman Nationally Distributed Industry Magazine

· The importance of multiple trait selection in beef range operations. February 2018

· Matching production system capabilities and selection decisions. October 2018

· Evaluation of breeding animals BCS prior to winter December 2018

Utah Cattlemen Monthly newsletter 977 circulation
· Production system information gathered by body condition scoring January 2018

· Collecting biological material for genetic testing February 2018

· Importance of bull acclimation to your production system post purchase May 2018

· Questioning long term production practices and potential changes. June 2018

· Utilization of injectable mineral as a method to keep calves healthy. July 2018

· Should I cull my young cows or older ones. September 2018

· Potential of GPS technology. October 2018

· Brisket disease in Utah and why we should pay attention. November 2018

Utah State Beef Extension bi-monthly Multiple Species Digital Newsletter 4230 email subscribers

· Production system considerations prior to participating in a bull sale. April 2018
· Questioning the status quo. How we can change stagnant production practices to improve production. June 2018
· The use of injectable mineral to improve production efficiency in beef herds. August 2018
· The importance of body condition scoring prior to winter/calving. October 2018
· Continuing to be aware of brisket disease in our unique beef production system in the intermountain west. December 2018
Montana State University

Northern Agricultural Research Center

Nutritional & Reproductive Physiology Laboratory

Annual Report

USDA W-3012 Regional Research Progress Report

Summary Covering 2018 - 2019

Submitted September 2019

I. REGIONAL PROJECT TITLE:

Enhancing Management, production, and sustainability of grazing ruminants in extensive landscapes
II. PERSONNEL:

Ligia D Prezotto, Ph.D. – Project leader (Montana State University)

Jennifer F Thorson, Ph.D. – Co-investigator (Montana State University)

Azure N Faucette, Ph.D. – Collaborator (City University of New York – Kingsborough Community College)
Caleb O Lemley, Ph.D. – Collaborator (Mississippi State University)

Mateus Gionbelli, Ph.D. – Collaborator (Federal University of Lavras)

Rodrigo Goulart, DVM, Ph.D. – Collaborator (University of Sao Paulo)

Kristen Govoni, Ph.D. – Collaborator (University of Connecticut)

Andrea Cupp, Ph.D. – Collaborator (University of Nebraska – Lincoln)

Bruna Alves, DVM, Ph.D. – Collaborator (University of Nevada – Reno)

Chainarong Navanukraw, Ph.D. – Collaborator (Khon Kaen University)

Kalen Adamson – Undergraduate student (Montana State University - Northern)

Naritsara Suayroop – Graduate student (Khon Kaen University)

Raul D M Bertho - Undergraduate student (University of São Paulo - Pirassununga)

III. PROGRESS AND PRINCIPAL ACCOMPLISHMENTS:

We set out to characterize the impact of nutrition on beef cattle productive performance by analyzing how alterations in nutrition affect nutritional and reproductive physiology of the dam and the offspring. Some of the specific objectives are:
· Investigate the temporal associations between concentration of fibroblast growth factor 21 (FGF21) and changes in body weight and concentration of progesterone and cortisol.

· Investigate the impact of maternal protein supplementation during gestation on offspring physiology.

· Investigate the impact of maternal global nutrition during gestation on the formation of the fetal blood-brain barrier and KNDy neurons.

1) Characterization of changes in temporal concentrations of fibroblast growth factor 21 (FGF21) in beef heifers and cows.

Purpose: The present study aims to investigate the temporal associations between concentrations of fibroblast growth factor 21 (FGF21) with changes in body weight and concentration of progesterone and cortisol. The pronounced rise in concentrations of FGF21 during late gestation and early lactation has been identified in dairy cows (Schoenberg et al, 2011; Khan et al, 2014). However, no studies have been done using beef cattle as a model or associating concentrations of FGF21 with onset of puberty in heifers or postpartum resumption of cyclicity in mature cows. Based on previous research (Schoenberg et al, 2011; Owen et al, 2013; Khan et al, 2014; Prezotto et al, 2016), it was hypothesized that a decrease in concentration of FGF21 occurs: 1) prior to the onset of puberty and 2) postpartum resumption of cyclicity in mature beef cows.
Progress: All objectives have been accomplished and data analyses is being finalized. A manuscript is being prepared for submission. Some of the data has been published as abstracts during the ASAS meeting in 2016 as well as WSASAS 2017. Please find below the references:

· Prezotto LD; Thorson JF; Dafoe J; Herrygers MR; Berardinelli JG. Characterization of changes in temporal concentrations of fibroblast growth factor 21 (FGF21) before and after parturition in multiparous beef cows. Journal of Animal Science. 2016 94(5):520.
· Prezotto LD; Thorson JF; Boss DL. Changes in temporal concentrations of fibroblast growth factor 21 (FGF21) in beef heifers. Proceedings, Western Section, American Society of Animal Science 2017; 68:274-277.

2) Effects of nutrition on nutrient-sensing neuronal circuitry.
Purpose: The blood-brain barrier regulates transport of molecules that convey global energetic status to the feeding circuitry within the hypothalamus. Capillaries within the median eminence (ME) and tight junctions between tanycyte-like cells lining the third ventricle (3V) are critical components of this barrier. Herein, we tested the hypothesis that altering plane of nutrition results in the structural reorganization of tanycyte-like cells, tight junctions, and capillary fenestrations within the medial basal hypothalamus. Proopiomelanocortin (POMC) neuronal content within the arcuate nucleus of the hypothalamus (ARC) was also assessed to test whether reduced nutritional status improved access of nutrients into the ARC, while decreasing the access of nutrients of overfed animals. Multiparous, non-gestating ewes were stratified by weight and randomly assigned to dietary treatments offered for 75 days: 200% of dietary requirements (overfed; O), 100% of dietary requirements (control; C), or 60% of dietary requirements (underfed; U). POMC-expressing neuron number within the ARC was increased (P ≤ 0.002) in underfed ewes. Overfeeding increased (P ≤ 0.02) tanycyte-like cellular processes when compared to control and underfeeding. Immunostaining of tight junctions along the wall of the 3V did not differ (P = 0.32) between treatments. No differences (P = 0.19) were observed in capillary density. However, underfeeding decreased (P ≤ 0.05) leaky endothelial cell presence within the ME. These results implicate that changes within the satiety center, morphology of tanycyte-like cells within the ARC, and the organization of cellular adhesion molecules in the ME occur as an adaptation to nutrient availability.

Progress: A manuscript is being finalized for submission.

· Marcus LV; Thorson JF; Prezotto LD, Alves BRC. Does undernutrition during pregnancy affect Histone Deacetylase 5 signaling in the hypothalamus of young offspring? Undergraduate Poster Competition at University of Nevada – Reno. 2019.
3) The molecular basis of feed efficiency in range beef cattle.
Purpose: Determine what molecular alterations occur in the liver and central nervous system in response to variation of feed availability and quality for the range beef cow, and determine how these modifications coupled with maternal supplementation during gestation impact offspring performance. This will allow us to better understand cellular energy metabolism in response to seasonal changes, and also develop approaches to alleviate deleterious effects programmed during critical physiological states such as gestation and fetal development. The overall hypothesis of this work is that changes in hepatic cellular metabolism and neuronal activity occur in response to nutrient intake of the range cow and indicate an adaptation to quantity and quality of nutrients by altering tissue metabolism in an attempt to alter digestive capacity. Moreover, in response to gestation, dams alter their metabolism to be more efficient during times when nutrient availability is limited to help maintain desirable fetal development, and supplementing the dam is a strategy to reduce these alterations. Altogether, we believe that having a better understanding at the basic level allow scientists to work with producers to develop or improve managerial techniques, which ultimately lead to improved efficiency of digestion, absorption, and nutrient utilization in the gastrointestinal tract and facilitate normal reproductive function.

Progress: Animal work investigating the supplementation of protein during gestation has been completed. Some of the analyses utilizing data collected from the dam (feed analysis; change in BW and backfat; colostrum and milk quantity and composition, and circulating metabolite concentrations) and offspring (morphometric data; classification and quantification of ovarian follicles) have been initiated.

· Bertho RDM; Thorson JF; Prezotto LD. Influence of protein supplementation during gestation on metabolites, morphometrics, and mammary secretions of beef cows. Journal of Animal Science. 2019
· Suayroop N, Navanukraw C, Prezotto LD, Thorson JF. Maternal dietary protein-induced reduction in the follicular pool of neonatal bovine offspring. Biology of Reproduction. 2019

Two full manuscript are being finalized for submission.

4) In utero programming of the blood-brain barrier and nutrient-sensing circuitry that regulate reproductive function of beef cattle.

Purpose: Montana State University is the largest land-grant institution of higher education in the state of Montana with scientists actively investigating reproductive physiology in domestic livestock species. Beef cattle inventory in Montana is the 7th largest in the United States, and the United States has the 4th largest inventory of cattle in the world (NASS, 2017; FAS, 2017). The greatest income generating component for cattle operations are the sale of over 35 million calves produced annually (NASS, 2017). Therefore, fertility of male and female offspring is critical in ranch sustainability. Furthermore, feed costs represent 51% of all fixed costs for beef cattle production. One of the greatest costs of poor nutrition is poor reproductive performance. Lamb (2014) calculated that the impact of infertility in the beef cattle population in the United States exceeds $4.7 billion annually. Therefore, development of managerial strategies to improve reproductive performance can profoundly improve ranch solvency. It is well documented in epidemiological and livestock studies that maternal plane of nutrition throughout gestation influences the health and performance of offspring. However, no studies have investigated the influence of maternal plane of nutrition on development and plasticity of the blood-brain barrier and nutrient-sensing circuitry that perceive global energetic status and ultimately regulate reproductive function of beef cattle. We believe that prolonged changes in maternal feed intake during pregnancy, the period of fetal brain development in large mammalian species, results in alterations in the permeability of the blood-brain barrier and neuronal circuitry. These central structures play an integral role in regulating feed intake and energy utilization of offspring exposed to intrauterine malnutrition and thus can profoundly influence life-long reproductive performance. The overall scientific goals of this work are to: 1) elucidate molecular and cellular mechanisms that regulate permeability of the blood-brain barrier in response to intrauterine environment, 2) identify postnatal molecular adaptation mechanisms in offspring exposed to intrauterine malnutrition in order to improve fertility, and 3) develop managerial strategies to better manage offspring exposed to intrauterine malnutrition.

Progress: Funding has been secured with the AFRI-USDA-NIFA opportunity. Animal work has been initiated.

IV. USEFULNESS OF FINDINGS/IMPACT STATEMENTS:

· We have successfully characterized the release of FGF21 in beef heifers and cows.

· We have also validated a commercially available enzyme-linked immunosorbent assay (ELISA) developed for mice and rats for the quantification of concentrations of FGF21 in bovine serum. The FGF21 ELISA for rats and mice is an acceptable alternative to FGF21 ELISAs developed for bovines as the bovine-specific assay is not consistently available commercially and sold at twice the price of the alternative.

· We have observed that supplementing protein two percent above NRC recommendations to the dam during gestation does not impact the dam. However, preliminary data shows that the ovarian follicular pool of the offspring is altered by maternal protein supplementation during gestation.

V. PUBLICATIONS FOR 2018-2019:

Peer-reviewed Publications

Thorson JF; Prezotto LD, Adams H; Petersen SL; Clapper JA; Wright EC; Oliver WT; Freking BA; Foote A; Berry E; Nonneman D; Lents CA. Energy balance affects pulsatile secretion of luteinizing hormone from the adenohypophesis and expression of neurokinin B in the hypothalamus of ovariectomized gilts. Biology of Reproduction 2018; 99(2):433-445.
Prezotto LD; Thorson JF; Borowicz P; Dorsan ST; Peine JL; Lents CA; Caton JS; Swanson KC. Influences of maternal nutrient restriction and arginine supplementation on visceral metabolism and hypothalamic circuitry of offspring. Domestic Animal Endocrinology 2018; 65:71-79.
Abstracts

Bertho RDM; Thorson JF; Prezotto LD. Influence of protein supplementation during gestation on metabolites, morphometrics, and mammary secretions of beef cows. Journal of Animal Science. 2019.

Suayroop N, Navanukraw C, Prezotto LD, Thorson JF. Maternal dietary protein-induced reduction in the follicular pool of neonatal bovine offspring. Biology of Reproduction. 2019.

Marcus LV; Thorson JF; Prezotto LD, Alves BRC. Does undernutrition during pregnancy affect Histone Deacetylase 5 signaling in the hypothalamus of young offspring? Undergraduate Poster Competition at University of Nevada – Reno. 2019.

Lents CA, Thorson JF, Adams H, Petersen SL, Prezotto LD, Berry E, Nonneman DJ. Nutritional regulation of LH secretion in gilts: Hypothalamic expression of kisspeptin and neurokinin B. Journal of Animal Science. 2018.

Multistate Hatch Project W2012

Annual Project Report 2019

University of Nebraska-Lincoln

Ron Lewis

Progress toward objectives

Objective 1 

· Diet compositions and intakes of 30 crossbred heifers were estimated using n-alkanes in a sequence of 3 (year one) or 4 (year two) grazing studies. Smooth bromegrass was the dominant forage in the pastures, although other grasses were present (e.g., cheatgrass, Kentucky bluegrass, sedge). Individual heifers expressed some selectivity. Still, their estimated diet composition aligned with the botanical composition of the pastures (82 to 95% smooth broomegrass). Forage intake estimates were consistent across the grazing season (on average 2% body weight on a dry matter basis). Despite the lack of fine demarcations among heifers, sensible intakes were obtained in a grazing setting using n-alkanes. This research involved collaboration with Dr. Harvey Freetly (U.S. Meat Animal Research Center, Nebraska).

· Estimates of diet composition based on plant-wax markers have traditionally been obtained using nonnegative least-squares (NNLS) procedures. Alternative statistical approaches, built on a Bayesian framework, may more realistically account for variation among animals and other external factors that impact estimation of dietary choice. Using both field and simulated plant-wax marker data, the utility of six statistical approaches, including NNLS, were compared. By accounting for the repeated measurement of animals’ dietary choices, and the genetic relationships among them, the accuracy of the estimates were higher than with NNLS.

· Dietary choices of 22 Angus-cross heifers were evaluated at both post-weaning and yearling age in a housed study. At each age, they were offered red clover and fescue hay as cubes. Diet composition was estimated using two statistical methods. Post-weaning, dietary choices were reliably estimated, with low residual error, regardless of the statistical approach adopted. The regression of observed on estimated red clover proportion range from 0.85 ± 0.08 to 1.01 ± 0.09 depending on the fecal sampling strategy used (a.m. or p.m. samples separately or combined). At yearling age, however, the estimates were less reliable. There was a tendency to overestimate the red clover proportion in diets of heifers preferring fescue, and vice versa. This was due to greater variability in n-alkane fecal concentrations in the yearling heifers. Still, overall the n-alkane technique provided a reliable tool for estimating diet choice in animals fed a simple forage diet. 

· Collaborations continued with Dr. James Sprinkle (University of Idaho) and Dr. Sabrina Greenwood (University of Vermont). The n-alkane contents of 167 fecal samples were completed in support of Dr. Sprinkle’s studies using pulse dosing to estimate forage intakes in grazing beef cattle. Dr. Greenwood’s research was focused on using plant-waxes to estimate diet selection and feed intakes in dairy cattle managed in organic systems. Rather than dosing cattle with a synthetic n-alkane, carnauba wax, which contains high concentrations of the long-chain alcohol C32OH, was used. The n-alkane and long-chain alcohol contents of 58 forage and fecal samples were assessed.

Objective 3
· I continued to serve as the Chair of the graduate committee of Napoleón Vargas Jurado, a Ph.D. student at the University of Nebraska-Lincoln. On Nov. 16, 2019, Napoleón very successfully defended his dissertation Linear unmixing models: extensions and applications to the estimation of dietary (botanical) mixing proportions. He also published a manuscript Choices between red clover and fescue in the diet can be reliably estimated in heifers post-weaning using n-alkanes in the journal Animal.

· Two undergraduate students, Sarah Dannehl and Esdras Tuyishimire, continued their engagement in or research program. Sarah is from Nebraska and is pursuing a B.S. degree in Animal Science. She has recently applied to Veterinary Medicine programs as her ambition on graduation. Esdras is a student from Rwanda participating in the College of Agriculture and Natural Resources Undergraduate Scholarship Program. He is pursuing a B.S. degree in Integrated Science that is focused on conservation agriculture, entrepreneurship, leadership, and innovative thinking. Those disciplinary areas align with educational priorities of the Rwandan Ministry of Agriculture and Animal Resources.

Publications

Peer Reviewed Journals

· Vargas Jurado N., A. E. Tanner, S. Blevins, J. Rich, D. Fiske, W. S. Swecker, Jr., H. M. McNair, R. W. Mayes, and R. M. Lewis. 2019. Choices between red clover and fescue in the diet can be reliably estimated in heifers post-weaning using n-alkanes. Animal 13:1907-1916. doi.org/10.1017/S175173111900017X

Ph.D. dissertation

· Vargas Jurado, N. 2019. Linear unmixing models: extensions and applications to the estimation of dietary (botanical) mixing proportions. Ph.D. Diss. University of Nebraska-Lincoln.

Grant support

· Lewis, R. M. (project director). 2015, 4-year duration (October 2015 – September 2019). Predicting diet selection and feed intake in cattle in a pasture system. Source: Nebraska Agricultural Experiment Station, Hatch Multistate Research capacity funding, U.S. Department of Agriculture, National Institute of Food and Agriculture (Accession Number 1006754). Amount: $40,000.

Impacts

Objective 1

· The n-alkane technique provided a reliable tool for estimating diet choice in cattle fed a simple forage diet in an indoor study. Additionally, this approach provided sensible estimates of forage intake in cattle grazing smooth bromegrass dominant pastures. Although further refinements in the application of this tool are needed, plant-wax markers provide exciting possibilities for evaluating diet composition and intakes in grazing systems in cattle.

· Laboratory protocols developed at the University of Nebraska-Lincoln were validated as being both reliable and repeatable for measuring the n-alkane and long-chain alcohol concentrations of forage and fecal samples. These procedures were then applied to support research programs underway at the University of Nebraska-Lincoln, University of Idaho (collaboration with Dr. James Sprinkle), and University of Vermont (collaboration with Dr. Sabrina Greenwood).

Objective 2

· The broad exchange of ideas, information and data in nutritional technologies was promoted though one published referred journal article, and the completion of a Ph.D. degree program.

Objective 3

· One staff member (Alec Kollman), one doctoral student (Napoleón Vargas Jurado), and two undergraduate students (Esdras Tuyishimire; Sarah Dannehl) benefitted from professional development and mentoring opportunities through their involvement in the W2012 project. This included engagement in developing and implementing laboratory procedures, statistical analysis of the data accumulated, and publication of those results as part of a dissertation and referred journal.
Station Report to W-2012 – University of Nebraska – West Central Research and Extension Center

Travis Mulliniks

Objective 2. Coordinate research and extension activities in extensive livestock production systems.

· Chaired, organized, and spoke at the 2019 Gudmundsen Sandhills Laboratory Open House in Whitman, NE.  The Open House had over 200 stakeholders and exhibitors.  

· Co-lead teacher and organizer of the NE Ranch Practicum located at the Gudmundsen Sandhills Laboratory. The 20 participants in the 2018 Nebraska Ranch Practicum influenced decisions on 175,567 acres and 15,385 head of livestock.  In addition, participants impacted an additional 85 people, 619,010 acres and 32,175 head of cattle through consultation and other educational activities.  

· Invited speaker at the 2018 Academy of Veterinary Consultants Summer Conference in Denver, CO on “Managing the Cowherd with the Environment to Enhance Efficiency” (500 + participates).  

· Invited speaker at the 2019 Nebraska Veterinary Medical Association in Kearney, NE on “Increase Cowherd Efficiency” (300 + participates). 

· Invited speaker at the 2019 Sioux Nation Summit in Sioux Falls, SD on “Impact of Milk Production on Cow-Calf Production and Profitability”  (100 + participates). 

· Invited speaker at the 2018 State of Beef Conference in North Platte, NE on “Cow Size and Cowherd Efficiency” (100 attendees representing 25,000 cows). 

· Invited speaker at the 2018 Tri-State Cow-calf Conference in Imperial, NE on “Managing Cows in Drought Conditions” (45 attendees representing 6,000 cows). 

· Invited speaker at 11 different UNL extension programs from January to March of 2019 on “Nutritional Management Pre- and Postpartum to prepare for the breeding season” (145 attendees representing 639,270 acres and 181,690 cows). 

Objective 3. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Major Professor for PhD student, Joslyn Beard, investigates the mechanisms that define metabolic flexibility and energetics in young range cows during lactation. 

· Major Professor for PhD student, Tasha King, determining supplementation strategies to increase energy and amino acid utilization and reproduction in young range cows.  

· Major Professor for master student, Rob Ziegler, determining management and supplementation strategies to increase cow/calf efficiency in the Sandhills.

Publications

Popular Press & Media Contributions

1. Mulliniks, J. T. Selection for milk: How much is too much? Progressive Cattlemen. April, 2019. 

2. Mulliniks, J. T., J. K. Beard, and T. King. 2019. Milk production and cow performance. Sioux Nation Beef Magazine. 

Peer Reviewed Journals

1. Beard. J. K., J. A. Musgrave, R. N. Funston, and J. T. Mulliniks. The Effect of Cow Udder Score on Cow/Calf Performance in the Nebraska Sandhills. Translational Animal Science. 3:14-19. 

2. Beard, J. K., J. T. Mulliniks, and D. Yates. Function and dysfunction of fatty acid mobilization: a review. Diabesity. 5:1-5. doi:10.15562/diabesity.2019.53

3. Wepking, N, R. N. Oakes, G. B. Bates, N. Eash, and J. T. Mulliniks. Fall stockpiling of tall fescue and native warm season grasses in Southeastern US. Grass and Forage Sci. doi:10.1111/gfs.12402

4. Melchior, E., J. Smith, L. Schneider, J. T. Mulliniks, G. Bates, M. Flythe, J. Klotz, H. Ji, J. Goodman, A. Lee, J. Caldwell, P. Myer. Effects of endophyte-infected tall fescue seed and red clover isoflavones on rumen microbial populations and physiological parameters of beef cattle. Translational Animal Science. 3:315-328. doi:10.1093/tas/txy147

5. Mulliniks, J. T., and J. K. Beard. Beef Species – Ruminant Nutrition Cactus Beef Symposium: Sustainable and economically viable management options for cow/calf production through enhanced beef cow metabolic efficiency. Journal of Animal Science. doi:10.1093/jas/sky476

6. Mulliniks, J. T., J. K. Beard, and T. M. King. 2019. Invited Review: Impacts of milk production on cow-calf productivity and profitability. Applied Animal Science. (In press). 

7. Ammar, S. I., A. M. Watson, L. E. Craig, E. R. Cope, J. J. Schaefer, J. T. Mulliniks, R. W. Gerhold. 2019. Eimeria gilruthi-associated abomasitis in a group of ewes. J. Veterinary Diagnostic Investigation. 31:128-132. doi: 10.1177/1040638718814109.

8. Delevatti, L. M., E. P. Romanzini, J. F. Werner Koscheck, T. L. da Ross de Araujo, D. M. Renesto, A. C. Ferrari, R. P. Barbero, J. T. Mulliniks, R. A. Reis. 2019. Forage management intensification and supplementation strategy: Intake and metabolic parameters on beef cattle production. Animal Feed Science and Technology. 247:74-82.

9. Cope, E. R., B. H. Voy, M. Staton, T. Lane, J. Davitt, and J. T. Mulliniks. 2018. Beta-hydroxybutyrate infusion identifies acute differentially expressed genes related to metabolism and reproduction in the hypothalamus and pituitary of sheep. Physiological Genomics 50: 468–477.  

10. McFarlane, Z.D., C.N. Boyer, and J. T. Mulliniks. Profitability of developing beef heifers on stockpiled winter forages. J. Applied Farm Econ. 2(2):1-18.

Book Chapter

1. Broadhead, D., Mulliniks, T., Funston, R. Developmental Programming in a Beef Production System. In Vet Clinics: Food Animal Practice. R. N. Funston and J. T. Mulliniks (Ed.), Developmental Programming in a Beef Production System.

Extension Publications 

1. Mulliniks, J. T. 2019. Body condition score and getting thin cows to rebreed. May 2019. BeefWatch

2. Mulliniks, J. T. 2019. How much is too much milk? March 2019 BeefWatch

3. Mulliniks, J. T. 2019. Heifer development and long-term profitability. January 2019 BeefWatch 

Research Reports 

1. Beard, J.K., J. Musgrave, R. N. Funston, and J. T. Mulliniks. 2019. The effect of cow udder score on subsequent calf performance in the Nebraska Sandhills. Pages 5-6 in Univ. Nebraska Beef Report. Agric. Res. Devi., UNL Cooperative Extension, Lincoln, NE.

2. Benell, M., J. Musgrave, R. N. Funston, and J. T. Mulliniks. 2019. Impact of cow size on cow-calf and subsequent steer feedlot performance. Pages 18-20 in Univ. Nebraska Beef Report. Agric. Res. Devi., UNL Cooperative Extension, Lincoln, NE.

3. Johnston, B. M., J. D. Jenkins, J. A. Musgrave, J. T. Mulliniks, M. B. Stephenson, J. MacDonald, and L. A. Stalker. 2019. Three year summary: Comparison of diets collected from esophageally fistulated cows to forage quality estimated from fecal analysis. Pages 53-55 in Univ. Nebraska Beef Report. Agric. Res. Devi., UNL Cooperative Extension, Lincoln, NE.

4. Mulliniks, J. T., and D. C. Adams. 2019. Evaluation of lactation demands on nutrient balance in two calving seasons in range cows grazing Sandhills upland range. Pages 18-20 in Univ. Nebraska Beef Report. Agric. Res. Devi., UNL Cooperative Extension, Lincoln, NE.
Wyoming Report 2019

Anowar Islam

Professor, Department of Plant Sciences

University of Wyoming

Objectives:

1.
Assess variation across space and time for n-alkane composition in unique classes of forages common to the Western United States, which is necessary for predicting feed intakes and diet choices of grazing ruminant animals.

· Following the protocols, plant samples from the above list had been collected and stored properly. Plant samples were ground according to the instructions and ground samples will be sent to the specific location(s)/lab for future analyses.

2.
Coordinate research and extension activities in extensive livestock production systems.

Research

· In the Intermountain West region, demand for new and suitable plant materials is a long-term issue and is increasing continuously. The objective of the study is to evaluate different advanced lines of C3 grasses with the inclusion of some local checks in relation to their growth, yield, and quality response to irrigation, fertilizer, drought, and planting time. Species used in this study include tall fescue (seven lines), tall wheatgrass (three lines), western wheatgrass (five lines), and wildrye (two lines). Fall planting was made in late August 2008 whereas spring planting was in early May 2009. Data collected on different growth parameters, persistence, and forage quality from 2009 - 2018 for both plantings seems to be different among species and lines. Long-term data collection will help select and develop superior and well-adapted cultivars for the region.

Extension

· Islam, M.A. 2018. Integrated Research and Extension Work on Forage Crops. University of Wyoming Extension Specialist Meeting Seminar, December 10, 2018. University of Wyoming, Laramie, WY. Attendance: 25.

· Islam, M.A. 2018. Potassium and Harvest Management in Alfalfa. The 6th Annual Wyoming Forage Field Day, June 12, 2018. James C. Hageman Sustainable Agriculture Research and Extension Center, Lingle, WY. Attendance: 100.

· Islam, M.A., Ashilenje, D., Baidoo, M., and Shilpakar, C. 2018. Forage Research Updates in Lingle. The 6th Annual Wyoming Forage Field Day, June 12, 2018. James C. Hageman Sustainable Agriculture Research and Extension Center, Lingle, WY. Attendance: 50.

· Islam, M.A. 2018. Organic Forage Production: Options and Considerations. The 5th Annual High Plains Organic Farming Conference, February 28, 2018. Laramie County Community College, Cheyenne, WY. Attendance: 35.

· Islam, MA. 2018. Agronomy in Alfalfa. Alfalfa U – Loveland CO High Plains Journal, February 6, 2018. Loveland, CO. (breakout presentation 2) Attendance: 28.

· Islam, MA. 2018. Agronomy in Alfalfa. Alfalfa U – Loveland CO High Plains Journal, February 6, 2018. Loveland, CO. (breakout presentation 1) Attendance: 40.

· Islam, M.A. 2018. Diversified Forage Cropping Systems: Impacts on Resiliency, Productivity, and Profitability. Department of Plant Sciences Seminar December 7, 2018. University of Wyoming, Laramie, WY. Attendance: 23.

3.
Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Two students (1 PhD and 1 MS) are currently working on forage agronomy programs.

· Michael Baidoo, PhD, Agronomy, Department of Plant Sciences, University of Wyoming. Potassium, phosphorus, and harvest management effect on alfalfa productivity. Expected to complete Spring 2022.

· Chandan Shilpakar, MS, Agronomy, Department of Plant Sciences, University of Wyoming. Evaluation of performance of some cool-season perennial grasses and legumes under irrigated and rainfed conditions. Expected to complete Spring 2020.

· Two students (1 PhD and 1 MS) graduated from forage agronomy programs:

· Dennis Ashilenje, Ph.D., Agronomy, Department of Plant Sciences, University of Wyoming. Summer 2018. Plant Community Structure and Nitrogen Dynamics Affect Productivity and Environment of Meadow bromegrass-legume cropping systems.

· Michael Baidoo, M.S., Agronomy, Department of Plant Sciences, University of Wyoming. Spring 2019. Potassium and harvest management effect on productivity of alfalfa.

Publications

Peer-Reviewed Journal Articles

Islam, M.A. and Adjesiwor, A.T. 2019. Nitrogen fertilization in tall fescue: Productivity, agronomic efficiency and relative profitability. Grassland Science. (In press).

Homer, A., Islam, M.A., Krall, J.M., Nachtman, J.J., and Groose, R.W. 2019. Registration of ‘WyoWinter’ Feed Pea for the US Central Great Plains. Journal of Plant Registrations. 13:128-133. doi:10.3198/jpr2018.07.0047crc.

Aryal, P. and Islam, M.A. 2018. Effect of forage kochia on seedling growth of cheatgrass (Bromus tectorum) and perennial grasses. Invasive Plant Science and Management. 11:201–207. doi: 10.1017/inp.2018.27.

Aryal, P. and Islam, M.A. 2018. Establishment of forage kochia in seeding mixtures with perennial grasses. Grassland Science. 00:1–8. doi.org/10.1111/grs.12228.

Islam, M.A. and Ashilenje, D. 2018. Diversified forage cropping systems and their implications on resilience and productivity. Sustainability. 10, 3920; doi:10.3390/su10113920.

Nilahyane, A., Islam, M.A., Mesbah, A.O., and Garcia y Garcia, A. 2018. Effect of irrigation and nitrogen fertilization strategies on silage corn grown in semi-arid conditions. Agronomy. 8, 208; doi:10.3390/agronomy8100208.

Dhakal, D. and Islam, M.A. 2018. Grass-legume mixtures for improved soil health in cultivated agroecosystem. Sustainability. 10, 2718; doi:10.3390/su10082718.

Nilahyane, A., Islam, M.A., Mesbah, A.O., and Garcia y Garcia, A. 2018. Evaluation of silage corn yield gap: An approach for sustainable production in the semi-arid region of USA. Sustainability. 10, 2523; doi:10.3390/su10072523.

Tracy, B.F., Foster, J.L., Butler, T.J., Islam, M.A., Toledo, D., and Vendramini, J.M.B. 2018. Resilience in Forage and Grazinglands. Crop Science. 58:31–42. doi: 10.2135/cropsci2017.05.0317.

Reviewed Proceedings

Islam, M.A. 2018. Effects of potassium, cultivar, and harvest time on sustainable alfalfa production. Proceedings of the 2nd World Alfalfa Congress, November 11‐14, 2018, Cordoba, Argentina.

Book Chapter (Refereed)

Islam, M.A. and Adjesiwor, A. T. 2019. Moisture Stress and its Effects on Forage Production Systems. In: Handbook of Plant and Crop Stress, 4th Edition (M. Pessarakli, Ed.). CRC Press, Taylor & Francis Publishing Company, Florida. (In press).

Islam, M.A. and Nilahyane, A. 2019. Water Stress Effects on Growth and Physiology of Corn. In: Handbook of Plant and Crop Stress, 4th Edition (M. Pessarakli, Ed.). CRC Press, Taylor & Francis Publishing Company, Florida. (In press).

Abstracts

Islam, M.A. and Baidoo, M. 2019. Soil Potassium Levels and Its Effect on Alfalfa Productivity. Proceedings of the SSSA International Soils Meeting January 6-9, 2019. San Diego, CA (American Society of Agronomy, Crop Science Society of America, Soil Science Society of America).

Baidoo, M. and Islam, M.A. 2018. Response of Alfalfa Cultivars to Potassium and Harvest Time. Proceedings of the ASA-CSSA International Annual Meetings November 4-7, 2018. Baltimore, MD (American Society of Agronomy, Crop Science Society of America, Soil Science Society of America).

Baidoo, M. and Islam, M.A. 2018. Effect of Potassium and Harvest Time on Potassium Uptake and Nutritive Value of Alfalfa. Proceedings of the ASA-CSSA International Annual Meetings November 4-7, 2018. Baltimore, MD (American Society of Agronomy, Crop Science Society of America, Soil Science Society of America).

Savage, A.C., Sivanpillai, R., and Islam, M.A. 2018. Monitoring crop growth variations in a Wyoming field using growing season satellite data. Proceedings of the 2018 GIS in the Rockies Conference September 19-20, 2018. Denver, CO (GIS in the Rockies).

Islam, M.A. 2018. Response of Alfalfa to Soil Potassium, Cultivars, and Harvesting Intervals. Proceedings of the International Congress and Exo on Agriculture and Horticulture August 13-14, 2018. Amsterdam, Netherlands (Scientific Federations, UK).

Baidoo, M. and Islam, M.A. 2018. Effect of Potassium and Harvest Time on Forage Accumulation and Potassium Uptake of Alfalfa. Proceedings of the Western Society of Crop Science Annual Meetings June 19-20, 2018. Laramie, WY (Western Society of Crop Science).

Baidoo, M. and Islam, M.A. 2018. Potassium and Harvest Time Affect Production and Nutritive Value of Alfalfa. Proceedings of the Western Society of Crop Science Annual Meetings June 19-20, 2018. Laramie, WY (Western Society of Crop Science).

Ashilenje, D.S. and Islam, M.A. 2018. Plant community structure and nitrogen dynamics underlie sustained productivity of grass-legume forage mixtures in Wyoming. Proceedings of the Western Society of Crop Science Annual Meetings June 19-20, 2018. Laramie, WY (Western Society of Crop Science).

Ashilenje, D.S. and Islam, M.A. 2018. Benefits of grass-legume mixture extend to nitrogen gains and alleviation of greenhouse gas emissions in Wyoming. Proceedings of the Western Society of Crop Science Annual Meetings June 19-20, 2018. Laramie, WY (Western Society of Crop Science).

Khatiwada1, B., Acharya, S.N., Larney, F., Lupwayi, N.Z., Smith, E., and Islam, M.A. 2018. Ability of sainfoin and cicer milkvetch populations to rejuvenate existing pastures in western Canada. Proceedings of the Western Society of Crop Science Annual Meetings June 19-20, 2018. Laramie, WY (Western Society of Crop Science).

Islam, M.A. 2018. The silent decline in soil potassium levels and its effect on alfalfa productivity in the Central and Western U.S. Proceedings of the North American Alfalfa Improvement Conference Annual Meetings June 4-6, 2018. Logan, UT (NAAIC, Trifolium, & Grass Breeders).

Extension publications

Dhakal, D. and Islam, M.A. 2018. Grass-legume mixtures can maximize farm profits in Wyoming. University of Wyoming Extension Bulletin B-1329, Ed. S.L. Miller, pp.1-4, September 2018. University of Wyoming, Laramie.

Dhakal, D. and Islam, M.A. 2018. Grass-legume mixtures can improve soil health. University of Wyoming Extension Bulletin B-1328, Ed. S.L. Miller, pp.1-4, August 2018. University of Wyoming, Laramie.

Ashilenje, D. and Islam, M.A. 2018. Meadow bromegrass-legume mixtures for diversified and profitable hay production in Wyoming. University of Wyoming Extension Bulletin B-1327, Ed. S.L. Miller, pp.1-7, July 2018. University of Wyoming, Laramie.

Nilahyane, A. and Islam, M.A. 2018. Different irrigation systems and nitrogen rates improve yield and water use efficiency of corn silage. University of Wyoming Extension Bulletin B-1326, Ed. S.L. Miller, pp.1-6, June 2018. University of Wyoming, Laramie.

Islam, M.A. and Ashilenje, D. 2018. Have a plan prior to drought for pasture management. In: Navigating Drought in Wyoming. University of Wyoming Extension Bulletin B-1325, Ed. B. Sebade and S.L. Miller, pp.19-21, June 2018. University of Wyoming, Laramie.

Adjesiwor, A. and Islam, M.A. 2018. Birdsfoot Trefoil: Establishment and Management as Monocultures and Mixtures in Wyoming. University of Wyoming Extension Bulletin B-1321, Ed. S.L. Miller, pp.1-7, May 2018. University of Wyoming, Laramie.

Aryal, P. and Islam, M.A. 2018. Forage Kochia Establishment: Effects of Planting Time and Grass Mixtures. University of Wyoming Extension Bulletin B-1318, Ed. S.L. Miller, pp.1-4, April 2018. University of Wyoming, Laramie.

Ashilenje, D. and Islam, M.A. 2018. Species Composition and Nitrogen Fixation Affect Forage Yield and Nutritive Value of Irrigated Meadow Brome-Legume Mixtures. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, pp. 154-155.

Horn, B., Islam, M.A., Smith, D., Jeliazkov, V., and Garcia y Garcia, A. 2018. Perennial Cool-Season Grasses Under Irrigation for Hay Production and Fall Grazing. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, pp. 152-153.

Baidoo, M. and Islam, M.A. 2018. Effect of Potassium on Yield of Newly Released Alfalfa Cultivars. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, pp. 100-101.

Islam, M.A., Ashilenje, D., and Baidoo, M. 2018. Evaluation of forage sorghum under irrigated and dryland conditions in Wyoming. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, p. 90.

Islam, M.A., Ashilenje, D., and Baidoo, M. 2018. Evaluating chickpea cultivars for forage and grain production in Wyoming. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, p. 89.

Stahl, P., Eberle, C., Islam, M.A., Norton, J., and Coupal, R. 2018. Use of pyrolized coal and biochar as a soil amendment. 2018 Field Days Bulletin, University of Wyoming Agricultural Experiment Station, p. 89.

Islam, M.A. 2018. Farm profitability from grass-legume mixtures. Wyoming Livestock Roundup, the Weekly News Source for Wyoming’s Ranchers, Farmers, and Agribusiness Community, December 29, 2018.

Islam, M.A. 2018. Soil health benefits from grass-legume mixtures. Wyoming Livestock Roundup, the Weekly News Source for Wyoming’s Ranchers, Farmers, and Agribusiness Community, October 27, 2018.

Islam, M.A. 2018. Legume inoculation – an important factor for sustainable forage production-Part III. Wyoming Livestock Roundup, the Weekly News Source for Wyoming’s Ranchers, Farmers, and Agribusiness Community, August 4, 2018.

Islam, M.A. 2018. Legume inoculation – an important factor for sustainable forage production-Part II. Wyoming Livestock Roundup, the Weekly News Source for Wyoming’s Ranchers, Farmers, and Agribusiness Community, May 26, 2018.

Islam, M.A. 2018. Legume inoculation – an important factor for sustainable forage production-Part I. Wyoming Livestock Roundup, the Weekly News Source for Wyoming’s Ranchers, Farmers, and Agribusiness Community, March 3, 2018.

Cherney, J.H., Islam, M.A., Albrecht, K.A. et al. 2018. Forage Crops Need Respect. Hay & Forage Grower, August/September 2018, pp. 18-19. Available at http://www.hayandforage.com.

Impacts

· Research programs at the University of Wyoming have made selection for well-adapted high performing accessions/lines which resulted in development of cultivars that are suitable for Wyoming and neighboring states. This contributed to the improvement of productivity of local and regional producers and in the long-run, would provide economic benefits.

· The studies on determining cost effectiveness of establishing sole grass (fertilized with N), sole legumes, and grass-legume mixtures and how efficient these practices are utilizing irrigation water and fertilizer have positive impacts. Results will help recommend the best grass-legume mixture ratios that will be profitable to Wyoming producers by reducing production cost significantly.

University of Missouri Annual Report

Allison Meyer
W2012 Annual Report

(Reporting period: 10/1/18 – 9/30/19)

Objectives:

1.
Assess variation across space and time for n-alkane composition in unique classes of forages common to the Western United States, which is necessary for predicting feed intakes and diet choices of grazing ruminant animals.

· Tall fescue hay (other C3) samples have been collected.

2.
Coordinate research and extension activities in extensive livestock production systems.

· Research projects:

Common lower Midwestern forage systems during late gestation

Studies to determine effects of common “Fescue belt” winter forage systems on spring-calving beef cows have not previously included their subsequent effects on calves. My lab has completed two studies comparing grazing stockpiled tall fescue and feeding poor-quality tall fescue hay in late gestation, using methods that include intensive blood sampling and neonatal calf data collection in a more extensive or typical production system. My lab was the first to report that reduced nutrient intake of cows consuming poor-quality hay for the last 90 days prepartum leads to impaired fetal growth, decreased calf birth weights, and altered neonatal immune function and metabolism. Gestational effects may dissipate post-weaning, resulting in no differences in carcass quality or yield (Missouri Beef Industry Council funded project). Impacts: Winter management of beef cows in our region has economically relevant effects on calf health and growth, while also leading to further hypotheses in neonatal metabolism and health.
Effects of nutrient restriction during late gestation on pre- and postnatal nutrient delivery

It has been established that maternal nutrition during gestation has long-term effects on offspring, but we know surprisingly little about physiological mechanisms that drive these changes. My lab has obtained funding from USDA-NIFA to determine the effects of maternal nutrient restriction (70% of NASEM energy and protein recommendations) during late gestation on pre- and postnatal calf nutrient utilization. We hypothesize that late gestational nutrient restriction impairs development by reducing uteroplacental nutrient delivery to the fetus, then decreases nutrient delivery to the calf through reduced milk production and impaired small intestinal function postnatally. Prenatal nutrient delivery will be measured through maternal circulating nutrients, uterine blood flow and placental weight, fetal growth and development, and newborn calf metabolic state and vigor. Postnatal nutrient delivery will be assessed through colostrum and milk nutrient yield, mammary gland blood flow, calf small intestinal transport capacity, and postnatal calf growth. Impacts: This research will provide novel data addressing important gaps in our current knowledge. Our findings will both increase mechanistic understanding of developmental programming and assist in development of improved management practices and strategies to ameliorate effects of poor gestational nutrition.

Effects of dam parity on perinatal nutrient availability

Calves born to primiparous dams often have decreased birth weight and increased mortality compared with those from multiparous dams. My lab has recently determined the impacts of parity on pre- and postnatal calf nutrient availability. We are the first to show that placental development, fetal growth, and calf metabolic state, especially related to energy, are altered in calves born to primiparous versus multiparous beef females, even when a common sire is used. In addition, we are currently measuring uterine artery blood flow and maternal circulating metabolites and hormones during late gestation in primi- versus multiparous dams to determine their role in our observed parity effects. Impacts: Better understanding of physiological differences in calves born to primiparous cows allows for improved management, leading to improved growth and survival of these calves. 

Trace mineral source and concentration during late gestation
Effects of copper, zinc, and manganese source and concentration during late gestation on fetal development especially that of immune function and metabolism, has not been well-studied in beef cows. My lab recently completed animal work for an industry-funded study (Novus International) to compare no additional Cu, Zn, and Mn (forage and concentrate only) with supplementation from sulfate and/or chelated sources during the last 90 days of pregnancy in fall-calving cows. Although there was no treatment effect on cow performance or fetal growth, mineral status and colostrum composition were affected by mineral source and concentration. Further analyses are on-going to determine effects on neonatal calf immune function using an ex vivo whole blood stimulation assay with toll-like receptor agonists. Epigenetic modifications of calf liver are also being investigated. Impacts: This study will provide novel data on epigenetic and immune effects of gestational trace mineral nutrition in beef cattle. 

Long-term production impacts of drought and poor forage availability

Despite the wealth of knowledge in developmental programming, no studies of a more epidemiological nature exist in beef cattle. My lab is using longitudinal data to investigate the impact of poor forage availability early in life on later calf performance. We have obtained a dataset with >32,000 cattle (Tri-County Steer Carcass Futurity Cooperative), born over 12 years and 21 states, but fed and slaughtered under common conditions. These data are being used to determine the influence of drought (Palmer Drought Severity Index) during prenatal and pre-weaning periods on feedlot performance and carcass quality and yield. My lab is the first to demonstrate that both dry and wet conditions during prenatal and pre-weaning periods impact feedlot performance and carcass composition using longitudinal data. Impacts: These data give us insight into how far-reaching effects of maternal undernutrition are in the beef industry. 
· Extension presentations:

· Meyer, A. M. 2019. Pregnant cow nutrition to improve calf productivity. Presented at the MU Forage Systems Research Center Field Day in Linneus, MO. September 2019. (100 producers and 115 students in attendance)

· Meyer, A. M. 2019. Developmental programming: How nutrition and management during pregnancy impact calves long-term. Presented at ABS Global Producer Meeting in Maryville, MO. March 2019. (100 producers in attendance)

· Meyer, A. M. 2019. Management strategies for a successful calving season. Presented at the Purdue Beef Cow/Calf Improvement Seminar in Paoli, IN. January 2019. (100 producers in attendance)

· Meyer, A. M. 2019. Developmental programming: How nutrition and management during pregnancy impact calves long-term. Presented at the Purdue Beef Cow/Calf Improvement Seminar in Paoli, IN. January 2019. (100 producers in attendance)

· Meyer, A. M. 2018. Using forage analysis to aid in nutritional management. Presented at the University of Missouri “Pearls of Production” Women in Agriculture Conference in Columbia, MO. November 2018. (30 producers in attendance)

3.
Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Graduate students

· Emma Stephenson, M.S. 2019, Thesis: Effects of late gestational copper, zinc, and manganese source and inclusion in beef cattle

· Colby Redifer, Ph.D. currently underway

· Lindsey Wichman, M.S. currently underway

· Isabelle Mitchell, D.V.M.-M.S. currently underway

· Undergraduate and D.V.M. student research

· Abbey Rathert, B.S. 2019, Undergrad research project: Comparison of DHIA and wet chemistry analysis of beef cow colostrum and milk

· Jera Monaghan, Miller Summer Intern from UW-River Falls, Undergrad research project: Effects of repeated freeze-and-thaw cycles on bovine serum and plasma metabolites

· Olivia Kaiser, Veterinary Research Scholar, Research project: Creation of neonatal beef calf serum chemistry reference intervals

· Other undergraduate students involved in research:

· Grace Rathert 

· Jessica Seidhoff 

· Anna Tarpey

· Drew Swartz

· Caitlyn Sullivan

· Elizabeth Gunter

· Shelby Davies

· Train the trainer: 

Meyer, A. M. 2019. Calf Survival. Presented at the Extension In-service for University of Missouri Livestock and Dairy Specialists. February 2018. (25 extension specialists or others in attendance)

Publications

· Refereed

1) Duncan, N. B. and A. M. Meyer. 2019. Locomotion behavior changes in peripartum beef cows and heifers. Journal of Animal Science. 97:509-520.

2) Gatson, G. A., P. J. Gunn, W. D. Busby, B. R. Wiegand, B. L. Vander Ley, and A. M. Meyer. 2019. Effects of dry or wet conditions during the pre-weaning phase on subsequent feedlot performance and carcass composition of beef cattle. Translational Animal Science. 3:73-81.

3) Niederecker, K. N., J. M. Larson, R. L. Kallenbach, and A. M. Meyer. 2018. Effects of feeding stockpiled tall fescue versus tall fescue hay to late gestation beef cows: I. Cow performance, maternal metabolic status, and fetal growth. Journal of Animal Science. 96:4618-4632.

· Abstracts

1) Meyer, A. M., N. B. Duncan, A. R. Rathert, and E. L. Stephenson. 2019. Perinatal nutrient availability and neonatal vigor are affected by parity in cattle. Presented at the Aspen Perinatal Biology Meeting. Aspen, CO. August 2019.

2) Meyer, A. M., N. B. Duncan, and E. L. Stephenson. 2019. Perinatal nutrient availability in beef calves: Causes and consequences. Presented at the 2019 ASAS-CSAS Annual Meeting. Austin, TX. July 2019. INVITED ABSTRACT.

3) Stephenson, E. L., M. C. Heller, A. L. Kenny, A. R. Rathert, H. A. Tucker, and A. M. Meyer. 2019. Immune responsiveness of neonatal beef calves is altered by late gestational Cu, Zn, and Mn supplementation. Presented at the 2019 ASAS-CSAS Annual Meeting. Austin, TX. July 2019.

4) Meyer, A. M., N. B. Duncan†, K. S. Stoecklein, and E. L. Stephenson. 2019. Effects of parity on late gestational uterine blood flow and hemodynamics in beef cattle. Presented at the 2019 ASAS-CSAS Annual Meeting. Austin, TX. July 2019.

5) Stephenson, E. L., A. L. Kenny, and A. M. Meyer. 2019. Effects of late gestational tall fescue forage system on spring-calving beef cow performance, circulating metabolites, and colostrum quality. Presented at the 2019 ASAS-CSAS Annual Meeting. Austin, TX. July 2019.

6) Zeltwanger, J., A. Meyer, E. Bailey, A. Schaeffer, K. Meng, and D. Brake. 2019. Effects of supplemental protein and yeast on fermentation of low quality forage in single-flow continuous culture fermenters. Presented at the 2019 ASAS-CSAS Annual Meeting. Austin, TX. July 2019.

7) Stephenson, E. L., A. R. Rathert, H. A. Tucker, and A. M. Meyer. 2019. Effects of copper, zinc, and manganese intake in late gestation on milk, cow plasma, and calf plasma trace mineral concentrations post-calving in beef cattle. Presented at 2019 Midwestern Section ASAS-ADSA Meeting in Omaha, NE. March 2019.

8) Rathert, A. R., E. L. Stephenson, A. L. Kenny, and A. M. Meyer. 2019. Comparison of analytical methods for determination of nutrient concentration in beef cow colostrum and milk. Presented at 2019 Midwestern Section ASAS-ADSA Meeting in Omaha, NE. March 2019.

9) Wichman, L. G., C. M. Bronkhorst, R. J. Wook, E. L. Stephenson, A. M. Meyer, and A. E. Radunz. 2019. Relationships of neonatal beef calf vigor with metabolic status. Presented at 2019 Midwestern Section ASAS-ADSA Meeting in Omaha, NE. March 2019.

10) Bronkhorst, C. M., R. J. Wook, L. G. Wichman, E. L. Stephenson, A. M. Meyer, and A. E. Radunz. 2019. Factors affecting circulating metabolites and postnatal growth in spring-born neonatal beef calves. Presented at 2019 Midwestern Section ASAS-ADSA Meeting in Omaha, NE. March 2019.

· Popular press

1) Kohls, Kylee. August 2019. One thing leads to another. Published by CAB Black Ink and elsewhere.

2) Meyer, A. M. and N. B. Duncan*. Spring 2019. Ask the Experts: How to Improve Neonatal Calf Survival. Published in DurVet ProfitBuilder. 

3) Meyer, A. M. Spring 2019. Colostrum: Replacers and Supplements. Published in DurVet ProfitBuilder.

Impacts

1) More knowledge of trace mineral effects during pregnancy will allow for improved nutritional management for optimal pre-weaning calf performance.

2) Better understanding of physiological differences in calves born to primiparous cows allows for improved management, leading to improved growth and survival of these calves.

3) We have demonstrated that both dry and wet conditions during prenatal and pre-weaning periods impact feedlot performance and carcass composition using longitudinal data, giving us insight into far-reaching effects of maternal undernutrition in the beef industry.

4) Winter forage system of beef cows in the Fescue Belt impacts maternal nutrient availability and offspring growth and development in utero.

Grants

1) Evaluation of MHA mixed with NEXT Enhance 300 on nutrient digestibility, microbial protein yield, and concentrations of volatile fatty acid in continuous culture (2). P.I.: Allison Meyer. Novus International, Inc. $25,502 awarded. 12/2018 – 07/2019.

2) Evaluation of MHA mixed with NEXT Enhance 300 on nutrient digestibility, microbial protein yield, and concentrations of volatile fatty acid in continuous culture. P.I.: Allison Meyer. Novus International, Inc. $25,502 awarded. 08/2018 – 03/2019.
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(Reporting period: 10/1/18 – 9/30/19)

Submitted by USDA-ARS Fort Keogh LARRL, Miles City, MT

Personnel: R. C. Waterman and M. K. Petersen 

Objective 1. Conduct research and gather information on cattle that fit Western rangelands with respect to grazing behavior, forage intake, biological efficiency, and livestock production.


Conducting research in area of:

· Improving beef cattle genetics in the Northern Plains to produce better-adapted, more efficient producing cattle and high quality protein food for consumers.  

· Evaluation of 5 breed types on backgrounding and carcass characteristics in a Grand Challenge project evaluating Genetic x Environment x management (GxExM) when cattle born in one location are finished in another.

Objective 2. Continue to refine and revise methods for determining forage intake and/or dietary selection.

Conducting research in area of:

Conducting research in area of:

· Evaluation of grazing selection and plant community responses to drought and/or fire.  

Objective 3. Begin collection of DNA samples from females evaluated phenotypically in different production environments for future use in developing genomic tools for beef cow selection.

Conducting research in area of:

· Research in this area of study is being collected at our location
Objective 4. Evaluate methods of nutritional intervention that optimizes ruminant livestock production on rangelands.

Conducting research in area of:

· Advancing new practices to provide nutrient supplementation strategies to complement grazing cattle diets to improve margins and efficiency.

· Evaluation of alternative approaches for development of replacement heifers and winter-feeding of heifers and young cows to provide flexibility to cope with annual variations in forage quality and availability, thus improving lifetime production efficiency and sustainability.

Objective 5. Provide Extension and outreach education in extensive livestock production systems.

Conducting research in area of:

· Demonstrated stock water toxicity testing with hand held meters to prevent sudden death from sulfate ingestion and provide for rapid water quality analysis for the rancher.  

· Provided an ingredient formula for an effective mineral supplement distributed by regional feed companies to ranchers.   
Objective 6. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students

· Training graduate students and interns in critical thinking and identifying solutions for current and future issues facing livestock and rangeland managers. 

· Sharing with producers the latest genomic tools available to improve beef production.

· Providing Montana veterinarians and extension personnel with continuing education courses. 

· Providing research field tours, management practices roundtables and delivering dozens of invited presentations each year locally, nationally and internationally to inform producers, students and fellow scientists about emerging technologies from Fort Keogh.

Publications:

Refereed Publications:

1. Petersen, M.K., Muscha, J.M., Roberts, A.J. 2019. Assessment of variability in yearlong

relative loose mineral intake and range cow productivity in North American northern

Great Plains. Journal of Animal Research and Nutrition. 4(2):4.

https://doi.org/10.21767/2572-5459.100054.

2. Wyffels, S.A., Petersen, M.K., Boss, D.L., Sowell, B.F., Bowman, J.G., Mcnew, L.B.

2019. Dormant season grazing: effect of supplementation strategies on heifer resource

utilization and vegetation use. Rangeland Ecology and Management.

https://doi.org/10.1016/j.rama.2019.06.006.

Proceedings:

Geary, T.W., R.C. Waterman., M. Van Emon, C.R. Ratzburg, S. Lake, B. A. Eik, D. R. Armstrong, A.L. Zezeski, and J.S. Heldt. 2019 Effect of supplemental trace minerals on novel measure so bull fertility. Translational Animal Science

Abstracts:

Williams, A. R., L. T. Vermeire, R.C. Waterman, and C. B. Marlow. 2019. Evaluating 
grazing effects on ponderosa pine habitat types following a large summer wildfire. Society of Range Management.
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Objective 2. Coordinate research and extension activities in extensive livestock production systems.


Outreach:
· Coordinated a field day at the Cal Poly Bull Test discussing Expected Progeny Differences and reproductive technologies for a group of 50 attendees (undergraduate students and beef producers, October 2018)
· Guest Lecture “Replacement Heifer Development” for NDSU Beef Production Course (4/16/19; approximately 30 students)

· Facilitated Western Bonanza California Beef Cattle Improvement Association Young Producer Award Program (February 15-17, 2018)

· Junior Beef Showmanship Judge at Cal Poly’s Western Bonanza Jackpot Show (February 16, 2018; Approximately 30 young cattle producers)

· Angus Journal Interview about Spotting Sickness in the Cattle Herd (July 2, 2018)
Research:

· Beef Bull and Cow Metabolic Efficiency on Rangeland: Metabolomic analysis of beef cattle pre-breeding, breeding, and post-breeding. The influence of body weight change and metabolic flexibility of beef cattle during breeding is currently being investigated. Serum, liver, and semen samples will be collected for metabolomic analysis. 
· Factors that Influence Bull Purchasing Decisions and Management: A survey is currently being distributed to beef producers throughout California and Nevada to determine what key factors drive bull purchasing and management decisions. This survey will be provided via the California Cattlemen’s Association mailing list and in 2 closed settings, the Cal Poly annual Bull Sale and the California Cattlemen’s Convention. 

· Copper Supplementation of Beef Cows and Calves: The impacts of supplementation of a slow-release copper bolus at key physiological periods are currently being investigated.
· Water Quality Supplementation of Feedlot Cattle: A study was performed to investigate the effects of a water quality system on receiving feedlot cattle health, feed efficiency, and growth performance. Preliminary results indicate that water quality has an impact on growth performance and feed efficiency at receiving. However, no effects were detected in cattle after day 30 of the feedlot trial. 
Objective 3. Provide professional development and mentoring opportunities for committee participants, young scientists, stakeholders, and graduate students.

· Advised a group of 4 students in the ASAS Academic Quadrathlon competition at the regional and national level
· Selby Boerman (Animal Science)

· Sarah Dreyer (Animal Science)

· Hannah Neer (Animal Science and Dairy Science)
· Kaitlyn McFarlan (Animal Science)

· Undergraduate Research Advisor for 4 undergraduate student senior projects

· Maria Chavez (Animal Science)

· Sarah Dreyer (Animal Science)

· Selby Boerman (Animal Science)

· Kaitlyn McFarlan (Animal Science)

· Undergraduate Research Advisor for 4 undergraduate students in the Cal Poly Summer Undergraduate Research Program (10-week research experience funded for undergraduate students)

· Katie Peterson (Animal Science)

· Vivian Mason (Ag Business)

· Livia Rubio (Animal Science)

· Jessica Townsend (Animal Science)

· Chaperoned 30 students for the California Cattlemen’s Association Annual Convention in Reno, NV (December 2018)
· Chaperoned 7 students for the NCBA Annual Convention in New Orleans, LA (February 2019)
· Mentored 2 students that competed at the Western Section ASAS Undergraduate Poster Competition in Boise, ID (June 2019)

· Katie Peterson

· Maria Chavez

· Mentored 4 students that competed at the Cal Poly Undergraduate Research Symposium (May 2019) 

· Sarah Dreyer (Competition Winner)

· Katie Peterson

· Selby Boerman

· Maria Chavez
· 
Major professor for masters student Catherine Field starting Fall 2019 
Grants – Cal Poly, San Luis Obispo
Zach McFarlane
· California Beef Cattle Improvement Association Research Proposal for Survey Project. “Factors influencing bull selection decisions and management in extensive rangeland production systems of the western United States. (Funded, $1,500)

· Angus Foundation Grant. “The influence of physical activity during development on growth, fertility, and longevity of yearling Angus bulls”. (Submitted, $102, 372)
· California State University Agriculture Research Initiative New Investigator Grant. 
Impacts – Cal Poly, San Luis Obispo
Zach McFarlane
· Efficient cattle may utilize terrain more effectively via increased physical activity and metabolic flexibility. Therefore, selecting bulls and cows that better fit their environment may impact the efficiency of the entire beef cattle production system. 
· Beef cows and calves grazing California rangelands typically experience copper efficiency. An investigation of copper supplementation strategies will increase beef cattle production efficiency. We have demonstrated that providing a copper bolus at branding increased calf growth performance at weaning and yearling age. Increased growth performance of supplemented calves and supply of trace minerals to cows during late gestation may improve the economic efficiency of California beef production. 
· Water quality may have an effect on feed efficiency of feedlot cattle at receiving. However, these beneficial effects were only determined until day 60 of a feedlot trial. Thus, strategic supplementation of a water quality system in the early phases of feedlot receiving may be beneficial. 
Publications – Cal Poly, San Luis Obispo
Zach McFarlane
Refereed Journals

Published

McFarlane, Z.D., C.N. Boyer, and J. T. Mulliniks. 2018. Profitability of developing beef heifers on stockpiled winter forages. J. Applied Farm Econ. 2(2):1-18.
McFarlane, Z. D., E. R. Cope, J. D. Hobbs, R. N. Oakes, and J. T. Mulliniks. 2018. Winter grazing of stockpiled native forages during heifer development delays body weight gain without influencing final pregnancy rates. J. Anim. Sci. doi:10.1093/jas/sky340
Melchior, E. A., J. T. Mulliniks, J. K. Smith, G. E. Bates, L. G. Schneider, Z. D. McFarlane, M. D. Flythe, J. L. Klotz, J. P. Goodman, H. Ji, and P. R. Myer. 2018. Effects of endophyte infected tall fescue seed and red clover isoflavones on rumen microbial populations, fiber fermentation, and volatile fatty acids in vitro. PLOS ONE. doi: 10.1101/377085
Tilhou, N. W., R. L. G. Nave, J. T. Mulliniks, and Z. D. McFarlane. 2018. Winter grazing stockpiled native warm-season grasses in the Southeastern United States. Grass and Forage Science. doi: 10.1111/gfs.12402
In Preparation
Cope, E. R., B. H. Voy, B. K. Whitlock, K. G. Pohler, Z. D. McFarlane, J. D. Hobbs, and J. T. Mulliniks. Effect of chronic elevated concentrations of beta-hydroxybutyrate on reproduction and metabolism in ewes. (In Preparation, Journal of Animal Science) 
Hobbs, J. D., E. R. Cope, Z. D. McFarlane, B. K. Whitlock, B. H. Voy, and J. T. Mulliniks. Metabolic flexibility and oxidative capacity in lactating beef cows. (In Preparation, Journal of Animal Science)
McFarlane, Z. D., S. L. Boerman, S. E. Dreyer, and L. G. Schneider. Strategic water quality supplementation influence feed efficiency in feedlot cattle. (In Preparation, Translational Animal Science)
Abstracts

Chavez, M. K, B. L. Golden, K. M. Trennepohl, M. H. Hall, and Z. D. McFarlane. Retrospective analysis of growth performance and genetic data of bulls from the Cal Poly Bull Test. Western Section ASAS Undergraduate Research Competition. (June 2019) 

Peterson, K. D., A. Lazanoff, M. Horney, and Z. D. McFarlane. Influence of copper bolus administration at branding on calf growth performance. Western Section ASAS Undergraduate Research Competition. (June 2019)
Boerman, S. L., S. E. Dreyer, A. Lazanoff, and Z. D. McFarlane. The influence of a water quality supplement on growth performance and feed efficiency of feedlot cattle. Cal Poly College of Agriculture, Food, and Environmental Sciences Undergraduate Research Symposium. (May 2019)

Dreyer, S. E., S. L. Boerman, A. Lazanoff, and Z. D. McFarlane. The effects of a water quality supplement on feedlot cattle health, carcass quality, and production economics. Cal Poly College of Agriculture, Food, and Environmental Sciences Undergraduate Research Symposium. (May 2019)

Popular Press
Z.D. McFarlane. California Cattlemen’s Association Magazine “Putting the Mantra into Action: Cal Poly Bull Test puts students to work in most effective ways” (9/1/19).
