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Introduction

In February 1997 a one-day conference on native grasses in the Eastern United States was
held at the Botanical Gardens in Asheville, North Carolina. After nearly ten years the meeting
has grown into a biennial three-day symposium rotating among different locations throughout
the Eastern United States. This is quite an accomplishment for an event that has no
sponsoring organization. The Eastern Native Grass Symposium is sustained by the
expanding interest in the subject and the devotion of a variety of people, from agency
technical specialists and private consultants, to growers of seed and nursery stock, to
equipment and pesticide dealers.

Presentations at the first symposium focused on native grass establishment and
management for forage production and grassland restoration. This fifth symposium is made
up of over 90 oral and poster presentations. Topics include biofuels and carbon
sequestration, biomass, cultivar and ecotype development, establishment and weed control,
forages and grazing, genetics, invasive species, reclamation and restoration, roadside
management, seed harvest and processing, and wildlife management.

Beginning with the second symposium in Baltimore, Maryland in 1999, the event has included
field trips and on-site workshops. This fifth symposium provides six choices for full-day field
trips and three workshop subjects. The second symposium was also the first time
proceedings were published. This fifth symposium is the first time the proceedings are
published in advance of the symposium.

Since the symposium was last in the Mid-Atlantic region, both the knowledge and experience
bases of native grass establishment in the Eastern United States have increased
significantly. The best management for each of the many uses of native grasses is now a
significant concern. There is a noticeable shift in the subject matter of presentations from
establishment to management.

This quote from the proceedings of the second symposium is as applicable now as is it was
seven years ago:

“Native grass use is expanding as rapidly as the seed and plant supplies of eastern sources
will allow. The recent demand for materials is being driven by both a desire to utilize native
plants to meet resource conservation objectives, and additional discovery of valuable
functions which native grasses bring to discreet habitats and the environment in general.
Native grasses bring a host of valuable traits to the conservation effort. Relatively unknown,
under-appreciated, under-researched, and therefore under-used, native grasses will
[continue to] play a powerful role in environmental improvement as use technology is
developed and institutionalized.”

The Planning Committee
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DEDICATION OF PROCEEDINGS
John A. Dickerson

Finger Lakes Conservation Services
Marcellus, New York

These Proceedings of the Fifth Eastern Native Grass Symposium are dedicated to John A.
Dickerson, formerly Plant Materials Specialist, USDA, Natural Resources Conservation
Service (retired).

John has worked to advance the knowledge of native grasses in the Eastern United States
for decades. During his career with USDA, he supported the Big Flats Plant Materials
Center, Big Flats, New York in collecting, evaluating, and releasing native grasses, and in
assisting commercial growers with their production. John tested and developed technologies
to re-vegetate sand and gravel pits in New York and throughout New England with native
grasses. He continues to exchange ideas and technology on native grass establishment and
management with people throughout the North American continent.

John has played a key role in all five of the Eastern Native Grass Symposiums, including Co-
Chairing the second symposium. And he continues to demonstrate his leadership role by
accepting responsibility to solicit a host for the Sixth Symposium to be held in 2008.
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Biofuels

Land Use Change Effects from Cellulosic and Grain Ethanol Production under Climate
Change

Paul R. Adler’, Stephen J. Del Grosso®®, William J. Parton®, and William E. Easterling®

'USDA-ARS Pasture Systems and Watershed Management Research Unit, Curtin Road,
University Park, PA 16802; 2USDA-ARS, Fort Collins, Colorado 80526; *Natural Resource
Ecology Laboratory, Colorado State University, Fort Collins, Colorado 80523; *Institues of the
Environment, Pennsylvania State University, University Park, PA. Corresponding author:
Adler, (814) 865-8894, Paul.Adler@ars.usda.gov,

Bioenergy cropping systems could help offset greenhouse gas emissions, but
quantifying that offset is complex. Bioenergy crops offset carbon dioxide emissions by
converting atmospheric carbon dioxide to organic carbon in crop biomass and soil, but they
also emit nitrous oxide and vary in their effects on soil oxidation of methane. Growing the
crops requires energy (e.g., to operate farm machinery, produce inputs such as fertilizer), and
so does converting the harvested product to usable fuels. The objective of this study was to
quantify all these factors and model the impact of climate change on the net effect of
switchgrass (Panicum virgatum L.) and a corn (Zea mays L.) rotation on greenhouse gas
emissions. We used the DAYCENT biogeochemistry model to assess soil greenhouse gas
fluxes and biomass yields in Pennsylvania. DAYCENT results were combined with estimates
of fossil fuels used to provide farm inputs and operate agricultural machinery and fossil fuel
offsets from biomass yields to calculate net greenhouse gas fluxes for each cropping system
considered. Displaced fossil fuel was the largest greenhouse gas sink followed by soil carbon
sequestration. N,O emissions were the largest greenhouse gas source. All cropping systems
simulated provided net greenhouse gas sinks compared with the fossil fuel life cycle, even in
the long term when there were no further increases in soil carbon sequestration. Compared
with the life cycle of gasoline and diesel, ethanol and biodiesel from corn rotations reduced
greenhouse gas emissions by 30-35% and over 110-120% for switchgrass.

Key words: Biofuel, carbon sequestration, greenhouse gas, switchgrass
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Growth of Switchgrass as Biofuel in the Pacific Northwest
S. C. Fransen’, H. P. Collins* and R. A. Boydston?

'WSU-Prosser, Irrigated Agriculture Research and Extension Center, 24106 N. Bunn Road,
Prosser, WA 99350; 2USDA-ARS, Irrigated Agriculture Research and Extension Center,
24106 N. Bunn Road, Prosser, WA 99350. Corresponding author: Fransen, (509) 786-9266,
fransen@wsu.edu

Abstract

Switchgrass (Panicum virgatum L.) has been grown as a seed crop in the Pacific
Northwest (PNW) for more than 20 years but monitoring for adaptability as forage or research
into biomass for ethanol production had been lacking until about five years ago. During the
past five years we have established eight field research studies at Paterson, WA (Quincy
sand with 0.4% organic matter; 92% sand, 5.6% silt and 2.7% clay irrigated soil and Prosser,
WA (Warden silt loam 1.5 to 2.5% organic matter, 2-5% slope irrigated soil irrigated
evaluating switchgrass production potentials in the PNW. This paper will highlight some of
our results and a few conclusions from hard-learned lessons.

Key words: Biofuel harvest, growth and development, irrigated switchgrass, varieties,

Establishment and Emergence

Switchgrass seed is naked, very small with about 325,000 seeds per pound and easy
to drill. When planting a clean and firm seedbed is essential along with a drill equipped with
covering chains or packing wheels to ensure good soil-seed contact for rapid germination.
We have successfully established stands with seeding rates from 7 to 12 |b pure live seed
per acre with a drill on 6-inch centers. Seed germination for materials we have planted has
ranged from <30 to > 70% for varieties so it is important to calculate PLS and adjust
equipment for planting. Weed control is a major issue during the establishment period.
Several herbicide trials at Paterson show that pendimethalin applied pre or post-emergence
at 0.66 to 1 Ib ai per acre provides excellent control for many of our problem weeds at both
locations. However, pendamethalin on these sandy soils nearly destroys the establishing
switchgrass at both rates. At Prosser, pendamethalin used pre-emergence did stunt the
switchgrass during the early seedling establishment stage but this lessens as plants develop.
It does not provide season long control because of our irrigation methods that stimulates the
weed seed bank. We have found injury differences among switchgrass varieties for post-
emergence products. The herbicide mesotrione damaged both Cave-in-Rock and Shawnee
varieties more than Kanlow.

Growth and Development

Switchgrass breaks dormancy from early to mid-April but has less than 6 inches of
growth by May 1°. With adequate irrigation and temperature, switchgrass will be 20 inches or
taller by late May in our region. With increasing June summer temperatures, growth
increases significantly. The earliest maturing switchgrass variety we’ve grown is Dacotah,
which heads by mid-June and fully headed by July 1!, several weeks before other varieties.
July growth and regrowth is rapid if soil moisture is maintained. Our first biofuel biomass

14
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harvest occurs within the first two weeks of July and crops will be about 4 to 6 ft high at that
time. By leaving a 4- to 6- inch stubble at harvest, regrowth will be observed within 5 to 7
days. Growth during August is slowed compared to July, we think possibly due to photoperiod
not temperature or irrigation. By September growth is much slower than in August with
temperatures cooling much from the previous month. Final biofuel biomass harvest should be
made in late September to early October again leaving suitable stubble for winter survival.
We have not experienced winterkill with any switchgrass varieties and we believe this is due
to the deep dormancy of the plant in late October to early November. We had record low
temperatures in December, 2004 (-19°F) when the first switchgrass planting was in the
juvenile stage. All the varieties survived without problems.

Varieties

Last year we planted Alamo for the first time and stands are still very weak with an
open canopy allowing for greater weed invasion than any other variety in our research.
Kanlow, a lowland variety, has performed very well at both locations. Dacotah is the earliest
maturing and may be too early for biofuel production in the lower Columbia Basin region. We
believe Dacotah maybe best adapted to a higher elevation, shorter growing season where
natural precipitation is adequate for this deeply rooted plant to survive. Other varieties
evaluated include Cave-In-Rock, Trailblazer, Blackwell, Nebraska 28, Sunburst, Forestburg
and Shawnee.

Production Response in the PNW

We lack the production history of growing switchgrass compared to other areas of the
US where this grass is native. However, we have identified two important results. First, yields
continue to increase each year as stands thicken in the initial 2002 planting managed for
biofuel. Second, second year production yields were similar to those reported in the mid-west
with six-year old stands.

Things We Have Learned

Switchgrass should be planted by late May to mid-June in the PNW in a well developed
seedbed with early weed control to promote good stands the first year. We clipped weeds,
leaving an 8-inch stubble during the establishment year without harming the switchgrass.
Switchgrass produces well with a minimum level of soil nutrients and over fertilization of
switchgrass stimulates weed growth. For biofuel production we harvest twice per growing
season. The first harvest occurs in early to mid-July and second at the end of the season in
late September or early October. Adequate stubble height is essential to sustain the crop. In
a simulated pasture clipping trial last year, | though I'd killed the switchgrass by early
September. It surprised us this spring by breaking dormancy, certainly later than hay or
biofuel treatments. As a biomass crop managed for ethanol production with maintenance of
adequate stubble, long-term survival should likely not be an issue. Switchgrass is a viable
crop in the warm regions of the PNW if natural rainfall is adequate or irrigation water is
applied.
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The Potential for Grasses as a Feedstock in Energy Applications in the Eastern United
States

Matthew McArdle’ and David Bransby?

"Mesa Reduction Engineering & Processing, Inc., 6030 East Lake Road, Auburn, NY 13021;
2Auburn University, Auburn, AL 36849. Corresponding author: McArdle (315) 704-0004,
matt.mcardle@mesareduction.com

Native grasses and other herbaceous crops are the most promising renewable energy
resources available to the nation at large. The development of biomass as a feedstock for
use as a biofuel (ethanol) or for biopower (electricity) has been receiving a substantial
amount of attention. However, the use of grasses as a feedstock for the generation of energy
has been slow to develop in the United States. With the increasing costs of liquid fuels and
electricity the potential to integrate biomass fuel sources is gaining momentum. The primary
reason for the lack of widespread development is the lower cost of energy derived from fossil
based resources like oil, natural gas, and coal.

Switchgrass (Panicum virgatum L.) is the native herbaceous energy crop that has
received the most interest in the United States. Many other herbaceous species can also be
used to produce biomass for use in power generation, liquid fuels, chemicals, and other
intermediary products. These include perennials that are already established and used for
forage, perennials that would have to be planted like switchgrass, and annuals that can be
integrated into cropping systems with other crops. Both warm and cool-season species
should be considered within each of these categories in order to facilitate a year-round
supply. Unlike many other energy crops under consideration, the equipment necessary to
establish, maintain, and harvest herbaceous crops is available. This technological advantage
makes the rapid deployment of herbaceous feedstocks in energy applications possible.
While the production of herbaceous energy crops is feasible with existing equipment the
overall infrastructure and economics of commercial-scale operations is still being defined.
Through the analysis of existing herbaceous forage crops, large-scale demonstrations of
dedicated energy crops like switchgrass, and experimentation with innovative planting and
management techniques, the true potential of herbaceous energy crops is being realized. A
major obstacle to widespread use of biomass resources is the cost to transport the material
from where it is grown to the conversion facility. Due to the low bulk density and energy
content of biomass materials, innovative collection and processing applications have been
developed to overcome these economic challenges. Field chopping, new baling and de-
baling equipment, and innovative milling technologies have demonstrated the technological
and economical potential of commercial-scale applications.

This paper reviews the economic potential of warm and cool-season grasses for use in
energy applications in the Eastern United States. Through the use of a computer-modeling
program called Switchsym, all of the inputs associated with herbaceous crop production have
been captured and analyzed. A discussion of the overall economics of feedstock production,
delivery and processing of native and other herbaceous crops are reviewed.

Key words: Biofuel, biopower, renewable energy, switchgrass
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Potential of Native Warm-Season Grass Monocultures and Mixtures for Bioenergy in
the Northern Great Plains

V. N. Owens, D. Lee, and A. Boe

Plant Science Department, South Dakota State University, 1110 Rotunda Lane North,
Brookings, SD 57007, USA. Corresponding author: Owens, (605) 688-6088,
vance.owens@sdstate.edu. http://plantsci.sdstate.edu/forages/

High yielding, native warm-season grasses could be used as renewable bioenergy
feedstocks. The objective of this study was to compare biomass production potential and
chemical composition of switchgrass (Panicum virgatum L.), big bluestem (Andropogon
geradii Vitman), and indiangrass (Sorghastrum nutans L.) monocultures to all 2- and 3-way
mixtures of these species across an east-west environmental gradient. Switchgrass,
indiangrass, and big bluestem were planted as monocultures and in 2- and 3-way mixtures at
three locations (Morris, MN; Brookings, SD; and near Pierre, SD) during May 2002. Biomass
at each location was harvested after a killing frost once annually from 2003 to 2005. A grab
sample (about 2 Ibs) was taken from each plot at harvest for determination of dry matter and
chemical composition. Averaged across species, yields ranged from 0.72 to 3.20 tons ac™ at
Brookings, 1.32 to 2.20 tons ac’ at Pierre, and 1.52 to 2.28 tons ac’ at Morris during the
three years. Yields were lowest in 2003 and highest in 2005 at each location, although they
were similar at Brookings in 2004 and 2005. It is not entirely surprising that yields were lower
the year after establishment than in succeeding years since these grasses often establish
slowly. In addition, timely precipitation during April-May resulted in higher yields in 2005.
Averaged across years, there was a species/mixture effect on biomass production at
Brookings and Pierre. At both locations, monoculture switchgrass and mixtures with
switchgrass had higher yields than either big bluestem or indiangrass monocultures. A similar
trend was noted at Morris despite the fact that yield differences between species/mixtures
were not significant. In general switchgrass was the dominant species in all mixtures in
which it was present during establishment and the first year after establishment. However, by
the second year after establishment, big bluestem was often the dominant species in all
mixtures in which it was present. Biomass cellulose, hemicellulose, lignin, TN, and ash
concentrations varied by year and location. Cellulose concentration tended to be higher in
indiangrass while hemicellulose concentration tended to be higher in switchgrass. These
results indicate that switchgrass, big bluestem, and indiangrass monocultures, and mixtures
containing these three species, are prime candidates for use as biomass feedstocks in the
northern Great Plains. While switchgrass dominated plots out-yielded the other species,
mixtures of species may be more advantageous for wildlife habitat and other recreational
uses. Thus, individual biomass producers may be able to plant mixtures adapted to their
particular situation.

Key words: Big bluestem, biofuels, indiangrass, switchgrasss
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Developing Warm-Season Grasses as a Densified Heating Fuel
R. A. Samson, C. Ho Lem and S. Bailey

REAP-Canada 21,111 Lakeshore Road, Box 125 Maison Glenaladale, Ste-Anne-de-
Bellevue, QC , H9X 3V9 Canada. Corresponding author: Samson, (514) 398-7743,
info@reap-canada.com. www.reap-canada.com

REAP-Canada (Resource Efficient Agricultural Production) has been working since

1991 on bioenergy crop production from grasses to control greenhouse gases and reduce
energy demand of fossil fuels. The main focus has been on bioheat to substitute for fossil
fuels. REAP-Canada was the first agency in Canada to research warm-season perennial
grasses as energy crops and the first agency in the world to successfully pellet and burn
densified switchgrass (Panicum virgatum L.) as a fuel. Pelletized grass biofuel is poised to
become a major fuel source because this fuel pathway is capable of meeting some heating
requirements at less cost than all available alternatives. The main advantages of this energy
production approach result from:
efficient use of low cost marginal farmland for solar energy collection
minimal fossil fuel input use in field production and energy conversion
minimal biomass quality upgrading which limits energy loss from the feedstock
efficient energy conversion in advanced combustion appliances
replacement of expensive high-grade energy forms in space and water heating
an overall energy output to input ratio of 14:1

The main technical barriers to the development of herbaceous biomass for combustion
have been optimizing biomass combustion quality, crop productivity and harvesting logistics.
The main quality problem of grass is the high potassium and chlorine content which results in
difficulties during combustion, including corrosion and clinker production. Late fall and spring
harvesting leads to significant improvements in biomass quality by reducing potassium and
chlorine content. However, over-wintering also results in major yield losses. Late fall mowing
and spring baling to avoid over-wintering losses due to mechanical breakage has emerged as
a possible solution. Increased understanding of delayed-harvesting practices can optimize
biomass combustion quality and recoverable biomass yields. Advancing technologies to burn
higher ash fuels is also advancing the use of agri-fuels for combustion. Commercialization of
grass bioheat for greenhouse heating applications using commercial boilers appears to be
the most attractive option due to dramatic increases in the price of conventional fossil fuels
and increasing shortages of wood residue for making fuel pellets. Pellets made from
moderately high ash crop milling residues (oat hulls and wheat middlings) are now being
used by 24 greenhouses in Ontario for heating. Producing economical, perennial energy
crops could greatly expand the fuel supply for this emerging industry and appears to minimize
risks in developing this opportunity as crop milling residues are already being used in these
systems. Pelletized grass biofuels can provide consumers with price stable and low-cost heat
while dramatically cutting emissions, with Bioheat currently 25-50% cheaper than heating
with oil or natural gas. The development of an agri-fibre biofuel pellet industry has great
potential to revitalize the rural economy of North America by absorbing the surplus production
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capacity of the agricultural sector and cutting on-farm fuel costs in heating intensive sectors
like greenhouses.

Key words: Bioenergy, bioheat, pellettizing, switchgrass
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Biofuels Research with Native Grasses at the USDA-ARS Pasture Systems and
Watershed Management Research Unit, University Park, Pennsylvania

M. A. Sanderson, P. R. Adler, R. H. Skinner, and C. Dell

USDA-ARS Pasture Systems and Watershed Management Research Unit, Building 3702
Curtin Road, University Park PA 16802. Corresponding author: Sanderson, (914) 865-1067,
Matt.Sanderson@ars.usda.gov.
www.ars.usda.gov/main/site_main.htm?modecode=19020000.

Research on switchgrass (Panicum virgatum L.) as a biomass energy crop is
conducted at several USDA-ARS facilities across the USA. At the USDA-ARS Pasture
Systems and Watershed Management Research Unit in University Park, Pennsylvania,
research on biomass energy focuses on cropping systems, environmental effects, and
management practices. Cropping systems research compares the biomass and energy yields
of perennial [switchgrass and reed canarygrass (Phalaris arundinacea L.)] and annual (corn,
Zea mays L.) components in different combinations. In addition, the biomass energy crop
rotations are compared with conventional (corn-alfalfa, Medicago sativa L.) crop rotations,
and a grazing system for carbon sequestration and greenhouse gas emissions. Management
of switchgrass for biomass focuses on harvest timing and frequency for conservation lands,
compatibility of production systems with wildlife habitat, and variety selection. Environmental
research includes measuring soil carbon sequestration under switchgrass and green house
gas emissions from switchgrass production. Research is conducted in collaboration with
Penn State University, Colorado State University, USDA-ARS scientists at Lincoln, NE, St.
Paul, MN, Madison, WI, Wyndmoor, PA, and Ft. Collins, CO. A critically important part of the
program is the on-farm research with producers in Maryland and Pennsylvania. The on-farm
research provides opportunities to do research at relevant landscape scales and also serves
as a technology transfer mechanism. Recent research accomplishments include a resource
assessment of the botanical composition, biomass yield, and biofuels quality of biomass on
conservation lands; demonstrating the potential for using switchgrass bioenergy cropping to
reduce greenhouse gas emissions from agriculture; and developing seasonal harvest
guidelines for switchgrass.

Key words: Bioenergy, carbon sequestration, switchgrass
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Switchgrass for Biofuel, Forage, and Mushrooms
M. A. Sanderson, P. R. Adler, R. H. Skinner, and C. Dell

USDA-ARS Pasture Systems and Watershed Management Research Unit, Building 3702
Curtin Road, University Park PA 16802. Corresponding author: Sanderson, (814) 865-1067,
Matt.Sanderson@ars.usda.gov.
www.ars.usda.gov/main/site_main.htm?modecode=19020000.

Switchgrass (Panicum virgatum L.), a native perennial warm-season grass, is used as
a forage and conservation plant in the eastern USA. During the last 15 years switchgrass has
received much attention as a model energy crop. Attributes of switchgrass desirable for
bioenergy cropping include its demonstrated long-term high productivity across many
environments, suitability for marginal land, relatively low water and nutrient requirements, and
positive environmental benefits. This presentation will preview the tour stops and topics to be
discussed during the all day field tour on Thursday October 12. Tour stops will include the
Penn State University Russell E. Larson Research Center where USDA-ARS and Penn State
collaborative research on harvest management and weed control in switchgrass will be
highlighted. Also featured will be a stop at the Penn State Mushroom Test Facility where
switchgrass is used as a substrate for mushroom compost. Lastly, the tour will end at the
Haller Beef Research Center where we will highlight USDA-ARS research on energy crop
rotations, carbon sequestration, and greenhouse gas emissions from switchgrass and annual
energy crops.

Key words: Bioenergy, carbon sequestration, field tour
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Grass Farming for Local Energy: Opportunities and Strategies for Utilizing Native
Grasses to Deliver Clean Energy for Today's Energy Markets

Scoftt D. Singer

Biologist, USDA-Natural Resources Conservation Service, 702 Sawmill Rd, Bloomsburg,
Pennsylvania 17815. (570) 784-1062, scott.singer@pa.usda.gov, www.pa.nrcs.usda.gov/

With the rising fossil fuel prices and the growing awareness and understanding of the
effects of global climate change resulting from the use of fossil fuels, there exists more
opportunities for agricultural producers to supply biomass derived fuels to local energy
markets. Perennial grasses have the potential to be both economically and ecologically
sustainable crops for the production of bio-fuels that can directly replace fossil fuels in many
applications. Space heating or combined heat and power applications are well suited for
entry into the energy market for farmers, due to the fact that the scale of production of these
fuels can match the typical farm operation size. In the Northeast, and other areas of the
country with high seasonal heating demands, profitable production for local markets can be
achieved at relatively small acreages (several hundred to a couple thousand acres).
Whereas, larger applications such as ethanol production or co-firing in power generating
facilities will require tens of thousands of acres in relatively close proximity to a facility.

In order for a farmer or small group of farmers to be successful in solid fuel production
at this scale, strategies must be in place to ensure delivery of a cost competitive, reliable
product for use in the appropriate applications. Locally grown native grasses densified into
pellets, cubes, or briquettes can fulfill all such requirements if proper growth, harvest,
processing, and storage techniques are employed and the producers pay close attention to
end user needs throughout the process. Site selection for growth of feedstock is important,
taking into consideration soil texture and composition, fertility, and drainage. Species
selection is critical in terms of harvest potential, site adaptation, and long term crop
sustainability. Utilizing existing agricultural equipment for processing and storage will help to
avoid capital investment costs during the start-up phase while producers establish a market
base and initial profitability. Investigations should be made for the utilization of existing grass
resources in local communities (e.g. lands established using government programs) as
potential feedstock once that land is free from contract. Management practices need to be in
place to minimize ash\inorganic fraction (particularly Cl, K, and Si) of feedstock and avoid
potential contamination by soil or mineral dust during various stages of harvest and transport.
Transportation of bulky feedstock must be minimized to reduce pre-processing costs.
Densification must be accomplished for a reasonable cost per unit and must produce a final
product which is matched to the end user in terms of quality, convenience, and combustibility.
Cooperation amongst producers or the actual formation of a formal cooperative organization
will reduce risk involved with capital investment, help with process efficiency, and assure a
certain level product consistency. This poster will give further illustration of these and other
important considerations for the development of the cropping systems that can supply energy
for small scale, local utilization of grass biomass for energy.

Key words: Bioenergy, biomass, densification, grass pellets
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Using Switchgrass in a Small-Scale Boiler to Supplement Farm Heating Needs

K. W. Staver

University of Maryland, College of Agriculture and Natural Resources, Wye Research and
Education Center, P.O. Box 169, Queenstown, MD 21658. Corresponding author, (410) 827-
8056, kstaver@umd.edu, http://agresearch.umd.edu/RECs/WREC/index.cfm

Planting of warm season grasses on Maryland cropland has occurred primarily in
response to state and federal incentive programs aimed at reducing nutrient inputs to the
Chesapeake Bay. These programs have focused on taking land out of production in areas
with potential to retain nutrients lost from up gradient cropland such as riparian buffers and
wetlands. A secondary objective of these programs has been to provide wildlife habitat.
However, to date there has been little effort to develop production systems that utilize warm
season grasses as a harvestable crop. In fact, harvesting is prohibited in riparian buffers
installed through the Conservation Reserve Enhancement Program (CREP), the primary
program promoting warm season grass plantings in Maryland. However, with recent
increases in fossil fuel prices and concerns regarding increasing atmospheric CO,
concentrations interest has increased in the use of biofuels. This suggests that in the long
term, options should be considered that couple water quality incentive programs with biofuel
production to achieve both air and water quality benefits as well as less dependence on fossil
fuels.

There has long been interest in using switchgrass (Panicum virgatum L.) as a biofuel,
with the primary focus being on its use as feedstock in ethanol production or in large-scale
electricity generating facilities. Long-term studies have demonstrated that switchgrass grows
well in Maryland and has minimal nitrogen losses relative to row crops. However, Maryland
lacks the cropland area to support large-scale centralized biofuel systems such as those
being proposed in the Midwestern USA. A currently available option for utilizing switchgrass
as a biofuel in Maryland is as fuel in small-scale on-farm combustion systems, an approach
used widely in Europe to utilize cereal straw. To test the feasibility of this approach, a boiler
designed to burn cereal straw was installed in 2004 at the UMD Wye Research and
Education Center to supplement space heating needs in farm buildings. The system was
fueled throughout the 2005-2006 heating system with spring harvested switchgrass. The
primary problem encountered was obtaining sufficient air flow early in the combustion cycle
due to the lack of cohesiveness of baled switchgrass. Energy capture in the heating system
was approximately 50 percent, suggesting that 1 ton of switchgrass would replace the
heating value of approximately 70 gallons of heating oil used in a system with an efficiency of
75 percent. Although using switchgrass as a fuel in small-scale systems appears to have
potential for providing multiple environmental benefits, its adoption will likely remain limited by
the current lack of affordable combustion systems and local technical support. Development
of automated feed systems would greatly enhance the potential for utilizing switchgrass as a
biofuel in Maryland.

Key words: Biofuels, combustion systems, Maryland, switchgrass
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Biomass

Switchgrass (Panicum virgatum L.) Use by the Caddo Tribe for House Construction
Charles Allen and S. Thames

Colorado State University, Fort Polk Station, 1647 23rd St., Fort Polk, La 71459.
Corresponding author: Allen, (337) 531-7535, Charles.M.Allen1@us.army.mil.

Abstract

The Caddo Indian tribe’s range was northwest Louisiana, northeast Texas, eastern
Oklahoma, western Arkansas, and southwest Missouri. Historical records indicate the use of
native switchgrass (Panicum virgatum L.) in the construction of houses. Selections are being
monitored at Fort Polk, Louisiana and at Haskell University in Lawrence, Kansas to select
strains for this cultural use.

Key words: Caddo Tribe, house construction, switchgrass

Background

The Caddo Tribe original home was northwest Louisiana, northeast Texas, eastern
Oklahoma, western Arkansas, and southwest Missouri (Glover 1935; Newkumet and
Meredith 1988; Swanton 1942). The historical records indicate the construction of grass
houses using the native and apparently abundant switchgrass. This range of the Caddo tribe
included parts of current day Fort Polk in west Central Louisiana. Haskell University is a
Native American University located in Lawrence, Kansas and some students with Caddo
roots attend this University. The range of switchgrass includes Louisiana and Kansas and
most of the United States (Allen et al 2004; USDA NRCS 2006).

Methods

Fort Polk has an ongoing project with the major objective of locating and propagating
native grass species for erosion control and re-vegetation across the base. The native
species being screened include big bluestem (Andropogon gerardii Vitman), little bluestem
(Schizachyrium scoparium Michx. Nash), slender bluestem (S. tenerum), eastern gamagrass
(Tripsacum dactyloides (L.) L.), Indiangrass (Sorghastrum nutans L. Nash), and switchgrass.
Since 2001, selections of these species were located on Fort Polk or nearby and then
propagated and monitored. In 2004, this native grass program was expanded to include the
monitoring of switchgrass for house construction. Additional selections of switchgrass from
northwest Louisiana, northeast Texas, eastern Oklahoma, western Arkansas, and Kansas
were added. All selections are being shared with faculty and interns at Haskell University in
Lawrence, Kansas.

The switchgrass characteristics that are important for house construction include: (1)
number of stems, (2) diameter of stems, (3) height of plants, and (4) seed production. Both
Fort Polk and Haskell University set up a monitoring plan to screen the selections for: (1)
more stems, (2) large stems, (3) taller plants, and (4) more seeds. In February 2005, a total
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of 42 selections were planted at Fort Polk that included 4 clumps of each selection for a total
of 168 clumps. The clumps were measured monthly with the final and reporting measurement
taken in October 2005. The stem diameter was not measured in 2005 but after consultation
with Phil Cross, the stem diameter was added and will be measured in the future. Additional
selections including some from southwest Missouri were added in 2005.

Results

The summarized October 2005 switchgrass measurements for the 42 selections are in
Table 1. The raw data were synthesized and mean values and standard deviation calculated
for stem number and plant height. The number of clumps is also listed. The data are listed
for all selections and then by Louisiana or non-Louisiana (Arkansas, Kansas, Oklahoma, or
Texas). The number of stems and plant heights calculations were also done using the viable
clumps only. The number of clumps that survived will be evaluated after the 2006 growing
season. During the calculations, it seemed that the clumps that were planted from selections
that were already grown in pots for one or more years were growing better than those that
were transplanted directly from the field. The data were re-calculated after dividing the
measurements into those that were grown in pots and those that were transplanted directly
into the field. The number of clumps with seed production is listed for all clumps and for the
Louisiana or Non-Louisiana clumps and for the pot grown and transplanted clumps. The
individual selections were examined for most stems, tallest plants, and most clump seed
production (Table 2).

Discussion

The results at the end of the first year indicated a strong correlation between local
Louisiana switchgrass and the good characteristics (more stems, taller plants, and more
seeds) for house building (Table 1). But on closer examination, these characteristics may
have been linked to a better and stronger clump at the beginning of the growing season for
most of the Louisiana selections. Most of the Louisiana selections had been obtained from
the field and grown under controlled conditions for the past several years while most of the
Non-Louisiana selections were transplanted from their original location to the field. The final
conclusions await measurements from future years and also from the Kansas plantings at
Haskell University.
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Table 1. Summary data for switchgrass selections grown at Fort Polk, Louisiana
during 2005

All Clumps Viable Clumps (October
2005)
Mean Std. No. Mean Std. No.
Dev. Dev.
Mean number of stems
All Selections 1.2 2.92 168 4.1 4.05 51
Non- 0.05 0.22 60 1.0 0.00 3
Louisiana
Louisiana 1.9 3.46 108 4.3 4.10 48
Pot Grown 2.6 3.68 92 4.6 4.21 43
Transplanted 0.5 0.89 16 1.6 0.89 5
Mean plant height (in.)
Mean Std. No. Mean Std. No.
Dev. Dev.
All Selections 9.9 15.90 168 32.6 9.56 51
Non- 1.0 4.19 60 19.0 1.73 3
Louisiana
Louisiana 14.8 17.75 108 334 9.20 48
Pot Grown 15.8 18.05 92 33.9 8.94 43
Transplanted 9.1 15.18 16 29.2 11.45 5

clumps
All Selections 33 168 51
Non- 0 60 3
Louisiana
Louisiana 33 108 48
Pot Grown 30 92 43
Transplanted 3 16 5

Seed production

No. with  No. of No. of
seeds clumps viable
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Table 2. Preliminary ranking of selections of switchgrass grown at Fort Polk, Louisiana
during 2005

Selection Mean # Stems  Mean Hgt (in.)  No. with Seeds Combined
46 3.5 39.2 4 46.8
36 5.8 31.5 3 40.2
33 2.5 34.5 3 40.0
Gooselake 3 8.2 28.2 3 39.5
31 1.8 32.0 3 36.8
34 4.0 242 3 31.2
3 8.5 225 1 31.0
Gooselake 1 6.2 23.5 0 29.8
29 25 26.0 2 28.0
41 2.5 23.0 1 23.0
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Influence of Time of Stand Establishment on Biomass Production of Eastern
Gamagrass

D. T. Krizek', J. C. Ritchie?, M. J. Camp®, A. M. Sadeghi’ and C. D. Foy'

'Sustainable Agricultural Systems Laboratory, ?Hydrology and Remote Sensing Laboratory,
3ANRI, Agricultural Research Service, and Biometrical Consulting Service, USDA, Beltsville,
MD 20705. Corresponding author: Krizek, 301-504-5324, krizekd@ba.ars.usda.gov

Abstract

Recent studies conducted at the Beltsville Agricultural Research Center (BARC) have
demonstrated the ability of eastern gamagrass [Tripsacum dactyloides (L.) L.] to adapt to
acid, compact soils and to produce high quality forage. However, little is known as to yield
comparisons between young and old stands. This study was conducted to determine the
comparative yield of young (planted in 1999) and old (planted in 1996) stands of ‘Pete’
eastern gamagrass grown on an acid, compact soil at BARC during the summer of 1999 and
2000 and to assess possible differences in biomass obtained in the spring and summer of
2000. Biomass data were also collected on these plots from 2001 to 2005 to determine
whether initial differences in biomass between young and old stands persisted during
subsequent years. A comparison of summer yields (August 1999 and August 2000) showed
a significant interaction between age and time due to changes in the means for young plants
in the two years. A comparison of yields taken during spring and summer 2000 indicated that
young stands out-yielded old stands by 50%; however, there was no difference between
spring and summer yields within each age group. Initial differences in biomass between
young and old stands persisted until termination of the study in 2005. Although published
guidelines recommend harvesting eastern gamagrass plants only in the second year, our
results indicate that it is feasible to obtain high amounts of biomass within three months of
seeding provided that adequate soil moisture is available.

Key words: Acid compact soils, biomass production, eastern gamagrass

Introduction

Recently, there has been renewed interest in the Eastern United States in the use of
eastern gamagrass (Horner et al. 1985, Bidlack et al. 1999, Coblentz et al. 1999, Krizek et al.
2003a), switchgrass (Panicum virgatum L.) (Anderson et al. 1988, Reid et al. 1992), and
other warm-season grasses for forage production, soil improvement, and conservation of
water and nutrients (Dickerson et al. 1997, Ritchie et al. 2000, Perrygo et al. 2001). Recent
studies conducted at the Beltsville Agricultural Research Center at Beltsville, Maryland have
demonstrated the ability of eastern gamagrass to adapt to acid, compact soils (Foy 1997, Foy
et al. 1999, Gilker et al. 2002, Krizek et al. 2003b) and to produce high quality forage (Reeves
1987, Ritchie et al. 2006).

Studies conducted at Beltsville, Maryland from 1997 to 2001 on a derelict soil site
having a 25% slope on the North Farm at the Beltsville Agricultural Research Center (BARC)
indicated that eastern gamagrass plants sown in 1996 produced relatively high average
yields of biomass (1.7 to 2.7 t ac™) on an acid, compact soil (average pH 4.8) despite severe
droughts during three of these years (1997 to 1999) (Krizek et al. 2003b). Foy et al. (1999)
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reported that additions of lime to a site at the bottom of the slope (pH 5.1, unlimed and pH
5.8, limed) (designated Site 1) had no significant effect on forage yields over a two-year
period (1997-1998). Forage composition and quality also appeared to be largely unaffected
by low pH and soil compaction (Ritchie et al., 2006). However, little is known as to yield
comparisons between young and old stands of eastern gamagrass. The objective of this
study was to determine the comparative yield of young and old stands of ‘Pete’ eastern
gamagrass grown on an acid, compact soil on the North Farm at BARC during the summer of
1999 and 2000 and to assess possible differences in biomass obtained in the spring and
summer of 2000. Biomass data were also collected from 2001 to 2005 to determine whether
initial differences in biomass observed between young and old stands persisted during
subsequent years.

Materials and Methods

Site: The location used for the study was at the bottom of a 750 ft hillslope (22% slope) on a
derelict site on the North Farm at BARC. Prior to sowing seed of eastern gamagrass, this
hillslope had been covered with mixed grasses dominated by tall fescue [Lolium
arundinaceum (Schreb.) S.J. Darbyshire] for over 30 years (Foy et al. 1999). This bottom
site, designated as Site 1 (Krizek et al. 2003b, Ritchie et al. 2006) consisted of nine 12x12 ft
replicated randomized plots and has been described in detail previously (Foy et al. 1999,
Krizek et al. 2003b, Ritchie et al. 2006. This site was chisel plowed to a depth of 12 inches
and then roto-plowed to a depth of 6 inches prior to hand sowing eastern gamagrass seed.

Soil and Nutrient Conditions: The experimental research site consisted of an acidic, Al-toxic,
no-till soil characterized as a complex of Matawan-Hammonton loam. Half of the plots in Site
1 were limed (pH 5.8) and half of the plots were unlimed (pH 5.1) as described by Foy et al.
(1999). Lime was applied in the fall of 1994 and again in May 1995, each time at a rate of 1
ton ac™. This soil complex contained less than 15% gravel and ranged in texture between
clay loam and loamy sand with low soil pH and generally poor soil conditions (Foy et al. 1999;
Krizek et al. 2003b, Ritchie et al. 2006). Surface applications of 19-19-19 fertilizer were
added at the following rates in 1996, 1997, 1998, 1999, and 2000, respectively: 450, 250,
250, 150 and 260 Ibs ac™ on the basis of recommendations of Maryland Cooperative
Extension. Mineral analyses were conducted at the University of Maryland and are described
by Krizek et al. 2003b. To ensure successful stand establishment, the plots of eastern
gamagrass were irrigated several times during the summer of 1999 by means of a sprinkler
system. Both the new and old stands were irrigated.

Plant Material

Plant material consisted of two stands of eastern gamagrass, cv. Pete grown from
seed on an acid, compact soil at the Beltsville Agricultural Research Center: an old stand
planted in May 1996 and a young stand planted in May 1999. The young stand was
established on plots that were formerly planted in soybean, barley, wheat, and snap bean,
during 1994 to 1996 (Foy et al. 1999). Seed consisted of Germtec™ -treated eastern
gamagrass seed that was obtained from Gamagrass Seed Co. (Falls City, NE). Seed were
hand sown in 18 inch rows, about 1.5 inches apart.

Biomass Production
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To compare the performance of young vs old plants, plants were harvested manually
for biomass on August 13, 1999, June 8, 2000, and August 30, 2000. Biomass data were
also collected during the subsequent five years (2001 to 2005) to determine persistence
effects. The plants were cut back to a height of 4 inches at time of harvest and three foot
strips were taken for biomass determination. Samples were dried in a forced-draft oven at
140°F and weighed after at least 48 h. Yields were calculated on a t ac™ basis.

Statistical Analysis

Yield data obtained during the summer of 1999 and 2000 were analyzed as a two-
factor general linear model using PRoC MIXED (SAS Institute 2004) with AGE and TIME as the
factors The variability between limed and unlimed plots was accounted for and modeled with
the compound symmetric correlation structure. The assumptions of the general linear model
were tested. The AGE means were compared at the 0.05 significance level. To correct
variance heterogeneity, the treatments were grouped into similar variance groups for the
analysis. The means were compared using pair-wise comparisons with Sidak adjusted p-
values so that the experiment-wise error for the comparison category was 0.05. To examine
the persistence effect of treatment, the biomass yield data were analyzed as a repeated
measures two-factor general linear model for the factors AGE and YEAR (the repeated factor)
using PROC MIXED (SAS Institute 2004). The data were standardized so that various variance-
covariance structures could be used to fit the repeated effect. The heterogeneous
autoregressive(1) structure was found to have the best fit. Assumptions of the linear model
were tested. As AGE and YEAR were statistically significant, mean comparisons were done
with Sidak adjusted p-values so that the experiment-wise error was 0.05. The means in
Table 6 are in the original units.

Results and Discussion

Appearance of Plants

Within three months of planting the seed in 1999, the plants were nearly 20 inches
high. By May 2000, the replicated stands of young plants were as tall as the old stands
planted in 1996 and appeared more robust than the old stands. There were no obvious
differences in appearance between limed and unlimed plots.

Comparison of Yield During August of 1999 and 2000

The ANOVA (Table 1) indicates that there was a significant interaction between AGE
and TIME; this was shown to be due to the change in the means for young plants in 1999 and
2000 (Table 2). The mean biomass of young plants harvested in August 1999 was lower
than the mean biomass of old plants; however, in 2000, young plants had higher yields than
old plants (Table 2).
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Comparison of Yield during June and August 2000

Based on the ANOVA, only age of the eastern gamagrass stands mattered (Table 3).
A comparison of yields taken during spring and summer 2000 (Table 4) indicated that young
stands out yielded old stands by 50% (3.2 vs. 2.2 t ac’"), however, there was no difference
between spring and summer yields within each age group.

Persistence of Treatment Effects to 2005

Table 5 shows that there were significant Age and YEAR effects. Means and mean
comparisons are shown in Table 6. These results indicate that initial differences in biomass
observed in 2000 between young and old stands persisted during the next five years of the
study 2001 to 2005). From 2000 to 2001, there was a significant reduction in biomass which
could be attributed to infestation of the eastern gamagrass plants by the southern cornstalk
borer (Diatraea crambidoides (Grote), Crambidae: Crambinae, LEPIDOPTERA (Krizek et al.
2004). This damage was particularly prevalent on the young and old plants in the
experimental plots in Site 1 (at the bottom of the slope). It is interesting to note, from a plot of
yield data from 2002 to 2005, that the old plants failed to show much recovery while the
young plants tended to resume growth (data not shown).

Efficacy of Growing Eastern Gamagrass as a Forage Crop

Related studies conducted in our laboratory (Ritchie et al. 2006) and in other locations
(Bidlack et al. 1999, Coblentz et al. 1999) confirm its suitability as a high quality forage crop
because of its high protein content, relatively low lignin content, high palatability, and high
digestibility.

Conclusions

Eastern gamagrass plants are ideally suited for marginal sites because of their
tolerance to acid, Al-toxic, compact soils that are frequently subjected to waterlogging. Data
on biomass production of plants grown on limed and unlimed sites at Beltsville indicate that
this species would be valuable in a sustainable agricultural system because of its excellent
growth during hot, dry summers when cool-season grasses are dormant. The present study
demonstrated that under irrigated conditions, it is feasible to obtain high amounts of biomass
even within three months of seeding. Our findings indicate that young stands of eastern
gamagrass were capable of out producing older stands nearly two-fold and that initial
differences in yield persisted for several years.
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Table 1. Analysis of variance of eastern gamagrass yields
during August 1999 and 2000

Source Df  Fovalue  p-value
Age 1 1.90 0.1928
Time 1 32.36 0.0001
Age x Time 1 40.14 0.0001

Table 2. Mean comparisons (t ac™') of eastern gamagrass
yields during August 1999 and 2000

Time Age Mean
Age 1999 2000
Old 2.32a'x? 2.18bx 2.25
Young 0.57by  3.29ax 1.93
Time
Mean 1.45 2.73

' Age means within Time (columns) with different letters (a, b)
are different at the significance level 0.05.
2 Time means within Age (rows) with different letters (x, y)

are different at the significance level 0.05.

Table 3. Analysis of variance of eastern gamagrass yields
during June and August 2000

Source Df F-value p-value
Age 1 12.50 0.0033
Time 1 0.04 0.8508
Age x Time 1 0.01 0.9198
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Table 4. Mean comparisons (t ac™) of eastern eamagrass
yields during June and August 2000

Time Age Mean
Age Spring Summer
Old 216  2.18 2.17b’
Young 3.23 3.29 3.26a
Time
Mean 2.69 2.73

' Age means with different letters are different
at the 0.05 significance level.

Table 5. Analysis of variance of eastern gamagrass yields during
2001 to 2005 demonstrating dersistence of treatment effects

Source Df F-value p-value

Age
Year

1 6.18 .0283
4  58.43 <.0001

Age xYear 4 2.26 .0930

Table 6. Means and mean comparisons (t ac™') of eastern gamagrass yields
during 2001 to 2005 demonstrating persistence of treatment effects

Year Mean Age Mean
2001 5.91a’ Young  4.58a%
2002 2.96¢ Oold 3.52b
2003 3.36bc

2004 4.20b

2005 3.81bc

' Year means with different letters are different
at the 0.05 significance level.
2 Age means with different letters are different
at the 0.05 significance level.
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Abstract

A principle attribute of perennial grasses for biomass is the potential for high yields on
marginal land. The objective of this study was to compare biomass and seed production of
big bluestem (Andropogon gerardii Vitman) and switchgrass (Panicum virgatum L.) as
affected by harvest timing and manure application on backslope (not suitable for corn
production) and footslope (suitable for corn production) positions. Grasses were harvested at
anthesis (summer), after a killing frost (fall), or allowed to over-winter in the field and
harvested the following spring (spring) from 2003 to 2005. Seed was harvested at maturity in
2003 and 2004. Two rates of beef cattle (Bos taurus) manure (target rates of 0 and 130 Ib
total-N ac™") were surface applied during spring 2003 and 2004. Maximum annual biomass
yield ranged from 1.17 to 1.86 and 1.64 to 2.51 tons ac™' for big bluestem and switchgrass,
respectively. Biomass yields were not different between fall and over-wintered, spring harvest
treatments. With normal precipitation, biomass of big bluestem and switchgrass on
backslopes was 86% and 96% of biomass on footslopes, respectively. Manure application
increased production approximately 30% during the second year (2004) on both landscape
positions but had no effect the first year (2003). Averaged across landscape position,
switchgrass and big bluestem seed yields were 48 and 19 Ib ac”’, respectively, but seed
production was not consistent across years. These results demonstrate the potential to utilize
switchgrass and big bluestem as dedicated bioenergy crops on marginal land. Furthermore, it
may be possible to allow the crop to over-winter in the field without losing significant biomass.

Key words: Biofuels, harvest timing, nitrogen response, soil fertility

Introduction

Perennial warm-season grasses, such as switchgrass and big bluestem, are native to
the tallgrass prairie and important in forage production, conservation, and wildlife habitat
(Moser et al. 2004). Another important aspect of switchgrass is its potential use for bioenergy
production (Sanderson et al. 2004), particularly on marginal lands not suitable for row crop
production (Vogel 1996).

Fertilization and harvest management practices are important aspects of sustainable
biomass production of perennial grasses. In general, a single harvest late in the fall or during
the winter has been recommended for maximum yield and quality of perennial feedstocks.
Although the N-use efficiency of warm-season grasses is very good, they may respond to N
fertilizer, particularly on soils low in this nutrient. Because of its nutrient and organic matter
content, cattle manure is a valuable resource for grass production and soil conservation.
Research has demonstrated that cattle manure is a good source of N for perennial grasses
(Cherney et al. 2002; Sanderson et al. 2001). As an added benefit, perennial grasses provide
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permanent ground cover and reduce problems with soil erosion and runoff in fields to which
manure is applied (Sharpley and Harverson 1995).

A shift toward biomass feedstock production of perennial grasses on marginal land
would enhance the region’s soil organic carbon, soil quality, water quality, wildlife habitat, and
help revitalize rural economies. However, little information is available regarding production
and management strategies for biomass production of warm-season grasses on marginal
lands in the northern Great Plains. The objective of this study was to compare biomass and
seed production of switchgrass and big bluestem as affected by harvest timing and manure
application across a topographic sequence ranging from suitable to unsuitable for corn
production in the northern Great Plains.

Materials and Methods

This experiment was conducted from 2003 to spring 2005 at the USDA-ARS Research
Farm (96°45'W; 44°19’N) near Brookings, SD. Dominant soils at the site are a Sioux gravelly
loam (sandy-skeletal, mixed Udorthentic Haploborolls) on summit and upper backslope
positions and a Svea loam (fine-loamy, mixed Pachic Udic Haploborolls) on lower backslope
and footslope positions. The Sioux series is classified as a land capability class 6/7, rated not
suitable for corn production, and the Svea series is classified as land capability class 1, rated
suitable for corn production. Big bluestem and switchgrass were established across a
topographical gradient in 2000. Each species and four fallow strips were randomly assigned
within each of four blocks and planted 10 ft wide and 400 ft long. The site was not harvested
or fertilized until treatments were imposed in 2003.

The experimental design was a split-split-plot arrangement of a randomized complete
block. Species (n = 2) were treated as whole plots, harvest timing (n = 3) as sub-plots, and
manure treatment (n = 2) as sub-sub-plots (10 ft by 10 ft). Treatments were replicated four
times on backslope and footslope positions. Three harvest timing treatments were imposed
including; i) harvesting for forage at anthesis (summer), ii) biomass/seed production with
seed harvest at maturity and fall biomass harvest to a stubble height of 4-6 in (fall), and iii)
biomass/seed production with seed harvest at maturity and biomass harvest the following
spring to a stubble height of 1-2 in (following spring). One-half of each sub-sub-plot received
approximately 130 Ib total-N ac”' as manure from a beef cattle feedlot each year. The other
half of each sub-sub-plot served as a 0-N control and received no manure. Preweighed
manure was hand-broadcast on the surface of each plot 11 June 2003 and 3 May 2004.

Seed was harvested from entire sub-sub-plots before harvesting biomass in the fall or
following spring. Seed of big bluestem and switchgrass was harvested 2 September and 30
September 2003, respectively. Big bluestem and switchgrass seed was not harvested in
2004 because of poor environmental conditions for seed development. Biomass was
harvested from entire sub-sub-plots with a sickle-bar mower on the dates shown in Table 1.
Dry matter yield was determined for each sub-sub-plot by taking a grab sample (about 2 Ib)
from the harvested biomass, drying it at 135°F for 72 h in a forced-air oven, then reweighing
for DM determination.

Total biomass production was analyzed separately by harvest year and topographic
location using a split-split-plot design with species as whole plots, harvest timing as sub-plots,
and manure treatment as sub-sub-plots with four replications. Harvest timing was not
included for seed yield analysis; therefore, species was treated as whole plots and manure
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treatment as sub-plots with eight replications in 2003. Least significance differences (LSD)
were used to separate means when F-tests were statistically significant.

Results and Discussion

Biomass Production — Species Effect

Biomass yields differed significantly between species on both landscape positions and
between years, with the exception of the backslope position in 2004 (Table 2). The lack of
significance on the backslope was associated with increased yield variability across the
stand. Biomass production of switchgrass and big bluestem was 60% and 73% higher,
respectively, in 2004 than 2003 because of higher April-May precipitation in 2004. Lee and
Boe (2005) reported a strong linear relationship between April-May precipitation and
maximum switchgrass production in central South Dakota.

Maximum annual biomass yield was obtained from footslope positions and ranged
from 1.17 to 1.86 and 1.64 to 2.51 ton ac™" for big bluestem and switchgrass, respectively. In
2003, biomass yield on backslopes was 71% and 87% of that on footslopes for big bluestem
and switchgrass, respectively. However, with increased April-May precipitation in 2004,
biomass production on backslopes increased to 86% and 96% of that on footslopes for big
bluestem and switchgrass, respectively. Our results indicate that these warm-season grasses
may produce considerable biomass with appropriate precipitation during early spring even on
soils which are not suitable for corn production.

Biomass Production — Harvest Timing Effect

Biomass yields were not different among harvest treatments on either topographic
position (Table 3). Although yields declined approximately 10%, production of over-wintered
switchgrass harvested near ground level the following spring was not significantly different
from biomass harvested at a 4-6 in. stubble height the previous fall. Lee and Boe (2005)
found that decreased biomass due to weathering during the winter could be compensated for
by harvesting near ground level to include the basal portion of the plant. We have observed
that over-wintering would likely work better with switchgrass than big bluestem as
switchgrass remains more erect and big bluestem lodges during the winter months.

Biomass Production — Manure Application Effect

Manure application significantly affected biomass production at both topographic
positions in 2004 but not in 2003 (Table 4). In 2004, biomass increased approximately 28%
and 31% with manure application on backslope and footslope positions, respectively. Even
though manure was applied during active vegetative growth in 2003, surface broadcasting of
manure during a hot/dry season may provide limited nutrients for growth. In addition, limited
mineralization in the first year of application (2003) may have resulted in inadequate available
N for plant growth. Sanderson and Jones (1997) found that manure application did not
significantly increase bermudagrass (Cynodon dactylon L. Pers.) forage yield in the first year
of application because of slow mineralization of manure-N.

Seed Yields

Seed yields were significantly different between grass species in 2003 (Table 5).
Maximum seed production for big bluestem and switchgrass was obtained on footslopes. Big
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bluestem and switchgrass seed production on backslopes was 69% and 80% of that on
footslopes, respectively. Seed yields tended to increase with manure application, but
differences were not statistically significant.

Averaged across all treatments in 2003, switchgrass and big bluestem seed yields
were 48 and 19 Ib ac™, respectively. In the same year, Boe (personal communication)
reported switchgrass seed yield of 71 Ib ac™' in northeastern South Dakota. In Pennsylvania,
Sanderson et al. (2004) reported switchgrass and big bluestem seed yields of 27 to 250 Ib ac’
"and 2 to 30 Ib ac™, respectively. Boe et al. (2004) noted that big bluestem averages about
50 Ib seed ac™’ on dryland in the northern Great Plains.

Summary and Conclusions

Big bluestem and switchgrass have potential for bioenergy feedstock production on
marginal land in eastern South Dakota. With normal precipitation, these perennial grass
species produced comparable biomass on land designated unsuitable or suitable for corn
production. Big bluestem and switchgrass produced maximum biomass when harvested in
the fall, but yields were similar for fall-harvested and over-wintered, spring-harvested
biomass. Manure could be used as an alternate source of N for biomass and seed production
of perennial grasses, but we noted no effect of manure until the second year of application.
Although seed production of these grasses was not consistent across years, this may provide
another potential source of income for producers desiring to grow a perennial bioenergy crop.
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Table 1. Harvest dates for big bluestem and switchgrass during 2003, 2004, and 2005 at the
USDA-ARS Research Farm near Brookings, SD

Harvest timing

Species Summer Fall Following Spring
Big bluestem 18 July 2003 2 Sep. 2003 31 March 2004
Switchgrass 29 July 2003 30 Sep. 2003 31 March 2004
Big bluestem 20 July 2004 4 Nov. 2004 14 April 2005
Switchgrass 2 Aug. 2004 4 Nov. 2004 14 April 2005

Table 2. Biomass production of big bluestem and switchgrass on two landscape positions
during 2003 to 2005 at the USDA-ARS Research Farm in eastern South Dakota. Values are
averaged across harvest timing and manure application treatments.

2003-04 2004-05
Backslope Footslope Backslope Footslope
ton DM ac™
Switchgrass 1.43 1.64 2.40 2.51
Big bluestem 0.83 1.17 1.60 1.86
LSDg.05 0.45 0.38 NS 0.57

Table 3. Harvest timing effect on biomass production of switchgrass and big bluestem on two
landscape positions from 2003 to 2005 at the USDA-ARS Research Farm in eastern South
Dakota. Values are averaged across species and manure application treatments.

2003-04 2004-05
Backslope Footslope Backslope Footslope
ton DM ac”’
Summer 1.11 1.33 1.78 1.93
Fall 1.23 1.49 2.09 2.40
Following spring 1.06 1.40 212 2.22
LSDo.05 NS NS NS NS

Table 4. Manure application effect on biomass production of switchgrass and big bluestem on
two landscape positions from 2003 to 2005 at the USDA-ARS Research Farm in eastern
South Dakota. Values are averaged across species and harvest timing treatments.

2003-04 2004-05
Manure Trt. Backslope Footslope Backslope Footslope
ton ac”’
No manure 1.16 1.40 1.75 1.89
Manure applied 1.1 1.42 2.24 2.47
LSDo.05 NS NS 0.20 0.36
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Table 5. Seed yield of big bluestem and switchgrass on two landscape positions during 2003
at the USDA-ARS Research Farm in eastern South Dakota. Values are averaged across
harvest timing and manure application treatments.

2003

Species Backslope Footslope
Ib ac™

Switchgrass 43 53

Big bluestem 16 23

LSDg .05 19 19
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Abstract

With increasing emphasis on sustainable agriculture, there is renewed interest in the
use of native plants as alternative sources for forage, fuel, and soil improvement. Eastern
gamagrass [Tripsacum dactyloides (L.) L.] is a native, warm-season, perennial grass that is
found in the eastern United States and is used for forage, fuel, and soil improvement. The
objective of this study was to measure biomass production of eastern gamagrass grown on a
degraded, acid soil at the Beltsville Agricultural Research Center, Beltsville, MD. Eastern
gamagrass was planted in 1996 and forage samples were harvested and biomass
determined at time of heading from 1997 through 2005 from plants grown on the degraded
hill slope with increasing soil acidity and decreasing surface soil depth from the bottom to top
of the hill slope. Slope position and year of harvest had the greatest effect on biomass
production. In general, eastern gamagrass biomass was related to soil conditions and
environmental stress (rainfall). This 9-year study would indicate that it is probably the timing
of the rainfall that is more important than the total annual rainfall.

Key words: Biomass, degraded soils, eastern gamagrass, warm-season grass

Introduction

With increasing emphasis on sustainable agriculture, there is increased interest in
using native plants as alternative crops for forage, fuel, and soil improvement. Eastern
gamagrass is a native, warm-season, perennial bunch grass that is found from the east coast
to western Kansas and from Florida to upper New York in the United States (Dickerson et al.
1997) and widely used for forage (Horner et al. 1985; Coblentz et al. 1999). It can grow in
acid, Al-toxic soils that are severely restricting to most crop plants (Foy 1997; Foy et al.
1999). Eastern gamagrass produces high yields of forage (Krizek et al. 2003) with reported
protein content and forage palatability comparable to that of alfalfa forage (Horner et al. 1985;
Bidlack et al. 1999; Ritchie et al. 2006). Although reports have shown eastern gamagrass to
be a high producing forage compared to other forage plants, relatively little research has
been done concerning the effects of soil conditions on forage production. The objective of
our research was to investigate long-term production of eastern gamagrass forage grown on
a degraded, acid soil at the Beltsville Agricultural Research Center, Beltsville, MD.

Methods and Materials

Study Site; Eastern gamagrass, cultivar Pete, was planted in 1996 on six sites located along
a 800 ft. hillslope having a 22% slope on a degraded phase of Matawan-Hammonton loam
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soil complex. This soil complex contained less than 15% gravel and ranged in texture
between clay loam and loamy sand with low soil pH and generally poor soil quality (Foy et al.
1999; Krizek 2003). The A horizons became thinner from the bottom to the top of the
hillslope (Sites 1 to 6) indicating greater erosion and soil degradation at the upper slope sites
(USDA 1995; Ritchie 2006). Soil pH (1:1 soil-water suspension) in the surface layer (Foy et
al. 1999) varied from 5.1 at the bottom of the slope (Site 1) to 4.3 at the top of the hillslope
(Site 6). Bulk density measurements at depths of 0-15, 15-30, and 30-45 cm ranged from
0.98 to 1.24 g cm™ at the bottom of the hillslope to 1.16 to 1.64 g cm™ at the top of the
hillslope (Krizek et al. 2003). Prior to planting eastern gamagrass, the hillslope had mixed
grasses dominated by tall fescue [Lolium arundinaceum (Schreb.) SJ. Darbyshire] that had
not been plowed for more than 30 years.

Site 1, located at the bottom of the hillslope, consisted of nine 12x12 ft. plots described
in detail by Foy et al. (1999). Only 4 of the 9 plots were used in this study and the biomass
values for these four plots were averaged to determine the biomass for Site 1. Sites 2to 6
were located up the hillslope from Site 1 with Site 6 being at the top of the hillslope. Site 1
was chisel plowed to a depth of 12 in. and then roto-plowed to a depth of 6 in. prior to hand
planting seed. Sites 2 to 6 were no-till planted with a corn planter after application of
RoundUp™ to kill the sod. Sites 2 to 6 ranged in size from 1000 to 2000 ft* with 12 to 18
rows each. Eastern gamagrass at Site 1 was planted in 18-in. rows while Sites 2 to 6 were
planted in 30-in. rows. All sites were fertilized in the spring with 19-19-19 fertilizer at rates of
450, 250, 250, and 150 Ibs ac™" in 1996, 1997, 1998, and 1999, respectively and at 250 Ibs
ac’in the spring of 2000, 2001, 2002, and 2003. No fertilizer has been added since 2003.

Rainfall; Total rainfall varied from 30.6 to 51.3 in. over the 9-year period (Table 1). These
values represent a deficit of 11.4 in. and a surplus of 9.3 in. when compared to the average
yearly rainfall of 42.0 in. for the period between 1871 and 2000 at the Baltimore-Washington
International Airport located approximately 15 miles northeast of the study site. Rainfall of
40.2 and 51.3 in. occurred in 1999 and 2003, respectively but over half of that occurred (23.1
and 27.1 in.) occurred from late July to December in both years after eastern gamagrass had
finished its maximum growth for the season.

Sampling: Biomass data were collected over a nine-year period (1997 to 2005) at time of
heading from each of the six sites. Samples for biomass measurements were collected using
3-ft. strips along rows for each site. At least two locations were collected at each site.
Samples were dried in a forced-draft oven at 140° F for 72 hours and weighed to determine
biomass.

Statistical Analysis

Statistical analyses were made using Statistix (Analytical Software 2003) to test for
differences in biomass by year, site, and annual rainfall using one-way ANOVA and the Least
Significant Difference (LSD) tests.

Results and Discussion

Annual eastern gamagrass biomass production ranged from 0.6 to 3.5 tons ac™' for the
six sites over the nine-year period (Table 1 and 2). In general biomass production decreased
from the bottom (Site 1) of the slope toward the top of the slope. Site 1 had the highest
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average production for the 9-year period (2.92+0.68 tons ac™') and it was significantly
(p>0.05) greater than the average production at the other 5 sites. Site 1 had the best soil
quality as determined by a NRCS soil survey (USDA 1999) and it had been tilled before
planting while the other sites were no-till planted into killed sod. There was a significant
difference (p>0.05) between the production on tilled (Site 1) and no-till sites. Differences
between Site 1 and the other sites were most evident from 2000 to 2005 (Fig. 1) when
production at Site 1 was about twice that at the other sites. Site 3 had the next highest
production and was located on a bench with a deep A-horizon (USDA 1995). Sites 2, 4, 5,
and 6 were on generally poorer quality soil sites (Table 1) as determined by USDA NRCS
(1995). The depth of the A-horizon decreased from the bottom to the top of the slope
indicating greater surface soil loss and poorer soil quality. While no specific measured soil
property (pH, bulk density, depth of A-horizon) was significantly related to eastern gamagrass
biomass production, it is assumed that at least part of the differences in production among
the sites was due the to reduced soil quality from the bottom to the top of the slope (from Site
1 to Site 6).

From 1996 to 2003 all sites were fertilized at a rate of approximately 250 Ibs ac™ of 19-
19-19 fertilizer. Although no fertilizer has been added since the 2003 growing seasons,
eastern gamagrass production has not declined. It will be interesting to determine what
changes may occur in the future without fertilizer.

There were significant differences in annual eastern gamagrass production among
years (Fig. 1, Table 2) with the year 2000 having a significantly higher (p>0.05) production
(2.8940.68 t ac™') than other years. Year 1999 had the lowest production (0.9810.44 t ac™).
Annual rainfall was variable over the period (Table 1); however, annual rainfall or any 12
consecutive months (i.e., Feb to Jan, Mar to Feb, etc.) of total rainfall were not significantly
correlated with eastern gamagrass production. The best correlation was between April
rainfall and eastern gamagrass production with an r? value of only 0.13. It should be noted
that the two years (1999 and 2003) with over 40 in. of rainfall had the lowest production of
eastern gamagrass. During these two years over 50% of the annual rainfall for the year
came between late July and December after the eastern gamagrass would have completed
maximum growth. The spring of 1999 was especially dry with many visible signs of stress in
the eastern gamagrass (Krizek et al. 2003). This 9-year study would indicate that it is the
timing of the rainfall that is more important than the total annual rainfall. Our analysis of
monthly rainfall patterns has not allowed us to determine what that pattern may be. While
there was relatively low biomass production in 1999 due to deficit rainfall during the spring
period, in general over the 9-year period, there has been relatively uniform biomass
production even with the elimination of fertilizer application the last two years of the study
period.

Although there was a significant reduction in eastern gamagrass production between
2000 and 2001, annual rainfall was not appreciably lower (33.5 in.) in 2001 than in 2000 (36.4
in.). In 2001, random patches of eastern gamagrass on several sites showed dieback within
2 weeks after harvesting the plants on June 18. Upon inspection, larvae were found
emerging from the crown tissue. Microscopic examination of the larvae revealed the
presence of both noctuid and pyraloid larvae. Although adult moths were not observed, the
pyraloid larvae were identified as the southern cornstalk borer [Diatraea crambidoides
(Grote), Crambidae: Crambinae, LEPIDOPTERA]. It may be that the additional stress of the
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cornstalk borer (Krizek et al. 2004) contributed to the reduction of eastern gamagrass
production since the rainfall difference was not great.

Conclusion

Eastern gamagrass has continued to produce relative high biomass during a nine-year
period on a degraded hill slope with increasing soil acidity and decreasing surface soil depth
(A horizon) from the bottom to top of the hill slope. No trend toward reduced biomass
production was noted over the nine-year period even with the elimination of fertilizer
application the last two years of the study period. Biomass production was related to slope
position and soil quality but rainfall distribution rather than total rainfall appeared to be the
major factor influencing the yearly production. This study demonstrated that eastern
gamagrass produced good forage biomass under marginal soil and adverse environmental
conditions. As a warm-season forage, eastern gamagrass can provide good forage in warm
summer months when cool-season forage production is limited and potentially improve soil
conditions on acid degraded soils.
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Table 1. Total annual biomass production by eastern gamagrass [Tripsacum dactyloides (L.)
L.] grown at six hill slope sites with soil characteristics and annual rainfall.

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

PH 5.60 5.00 4.40 4.25 4.20 4.39

Bulk 1.23 1.30 1.28 1.32 1.26 1.23

Densityt
Biomass yield (tons ac™) Rainfall

Year in.
1997 2.26 1.95 2.54 1.42 1.06 1.07 32.8
1998 2.33 2.34 1.96 1.74 1.73 1.28 35.0
1999 1.40 0.85 1.46 0.61 0.74 0.61 40.2
2000 3.50 2.74 3.17 1.97 3.00 2.59 36.5
2001 2.86 1.52 1.18 1.1 1.44 1.51 33.5
2002 2.85 1.99 1.19 1.14 1.56 1.28 30.7
2003 2.62 1.20 1.09 0.73 0.85 1.03 514
2004 3.22 1.56 2.32 1.1 1.32 1.36 37.5
2005 3.20 1.58 1.67 1.05 0.94 0.88 38.2

Mean 2.92+0.68 1.75+0.58 1.92+0.73 1.21+0.44 1.40+0.69 1.29+0.56

t 0-4 in. soil layer. g cm™

Table 2. Summary statistics of analyses of variance and means and standard deviation by
site and year. Means and standard deviations with different letters in the same column are
significantly different at p=0.05 by the LSD test.

F statistics F statistics
F value 9.42 p>0.001 F value 3.55 p=0.003
Sites tons ac™ Year tons ac™
Site 1 2.92+0.68a 1997 1.77+0.69bcd
Site 2 1.75+0.58bc 1998 2.14+0.67ab
Site 3 1.92+0.73b 1999 0.98+0.44d
Site 4 1.21+0.44c 2000 2.89+0.68a
Site 5 1.40+0.69bc 2001 1.62+0.62cf
Site 6 1.29+0.56¢ 2002 1.63+0.58bcd
2003 1.27+0.73bcd
2004 1.85+0.88bc
2005 1.59+0.94bcd
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Figure 1. Total annual biomass production by eastern gamagrass [Tripsacum dactyloides
(L.) L.] grown at six sites on a hillslope on an acid degraded phase of Matawan-Hammonton
loam soil complex at the ARS Beltsville Agricultural Research Center, Beltsville, MD.
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Abstract

Eastern gamagrass [Tripsacum dactyloides (L.) L.] was grown in six Soil-Plant-
Atmosphere-Research (SPAR) sunlit controlled-environment chambers at two levels of
carbon dioxide (370 and 740 pmol mol™') and three temperature regimes (68/57, 82/71, and
95/84°F day/night) for 21 weeks (16 May to 10 October). Leaves (shoots > 4 in. tall) for
individual plants were harvested at 8, 16, and 21 weeks. Roots and crowns (shoots 0 to 4 in.
tall) were harvested at 21 weeks. Significant differences in leaf growth were found among
temperature treatments but no differences were found between CO, treatments. Individual
eastern gamagrass plants grown in SPAR chambers showed growth patterns that were
related to their position in the chamber with plants on the north side of the chamber having
greater biomass. The patterns of growth in these chambers were similar to the patterns for
photosynthetically active radiation (PAR) measurements made in these chambers when
plants were not present (Kim et al. 2004). While SPAR chambers are excellent growth
facilities for studying physiological and morphological responses, researchers should
recognize that there may be positional effects within such chambers.

Key words: Eastern gamagrass, warm-season grass, outdoor growth chambers,
temperature effects

Introduction

SPAR (Soil-Plant-Atmosphere-Research) outdoor growth chambers are designed to
use natural sunlight to grow plants under controlled conditions (Phene et al. 1978). These
controlled environmental chambers are used widely to study physiological and morphological
responses of plants to various environmental factors (i.e., temperature, carbon dioxide,
ozone), to understand plant growth and development under different environmental
conditions, and to develop algorithms for plant simulation models (Liu et al. 2000; Reddy et
al. 2001).

Eastern gamagrass plants were grown in six SPAR chambers at Beltsville, Maryland
(Krizek et al. 2003; Ritchie et al. 2004). Eastern gamagrass is a warm-season, perennial
grass native to North America. It grows under a wide range of environments including
drought, flooding, and acid soils (Clark et al. 1998) and, when grown as buffers or filter strips,
can reduce runoff of eroded particles and nutrients into riparian zones and streams (Ritchie
2000). Itis a palatable and digestible grass with high protein content (Bidlack et al. 1999;
Ritchie et al. 2006) thus providing good forage for livestock.

Increases in atmospheric carbon dioxide (CO;) concentration and projected changes
in global climate have gained worldwide attention. Information is needed on how projected
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increases in CO, and the associated projected increases in atmospheric temperature will
affect production of plant species (Reddy et al. 1994; Kimball et al. 2002). Eastern
gamagrass has been reported to have one of the highest leaf photosynthetic rates of any C4
species (Coyne and Bradford 1985). To understand the response of eastern gamagrass to
changes in temperature and carbon dioxide, eastern gamagrass was grown in six SPAR
chambers at two levels of CO, and three temperature regimes. Analyses of data collected
from these chambers revealed some significant differences in biomass production related to
temperature but not elevated CO (Krizek et al. 2003; Ritchie et al. 2004). During harvest,
appreciable differences were noted in the biomass obtained between individual plants within
chambers. A recent study conducted by Kim et al. (2004) found a positional effect on the
distribution of photosynthetically active radiation (PAR) in these same SPAR chambers. The
purpose of this paper was to analyze the variability in biomass production of individual
eastern gamagrass plants in the SPAR chambers.

Materials and Methods

Eastern gamagrass was grown in six naturally sunlit SPAR plant growth chambers
(Reddy et al. 2001; Kim et al. 2004) at Beltsville, Maryland. Each SPAR chamber consists of
a 0.5 in thick clear acrylic (Plexiglas G) chamber (7.5 ft high x 6.9 ft long x 4.2 ft wide) on a
rooting bin (3.0 ft high x 6.9 ft long x 1.8 ft m wide). The chambers are oriented north/south
with the front of each chamber facing south. Temperature, CO,, and relative humidity were
controlled and monitored in the airflow to the chambers by a computerized control and data
acquisition system. The rooting bins are neither temperature nor CO; controlled (Kim et al.
2004). The surface of the rooting medium is in direct contact with the air in the SPAR
chamber. Shade cloths are positioned around the edges of the canopy (inside chamber) and
raised as the plants grow to simulate the presence and shading of neighboring plants (Reddy
et al. 2001).

On May 16, 2001, three weeks after planting seeds in the greenhouse, eastern
gamagrass (cv. ‘Pete’) seedlings of uniform size and development were transplanted into six
SPAR chambers. Two rows of eight plants (see Fig. 1) each were transplanted into the
rooting bins containing a sand, vermiculite (1:1) mixture. Individual plants and rows were 10
in. apart and 7 in. from the back (north) and front (south) and 10 in. from the east and west
ends of the rooting bin. The front row (south row) was 34 in. from the front of the Plexiglas
chamber. Plants were numbered from west to east with plants 1 to 8 being on the south
(front) side and plants 9 to 16 being on the north (back) side of each chamber (Fig. 1). Plants
were fertilized weekly with a complete nutrient solution. Water was supplied by a drip
irrigation system 2-3 times a day depending on stage of development. The bottoms of the
rooting bins are open allowing free water to drain from the bins. Chambers were controlled at
three day/night temperature regimes (68/57, 82/71, and 95/84° F) and two CO, levels (370 or
740 pmol mol™). The thermoperiod was adjusted weekly. Three SPAR chambers were
maintained at 370 umol mol”' CO; at each of the temperature regimes and three chambers
were maintained at 740 pmol mol” CO, (elevated) at each of the temperature regimes
(Krizek et al. 2003; Ritchie et al. 2004).

Leaves (shoots > 4 in. tall) were harvested at 8, 16, and 21 weeks for individual plants.
Dry weights, number of leaves, and leaf areas for each plant were determined for each
harvest. Crowns (shoots 0 to 4 in. tall) and roots were harvested after 21 weeks for the
individual plants. Dry weights were determined for all harvests. For the purpose of this paper
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means and standard deviations were determined by plant position (i.e., Plant 1, Plant 2) by
combining all treatments from the six SPAR chambers since the purpose of this paper was to
determine positional effects not treatment effects. One-way ANOVA was used to test
significance and Least Significant Difference (LSD) tests were used to determine differences
between means by plant positions, plant rows, and plant path at the 0.05 level of probability
(Analytical Software 2003). Spatial mapping of biomass was made using Surfer (Golden
Software 2002).

Results And Discussion

Out of 96 eastern gamagrass seedlings transplanted to the six SPAR chambers on
May 16, two plants died (positions 6 and 14 in SPAR Chamber 6) between week 8 and week
16. One additional plant died (position 7 in SPAR chamber 6) between week 16 and week 21.
Shoot, root, and crown weights were measured for the plant in position 7 in SPAR chamber 6
but not for the 21 week harvest of leaf, root and crown for plants in positions 6 and 14 in
SPAR Chamber 6. Two of the plants (6 and 7) were on the front row of the chamber while
plant 14 was on the back row. Thus 93 of the 96 plants (97%) of the seedlings were alive at
the final harvest. SPAR chamber 6 had the highest temperature regime (95/84° F) and
highest CO, level (740 pmol mol™). All chambers received the same water and nutrients so
chamber 6 should not have had any limiting factors. The high temperature chambers (#3 and
6) had the greatest biomass (Krizek et al. 2003; Ritchie et al. 2004) so it is possible that the
increased biomass in chamber 6 may have limited the space available for plants to grow.

Leaf biomass values were significantly lower at the low temperature regime (68/57° F)
than at the higher temperature regimes (82/71° and 95°/84° F) for the first harvest (weeks 1-
8) but no significant differences among temperature treatments were found in leaf biomass at
subsequent harvests (Table 1). Total leaf biomass for the three harvests was significantly
higher in the high temperature chamber (95°/84° F) than in the low temperature chamber
(68/57° F). Biomass values tended to increase with increased day/night temperature but
were not significantly different at the 0.05 level of probability. Total plant biomass values
(leaves, crown, and roots) tended to be higher at the higher temperatures but the differences
in total plant biomass were not significant. In general, plants grown at high CO; level (740
umol mol™) tended to have greater total biomass than plants grown at 370 umol mol™ CO,
level; however, these differences were not significant (Krizek et al. 2003; Ritchie et al. 2004).

Since most differences between treatments were not significant, for the purposes of
comparing biomass patterns in the chambers, all treatments were combined and handled as
a single treatment and comparisons were made based on plant position in the six chambers.
Thus, there were six replications of plant position 1, plant position 2, etc. We could then
compare results for the sixteen individual plant positions, the two plant rows (south and
north), and the eight plant paths (west to east) in the chambers.

There was great variability in biomass among individual plants for the 16 individual
positions (Table 2). There was nearly a 50-fold range in total biomass and total leaf biomass
between the lowest and highest biomass values and a 70-fold difference in the range for the
crown and root biomass. The coefficient of variation ranged from 91 to 98% for the different
biomass measurements reflecting the large variability in growth among the 96 plants. Since
all plants received the same water by distributed drip irrigation and nutrient supply
irrespective of position in the SPAR chambers, it is unlikely that differences in biomass
production would have been caused by differences in water and nutrients.
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There were significant differences for the different plant parts (i.e., roots, crown,
leaves, total plant) depending on whether the plants were on the south (front) or north (back)
row of the SPAR chambers (Table 3). The north (back) row of the chambers had significantly
higher biomass than the south (front) row. There were also significant differences in biomass
variables based on east/west (Path) orientation (Table 4). The paths at the east (plants in
positions 8 and 16) and west end (plants in positions 1 and 9) of the chambers had the
highest biomass production while adjacent plants (in positions 2 and 10 and positions 7 and
15) have the lowest biomass production. These low biomass values may have been caused
by shading from the adjacent larger plants on the east and west ends of the chamber.

A plot of total plant biomass (Fig. 1) shows the patterns in biomass production in the
chambers related to plant position. These patterns of biomass production are similar to the
patterns in PAR measured inside these same SPAR chambers (Kim et al. 2004). Thus, it
appears that the patterns of biomass production in the SPAR chambers reflect the patterns of
PAR measured in the chambers although the differences in biomass cannot be directly
correlated to the PAR measurements. These differences in plant growth may have also been
caused by increased shading and competition by larger eastern gamagrass plants in the high
PAR locations in each chamber. Differences could have also been related to high genetic
variability reported in the individual plants (Bidlack et al. 1999; Dewald and Kindiger 1994).

Conclusions

Eastern gamagrass plants grown in SPAR chambers showed patterns of biomass
production that were related to their position in the chambers. The patterns of biomass
production in these chambers were similar to the patterns for PAR measurements made in
these same chambers (Kim et al. 2004) with greatest biomass values obtained in locations
where PAR measurements were also greatest although no direct comparison could be made.
Differences may also be due in part to genetic variability of individual eastern gamagrass
plants but the patterns measured in the chambers appear at least partly due to the position of
the plant in the chamber. We are not suggesting that SPAR chambers should be not be used
for studying plant growth and physiological responses; however, researchers should
recognize that there may be positional effects within such chambers that should be
considered when making plant measurements on individual plants within a chamber. SPAR
chambers are excellent facilities for studying plant growth and physiological responses when
used correctly.
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Table 1. Leaf biomass of eastern gamagrass in each chamber (pounds per chamber).
Numbers in columns followed by the same letter are not significantly different at the 0.05 level
of probability by the LSD test.

Chamber Leaf Leaf Leaf Total leaf Total plant
biomass biomass biomass biomass’ biomass?
Weeks 1-8 Weeks 9- Weeks 16- Weeks 1-21 Weeks 1-21
16 21

1 0.6 b 16a 12a 34b 6.2a
(68/57° F)
(370 pmol mol™
COy)
2 2.3 a 2.0a 1.2a 5.5ab 9.8 a
(82/71° F)
(370 pmol mol™
COy)
3 3.1a 2.6 a 1.8 a 74 a 109 a
(95/84° F)
(370 pmol mol™
COy)
4 0.6 b 16a 12a 35b 6.3a
(68/57° F)
(740 pmol mol™
COy)
5 26a 26a 15a 6.7 ab 11.3 a
(82/71° F)
(740 pmol mol™
COy)
6 3.0a 2.5a 21a 7.6 a 11.1a
(95/84° F)
(740 pmol mol™
COy)

Total leaf biomass is the sum of the biomass values obtained for the three harvests of leaves
>4 in. tall).

gTotal plant biomass is the sum of the biomass values obtained for the roots, crowns (0 to 4
in. tall), and total leaf biomass.
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Table 2. Variability in biomass of eastern gamagrass plants grown (n=96) in SPAR chambers
(pounds per plant).

Root biomass Crown biomass Total leaf Total biomass®

(Ib) (Ib) biomass’ (Ib) (Ib)
Mean 0.04 0.18 0.36 0.58
Standard 0.04 0.18 0.34 0.53
Deviation
Minimum 0.01 0.01 0.03 0.05
Maximum 0.23 0.82 1.49 2.34
Total leaf biomass is the sum of the biomass values obtained for the three harvests of leaves
£>4 in. tall).

Total plant biomass is the sum of the biomass values obtained for the roots, crowns (0 to 4
in. tall), and total leaf biomass.

Table 3. Average biomass and standard deviation for eastern gamagrass plants grown in
SPAR chambers by row (n=48). Biomass in the same column with different letters is
significantly different from each other at the 0.05 level of probability.

Root biomass Crown biomass Total leaf biomass Total biomass
(0z) (0z) (0z) (0z)
1Front 04+04b 20+18b 45+45b 6.9+640b
2Back 0.8+0.7a 39+33a 6.916.0 a 11.7+96 a

"The front row is on the south side of the chamber and the back row is on the north side.

Table 4. Average biomass and standard deviation for eastern gamagrass plants grown in
SPAR chambers calculated by path (n=12). Biomass in the same column with different letters
is significantly different from each other at the 0.05 level of probability.

Path Root biomass Crown biomass Total leaf biomass Total biomass Rank

ounces
1 West 09+0.8a 46+39a 7.8+7.4ab 13.3+10.6 ab 2
2 04+0.2b 1.7+08c 32+1.7c 52+22c 8
3 04+05Db 21+22bc 3.9+3.7 bc 6.4+t6.3c 6
4 0.5+0.3ab 23+1.5bc 4.7+3.2bc 7.514.9bc )
5 0.8+1.0ab 3.4 +3.9abc 6.2+ 6.0 abc 10.3 + 10.8 abc 3
6 0.6+0.6 ab 3.4+ 3.7 abc 6.1+6.1abc 10.1 £ 10.3 abc 4
7 04+040Db 19+1.7c 36+27c 59146¢C 7
8 East 09+05a 43+t23ab 101+7.0a 15.2+9.7 a 1

The front row is on the south side of the chamber and the back row is on the north side.
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Figure 1. Overall distribution pattern of total plant biomass (grams per plant: 454 g = 1

pound) within the six SPAR chambers. Numbers along the edge of the rooting bin represent

plant position.
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Abstract

Eastern gamagrass cv. “Pete” [Tripsacum dactyloides (L) L.] was planted in a 100 x
100 ft field in 30-in. rows on May 15, 2002. Twelve minirhizotron access tubes (5 ft long)
were installed parallel to the rows at 45-degree angles and installed in pairs either in (in-row)
or midway between the rows (between-row). Root images were collected at 0.4-in. intervals
to a depth of approximately 40 in. (100 images for each tube). In situ images were collected
at approximately 1-week intervals in 2002 beginning 1-month after planting, 2-week intervals
in 2003, and 3-week intervals in 2004 and 2005 during the growing season using the Bartz
minirhizotron imaging system. One month after planting total root occupancy (percent of
images from a tube with roots) was 1.5 and 0.0% for in-row tubes and between-rows tubes
respectively. By the end of the first year, root occupancy was 45% for the in-rows tubes and
15% for the between-row tubes. Several in-row tubes had roots reaching a depth of 30 to 40
in. At the end of the second year approximately 50 and 40 % of the images for the in-row
and between-row tubes, respectively had roots with many reaching 30 to 40 in. depths at the
in-row sites. At the end of the third year root occupancy was similar to the second year but
the number and size of roots in the images had increased. The fourth year patterns were
similar to the third year patterns. This study shows the rapid root develop for eastern
gamagrass plants and is suggestive of a fan-like distribution of roots under the developing
crowns.

Key words: Eastern gamagrass, in situ root measurements, root growth, warm-season grass

Introduction

Eastern gamagrass is a warm-season C4 grass native to eastern North America
(Dickerson et al. 1997). Eastern gamagrass has been used for forage, fuel, and improving
acid degraded soil (Clark et al. 1998; Coblentz 1999, Krizek et al. 2003, Foy et al. 1999). It
tolerates acid soil conditions and has been shown to grow roots in Al-toxic compact soils
(Gilker et al 2001; Foy et al 1999). While many general statements about eastern gamagrass
root development are made in the literature (Clark et al. 1998, Gilker et al. 2001), there is
limited actual data on eastern gamagrass root development patterns under field conditions.
Clark et al. (1996) reported eastern gamagrass roots growing to depths of several yards in
Missouri. The roots of eastern gamagrass are expected to live for a period of two to three
years before the process of decay begins (Clark et al. 1996). With the increased interest in
eastern gamagrass for use a fuel, forage, and soil improvement (Coblentz et al. 1999; Krizek
et al. 2003; Ritchie et al. 2006), there has been relatively little research on root growth and
development under field conditions. The objective of our research was to investigate in situ
root growth and development patterns of eastern gamagrass grown under field conditions at
the Beltsville Agricultural Research Center, Beltsville, MD.
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Methods and Materials

Study Site: Eastern gamagrass seeds, cultivar “Pete”, were planted on May 15, 2002 in a
100x100 ft field on a floodplain soil along Paint Branch Creek on the South Farm at the
Beltsville Agricultural Research Center, Beltsville, MD. The soil in the field is mapped as a
Codorus-Hatboro complex. The Codorus series (mesic Fluvaquentic Dystrudepts) consists of
very deep, moderately well drained to somewhat poorly drained soils. These soils form in
recently deposited alluvial materials derived from upland soils materials weathered from
mostly metamorphic and crystalline rocks. The Hatboro series (mesic Fluvaquentic
Endoaquepts) consists of very deep and poorly drained soils formed in alluvium on
floodplains derived from metamorphic and crystalline rock. Slopes at the field range from 0 to
1 percent (USDA 1995).

The field was tilled to 12 in. and roto tilled to 6 in. Seeds used consisted of Germtec™
-treated eastern gamagrass seed that were obtained from Gamagrass Seed Co. (Falls City,
NE). These seeds were planted in 30-in. rows using a standard corn planter. The field was
irrigated for the first year to insure good germination, stand development, and early growth of
the eastern gamagrass. In 2002 and 2003 the eastern gamagrass was harvested using a
silage harvester. No harvesting was done in 2004 and 2005 but in February of 2005 and
2006 the residue was burned to remove the previous season’s growth. No fertilizer has been
added to the field during the study.

Samples for biomass determination were collected using 3-feet strips along rows.
Four locations were collected and averaged to determine biomass. Samples were dried in a
forced-draft oven at 140° F for 72 hours and weighed to determine biomass.

In Situ Root Measurements: Twelve-minirhizotron access tubes (5 ft long) were installed
parallel with the rows at 45-degree angles. The access tubes were installed in pairs with one
directly under the row (in-row) and a one adjacent midway between the rows (between-row).
In situ images were collected at 0.4-in. intervals in the access tubes to a depth of
approximately 40 in. (100 images for each tube) using a Bartz Technology Corporation
Minirhizotron Camera System. In situ images were collected at approximately 1-week
intervals in 2002 beginning 30 days after planting, 2-week intervals in 2003, and 3-week
intervals in 2004 and 2005 using the Bartz minirhizotron imaging system. In situ
measurements were made only during the growing season for eastern gamagrass (May to
September). No measurements were made during the dormant season. Each image was
viewed and a simple presence or absence of roots was determined. These observations
were used to determine the “root occupancy’ or the percent of images from an access tube
that had a root.

Results and Discussion

An excellent stand of eastern gamagrass quickly developed in the field. Average
number of tillers per linear foot was 90 on May 15, 2003, one year after planting. Tillers
reached heights of 5 to 6 feet in 2003, 2004, 2005, and 2006. Biomass of eastern gamagrass
was 1.33, 4.75, 5.28, 3.48 t ac”’ for 2002, 2003, 2004, and 2005, respectively. During the first
year some annual grasses and weeds also germinated and grew in the field. In subsequent
years (2003+) these annual grasses and weeds were not found in the field.
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Roots were found during the first in situ measurements made on June 13, 2002 at the
access tubes in the in-row positions (Fig. 1). It was approximately 50 days after planting
before roots were found at the between-row access tubes. Roots at the in-row access tubes
increased exponentially for the first 100 days reaching almost 45% occupancy. Roots at the
between-row access tubes increased linearly the first 90 days and then had a large increase
the last 7 days. Root occupancy only reached about 20% at the between-row access tubes
which was less than half that measured at the in-row tubes. While it is not possible to
determine where the roots originated during this first 100-day period due to the presence of
other annual grasses and weeds, we feel due to the patterns of root development under the
eastern gamagrass rows and the persistence of roots at the same place in subsequent years
that most of the roots were from eastern gamagrass. Roots were found at 30 to 40 in. in
several of the in-row tubes by the end of the first year and most of the tubes in subsequent
years.

The pattern of root growth at the in-row tubes over the first 2-years (Fig.2) was rapid
during the growing season with root loss during the dormant season and then regrowth of
roots followed by root loss during the dormant season. Root occupancy reached 60% by the
end of the growing season the first 2-years then dropping to about 40% by the beginning of
the next growing season at the in-row tube sites. Years 2004 and 2005 had similar patterns
and similar occupancy with smaller losses of roots during the dormant season.

The root occupancy at the between-row tubes was less than that at the in-row tubes
and the pattern was different with more roots at lower depths (Data not shown). During the
dormant season root loss at the between-row tubes was less apparent or did not happen.
Root occupancy at the between-row tubes continued to slowly increase over the 3-year
period and was approaching that at the in-row tubes during the fourth year (data not shown).

The images, in general, tend to support the idea of an inverted cone or fan pattern of
roots spreading with depth under the eastern gamagrass plants. This idea could help explain
the lack of root loss at the between-row since at the between-row tubes there were fewer
roots in the surface layers and more large roots at deeper depths while at the in-row tubes
there were more roots (mostly small) in the surface layer as well a the large roots deeper in
the profile. If the smaller surface roots tend to die during the dormant season while the larger
deeper roots persist into another growing season then the in-row tubes would show the drop
in root occupancy during the dormant season.

Conclusion

Root growth was rapid under eastern gamagrass with roots reach 30 to 40 in. in one
growing season. Root occupancy at the in-row tubes reached between 50 and 60% by the
end of the first growing season and has persisted at those levels for the four years. A pattern
of root loss during the dormant season and new root growth during the growing season was
found at the in-row tubes. The between-row tubes do not show this pattern of root loss and
have slowly increased in root occupancy during the study period. This study suggests an
inverted cone or fan distribution of roots under the eastern gamagrass plants. This study also
shows the rapid development and persistence of roots under eastern gamagrass.
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Figure 1. Root development of eastern gamagrass for the first 100 day after planting at in-
row and between-row access tubes. Data are presented as the root occupancy (percent of
images at an access tube with a root visible) in the upper 40 in. of the profile. Data are an
average of images collected at six minirhizotron access tubes at the in-row and between-row
sites.
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Figure 2. Root development of eastern gamagrass for the first 3 years after planting at in-row
and between-row access tubes. Data are presented as root occupancy (percent of images in
an access tube with a root visible) in the upper 40 in. of the profile. Data are an average of
images made at three minirhizotron access tubes at the in-row and between-row sites.
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Abstract

The development of adapted acid-tolerant plants is important in the southeastern
United States. Eastern gamagrass [Tripsacum dactyloides (L.) L.] is a warm-season
perennial bunchgrass native to the Midwestern and eastern United States. Eastern
gamagrass has been reported to penetrate acidic claypan due to its tolerance of low Ca, high
Al and low soil pH. Because eastern gamagrass has high potential productivity and
moderate to high forage quality, there is considerable interest in its use as grazed and
preserved forage. Reported traits of the species that would be valuable in a sustainable
agriculture system include high protein content, high yields, high palatability and digestibility,
and peak growth during hot, dry weather when cool-season pasture plants are dormant. As
result, eastern gamagrass is being considered as a potential barrier and forage crop in the
southeast United States. The objective of this study is to measure the performance of ten
eastern gamagrass accessions under greenhouse conditions. Ten eastern gamagrass
accessions with varying forage potential were tested to ascertain their performance under
greenhouse conditions. Plant height ranged from 29.5 to 50.4 in. and dry matter ranged from
0.2 to 0.4 ounces/pot for the first harvest. Accession six produced the tallest plants on
average (47.6 in.) prior to the first harvest. At the second sampling date plant heights ranged
from 31.9to 54.1 in.  Accession 3 produced the tallest plants on average (50.3 in.) prior to
the second harvest. Plant dry weight ranged from 0.4 to 2.9 ounces/pot. Crude protein
ranged from 13.7 to 17.3%. These results indicate that further comprehensive study of these
eastern gamagrass populations could identify accession that exhibit specific establishment
and growth patterns that are suitable for the southern US.

Key words: Crude protein, forage quality, gamagrass

Introduction

Eastern gamagrass occurs naturally from Massachusetts on the Atlantic coast, west to
Nebraska, Oklahoma, and Kansas, and south to Florida and Texas in the United States. It is
also found in the West Indies and south to Brazil and Paraguay in South America (Newell and
deWet, 1974). Eastern gamagrass is capable of high productivity with moderate to high
forage quality. Eastern gamagrass is considered to be a very versatile and widely adaptable
grass, and could easily be incorporated into sustainable development programs for marginal
lands. And since it closes canopy very rapidly after establishment, it is considered to be very
effective erosion deterrent. There is considerable interest in the use of eastern gamagrass
as pasture as well as for preserved forage (Krizek et al., 1998).

A major difficulty in developing a sound livestock industry in the southeast has been
the lack of adapted grass species with high yield potential. Eastern gamagrass is considered
to be tolerant of certain acidic soil types. It has been found to penetrate hardpans and
claypans by tolerating acidic Al-toxic soil and/or nutrient solutions in both greenhouse and
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field studies (Foy, 1997; Foy et al. 1999; Rhoden et al.2000). There is a growing interest in
eastern gamagrass as a forage crop. Burns et al. (1996) in comparing eastern gamagrass
with switchgrass and flaccidgrass when preserved as hay found that the hay quality of
eastern gamagrass was adequate to meet the energy and protein requirements of many
ruminants. Rhoden et al. (2000) obtained crude protein content as high as 19.6% in highly
fertilized eastern gamagrass. Eastern gamagrass also shows promise as a dual-purpose
grain and forage crop. Eastern gamagrass produces small kernels roughly 6 % the size of
corn kernels. Bailey and Sims (2000) estimated the protein content of eastern gamagrass
grain to be 30 % as well as having a 90 % grain digestibility. To this end, the Plant Material
Centers in the southeast are making progress towards the selection and development of
eastern gamagrass cultivars that are suitable for such conditions. These centers and
universities are presently screening large populations of eastern gamagrass for suitable
ecotypes that are capable of high-quality forage and productivity. Therefore, the objective of
this study was to measure the performance of 10 eastern gamagrass accessions under
greenhouse conditions and to evaluate its forage potential.

Materials and Methods

This study was conducted in the greenhouse facilities of the George Washington
Carver Agricultural Experiment Station, Tuskegee University, Tuskegee, Alabama from 2005
to 2006. Ten accessions of eastern gamagrass were vegetatively established and selected
for uniformity. They were arranged in a completely randomized design with three
replications. The growth media used in this study a Norfolk sandy loam originating from
Alabama (Fine-loamy, kaolinitic, thermic Typic Kandiudult). A day/night temperature of
86/77°F was maintained in the greenhouse for the length of the study. A nutrient solution of
13-13-13 (NPK) was given once biweekly at a rate of 39 pounds per acre. The initial harvest
was made when plants where approximately at the boot stage and subsequent harvests
every 35 days thereafter. All plants were harvested to 10 in. height, to allow for adequate
food reserves to remain without a loss of plant vigor. Data on plant height and vigor was
recorded at harvesting for all plants. Data on the amount of shoot growth and regrowth was
based on linear measurements and biomass collected for dry matter analysis. The freshly
harvested plant parts were rinsed with deionized water, separated, and oven-dried in paper
containers at 158°F for 72 hours. After oven drying, samples were placed in desiccators for
two hours. Weights were then recorded for total dry matter yield, as well as blade, sheath
and stem yields. Samples were then separately ground in a Wiley Mill with stainless steel
interior and contact points to pass through a 20-mesh wire screen. The dried samples were
then ashed overnight and mineral content determined. Samples of each accession were
analyzed for acid detergent fiber (ADF), neutral detergent fiber (NDF), crude protein (CP),
total digestible nutrients (TDN) and mineral concentration. Phosphorus, K, Ca and Mg were
expressed as percent in tissue. Mineral concentration noted in parts per million (ppm)
included: Cu, Fe, Mn, and Zn. Plant micronutrient properties also were determined. Data
were subjected to statistical analysis using analysis of variance and where effects were
significant (P < 0.05) the least significant difference (LSD) was used to separate the means.

Results and Discussion

Accession 6 produced the tallest plants on average (47.6 in.) prior to the first harvest,
while Accession 4 produced the shortest plants on average (35 in.). Accession 3 produced
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the tallest plants on average (50.3 in.) prior to the second harvest, while Accession 4
produced the shortest plants (36.7 in.). For the third harvest, Accession 3 once again had the
tallest plants with an average of 52.8 in., and Accession 5 produced the shortest plants (39
in.) (Table.1). Accession 8 had the lowest overall dry matter production, whereas accession
7 provided the highest total dry matter (TDM) (Table.2). Crude protein ranged from 13.7 %
(Accession 2) to 17.3% (Accession 1). Accession 7 contained the highest percent Ca (0.3),
and Ca:P (1.0), and the lowest K: (Ca+Mg) (4.1). On the other hand, accession 1 had the
lowest Ca concentration (0.2%) and Ca:P (0.4), and the highest K: (Ca+Mg) (7.5). The P
concentration ranged from 0.3% (Accessions 5, 6 and 7) to 0.4% (Accession 3), and percent
K ranged from 1.7 to 2.1%. Accession 9 had the lowest percent Mg (0.10) while Accession 8
had the highest (0.14%). Percent crude fiber ranged from 32.1% (Accession 2) to 35.3%
(Accession 10). Accession 10 had the highest NDF (79%), and Accession 2 the lowest
(71%). While Accession 9 contained 38% ADF the ADF of both Accessions 1 and 2 was
33%. Total digestible nutrients ranged from 46.2% (Accession 10) to 50.9% (Accession 2).

The results of this study show that CP of all accessions was well above the 7%
needed for brood cows or 10.5% minimum needed for finishing cattle. Therefore, none the
accessions would require protein supplementation in order to meet the requirements to
maintain growth and development in cattle. Accessions1 and 9, had the highest CP, and
would be recommended for feeding, based solely on CP.

It can be speculated that those accessions of medium height with compact stems
could be utilized for hay and grazing. The tall, coarser accessions have potential as
perennial silage crops on sloping cropland and where soil conditions warrant, would be
recommended over corn (Zea mays, L.). These accessions would reduce the need for
replanting especially on sloping croplands. Those accessions possessing stiff, erect stems
also show promise as vegetative hedges and/or barriers that could reduce runoff and the
resultant sediment and nutrient losses.
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Table 1. Plant growth foliage height of 10 eastern gamagrass
accessions prior to harvest

Accession Harvest1 Harvest2 Harvest 3 Harvest 4

inches
1 41.9 43.2 45.5 43.6
2 41 .1 43.4 51.0 45.2
3 44.5 50.3 52.8 49.2
4 35.0 37.7 51.6 41.4
5 39.8 394 39.0 39.4
6 47.6 46.6 48.5 47.6
7 47 1 48.4 48.3 47.9
8 37.5 41.2 48.8 42.5
9 36.7 38.7 46.6 40.7
10 39.8 42.8 47.9 43.5

Table 2. Average dry matter production of eastern
gamagrass accessions grown under greenhouse conditions

Accession Harvest 1 Harvest 2 Total yield

----------------- ounces--------=-=====-=-
1 2.45 1.95 4.41
2 2.52 0.97 3.49
3 2.92 1.17 3.69
4 2.21 0.76 2.97
5 2.36 1.80 4.16
6 2.50 2.89 5.38
7 3.11 2.37 5.47
8 2.05 0.55 2.60
9 2.45 1.24 3.69
10 2.24 1.17 3.41
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Table 3.Crude protein (CP) and mineral concentration of 10 eastern gamagrass accessions
grown under greenhouse conditions

Accession Crude protein Ca P K Mg Ca:P K:Cat+Mg)
% ppm
1 17.3 0.15 0.39 1.96 0.11 0.38 7.54
2 13.7 0.22 0.38 1.99 0.11 0.58 6.03
3 14.9 0.27 0.44 1.94 0.13 0.61 4.85
4 13.8 0.21 0.33 2.00 0.11 0.64 6.25
5 16.7 0.27 0.30 1.99 0.11 0.90 5.24
6 13.9 0.24 0.30 1.70 0.11 0.80 4.86
7 15.5 0.30 0.30 1.69 0.11 1.00 4.12
8 16.8 0.23 0.40 213 0.14 0.57 5.76
9 17.0 0.18 0.35 1.96 0.10 0.51 7.00
10 16.2 0.24 0.33 1.94 0.11 0.73 554

Table 4. Crude fiber, neutral detergent fiber (NDF),
acid detergent fiber (ADF), and total digestible nutrients
(TDN) of eastern gamagrass accessions grown under
greenhouse conditions

Accession Crude fiber NDF ADF TDN

1 32.2 74 33 49.1
2 32.1 71 33 50.9
3 32.9 73 34 49.7
4 33.7 75 34 49.7
5 32.9 73 34 48.6
6 33.3 74 34 491
7 32.9 73 36 49.7
8 32.5 72 35 50.3
9 34.5 7 38 47.4
10 35.3 79 36 46.2
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CARBON SEQUESTRATION AND NITROGEN REMOVAL

Carbon Seqguestration and Nitrogen Removal

Nitrogen Usage by ‘Medina’ and ‘Jackson’ Eastern Gamagrass
M. Brakie', J. Douglas® and J. Stevens’

'USDA-NRCS East Texas Plant Materials Center, 6598 FM 2782, Nacogdoches, TX 75964.
2USDA-NRCS National Technology Support Center-Central, PO Box 6567, Fort Worth, TX
76115. Corresponding author: Brakie, (936) 564-4873, Melinda.Brakie@tx.usda.gov,
http://plant-materials.nrcs.usda.gov/etpmc/.

Eastern gamagrass [Tripsacum dactyloides (L.) L.] is a warm-season native perennial
grass with potential for forage production. From 1992 to 1994, the USDA-NRCS East Texas
Plant Materials Center and Stephen F. Austin State University Agriculture Department
conducted a three-year study to evaluate management practices for sustainable production of
eastern gamagrass selections in eastern Texas and western Louisiana. ‘Medina’ and
‘Jackson’, cultivar releases of the East Texas Plant Materials Center, were compared using
clipping intervals of 30, 45, and 60 days and actual nitrogen (N) fertilization rates of 0, 125,
250, and 500 Ib/acre on an Attoyac fine sandy loam. Nitrogen removal by ‘Medina’ and
‘Jackson’ was calculated using the harvested aboveground biomass. Nitrogen removal by the
cultivars varied from 77 to 305 Ib/acre depending upon clipping interval and N rate. There
was not a significant difference in N removal among clipping intervals. However, N removal
differed significantly between N rates. Nitrogen recovery by the cultivars varied from 30.8% to
70.4% depending upon clipping interval and N rate. Yield efficiency of the cultivars varied
from 16 Ib DM/Ib N to 58 Ib DM/Ib N depending upon N rate and clipping interval. ‘Medina’
and ‘Jackson’ could be used in vegetative buffers and phytoremediation of high levels of soil
N. Forage producers can attain sustainable levels of forage production while reducing
potential N leaching through the soil profile.

Key words: Nitrogen removal, nitrogen use efficiency
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Carbon Dioxide Flux During the First Year Following Switchgrass Establishment
H. Skinner and P. Adler

USDA-ARS, Pasture Systems & Watershed Management Research Unit, University Park, PA
16802. Corresponding author: Skinner, (814) 863-8758, howard.skinner@ars.usda.gov.

Perennial grasslands managed for biofuel production could provide additional
environmental benefits by sequestering carbon in the soil. An eddy covariance flux tower was
used to quantify the net CO, flux during 2005 for a switchgrass (Panicum virgatum L) field
that had been planted in 2004. The summer of 2005 was very dry with below normal rainfall
during mid-April to late-October. Plots were harvested in April 2006. Poor growth during the
summer combined with leaching and lodging losses during the winter resulted in an average
yield of only 837 Ib dry matter ac™’. The field experienced a net loss of CO, due to soil and
plant respiration until mid-April when photosynthetic uptake became great enough to offset
respiratory losses (Fig. 1). Initial early-season uptake during late-April and early-May was due
to weeds since switchgrass did not begin active growth until mid-May. Switchgrass rapidly
accumulated CO, from mid-June until seed heads appeared in early-August. Little additional
net uptake occurred during seed filling. September 15 was the last date that net uptake was
observed. Respiratory loss after September 15 offset about 69% of the total uptake during
the growing season so that net flux for the year was -603 Ib CO; ac™'. When the CO,-
equivelent of the biomass removed in April 2006 was subtracted from the total flux, the field
became a net source to the atmosphere of 1843 Ib CO, ac™’. The combination of a dry year
and relatively immature switchgrass stand meant that the field was not able to sequester
carbon during 2005. Measurements will continue for several more years to determine the
carbon sequestration potential of more mature stands under a range of environmental
conditions.

Key words: Biofuels, carbon flux, carbon sequestration
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Figure 1. Cumulative CO; flux during the first production year for a switchgrass field in
southern Pennsylvania managed for biofuel production.
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CULTIVAR OR ECOTYPE DEVELOPMENT

Cultivar or Ecotype Development

Cultivar or Local Ecotype, Are We Meeting Customer Needs?
Scott Edwards

Acadiana RC&D Coordinator, Carencro, LA 70520. (337)-896-0362x3,
scott.edwards@la.usda.gov

There is growing interest from the public and private sectors to utilize locally adapted
native plant materials for restoration and conservation projects. Many restoration projects are
unable to proceed because of the lack of commercially available native plant material. The
cultivars that are commercially available are not adapted too much of the state and exhibit
signs of summer stress and are less vigorous with lower biomass yields then local ecotypes
of the same species. Commercially available sources of locally adapted plant materials have
the potential to provide substantial ecological and economic benefits for Louisiana. A major
objective of the USDA-NRCS Plant Materials Program is the selection and release of
conservation plants. In 60 years, the program has selected over 500 releases of improved
conservation plants. However, demand for sources of plants that have no planned genetic
manipulation or deliberate selection is increasing. Source identified or ecotype releases are
gaining greater acceptance as land managers begin considering the genetic appropriateness
of commercially available sources.

The evolving needs of the conservation community must also be balanced with a
multitude of other issues facing plant release programs including funding sources,
commitment from changing administrations, commercial seed industry support, and the wide
range of genetic issues. The Louisiana Native Plant Initiative (LNPI) is a comprehensive
plant materials program that will attempt to address the evolving needs of the conservation
community by utilizing both local ecotype and cultivar release options. The LNPI will collect,
preserve, increase, and study native grasses, forbs and legumes from Louisiana ecosystems,
conserving a vanishing natural resource and providing an essential step in the development
of a native plant seed industry that will supply plant materials for restoration, revegetation,
roadside plantings and the ornamental plant industry. In 2 years, this program has 45
extensive collections from across the state, 15 species in initial evaluation, 5 breeder blocks
and 3 species in foundation seed increase. This initiative is a unique partnership between
public, private and non profit organizations including the Natural Resource Conservation
Service, McNeese State University, Nichols State University, U.S. Geological Survey National
Wetlands Research Center, and Coastal Plain Conservancy.

Key words: Conservation plants, genetic appropriateness, Louisiana Native Plant Initiative
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New Commercially Available Species and Ecotypes for the Eastern United States
Mark B. Fiely

Horticulturist, Ernst Conservation Seeds, 9006 Mercer Pike, Meadville, PA 16335. (800) 873-
3321, hortpath@ernstseed.com, www.ernstseed.com

For 10 to 20 years a diverse array of native species has been available in seed form to
restoration practitioners working in the North-Central and Northeastern United States. The
species available have included cool and warm-season grasses; legumes; wetland grasses,
rushes, and sedges; and upland and wetland wildflowers. Throughout the years, native seed
companies have continually added new species to their product lines. Our company has been
no exception to this. Table 1 lists the new species by Latin binomial, common name, and
ecotypes that should be available by next spring.

The diversity of species available in seed form for restoration projects in the mid-
Atlantic and Southeastern U.S. has been far more limited than in the Northeastern and North-
Central U.S. In 2000 we embarked upon an aggressive program to bring to commercial
availability additional species from these regions. Our efforts were supplemented by
members of our grower network. Table 2 lists the new species by Latin binomial, common
name, and ecotypes that should be available by next spring.

Key words: Ecotypes,native grasses, restoration

Table 1. List of new plant species and ecotypes available for north central and northeastern
U.S. in spring 2007.

Latin Binomial Common Name Ecotypes

Agrostis perennans (Walt.) Tuckerman  Autumn Bentgrass PA

Agrostis scabra Willd. Ticklegrass PA

Monarda punctata L. Dotted Mint NY (Albany Pine Bush)
Panicum rigidulum Bosc ex Nees Redtop Panicgrass PA

Schizachyrium scoparium (Michx.) Nash Little Bluestem NY (Albany Pine Bush),

PA, CT
Sorghastrum nutans (L.) Nash Indiangrass PA
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Table 2. List of new plant species and ecotypes available for north central and northeastern

U.S. in spring 2007.

Latin Binomial Common Name Ecotypes
Agrostis hyemalis (Walt.) B.S.P. Winter Bentgrass NC
Andropogon gerardii Vitman Big Bluestem NC (Suther)
Carex alata Torr. Broadwing Sedge VA
Carex albolutescens Schwein Greenwhite Sedge NC
Carex glauscens Ell. Southern Waxy Sedge  SC
Carex lupulina Muhl. ex Willd. Hop Sedge NC
Carex lurida Wahlenb. Lurid Sedge NC/VA
Chasmanthium latifolium (Michx.) Yates River Oats WV, PA/VA, NC.
Coreopsis grandiflora Hogg ex Sweet Largeflower Tickseed GA
Coreopsis tripteris L. Tall Tickseed AL
Dalea pinnata (J.F. Gmel.) Barneby Summer Farewell FL
Elymus virginicus L. Virginia Wild Rye NC (Suther)
Eryngium yuccifolium Michx. Rattlesnake Master FL
Glyceria striata (Lam.) A.S. Hitch. Fowl Mannagrass NC (Suther)
Helenium autumnale L. Sneezeweed FL, VA
Helianthus angustifolius L. Narrow Leaved NC, SC
Sunflower
Helianthus radula (Pursh) Torr.&Gray Rayless Sunflower FL
Hibiscus moscheutos L. Crimsoneyed MD, NC, VA
Rosemallow
Juncus coriaceus Mackenzie Leathery Rush NC
Juncus effusus L. Soft Rush FL, NC
Liatris pilosa var. pilosa (Ait.) Willd. Shaggy Blazing Star NC
Liatris spicata (L.) Willd. Spiked Gayfeather FL
Ludwigia linearis Walt. Narrowleaf Primrose SC
Willow
Ludwigia maritima Harper Seaside Primrose NC
Willow
Monarda punctata L. Dotted Mint NC, SC
Panicum anceps Michx. Beaked Panicgrass FL, GA, NC (Suther),
SC, VA
Panicum rigidulum Bosc ex Nees Redtop Panicgrass FL and NC
Penstemon laevigatus Ait. Appalachian Beard SC
Tongue
Penstemon multiflorus Chapman ex Benth. Manyflower Beard FL
tongue
Rhexia mariana L. Maryland NC
Meadowbeauty
Rudbeckia fulgida Ait. Orange Coneflower FL
Saccharum brevibarbe var. contortum (Ell.) Sortbeard Plumegrass VA
R. Webster
Saururus cernuus L. Lizard’s Tail NC
Scirpus cyperinus (L.) Kunth Woolgrass NC

61



PROCEEDINGS OF THE FIFTH EASTERN NATIVE GRASS SYMPOSIUM

74

Solidago fistulosa P. Mill.
Solidago odora Ait.

Solidago speciosa Nutt.
Solidago stricta Ait.
Sorghastrum nutans (L.) Nash

Tridens flavus (L.) A.S. Hitchc.

Vernonia angustifolia Michx.

Vernonia gigantea (Walt.) Trel.

Vernonia noveboracensis

Pinebarren Goldenrod
Anisescented
Goldenrod

Showy Goldenrod
Wand Goldenrod
Indiangrass

Purple Top
Tall Ironweed

Giant Ironweed
New York Ironweed

FL
FL

GA

FL

GA (“Americus”), NC
(Suther)

FL, GA, NC (Suther),
VA

FL

FL

NC (Suther)
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Native Grass Cultivars and Their Adaptations for the Eastern United States
Robert. J. Glennon

Natural Resource Specialist, USDA, Natural Resources Conservation Service, P.0.2890,
Washington, DC 20013. 202-720-9476, Robert.Glennon@wdc.usda.gov

Abstract

The widespread use of native grasses depends on an inexpensive, reliable supply of
seed with dependable growers and known ranges of adaptation. Over the past sixty years,
the USDA, Natural Resources Conservation Service, USDA, Agricultural Research Service,
State Agricultural Experiment Stations, and private seed companies have developed cultivars
of grasses to restore ecosystems and produce forage and wildlife habitat. Each cultivar has a
known production capability in the nursery and seed production field as well as the situation
into which it is established. Each cultivar has a known range of adaptation to climate, soil
characteristics, hydrology, and stress such as grazing within which it will perform. Knowledge
of these adaptations has allowed the effective use of these cultivars beyond the area in which
they were originally collected. Since the largest market for the tall prairie grasses is in the
Midwest, much of the cultivar development has occurred in the states from Texas to North
Dakota. Knowledge of the culitvars’ adaptations has allowed their use in the eastern part of
the United States until more local origins are developed. The poster will present a list of the
released cultivars, their intended uses, and range of adaptation.

Key words: Grass characteristics, native grass varieties
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Table 1. Origin, adapation, and special characteristics of released cultivars

Origin Adaptation
Cultivar State Plant Plant Major Land Special
Hardiness Hardiness Resource Characteristics
Zone Zone Area
Switchgrass (Panicum virgatum L.)
Miami Florida 10a 8a—10b T,U Adaptation to
Florida
Stuart Florida 9b 8a—-10b T,U Adaptation to
Florida
Wabasso Floida 9b 8a—-10b T,U Adaptation to
Florida
Alamo Texas 9a 7a—10b H,1,J,M,N,O,P.T,U Lowland Type,
Stiff-Stemmed
Kanlow S. Ta 5a—-8b H,J,M,N,O,P,S Lowland Type,
Oklahoma Stiff-Stemmed
Carthage North 7a 6a —8b N,O,P,S,T
Carolina Adapted to
Eastern Coastal
Plain
Blackwell N. 6b 5a—-7b D,G,H,J,LLM,N,O,P | Low Fertility and
Oklahoma ,R,S Water
Requirement
Shelter West 6a 4a—"Ta L.M,N,O,P,.R,S,T Stiff-Stemmed
Virginia
Cave-in- lllinois 5b 4b —-6b H,M,N,O,P,S Forage Quality,
Rock Grazing
Persistence
Shawnee Illinois 5b 4b - 6b H,M,N,O,P,S Selection from
Cave-in-Rock, for
Forage Quality
Pathfinder Kansas/ 5a 4a - 6a H,G,M,N,R,S Late Maturing
Nebraska
Trailblazer Kansas/ 5a 4a - 6a H,G,M,N,R,S Forage Quality
Nebraska
Nebraska 28 | Nebraska 4b 4a-5b H,G,M,N,R,S Early-Maturing
Sandhill Type
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Origin Adaptation
Cultivar State Plant Plant Major Land Special
Hardiness Hardiness Resource Characteristics
Zone Zones Areas
Big Bluestem (Andropogon gerardii Vitman)
Suther North 7b 7a—8b N,P Local Germplasm
Carolina
Earl Texas 7a 7a—10b H,I,J,N,O,P, T,U Long Growing
Season
Goldmine Kansas 5b 4a —-6b H,J,M,N,O,P,S Selected from Kaw
for Forage Quality
Niagara New York 6a 4a-7b L,M,N,O,P,S Adapted to Humid
East
Kaw Kansas 5b 4a—-6b H,J,M,N,O,P,S Lowland Type, Stiff-
Stemmed
Roundtree lowa 5a 4b — 6a M,N,P,S,R Forage and Seed
Production
Bonanza Nebraska 5a 5a —-6b D,G,H,J,L,M,N,O,P, | Selected from
R,S Pawnee, Forage
Quality
Pawnee Nebraska 5a 5a —-6b D,G,H,J,L,M,N,O,P, | Earlier Seed
R,S Maturity than
Champ
Champ Nebraska 4b 4a-5b G,H,L,M,N,R,S Later Seed Maturity
than Pawnee
Indiangrass (Sorghastrum nutans L Nash.)
Americus Georgia 8a 7b-8b Adapted to Humid
N,P Southeast
Lometa Texas 7b 7a—10b Best Forage
H,I,LJM,N,O,P.T,U Production in Texas
Suther North 7b 7a—8b Local Germplasm
Carolina N,P
Cheyenne Oklahoma 6b 5b-7b H,M,N,O,P,R,S Earliest Release
Osage Oklahoma 6b 4a—-17b H,M,N,O,P.R,S Late Maturing
Rumsey lowa 6a 4a—"Ta H,M,N,O,P,R,S Forage Production
and Quality
Oto Kansas/ 5a 5a —6a H,M,N,O,P.R,S Earlier Seed
Nebraska Maturity than
Champ
Nebraska 54 | Nebraska 5a 4a —5b H,L.M,N,R,S Later Seed Maturity
than Holt
Holt Nebraska 4b 4a-5b H,L,M,N,R,S Earlier Seed

Maturity than NE-54
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Origin Adaptation
Cultivar Plant Plant
State Hardiness Hardiness Major Land Special
Zone Zones Resource Characteristics
Areas
Little Bluestem (Schizycharium scoparium (Michx.) Nash)
Suther North Carolina 7b 7a-8b N,P Local
Germplasm
Cimarron Oklahoma/ 6a 4b —7a E,G,H,N,O,PR,S Most Recent
Kansas Release
Pastura New Mexico 5b 4a—-6b G,HM,N,O,P,R,S Excellent
Seedling Vigor
Aldous Kansas 5b 4a - 6b F,.G,H,M,N,O,P,R,S, | Medium to Late
T Maturity
Blaze Kansas/ 5a 4a —6a G,H.M,N,R,S Late Maturing
Nebraska
Camper Kansas/ 5a 4a —6a G,HM,N,R,S Better
Nebraska Establishment
and Forage
Sideoats Grama (Bouteloua curtipendula (Michx.) Torr.)
Haskell Texas 7b 7a—9a H,l,J,N,O,P Good Rhizome
Production
Niner New Mexico 7a 4a—-8b D,G,H,N,O,P Even Seed
Maturity
El Reno Oklahoma 6b 5a—-7b D,G,H,J,M,N,O,P Outstanding
Forage
Vaughn New Mexico 6a 4a—"Ta D,E,G,H,N,O,P Good Drought
Tolerance
Butte Nebraska 4b 4a-5b F,.G,M,N,R,S Early Maturing
Trailway Nebraska 4b 4a—-5b H,M,N,R,S Late Maturing
Eastern Gamagrass (Tripsacum dactyloides L.)
St. Lucie Florida 9b 8a-10b T.U Florida
Adaptation
Martin Florida 9b 8a-10b T,U Florida
Adaptation
Highlander Tennessee 7a 6b — 8a ON,P Adapted to
Humid Southeast
luka Oklahoma 7a 6a — 8a H,N,O,P.R,S
Pete Kansas 6a 5b —-7a H,M,N,O,P.R,S First Release
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Origin Adaptation
Plant Plant Major Land | Special
Cultivar State Hardiness | Hardiness Resource Characteristics
Zone Zones Areas
Purple Bluestem (Andropogon glaucopsis Ell.)
Ghost Rider Florida 9a 8a-10b T,U First Release,
Adapted to Florida
American Beachgrass (Ammophila breviligulata Fern.)
Hatteras North Carolina 8a 7a—9a T Better Adapted To
South Atlantic
Cape Massachusetts 7a 5a-8b R,S, T First Release

Coastal Panicgrass (Panicum amarum var. amarulum (A.

S. Hitchc.&Chas

e) P.G. Palmer)

Atlantic Virginia 7b 5a—-8b R,S,T Suitable for Inland

and Coastal Use
Bitter Panicgrass (Panicum amarum Ell.)

Southpa Florida 10a 8a—10a T,U Better Adapted To
South Atlantic &
Florida Gulf

Fourchon Louisiana 9a 8a —10a T,U Better Adapted Gulf
Coast

Northpa North Carolina 7a 6a — 8a T Better Adapted To
Mid-Atlantic Coast

Deertongue (Dichanthelium clandestinum (L.) Gould)
Tioga Pennsylvania 5a 4a—Ta L,M,N,R,S Tolerates ph of 4.0,

And Toxic Al and
Mn

Virginia Wildrye

(Elymus virginicus L.)

Kinchafonee | Georgia 8a 7a—9a N,P Shade Tolerant

Omaha Nebraska 5b 4b - 6b HLMNR,S Shade Tolerant
Maidencane (Panicum hemitomon J.A. Schultes)

Citrus Florida 9a 8a-10b T,U Shade Tolerant

Halifax North Carolina 7b 7a-9a R,S
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Special
Origin Adaptation Characteristics
Plant Plant
Cultivar State Hardiness Hardiness Major Land
Zone Zones Resource
Areas
Saltmeadow Cordgrass (Spartina patens (Ait.) Muhl.)
Gulf Coast Louisiana 9a 8a-10a T,U Better Adapted To
Gulf Coast
Sharp Louisiana 9a 8a-10a T,U Better Adapted To
South Atlantic & Gulf
Coast
Flageo North Carolina 8a 7a-9a T Better Adapted To
Mid-Atlantic Coast
Avalon New Jersey 7a 6a - 8a R,S, T First Release
Smooth Cordgrass (Spartina alterniflora Loisel.)
Vermillion Louisiana 9a 8a - 10a T,U Better Adapted To
South Atlantic & Gulf
Bayshore Maryland 7a 6a—9b T Better Adapted To
North & Mid-Atlantic
Seashore Paspalum (Paspalum vaginatum Sw.)
Brazoria Louisiana 9a 8a - 10a T,U First Release,
Adapted To Gulf
Coast
Seaoats (Uniola paniculata L.)
Caminada Louisiana 9a 8a-10a T,U First Release,

Adapted To Gulf
Coast
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Ghost Rider Purple Bluestem: A New Conservation Plant with Potential for the Gulf
Coast

J. M. Grabowski' and M. J. Williams?

1Manager, USDA, NRCS, Brooksville, FL, Plant Materials Center, Brooksville, FL 34601;
2Plant Materials Specialist, USDA, NRCS, Gainesville, FL 326086. Corresponding author:
Grabowski, (352) 796-9600, janet.grabowski@fl.usda.gov,
www.fl.nrcs.usda.gov/programs/pmc/flplantmaterials.htmi

Abstract

Developed by the USDA Natural Resources Conservation Service (NRCS) at the Plant
Materials Center (PMC) in Brooksville, FL, Ghost Rider purple bluestem [Andropogon
glomeratus var. glaucopsis (Ell.) C. Mohr] selected germplasm is a native, warm-season,
perennial bunch grass. Initial evaluation of purple bluestem was conducted at the USDA-
NRCS PMC in Brooksville, Florida, on an assembly of 91 accessions collected from
throughout the state of Florida. Transplanted seedlings and direct seeded plants (only 88
accessions) were evaluated for 12 different criteria including plant survival, vigor, plant
height, basal width, bloom date, seed maturity date, seed production, and seed viability for 2
and 3 yr, respectively. The 10 accessions that ranked highest in the largest number of
criteria over all years of testing were selected to be planted in an increase polycross block to
form a composite selected germplasm. Seeds from this crossing block were collected in
2002 and used to establish a breeder seed nursery. Ghost Rider purple bluestem has been
assigned the NRCS accession number 9060461.

Key words: Composite germplasm, forage, native species, wildlife habitat

Introduction

Purple bluestem is a native warm-season perennial bunch grass distributed throughout
Florida, north to Maryland, and west to Louisiana (Wunderlin and Hansen 2004; USDA-
NRCS 2005). Ghost Rider foliage height ranges from 8 to 20 in (20 to 50 cm) and flowering
culms from 3.3- to 4.6-ft (100- to 140-cm) tall. Foliage and culms are covered with a chalky,
glaucous coating. Culms are purple red between nodes (Yarlett 1996). The leaf blades are
folded and keeled at the base and flattened toward the tip, 2- to 4-mm wide; ligules ciliate.
Racemes partially enclosed in a purplish-brown spathe, 2 per culm, 0.5- to 1-in (1- to 2.5-cm)
long. Spikelet is sessile, 3-mm long with a long straight awn (Hitchcock 1950).

Purple bluestem is one of the most important components of the “flatwoods” ecological
community (Soil Water Cons. Soc. Fla. 1987; Yarlett 1996) which is easily recognized by its
flat topography and slash pine and saw-palmetto vegetation. Because flatwoods occur on
nearly level, poorly drained land, water movement is very gradual to the natural
drainageways, swamps, marshes, and ponds associated with this ecological community.
During the rainy season, usually June through September, this site may have water on or
near the soil surface. The flatwoods community is one of Florida’s most important native
range sites and is still widely used by ranchers for cattle production. Other grasses found on
flatwood sites include creeping bluestem [Schizachyrium scoparium var. stoloniferum (Nash)
J. Wipff], wiregrass (Aristida beyrichiana Trin. & Rupr.), and lopsided indiangrass
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[Sorghastrum secundum (Ell.) Nash]. Purple bluestem is considered the most palatable
native grass in the flatwoods and with poor grazing management will rapidly disappear (Soil
Water Cons. Soc. Fla. 1987). In addition to its feed value for cattle, purple bluestem is
considered one of the better plants for wildlife, particularly as escape cover and nesting
material for bobwhite quail (Colinus virginianus L.).

Purple bluestem is a prolific seed producer and readily will colonize disturbed areas in
wet flatwoods. No commercial seed source for this species existed and very little information
on planting and growing this species under cultivation for seed was known. The objective of
this research was to evaluate, develop, and release a Florida variety of purple bluestem for
conservation use.

Materials and Methods

Initial evaluation of purple bluestem was conducted at the USDA-NRCS PMC in
Brooksville, FL, on an assembly of 91 accessions collected from throughout the state of
Florida. An attempt was made to collect three accessions from each county in the state.
Collection sites were restricted to at least five miles apart or in completely different ecological
zones.

Seeds of these accessions were planted in the greenhouse and plants were
transplanted to the field on 10 September 1997, in a randomized complete block with three
replications. Each accession was evaluated for survival; foliage height; canopy width; basal
width; vigor; resistance to drought; disease and insect damage; culm height; seedhead
number; seedhead uniformity; and seed maturity date. Excess seed was available for 88 of
these accessions and these were direct seeded (February 1998) in the field on both a well-
drained irrigated site (Kendrick fine sand) and a poorly drained irrigated site (Blichton loamy
fine sand) that were both relatively weed free. These were evaluated using the same criteria
as the transplanted plants.

Ten accessions (Table 1) with superior seed production and growth characteristics
were selected from the original 91 accessions to form a synthetic for commercial release.
Seeds from the original collections were planted in the greenhouse during April of 2000 to
produce seedlings to establish the polycross nursery. These plants were randomly planted in
the field in February 2001. One seed harvest was made in the fall of 2001 using a Woodward
Flail-Vac Seed Stripper (Ag-Renewal, Inc., Weatherford, OK) run at a high brush speed
(Brooksville, FL PMC 2002; Pfaff et al. 2002). Seeds from this harvest were used to establish
a foundation seed production field.

Results and Discussion

Previous attempts at the Brooksville, FL PMC and by researchers in other locations
had poor success with establishing purple bluestem by direct seeding methods. Emergence
for the February 1998 initial evaluation planting was excellent on both irrigated sites. A
weed-free seed bed and winter planting date appear to be key factors for successful
establishment of this species and is similar to what has been observed with lopsided
indiangrass establishment (Brooksville, FL PMC 1998, 2000, 2002).

On the well-drained initial evaluation site, 71 direct-seeded accessions survived and
67 produced seed. Seed germination rates ranged from 4 to 67% with a mean of 31%. On
the poorly drained site, 60 accessions survived and 53 produced seed. Germination rates
ranged from 0 to 69% and the mean was 31% (Brooksville, FL PMC 1998). Purple bluestem
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is often found on the drier sections within flatwoods (Yarlett 1996) and some accessions may
have preferred the better drained soils, although this is hard to ascertain from a single
planting year.

During these initial evaluations, none of the accessions ranked highest for all
evaluation criteria and there was some variation in performance of individual accessions
between years. However, several consistently ranked high in several criteria. The ten
accessions that ranked highest in the largest number of criteria over all years of testing
(Table 2) were selected to form the composite (Brooksville, FL PMC 2002). This composite
was assigned the accession number 9060461 and released by the Brooksville, FL PMC in
2006 as a selected germplasm under the name Ghost Rider (Grabowski 2006).

The accessions included in the composite originated from all areas of the state except
the southernmost counties below Lake Okeechobee, although purple bluestem has been
reported to occur in this region. Ghost Rider purple bluestem should be adapted throughout
Florida. It has not been tested at locations outside the state, but chiefly since itis a
composite germplasm, it should be useful for restoration work throughout the natural range of
the species. It can be planted on lowland sites, such as wet flatwoods, sloughs, and the
margins of ponds or marshes. It will not survive on droughty, upland sites without
supplemental irrigation. It is well adapted to planting on heavier soil types. An environmental
evaluation was completed for this release material to assess its potential to adversely impact
the environment. Although there is little available literature on this species, because it is
native to the area of intended use, it is thought to pose little risk to native ecosystems.

A limited supply of Generation 1 seed of Ghost Rider purple bluestem will be available
in 2006 for commercial producers from the USDA, NRCS Plant Materials Center, 14119
Broad Street, Brooksville, Florida 34601, (352) 796-9600.
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Table 1. Ten superior accessions collected in Florida planted in purple bluestem polycross
block at the USDA-NRCS Plant Materials Center, Brooksville, FL.

Accession No. County (FL) Collector
9060226 Orange Fults/Benites/Swims
9060251 Nassau Gonter/Santucci
9060277 Hardee Pfaff/Maura
9060318 Brevard Fults

9060331 Sarasota Deal/Pfaff
9060340 Bay Gonter/Santucci
9060347 Taylor Santucci/Gonter
9060363 Citrus Gonter/Pfaff
9060394 Polk Sheehan/Baxter
9060396 Polk Sheehan/Baxter

Table 2. Evaluation ratings for top ten purple bluestem accession based on performance of
transplanted and direct seeded material (poorly drained and well-drained sites) at the USDS-
NRCS Plant Materials Center, Brooksville, FL.

Transplants Direct seeded
Poorly drained site Well-drained site
Seed Seed Seed
Rank Accession Vigor® Prod” Lodge® Vigor Prod Lodge Vigor Prod Lodge
1 9060396 3.2 4.3 4.0 4.0 5.0 2.0 4.0 4.5 20
2 9060277 4.8 4.5 3.3 3.3 6.0 4.0 3.0 3.0 5.0
3 9060394 3.3 3.8 4.7 4.7 5.0 3.0 5.0 6.0 4.0
4 9060363 4.7 5.5 5.0 5.0 4.0 4.0 4.5 5.0 3.0
5 9060251 4.3 4.5 3.0 3.0 55 - 4.0 4.5 4.0
6 9060331 4.7 5.5 4.0 4.0 55 - 3.5 4.0 5.0
7 9060318 5.0 5.0 4.3 4.3 4.0 6.5 5.0 5.0 4.0
8 9060226 5.2 5.2 3.3 3.3 55 - 4.0 5.0 4.0
9 9060340 5.8 5.5 4.3 4.3 55 - 5.0 4.5 5.0
10 9060347 5.7 5.0 5.0 5.0 3.0 4.0 6.0 7.0 2.0

a, b, C

1 = excellent, 3 = good, 5 = fair, 7 = poor, 9 = very poor.
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Evaluation of the USDA Switchgrass Collection
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The mission of the National Plant Germplasm System (NPGS) is to safeguard plant
germplasm that is important to world agriculture by acquiring, documenting, maintaining,
distributing and evaluating germplasm. One set of germplasm maintained by the NPGS is
the switchgrass (Panicum virgatum L.) collection housed at the Plant Genetic Resources
Conservation Unit in Griffin, Georgia. The switchgrass collection contains 181 total
accessions, 96 percent which are currently available for distribution. The material has been
collected from 21 states throughout the U.S. representing a diverse geographic range.
Cultivars\releases in this collection include Blackwell, Nebraska 28, Grenville, Kanlow, Maimi,
Wabasso, Stuart, Alamo, Shelter, Cave-In-Rock, Caddo, Forestburg, Dacotah, Trailblazer,
Shawnee, Sunburst, Falcon, Summer and Pathfinder. The material also includes a great
deal of unreleased material. Small seed samples are freely available for bona-fide research
purposes and can be requested through the Germplasm Resources Information Network
(GRIN) website at http://www.ars-grin.gov/npgs/. The extent of morphological variation and
differention in this population of accessions has not been assessed. Typically, descriptor
data is available for each accession on the GRIN website. Descriptor data for warm-season
grasses include plant height and width, foliage amount, height and distribution, leaf length
and width, stem size, tiller production, maturity, seed production and winter survival. To
acquire this data for the switchgrass germplasm, all accessions were germinated and
transplanted to the field in spring 2006. In the fall 2006, descriptor data will be collected for
each accession, and this information will be uploaded to the GRIN website for public access.

Key words: Germplasm, GRIN, NPGS
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Abstract

The six species currently undergoing selection (switchgrass, indiangrass, little
bluestem, big bluestem, purpletop, and beaked panicum) are erect warm-season (C4)
perennial bunch grasses. These grasses are native to the plains of North America and are
utilized in cultural practices as a source of forage, conservation, habitat establishment, and
most recently investigated as a source of biomass for alternative fuels. The objective of this
work was to reduce seed dormancy by selecting individual seed that had a reduced
dormancy period in laboratory tests and propagate the established seedlings into isolated
crossing blocks to progress in reducing dormancy through many cycles. Once the elite
individuals are selected they are then taken through several steps in preparation for
introduction into the field. While making progress in some species, others are recalcitrant.
These problems can be attributed both to cultural practices, and difficulties within the species.
The short stature native grasses are not as advanced due in part to the crossing blocks not
being completely isolated. In spite of certain precautions seedling mortality is an issue
working against success of this research.

Key words: Mortality, seed dormancy, selection

Introduction

Switchgrass (Panicum virgatum L.), big bluestem (Andropogon gerardii Vitman),
indiangrass [(Sorghastrum nutans ([L.]) Nash)], little bluestem [Schizachyrium scoparium
(Michx.) Nash], beaked panicum (Panicum capillare L.), and purpletop [Tridens flavus (L.)
Hitchc.] are warm-season grasses native to the prairie regions of North America (Weaver,
1968). Within these grasses are two categories. The first category includes the tall stature
grasses such as: lowland switchgrass, big bluestem, and indiangrass. The second category
includes short stature grasses such as upland switchgrass, little bluestem, peaked panicum,
and purple top. These C4 grasses generally begin their annual growth cycle in late spring
and are most productive during the mid to late summer months. Almost all important native
prairie grasses are cross pollinated by wind and within the cross pollinated progeny, a
significant degree of genetic variance exists in both native and cultivated populations (Law
and Anderson, 1940; Talbert et al., 1983, Vogel and Pedersen, 1993). This genetic variation
endows populations with sufficient diversity to have individuals that grow in a variety of
locations within the United States and North America.

The main objective of this project was to use phenotypic recurrent selection to reduce
seed dormancy in these native grass species. Reducing the seed dormancy period will allow
these grasses to respond quickly to planting, enhancing their role in forage production,
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conservation, habitat establishment, and as a source of biomass for alternative fuels.
Currently these native grasses are not widely used because producers are cautious in
growing a plant species that is so slow to establish. Their slow growth makes them difficult to
establish, and poor competitors with weeds, especially annual grasses. This in turn limits
their capability of producing enough biomass to accommodate the needs of consumers. In
addition, warm-season grasses have traditionally been hard to plant without supplemental
cleaning and processing because of hairs and awns found on them. These hairs often make
individual seed stick together causing bridging in the planter box, preventing any seed from
falling to the ground to be planted. Like many native species, they are known to have
extensive seed dormancy, further decreasing stand success. However, once these grasses
emerge, other problems arise with establishing the seedlings in subsequent cycles.

Materials and Methods

The classical breeding method of phenotypic recurrent selection was used in an
attempt to enhance germination of native populations adapted to the southeastern U.S. The
germplasm for the breeding program originated from the “prairie area” with native stands of
these species on the USDA-NRCS Jamie L. Whitten Plant Materials Center, Coffeeville MS.
The germplasm was selected based on robust vegetative growth and crown size. The plants
comprising the mother plant nursery for the tall grass species were dug from the Plant
Materials Center and planted at Starkville (as cycle 0). Seed of these plants was screened
and used to establish cycle 1 in Starkville. The screening used to evaluate the germination
percentages consisted of six petri dishes for each species containing 100 seed per dish. To
select the seedlings for the crossing blocks, an estimated 90,000 seed was spread onto
fiberglass trays and introduced to the same ideal conditions as the germination procedure.
Because we had abundant lowland switchgrass seed from an existing test, seedling selection
the first year was very stringent. Seed which germinated in 3 to 4 days were planted, isolated
and polycrossed (cycle 1). Such stringent selection was not possible for the other species
because seed was limited. Selection for the first cycle of beaked panicum was extremely
limited due to poor seed production of the species. Two years of seed was bulked together
to obtain enough seed for the selection process to begin.

After the initial screening to produce cycle 1 plants, the plants were established as
crossing blocks at the edges of row crop fields to isolate the individuals from others of the
same species. When necessary, crossing blocks were surrounded with plantings of
sorghum-sudangrass (Sorghum sudanense (Piper) Stapf) to isolate them from native pollen.
Crossing blocks consisted of a 10 by 10 planting for a total of 100 individuals. Seed
produced from cycle 1 plants was subsequently screened for reduced dormancy. The
seedlings from cycle 1 with reduced dormancy (germination in <10 days) formed the base
population for the cycle 2 population. This process has continued with a total of 5 complete
cycles of established lowland switchgrass blocks to date (less for the other species).

Three complete cycles of phenotypic selection has been completed in indiangrass and
big bluestem. The same procedures are currently taking place with the short grass species.

Results and Discussion

Advances in germination have been observed in the tall grass species (Table 1). The
first year of screening produced germination percentages in lowland switchgrass, big
bluestem, and indiangrass at 0.5, 0.33, and 0.33, respectively. The farthest along is lowland
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switchgrass. After 4 cycles of selection, the germination percentage for lowland switchgrass
has risen from 0.5 (cycle 0) to 48 percent (cycle 2), but declined to 45.8 for cycle 3 and 34.5
for cycle 4. The decline in germination percentages between cycles 3 and 4 is due to our
own success. In early generations of selection, we were sure of the first 100 individuals to
germinate. The 100 seedlings selected were the first 100 to germinate. However, upon
reaching cycle 3, the extremely large number of seedlings to germinate during the first four
days of screening has made identification of the next generation parents difficult. As a result,
selection of the 100 elite for the next generation was based on seedlings with the tallest first
leaf. This is probably not the best method. We have made moderate progress with
indiangrass. After 3 cycles of selection, germination of indiangrass seed has increased from
0.33 to 17%. We have made the least progress with big bluestem and have increased
germination from 0.33 to 3.16% germination after 3 cycles.

Advancements in the short grass species has been observed in two of the four
selected species (Table 1). Purpletop has shown the greatest improvement in germination
with an increase from 1.17 (cycle 0) to 15.17 (cycle 2). The other species that had a
noticeable increase was switchgrass, which increased from 0.67 (cycle 0) to 4.0% (cycle 1).
Little bluestem showed initial progress from cycle 0 to cycle 1, but has stalled in cycle 2. We
suspect that the crossing blocks are not truly isolated from native stands and are crossing
with these plants. Beaked panicum has yet to show progress in germination percentage.
The germination percentage was 0 on seedlings pre-stratification as measured by the
germination test. Extremely large numbers of seed were required to obtain 50 for the first
crossing block.

Problems/Issues

Problems that have been encountered up to this point include seed and seed
production, seedling mortality after emergence, and field planting. Most problems were
attributed to sudden environmental changes between locations of maintenance. These
sudden changes include: photoperiod, light intensity, and temperature differences. Another
problem arises from a lack of maintenance in the crossing blocks from the previous year. If
weeds are not kept under control within the crossing blocks the seed from these weeds can
be mistakenly collected and counted as emerged seedlings in the laboratory tests. This
problem is most often seen in the short stature grasses because most of the annual weedy
species are the same height. Tall stature grasses out grow most of the weeds.

Seed /Seed Production

Obtaining enough seed to screen: This is generally not a problem, except in early
generations of screening or with especially recalcitrant species. For each species, in each
cycle we screen about 90,000 seed per tray. In advanced generations we often get the
required 100 seedling from a single tray, sometimes it takes two trays. However, big
bluestem and all the short stature grasses required multiple screening trays (seven trays for
beaked panicum). Germination testing for the beaked panicum (six replications of 100 seed)
showed no pre-stratification germination. It took 2 years to complete the first screening (to
collect enough seed to screen).

Seed production all at the same location: At the present time the seed from the short stature
grasses in two locations is being compared for germination percentages (cycle 0 in
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Coffeeville, cycles 1 and 2 in Starkville). This is a problem because plants at different
locations undergo different environmental conditions during seed maturity, making mapping
progress difficult. We are currently in the process of cloning mother plants to establish blocks
at Starkville so germination percentages for all cycles will be from both locations.

Seed cleanliness: In the early stages of establishment the crossing blocks contain large
areas of bare ground which allow weeds to thrive. Crossing blocks must be kept free of
weeds and same-species seedlings to insure a pure seed lot to screen. As we advance in
the cycles of selection, same species seedlings become a greater problem. This is a function
of our objectives.

Seedling mortality: Seedling mortality is a major issue. Many seedlings die when transferred
from the growth chamber to the potting soil mixture. In an effort to keep seedling from dying
post-emergence we took several precautions (listed below). These treatments were effective
in some advanced cycle seedlings, but early cycles of selection continued to have post-
emergent mortality rates of greater than 40%. We have observed that, as selection
progresses seedling mortality declines in advanced generations.

Fungicide treatment: Seedlings would emerge healthy and show signs of fungus after being
transplanted into the potting soil mixture in the intermediate growth chamber. To eliminate
the fungus, seedlings were germinated in a solution of 0.75% benomyl to keep disease
minimal from the growth stages between emergence and transplantation to soil. After
transplant the same benomyl mixture was used to saturate the soil cell.

Intermediate growth chamber: We also began to see signs of extensive leaf elongation
followed by collapse in newly germinated seedlings. This was believed to be a mechanism of
the plants to search for the light that was present in the growth chamber, but not very intense.
To resolve this, once emerged, seedlings were placed under conditions with supplemental
light banks and reduced temperature and humidity.

Greenhouse conditions: In the early cycles of selection, plants would remain healthy until
taken to the greenhouse. At this time mortality rates would be in excess of 45%. This made
selection procedures more intensive because instead of selecting 100 plants for a cycle we
had to select 200+ plants. After 2 years of watching our plants die we decided that
something as simple as extending the photoperiod would ameliorate the stress. Light banks
were installed in the greenhouse. Once moved from the 2™ growth chamber, seedlings were
taken to the greenhouse and kept under the light bank with a photoperiod consistent with that
which would be present at the time field planting (16 hr light).

Nutrients: Every effort was taken to ensure that plants gained biomass quickly. As we began
fertilizing on a weekly basis, plants began to show signs of stress. This was quickly
diagnosed as ammonium toxicity (common in greenhouse production during winter months in
plastic pots). To relieve this toxicity while also meeting fertility requirements of the plants,
seedlings were fertilized with a weekly rotation of 20-20-20 and calcium nitrate. The calcium
nitrate was used to drive out excess ammonium.
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Field planting: Once planted in the field it is important to maintain the crossing blocks.

Watering: As is often the case for Mississippi summers, little to no rain falls. Plants that were
not watered on a regular basis were slow to establish and had poor root development. All
plants that are transplanted into the field are now on a scheduled daily watering for 2 weeks
and fertilized once a week to stimulate roots to move from potting soil into surrounding field
soil.

Maintenance: Maintaining a clean crossing block is essential for progress in the breeding
program. A weekly check for weeds and emerged same-species seedlings was essential to
keep the blocks clean and pure. Poor germination percentages were also thought to be
blamed on crossing blocks that were not completely isolated from native stands and other
plot work containing the same species. Locations that are determined for crossing block
must isolated from the other crossing blocks but in the same geographic location. We
foresee this to be a problem in the future as all corners of the farm we plant on have a
crossing block already there.
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Table 1. Response of grass species by cycle of selection to reduced seed dormancy (as of
2006).

Cycles of selection

Grass species Cycle Cycle Cycle Cycle Cycle
0 1 2 3 4

% germination (No stratification)

Short Stature

Beaked panicum 0.0

Little bluestem 1.3 1.7 1.7

Purpletop 1.2 1.2 15.2

Switchgrass- upland 0.7 4.0

Tall Stature

Switchgrass- lowland 0.5 27.5 48.0 45.8 34.5
Indiangrass 0.3 2.2 7.5 17.0

Big bluestem 0.3 1.0 3.3 3.2
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Abstract

In Florida, there is a lack of commercial seed sources of native materials for
revegetation efforts. This is in part due to the fact that many native Florida species have poor
seed production or require management techniques such as burning to produce viable seed.
The USDA, Natural Resources Conservation Service (NRCS), Brooksville, FL Plant Materials
Center (PMC) initiated a cooperative program with the Florida Institute of Phosphate
Research (FIPR) in the 1990s to identify accessions of native species with the greatest
potential for commercial seed production. Six seed-producing native grasses were identified
in preliminary adaptation trials: Eastern gamagrass (Tripsacum dactyloides L.), lopsided
indiangrass [Sorghastrum secundum (EIl.) Nash], purple bluestem (Andropogon glomeratus
var. glaucopsis), hairawn muhly (Muhlenbergia capillaries (Lam.) Trin.), switchgrass
(Panicum virgatum L.), and wiregrass (Aristida beyrichiana Trin. & Rupr.). The current focus
of the Brooksville Plant Materials Center is to develop reliable seed producing cultivars or
germplasm of these grasses and to facilitate their commercial availability.

Key words: Native grass, seed development, revegetation

Introduction

Unlike most of the eastern US which was heavily wooded, when settlers arrived in
Florida they were confronted with large areas of native range vegetation
(http://wfrec.ifas.ufl.edu/range/rangelands/). The native vegetation on Florida rangelands
included grasses, grasslikes, forbs, or shrubs suitable for grazing and browsing use by
livestock and wildlife. An overstory of trees was found on some range sites, while others
were composed of mostly herbaceous plants. In Florida, “improvements” were often
necessitated due to loss of the native vegetation either as a result of deliberate action when
alternative industrial or agriculture uses were found, or inadvertently through improper
grazing management. In recent years, there has been an increasing interest in both the
public and private sectors in revegetating areas in Florida with native species. This is in part
due to the perception that native species provide better wildlife food and habitat and offer
more sustainable management systems due to lower nutrient requirements. Revegetation
with native species is now mandated for much of the phosphate minelands in Peninsular
Florida.

By 1999, approximately 300,000 acres of land, or more than 460 square miles, have
been mined for phosphate. Wildlife in those areas has suffered because much of this area
previously has been revegetated with non-native plant species such as bahiagrass
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(Paspalum notatum Fluegge) or has become dominated by exotic invasive species such as
cogongrass [Imperata cylindrica (L.) Beauv.].

Mining operations now are mandated by law to have a reclamation plan that is
submitted to the Florida Dep. of Environmental Protection and other local, state and federal
agencies for approval. Technical issues associated with reclamation include hydrology, water
quality, wetland and other wildlife habitat replacement and mitigation, native vegetation
establishment, and exotic weed control. One of the most expensive components of native
revegetation projects is the cost of acquiring seed of native species. Due to the lack of
commercial seed sources for essentially all Florida native species, current revegetation
efforts utilize both mechanical and hand harvested seed from natural stands which by some
estimates costs $1000 per acre for the seed alone.

Lack of commercial seed sources for Florida native species is partly due to the fact
that many of the Florida native grasses and forbs are poor seed producers, especially those
with rhizomatous root systems (Yarlett 1996; Pfaff and Gonter 1996). Also Florida’s species
evolved under a natural fire regime and some require fairly specific burn timing to produce
any quantity of viable seed (Platt et al. 1994). It was apparent, that a systematic approach
was necessary to identify the most suitable native species for use on restoration sites and to
develop the technology necessary for commercial seed production. In the early 1990’s the
USDA, NRCS Plant Materials Center in Brooksville, FL, joined with the Florida Institute of
Phosphate Research (FIPR) to accomplish this goal. Early work involved the screening of a
wide range of native species for growth characteristics and seed production (Pfaff and Gonter
1996). Additionally, much information regarding the management and production of seed
from specific Florida native species was developed (Pfaff et al. 2002). As a continuation of
this program, the current focus of the Brooksville, FL Plant Materials Center is to develop
reliable seed producing cultivars or germplasm of six grasses (eastern gamagrass, lopsided
indiangrass, purple bluestem, hairawn muhly, and wiregrass) identified as suitable species for
revegetation efforts and to facilitate their commercial availability.

Materials and Methods

Because this material was to be used over a wide area and not a specific locale (e.g.,
park or preserve), as wide a genetic range of material of the six different grasses was
assembled from within the ecoregion. With the help of local NRCS personnel and the PMC
staff, effort was made to locate at least three sources of each of the six grasses in each
county in the state with the restriction that the sources be no closer than five miles apart.
This resulted in the assembly of between 50 and 150 accessions of each grass species.
These accessions were planted in initial evaluation, replicated space plant trials and
evaluated for such factors as establishment rate, growth, and seed production for a period of
one to four years. At this point, accessions rated as superior were selected and progeny of
these superior accessions underwent additional evaluation phases designed to demonstrate
heritability of superior characteristics (usually 2 to 3 yr) and to determine range of adaptation
(usually 2 to 3 yr).

Due to the demand for native seed, the NRCS, Plant Materials Program has differing
release designations that describe the level of testing different plant materials have
undergone (Kujawski and Ogle 2005). It is understood that the earlier in an evaluation
program a material is released, the greater risk producers and reclamationists assume
related to seed production and survival of the material. ‘Selected’ germplasm is the release
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designation for superior material identified after the initial evaluation. If a germplasm is
released after the advanced evaluation phase where the heritability of desired characteristics
is proven, it receives the classification of ‘Tested’ germplasm. Only after the superior
germplasm has undergone all advanced evaluation phases including regional evaluation
trials will it be released under the designation ‘Cultivar’.

Results and Discussion

Purple bluestem (Andropogon glomeratus var. glaucopsis) is
one of the most important species found on native range sites and
is usually found around water bodies and in wetter flatwoods sites.
It is a good seed producer with excellent potential for erosion
control, water quality, forage, and wildlife cover. A total of 91
accessions was collected from 43 counties in the fall of 1996.
Transplanted seedlings and direct seeded plants (only 88
accessions) were evaluated for 2 and 3 yr, respectively, for 12
different criteria including plant survival, vigor, plant height, basal
width, bloom date, seed maturity date, seed production, and seed
viability. The 10 accessions that ranked highest in the largest
number of criteria over all years of testing were planted in an
increase polycross block to form a composite germplasm. Seed
from this crossing block was collected in 2002 and used to
establish a breeder seed nursery. The material will be released in 2006 as Ghost Rider
selected germplasm (NRCS accession number 9060461).

Lopsided indiangrass (Sorghastrum secundum) is one of the
most easily recognized upland grass species on Florida. It is useful for
erosion control, forage, and wildlife and is considered a relatively good
seed producer. In 1996, an assembly of 138 accessions was collected
from over 48 of the 67 Florida counties. Seedlings were established in
both irrigated and non-irrigated replicated plots in 1997. All accessions
died after two years at the irrigated site due to an unidentified soil
pathogen, but some accessions lived three years in the non-irrigated
site. Twenty-five of the top performing accessions were selected and
managed as a composite. Seed of this composite material is being increased and is
expected to be released as a selected germplasm in 2007.

Eastern gamagrasss is a species that has undergone
extensive evaluation and cultivar development throughout the
eastern US. It grows on moist fertile sites and is typically found
on canal banks or ditches in Florida. An assembly of Florida
ecotypes was evaluated in 1996 and 1997. As part of this
evaluation, seed was collected weekly during the growing season
and the amount of viable seed was determined. Although Florida
ecotypes were found to produce seed from June through August,
the maximum viable seed amount was found in the last two
weeks of August both years. In a multilocation (GA, MS, AL, and
TX) evaluation trial, Florida accessions of eastern gamagrass
failed to survive the winter period in all locations accept Georgia
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and Florida (Douglas et al. 2000). This is because Florida accessions had no real dormancy
mechanisms and would begin regrowth too early in the spring to survive. Lack of dormancy
does explain the superior forage production associated with Florida accessions in Florida
when compared to eastern gamagrass selections originating in more northern locations
(Douglas et al. 2000). Accession 9059266 has been identified for release because of its
superior forage and seed production. Seed increased is planned for the next two years with
anticipated germplasm release occurring in 2008.

Hairawn muhly (also know as muhlygrass) is found on everything
from marshy to very dry sites. It has fair seed production and seedling
vigor under natural conditions, but under greenhouse conditions muhly
seedlings were a constant source of contamination in adjacent pots
unless parent plants were trimmed back. Ninety-four accessions of
muhly were planted in an initial evaluation trial in 2000. From this
population both seed producing and strictly vegetative material has been
identified. Because muhly is now widely planted in low maintenance
landscaping areas such as road medians, the vegetative material is
currently under advanced evaluation for use in the ornamental trade.

The seeded selections are scheduled for advanced evaluations with
multilocation adaptation trials starting in 2007 and cultivar release in 2010.

Wiregrass can become the dominant grass species in upland communities because of
its resistance to fire and its increaser status under grazing. Seed production and seed quality
in this species is known to be variable, and fire frequency seems to play
an important role in these traits (Kalmbacher et al. 2004). As a
consequence direct seeding is not commonly practiced and other
techniques for revegetation such as ‘greenhay’ mulching and
transplanting slips are being used. In seedling establishment studies on
reclaimed phosphate land, Pfaff and Gonter (2000) found that although
lopsided indiangrass had higher initial germination rates, wiregrass
seedlings persisted better over a 24-month period than indiangrass
planted at the same time. To enhance wiregrass utilization in
revegetation efforts, accessions of wiregrass have been collected and
will be established in initial evaluation plantings in 2006. These
accessions will be evaluated for seed production and seedling vigor under different
management strategies including burn frequency, stubble management, and fertility. This
program is expected to extend into the next decade.

Switchgrass is perhaps the most widely studied native species
in the US. As with eastern gamagrass, switchgrass selections or
cultivars originating outside of Florida have proved to be less
persistent than selections originating in the state. Seed production
has been a problem for Florida accessions. The Brooksville PMC
has initiated a cooperative breeding program with the University of
Florida to develop seed producing lines of switchgrass based on
Florida ecotypes. A statewide collection of switchgrass accessions
was made in 2002 and initial evaluation of space plants was
conducted in 2003 and 2004. In 2005, remaining accessions were
screened to determine ploidy level of the material so superior
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accessions of similar ploidy level could be selected and crossing blocks established. The
main emphasis of this work, which is expected to extend into the next decade, will be to
develop commercially viable seed producing Florida germplasm.

Conclusion

Over the past 15 years, an extensive amount of work has been conducted at the PMC
toward the goal of developing commercially viable, seed producing native species for Florida.
The pressing need for this material must be balanced with the need for accompanying
technology development to ensure successful stand establishment.
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Abstract

A choice test study was designed to determine the preference for eastern gamagrass
[Tripsacum dactyloides (L.) L.] and tall fescue [Lolium arundinaceum (Schreb.) S. J.
Darbyshire] compared to bermudagrass [Cynodon dactylon (L.) Pers.]. Weighed quantities of
hay with or without molasses (40cc/Ib) were fed to individually housed Boer cross goats. A
concentrate supplement (2 Ib) was offered daily per doe during the study period and weekly
weight changes of the kids were monitored. Results from this study showed significant
(p>0.05) differences in average daily intake of the three hay types. Although there was a
high preference for eastern gamagrass (1.23 Ib/day; 1.20 Ib/day) and bermudagrass (1.20
Ib/day; 1.15 Ib/day) with or without molasses, respectively, average daily intake was not
significantly different for these two types of hay. However, tall fescue was the least preferred
with intake significantly (p>0.05) lower than the other two grasses. Addition of molasses did
not significantly improve intake for eastern gamagrass and bermudagrass, but intake of tall
fescue with (0.84 Ib/day) or without molasses (0.71 Ib/day) was significantly (p>0.01)
increased. Average daily gain of kids on these diets was 0.42 Ib/day and total gain was 11.6
Ib over four weeks. This preliminary result indicates that eastern gamagrass could be
substituted in diets for lactating does without any loss in feed intake.

Key words: Bermudagrass, gamagrass, tall fescue, lactating goats

Introduction

Goat production is becoming an important source of income for small-scale limited
resource farmers in the southeast USA (Solaiman 2005). Goats eat many forms of
vegetation because they are inquisitive, but given a choice; they prefer certain types of
forage. This provides the basis to investigate goats’ preference for alternative feed sources.
Bermudagrass is a warm-season grass commonly used as a pasture grass and as control in
feeding trials. Eastern gamagrass is also a warm-season grass but native to southern states
and an underutilized resource. It is high yielding and provides good quality forage, with high
energy and moderate crude protein content (Rhoden et al 2002). Faucette (2005) reported
that eastern gamagrass hay supports good growth in meat goats and compares well with
bermudagrass in overall weight gains and feed intake. Tall fescue is a cool-season grass
found in the North-South transition zones of the U.S. In the upper south, tall fescue provides
forage for pasture in late winter through spring and in the fall (Burns and Fisher 2006). It
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contains an endophyte fungus (Neotyphodium coenophialum) that aids long-term survival of
the plant but causes toxicosis in animals (Hill et al 1994). Toxicosis is express in part as,
reduction in animal performance i.e. reduced weight gains, dry matter intake and digestion.
Many reports are available on tall fescue toxicosis in cattle, horses and poultry but limited
research information is available on goats. Due to the nature of goats feeding habits, there is
a need to explore alternative feed sources. Therefore, the objective of this study was to
determine feed preference by lactating adult female goats among eastern gamagrass,
bermudagrass and tall fescue fed as hay.

Materials and Methods

The study was a choice test that offered weighed quantities of eastern gamagrass
(EGG), bermudagrass (BG) or tall fescue (TF) hay simultaneously with or without added
liquid molasses (40cc/lb of hay). Six Boer cross goats (lactating females with kids) were fed
for four weeks. Does and their kids were housed in individual pens for a 7 day adaptation
period after which they had access to the test diets. Between 0.5-2.0 Ib of EGG, BG and TF
hay were placed in feeding troughs where both does and kids had access. Treatments
consisted of a combination of the three grasses with or without molasses. Concentrate
supplement (Nutrena Sweet Stuff ™) was offered at 2.0 Ibs/doe/day. Water and salt blocks
were available free choice. Records of daily feed intake were kept and expressed as the
difference between amounts offered and refused. Weight changes of kids from lactating
does were monitored weekly. Data were analyzed as split-split plot design and test of
significance was by analysis of variance (AOV).

Results and Discussion

Table 1 shows that there were significant differences (p>0.01) in average daily intake
by lactating does within weeks and among hay (p>0.05) of the trial. Average daily intake for
each hay was more than 1.0 Ib/doe/day except fescue which was less than one Ib. During
the first week, intake was highest for eastern gamagrass followed by bermudagrass while tall
fescue was the least (Fig. 1). By the second and third week the amount of bermudagrass
consumed was similar to eastern gamagrass. However, in the fourth week, intake of
bermudagrass was slightly above that of eastern gamagrass. Tall fescue hay was least
preferred (0.48—0.98 Ib/doe/day) and intake declined after two weeks until the end of the trial
(Table 1).

Addition of molasses slightly improved intake for all grasses. When molasses was fed
with bermudagrass and eastern gamagrass, a slightly higher intake was noticed than with no
molasses (Fig. 2). However, tall fescue with molasses resulted in a higher intake but at a
declining rate when compared to bermudagrass and eastern gamagrass (Fig. 1). Significant
interactions occurred between weeks x hay and weeks x hay x molasses (p>0.05) but the
week x molasses interaction was highly significant (p>0.01) (Table 1, Fig. 1). Total average
daily intake of the different forages offered to lactating does ranged from 3.83 to 4.64
Ib/doe/day which was dependent on the combinations offered (Table 2). Kids’ average daily
gains ranged between 0.36 and 0.46 Ib/day but were not significantly different during the trial
period (Table 2). It is estimated that 10% of total daily intake by lactating does was converted
to meat by their suckling kids (Table 2).

Results from this study indicated that goats prefer and ate more eastern gamagrass
and bermudagrass hay than endophyte infected tall fescue when offered at the same time.
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Although tall fescue was not readily eaten, it was not totally neglected, but the addition of
liquid molasses slightly improved its intake. It is not clear if addition of higher amounts of
molasses could make tall fescue hay more acceptable to goats. It is reported that tall fescue
plant is associated with an endophyte fungus which produces ergot alkaloids that causes
toxicosis in animals (Hill et al 1994). The toxic effect of endophyte infected tall fescue is a
factor that reduced feed intake, weight gain and animal performance. Though there was
reduced intake of tall fescue hay in this study, the overall total intake by does was not
affected. The total average daily intake by lactating does of above 4 Ibs. (i.e. 4.22 Ibs;
combination of all forages offered daily) observed in this study was almost double the values
reported by others (Bartlett et al 2005 and Faucette 2005) when either eastern gamagrass or
bermudagrass hay was fed to male meat goats as a sole diet. Also, the average daily weight
gain by suckling kids of lactating does was twice as much as those reported by these authors
(Bartlett et al 2005; Faucette 2005). The presence of other palatable forage species (i.e.
eastern gamagrass and bermudagrass) probably masked the toxic effects of tall fescue in
this study.

Conclusions

e Eastern gamagrass and tall fescue could serve as alternative feeds for meat goats.

o Tall fescue hay could be fed with other grasses to meat goats with no adverse
effects on animal performance.

e A combination of eastern gamagrass and bermudagrass resulted in better
performance of lactating meat goats housed in pens as reflected by the kids’
weight gains.

o Goats eat many feeds but given a choice they prefer certain forages over others,
and eat more of the palatable forages.
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Table 1. Average daily intake of bermudagrass, eastern gamagrass and tall fescue hay, with
and without molasses by lactating does

Hay without molasses Hay with molasses (Ib/doe/day
(Ib/doe/day
Weeks EGG BG TF EGG BG TF
1 1.21 0.83 0.74 1.23 1.01 0.82
2 1.17 1.22 0.80 1.20 1.23 0.98
3 1.19 117 0.80 1.27 1.21 0.90
4 1.24 1.23 0.48 1.23 1.35 0.65
Average 1.20 1.15 0.71 1.23 1.20 0.84
Significance of F test from ANOVA
Weeks **
Hay *
Molasses NS
Weeks x Hay *
Weeks x Molasses *
Hay x Molasses NS

Weeks x Hay x Molasses

®EGG = Eastern gamagrass, BG = bermudagrass, TF = Tall fescue

**k *

, ¥, and NS = Significant at the 1%, 5%, or not significant, respectively.

Table 2. Average total daily intake of lactating does and weight gains of their kids

Doe Kid Gain from
Doe intake weight gain doe’s milk
Ib/day %
1 3.92 0.42 10.7
2 4.20 0.45 10.7
3 3.83 0.36 9.4
4 4.64 0.46 9.9
5 4.57 0.44 9.6
6 4.14 0.41 9.9
Average 4.22 0.42 10.0
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Figure 1. Interaction of average daily intake of eastern gamagrass, bermudagrass and tall

fescue by lactating does

Daily intake (Ibs)

12

10

..

—%—BG
—=—EG
—4—FG

Weeks

Figure 2. Average daily intake of eastern gamagrass (EG), bermudagrass (BG) and tall

fescue (FG) hay with and without molasses by lactating does
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Abstract

Eastern gamagrass [Tripsacum dactyloides (L.) L.] is a native grass that has been
adapted as forage. It is a warm-season perennial grass, with high energy and crude protein.
Bermudagrass [Cynodon dactylon (L.) Pers.] is grown in the South as forage and is a
standard for measuring the quality of other grasses. Goat production is an important source
of income on small-scale farms in the southeast. Therefore, the objective of this study was to
evaluate body weight gain, feed intake, carcass characteristics, and dressing percentages of
goats fed eastern gamagrass (EGG) and bermudagrass (BG) hay. The study utilized 12 Boer
cross goats (4-5 months old), housed in individual pens and fed one of two treatments: Diet
A, 60:40 (EGG: Concentrate), and Diet B, 60:40 (BG: Concentrate), for 13 wks. Water and
mineral blocks were provided ad libitum. Feed intake and refusals were monitored daily and
feed offered adjusted weekly based on animal weight. Animals were slaughtered at the end
of the study period and hot and cold carcass weights recorded. Organ weights were recorded
and carcasses were separated into specialty cuts and weighed. Leg circumference and
carcass length were measured. There was no significant difference in average daily intake
(ADI) for animals on both diets with 2.5 and 2.6 Ib/d for diets A and B, respectively. Animals
on diet A showed a significant (P<0.05) increase in overall body weight gain with 19.0 Ib
compared to 13.3 Ib for diet B. Average daily gain (ADG) was significantly (P<0.05) higher for
diet A than diet B with 3.3 and 2.3 oz/d, respectively. There were no differences in specialty
cuts except for loin which was significantly (P<0.05) higher with 18.12% for diet A, and
16.88% for diet B. Kidneys and lungs weighed significantly (P<.05) more in animals on diet A
than diet B with 1.29 and 0.32% (kidneys), and 0.94 and 0.77% (lungs), respectively. All other
organs and parts were not different. Carcass length and leg circumference did not differ
between diets. Eastern gamagrass compares well with and in some cases exceeds, the gains
obtained from BG, as the results in this study indicated. Eastern gamagrass shows significant
potential as high quality alternative forage for meat goats.

Key words: Bermudagrass, carcass characteristics, eastern gamagrass, goats

Introduction

Goat production in the United States is increasing steadily with a recent estimate of
2.9 million head (Ensminger and Parker, 2002). This is mostly attributed to an increase in
goat meat (chevon) consumption. This increase is in part due to intensive research
comparing the quality of goat meat to other meats (beef, chicken, turkey and pork). It has
been shown that goat meat is lower in cholesterol and saturated fatty acids than the other red
meats, and with consumers in search of low fat, low caloric, healthful meat sources, they are
willing to try new types of meats in an effort to control fat/calorie consumption (Johnston et al.
1995). With this in mind, producers are looking for sources of forages that are of high quality
but less expensive than the traditional forages usually fed. Combining that with good
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management practices, they can produce animals that can provide them with a good return
on their investment. Limited resource farmers especially could utilize nontraditional grasses
and legumes that are already available but not much is known about their nutritional quality.

Eastern gamagrass is a rhizomatous, warm-season perennial grass found along the
eastern, southern and midwestern states of the US. It is closely related to corn and the two
have been known to hybridize (Brown 1979). Eastern gamagrass is one of the more
productive, palatable and nutritious native warm-season perennials (Salon and Cherney
1999; NRCS 2002). Forage quality of eastern gamagrass is greatly influenced by harvest
dates. Salon and Cherney (1999) showed that crude protein (CP) content of eastern
gamagrass harvested in early June was significantly higher than that harvested in late June.
These authors also noted that the vegetative stage of the grass had a higher level of CP than
the reproductive stage. Most of the previous work done with eastern gamagrass is in cattle.
Aikens (1997) working with steers, reported an increase in live weight gain during short
duration grazing. When eastern gamagrass seeds were fed along with the hay (Bailey and
Simms, 1998), it was reported that the overall digestibility of the ration was increased. Burns
et al. (1996), in a study with wethers, noted that the dry matter intake of eastern gamagrass
was higher when compared to flaccid grass.

Bermudagrass is most productive during the summer months (Thompson and
Thompson 1974) and is commonly fed as forage for beef cattle during the winter months
(Stubbendieck et al. 1997; Abdullahi 2002). In situ studies on cannulated steers by
Scarbrough et al. (2002) estimated the effective degradability of bermudagrass protein in hay
vs. pasture. They concluded that during the winter months the level of CP in the hay was
higher than the pasture. They also noted that ruminal availability of CP in stockpiled
bermudagrass decreased with age but was adequate to meet the minimum requirements of
pregnant beef cattle.

Like eastern gamagrass, bermudagrass has higher neutral detergent fiber (NDF) and
acid detergent fiber (ADF) than alfalfa (Coleman et al. 2003). These scientists compared
bermudagrass hay in the 4 wk stage of cutting to the boot stage of eastern gamagrass hay
and found that the eastern gamagrass hay had higher CP values. When these grasses were
harvested at the same stage of development, the NDF and ADF values were similar.
Coleman et al. (2003) showed that protein digestibility of eastern gamagrass was lower than
that of alfalfa and bermudagrass. These researchers also found that the digestibility of NDF
and ADF were similar to that of alfalfa and bermudagrass at the early stage of growth. Burns
et al. (1996) noted that eastern gamagrass hay provided ideal energy and protein for
wethers. Based on digestibility findings and chemical composition, eastern gamagrass could
be substituted for bermudagrass in the southern part of the US during the winter months.

Unlike cattle, very little work has been done with goats utilizing eastern gamagrass. In
order to evaluate the feeding value of eastern gamagrass as a feed for goats, this experiment
was conducted to determine: 1. feed intake and body weight gain of meat goats fed eastern
gamagrass and bermudagrass hay; 2. carcass characteristics and dressing percentage of
meat goats fed eastern gamagrass and bermudagrass hay.

Materials and Methods

This research was conducted at the George Washington Carver Agricultural
Experiment Station Caprine Unit for 13 wks. Twelve Boer bucks were purchased and
quarantined for 3 wks prior to the start of the study. The animals were 4-5 months old with an
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average body weight of 48.8 Ib. The bucks were randomly assigned to one of two diets; Diet
A consisted of 60:40 eastern gamagrass:concentrate (Nutrena Sweet Stuff ™), while Diet B
was 60:40 bermudagrass: concentrate. Table 1 shows the chemical composition of the diets
used in this experiment. Six goats were randomly assigned to each diet and placed in
individual pens. Water and mineral blocks were provided ad libitum. The goats were fed at
5% of their body weight. Feed intake and refusals were monitored daily and feed offered was
adjusted weekly. Body weights were monitored on a weekly basis. The animals were
slaughtered at the end of the study and hot and cold carcass weights were recorded. Non-
carcass components (Gl tract, skin, head, liver, heart, lung, testicles, feet, and kidney) were
harvested and weighed. The carcasses were separated into specialty cuts and weighed.
Carcass length, loin eye area and leg circumference were measured for animals on each
diet.

Results and Discussion

Total gain, ADG and Gain/Feed (G/F) ratio were significantly (P<0.05) higher in
animals receiving the EGG diet (Table 2), with 19.0 Ib, 3.3 oz/day, and 0.09 for total gain,
ADG and G/F, respectfully. This indicates that goats on this diet were more efficient in
converting their feed to weight gain. Burns et al. (1992) compared eastern gamagrass with
bermudagrass and flaccid grass and reported significantly higher ADG for steers fed EGG
than the other grasses. It should be noted that there were no significant differences in fasted
(withdrawal of feed overnight) BW or hot (HCW) and cold (CCW) carcass weights for goats
on either the EGG or BG diets (Table 3). Although not significant, goats on Diet A had slightly
higher CCW and HCW than those on Diet B with 26.9 and27.3 Ib for CCW and HCW,
respectively. These results were similar to that reported by Dhanda et al. (2003). These
researchers had HCW or CCW between 24.3 and 26.5 Ib. Carcass length, leg circumference
and loin eye area, which are good indicators of the amount of muscling that the goats put on,
were not significantly different between the diets. This is a good indication that EGG
compares well with BG and is an excellent alternative forage for meat goats.

Non-carcass components were measured as a percentage of fasted BW and are
reported in Table 4. No significant differences were observed for the two diets. The Gl tract
constituted the largest portion of the non-carcass components with an average of 26.99 and
27.67% for Diets A and B, respectively. These percentages were much higher than that found
by Dhanda et al. (2003), who reported a 16.2% average. Specialty cuts were expressed as a
percentage of CCW and are reported in Table 5. The loin which is the most expensive cut of
meat, was significantly higher (P<0.05) in goats from Diet A. Shoulder and leg which are the
second most expensive cuts, did not differ significantly between diets. These two cuts
comprise over 50% of the total carcass weight and must be considered in the overall
economics of chevon production.

Conclusion

Based on the results of this study, eastern gamagrass did as well or outperformed
bermudagrass in all the parameters evaluated. This serves as proof that eastern gamagrass
shows excellent potential as an alternative forage to be integrated into the feeding programs
of meat goats. With producers in the southern United States relying mostly on bermudagrass
as their hay source during the winter months, eastern gamagrass can serve as a second

92



FORAGES AND GRAZING

alternative in case of drought or any other force of nature that may prevent a good
bermudagrass yield.
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Table 1. Chemical composition of bermuda grass, eastern gamagrass and concentrate
(Nutrena Sweet Stuff™)

Sweet
Nutrients BG EGG Stuff™
Dry Matter (%) 93.44 93.62 92.60
Crude protein (%) 12.38 12.63 13.56
NDF (%) 72.00 68.00 45.00
ADF (%) 36.00 34.00 32.00
TDN (%) 50.31 52.66 55.54
Ca (ppm) 035 0.22 1.61
K (ppm) 096 212 1.18
Mg (ppm) 032 0.20 0.34
P (ppm) 0.19 0.24 0.28

BG — bermudagrass, EGG — eastern gamagrass, NDF — neutral detergent fiber, ADF — acid
detergent fiber, TDN — Total digestible nutrient

Table 2. Initial and final body weight, weight gain, average daily gain, average daily intake
and gain:feed of goats fed eastern gamagrass and bermudagrass

Diets
Parameters A B
Initial BW (Ib) 47.5 51.9
Final BW (Ib) 66.5 65.2
Total gain (Ib) 19.0 13.3
ADG (oz/day) 3.3 2.3
ADI (Ib/day) 2.5 2.6
G/F ratio 0.09 0.05
Diet A — 60:40 eastern gamagrass:concentrate, Diet B — 60:40 bermudagrass:

concentrate

Table 3. Fasted, hot and cold carcass weights, carcass length, loin eye area and leg
circumference of goats fed eastern gamagrass and bermudagrass

Diets

Fasted BW (Ib) A B
HCW (Ib) 60.5 60.6
CCW (Ib) 27.3 25.1
Carcass length (in) 26.9 25.1
Loin eye area (in%) 24.5 24 .4
Leg circumference (in) 1.3 14

12.2 12.9

Diet A — 60:40 eastern gamagrass:concentrate, Diet B — 60:40 bermudagrass:

concentrate
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Table 4. Non-carcass components of meat goats fed eastern gamagrass and bermudagrass
(as percent of cold carcass weight)

Diets (%)

Parameters A B

Gl Tract 26.99 27.67
Skin 10.55 10.93
Head 7.78 7.97
Feet 2.84 3.17
Liver 1.39 1.44
Testicles 1.08 1.09
Lung 0.94 0.77
Heart 0.45 0.43
Kidney 0.34 0.33

Diet A — 60:40 eastern gamagrass:concentrate,
Diet B — 60:40 bermudagrass: concentrate

Table 5. Specialty cuts of goats fed eastern gamagrass and bermudagrass(as percent of cold
carcass weight)

Diets (%)

Specialty cuts A B

Ribs 18.27 18.39
Loin 18.12 16.88
Shoulder 20.98 21.17
Neck 10.80 11.17
Leg 32.40 32.47

Diet A — 60:40 eastern gamagrass:concentrate, Diet B — 60:40 bermudagrass:

concentrate
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Abstract

The use of native grasses to improve wildlife habitat is receiving consideration by
conservation and wildlife interests. The potential use of native grasses in animal production
systems, and particularly as conserved forage, has received little attention. Two experiments
in each of 2 yr were conducted to determine the potential utility of gamagrass [Tripsacum
dactyloides (L.) L.] as conserved forage. ‘Pete’ and ‘luka’ gamagrass were harvested and
compared when preserved as either hay or silage. Both cultivars were readily ensiled with a
pH generally ranging from 4.1 to 4.5. Dry matter consumption of the two cultivars conserved
as silage did not differ as a percent of body weight per day (% BW/d) and ranged from 1.65 to
1.78 % BWI/d among the four experiments. Intake was greater for hay (ranging from 1.89 to
2.03 % BW) compared with silage which ranged from 1.26 to 1.66 %BW/d. Further, dry
matter digestion was greater for hay in all four experiments. Consequently, the decision to
ensile gamagrass, attractive for risk reduction over hay harvest when faced with adverse
weather, warrants careful consideration in light of its reduced quality.

Key words: Gamagrass, hay, quality, silage

Introduction

Housing developments within the rural landscape across the Piedmont of the
Southeastern USA has greatly increased the urban-rural interface. Separate, but stimulated
by diverse urban-rural life styles, is the growing interest in environmental protection and
conservation of native plants and wildlife. Introduced forage species frequently predominate
within the grasslands of this landscape. These forages are often natives of Europe and
Africa and are generally not well suited for the enhancement of wildlife populations or their
diversity. Both urban and rural environmentalists and wildlife proponents often make a point
of the poor habitat provided by these introduced species and suggest the reintroduction and
establishment of native species of grasses and forbs.

Grasses and forbs that are indigenous to the Piedmont are often favored for wildlife
habitat. The potential of native grasses, such as gamagrass, to serve both in animal
production enterprises and provide wildlife habitat warrants evaluation. In a production
system, native grasses need to be either grazed or harvested and stored as a feed. In a
recently completed 5-yr grazing trial, gamagrass stands, depending on grazing intensity,
declined over the years (J.C. Burns, ARS and N.C. State University unpublished data).
Periodic harvest of gamagrass as hay may prevent stand decline; however, because of the
humid environment and relatively frequent rainfall across much of the Piedmont, hay making
puts forage quality at risk since humidity and rainfall can degrade the nutritive value and
palatability of the hay. A solution to the potential loss of hay due to weather might be the
preservation of forage as silage. Generally, however, grasses with C4 physiology lack
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adequate soluble carbohydrates and do not produce a stable product after fermentation
(Panditharatne et al. 1986). This problem is partly offset by high dry matter concentration in
the forage which reduces clostridia activity (McDonald 1981).

The obijectives of this study were to determine the potential of gamagrass to be
harvested and stored as silage compared with hay, and to determine if differences occurred
between the two available cultivars, Pete and luka. Ensiling characteristics of gamagrass
were evaluated, as were estimates of dry matter intake and digestion by steers fed either
silage or artificially dried hay.

Material and Methods

Well established stands of Pete and luka gamagrass served as the source of forage.
Growth from the previous fall was burned in late-February and the fields fertilized according
to soil test. Nitrogen, as ammonium nitrate, was applied at 80 Ib/ac of N in March of the
harvest year and applied again after each defoliation and prior to regrowth during the year.
At harvest, forage was either flail-chopped and dried for hay, or mowed, windrowed, and
immediately chopped and placed in a silo for fermentation.

Methods of Preservation

Hay: The standing forage was direct cut into 3-6 in. lengths using a conventional flail
chopper, blown into a self-unloading wagon and elevated into a forced-air dryer with an
incoming flue air temperature of 180 F until dry (> 90%). The hay was baled directly out of
the dryer and stored on wood pallets in baled form in a metal building. Hays were fed without
further processing.

Silage: Forage for silage was chopped with a field chopper (cut into 0.2 — 0.5 in. lengths),
blown into a self-unloading wagon, and packed into experimental silos. Silos were specially
constructed fiberglass cylinders (4 ft in diameter x 4 ft in height) with 4 in. flanges on each
end. Three of these cylinders were bolted together making a silo 4 ft in diameter and 12 ft in
height. The silos were fitted with a 0.15 mm plastic liner which was tied at the bottom. Forage
was elevated into silos and packed by treading as they were filled, and the top of the liner
gathered over the silage and sealed. The silo remained sealed for at least 60 d prior to
opening.

Four experiments were conducted representing two growing seasons and two harvest
dates within each season. Harvest dates are noted below for each experiment.

Intake and Digestion

Beef steers were used in four intake and digestion experiments. The respective range
in animal weights for Exp. 1, 2, 3 and 4 were: 505 to 531 Ibs, 518 to 576, 620 to 653, and
642 to 699 Ibs. Animals were standardized on a common hay diet for 14 d prior to beginning
the experiments. Groups of steers were blocked by weight and assigned at random to the
appropriate set of treatments within each experiment. Each experimental period of the intake
phase consisted of 28 d with the first 14 d used as adjustment and the last 14 d used for
intake estimates. Animals were fed a weighed quantity of silage or hay, twice daily, at
approximately 115% ad libitum intake. The unconsumed feed (weighback) was removed and
weighed prior to each feeding. Daily ‘as fed’ and ‘weighback’ samples were obtained for
each animal with silage samples stored in freezer until the end of the experiment. The ‘as

97



110

PROCEEDINGS OF THE FIFTH EASTERN NATIVE GRASS SYMPOSIUM

fed’ and ‘weighback’ samples were mixed, sub-sampled, and the silage sub-samples
preserved in the freezer for later analysis.

The digestion phase was conducted in specially constructed crates following the intake
phase and consisted of a 7-d adjustment followed by 5 d of total fecal collection. Animals
were fed twice daily at approximately 115% ad libitum. The refusals were removed prior to
each feeding. Daily ‘as fed’ feed samples, representing the 5-d fecal collection period, were
obtained for each animal, composited for the 5 d (as were the corresponding ‘weighback’
samples), and preserved in a freezer. The mixed ‘as fed’ and ‘weighback’ samples were sub-
sampled and returned to the freezer for later analyses.

Laboratory Analyses

The preserved (frozen) silage samples were thawed and a sub-sample used for pH
determination after being suspended in water (Fisher and Burns 1987). Concentrations of
short-chain fatty acids, alcohols, and lactic acid in silage were determined on aqueous
extractions of the samples using gas chromatography. The short-chain fatty acids and
alcohols were analyzed using a Nukol fused silica capillary column (48 ft x 0.02 in. x 0.5 ym
film thickness, Supelco, Supelco Park, Bellefonte, PA). Lactic acid was determined using a 8
ft glass column (Supelco 4% carbowax 20 M, mesh size 80/120, Carbopack B-DA, Supelco
Park, Bellefonte, PA). The remainder of the sample was freeze dried, ground in a Wiley mill
to pass a 1-mm screen and the samples scanned in a Near Infrared Reflectance (NIR)
Spectrophotometer. Samples with different NIR spectra (determined by H statistic) were
analyzed in the laboratory and used to develop prediction equations. In vitro true dry matter
disappearance (IVTD) was determined by using nylon bag technology with a batch processor
(Ankom Technology., Fairport, NY) followed by extraction with neutral detergent (Van Soest
and Robertson 1980). Inoculum was prepared by obtaining rumen fluid from a cannulated
steer maintained on alfalfa (Medicago sativa L.). Rumen fluid was combined with buffer
according to Burns and Cope (1974). Total N was determined by autoanalyzer (AOAC 1990)
and multiplied by 6.25 to estimate crude protein (CP). Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and cellulose (CELL) were determined sequentially using an Ankom
batch processor with reagents (no sodium sulfite) according to Van Soest and Robertson
(1980). Lignin was determined using the 72% sulfuric acid method (Van Soest and
Robertson 1980). Hemicellulose (HEMI) was determined by difference (NDF — ADF). Dry
matter of silage was determined by freeze-drying to a constant weight.

Statistics

The design used in all experiments was a randomized complete block with animals
used as replicates. Replicates varied from two to four within and among experiments and
between intake and digestion phases within experiments. The data were analyzed using a
mixed model. Animal was a random effect and cultivar and preservation method were fixed
effects. Because of the expected variation in estimates of animal responses, an a priori
decision was made to test these variables at P < 0.10. Variables describing forage
composition were tested at P < 0.05. A set of orthogonal contrasts, consisting of Pete vs.
luka (cultivar) and of hay vs. silage (preservation method) and the interaction of cultivar and
preservation method were tested in the analysis of variance for each variable.
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Results and Discussion

Results from each of the four experiments were analyzed separately and consequently
reported by experiment. In each experiment a number of variables showed a significant
cultivar by preservation method interaction. In these cases, the interaction was due to a
difference in the relative magnitude of treatment effect and not due to reversal of the
treatment effect. These interactions were minor and only the main effects reported.

Ensiling Characteristics

Desirable silage is associated with low pH (< 4.0) and dominated by acetic and lactic
acids, with only trace amounts of butyric acid. This results in silage that is both stable and
generally palatable to ruminants. For example, corn silage (one of the more stable and better
fermenting grasses) often has a pH < 3.5 and acetic and lactic acid concentrations of
approximately 1.3 and 8.5 %, respectively, of the dry matter (McDonald 1981).

In Exp. 1 through 3, both Pete and luka, and Iuka in Exp. 4, ensiled well with similar
pH ranging from 4.1 to 4.5 (Table 1). This was associated with a predominance of acetic and
lactic acids. However, in Exp. 3, lactic acid concentration of luka silage was less than Pete
silage and associated with the presence of butyric acid which occurred in the silage of both
cultivars. Propionic acid was also present in the silages with concentrations greater in Pete
than luka in Exp. 1 and 2, but least in silage from Exp. 3 and similar in Exp. 4. Methyl and
ethyl alcohols were also present in the gamagrass silage but concentrations were similar
between cultivars (Table 1).

Forage harvested for silage in May (Exp. 1) or June (Exp. 3) had dry matter
concentrations < 19%, whereas forage harvested in late summer (September, Exp. 2 and
August, Exp. 4) had dry matter concentrations > 24%. The dry matter of the late summer
harvests differed between cultivars with luka greatest (Table 1).

Except for Pete in Exp. 4, gamagrass forage was generally well preserved at opening
of the silo, however, stability could be an issue if left exposed to the atmosphere after
opening as some mold was noted after 24 h.

Nutritive Value

Cultivar: In Exp. 3 and 4, IVTD was greatest for luka compared with Pete but Pete was
greatest in Exp. 2 and the cultivars were similar in Exp. 1 (P = 0.06) (Table 2). Generally,
luka and Pete did not differ in CP concentrations, except in Exp. 2, in which Pete was greater
than luka. It should be noted, however, that CP concentrations of the forages in Exp. 1, 2
and 4 are generally inadequate for meeting the growing requirements of steers or heifers.

For example, CP concentrations were generally less than the 9.5 to 9.7 % required to support
a 600 Ib steer or heifer gaining 1.5 Ib or more per day (NRC 1984). Pete had greater NDF
concentrations than luka, except for Exp. 2 in which cultivars did not differ, with similar effects
noted for the constituent NDF fractions (ADF, HEMI, Cell and lignin). This is consistent with
the lower IVTD reported for Pete in Exp. 3 and 4

Preservation Method: The influence of preserving gamagrass as silage vs. hay varied among
experiments for estimates of nutritive value. Preservation methods did not alter IVTD in Exp.
1, but hay was greater in IVTD in Exp. 2 and 4 and silage greater in IVTD in Exp. 3 (Table 2).
Crude protein was more consistent with concentrations greatest in silage from Exp. 1, 2 and
4, but not different than hay in Exp. 3. The NDF concentrations were lower in silages for all
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four experiments, and is, in part, attributed to lower concentrations of the hemicellulose
(Table 2). The ADF and cellulose fraction differed between preservation method in Exp. 1, 2
and 3, but differences were inconsistent. Lignin concentration was altered by preservation
method only in Exp. 4 with silage being greatest but the difference was small and of little
biological importance.

Animal Responses

Cultivar: Dry matter intake by steers did not differ between cultivars in all four experiments
averaging 1.76, 1.78, 1.77 and 1.65 % BW for Exp. 1, 2, 3 and 4, respectively (Table 3). Dry
matter digestion, as well as CP digestion, did not differ between cultivars in Exp. 1, 3 and 4,
but was least for luka in Exp. 2 (Table 3). Digestion of NDF and ADF did not differ between
cultivars in all four experiments. An assessment of the digestible intakes (constituent intake x
its digestion coefficient) showed cultivar differences in Exp. 2 with digestible dry matter intake
and digestible CP intake greater for Pete compared with luka.

Preservation Method: The dry matter intake of hay was consistently greater compared with
silage in all four experiments (Table 3). On the average, gamagrass hay was consumed at
1.97 % of BW compared with 1.51 for silage. The reduced intake of silage was associated
with lower dry matter digestion, including NDF and ADF fiber fractions, and occurred in all
four experiments.

Crude protein digestion was variable showing no consistent preservation affects in
Exp. 1, 2 and 4, but lower digestion in silage from Exp. 3 (Table 3). Digestible intakes of dry
matter, NDF, and ADF were less for silage than hay in all four experiments. Digestible intake
of CP, however, was variable with no difference between hay and silage in Exp. 1 and 2, but
less for silage than hay in Exp. 3 and 4.

Selective Consumption

Even in conserved crops, animals select the more preferred portions of the feed and
reject the less preferred portions and this alters dry matter intake and performance. The
degree of selectivity can be determined indirectly by examining the nutritive value of the
weighback forage (orts) compared with the offered feed. Selectivity (generally for the leafy
fraction and against stems) would be reflected in reduced IVTD and CP, but increased NDF
in the measured weighback. In general some degree of selectivity is indicated as the IVTD of
the weighback vs. the offered feed (Table 2) was consistently lower for both cultivar and
preservation method main effects. This same trend, except for Exp. 2, was also noted for
CP. Further, NDF concentrations of the weighback were greater than the fed forage in all
experiments, except for Exp. 2.

Cultivar: Generally, the differences in IVTD, CP and NDF of the weighback between cultivars
reflect the differences between cultivars in the as-fed forage. Some exceptions are evident,
however, as noted especially for CP and NDF in Exp. 3 (Table 2). In these cases more
selection occurred for luka than for Pete, as the IVTD and CP of the weighback was lower
and NDF greater than the differences between the as-fed forage.

Preservation Method: The IVTD, CP and NDF concentration differences of the weighback
compared with the as-fed forage generally indicates that more selectivity occurred for the hay
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treatment compared with the silage treatment (Table 2). Frequently, in the latter case, the
concentrations of the as-fed and weighback were similar.

Summary

Either Pete or luka gamagrass can be successfully ensiled and used as a livestock
feed. Care is required to assure silage is well packed to exclude as much oxygen as possible
to promote anaerobic fermentation to reduce the pH as quickly as possible. Although ensiling
of gamagrass provides a way to reduce exposure of harvested forage to adverse weather
conditions, the resulting forage is of lower quality than hay without deterioration due to
precipitation. Silage dry matter intake was less than hay and the dry matter lower in
digestibility resulting in lower digestible dry matter intake. This aspect needs to be given
consideration when opting to harvest gamagrass as silage compared to the time required,
and risk associated with adverse weather when field curing and handling as hay.
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Table 1. Dry matter (DM) and fermentation characteristics of gamagrass silage harvested at
two times during the summer and in two different years (dry matter basis).

Alcohol® Fatty Acids®
Item pH DM MA EA AA PA LA BA
%
Experiment 1 (cut May, Year 1):
Pete 41 18.7 0.06 0.23 225 011 7.26 1.03
luka 4.1 18.9 0.07 0.23 266 0.06 7.39 0.11

Significance (P): 0.84 0.76 0.37 0.98 0.17 0.01 0.92 <0.01

Experiment 2 (cut September, Year 1):
Pete 4.4 26.8 0.05 0.18 1.14 0.03 3.84 0.04
luka 4.3 30.8 0.05 0.16 1.33 0.02 4.33 0.03
Significance (P): 0.07 <0.01 080 0.22 0.06 <0.01 0.37 0.33

Experiment 3 (cut June, Year 2):
Pete 4.3 18.3 0.09 0.58 1.83 0.1 5.03 1.58
luka 4.5 17.7 0.08 0.47 213 0.20 3.75 2.56
Significance (P): 0.08 0.30 0.31 0.30 0.52 <0.01 0.03 0.06

Experiment 4 (cut August, Year 2):
Pete 6.0 24.8 0.02 0.02 0.17 0.04 0.38 0.09
luka 4.4 29.4 0.01 0.13 0.65 0.02 2.55 0.02
Significance (P): 0.07 <0.01 0.33 0.08 0.05 0.06 <0.01 0.04

MA = methyl alcohol; EA = ethyl alcohol.
PAA = acetic acid; PA = propionic acid; LA = lactic acid and BA = butyric acid.
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FORAGES AND GRAZING

Table 3(cont’d.). Dry matter intake and digestion and digestible intakes of dry matter (DM),
crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF) for two
gamagrass cultivars and two preservation methods (dry matter basis).

Experiment 4 (Harvested August, Year 2):
Cultivar Pete 164 538 501 573 586 097 0.08 0.72 0.38
luka 165 537 512 542 545 103 0.09 073 0.37
Significance(P): 095 098 085 047 035 063 065 097 091
Method Hay 203 611 550 644 636 135 010 1.01 0.50
Silage 126 464 463 471 496 065 0.06 0.39 0.25
Significance(P): <0.01 003 021 0.01 0.02 <0.01 0.03 <0.01 0.01

@ % BW/d = percent of body weight per day.
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Native Forages on Grazing Lands Conservation Initiative: Working Demonstration
Farms in Maryland

Eilmer M. Dengler

USDA-NRCS,John Hanson Business Center, 339 Busch's Frontage Road, Suite 301,
Annapolis,21409-5543 MD. 443-482-2922, elmer.dengler@md.usda.gov,
wwww.md.usda.gov

In the mid 1990’s the USDA-NRCS through the Grazing Lands Conservation Initiative
was dedicated to technical assistance on private grazing lands. Climatic variations continued
to show the limitations of introduced cool-season forages as sole sources for livestock forage.
The Maryland Grazing Lands Conservation Initiative Coalition made up mostly of innovator
farmers, the Maryland Delaware Forage Council, the University of Maryland ‘s Extension
forage program, and the National Plant Materials Center all worked together to investigate,
develop and implement a way to jointly utilize each others strengths and facilities to develop
native forage usage. Eastern gamagrass (Tripsacum dactyloides L.) and switchgrass
(Panicum virgatum L.) were planted on more than a dozen public and private working farms.
Both warm-season forage grasses successfully filled the summer slump and had superior
drought resistance to cool-season grasses. Consequently, most of these farmers have
permanently included these species in their forage management systems. Eastern
gamagrass for grazing, green-chop, and hay was successfully incorporated into management
systems of forage based farms. Limited herbicide registration has hampered rapid stand
establishment, but with the increased use of dry treated seed to break dormancy, major
establishment successes were achieved. Registration of effective herbicides for
establishment and maintenance of warm-season grasses is urgently needed. The use of
dormant fall plantings was also successful for gamagrass. Stand establishment in
companion cropping systems have been only moderately successful, but refinement work
continues in this area. The need for a high level of grazing height management has proven
necessary to maintain productive stands, but a similar problem exists with introduced
species.

Key words: Farms, forages, grazing, herbicides
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Eastern Gamagrass, Grazing and Haying
William. J. Edwards
S. B. Farms, Inc. Hurlock, MD, 21643

Introduction

S.B. Farms, Inc. operates a commercial bison herd on the Delmarva Peninsula of
Maryland. Eastern gamagrass (EGG) is an integral part of the management intensive
rotational grazing system used for the farm. Soil types are generally a sandy loam for this
area so without adequate and timely precipitation cool-season grass pastures deteriorate
very quickly. Warm-season grass pastures fill in the void during the hot summer months. A
native warm-season perennial bunchgrass, EGG has wide leaves with rough edges, grows
up to 8 feet tall, and has very good forage nutritive quality. There are several seed companies
producing EGG seed. The variety ‘Pete’ is adapted to our area. Gamagrass is very
productive, palatable, and nutritious as a grazed grass. As a hay crop, EGG produces good
yields, dries down very quickly, and does not require tedding.

Establishment

We plant EGG with a no-till corn planter using 30 inch rows. Planting is accomplished
in the same manner and timing as corn planting with the seed placement depth kept at 1 —
1.5 in. Planter seeding rate is set to provide 3.7 to 4 seeds per foot of row. Field should be
void of any other growth at planting — a glyphosate (RoundUp) / 2,4D burndown can be used
2-3 weeks before planting. Normally, lime or fertilizer is not needed the first year. EGG plants
should attain a height of 15 to 24 inches the first year.

Management

Control of weeds and grasses in the first year can be accomplished by planting corn
interspaced with the EGG rows. In this manner a corn herbicide can be used as a pre-
emergence. Perennial cool-season grasses, vetch or other early emerging weeds can be
controlled in established stands with controlled burns or by early season applications of
glyphosate (RoundUp). Beginning in the second year the EGG can be grazed or hayed
based on the grass height and length of time required for re-growth. Apply 60 pounds of
nitrogen after each grazing or hay cutting.

Grazing

EGG is very palatable to bison and provides more than adequate nutrition to even the
cow/calf herd. Grazing is initiated at about 24 inches of grass height. Care must be taken to
not allow grazing to take the EGG plants down shorter than 7 — 8 inches. If an EGG planting
is to be used only for grazing it could be established using a drill rather than a corn planter,
resulting in 7 — 9 inch row spacings.

Haying

EGG is easy to cut, dry down and bale. SBFI plants EGG in 30 inch rows to
accommodate tractor, haybine and baler and wagon traffic. Because EGG is a bunch grass it
produces a prominent crown in the second year of establishment. This crown expands in
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circumference as the plant ages and prohibits driving over it with a tractor, haybine, baler, or
fertilizer spreader. Because of the crowns, EGG is cut in “lands” rather than starting at the
field edges and cutting until the center of the field is reached. EGG is cut at seed head
emergence (50 — 60 inch height) and the haybine must be set to leave an 8 inch stubble to
allow rapid re-growth. Care should be taken to not drive on top of the stubble and crowns as
this will crush the remaining plant stems and retard plant re-growth. We have averaged 2.6
tons/acre per cutting with 3-4 cuttings per year.

Key Words: Bison, Eastern Gamagrass, establishment, forage, management
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Temperature and CO; Effects on Eastern Gamagrass Forage Quality
D. C. Gitz lll', J. C. Ritchie?, D. T. Krizek®, J. B. Reeves IIl’, T. L. Springer® and V. R. Reddy”®

'Cropping Systems Research Lab, USDA ARS, Lubbock, TX, 79415; Hydrology and Remote
Sensing Lab, USDA ARS, BARC, Beltsville, MD, 20705; 3Sustainable Agricultural Systems
Lab, USDA ARS, BARC, Beltsville, MD, 20705; “Animal Manure and By-Products Lab, USDA
ARS, BARC, Beltsville, MD, 20705; 5Rangeland and Pasture Research Lab, USDA ARS,
2000 18th St., Woodward OK, 73801; ®Crop Systems & Global Change Lab, USDA ARS,
BARC, Beltsville, MD, 20705. Corresponding author: Gitz, 806-749-5560,
dgitz@lbk.ars.usda.gov.

Abstract

Future global climates may exhibit increased temperatures and carbon dioxide levels.
Climate change effects on forage quality in this native grass species have not been
investigated. Eastern gamagrass [Tripsacum dactyloides (L.) L.] was grown in sun-lit
transparent cuvettes [Soil-Plant-Atmosphere Research (SPAR) chambers] at 370 or 740
umol mol™ CO, and 68/57, 82/71, and 95/84°F day/night temperatures from mid-May to mid-
October. Leaves were clipped at 8 and 16 weeks and the whole plants (roots, crowns,
leaves) harvested at 21 weeks. Temperature effects on forage quality were more pronounced
than CO; effects. Leaves grown at 68/57°F had the highest (68%) in vitro dry matter
digestibility (IVDMD), the least neutral detergent fiber (NDF; 69%), acid detergent fiber (ADF;
34%), and the highest crude protein content (CP; 18%). Growth at 957 1F reduced both
IVDMD and CP concentration by about 17%. There were no CO, effects on leaf CP
concentration. We found a slight but consistent effect of CO, on forage nutritive value. Across
temperature levels, forage from plants grown under the current CO; level exhibited slightly
higher [VDMD (P = 0.004) than that of plants grown under enhanced CO; (62% and 61%,
respectively) which was associated with enhanced lignin content. The higher protein content
of first cuttings of eastern gamagrass, and of eastern gamagrass grown in cooler climates,
may result directly from a temperature response in addition to such generally recognized
factors as water availability and canopy phenology.

Key words: Forage, nutritive value, Tripsacum dactyloides

Introduction

Eastern gamagrass is a tall (6-9 ft) warm-season perennial C4 bunchgrass native to
the Americas and ancestral to corn (Hitchcock and Chase 1950 ; Eubanks 2001). It produces
exceptional seasonal forage yields with protein content and palatability comparable to those
of high quality alfalfa hay (Horner et al. 1985).
Eastern gamagrass was a primary component of the North American tall grass prairie and
occurs in the relatively wet regions of the southern Gulf States (Rechenthin 1951; Eubanks
2001) into semiarid regions of western Texas (Polk and Adcock 1984; Schliesing and Dahl
1983). Natural stands have been decimated through overgrazing and urban development so
naturally occurring eastern gamagrass stands are typically restricted to relatively undisturbed
areas such as along railroads, fence rows, abandoned roadways or in abandoned fields (Polk
and Adcock 1984). Drought tolerance in eastern gamagrass arises from its rooting depth and
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the higher water use efficiency characteristic of C4 plants; eastern gamagrass has one of the
highest photosynthetic rates of any C,4 species (Coyne and Bradford 1985). However, a
systematic investigation of temperature x CO; interactions in eastern gamagrass has not
been undertaken.

Given recent concerns of global warming projected to result from anthropogenic
greenhouse gases and the reduction of natural plant communities there is considerable
interest in photosynthetic carbon sequestration. Models project that CO, concentration will
continue to increase throughout the twenty-first century, and will increase from current levels
(approximately 360 pmol mol™) to between 540 and 970 pmol mol™. It is generally accepted
that two features of future global climate will be increased CO; levels and global
temperatures (Wigley and Raper 2001; Forest et al. 2002). Plant ecophysiological effects of
CO; and temperature have been studied but grasses have received less attention (Wand et
al. 1999; Newman et al. 2001). Information on the response of forage quality is accumulating,
but investigations of the nutritive and compositional responses of C4 forages remain sparse
(Wand et al.1999; Campbell and Stafford Smith 2000).

The goal of this study was to evaluate atmospheric temperature and CO, effects on
eastern gamagrass forage nutritive value under variable ambient levels of photosynthetically
active radiation.

Methods

Three week old greenhouse grown eastern gamagrass (cv Pete) seedlings were
transplanted into a sand-vermiculite mix (1:1, v:v) in six sun-lit Soil-Plant-Atmosphere-
Research (SPAR) chambers consisting of large (7 ft x 4 1/2 ft x 8 ft: L x W x H) transparent
acrylic cuvettes mounted on 34 ft* (6 1/2 x 1 1/2 x 3 1/2 ft : L x W x H) soil-bins (Gitz et al.
2003). The chambers were maintained at 68/57, 82/71, and 95/84°F (£0.4°) day/night at
either 370 or 740 pmol mol™" CO, (10 pmol mol™). Each chamber held 16 plants (two rows of
eight plants) spaced at 10 in. Plants were drip irrigated 2 or 3 times daily with increasing
frequency and duration of irrigation events as plants developed. Nutrition was by weekly 20-
gallon drenches of a modified Hoagland’s nutrient solution (Robinson 1984).

Forage was clipped 4 inches above the soil at 8, 16, and 21 weeks. Samples were
dried at 150°F, ground to pass through a 10-mesh screen, stored and subsequently sub-
sampled, mixed, and reground to pass a 20 mesh screen. Total carbon and nitrogen of
forage from each plant were determined by combustion (Bremmer 1996; Nelson and
Sommers 1996). Samples from four plants were pooled and neutral detergent fiber (NDF),
acid detergent fiber (ADF), and lignin determined by a modified fiber bag method in which
sodium sulfite was eliminated and triethylene glycol substituted for 2-ethoxyethanol to control
foaming (Goering and Van Soest 1970; Vogel et al. 1999; Cherney 2000). Lignin was
corrected for residual minerals by ashing at 850°F. In vitro dry matter digestibility (IVDMD)
was determined using standard methods (Tilley and Terry 1963; White et al. 1981).

Data were treated as for randomized plots with two CO, treatments and three
temperature levels. For presentation means and standard errors were plotted rather than
presenting data in tabular format. Means were obtained with LSMEANS and separated by
Tukey’s HSD range procedure. Analysis of variance (ANOVA) was by the general linear
models procedure (SAS 8.3, SAS Institute 1993).

Results
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As temperature, CO, concentration, and harvest date increased, forage nutritive value
decreased (Figure 1). Forage from plants grown at the lowest temperature (68/57°F) had the
lowest ADF and lignin and the highest IVDMD and nitrogen concentration. Later harvests
were higher in ADF and lignin which was associated reduced IVDMD. The response of forage
fiber components (NDF, ADF and lignin) to temperature was non-linear. At 81.5°F NDF, ADF
and lignin were disproportionately enhanced. At first harvest NDF, ADF and lignin increased
by 10, 27 and 54% respectively at 82/71°F but only 6, 25 and 32% at 95/84°F. Across harvest
dates, nitrogen content decreased with temperature (Figure 2) from about 2.9% at 68/57°F to
2.4% at the two higher temperatures (82/71°F and 95/84°F). The carbon to nitrogen ratios
exhibited a pattern similar to that of fiber content (Figure 1), but this was associated with
relative nitrogen content (Figure 2).

The effect of CO, on leaf fiber and nitrogen content was significant (Table 1), but small
compared to temperature effects (Figures 1 and 2). On average, forage from plants grown at
the current CO; level was only very slightly more digestible (IVDMD about 62%) than that of
enhanced CO; grown plants (IVDMD about 61%). CO, effects on forage quality were
associated with increased mean NDF, ADF and lignin content (Figure 1). No clear CO; effect
on carbon or nitrogen content was found (Figure 2, Table 1).

Harvest date affected all measured forage characteristics (Table 1). Younger plants
were more responsive to temperature and CO,. The greatest differences were found early in
the season, at the first harvest (Figures 1 & 2) resulting in significant temperature x harvest
date interactions (Table 1).

Discussion

We attempted to provide agronomically relevant conditions and to separate
temperature and CO; effects from drought stress and nitrogen limitation associated with late
season forage production. The methods used eased comparison to the literature (Bidlack et
al. 1999; Coblentz et al. 1999; and references therein). Forage quality of field-grown
gamagrass during the same season and simultaneously run through the same analyses
yielded comparable results (not shown) and were consistent with other reported values
(Coblentz et al. 1999).

No attempt was made to segregate stem and leaf, but it is unlikely this substantially
influenced the results. Stems in eastern gamagrass arise exclusively from inflorescences
which do not typically form the first season, were non-existent except for some at final
harvest, and were found only in the lowest temperature plants (Krizek et al. 2004). Forage
from the lowest temperature chambers at final harvest was still more digestible (IVDMD) and
higher in protein (%N) even though some stem material was present. Nutritive value
decreased as the plants developed in the present study but this was less pronounced at
higher temperatures (Figures 1 & 2, Table 1). Increased fiber content in later harvests is
consistent with both altered plant chemistry and canopy phenology during development, and
may have been influenced by clipping and subsequent regrowth. The midrib of cut leaves
extends to the distal end of the leaf whereas the midrib of entire intact leaves does not.
Hence, the leaf material overall is apparently a bit “coarser” in later harvests. It is surmised
that the heavily lignified fibrous midrib in the leaves comprised more of the above ground
material in later harvests.

Our values agreed with those from established plots grown in the same year in which
no separation between stem and leaf occurred (not shown). Eastern gamagrass stem
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material is typically lower in protein and higher in fiber and lignin than leaf material (Bidlack et
al. 1999; Coblentz et al. 1999). However, the nutritive value of stem is quite variable. Stem
lignin content and IVDMD can approach that of the leaves, although protein content is
consistently much lower (Bidlack et al. 1999). Also, eastern gamagrass is a very leafy forage,
as compared to other forage crops (Coblentz et al. 1999). Established field grown eastern
gamagrass stands typically yield forage which is about 80% leaf (Coblentz et al. 1999).
Therefore, a low percentage of stems which exhibit similar digestibility to leaves is
characteristic of eastern gamagrass and probably contributed to the similarity between the
chamber and field grown forage.

Increased lignin content in response to CO; probably did not result from enhanced
photosynthesis. When up to 50% of roots were pruned from greenhouse-grown eastern
gamagrass plants, yield decreased but lignin content was unchanged (Rhoden et al. 2000).
We were unable to detect enhanced photosynthesis with elevated CO,, and biomass
accretion was unchanged (68/57°F), or exhibited slight non-significant enhancements
(82/71°F and 95/84°F), (Gitz et al. 2003; Krizek et al. 2004). In the present study the
temperature dependent increase in root lignin and %C each amounted to about 5% and the
pattern closely resembled that of carbon content (Not shown). This is consistent with
alterations in root carbon sequestration from increased partitioning of assimilate into cell wall
bound phenolics.

Fiber and lignin increased only a few percent experiment-wide in response to CO,
consistent with a meta-analysis which found lignin content of leaf litter increasing about 6.5%
on average. It was suggested that CO, will have little effect on decomposition (Norby et al.
2001).

Warm-season grasses grown in northern climates, produce superior forage to those
grown in warmer regions (Salon and Cherney 1998; Coblentz et al. 1999). In the present
experiment leaves from low temperature plants appeared to be considerably wider than those
of high temperature plants (not quantified). Leaf width has been used as a parameter to
classify Texas eastern gamagrass ecotypes. Broad-leaved ecotypes were higher in protein
than narrow-leaved blue-green ecotypes (Schliesing and Dahl 1983; Wright et al. 1983).
However, the functional relationship of leaf width and forage quality remains unclear
(Coblentz et al. 1999). Water availability, soil conditions, maturity, canopy phenology, and
harvest interval are responsible for variability in eastern gamagrass forage quality (Brejda et
al. 1994, 1996, 1997). Our results suggest that in addition to such factors, first cuttings of
gamagrass are more nutritious simply because of lower temperatures during leaf
development.
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Table 1. ANOVA (PROC GLM; SAS, 1993) of eastern gamagrass leaf data (averages are
shown in Figures 1 & 2). Effects of growth under different temperatures (Temp), CO;
concentrations (COy), time of clipping (Harvest), and their interactions on forage quality were
modeled. NS indicates probability > 0.1.

Pr>F

Source NDF ADF Lignin  IVDMD C N CIN
Temp <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
CO; 0.007 0.001 <.0001  0.004 NS NS NS
Harvest <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Temp x CO; 0.050 0.094 NS 0.006 NS 0.052 0.057
CO; x Harvest | 0.068 NS NS NS 0.045 NS NS
Harvest x Temp | <.0001  <.0001 NS <.0001 <.0001 <.0001 <.0001
Temp x CO2 x NS NS NS NS NS NS NS
Harvest
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Figure 1. Neutral detergent fiber (NDF), acid detergent fiber (ADF), lignin and in vitro dry
matter digestibility (IVDMD) of three clippings taken from eastern gamagrass grown at three
temperatures and two CO;, levels. Open and closed symbols are from 370 and 740 ymol mol
' CO, grown plants, respectively. Bars are standard errors. Asterisks denote significant
difference between CO, treatments (P:<0.05).
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Abstract

Goat production has become an attractive alternative livestock enterprise for limited
resource farmers in the southern United States. Goats require alternate forages to maximize
production and this is critical in that goat production is becoming an important source of
income for small-scale farms in the South. Information concerning dietary preference on
pregnancy in goats is limited and no data has been found on pregnancy using alternative
forages. This study utilized four alternative forages; eastern gamagrass [Tripsacum
dactyloides (L.) L.], peanut (Arachis hypogaea L.), perennial peanut (Arachis glabrata
Benth.), and fescue [Lolium arundinaceum (Schreb.) S.J. Darbyshire] along with
bermudagrass [Cynodon dactylon (L.) Pers]. Because there is limited information on the
performance of meat goats on alternative forages, the objective of this study was to evaluate
feed intake, and therefore, the preference of pregnant meat goats on diets of eastern
gamagrass (EGG), bermudagrass (BG), peanut (PH), perennial peanut (PPH) and fescue
(FC). The experiment consisted of four studies, each lasting 4 weeks for a total of 16 weeks.
Each study utilized four pregnant does housed in individual pens. The treatments consisted
of four forages and 0.5 Ib of concentrate offered once daily with water and mineral blocks
provided ad libitum. Feed intake and refusals were monitored daily. In Study 1 the
preference was PPH > EGG > PH > BG, with an average weekly intake of 1.69 + 0.07 |b for
PPH. In Study 2 PPH was replaced with FC. The results for Study 2 was PH > EGG > BG >
FC with an average weekly intake of 1.50 £+ 0.06 Ib of PH. In Study 3, PPH was added to the
forages in the previous study to see if there would be an increase in the consumption of those
forages. The does’ preference in this study was BG+PPH > PH+PPH > EGG+PPH >
FC+PPH, with an average weekly intake of 1.13 + 0.04 Ib for BG+PPH. In Study 4, liquid
molasses was added to EGG and FC. The pregnant does preferred EGG+M > EGG > FC+M
> FC with the average weekly intake of 0.72 £ 0.03 Ib for EGG+M. The overall hierarchy of
preference was PPH>PH>EGG>FC, in addition, the combination of PPH with BG, EGG and
FC increased intake, while the addition of molasses did not significantly increase the intake of
EGG or FC.

Key words: Bermudagrass, eastern gamagrass, forage preferences, goats

Introduction

Goats generally prefer to alternate between different feeds. They utilize a much wider
variation of plant types and select the materials with the highest nutrient concentration
(Duncan and Young 2002; Getz et al. 2005). When given the opportunity, animals tend to
select feeds according to their taste and preferences, which do not necessarily correspond to
the nutritional value of the feeds (Morand-Fedr 2003). It has been proposed that goats’
preference originate from the interrelationship between a feed’s taste and its post-ingestive
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feedback, which is determined by a goat’s physiological state and food chemical composition
(Provenza 1999). Because of this wide range of choices, forages such as peanut hay,
perennial peanut hay, eastern gamagrass, and tall fescue can be suitable alternatives to
bermudagrass which is the primary forage used in the beef cattle industry in the southeast
US.

Bermudagrass is a warm-season perennial that has been traditionally used as hay
during the winter months. Many producers are searching for alternative forages than can
equal or exceed the nutritive value of bermudagrass. Eastern gamagrass is a robust,
perennial, warm-season, bunchgrass that is native to the U.S. Eastern gamagrass is also
fast growing, drought tolerant and grows where fertility is low. This grass was once abundant
in hundreds of thousands of acres but is now common only in areas protected from grazing.
It has been found to have moderate nutritional value, and is highly palatable to livestock
(Bailey et al. 1998). Peanut hay consists of the vines and leaves of the peanut plant. It can
be a high quality feed when properly cured and baled and is very palatable to beef cattle.
Peanut hay should be wrapped or stored indoors because excessive dry matter and nutrient
loss will occur with unprotected bales. Perennial peanut is a primitive peanut that produces
very few seeds in contrast to the common peanut. It is a warm-season tropical legume native
to South America. Its potential uses include hay and other dehydrated products, pasture,
creep grazing, and silage. Perennial peanut fills a unique niche because there are no other
perennial warm-season legumes that rival its forage quality, persistence, and broad spectrum
of uses (French et al. 2000). It has been called “Florida’s alfalfa” because it fits so closely the
quality characteristics of alfalfa as an animal feed.

Tall fescue (FC) is a cool-season, perennial bunchgrass that has enjoyed much
popularity over the past 50 years. Most of the FC grown in the southeastern US is Kentucky
31 (KY-31). Fescue has been popular as a pasture grass because of its wide variety of
management regimes. Tall fescue has a high quality of dry matter, crude protein, cell wall
content, and minerals and it should give good animal performance (Pinkerton et al. 2001).

Goats were given free access to alfalfa and PPH, and PPH was preferred over alfalfa
during a 5-month trial period (Terill et al. 2000). In every study conducted to date, when given
the choice, horses, cattle, sheep and goats all consumed PPH before any other grasses
(Crosswinds 2004). Research has shown that there are pregnancy-related problems
associated with the consumption of FC. These include lower feed intake, lower milk
production, reduced reproductive performance, more time spent in shade and water and
necrosis of hooves and tails, commonly known as fescue foot (Bates 1997; Schmidt and
Osborn 1993). Broderick and Radloff (2004) stated that dry matter intake increased with the
first increment of molasses supplement; however, production declined after maximal intake
indicating that the sugar was fed in excess.

Little is known about how well goats would perform when offered these forages.
Therefore, the goal of this study was to determine diet preference of meat goats fed
alternative forages and assess the amount consumed. The specific objectives were:

1. To determine the hierarchy of preference of meat goats when given a choice of

PPH, PH, BG, and EGG.

2. To determine the preference when FC replaced PPH while the other forages

remained the same.

3. To determine if PPH had a synergistic effect on the intake of other forages.
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4. To determine if molasses would increase the intake of the two least preferred
forages, EGG and FC.

Materials and Methods

There were five different forages utilized during this research: BG, EGG, PH, PPH,
and FC. Each forage along with the concentrate (Nutrena Sweet Stuff ™) was analyzed by
Auburn University Forage and Feed Analysis Laboratory (Table 1). The experiment consisted
of four studies each lasting 4 wks. Each study utilized four pregnant does that were at least 3
months in gestation. The goats were housed in individual pens. The treatments consisted of
the four forages from which they selected their daily consumption. The forages were
supplemented with 0.5 Ib of concentrate daily and the studies were conducted for 16 weeks.
Animals were fed once daily and water and mineral blocks were provided ad libitum. Feed
intake and refusals were monitored daily. The chemical compositions of the different forages
are in Table 1. In Study 1, the forages offered were BG, EGG, PH, and PPH while in Study 2,
PPH was removed and replaced with FC, with all other forages remaining the same. Since it
was established from the previous study that PPH was the overwhelming favorite forage for
the goats, in study 3, PPH was added (50:50) to the four forages from Study 2 to ascertain if
there would be an increase in the consumption of these forages. The diets, therefore,
consisted of PPH+BG, PPH+EGG, PPH+FC and PPH+PH. In Study 4, molasses was added
to the least preferred forages, EGG and FC (EGG+M and FC+M) in order to observe any
increase in intake. All four studies had four replications in a completely randomized designed
(CRD), and the General Linear Model (GLM) procedure of SAS (2001) was used to analyze
the data. Where AOV showed significance, means were separated using Tukey’s studentized
range test (Steele and Torrie 1980).

Results

Study 1 The order of preference in this study was PPH>EGG>PH>BG for pregnant
does, with PPH preferred significantly (P<0.05) over the other forages with 1.69 Ibs average
daily intake (Table 2). In addition, the average daily intake of PPH was more than twice that
of the other forages offered with BG having the lowest consumption (0.50 Ibs). Study 2 In
this study, PPH was replaced with FC and results showed that the preference was
PH>EGG>BG>FC (Table 3). The intake of PH (1.50 Ibs) amounted to three times that of FC
(0.44 Ibs). Study 3 Perennial peanut hay was added to each of the other forages to observe
if there would be an increase in intake. The order of preference was
PPH+BG>PPH+PH>PPH+EGG>PPH+FC (Table 4). The combination of PPH increased the
intake of BG, EGG and FC compared to the amounts of these forages consumed in studies 1
and 2. However, the combination of PPH+PH was lower than the intake reported in study 2
for PH. Study 4 Based on the previous studies, EGG and FC were the bottom two forages in
terms of preference. When molasses was added to these two forages, the goats showed a
preference for EGG+M>EGG>FC+M>FC (Table 5). Although there were no significant
differences, the intake of fescue was higher than in the previous studies.

Discussion

The results of Study 1 showed that PPH was overwhelmingly preferred by the
pregnant does when compared to the other forages. This result seem to be in agreement with
the findings of Terill et al. (2000), Crosswinds (2004) and Getz et al. (2005) who all concluded
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that when given a choice, most ruminants selected PPH over grasses. When PPH was
replaced by FC in Study 2, intake of PH was three times more than FC; however, when PPH
was combined with FC in Study 3 there was an increase of 0.43 Ibs compared to Study 2
where the average weekly intake was 0.44 Ibs. The intake of EGG also increased when
combined with PPH from 0.80 Ibs to 1.03 Ibs in Study 3. This is a strong indication that there
seem to be a synergistic effect between PPH and these other forages. These results support
the findings of Early and Provenza (1998) who reported that feed intake will increase when a
variety of feed is offered to livestock in confinement.

The addition of molasses to EGG and FC in Study 4 did not significantly increase
intake over EGG or FC alone despite the reports of Pate et al. (1990) who found increases.
However, when EGG and FC were offered in combination with PPH or molasses, there was
increased consumption rate over the previous studies. There were no gestation complications
because of feeding fescue to these pregnant does as has been reported in the literature.

Conclusion

When given a choice, meat goats will consume high quality forages before they eat
low quality material. Perennial peanut hay is either comparable or better in nutrient
composition than good quality hay. Molasses will improve it value as a supplement when
offered with low-quality forage.
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Table 1. Nutrient composition of the five forages used in this experiment

Forages® TDNP CP NDF ADF
% of dry matter
BG 49.7 12.3 73 35
EGG 50.3 4.9 72 41
PH 48.3 7.9 61 50
PPH 52.8 14.2 51 43
FC 47.9 12.5 76 42

“BG=bermudagrass hay; EGG=eastern gamagrass hay; PH=peanut hay; PPH=perennial
peanut hay; FC= fescue hay

*TDN-=total digestible nutrients; CP=crude protein; NDF=neutral detergent fiber; ADF=acid
detergent fiber
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Table 2. Average weekly intake of pregnant does in Studies 1-4.

Forage® Average weekly intake (Ib)
Study 1
PPH 1.69 £ 0.07
EGG 0.66 + 0.08
PH 0.53 £ 0.05
BG 0.49 £ 0.03
Study 2
PH 1.50 + 0.06
EGG 0.80 £ 0.02
BG 0.63 £ 0.04
FC 0.44 + 0.06
Study 3
BG+PPH 1.13+£0.04
PH+PPH 1.12 £ 0.06
EGG+PPH 1.03 £ 0.05
FC+PPH 0.87 £ 0.04
Study 4
EGG+M 0.97 £0.04
EGG 0.94 +0.03
FC+M 0.92 £ 0.03
FC 0.88 + 0.03

®BG=bermudagrass hay; EGG=eastern gamagrass hay; PH=peanut hay; PPH=perennial
peanut hay; FC= fescue hay; M=molasses
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Abstract

Goats are sources of meat, milk and fiber. They reach puberty at 5 months, have a
gestation period of 150 days and produce twins. Forages provide energy for maintenance,
growth and reproduction. Three grasses; bermudagrass (BG) (Cynodon dactylon (L.) Pers.),
eastern gamagrass (EGG; (Tripsacum dactyloides (L.) L.)) and endophyte infected tall fescue
(EIF; Lolium arundinareum (Schreb.) S.J. Darbyshire) were used to evaluate the effects of
certain reproductive and productive characteristics of meat goats. Thirty Boer X Spanish
female goats (2-4 yrs old) were assigned to one of three forages (hay) throughout the study.
Estrus was synchronized using Prostaglandin F2a and does were naturally bred. Ultrasounds
were performed at day 60 and 90 to confirm pregnancies. At 60 days, there were 50 (EGG),
30 (EIF) and 20 (BG) percent conception rates. At day 90 conception rate was 100% for all
treatment groups. Mean total kid birth weight/doe was highest (P<0.05) for BG (16.2 + 1.3 Ib),
followed by EGG (14.7 + 0.7 Ib), with EIF significantly (P<0.05) lower (12.2 + 1.3 |b) than BG.
Although not significantly different, average daily (ADG) gain was highest for kids fed EGG
(8.4 + 1.0 0z). This was followed by EIF (8.0 + 0.6 0z), with BG having the lowest (7.1 + 0.9
0z) ADG. Mortality rates were 20% (BG), followed by 21.05% (EGG) and EIF with 36.36%.
Weaning weights for kids at 4 months of age were highest for EGG (39.7 + 6.2 Ib) followed by
BG (38.4 + 2.3 Ib) with EIF having the lowest (P<0.05) at (32.0 + 6.2 Ib). The results show
that conception rates of does as well as ADG and mortality rates of kids were not significantly
different. However, EIF contributed to the lowered birth and weaning weights of kids.

Key words: Bermudagrass, Eastern gamagrass, fescue, forage, goat growth

Introduction

The meat goat industry in the southeast is growing rapidly (McGowan 1995). The
increasing economic importance of meat goat production in the U. S. can be attributed both
to a strong demand for goat meat and to an interest in ecologically sound forms of vegetation
control (Coffey 2002).

In animals kept solely for meat production, reproductive efficiency is of critical
importance to the viability of the enterprise because reproduction is the main purpose. Meat
production is about growth, and growth of an animal to weaning often sets the platform upon
which post-weaning growth is built (Walkden-Brown 2001). Goats are among the most prolific
ruminants found on the farm. They reach puberty at 4-7 months of age depending on the
breed and the level of nutrition received. Breeding size for most breeds of goat is 84 to 88 Ib
that is reached at 9-10 months of age. Goats often give birth to one or two kids, but it is
possible for them to produce three or four. It is more desirable for a doe to give birth to twins.
The gestation period of the goat range from 147 to 155 days (Walkden-Brown 2001).
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Forages make up the principal portion of the goat’s diet and may be from pasture, hay,
silage, or crop residues. Forage supplies energy, protein, minerals, and vitamins and is used
in the animal’s growth and development (Gillespie 1998). Bermudagrass is found throughout
the tropical and subtropical parts of the world and is drought resistant (Higgins 1998). It will
grow on any moderately well drained soil provided it has an adequate supply of moisture and
nutrients. Bermuda grass is used as the standard for measuring the quality of other grasses
(Scarbrough et al. 2001). Eastern gamagrass is a warm-season, perennial bunch grass found
growing naturally from the Northeastern and North Central United States and south into
Mexico, Central America, and the Caribbean, and into Bolivia and Paraguay in South
America. It has agronomic and quality characteristics that make it excellent forage for grazing
or mechanical harvest. Eastern gamagrass grain also has an excellent nutritional value
comparable to corn with a high level of protein (27%) and a good amino acid balance.
Eastern gamagrass grain has potential as a protein and energy supplement for ruminants
because of its relatively high protein and energy content (Bailey and Simms 1998).

Tall fescue is the most important cool-season grass in the United States, providing the
primary ground cover on some 35 million acres. It is a versatile perennial used for livestock
feed, various turf purposes, and erosion control. The advantages of fescue are that it is
tolerant of shade, drought, and flood; it is resistant to many diseases, insects and heavy
grazing. It is known to out-compete other grass species (Roberts 2000). The disadvantages
are that it causes dystocia, fescue foot, aglactia, reduced weight gain, fat necrosis and
retained placentas. Unfortunately, fescue contains a toxic fungus that lives within the plant
called endophyte (Neotyphodium coenophialum). The endophyte produces metabolites that
are toxic to grazing animals (Roberts 2000). Species or cultivars of a grass or legume, which
has been developed for a specific agronomic purpose, have been found to contain
compounds, which in some way depress animal performance. Such problems are often
localized in their occurrence but may cause serious economic loss in a given area or at
certain times of the year. This study was designed to determine the effects of alternative
forages; Bermuda grass, eastern gamagrass, and endophyte infected fescue on the
reproductive and productive characteristics of meat goats.

Materials and Methods

The study was conducted at the Tuskegee University Caprine Research Unit - George
Washington Carver Agricultural Experiment Station, Tuskegee University, Alabama from
August 2005 through May 2006. Thirty Boer-Spanish cross female goats between the ages of
2 to 4-years old were used for the study. Goats were randomly assigned to one of three
treatment groups: (1) endophyte-infected tall fescue hay (Kentucky-31) (EIF), (2) eastern
gamagrass hay (EGG) or (3) bermudagrass hay (BG) (n=10). All animals had free access to
water and salt/mineral blocks. The design for the study was a complete randomized design.
Does were given a 70:30 hay/concentrate (Nutrena Sweet Stuff ™) ration based on 5 % of
their body weight. For each doe, estrus was synchronized with 2 intramuscular injections of
Prostaglandin F2a (Lutylase) (Sterile Solution) on day 1 and day 11. On day 11, one of three
Boer-Spanish bucks was randomly assigned to one of the treatment groups of does. Bucks
were removed after 60 days of cohabitation. Ultrasounds were performed by rectal
ultrasonography on days 61 and 90-post breeding. Within 24 hours of birth, kids were
weighed, sexed, identified, and navels were dipped in iodine solution. Weights of the kids
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were taken once a week until one month post partum to determine average daily gain per
treatment group. Kids were weighed weekly until weaning at 4 months of age.

Results and Discussion

The reproductive and productive characteristics evaluated in this study were
conception rates, birthweights, average daily gain, mortality rate and weaning weights. These
are some of the factors that are of concern to farmers in the Blackbelt Region of Alabama.
There was no difference in the influence that the three forages had on breeding and
conception rate (Table 1). Therefore, farmers can use any of these forages without any loss
in conception rate.

Kids from does in the BG group had the highest mean birthweight per doe (Table 2).
Kids from the does in the EGG group had mean birth weights per doe that was not
significantly different from either BG or EIF. Kids from does in the EIF group had the lowest
mean birthweight per doe and was significantly lower than BG. This is similar to results
obtained by Schmidt et al. (1993) and Conover et al. (2003) who reported that feeding does
endophyte infected fescue resulted in low birthweight. As with birth weights, similar results
were obtained with the average daily gain (ADG). Figure 1 shows the ADG from birth to one
month postpartum and although there was no significant difference, EGG had the highest
ADG followed by EIF while BG produced the lowest ADG. The major differences were seen
between EGG and BG and have implications among the limited and small-scale goat
producers in Alabama as this indicate additional income from feeding EGG.

Mortality rate was not significantly different among the three forages (Figure 2). EIF
had the highest mortality rate of 36.4% followed by EGG at 21.0%. BG had the lowest
mortality rate at 20%. Coupled with mortality rates was the weaning weights taken at 4
months. These weights were highest for EGG (P<0.05) followed by BG and lowest for EIF
(Table 2). This data show that kids from the EIF group produced the lowest weights. The
weaning weights were significantly different between kids from EGG and EIF treatments. The
reduction of weight attributed to EIF was also reported in research done by Burke et al.
(2005). Again, this has implications for goat producers, as it is important that they have hay
that will maximize their productivity.

This study has far reaching implications in the Alabama’s goat industry. Eastern
gamagrass and EIF compared well to BG in their influence on reproductive and productive
performance. Eastern gamagrass can be considered an alternative forage for goats during
breeding and gestation and post parturition. However, since the does on EIF treatment
produced kids with low birth weights and with the lowest average daily gain as well as
weaning weights, EIF does not exhibit qualities as good forage for reproduction and
production in meat goats unless the does are removed from the hay during the last trimester
of gestation.
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Table 1. Conception rates (%) of does on days 60 and 90 fed eastern gamagrass, endophyte
infected fescue and bermudagrass

EGG' EIF BG
Day %
60 50 30 20
90 100 100 100

'EGG, eastern gamagrass; EIF, endophyte infected fescue; BG, bermudagrass,
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Table 2. Mean birth and weaning weights of kids of does fed eastern gamagrass, endophyte
infected fescue and bermudagrass

Parameters EGG' EIF BG
Birth weight (Ib) 14.7° 12.1° 16.2°
Weaning weight (Ib) 39.7% 32.0° 38.5°

'EGG, eastern gamagrass; EIF, endophyte infected fescue; BG, bermudagrass,
2P Means with different superscripts in the same row differ significantly (P<0.05)

Figure 1. Average daily gain of kids (from birth to 28d. postpartum) for bermudagrass (BG),
eastern gamagrass (EGG) and endophyte infected fescue (EIF).
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Figure 2. Mortality rates (%) of kids from bermudagrass (BG), eastern gamagrass (EGG) and
endophyte infected fescue (EIF).
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Abstract

Forage is an important aspect of raising small ruminants. Bermudagrass [Cynodon
dactylon (L.) Pers.] is used as a standard for measuring the quality of other grasses in the
southeastern United States while peanut hay (Arachis hypogaea L.) is underutilized.
Perennial peanut (Arachis glabrata Benth.) a leguminous forage that is an excellent substitute
for alfalfa (Medicago sativa L.), fescue [Lolium arundinaceum (Schreb.) S.J. Darbyshire.], a
cool-season grass and eastern gamagrass [Tripsacum dactyloides (L.) L.], a native summer
bunch-grass, are underutilized in goat research. Goats are selective in their browsing habits
and exposure to a wide range of feed choices is important. Therefore, the objective of this
study was to evaluate the forage preferences of Spanish wethers fed alternative forages. Six
wethers were individually penned and fed combinations of bermudagrass (BG), peanut hay
(PH), perennial peanut hay (PPH) along with fescue (FC) and eastern gamagrass (EGG) with
and without molasses over a sixteen-week period. These forages were supplemented with
0.5 Ib of concentrate/ animal daily. Water and mineral blocks were provided ad-libitum while
feed intake and refusals were monitored daily. Results indicated that when Spanish wethers
were given a choice between BG, EGG, PH, and PPH their diets consisted of about 56%
PPH. When the diet choices were PH, BG, EGG and FC, PH comprised 49% of the Spanish
wethers’ diets. When PPH was added to the diets of the other forages (50:50) consumption
of the forages ranged from 16% (PPH: FC) to 30% (PPH: EGG). Incorporating molasses into
FC and EGG resulted in higher consumption of both forages. Perennial peanut hay was the
preferred choice of forage and incorporating PPH or molasses increased consumption of
forages by Spanish wethers.

Key words: Bermudagrass, eastern gamagrass, peanut hay, tall fescue

Introduction

Goats are the smallest domesticated ruminants and they have been utilized by
humans earlier and longer than either cattle or sheep (Extension Goat Handbook 1992).
Goats are selective in their feeding habits and prefer to select from a variety of grasses,
shrub, plants, and leaves. They are good converters of grasses or plant products into meat
and prefer grasses, shrubs or feed with very high nutritional value. When provided with a
variety of feed options, they prefer feeds that are palatable even if it has poor nutritional value
(Getz et al. 2005). In order to maximize production and at the same time be cost-effective, it
is important to have readily available, less expensive good quality feeds or grasses. If this
can be achieved, production could increase at a lower cost and there could be a supply of
meat to consumers at a lower cost which would make goat meat (chevon) affordable and in
so doing increase the demand for chevon.

Peanut hay consists of the vines and leaves of the peanut plant that is usually
discarded during peanut production. This alternative forage is a high quality feed when
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properly processed and stored. It is routinely fed to cattle and is a readily available
alternative feed source during the fall/winter months. Peanut hay should be properly
processed and stored to prevent nutrient loss, which occurs when left unprocessed and
uncovered (Rankins 2004).

Perennial peanut is a primitive peanut. When compared to the cultivated peanut,
perennial peanut produces fewer seeds. It is a tropical perennial legume and is found
growing the southeastern USA. It was introduced from South America and is used to
improve the quality of some silage as well as in creep grazing, pasture, hay or incorporated
with other forages to improve nutrition. Perennial peanut is commonly known as “Florida’s
alfalfa” and routinely substituted for alfalfa (Crosswinds Farm 2004).

Tall fescue is a perennial cool-season. The variety mostly grown in the southeastern
U.S. is Kentucky 31 (KY-31). Fescue is a widely known pasture grass because of its variety
of management uses. It does well on poor soils, is able to withstand long periods of grazing
with good winter growth. Tall fescue has a high quality dry matter and good crude protein
content but is often associated with an endophyte fungus causing growth and reproductive
problems (Hill et al. 1994).

Bermudagrass is a warm-season perennial grass that is widely stored as hay for use
during the winter months. It has high nutritional value that has made it a popular hay in the
beef cattle industry in the southeast U.S. Producers are constantly looking for alternative
forages with higher or equal nutritive value as Bermuda grass that are less expensive.

Eastern gamagrass is a robust perennial warm-season bunch grass that is native to
the U.S. Eastern gamagrass is fast growing, drought tolerant and grows on low fertility soils.
It has moderate nutritive value and is highly palatable to livestock. Very little is known on
how well goats perform when fed these four alternative forages. Therefore, the overall
objective of this study was to determine forage preferences of Spanish wethers (meat goats)
fed alternative forages and assess the amount consumed. The specific objectives for each
study were (1) to determine the preference among PPH, PH, BG and EGG,; (2) to determine
the performance of Spanish wethers on FC, PH, BG and EGG; (3) to determine if peanut hay
will increase the intake of other alternative forages and (4) to determine if molasses will
increase the intake of the most and least preferred alternative grasses (EGG and FC).

Materials and Methods

Five different types of hay were used during this research, bermudagrass (BG),
eastern gamagrass (EGG), peanut (PH), perennial peanut (PPH) and fescue (FC). All the
hay used was analyzed for nutrient composition (Table 1). The research consisted of four
studies. Each utilized six Spanish wethers that were 9 months old. They were individually
housed in pens and provided with water and mineral blocks ad libitum. The research with the
six wethers was conducted for a total of sixteen weeks (four 4-week studies) and treatments
consisted of a combination of four forages, which were provided as choice and supplemented
with 0.5 Ib of concentrate (Nutrena Sweet Stuff ™) daily for the first 8 weeks and 0.75 Ib after
8 weeks. The goats were fed once daily (5% body weight) and each feeding met NRC
(define NRC) requirements. Feed intake and refusals were monitored daily and body weights
were recorded weekly. In study 1 (Weeks 1-4) the forages offered were BG, EGG, PH and
PPH while in study 2 (Weeks 4-8) the wethers were offered BG, EGG, FC and PH. In study 3
(Weeks 9-12) PPH was added to the forages offered in study 2 and for study 4 (Weeks 13-
16) molasses was added to the most and least preferred alternative grasses (EGG and FC).
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Results and Discussion

The results that are reported are based on the feeding of the forages for four weeks. In
study 1 the feed preference was based on the quantity of forage consumed. Spanish
wethers preferred the forages in the following order; PPH (55.8%), EGG (21.1%), PH (11.5%)
and BG (11.1%) (Fig. 1). This clearly indicated a preference for PPH, as the wethers would
clearly seek out the container with the PPH prior to going to any other choice of hay.

Study Two

In order to explore the behavior of the Spanish wethers, the most preferred hay in
study one (PPH) was replaced with fescue. The intention was to determine if PPH were
removed from their choice of forages would it cause a decrease in consumption and
subsequently loss of weight. The data show (Fig 2) that their hay preference was radically
changed. Peanut hay that was not highly utilized in the first study actually replaced PPH as
the first choice (49.3%) of the goats. The forage that was the second choice in Study 1
(EEG) was being consumed at one half the rate of PH (24.7%) while BG was being
consumed at 15.4% and FC comprised only 10.6% of the wethers’ diets. It was expected
that EGG would have replaced PPH as the preferred forage, but it can be speculated that
one legume may have substituted for another. In looking at the quality of PH it was not
superior to EGG but the goats preferred it. FC being the least preferred hay among the
forages being studied has been noted in other studies conducted at Tuskegee University.
Markley et al. (2006), working with does that were going through pregnancy found deleterious
effects from FC. Harris-French et al. (2006) have shown that pregnant does routinely
selected FC the least of the different forages fed. Aribisala et al. (2006) noted that whenever
the choice was between EGG, BG and FC, FC was the least consumed and suggested that it
might also be associated with reduced weight gains.

Study Three

When PPH was added to the other forages it was hoped that forage intake would be
increased. There was a noted increase in the amount of feed that was consumed by the
weathers. In examining the data (Fig. 3), it was noticed that the preference of the goats was
also modified and the combination of EEG/PPH (29.8%) was the most liked forage followed
by PH/PPH (26.5%), BG/PPH (25.4%) and FC/PPH (18.3%). When the goats were fed in the
mornings they routinely went through the forage and selected the PPH that was mixed then
when that was finished they consumed the other forages. Therefore, the consumption
pattern of the different forages by the goats in study 1 and 3 was not different. Again, when
the goats were satisfied with the amount of PPH they consumed, they ate EGG, BG and PH
in the same sequence.

Study Four

In order to influence the amount of forage consumed, molasses was added to the most
(EGG) and the least (FC) preferred grasses. In so doing, it was observed that molasses did
not influence the amount of FC consumed. Figure 4 shows the preference of the two forages
as influenced by molasses and it was noted that EGG/molasses showed the highest
percentage consumption of 26.6% followed by EGG alone (25.3%). On the other hand, when
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goats were exposed to all four feeds, FC/molasses comprised 24.1% of their diet and FC by
itself only 24.1%.

Conclusion

The deleterious effects of tall fescue are often reported and its association with an
endophyte fungus causes toxicity in animals. Although the toxic effect of fescue is a factor
that reduces feed intake, weight gain and animal performance we can mask this effect by
supplying a variety of forages. Though there was reduced intake of fescue in this study, the
overall total intake by wethers was not severely impacted by the presence of fescue in the
diet. PPH was the preferred hay and whenever included in the array of forages fed, improved
intake. It was noted that removing one legume (PPH) from the mix resulted in another
legume (PH) being the preferred hay. It was also observed that whenever the other forages
were mixed with PPH, EGG was the preferred choice. Furthermore, when eastern
gamagrass and fescue were mixed with molasses, EGG was still the preferred forage.

Literature Cited

Aribisala, O.S., V.A. Khan, J.R. Bartlett and E.G. Rhoden. 2006. Forage preference of
lactating does. 5™ Native Grass Symposium, Harrisburg, PA. (This volume)

Crosswinds Farm. 2004. The Many Uses of Perennial Peanut Hay.
http://perennialpeanut.com/about_perennial.html

Extension Goat Handbook. 1992. www.inform.umd.edu

Getz, W.R., T. Terrill and B. Kouakou. 2005. Managing forages reduces expenses in meat
goat production. Georgia Small Ruminant Research and Extension Center Newsletter.
Vol. 17, No. 2.

Harris-French, N., E.G. Rhoden and J.R. Bartlett. 2006. Forage preference of pregnant meat
goats. 5" Native Grass Symposium, Harrisburg, PA. (This volume)

Hill, N.S., F.N. Thompson, D.L. Dawe and J.A. Stuedemann. 1994. Antibody binding of
circulating ergopeptine alkaloids in cattle grazing tall fescue. Journal of Veterinary
Research 55: 419-424.

Markley, Y.A., E.G. Rhoden and J.R. Bartlett. 2006. Influence of alternative forages on the
reproductive and productive performance of meat goats. 5" Native Grass Symposium,
Harrisburg, PA. (This volume)

Rankins, D.L. 2004. By-product feeds for Alabama beef cattle. Alabama Cooperative
Extension Systems (ACES) Publication. ANR-1237
http://www.aces.edu/pubs/docs/A/ANR-1237/

132



FORAGES AND GRAZING

Table 1. Nutritive values of hays.

Forage TDN' Crude Protein NDF ADF
% of dry matter

PPH' 50.0 17.1 55.6 34.0

PH 48.0 10.8 48.0 43.0

BG 50.3 12.4 72.0 36.3

EGG 52.7 12.6 68.8 34.0

FC 45.4 11.8 72.0 39.8

"PPH, perennial peanut; PH, peanut hay; BG, bermudagrass; EGG, eastern gamagrass; FC,
tall fescue; TDN, total digestible nutrients; NDF, neutral detergent fiber; ADF, acid detergent

fiber.

Figure 1. Food preference experiment (Study 1) on six wethers fed bermudagrass, eastern

gamagrass, peanut hay, and perennial peanut hay.
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Figure 2. Food preference experiment (Study 2) on six wethers fed bermudagrass, eastern
gamagrass, peanut hay, and fescue.
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Figure 3. Food preference experiment (Study 3) on six wethers fed bermudagrass, eastern
gamagrass, peanut hay, and fescue mixed with perennial peanut hay (50/50).
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Figure 4. Food preference experiment (Study 4) on six wethers fed eastern gamagrass and

fescue with molasses added.
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Abstract

Eastern gamagrass [Tripsacum dactyloides (L.) L.] is a warm-season bunch-type
forage grass with moderate crude protein content. Today, goat production is an important
source of income to small-scale farms in the southeast. Therefore, the objective of this study
was to evaluate weight gain, feed intake, carcass weight and the weight of specialty cuts of
meat goats fed eastern gamagrass (EGG). The study utilized 18 Boer cross goats (4-5
months old) individually penned and fed one of three dietary treatments: 80:20 (A); 70:30 (B);
and 60:40 (C) (EGG: concentrate) for 12 weeks. Feed intake and refusals were monitored
daily and feed offered was adjusted on a weekly basis. Body weight was recorded weekly.
Animals were slaughtered at 12 weeks and hot and cold carcass (24 hrs after slaughter)
weights recorded. Liver, heart, lungs, viscera (intestine), kidney, pelt, testicles, head and feet
were weighed. Specialty cuts (shoulder, ribs, loin, leg and neck) weighed. Animals fed diet A
had a daily intake of 2.2 Ib, which was significantly lower (p<0.05) than B (2.6 Ib/day) and C
(2.4 Ib/day). Animals fed diet C had the highest average daily (ADG) gain (3.3 oz/day) while
the animals on diet B had the lowest (2.3 oz/day). Animals in diet A had the greatest leg
circumference (1.3 in) while animals in diet C had the lowest (1.2 in). Loin eye area was not
significantly difference among the diets. Animals in diet B had the longest carcasses (24.9 in)
and animals fed diet A had the shortest carcasses (23.6 in). There was no significance
difference in specialty cuts among the diets. Eastern Gamagrass shows significant potential
as high quality alternative forage for goats.

Key words: Carcass weights, Eastern gamagrass, goats

Introduction

The world’s goat population of 720 million is 48% higher than in 1985, with the US
having about 3 million, mostly in the south (Ensminger and Parker 2002). Meat goat
production is receiving more attention in the US due to the high returns that can be realized
from this enterprise. Eastern gamagrass is a warm-season perennial tall bunch grass native
to the southeast. It is high in energy, digestible (TDN 57.45%) with moderate crude protein
(14%) and is excellent forage for livestock (Rhoden et al. 2002). The earlier settlers have
always regarded EGG as a high-quality forage crop, but native stands were destroyed to
produce grain crops or overgrazed by livestock. Yields greater than 6.5 tons dry matter/acre
have been recorded in Missouri (Roberts and Kallenbach 1999). Eastern gamagrass has
excellent potential for hay production and can be harvested more than once during the
growing season at about six-week intervals, depending on weather conditions and fertility
levels. The best quality hay is obtained when cut at the boot stage with crude protein (CP) of
up to 17%. However, the CP levels are lowered when cutting is delayed and can be reduced
to less than 10% (IL-NRCS-USDA 2000). Eastern gamagrass is also preserved as silage.
Most of the research on EGG has focused on forage production and digestibility in cattle.
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Little is known about how goats perform when fed EGG. Therefore, the objective of this
research was to evaluate growth, feed intake and carcass characteristics of Boer cross goats
fed different levels of EGG with concentrate.

Materials and Methods

The study utilized 18 intact Boer cross goats (4-5 months old) housed in individual
pens and fed one of three dietary treatments: 80:20 (A); 70:30 (B); and 60:40 (C) (EGG:
concentrate (Nutrena Sweet Stuff ™)) for 12 weeks. Water was provided ad libitum, and
mineral blocks were placed in each pen. Feed intake and refusals were monitored daily and
feed offered was adjusted on a weekly basis. Body weight was recorded weekly. Animals
were slaughtered at the end of 12 weeks and pre and post transportation animal weights
were taken to account for transportation stress. The animals were kept overnight in a holding
facility and fasting body weights were recorded the following morning. After slaughter,
carcasses were washed and hot carcass weights (HCW) were obtained before the carcasses
were placed in a chill room kept at 4°C for 24 h. After chilling, the carcasses were weighed
and the following parameters measured; cold carcass weight (CCW), carcass length, leg
circumference, loin eye area and five specialty cuts (neck, shoulder, leg, loin, ribs). The
weights of the liver, heart, lungs, viscera (intestine), kidney, pelt, testicles, head and feet were
taken. After cold carcass weights were obtained (24 hrs after slaughter), the weights of the
specialty cuts (shoulder, ribs, loin, leg and neck) were taken. The leg circumference and
carcass length were measured using a tape and the loin eye area was ascertained using a
grid.

Results and Discussion

Tables 1 and 2 show the nutrient composition of EGG and the concentrate used in the
study. The nutrient compositions of the diets were similar to each other and met National
Research Council (NRC) specifications. The Ca:P ratio of the three diets should be noted as
they appear to be high. A Ca:P ratio of 1.4:1 is reported as ideal for goats but higher ratios
were observed in this study (http://home.btconnect.com/gnltd/vitminarticle.html). It should be
noted that others have argued that high dietary Ca in goat diets can cause hemorrhagic
conditions or interfere with other mineral absorption (Hall et al. 1991). However, no such
conditions occurred during the study period. The Ca: P ratio of diet C is highest (3:1),
followed by diet B (2.5:1) and the least is diet A (2:1). Yung-Keun and Thacker (2006)
reported that increasing the Ca:P ratios in diets of weanling pigs resulted in better feed
efficiency. Although the highest gains for this study were obtained when Ca:P ratios were
highest, this might warrant some further study.

Although initial and final weights were not significantly different, total weight gain by
the goats on the three EGG diets differed significantly (p<0.05) for the study (Table 3).
Animals on diet C (60:40) had the highest total weight gain (19.0 Ib) while diet B recorded the
least weight gain (13.0 Ib). This implies that a rapid growth of Boer cross goats can be
obtained when fed a diet containing a 60:40 EGG to concentrate. For this diet, there was an
average daily gain (ADG) of 3.3 0z. This rate of increase was 50% greater than either of the
other two diets used in the study. Although there was a high ADG, there was a concomitant
increase in intake. Animals fed diet C also had a significantly higher rate of intake of EGG
compared to diets A and B. Furthermore, it should be noted that despite the smallest amount
of weight gained by animals on diet B, the average daily feed intake was highest (2.6 Ib). The
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gain to feed ratio was significantly higher (P<0.05) for goats receiving diet C. This follows
similar patterns for other forages supplemented with concentrate, whereby, a diet containing
approximately 60% forage give the best results. It might be important that the diet containing
the highest levels of EGG (80:20) be looked at from an economic point of view as it might be
of interest to limited resource or small-scale goat farmers.

Table 4 shows the carcass weights of goats fed EGG. No significant differences were
obtained for the various carcass parameters measured. Percent shrinkage of the meat was
minimal for the various diets ranging from 0.35% (diet B) to 1.45% (diet C). Animals in diet A
had the greatest leg circumference (1.3 in) while animals in diet C had the lowest (1.2 in).
Diet did not affect loin eye area but animals on diet B had the longest carcasses (24.9 in)
while those fed diet A had the shortest carcasses (23.6 in). There was no significance
difference in all of the specialty cuts among the diets.

There was no significant difference in the non-carcass components (skin, feet, head,
heart, lung, liver, kidney, viscera and testicles) among the diets (Table 5). However, the Gl
tract accounts for almost 30% of the animals’ body weight. This is important because it
represents an economic loss since most of this material is discarded. It should be noted that
diet C had the least amount of Gl tract. As was the case for fasted body weight (overnight
withdrawal of feed), skin percent tended to be higher for diet B. Some of these internal
organs are readily consumed by certain ethnic groups and can be an additional source of
income for small-scale farmers. The liver, lungs, heart, kidneys, heads and feet are routinely
processed and demands are high for these organs.

The loin represents the highest priced meat on the goat and the percentage resulting
from diet C was the highest (Table 6). The legs/shoulders/ribs represent the next best prices
obtained for chevon but showed no significant difference among the diets. Necks are the
cheapest cuts and represents only 11% of carcass weight.

Conclusion

Eastern gamagrass shows significant potential as high quality alternative forage for
goats. The gains obtained with EGG were comparable with bermudagrass when
supplemented with concentrate (Bartlett et al. 2006). This study shows that EGG can be
supplemented with concentrate at a 60:40 and provide significant increase in ADG of intact
Boer crosses. Further analysis is needed to evaluate the economics of feeding various levels
of eastern gamagrass in the diets of meat goats.
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'Tl"\flable 1. Chemical composition of eastern gamagrass and concentrate (Nutrena Sweet Stuff
).

Nutrients Eastern gamagrass Sweet Stuff ™
Dry matter (%) 93.6 92.6
Crude protein (%) 124 13.6
NDF' (%) 68.0 45.0
ADF (%) 34.0 32.0
TDN (%) 52.7 55.5
Ca (ppm) 0.22 1.61
K (ppm) 212 1.18
Mg (ppm) 0.20 0.34
P (ppm) 0.24 0.28

'NDF, neutral detergent fiber; ADF, acid detergent fiber; TDN, total digestible nutrients.

Table 2. Chemical composition of different eastern gamagrass diets.

Nutrients Diet A’ Diet B Diet C
Dry matter (%) 93.42 93.31 93.21
Crude protein (%) 12.82 12.91 13.00
NDF (%) 63.40 61.10 58.80
ADF (%) 33.60 33.40 33.20
TDN (%) 53.24 55.52 53.81
Ca (ppm) 0.50 0.64 0.78
P (ppm) 0.25 0.25 0.26
K (ppm) 1.93 1.84 1.74
Mg (ppm) 0.23 0.24 0.26
Ca: P ratio 2:1 2.5:1 3:1

'Diet A, 80:20; Diet B, 70:30; Diet C, 60:40 (eastern gamagrass: concentrate), NDF, neutral
detergent fiber; ADF, acid detergent fiber; TDN, total digestible nutrients.
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Table 3. Weight changes and feed intake of Boer goats fed eastern gamagrass.

Parameters Diet A Diet B Diet C
Initial body wt. (Ib) 46.82 49.2° 4753
Final body wt. (Ib) 60.82 62.2° 66.52
Weight gain (Ib) 13.4° 13.0° 19.0°
ADG? (oz/day) 2.4° 2.3°2 3.3°

ADI (Ib/day) 2.3° 2.6° 2.5°

Gain: Feed rato  0.07°? 0.06° 0.09°

'Diet A, 80:20; Diet B, 70:30; Diet C, 60:40 (eastern gamagrass: concentrate).
2ADG, average daily gain; ADI, average daily intake.
Means with different letters in rows are significant at (p<0.05).

Table 4. Fasted, hot and cold carcass weights, carcass length, loin eye area and leg
circumference of meat goats fed eastern gamagrass.

Parameters Diet A’ Diet B Diet C
Fasted weight (Ib) 59.3 61.7 60.4
Hot carcass wit. 224 254 27.3
(Ib)

Cold carcass wit. 22.3 25.3 26.9
(Ib)

Carcass length 23.6 249 245
(in)

Loin eye area (in) 1.2 1.4 1.3
LC2 (in) 12.5 12.3 12.2

'Diet A, 80:20; Diet B, 70:30; Diet C, 60:40 (eastern gamagrass: concentrate)
?LC, leg circumference

Table 5 Non-carcass components of meat goats fed eastern gamagrass diets.

Parameters Diet A’ Diet B Diet C

% of cold carcass weight

GIT? 29.20 29.21 26.99
Skin 10.29 11.02 10.55
Head 7.48 7.64 7.78
Feet 2.59 2.77 2.84
Liver 1.30 1.32 1.39
Testicles 1.12 1.06 1.08
Lung 0.83 0.71 0.94
Heart 0.38 0.42 0.45
Kidney 0.29 0.31 0.34

'Diet A = 80:20; Diet B = 70:30; Diet C = 60:40 (eastern gamagrass: concentrate);
2GIT, gastro intestinal tract
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Table 6. Specialty cuts of meat goats fed eastern gamagrass diets.

Specialty cuts Diet A’ Diet B Diet C
% of cold carcass weight

Rib 18.77 18.72 18.27

Loin 16.45 17.40 18.12

Shoulder 21.23 20.95 20.98

Neck 11.53 10.98 10.80

Leg 32.25 32.58 32.40

'Diet A, 80:20; Diet B, 70:30; Diet C, 60:40 (eastern gamagrass: concentrate).
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Abstract

The objective of this study was to determine the effects of feeding eastern gamagrass
[Tripsacum dactyloides (L.) L.] (EGG) in a diet supplemented with varying levels of a
vegetable fat (peanut oil) on the growth performance and carcass characteristics of meat
goats. The study utilized 24 intact male Boer-cross goats (4-5 months old), assigned to one
of four dietary treatments: diet A (control, no added fat), diet B (1.6% added fat), diet C (3.2%
added fat) and diet D (4.8% added fat). Goats were randomly assigned to individual pens
and fed a 60:40 (eastern gamagrass: concentrate) ration twice daily at 5% of their body
weight for 12 weeks. Water and mineral blocks were provided ad libitum. Feed intake and
refusals were monitored daily and body weights recorded weekly. Goats were slaughtered at
the end of the study. No significant differences were observed among the diets for initial body
weight (BW), final BW, fasted BW, hot carcass weight (HCW) or cold carcass weight (CCW).
Results showed no significant differences in total weight gain or average daily gain (ADG)
among the diets. Average daily intake (ADI) decreased as the level of fat in the diets
increased. Diet A had a significantly (P<0.05) higher ADI (29.2 oz/day) than goats in diets C
and D. Carcass length, loin eye area, leg circumference, and specialty cuts, showed no
significant differences among diets. However, goats in diet D showed significantly higher
(P<0.05) leg percentages (32.78%) than those in diet B. Diets did not significantly impact
carcass characteristics or growth performance of the goats.

Key words: Body wt, Boer goats, carcass wt, Eastern gamagrass

Introduction

Goats are one of the smallest domesticated ruminants in the world. Goats have been
domesticated longer than sheep and cattle. Goats can be managed for the production of
meat, milk and fiber. Goat carcasses differ drastically from other ruminants because of the fat
deposition within the animal. Goats tend to deposit more fat internally rather than
subcutaneously and intramuscularly, resulting in far less marbling than cattle and sheep.
Because of this, goat carcasses are 10 and 19% leaner, and have a 47 to 54% lower fat
content than beef and mutton (Gelaye and Amoah 2006). In addition, goat meat has 40%
less saturated fat than chicken without the skin (Adrizzo 1999). However, one of the
characteristics of chevon is its toughness due to the lack of marbling. Over the years,
researchers have investigated ways to enhance the quality of beef, pork, chicken and other
meat sources, by utilizing a combination of different types of feeds and supplements,
however, very limited information exists about goat meat. With consumers becoming more
aware of the health benefits of chevon, goat production in the United States is growing at a
rapid pace, mostly by limited resource farmers. Because of this fact, they are also looking for
more economical ways to produce a high quality product. Alternative forages like eastern
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gamagrass can serve as a source of forage (hay) during the winter months when other
grasses are not available.

Several researchers have evaluated fat supplementation in the diets of ruminants and
non-ruminants. Pettigrew and Moser (1991) noted that adding fats to the diets of growing-
finishing pigs typically improves average daily gain (ADG) and gain:feed ratio (G:F) while
reducing average daily intake. However, Tokach et al. (1995) found that increasing soybean
oil as a source of fat in the diet of pigs had no influence on ADG, but G:F was significantly
improved. De la Llata et al. (2001) concluded that adding up to 6% fat in the diet of pigs
consistently improved feed efficiency. It was reported by Nelson et al. (2004) that
supplementing the diet of cattle with restaurant grease had increased G:F but decreased beef
firmness score.

Eastern gamagrass has been widely reported as being one of the more palatable and
productive warm-season grasses of the southeastern United States and serves as an
excellent source of forage for all classes of livestock (Dewald and Louthan 1979). Most
studies utilizing eastern gamagrass have been done with cattle, for example, the
performance of steers fed eastern gamagrass was evaluated by Aiken (1997) and he found
that there was an increase in live weight gain. Very limited information is available on the
performance of goats fed eastern gamagrass or supplemental fat source. In order to enhance
the taste and appeal of chevon to a wider range of health conscious consumers, this study
was designed to determine if feeding an eastern gamagrass diet supplemented with varying
levels of a vegetable fat, would improve the overall acceptability of chevon as a suitable
alternative to other red meats.

Materials and Methods

This study was conducted for 12 wks utilizing 24 newly weaned Boer cross male goats
about 3.5 months old and averaging 38.6 Ib. The animals were quarantined for 3 wks after
which they were randomly assigned to individual pens and offered one of four dietary
treatments. Water and mineral blocks were provided ad libitum. There were 6 goats per
treatment. The diets used in this study were: (Diet A) 60:40 EGG to concentrate (Nutrena
Sweet Stuff ™) with no fat supplementation (control), (Diet B) 60:40 EGG to concentrate with
1.6 % added fat (peanut oil), (Diet C) 60:40 EGG to concentrate with 3.2 % added fat and
(Diet D) 60:40 EGG to concentrate with 4.8% added fat. Peanut oil was used as the fat
supplement in this study and was added to the concentrate fed. The amount of feed offered
was based on 5% of the goats’ body weight and feed offered was adjusted weekly based on
feed refused and body weight gain. The animals were fed twice daily and feed intake and
refusals were monitored daily. Body weights were recorded on a weekly basis.

At the end of the study, all the animals were slaughtered at Fort Valley State
University, GA, abattoir facilities. Pre- and post-transportation animal weights were taken to
account for transportation stress as described by Kannan et al. (2000). The animals were
kept overnight in a holding pen and fasting body weights were recorded the following
morning. Gregory (1998) reported that pre-slaughter fasting helps to reduce carcass
contamination with gut contents at the time of slaughter. After slaughter, all carcasses were
washed and hot carcass weights (HCW) were obtained before the carcasses were p