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Monday, October 4, 2004
PLENARY SESSION

Conservation Genetics of Prairie Grasses
Danny J. Gustafuson, The Citadel

My research interests range from plant conservation genetics to population biology to
plant/soil feedback. The conservation genetics research has focused on the distribution of genetic
variation of select plant species within a fragmented landscape and ecotypic variation. More
recently I have been focusing on feedback between grass species and their biotic soil community
as possible mechanism for structuring both the plant and soil microbe communities. Not only
does it now appear that the soil biotic community significantly influences plant performance, but
plant ecotypic variation (non-local) has the potential to affect this plant/soil feedback.

Monday, October 4, 2004
SESSION |, SECTION A

First-Year Efficacy of Herbicide Treatments for Controlling Fescue

and Bermudagrass on a Prairie Site in Mississippi
Richard G. Hamrick, L. Wesley Burger Jr., and K. David Godwin®

! Department of Wildlife and Fisheries, Mississippi State University Mississippi State, MS
39762-9690. Corresponding author: Burger, (662) 325-8782, whurger@cfr.msstate.edu.

Abstract

Herbicidal methodology for eradication of Kentucky tall fescue grass (Festuca
arundinacea) and establishment of native warm-season grasses (NWSG) is relatively well
developed. However, these technologies typically focused on use of glyphosate, imazapic,
imazapyr, or combinations thereof. Some relatively new herbicide formulations that might have
application for NWSG establishment have become available. The efficacy of these new products
and formulations in fescue eradication and NWSG establishment has not been thoroughly
evaluated throughout the range of extant conditions. We tested efficacy of several herbicide
treatments for eradicating fescue and controlling bermudagrass (Cynodon dactylon) on a prairie
site in northeast Mississippi. Prior to any treatments, fescue canopy cover was approximately
97%. Prior to herbicidal applications, the field was prescribe-burned in late April 2004 to
improve herbicide efficacy and to facilitate use of a native warm-season grass drill. Vegetation
was allowed to recover for three weeks following the burn. During this time, a substantial latent
bermudagrass component was released in response to reduction in fescue competition associated
with the prescribed fire. Herbicide test plots were established in a randomized complete block
design. Hillslope positions (n = 6) were treated as a blocking factor with seven 10- x 20-m
plots/position. We randomly assigned each treatment to plots within each hillslope position.
Blocks (hillslope position) and plots (herbicide treatment plots) were separated by a 5-m buffer
strip. During mid-May 2004, we applied varying combinations of the following herbicide
treatments: (1) sulfosulfuron; (2) imazapic; (3) imazapyr; and (4) glyphosate. Vegetation
structure was evaluated post-treatment in July 2004. We measured total canopy, bermudagrass



canopy, fescue grass canopy, forb canopy, legume canopy, annual weed canopy, native warm-
season grass canopy cover, bare ground, litter cover, and litter depth. We used mixed model
analysis of variance (ANOVA) in a randomized complete block design to evaluate vegetation
response to treatments. We blocked on hillslope positions (random effect) and considered
treatments as fixed effects. By coincidence, we apparently eliminated most fescue grass with the
timing of our prescribed burn. Imazapyr acid applied at 0.500 pounds/acre and imazapic acid
applied at 0.188 pounds/acre + glyphosate salt at 2.000 pounds/acre herbicide treatments resulted
in the most long-term, overall control of forage grasses and other vegetation. In the context of
our study site and herbicide treatments, we suggest the imazapyr and imazapic + glyphosate
treatments are most effective in controlling bermudagrass and other competing vegetation prior
to NWSG establishment. Given successful restoration of this research site to native grass/forb
communities, this site should serve as a valuable public demonstration area for resource
managers and private landowners.

Introduction

The conversion of many pastures and other agricultural lands (e.g., row crop fields
enrolled in Conservation Reserve Program) to nonnative grasses has generally been detrimental
to many early successional habitat-dependent wildlife species. In the Black Belt Prairie region of
Mississippi, fescue is a common exotic cool-season grass established for both forage and erosion
control. Roseberry and Klimstra (1984) suggested that establishment of coarse-stemmed, sod-
forming grasses like fescue on cropland diversion program lands would produce low-quality
habitat for grassland bird species such as northern bobwhite (Colinus virginianus). Barnes et al.
(1995) reported that fescue fields in Kentucky, characterized by dense vegetation, little bare
ground, and low plant species diversity, lacked the proper vegetation structure, floristic
composition, and food quality to provide bobwhite habitat.

Periodic soil disturbance is required to maintain grasslands in early succession plant
communities. Periodic soil disturbance might result in short-term improvements in bobwhite
habitat in fescue-dominated fields (Greenfield et al. 2002), but herbicidal conversion of fescue-
dominated grasslands might improve long-term bobwhite habitat quality by promoting more
desirable, native early successional plants (Madison et al. 1995, Ryan et al. 1995, Greenfield et
al. 2001, 2002). The United States Department of Agriculture Farm Services Agency and Natural
Resource Conservation Service (NRCS) are increasingly receptive to management practices
intended to create and maintain early successional native communities on fields enrolled in the
Conservation Reserve Program (CRP). Although accepted practices vary among states, many
state NRCS offices throughout the Midwest and Southeast now permit light strip discing,
prescribed burning, and herbicide application as wildlife habitat management techniques on CRP
fields. The primary purpose of these habitat management practices is to reduce grasses and
increase abundance and diversity of forbs, legumes, annual weeds, and invertebrates, thereby
enhancing habitat quality for early successional species such as bobwhite. Aside from CRP
lands, conversion of fescue-dominated grasslands to native grass/forb communities allows
agricultural producers and other landowners to accomplish multiple land-use objectives such as
agricultural production and wildlife habitat. There are also potentially large economic values
from recreational activities associated with grassland wildlife. Economic impacts associated with
bobwhite hunting (e.g., Burger et al. 1999) could produce substantial revenues for landowners
and localized economies.



Herbicidal methodology for eradication of fescue and establishment of native warm-
season grasses (NWSG) is well developed and has been demonstrated and described in numerous
peer-reviewed publications (Barnes et al. 1995, Greenfield et al. 2001, Barnes and Washburn
2002). However, these technologies typically focused on use of glyphosate, imazapic, imazapyr,
or combinations thereof. Recently, Plateau™ (active ingredient imazapic) herbicide has been
removed from the market due to off-label use for peanut production, and relatively new
herbicides [Journey” (active ingredient imazapic + glyphosate) and Outrider”™ (active ingredient
sulfosulfuron)] that might have applications for NWSG establishment have become available.
The efficacy of these new products in fescue eradication and NWSG establishment needs to be
validated.

The focus of this study was on the efficacy of several herbicide treatments for eradicating
fescue on a prairie site in northeast Mississippi. We investigated vegetation composition pre-
treatment and vegetation composition and response following various herbicide treatments. We
also planned to plant test plots with species of warm-season grasses/forbs native to the area.
However, planting was delayed during the initial treatment season due to wet field conditions
during the planting season that prohibited use of planting equipment. Planting of our test plots
was scheduled for the growing season following initial treatments. Given successful restoration
of this site to native grass/forb communities, this research site may serve as valuable a public
demonstration area for resource managers and private landowners. Such demonstration areas
could promote multiple land management strategies incorporating wildlife, soil, and water
conservation and agricultural production.

Study Area

Our study was conducted at the Mississippi Agricultural and Forestry Experiment Station
located in Prairie, Mississippi (Monroe County). The station is located within the Black Belt
Prairie, part of the Blackland Prairie physiographic region of northeast Mississippi (Figure 1).
Historically, the Blackland Prairie was a tall grass prairie ecosystem maintained by periodic
fires. However, less than 1% of this ecosystem remains; much of the ecosystem presently is in
agricultural or livestock production or has succeeded to forest cover due to fire exclusion.
Elevation ranges from 62 to 92 m, and soils are chalks, calcareous clays, acid clays, and
sediments overlying calcareous materials; hence, soil alkalinity and magnesium levels are low.
The field used in this study was formerly a pasture and hay field with substantial fescue canopy
cover.

Methods
Treatment Plot Establishment

Our experiments evaluated effects of various herbicide treatments on vegetation structure
in a field dominated by fescue canopy cover. Herbicide treatment plots were established within
the field in a randomized complete block design. Hillslope position (n = 6) was treated as a
blocking factor with seven 10- x 20-m plots/position. Slope was approximately 10%, and the
greatest elevation was at the east boundary of study plots, while the least elevation was at the
west boundary of study plots. We randomly assigned each herbicide treatment to plots within
each hillslope position. Blocks (hillslope position) and plots (herbicide treatment plots) were
separated by a 5-m mowed strip.



Treatment Application

Prior to any herbicide treatment applications, the field was prescribe-burned to improve
herbicide efficacy and to facilitate use of a native warm-season grass drill. The prescribed burn
was applied April 19, 2004, and burning conditions followed Mississippi Forestry Commission
recommendations (USDA 1989). For maximum herbicide efficacy, vegetation was allowed to
recover following the burn for three weeks.

All herbicides were applied along with water at 24 gallons spray solution/acre, 2 feet
above foliage. Spraying was conducted with a 3-pt. hitch-mounted, 55 gal., 6-tip boom sprayer
with T-jet spray tips at 20" spacing. Herbicides were applied at a velocity of 204 feet/35 seconds.
The sprayer (28 PSI) was powered by a PTO-driven pump, running at 540 rpm (2400-rpm
engine). Treatments were applied on May 18, 2004, after approximately 4 to 6 inches of
vegetation regrowth, winds south to southwest at 0 to 5 mph. Herbicide treatments (rates of
actual products applied are documented parenthetically) consisted of:

(1) sulfosulfuron = 0.094 pounds/acre sulfosulfuron (2 ounces/acre Outrider herbicide);

(2) sulfosulfuron 1.5x (1.5 times product label rate) = 0.141 pounds/acre sulfosulfuron (3
ounces/acre Outrider herbicide);

(3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate = 0.141 pounds/acre
sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt (3 ounces/acre Outrider
herbicide + 2 quarts/acre Roundup® Pro herbicide);

(4) imazapic + glyphosateA = 0.188 pounds/acre imazapic acid + 0.500 pounds/acre glyphosate
isopropylamine salt (32 ounces/acre Journey herbicide; equivalent to 12 ounces/acre Plateau®
herbicide and 1 pint/acre Roundup Pro herbicide);

(5) imazapic + glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate
isopropylamine salt (32 ounces/acre Journey herbicide + 3 pints/acre Roundup Pro herbicide);
(6) imazapyr = 0.500 pounds/acre imazapyr acid (16 ounces/acre Arsenal® AC herbicide); and
(7) glyphosate = 2.000 pounds/acre glyphosate isopropylamine salt (2 quarts/acre Roundup Pro
herbicide).

Evaluation of Vegetation Structure

Vegetation structure was evaluated pre-treatment (April) and post-treatment (in July to
evaluate mid-season response). We used a 0.1 m* Daubenmire frame to ocularly estimate
vegetation structural characteristics (Daubenmire 1959). Canopy cover of various plant life
forms was estimated in 5.0% cover classes within the frame. Characteristics measured included
total canopy, bermudagrass canopy, fescue grass canopy, forb canopy, legume canopy, annual
weed canopy (included annual grasses and forbs), native warm-season grass canopy, bare
ground, litter cover, and litter depth. We conducted vegetation sampling in 10 Daubenmire frame
plots distributed systematically along the diagonal of each plot. Each frame was oriented relative
to hillslope position.

Statistical Analysis

We used mixed model analysis of variance (ANOVA) in a randomized complete block
design to evaluate vegetation response to treatments. For each vegetation structural
characteristic, we tested the null hypothesis of no difference among herbicide treatments. We
blocked on hillslope positions (random effect) and considered herbicide treatments as fixed
effects (Petersen 1985, Milliken and Johnson 1992). We used 95% confidence intervals to make
inferences about differences in herbicide treatment means.



Results

Prior to prescribed burning and herbicidal application, fescue grass canopy cover was
approximately 97%. We apparently killed most fescue, coincidentally, with our spring burn.
Post-fire, there was very little fescue present even in untreated buffers between herbicide
treatment plots. Mean fescue canopy cover only ranged from about 1 to 13%, with much
variation, in our herbicide treatment plots. Thus, we concluded that the timing of our burn
eliminated most fescue during the summer of 2004. Given the near elimination of fescue canopy
cover prior to herbicide applications, we could not make meaningful inferences about herbicide
efficacy for controlling fescue in this study. Regardless of how the fescue was controlled, a
significant bermudagrass release occurred after the fescue canopy was removed.

Total canopy cover (Figure 2) was least in the imazapyr and both imazapic + glyphosate
treatment plots. Total canopy cover in the glyphosate and sulfosulfuron 1.5x + glyphosate
treatment plots was approximately equal and was greater than the imazapyr and imazapic +
glyphosate treatment plots. Both sulfosulfuron treatment plots had the greatest total canopy
CoVer.

Annual weed canopy (Figure 3) and forb canopy (Figure 4) cover exhibited similar
patterns among herbicide treatments. Both cover classes were similar in the imazapyr, both
imazapic + glyphosate, and both sulfosulfuron treatment plots. Both annual weed canopy and
forb canopy in the glyphosate and sulfosulfuron 1.5x + glyphosate treatment plots were
approximately equal and slightly greater than the other treatments.

Bermudagrass canopy cover (Figure 5) was least in the imazapyr, both imazapic +
glyphosate, glyphosate, and sulfosulfuron 1.5x + glyphosate treatment plots. The imazapyr
treatment and any treatment with the greater rate of glyphosate provided better control of
bermudagrass than imazapic + glyphosateA. Bermudagrass canopy cover in both sulfosulfuron
treated plots, regardless of application rate, was much greater than any of the other herbicide
treatments evaluated.

Litter cover (Figure 6) was least, and bare ground cover (Figure 7) was greatest in the
imazapyr and imazapic + glyphosateB treated plots. Litter and bare ground cover in the
remaining treatment plots varied, but in general these plots had greater litter cover and less bare
ground cover compared to the imazapyr and imazapic + glyphosateB treated plots. Mean litter
depth was similar among all herbicide treatment plots, ranging from 1.05 to 1.50 cm.

There was very little existing NWSG canopy cover present during our vegetation
sampling. Mean NWSG, primarily broomsedge (Andropogon virginicus), canopy cover ranged
from 0 to 3% among our herbicide treatment plots.

Discussion

Imazapyr and any of the herbicide treatments with 2.000 pounds/acre glyphosate yielded
the best control of bermudagrass. Imazapyr and imazapic herbicide treatments provided residual
soil activity for many annual weeds (annual grasses and forbs). Thus, these plots generally had
less total canopy cover and forb and annual weed cover. Glyphosate and sulfosulfuron 1.5x +
glyphosate initially controlled bermudagrass and released many annual grasses and forbs. Thus,
these plots generally had less bermudagrass cover but greater total canopy cover and forb and
annual weed cover. The two sulfosulfuron herbicide treatments released bermudagrass which
dominated those treatment plots. We had anticipated a greater johnsongrass (Sorghum halepense)
component after the fescue was eliminated. Based on previous research in other prairie systems



in this region, johnsongrass often became well established after fescue control. We wanted to
evaluate sulfosulfuron for fescue and johnsongrass control. Our prescribed burn apparently
eliminated most of the existing fescue prior to our herbicide experiments, and johnsongrass was
not abundant in the initial year of treatment. Sulfosulfuron is labeled for bermudagrass release,
and we did not anticipate the substantial bermudagrass component that was present after removal
of the initial fescue-dominate canopy.

The latent bermudagrass cover that quickly dominated the site after fescue canopy
elimination was likely a common scenario that land managers may face when trying to control
exotic grasses in the Southeast. Thus, it will be important to adequately address both the extant
and latent exotic grass problems in order to successfully establish NWSG. For aggressive exotic
grasses that are difficult to control, such as bermudagrass, proper monitoring and maintenance
(e.g., spot treatments with herbicide) of newly established NWSG stands are essential to ensure
exotic vegetation is controlled both prior and after establishment.

In the context of our study site and herbicide treatments, we suggest that the imazapyr
and imazapic + glyphosateB treatments are most effective in controlling bermudagrass and other
competing vegetation prior to NWSG establishment. However, following applications of
imazapyr, sufficient time must be allowed before planting NWSG, as residual soil effects of
imazapyr will adversely affect germinating NWSG. Alternatively, application of 2.000
pounds/acre glyphosate prior to NWSG establishment, followed by selective treatment of patches
of undesirable vegetation, may be successful for NWSG establishment. Regardless of which
herbicide treatments are used, selective treatment of patches of undesirable vegetation may be
necessary. We will plant NWSG during the spring of 2005, following additional herbicide
treatment test applications to control bermudagrass and other competing vegetation.
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Figure 1. Location of herbicide research plots at Prairie, Mississippi, USA, relative to the two Blackland
Prairie physiographic regions in Mississippi.
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Figure 2. Mean (x95% CI) total canopy cover measured during July 2004 at Prairie, Mississippi, USA.
Herbicide treatments (6 replicates) were applied during May 2004. Application rates were: (1)
sulfosulfuron = 0.094 pounds/acre sulfosulfuron; (2) sulfosulfuron 1.5x (1.5 times product label rate) =
0.141 pounds/acre sulfosulfuron; (3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate = 0.141
pounds/acre sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt; (4) imazapic +
glyphosateA = 0.188 pounds/acre imazapic acid + 0.500 pounds/acre glyphosate isopropylamine salt; (5)
imazapic + glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate
isopropylamine salt; (6) imazapyr = 0.500 pounds/acre imazapyr acid; and (7) glyphosate = 2.000
pounds/acre glyphosate isopropylamine salt.
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Figure 3. Mean (£95% CI) annual weed canopy cover measured during July 2004 at Prairie, Mississippi,
USA. Herbicide treatments (6 replicates) were applied during May 2004. Application rates were: (1)
sulfosulfuron = 0.094 pounds/acre sulfosulfuron; (2) sulfosulfuron 1.5x (1.5 times product label rate) =
0.141 pounds/acre sulfosulfuron; (3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate = 0.141
pounds/acre sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt; (4) imazapic +
glyphosateA = 0.188 pounds/acre imazapic acid + 0.500 pounds/acre glyphosate isopropylamine salt; (5)
imazapic + glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate
isopropylamine salt; (6) imazapyr = 0.500 pounds/acre imazapyr acid; and (7) glyphosate = 2.000
pounds/acre glyphosate isopropylamine salt.
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Figure 5. Mean (£95% CI) bermudagrass canopy cover measured during July 2004 at Prairie,
Mississippi, USA. Herbicide treatments (6 replicates) were applied during May 2004. Application rates
were: (1) sulfosulfuron = 0.094 pounds/acre sulfosulfuron; (2) sulfosulfuron 1.5x (1.5 times product label
rate) = 0.141 pounds/acre sulfosulfuron; (3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate
= 0.141 pounds/acre sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt; (4) imazapic +
glyphosateA = 0.188 pounds/acre imazapic acid + 0.500 pounds/acre glyphosate isopropylamine salt; (5)
imazapic + glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate
isopropylamine salt; (6) imazapyr = 0.500 pounds/acre imazapyr acid; and (7) glyphosate = 2.000
pounds/acre glyphosate isopropylamine salt.
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Figure 6. Mean (£x95% ClI) litter cover measured during July 2004 at Prairie, Mississippi, USA. Herbicide
treatments (6 replicates) were applied during May 2004. Application rates were: (1) sulfosulfuron = 0.094
pounds/acre sulfosulfuron; (2) sulfosulfuron 1.5x (1.5 times product label rate) = 0.141 pounds/acre
sulfosulfuron; (3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate = 0.141 pounds/acre
sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt; (4) imazapic + glyphosateA = 0.188
pounds/acre imazapic acid + 0.500 pounds/acre glyphosate isopropylamine salt; (5) imazapic +
glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate isopropylamine salt; (6)

imazapyr = 0.500 pounds/acre imazapyr acid; and (7) glyphosate = 2.000 pounds/acre glyphosate
isopropylamine salt.



14

100

90

80 -

70 ~

50 T

" | T |
. | |

20 A

Bare Ground (%)

10 A

0 T T T T T T 1

Imazapyr Imazapic + Imazapic + Sulfofulfuron Sulfofulfuron Sulfofulfuron Glyphosate
glyphosateA glyphosateB 1.5x 1.5x +

glyphosate

Herbicide Treatment

Figure 7. Mean (£z95% CI) bare ground cover measured during July 2004 at Prairie, Mississippi, USA.
Herbicide treatments (6 replicates) were applied during May 2004. Application rates were: (1)
sulfosulfuron = 0.094 pounds/acre sulfosulfuron; (2) sulfosulfuron 1.5x (1.5 times product label rate) =
0.141 pounds/acre sulfosulfuron; (3) sulfosulfuron 1.5x (1.5 times product label rate) + glyphosate = 0.141
pounds/acre sulfosulfuron + 2.000 pounds/acre glyphosate isopropylamine salt; (4) imazapic +
glyphosateA = 0.188 pounds/acre imazapic acid + 0.500 pounds/acre glyphosate isopropylamine salt; (5)
imazapic + glyphosateB = 0.188 pounds/acre imazapic acid + 2.000 pounds/acre glyphosate

isopropylamine salt; (6) imazapyr = 0.500 pounds/acre imazapyr acid; and (7) glyphosate = 2.000
pounds/acre glyphosate isopropylamine salt.

Bermudagrass Conversion to Native Warm-Season Grasses
Thomas G. Barnes'

! Extension Professor, Department of Forestry, University of Kentucky, Lexington,
KY 40546-0073. Corresponding author: Barnes, 859-257-8633,
tbarnes@uky.edu.

I implemented two studies in northern Alabama to determine effective herbicide
combinations that would kill common bermudagrass (Cynodon dactylon) and replace that
community with native warm-season grasses (NWSQG). The first study was implemented in
spring 1999. The site was burned in April prior to initial herbicide application in May. I
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implemented the following treatments for the first study: 2.2 kg ai/ha glyphosate, 2.2 kg ai/ha
glyphosate plus 0.2 kg ai/ha imazapic at seeding, 2.2 kg glyphosate plus 0.05 kg ai/ha imazapic,
2.2 kg ai/ha glyphosate, 0.28 kg ai/ha imazapyr plus 0.2 kg ai/ha imazapic at seeding, 0.2 kg
ai/ha clethodim plus 0.2 kg ai/ha imazapic, and 0.2 kg clethodim plus 0.05 kg ai/ha imazapic at
seeding. The NWSG were no-till drilled into the existing sod at a rate of 6.9 kg PLS/ha in early
May. The best treatment for killing common bermudagrass consisted of burning in late spring,
allowing the grass to regrow to a height of 5 to 8 cm, followed by an application of imazapyr at
0.28 kg ai/ha and glyphosate at 2.2 kg ai/ha with a second application of 0.2 kg ai/ha imazapic a
month later. This treatment reduced the vegetative cover of bermudagrass to less than 1%, but it
was not the best treatment for establishing NWSG. NWSG cover was less than 2% at the end of
the first growing season but was more than 40% by the end of the second growing season. The
best treatment for establishing the NWSG was burning followed by an application of 2.2 kg ai/ha
glyphosate in April with 0.2 kg ai/ha imazapic at seeding a month later. Bermudagrass cover was
reduced to 25% by the end of the first growing season, but the NWSG responded favorably.
NWSG cover was 69% at the end of the second growing season. The following treatments were
evaluated in the second study: 5.5 kg ai/ha glyphosate, 3.6 kg ai/ha clethodim plus 5.5 kg ai/ha
glyphosate, and imazapyr plus 5.5 kg ai/ha glyphosate. All the plots received an application of
0.1 kg ai/ha imazapic at seeding for residual weed control. The imazapyr and clethodim plots
reduced the percent cover of bermudagrass to 31.3 and 30.6% respectively compared to the
glyphosate (91.9%) and control (98.3%) plots. The number of seedlings also differed by
treatment type and ranged from 4.1 seedlings/square meter in the control to 13.3 seedlings/square
meter in the clethodim plots. The percent cover by the NWSG was higher in the
imazapyr/glyphosate (33% cover) and clethodim/glyphosate (37% cover) plots when compared
to the glyphosate (6% cover) and control (1% cover) plots. The results of these studies show
common bermudagrass can be converted to NWSG, but it is paramount to kill as much
bermudagrass as possible prior to seeding NWSG. Imazapic is also a necessary component to
provide residual weed control.

Rate of Increase Among Native Warm-Season Grasses Using Conventional

and No-Till Technology with Application of Imazapic Herbicide
Benjamin C. Jones', John P. Gruchy?, and Craig A. Harper®

! Graduate Research Assistant; 2 Graduate Research Assistant; 3 Associate
Professor: Department of Forestry, Wildlife and Fisheries, University of
Tennessee, Knoxville, TN 37996. Corresponding author: Jones, (828) 369-3039,
benjones@utk.edu.

Native warm-season grasses (NWSG) are used to enhance habitat for numerous wildlife
species. Over time, habitat quality declines as grass density increases. Of particular concern has
been the rate of increase by switchgrass; however, there are no data that compare rate of increase
by switchgrass with other species. Plots of NWSG were established in middle Tennessee in 1999
to examine establishment methods, including combinations of conventional tillage, no-till, and
application of imazapic herbicide. Density (seedlings/m?) of big bluestem (Andropogon
gerardii), little bluestem (Schizachyrium scoparium), indiangrass (Sorghastrum nutans), and
switchgrass (Panicum virgatum) was measured each April 2001-2004. Rate of increase did not
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differ among species and treatments. Mean density among species differed within treatments in
2004. Our data support the contention that management practices are necessary to maintain
quality habitat when any of these four NWSG are used. Practices including fire during the late
growing season, mowing followed by discing, and/or strip herbicide applications should help
maintain desirable structure and composition in NWSG stands.

Introduction

Native warm-season grasses (NWSG), such as big and little bluestem, indiangrass, and
switchgrass, are commonly recommended to provide quality early successional habitat for a
variety of wildlife species (Kenyon 2000). One advantage of these warm-season bunchgrasses
over nonnative perennial cool-season grasses, such as tall fescue and orchardgrass, is open space
at ground level as opposed to a dense structure at ground level with thatch buildup (Barnes et al.
1995). An open structure at ground level facilitates movement within the field by bobwhites,
rabbits, songbirds, and other wildlife (Rosene 1969, Burger 1990). An open structure also
enables the seedbank to germinate and allows desired forbs [e.g., ragweed (Ambrosia
artemisiifolia), beggar’s-lice (Desmodium spp.), partridge pea (Chamaecrista spp.), and
blackberry (Rubus spp.)] to grow among the grass bunches. These forbs provide quality cover
and a critical food source for wildlife.

Fields of NWSG managed for wildlife are allowed to flower and produce seed. Usually,
the grasses are left standing through the winter to provide cover. Over time, however, NWSG
may increase in density as individual bunches grow larger and as seed produced within the field
germinates. Wildlife managers often complain about switchgrass becoming problematic. In fact,
many managers are no longer planting switchgrass because they believe it increases in density
too quickly. As density of NWSG increases, less space is available for travel, and forb coverage
within the field is reduced.

We monitored the rate of increase among four NWSG (big and little bluestem,
indiangrass, and switchgrass) in a replicated split-plot design over five years at the Middle
Tennessee Experiment Station near Columbia, Tennessee. The initial project investigated
establishment success between plots top-sown with conventional tillage and no-till plantings, as
well as the effectiveness of imazapic herbicide.

Methods

In June 1999, 64 plots (6 feet by 25 feet each) were planted to big bluestem, little
bluestem, indiangrass, and switchgrass at the University of Tennessee Agricultural Experiment
Station in Spring Hill, Tennessee. Half the plots were planted using conventional tillage with
top-sowing; the other half were planted using a Truax” no-till drill. Half of each block received a
pre-emergence imazapic treatment (8 ounces per acre) resulting in four treatment combinations:
no-till without imazapic (NoTill/NoPlat), no-till with imazapic (NoTill/Plat), conventional top-
sow without imazapic (Till/NoPlat), and conventional top-sow with imazapic (Till/Plat). Four
replicates of each grass were sown per treatment at a rate of 8 pounds PLS. All plots were burned
annually in March 2001-2004. NWSG “bunches” were counted annually within three randomly
located meter-square quadrants in April 2001-2004. More specific details concerning
establishment, experimental design, and sampling were outlined in Harper et al. (2002).

Rate of increase of each species was calculated over the four-year period from 2001 to
2004. Grass density (five years post-establishment) was estimated from 2004 data. We tested for
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across-treatment and within-treatment differences in rate of increase and density using the
General Linear Models procedures in SAS (SAS Institute Inc., Cary, N.C.).

Results
Across Treatments

There was no overall difference in rate of increase among grasses (P = 0.63). Mean rates
were 282%, 195%, 131%, and 126% for switchgrass, big bluestem, little bluestem, and
indiangrass, respectively (Table 1).

Within Treatments

With the exception of NoTill/NoPlat plots, rate of increase among grasses did not differ
within treatments (Table 2). In NoTill/NoPlat, switchgrass (mean = 104%), indiangrass (mean =
50%), and big bluestem (mean = 33%) had the greatest rates of increase.

Differences in five-year post-establishment density were detected among grasses within
all treatments (Table 2). In NoTill/NoPlat, there were more bunches of indiangrass (mean =
18.0), switchgrass (mean = 15.8), and big bluestem (mean = 14.5) than little bluestem (mean =
7.3). In NoTill/Plat, indiangrass (mean = 17.5) had the greatest density, while little bluestem
(mean = 7.5) and switchgrass (mean = 7.3) had the lowest density. In Till/NoPlat, the density of
indiangrass (mean = 11.8) was higher than that of little bluestem (mean = 6.0). In Till/Plat, the
number of indiangrass bunches (mean = 18.3) was higher than that of switchgrass (mean = 4.0).

Discussion

Switchgrass did not show a greater rate of increase than big bluestem, little bluestem, or
indiangrass. Further, in the treatment where switchgrass had an apparently high rate of increase
(NoTill/Plat), its mean density at five years post-establishment was 7.3 bunches/m” compared to
17.5 and 12.0 bunches/m” for indiangrass and big bluestem, respectively (Table 2). The
apparently high rate of increase by switchgrass in plots established with imazapic is the result of
herbicide effects early in establishment. The BASF Plateau® herbicide label states: for
switchgrass, stand loss or thinning could occur with application rates of only 2 to 4 ounces per
acre. These effects were realized on our plots early in the study. Over time, switchgrass increased
in density, although not to the same five-year post-establishment levels as indiangrass and big
bluestem. In stands not established with imazapic, five-year post-establishment density of
switchgrass was similar to the other three species.

Switchgrass did not increase at a greater rate or create more dense stands than big
bluestem, little bluestem, and indiangrass. Therefore, it should not be excluded from NWSG
mixes based on rate of increase and density. A better reason for wildlife managers—especially
those interested in quail—to exclude switchgrass is leaf structure. Because bobwhites and other
species use fine senescent leaves to construct nests at the base of NWSG, species such as little
bluestem, broomsedge (Andropogon virginicus), sideoats grama (Bouteloua curtipendula), and
big bluestem are more appropriate.

When considering switchgrass in plantings, managers should be aware 1 pound of
switchgrass contains more seed than 1 pound of other species. For example, 8 pounds of big
bluestem results in approximately 30 seeds/sq” when planted, while 8 pounds of switchgrass
results in approximately 70 seeds/sq” (Ball et al. 2002). When creating mixes for wildlife habitat,
a multi-species mixture that has worked well in providing quality early successional habitat for a
variety of wildlife in Tennessee and other areas of the mid-South includes 1.5 pounds big
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bluestem, 1.5 pounds little bluestem, 1 pound indiangrass, and 0.5 pound of switchgrass. One
pound of native legumes, such as partridge pea or native lespedezas (e.g., Lespedeza virginica or
L. capitata), should be added where local seedbanks do not contain a desirable forb component
(Harper et al. 2004).

From our data, it is obvious NWSG stands need management after two to three years’
growth to maintain desirable conditions for wildlife, regardless of the NWSG species planted.
Harper et al. (2002) suggested mature NWSG stands with >10 bunches/m’ create conditions that
preclude forb growth and impede movement of young bobwhite chicks and wild turkey poults.
Where wildlife habitat is an objective, NWSG stands should be managed to maintain open
structure at ground level. An average stand density of one mature bunch of NWSG per m” is
sufficient to provide structure for nesting and brood rearing while allowing space for travel and
forb growth. Where stands are too dense, grasses can be thinned using growing-season
prescribed fire, or mowing followed by discing, or application of a grass-selective herbicide
(e.g., Clethodim) with only every third nozzle open on a spray boom (Gruchy unpublished data).

Conclusions

Rate of increase by switchgrass, big bluestem, little bluestem, and indiangrass did not
differ among species. However, density did differ. Whether management objectives are wildlife
or forage production, density is an important parameter to monitor. Where wildlife habitat is an
objective, some form of mid-term management may be necessary as early as three to four years
after establishment. Although switchgrass has the reputation of forming more “rank™ stands
compared to other NWSG, our data did not support this contention.
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Table 1. Overall mean rate of increase of four native warm-season grasses measured on

experimental plots in middle Tennessee 2001-2004.

Species Rate of Increase (%)*
Big bluestem 195 A
Indiangrass 126 A
Little bluestem 131 A
Switchgrass 282 A

#Means with the same letter are not different (a = 0.05).

Table 2. Within treatment mean rate of increase and mean density (bunches/mz) of four native warm-
season grasses measured on experimental plots in middle Tennessee 2001-2004.

Year
2001-
2001 2002 2003 2004 2004
Rate of
Increase
Treatment Species® Mean®  SE Mean SE Mean SE Mean SE (%)°
No-Till BB 120AB 2.1 21.3A 1.8 190A 14 145A 1.3 33 AB
IG 140A 25 13.3B 1.7 155AB 1.2 180A 25 50 A
LB 7.3B 0.8 12.0B 0.9 13.5B 1.8 7.3B 2.1 -1B
SG 8.0B 0.9 95B 0.9 13.3B 1.0 158A 14 104 A
No-Till
+ Imazapic BB 13.8A 15 148A 0.6 155A 13 12.0B 0.9 -TA
IG 170A 1.0 11.8B 1.3 13.8A 1.7 175A 21 4 A
LB 9.0B 1.6 11.5B 0.9 115A 1.0 7.5BC 1.3 0A
SG 3.8C 1.1 35C 0.6 55B 1.2 7.3C 1.6 456 A
Conventional BB 4.8 A 1.2 11.0A 25 100A 23 90AB 1.4 134 A
IG 3.8AB 03 6.8A 0.6 11.0A 0.7 11.8A 1.2 188 A
LB 2.3B 0.5 53A 23 6.5A 2.9 6.0B 2.1 302 A
SG 3.3AB 03 6.8A 1.6 10.3A 20 11.0AB 2.0 286 A
Conventional
+ Imazapic BB 28AB 09 6.3AB 1.7 9.3AB 23 88AB 1.8 620 A
IG 53A 0.6 12.3B 05 16.3AB 1.0 18.3A 2.7 260 A
LB 3.7A 0.7 170A 56 20.7A 75 13.0AB 3.2 310 A
SG 0.0B NA 20B NA 4.0B NA 4.0B NA 400 A

4 BB = big bluestem, IG = indiangrass, LB = little bluestem, SG = switchgrass.

® Means with the same letter are not different (a =0.05).
¢ Means with the same letter are not different (a = 0.05).

! Research Director; 2 Regional Plant Materials Specialist: United States Department of Agriculture
Natural Resources Conservation Service, 1536 Route 9 North, Cape May Court House, NJ 08210.

C3—C4 Conversion of Cool-Season Pastures into

Warm-Season Grass Prairies on Grazing Lands
William B. Skaradek® and Christopher F. Miller?

Corresponding author: Skaradek (609) 465-5901, William.Skaradek@nj.usda.gov.

It seems that the popularity of native warm-season grasses continues to increase every
year. Increasingly more attention is also being focused on the negative aspects of fescue and
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cool-season grasses. Some of these negative aspects include endophytic-induced miscarriages in
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wildlife, limited cover and food values, and susceptibility to cool-season plant community loss
resulting from climate changes. Additionally, more people are becoming interested in converting
long-term fescue pastures into warm-season grass plant communities that would:

» provide greater wildlife cover, shelter, and feed.

« increase the total carbon sequestration rates of grassed areas.

» provide greater ecological function during and following climate changes.

Some skeptics predicted that the allopathic effects of long-term fescue cover would
inhibit or deter the successful establishment of common warm-season grasses. This
comprehensive presentation will clearly depict some interestingly successful results realized at
the USDA NRCS Cape May Plant Materials Center.

Using Native Little Barley as a Cover Crop
Janet M. Grabowski’, Joel L. Douglas?, James S. Parkman?®, and Joe R. Johnson*

! Agronomist; 2 Manager: USDA-Natural Resources Conservation Service (NRCS) Jamie L.
Whitten Plant Materials Center, Coffeeville, MS 38922-2652. % Resource Conservationist, USDA-
NRCS, Greenwood, MS 38935. 4 Research Professor, North Mississippi Research and Extension
Center, Holly Springs, MS 38635. Corresponding author: Grabowski, (662) 675-2588
Janet.Grabowski@ms.usda.gov.

Abstract

Little barley (Hordeum pusillum Nutt.) is a native, annual, cool-season grass that can
form dense colonies in some cropland fields in the southeastern United States that are no-tilled or
given minimum tillage in the fall. In such areas, little barley functions as a naturally occurring
cover crop that does not require reseeding like conventional cover crops such as wheat (Triticum
aestivum L.). Several NRCS and university agronomists have expressed an interest in developing
methods to either manage natural stands of little barley or produce commercial sources of little
barley that can be planted as cover crops. We initiated two studies in 2002 at the Jamie L.
Whitten Plant Materials Center (PMC), Coffeeville, Mississippi, to evaluate the cover crop
potential and management requirements of little barley. In the first study, we compared its
ground cover and biomass production to wheat, crimson clover (Trifolium incarnatum L.), and
hairy vetch (Vicia villosa Roth) planted at their reccommended cover crop rates (101, 22, and 34
kg ha™, respectively). Little barley provided close to 95% cover during the winter and early
spring, the most of all species tested; however, a considerable amount of seed (807 seeds m™)
was planted to ensure a sufficient stand for testing. Additional research is needed to determine
optimum planting rates for little barley. Hairy vetch provided little cover during the winter, but
cover increased to more than 95% before the target burndown date of April 15. The other two
species provided intermediate ground cover ratings during the winter. In 2003, biomass yields
were highest for little barley and crimson clover, but in 2004, dry matter yields of wheat were
highest. The second study examined the burndown requirements of little barley. Conventional
recommendations are to use either 1.12 kg a.i. ha™ of either glyphosate or paraquat to burn down
grass cover crops before planting. We wanted to determine if these rates could be reduced to
0.84, 0.56, and 0.28 kg ai ha™ and still provide control of little barley. Glyphosate rates when
reduced to 0.5 kg a.i. ha™ provided adequate burndown of little barley, with a visual rating of
more than 80% dead plants at 14 days after treatment. The rate of paraquat could not be
decreased below 0.84 kg a.i. ha and still provide a comparable level of burndown.
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Introduction

Cover crops are vegetation that is planted or managed to reduce soil erosion and improve
soil quality. Cover crops can be incorporated into the soil as green manure, or they can be killed
prior to planting the main crop. Historically, cover crops were a common component of crop
rotations, planted in the period between cash crops, usually the winter, when the soil would
normally be fallow, but they fell out of favor in many modern farming systems when the use of
inorganic fertilizers and herbicides reduced their importance. However, concerns about the
impact of soil erosion on water quality and other environmental factors have led to increased use
of conservation tillage systems (i.e., no-till and reduced or low-till) for many agronomic crops.
Cover crops can be a useful component in these systems because, in addition to providing plant
residue to reduce soil erosion, they can either provide or store nutrients for the main crop, reduce
weed competition, increase soil organic matter, and increase water infiltration by preventing soil
crusting (Dabney 1998; Hartwig and Ammon 2002). Standing cover crop residue can also protect
young crop seedlings from damage by wind (Davis 1994; Daniel et al. 1999) and late frosts
(Daniel et al. 1999). However, many growers have not embraced cover crops. The main concern
is the annual cost of establishment (Parvin et al. 2004), although another major concern in more
arid regions is that cover crops consume soil moisture, making it unavailable for the following
crop (Dabney et al. 2001). Growers have also cited management difficulties in harvesting the
previous crop and establishing the cover crop, increased insect and disease problems,
establishment problems for the subsequent crop (Davis 1994; Dabney et al. 2001), and, in
conservation tillage systems, the annual cost of controlling or burning down the cover crops prior
to planting the cash crop (Dabney and Griffin 1987).

Plant species used as winter cover crops fall into two major categories: legumes and non-
legumes. Legumes, such as clovers and vetches, fix atmospheric nitrogen, a portion of which
then becomes available for the subsequent cash crop. Non-legumes do not have this capability,
but they can also have a major impact on nutrient availability because they can take up and store
excess nutrients left in the soil from the previous crop and then release them to the main crop as
they decompose (Dabney 1998; Dabney et al. 2001; Hartwig and Ammon 2002). The most
common non-legume cover crops are small grains [e.g., wheat and rye (Secale cereale L.)] and
annual ryegrass [olium perenne ssp. multiflorum (Lam.) Husnot)]; these grasses provide better
winter ground cover than legumes, seed is cheaper and easier to establish (Davis 1994;
Bloodworth 1996), and they are easier to burn down with herbicides prior to crop planting (Davis
1994; Dabney and Griffin 1987). Mixtures of non-legumes and legumes can combine the
benefits of both (Daniel et al. 1999; Dabney et al. 2001). Rather than planting a cover crop,
growers can also utilize cool-season weeds growing in their fields as cover crops (Hurst 1992,
Hartwig and Ammon 2002).

Little barley is a cool-season annual grass that occurs throughout most of the contiguous
48 states (Baum and Bailey 1986). Its culms range from 10 to 60 cm in height. Flowers are
produced from April to June in the Southeast. Little barley flowers are arranged in a spike, and
each seed unit contains three spikelets, one fertile one in the center and a sterile one on either
side. All spikelets have long, stiff awns (Radford et al. 1968). It is considered a troublesome
weed in pastures and cropland in the southeastern United States; however, the fact that it
germinates readily and occurs in dense populations on some agronomic fields (Fischer et al.
1982; Elmore et al. 1995) indicates that it might make an acceptable cover crop. Also, because
little barley flowers early in the spring and seeds have been shown to be capable of germination
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as soon as 11 d after flowering (Fischer et al. 1982), it also has great potential for reseeding itself
in properly managed cropping systems. The PMC (1988) included a single accession of little
barley in a study examining a variety of cool-season species for cover crop use and found it had
only average vigor; however, herbicide carry-over from previous cotton (Gossypium hirsutum
L.) crops may have affected vigor of the little barley plants. Growers in Georgia have been
utilizing native stands of little barley as a cover crop for more than a decade. They believe that it
produces ample residue and the residue decomposes more slowly than that remaining from a rye
or wheat crop, providing longer-term soil protection (Jimmy Dean, personal communication).

Little barley also has been shown to possess allelopathic properties (Smith and Martin
1994) which might allow it to suppress weed growth, potentially reducing the need for herbicides
in the subsequent crop (Hartwig and Ammon 2002).

To the best of my knowledge, none of the producers who are currently using little barley
as a cover crop have conducted head-to-head comparisons with other cool-season species to
compare their productivity. Therefore, in order to fully evaluate the cover crop potential of little
barley, the PMC initiated a study to compare its ground cover and biomass production to those of
wheat, another annual grass, and two legumes, crimson clover and hairy vetch. In our region of
the country, we were particularly interested in looking at little barley as a potential cover crop for
cotton, a low residue-producing crop (Daniel et al. 1999). We were also interested in possibly
using little barley in seed mixes as a nurse crop to provide cover for other native grasses and
forbs that do not establish as quickly. Another topic that we wished to address was burndown of
this crop. Little barley, being a grass, should burn down more easily than leguminous cover crops
(Davis 1994; Dabney and Griffin 1987), and since it is smaller than other grasses like wheat and
has less lignified stems, it likely would be even easier to control with chemicals. Therefore, we
also initiated a study to examine the efficacy of reduced rates of burndown herbicides on control
of little barley.

Materials and Methods

The cover crop potential study was planted at the PMC on 17 October 2002 and 25
September 2003. Evaluations were made in the subsequent calendar year, and plantings will be
referenced by their evaluation years throughout this publication. Little barley seeds (seed units)
were combine-harvested in May 2002 from fields at the PMC and cleaned using an air-screen
cleaner (A.T. Ferrell and Co., Bluffton, IN). The long awns on the little barley seeds made them
clump together, limiting seed cleaning efficiency. The seed lot contained inert matter and seeds
of other species, especially crimson clover, that could not be removed during the cleaning
process. Seeds of the other species were purchased from a local farm supply store. A germination
test was conducted on the little barley seed lot to estimate its viability prior to planting, and
purity of the lot was determined.

Recommended planting rates for broadcast seeding were used for the standard cover
crops. These were wheat, 101 kg ha™'; crimson clover, 22 kg ha™; and hairy vetch, 34 kg ha™
(Bloodworth 1996). Little barley did not germinate well in the germination test (> 4%), so a high
planting rate of 807 seeds m™ (75 seeds per square foot) was used. Each species was planted in a
1.5-m by 3-m plot, and there were three replications of each treatment. Soil type was a Grenada
silt loam in the first year and an Oaklimeter silt loam in the second year. The seeds were
broadcast by hand over the plot and lightly raked into the soil. The legumes were inoculated with
the appropriate Rhizobium strain at planting. Nitrogen was applied to the wheat and little barley
plots at a rate of 28 kg ha™ after planting. All plots received 67 kg of P and K. The second-year
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little barley plots were sprayed with 1.1 kg ai ha™ 2, 4-D in November 2003 and March 2004 to
control broadleaf weeds.

Ground cover (stand) ratings were made on 9 January, 7 March, and 2 April 2003 and 16
January, 12 March, and 15 April 2004. To take these ratings, a line was positioned diagonally
across the plots from one corner to another. Sampling points were located every 15 cm along the
line. Each point where a plant was present was counted, and stand percentages were calculated
based on the number of points with plants divided by the total number of points, multiplied by
100. Biomass yields were determined by harvesting a 0.28 m? sample from the middle of each
plot on 18 April 2003 and 15 April 2004. The plants were cut at ground level, air-dried, and
weighed to determine their dry matter (DM) production. The little barley plots contained varying
amounts of crimson clover as a contaminant, and these plants were removed from the sample
when they were harvested to avoid biasing the results.

The study examining reduced burndown rates was planted on October 18, 2002, and
September 25, 2003. The target burndown date was April 15, which is a date commonly
recommended for cotton planting in Mississippi (Jim Parkman, personal communication).
Herbicides used were glyphosate and paraquat, and their recommended application rate for
burndown of grass cover crops is 1.12 kg ai ha™ (Al Rankins Jr., personal communication). The
full rate (1X) was used as the standard, and the reduced rates were three-quarters (3/4X), half
(1/2X), and one-quarter (1/4X) this rate or 1.12 kg ai ha™', 0.84 kg ai ha™', 0.56 kg ai ha', and
0.28 kg ai ha™ of both herbicides. An untreated control was also included. Plots were planted in
the same fields using the same methods as the cover crop comparison study, including plot size,
seeding rates, fertilizer, and 2, 4-D applications.

The burndown treatments were applied on 11 April 2003 and 15 April 2004 using a CO,
backpack plot sprayer calibrated to apply approximately 187 L ha™'. A nonionic surfactant at
0.25% (v/v) was added to the spray solution of the paraquat treatments in 2003 but was
inadvertently omitted in 2004. Visual injury ratings were made 7 d and 14 d after treatment
(DAT) using a scale of 1 =100% dead, 3 = 75% dead, 5 = 50% dead, 7 = 25% dead, 9 = slight
injury, and 10 = no injury. Also at 14 DAT, a line transect similar to that used for the cover crop
comparison study was taken, but in this case it was run the length of the plots, approximately 0.6
m from the edge of the plot, to ensure that plants sampled were in the spray swath. All dead
plants at the transect points were counted, and the percentage of dead plants was determined. A
small seed sample was collected from the 1X rate plots of both herbicides for germination
testing. Seed collected in 2003 was tested on 19 November; the 2004 seed has not been tested as
of this publication date. Three replications of 100 seeds were counted from the sample. Only
seeds that separated easily from the spike were used because those that adhered tightly to the
rachis were most likely immature. The seeds were placed between two blotters in a Petri dish and
placed in a germinator (Hoffmann Manufacturing Inc., Albany, OR) maintained at 20°C with 8
hr. of light. Germination counts were made every 7 d for 5 weeks.

Data from both studies were subjected to an analysis of variance using MSTAT-C
(Michigan State Univ., 1988), with each year analyzed separately. Significant means were
separated using the least significant difference test (LSD) at P < 0.05 (Michigan State Univ.,
1988). The results presented here are still preliminary because both studies will be repeated for
another year to provide additional verification.
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Results and Discussion

Temperatures during the first study period were close to seasonal averages (Table 1).
Rainfall during this period was well below average in January but exceeded the average in both
the prior and subsequent months (Table 1), so there was probably little effect from this reduced
rainfall, especially since it occurred in the winter when the plants were not actively growing.
Average temperatures during the second year were close to the 30-year average; however, the
average minimum temperatures for both January and February were -1°C (data not presented).
Average low temperatures for February are generally slightly above freezing at this location.
Monthly rainfall totals during the second planting period were fairly close to normal levels
(Table 1).

Mean ground cover ratings in January, March, and April for the four cover crops differed
in 2003 (P =0.0001, 0.0000, and 0.0107, respectively). Little barley germinated well in both
years of the study and because of the high planting rate, stands ranged from 89 to 100% for all
evaluation periods (Tables 2 and 3). This level of germination in the field would not have been
anticipated from the poor germination in the seed test. The awns on the spikelets prevented good
contact with the substrata used in the test and probably allowed the seeds to dry out somewhat,
reducing germination. Stands of wheat were poor in 2003 (Table 2) because seed of unknown
age that had been stored in the PMC cooler was used, and viability was obviously less than
optimal. In the subsequent year, seed was purchased just prior to planting. Stands in 2004 varied
for only the January (P = 0.0074) and April (P = 0.0001) evaluation dates. Wheat stands for the
first two rating periods in 2004 were higher than those recorded in the previous year (Table 3).
The lower April 2004 rating (Table 3) was simply due to fewer clumps of wheat being contacted
at the individual sampling points on the line transect, not to plant mortality. The 2004 data
indicate that even with good quality seed, stands of wheat planted at the recommended planting
rate did not exceed 76% (Table 3). If little barley is to be planted as a cover crop, research on
planting rates needs to be conducted to develop a broadcast seeding recommendation that will
provide equivalent erosion protection to that provided by similar cover crops.

Crimson clover stands for the January rating date in 2003 were comparable to those of
the reduced stand of wheat in that year but increased markedly at the two later evaluation dates
and were not different from those of little barley at the final evaluation date (Table 2). However,
in 2004, stands of crimson clover were higher and were comparable to those of little barley at all
three evaluation dates (Table 3). Hairy vetch provided less ground cover than the other three
species in January of 2003 and less cover than little barley and crimson clover in 2004. Keeley et
al. (1992) rated 8-week percent ground coverage of hairy vetch significantly lower than that of
annual ryegrass and common barley (Hordeum vulgare L.). However, hairy vetch ground cover
increased greatly by the April evaluation dates to levels that were comparable with crimson
clover in 2003 and with little barley in 2004.

Mean biomass production of the cover crops species varied in 2003 (P = 0.0068) and
2004 (P =0.0027). Little barley and crimson clover produced more biomass than the other cover
crop species in 2003 (Table 2), but in 2004 wheat was the top biomass-producing crop (Table 3).
Poor wheat biomass production in 2003 was the result of the poor stands discussed previously. If
stands of the two grass species contained the same number of plants, wheat would always out-
produce little barley because it is a larger plant. Although stands of hairy vetch rated high in
April ground cover percentage, biomass production was less than little barley and crimson clover
in 2003. This also is not unexpected because, as a vine, its long stems cover a large amount of
ground, but they are fairly slender and the leaves are also small, resulting in less potential



25

biomass. Stands of crimson clover were high in 2004; however, biomass production was reduced
compared to the previous year (Table 3). The plants at the January 2004 evaluation date were
visibly damaged by below-freezing temperatures that occurred in January and February (Table
1). They appeared to recover when ratings were made in March, but biomass production must
have been reduced. Crimson clover has been shown to be less cold-hardy than hairy vetch
(Dabney et al. 2001).

Cover crops that are not burned down effectively or ones burned down too early,
allowing a new crop of weeds before planting, can cause management problems in the following
crop (Davis 1994). In this study, a visual rating of 1 (100% control) or 2 (slightly over 87%
control) would be necessary to prevent further competition from the cover crop.

There were differences between visual injury ratings at 7 DAT and 14 DAT (P = 0.0000
for both), and percentage of dead plants at 14 DAT (P = 0.0007) for the burndown treatments in
2003. In this year, ratings for glyphosate at 7 DAT were no different from those of the control;
however, at 14 DAT, control for the 1X rate was over 87% and 100% for the 3/4X and 1/2X rate
(Table 4). Glyphosate needs to be translocated within the plant and is therefore slower-acting
than paraquat, which is a contact herbicide (Ashton and Crafts 1981). Dabney and Griffin (1987)
rated control of a wheat cover crop at 99% for both the 1/2X and 3/4X rate and 89% for the 1X
rate of glyphosate. Percentage of dead plants was similar for 1X, 3/4X, and 1/2X herbicide rates
(Table 4). The 1/4X rate of glyphosate provided little control (Table 4). Although not specifically
sampled, glyphosate at all rates provided poor control of the crimson clover plants also growing
in the plots. As stated previously, legumes are more difficult to control with burndown herbicides
(Davis 1994; Dabney and Griffin 1987), which could be a consideration if little barley were
interseeded with a legume. It could also mean that higher rates of glyphosate are required if other
broadleaf weeds are present (Dabney and Griffin 1987). There were also treatment differences in
7 DAT (P =0.0009) and 14 DAT (P = 0.0000) injury ratings and percentage of dead plants (P =
0.0000) in 2004. Glyphosate ratings in 2004 (Table 5) followed a similar pattern as in the
previous year (Table 4); however, 7 DAT ratings were slightly higher for all herbicide rates. By
14 DAT, ratings for the 1X, 3/4X, and 1/2X treatments were all in the acceptable range (Table
5). Percentages of dead plants for these three rates were also comparable (Table 5).

At 7 DAT, paraquat at 1X, 3/4X, and 1/2X were all rated as acceptable in 2003; however,
at 14 DAT, the 1/2X rating increased to 3 (Table 4). There is little translocation of paraquat out
of the treated leaves to the meristems when it is applied in daylight (Ashton and Crafts 1981),
which can allow plants that are not killed to regrow. Dabney and Griffin (1987) found that wheat
was controlled 100% and 99% at the 1X and 1/2X rate used in this study. Possibly control ratings
for little barley were lower in this study than they found for wheat because the thick stand
prevented thorough plant coverage with the herbicide solution. Spray volume and surfactant
concentration can also affect levels of control when using paraquat as a desiccant (Bennett and
Shaw 2000). The percentage of dead plants for the 1X and 3/4X rate in 2003 were not different
(Table 4); however, fewer dead plants were found in the 1/2X rate. The higher percentage of
dead plants at the 1/4X rate was probably due to a similar occurrence as discussed above for the
wheat stand, where more live plants happened to be found at the sampling points. The poor
visual ratings, where the entire plot was sampled, indicate that this rate is less than satisfactory.
Paraquat also provided better control of the crimson clover plants in the plots. Dabney and
Griffin (1987) found that weed control in a fallow field, dominated by cutleaf evening primrose
(Oenothera laciniata Hill.), was better with paraquat than similar rates of glyphosate. In 2004,
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paraquat ratings were all lower than acceptable levels because surfactant was not added to the
spray solution (Table 5).

Germination testing completed for the 2003 seed found that none of the glyphosate-
treated seeds germinated, and only one of the paraquat-treated seeds (0.3%) germinated. Little
barley has been shown to be capable of germination as quickly as 11 d after flowering (Fischer et
al. 1982). Because glyphosate acts more slowly than paraquat, it would allow seeds more time to
mature before the parent plant died. Therefore, one would expect germination rates to be higher
for the glyphosate-treated seed. However, this was not the case. Both glyphosate and paraquat
have been shown to affect seed development and subsequent germination and growth of
seedlings when applied to plants in the flowering stage (Bennett and Shaw 2000). Perhaps the
poor germination in this test was due to the effect of these chemicals on seed development, or
perhaps another temperature regime, such as 20/30, should have been used (Fischer et al. 1982).

Where it is currently being used as a cover crop, little barley has been shown to reseed
annually (Jimmy Dean, personal communication); however, whether burndown chemicals were
used and what types were used is not known. Reseeding potential of little barley cannot be
effectively studied in small plots such as those used here. Large plot demonstrations will be
needed to determine its reseeding potential and the possible effects of burndown chemicals.
Also, mechanical control methods (Dabney and Griffin 1987; Dabney 1995) that likely would
not have a deleterious effect on seed germination should be examined.

Conclusions and Considerations

Little barley provided ample amounts of ground cover and biomass and appears to be an
acceptable native replacement for the introduced small grains and annual ryegrass used as non-
leguminous cover crops and as nurse crops for slower-establishing species. Currently, the only
option that growers have is to manage the little barley stands that exist in their fields. In 2004,
the PMC began initial evaluation of more than 50 accessions of little barley from the
southeastern United States to potentially develop a germplasm source for commercial release.
Further research is also required on planting rates and methods. Investigation of seed
conditioning techniques, such as debearding or hammermilling, to remove or decrease the length
of the awns should be undertaken to improve seed cleaning and sowing operations. Any potential
deleterious effects of little barley on the following crop also need to be examined. Will the
allelopathic compounds produced by little barley (Smith and Martin 1994) affect germination of
agronomic crops? Also, will using little barley as a cover crop increase insect or disease
problems in the main crop? Little barley has been shown to be an alternate host of Russian wheat
aphid (Diuraphis noxia Mordvilko) (Kindler and Springer 1989), which is not likely to be a
problem in the Southeast; however, it has also been found to be susceptible to Septoria nodorum
(Berk.) (Cunfer and Youmans 1983), a disease that could infect barley and wheat produced in
this region.

Although the two higher rates of paraquat provided comparable control to all but the
lowest rate of glyphosate in the one year that these could be compared, paraquat is a restricted-
use herbicide that carries a greater danger of toxicity to the applicator. Also, prices of paraquat
formulations have increased in recent years, whereas prices of glyphosate, due to the advent of
generic formulations, have decreased. Therefore, glyphosate would generally be the burndown
herbicide of choice unless broadleaf weeds that are more effectively controlled with paraquat are
present or if glyphosate is shown to interfere with reseeding potential of little barley.
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Table 1. Rainfall and temperature recorded during the study period.

Month Average Temperature Total Rainfall
2002/03 2003/04 30-yr. avg. 2002/03 2003/04 30-yr. avg.
°c mm

Oct. 18 17 17 189 89 99
Nov. 9 13 11 109 120 138
Dec. NA 7 6 178 112 98
Jan. 3 6 4 37 145 135
Feb. 6 5 7 198 171 156
Mar. 12 14 12 58 81 122
Apr. 17 16 16 72 163 94

Table 2. 2003 stand ratings and biomass production for four cover crop species at the Jamie
L. Whitten Plant Materials Center, Coffeeville, Mississippi.

Cover Crop Stand Rating DM Yield
Jan. Mar. Apr.
Wprrmmmmmmmmmmmmmmmmme e kg ha™------
Little barley 95 100 100 5594
Wheat 42 32 52 3900
Crimson clover 45 72 83 5425
Hairy vetch 17 30 77 3 052
LSD (0.05) 15 13 22 1257

Table 3. 2004 stand ratings and biomass production for four cover crop species at the Jamie
L. Whitten Plant Materials Center, Coffeeville, Mississippi.

Cover Crop Stand Ratings DM Yield
Jan. Mar. Apr.
L — kg ha™------
Little barley 89 94 96 5594
Wheat 65 76 42 7 459
Crimson clover 80 83 88 3730
Hairy vetch 47 65 97 5765
LSD (0.05) 19 NS’ 22 1301

" Not significant at P < 0.05.
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Table 4. 2003 visual injury ratings and percentage of dead plants for normal and
reduced rates of burndown herbicides at the Jamie L. Whitten Plant Materials

Center, Coffeeville, Mississippi.

Treatment Visual Rating’ Dead Plant
7 DAT 14 DAT 14 DAT
_________ [0 —
Control 10 10 0
Glyphosate 1X 8 2 98
Glyphosate 3/4X 9 1 72
Glyphosate 1/2X 9 1 72
Glyphosate 1/4X 9 9 32
Paraquat 1X 2 1 86
Paraquat 3/4X 1 2 78
Paraquat 1/2X 2 3 52
Paraquat 1/4X 6 5 83
LSD (0.05) 1 1 36

" Visual control ratings 1 = dead; 3 = 75% dead; 5 = 50% dead; 7 = 25% dead;
9 = slight injury; and 10 = no injury.

Table 5. 2004 visual injury ratings and percentage of dead plants for normal and
reduced rates of burndown herbicides at the Jamie L. Whitten Plant Materials

Center, Coffeeville, Mississippi.

Treatment Visual Rating’ Dead Plant
7 DAT 14 DAT 14 DAT
_________ 0/ mmmmm e

Control 10 10 0
Glyphosate 1X 3 1 100
Glyphosate 3/4X 5 1 98
Glyphosate 1/2X 7 2 92
Glyphosate 1/4X 7 4 47
Paraquat 1X 4 4 43
Paraquat 3/4X 5 5 28
Paraquat 1/2X 6 6 23
Paraquat 1/4X 8 7 20

LSD (0.05) 3 1 17

T Visual control ratings 1 = dead; 3 = 75% dead; 5 = 50% dead; 7 = 25% dead;
9 = slight injury; and 10 = no injury.
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‘Highlander’ eastern gamagrass [Tripsacum dactyloides (L.) L.] is a native warm-season
perennial bunchgrass with potential for use as a forage crop in the southeastern United States.
Sustainable production and stand longevity are influenced by cutting management and N
fertilization. The USDA-Natural Resources Conservation Service, Jamie L. Whitten Plant
Materials Center, and Mississippi State University conducted studies to determine management
recommendations for long-term sustainable production of ‘Highlander’ eastern gamagrass in the
upper southeastern United States. A 45-day clipping frequency produced higher yields with
similar quality as a 30-day clipping frequency. Stands declined significantly under a 30-day
clipping frequency, while stands of a 45-day clipping frequency persisted and produced a three-
year average yield of 6 tons/acre. Nitrogen fertilization experiments on silt loam and clay soils in
northern Mississippi found 120 and 240 Ib N/acre/season, applied in three equal applications of
40 and 80 Ib/acre, produced season total yields of 4 and 6 tons/acre, respectively. Crude protein
(CP) ranged from 6 to 10% with 40 Ib/acre/application and 7 to 12% with 80 1b/acre/application.
‘Highlander’ harvested on a 45-day harvest frequency produced higher yields and similar quality
as a ‘Tifton 44’ bermudagrass [Cynodon dactylon (L.) Pers.] harvested on a 30-day frequency.
Silage yields of ‘Highlander’ exceeded those of corn (Zea mays L.) varieties by 61% (tons/acre =
23 vs.14), but digestibility of corn was 16 percentage units higher (in vitro true digestible = 75
vs. 59).

Forage Yield and Quality of Eastern Gamagrass with

Increasing Rates of Nitrogen Fertilizer
Paul R. Salon® and Jerry H. Cherney?
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Eastern gamagrass, Tripsacum dactyloides (L.), requires two growing seasons to achieve
good establishment and economic yield. This study investigates the effects of five levels of
nitrogen (0 to 224 kg/ha) on forage yield and quality during the establishment period. The study
was conducted in Corning, New York, on a Unadilla silt loam soil. The “Pete” eastern gamagrass
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was planted on 5/21/91 after a two-month stratification period using a corn planter with a 76 cm
row spacing at 3.8 kg/ha pure live seed. There were five nitrogen treatments: 0, 56, 112, 168, and
224 kg/ha nitrogen applied using ammonium nitrate. During the establishment year, the nitrogen
was applied at a one-half rate on 8/1/91. The full rates were applied on 5/26/92, 5/24/93, and
5/19/94. The fertilizer treatments were applied to plots 3.0 meters (4 rows) by 3.0 meters with
five replications. The dry matter yields were taken from a 1.5 meter section of a center row from
each of the plots. In 1992, the average dry matter yields were relatively consistent above the 112
kg/ha nitrogen treatment. In 1992, the yields for the 0, 56, 112, 168, and 224 kg/ha nitrogen rates
were 6.0, 6.5, 9.2, 7.8, and 9.4 Mg/ha, respectively, from a single harvest on 9/18/92. In 1993,
three harvests were conducted on 6/10/93, 7/27/93, and 10/1/93; there was a yield response for
the 224 kg/ha nitrogen rates. The average total yields for the 0, 56, 112, 168, and 224 kg/ha
nitrogen rates were 5.5, 6.5, 6.5, 6.5, and 8.3 Mg/ha, respectively. In 1994, two harvests were
conducted on 6/17/94 and 8/11/94. The average total yields for the 0, 56, 112, 168, and 224
kg/ha nitrogen rates were 5.1, 6.7, 7.4, 8.4, and 7.6 Mg/ha, respectively. The crude protein (CP),
in vitro true digestibility, neutral detergent fiber (NDF), digestible NDF, acid detergent fiber
(ADF), and lignin were measured for all three cuttings for all fertilizer treatments in 1993. In
1993, the 168 kg/ha nitrogen treatment had the following forage quality. First cutting values
were 178, 815, 647, 714, 288, and 26 g/kg, respectively. For the second cut, they were 106, 687,
678, 537,327, and 39 g/kg, respectively. For the third cut, they were 141, 752, 666, 628, 277,
and 32 g/kg, respectively. The first cutting had the highest forage quality. There was a trend for
higher digestibility and CP and lower NDF and ADF with increasing rates of nitrogen. For the
first cutting, there were significantly higher CP levels at the 168 and 224 kg/ha rates than the 0
and 56 kg/ha nitrogen rate with CP means of 176 g/kg and 155 g/kg, respectively. The forage
quality of the second cutting was reduced due to the later-than-optimum harvest interval. The
third cutting, although harvested late, had an intermediate forage quality analysis.

Yield of Four Warm-Season Grasses and Post-Frost

Losses Due to Weathering
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Abstract

Grasses provide quick carbon accumulation via photosynthesis, without tying up
agricultural land for significant periods of time. The biomass produced from grass can be utilized
as a biofuel, either through direct combustion or as a precursor to syn-gas. Utilities often fault the
use of grass hay in generation facilities because of the high silica and potassium content. Species
used in this study were assessed for yield, yield loss post-frost, ash content, and mineral
components. The species were Miscanthus floridulus (giant maidengrass), Panicum virgatum
(switchgrass), Pennisetum purpurea (elephantgrass), and Sorghum bicolor (sorghum-
sudangrass). Plants were established by appropriate means and maintained to maximize yield. At
the end of each growing season, subplots of the yield trial were cut, dried, and loosely bundled.
Bundles were exposed to ambient conditions. At four-week intervals, from December to April,
samples were taken for analysis. Yield data indicated that the three perennial species yielded
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approximately three times more than sorghum-sudangrass. Of the four species tested,
elephantgrass yielded the greatest during the first year of the study, but plots suffered severe
damage from single-digit temperatures during the intervening winter. Ash analysis indicated that
elephantgrass and sorghum-sudangrass had the greatest total ash and the highest potassium
concentrations. Yield losses during the first 30-day period ranged from 30 to 40% depending on
species. Most of the yield loss was due to significant loss of leaf material. Of the four species
tested, switchgrass would be the best choice because of its relative ease of establishment coupled
with its lower innate ash and potassium content.

Introduction

Grasses, especially warm-season C4 grasses, offer an abundant source of CO,-neutral
energy. Biomass yields of 7 to 12 T/A have been reported from several grass species with a
corresponding potential energy value of 185 GJ (175.5 MBtu) for 11 tons of switchgrass
(Samson et al., 2004). Frost-killed biomass can be removed from the field without damaging
potential spring regrowth. This is part of a larger study looking to utilize cultured biomass to
generate ethanol via fermentation of syn-gas from the pyrolysis. In addition to the carbon status,
grasses have additional advantages over fossil fuels. Compared to the fossil fuels, grass biomass
is lower in ash, heavy metals, and sulfur, and it utilizes land already in production without
necessitating the reclamation and restoration of large tracts of mined land (Turn et al., 2002).
However, grass is not a panacea. Oil and natural gas are generally low in ash, while coal can
have varying ash concentrations but is generally considered to be low in potassium. Here lies one
of the biggest problems with biomass, especially grass. Grass hay, relative to fossil fuel, is
relatively high in potassium (Turn et al., 2002). Furnaces used to burn biomass typically utilize
technology known as a fluidized bed. In this arrangement, ceramic spheres are preheated to a
combustion or pyrolysis temperature before the biofuel is introduced. These spheres allow for
more uniform consumption of the fuel. Normally, the ash from the fuel would be vibrated
through the fluidized bed and out the bottom. Introduction of grass as a fuel introduces a
significant source of potassium (or sodium) to the ash composition. The introduction of
potassium to an ash composed primarily of silica causes the silica to melt at much lower
temperatures than without potassium. Three percent potassium introduced to a primarily silica
ash causes the melting point of that ash to go from 1700°C to as low as 600°C (Sander, 1997).
Once the ash liquefies, removal is difficult, and if the furnace cools, the slag solidifies into a
solid vitreous mass. In an attempt to ameliorate this problem with grass hay, we looked at in-
field weathering as an attempt to reduce the potassium concentration in standing hay.
Weathering, however, is expected to reduce potential yield as well. This study was undertaken to
determine yield of adapted grass species and to determine the effect weathering would have on
final yield, ash concentration, and ash composition.

Materials and Methods

Based on a three-year average yield of 10 species grown in Mississippi, we narrowed the
species for this test to the four with the highest annual biomass yield. These four were
Miscanthus floridulus (MISFO, giant maidengrass; sterile exotic perennial), Panicum virgatum
(PANVI, switchgrass; seeded native perennial), Pennisetum purpurea (PESPU, elephantgrass;
fertile exotic weak perennial), and Sorghum bicolor (SORVU, sorghum-sudangrass; domestic
seeded annual). In November of 2002 and 2003, 15 bundles of each of the four species were cut
from the field, dried until no further weight loss was measured, and weighed. Weight of each
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bundle was recorded, and bundles were tagged with an aluminum identifying tag. Each bundle
was loosely bound and placed outside in a galvanized steel stand on a concrete pad. In 30-day
increments, three bundles (representing replications) of each of the four species were removed
from the stand, dried, and re-weighed, and the entire sample was ground for analysis. This
process was repeated each month from December through April. Ground samples were analyzed
for caloric value and total ash. Ash was analyzed for calcium, magnesium, phosphorous, sulfur,
and potassium. Differences were determined by Proc GLM at a significance level of 0.05 (SAS,
1999).

Results and Discussion
Yield Accumulation

The larger study upon which this is based utilized harvest regimes as a factor in its
analysis. Yields were obtained from a two-harvest per season regime or a single harvest at the
end of the growing season. For all the species mentioned in this test, two 90-day harvests yielded
the same or greater than the same species under a single 180-day harvest (P = 0.046). Analysis of
the yields of the four species over two years indicated an interaction between species and year. In
2002, PESPU had yields from the 180-day harvest of 13.2 T/A; in 2003, the same species
yielded only 5.2 T/A under the same harvest regime. Single-digit temperature during the
intervening winter caused extensive damage to the crowns, causing the extreme drop in yield in
2003. During the same period of time, winter-hardy MISFO and PANVI expanded their
respective crowns as individual crown size increased. Yields of these two species increased
dramatically from the prior year. Based on these data, while PESPU may produce exceedingly
high yields in some years at Starkville, Mississippi, the potential exists for significant winter-kill.
PANVI and MISFO are reliably hardy at this location, producing mean yields of 10.5 and 8 T/A,
respectively.

Yield Loss Due to Weathering

Measurements of weight loss in the bundles that were stored outside from November
until the following April indicate substantial losses occurring during this time period. Within the
first 30-day period, mean yield losses for MISFO and PANVI were 30%, while mean losses for
PESPU and SORVU were recorded at 40% during the same time period (P = 0.019). Although
yield losses continued to accumulate for the remaining months of the weathering study, a 30%
loss was considered economically marginal and a 40% loss unacceptable. By April of the
following year, losses approached 70% for SORVU, 63% for PESPU, 57% for PANVI, and 49%
for MISFO. Based on these findings, it was determined that harvest could not be delayed greater
than 30 days past frost.

Percentage Total Ash as Affected by Weathering

After assessing weight loss, entire bundles were hammer-milled, then ground further to
be ashed for analysis. The ground samples were used for estimates of total ash, and the ash was
further analyzed for its components. We focused on calcium, magnesium, phosphorous, sulfur,
and potassium. At harvest, overall ash content appears slightly elevated relative to other reports.
This may be attributed to a dirt road in close proximity to the test “dusting” the plants as traffic
passed. Samples from the November harvest indicated that the two species that are typified by
broad leaves and spongy stalks had the highest ash. November samples from SORVU and
PESPU were 10.1 and 9.88% total ash, respectively. Contrastingly, PANVI and MISFO for the
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same time period had total ash values of 5.1% and 7.5%, respectively. Thirty days of weathering
reduced total ash levels in all the species except PESPU, with SORVU showing the greatest
reduction during that time period (- 44%). Weathering over time caused all species to lose ash,
with three of the four species leveling off by January (60 days after harvest) and PESPU
continuing to decrease in total ash until April.

Components of Ash

Calcium, magnesium, phosphorous, sulfur, and potassium were monitored because of
their relative significance to plant growth (phosphorous, potassium, calcium, and magnesium),
their potential as a pollutant (sulfur), and their ability to cause slagging (potassium). While the
components of ash were monitored throughout the five-month duration of the test, the amount of
biomass loss that had occurred during the first 30-day weathering period made later (> 30 day)
analysis of these minerals moot.

At harvest, MISFO (0.73%) had higher levels of calcium (P = 0.005 ) than the other three
species (0.55%) in the test. None of the species lost measurable amounts of calcium nor
magnesium during the entire five-month duration of the test. When we look at phosphorous at
harvest, PESPU and SORVU have higher levels than MISFO and PANVI (0.29% for both
PESPU and SORVU versus 0.12 and 0.11% for MISFO and PANVI, respectively (P = 0.001).

Of the four species, only PESPU and PANVI lost measurable quantities of phosphorous
during the first 30-day period. PESPU dropped from 0.29 to 0.15%, and PANVI dropped from
0.11 to 0.08%. It should be noted that although phosphorous levels in PESPU dropped by half in
the first 30 days of weathering, the final percentage (0.15%) is still higher than the unweathered
value for PANVI (0.11%).

The sulfur levels in these species were low with respect to coal. Values for low-sulfur
coal typically run at 0.5% (Turn et al. 2002). Sulfur content of these grasses are one-tenth the
value of low-sulfur coal. With the exception of PANVI, sulfur percentages did not decrease over
the five-month duration of the test. For PANVI, sulfur percentages did decrease, and they did so
in the first 30-day weathering period (P = 0.049), going from 0.06 to 0.04%.

The effect of potassium levels on slagging and fouling of generation facilities is
undisputable. However, the extent to which the potassium levels in grasses are causing this
problem can be addressed. Two of the four species, PESPU and SORVU, were relatively high in
potassium at harvest (1.0 and 1.2%, respectively), while MISFO and PANVI were lower at
harvest (0.4 and 0.3%, respectively; P = 0.001). All four species recorded large drops in
potassium percentages after 30 days of weathering (P = 0.005). During the first 30-day
weathering, potassium levels in all species dropped by half or more. However, a 50% drop in
SORVU means that the weathered material still contains 0.68% potassium, while the same drop
in PANVI results in 0.14% potassium in the ash.

The ash analysis has focused on making the biomass more acceptable to the biofuel
facility; however, it must be pointed out that losses of these minerals due to weathering in a field
situation reflect a return of these same minerals to the soil profile. Minerals such as phosphorous
and potassium are macro-nutrients and fertilizers important for maximizing plant growth. Based
on the mean yield of PANVI (13 T/A) in this test and the percentage potassium taken up in the
unweathered material, removal of unweathered material to a co-fire facility represents a removal
of 78 1b/A of elemental potassium which must be replaced by fertilizer application. For SORVU,
this is 140 1b/A, and with maximum yields of PESPU (18 T/A), we are looking at a potential
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removal of 360 Ib/A potassium. A 30-day weathering period means that roughly one half of the
potassium can be returned to the soil instead of being shipped to the power plant.

Caloric Value of the Biomass

When we tested the 10 species from the original study, we found that caloric values of all
the grasses were relatively close, between 3,800 and 4,150 calories per gram of dry material.
Upon closer investigation with these four, there are observable differences in energy potential.
Under a single-cut regime, SORVU and PESPU at 3,921 and 3,860 cal/gm, respectively, have
lower caloric values when burned than either MISFO or PANVI (4,123 and 4,171 respectively; P
=0.032). In looking at the stems of SORVU and PESPU versus those of MISFO and PANVI,
one will notice that the stems of the former two are true stalks (filled with spongy pith), while the
stems of the latter two are true culms (hollow stems with thickened walls). The differences in
energy value probably come from the lignification and increased density of these culms. The
caloric differences between the species may seem small, but when they are converted to calories
per acre based on tons of dry matter, we see very large differences. In a comparison of SORVU
(low caloric value with low tonnage) with PANVI (highest caloric value with moderate tonnage),
we see that SORVU has the potential to produce 2.49 x 10'° calories/A and PANVI double that,
at 4.92 x 10'° calories/A.

Other Considerations

If biomass/biofuel is to become successful, the fields that produce the crops must be
relatively easy to establish using equipment a producer would already have. Propagation of each
of these grasses differs. MISFO is sterile, a triploid, so produces no viable seed. Fields of MISFO
are established by dividing crowns of existing plants, an extremely labor-intensive process.
According to the NRCS (2004), PESPU has variable seed fertility, and most seed that is
produced is usually of poor quality. In this study, we established PESPU from a single clone. As
most grasses are obligate out-crossers, propagating from a single clone means that seed set will
be further reduced. Worldwide, most pastures of PESPU are established from sprigs or cuttings.
As with other vegetatively propagated species, establishing large acreage is extremely labor-
intensive. Establishment questions coupled with the fact that in north-central Mississippi, PESPU
is susceptible to winter-kill makes it an unlikely candidate for continued use in spite of the high
tonnages.

Both PANVI and SORVU are propagated via seed, which makes them easier to establish
with conventional farm equipment. However, since SORVU is an annual, it would have to be
replanted each spring. Even though establishment of PANVI is extremely slow, it does establish.
Being perennial in nature means that the field will reestablish year after year. PANVI is native to
North America, making it more ecologically desirable than introduced species.

Conclusions

Based on consistent yield potential, winter-hardiness, lower yield losses during
weathering, low innate ash content (especially potassium), high energy value, the fact that it is
seed propagated, and has a perennial growth habit, PANVI is the clear choice for planting and
production of biomass for fuel.
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Abstract

Switchgrass (Panicum virgatum L.) is a warm-season C4 perennial grass common to the
Great Plains of North America. As a species, switchgrass has been grown for greater than 50
years as forage and also been used in prairie restoration projects. Recent events in the energy
markets have forced federal and state governments to look at high-yielding grasses as a source of
carbon dioxide-neutral energy. However, many of the native grasses of North America are
known to be extremely slow to establish due to low germination rates and slow seedling growth.
In this study, switchgrass was established under a nurse-crop of sorghum-sudangrass. The
sorghum-sudangrass provides a quick source of biomass during the establishment year, with the
switchgrass providing subsequent biomass yields. The field was established as a split-plot. Main
plots were sorghum harvest regime. Subplots were sorghum seeding densities. Varying sorghum-
sudangrass densities were used to determine their effect on switchgrass establishment.
Population counts and yield data were obtained each year. Initial stand counts indicated a strong
effect of sorghum-sudangrass density. After the first year, populations of individual switchgrass
crowns decreased from their initial levels. Yields and populations are still being monitored.
Eighteen months after establishment, there was no observable effect of the sorghum/sudangrass
treatment on number of crowns per acre. Regardless of original treatment, mean crown density
was 57K/acre. By fall of 2003 (30 months after establishment), differences in yield due to
original treatment also disappeared.
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Introduction

Gasification and fermentation of syn-gas is being investigated to determine its potential
for use as a source of ethanol. In this process, pyrolysis of biomass yields carbon dioxide, carbon
monoxide, and hydrogen, which can be converted by anaerobic bacteria to the ethanol.
Switchgrass has been shown by researchers in the Great Plains, Texas, and Georgia to be a
reliable source of biomass for the gasification process. However, there are some substantial
problems with using switchgrass as a crop for biomass. Most notably, switchgrass from seed is
notoriously slow to germinate and establish. Baldwin and Cossar (2002) determined that a
midsummer planting of switchgrass that was maintained free of other grasses yielded only 100
Ib/A of biomass by the end of the season. Because switchgrass typically takes a year to establish,
producers who convert to biomass production receive no revenue from land devoted to
switchgrass during the first (establishment) year. In addition to financial loss, invasion of weedy
grass species during the establishment year affects the overall switchgrass population (Roth and
Curran, 1998). That being said, a nurse-crop could provide some revenue during the
establishment year (Hintz et al. 1998).

Sorghum-sudangrass was chosen as the nurse-crop because, like switchgrass, it is tolerant
to atrazine and simazine. It is also recognized as a biomass crop that establishes well even under
adverse conditions. Additionally, because of its annual growth habit, there is a definite
termination of growth, meaning switchgrass alone will dominate the field next spring.

The main objectives of this study were to determine how a nurse-crop of sorghum-
sudangrass affects the yield and density of a stand of switchgrass plant with it and to optimize
the seeding rate of sorghum-sudangrass to minimize its effect on the subsequent crop of
switchgrass.

Materials and Methods

This study consisted of three fields, each immediately adjacent to one another. The
original field was established August 8, 2001, and irrigated with one inch of water a week until
established. Each year in spring and again in fall, population counts were made, and during the
fall yields were calculated. This field has been monitored for four years. The two remaining
fields were established on April 16, 2003. Soil moisture was sufficient as not to require
irrigation. The two new fields were established as a split plot, and each mimicked the original
test. Sorghum-sudangrass seed at varying rates was planted with a fixed rate of switchgrass seed.
Main plot treatments were the sorghum removal. In one-half of the test, the sorghum was
allowed to grow full season and then cut only at the end of the season. In the second half of the
test, sorghum was removed twice, once in August and again at the end of the season. Subplots
consisted of varying the sorghum seeding rate. This was composed of five treatments: 5, 3, 2, 1,
and 0 sorghum-sudangrass per linear foot of row (each with switchgrass ‘Alamo’ at a fixed
planting rate of 10 Ib PLS/A).

Before planting, the vegetation in the fields was burned down using 1 qt/A of paraquat,
followed by conventional discing and harrowing. Immediately following planting, 1 1b/A of
atrazine was applied over-the-top and irrigated in. After germination, the first seedling counts
were made. The fall 2003 counts were mistakenly not taken. The following March, winter
annuals were burned down with paraquat followed with a 1 qt/A application of pendamethelin to
control spring weed germination. At this time, 300 1b/A of ammonium nitrate was applied to
stimulate switchgrass growth. As appropriate, the sorghum-sudangrass was cut from the field,
sorghum weights were taken, and the number of switchgrass plants counted. All switchgrass
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seedlings in the 2003 fields were counted the first week in August, which coincides with the first
sorghum cut on the two-cut part of the field. The next data collected were taken in spring 2004.
During this growing season, there was no sorghum-sudangrass emergence, except for a few
sporadic volunteers. The number of switchgrass plants surviving the winter was counted and
recorded (spring 2004). After the switchgrass matured, the biomass was harvested from all fields.
Yield was calculated, and the number of switchgrass crowns was also counted.

Results and Discussion
Sorghum-Sudangrass Yields

Data from the sorghum harvests of the 2003 fields and in other adjacent fields indicated
that yield was unaffected by planting date (spring versus midsummer) or harvest regime (one or
two cuts/season). Whether the sorghum-sudangrass was cut once, during midsummer and again
at the end of the season, or just at the end of the season, the maximum mean yield of the
sorghum-sudangrass was 7.1 to 7.5 T/A (P = 0.032). However, seeding rate of the sorghum-
sudangrass did affect its yield (P = 0.047). Sorghum established at a density of 5 seed/linear foot
row had a mean biomass yield of 7.5 T/A; under 3 seed/linear foot row, 7.1 T/A; under 2
seed/linear foot row, 6.1 T/A; and 3.4 T/A with 1 seed/linear foot row. Of course, no sorghum-
sudangrass was harvested from the 0 seed plots. With regard to biomass production from
sorghum-sudangrass, 5 and 3 seed/linear foot row yielded more that a single seed/linear foot row
(with yield from two seed plots falling into both groups).

Switchgrass Yields

In the original test, established during the summer of 2001, yields of the switchgrass plots
that established under the 5 sorghum seed/linear foot row treatment show a definite suppression
of yield that persists for three years (Table 1). By the fourth year of the test, 2004, there are no
observable differences due to the original sorghum seed density treatment (P = 0.58). The yield
data from 2004 original test (Table 1) would indicate that this field seems to be in decline
(especially the yields of the 0 sorghum seed plots). Mean yields from this field are between 3.7
and 5.9 T/A; we expect 8 to 10 T/A. However, this field was flooded three times this summer in
flash floods. The adjacent fields (2003 fields) also yielded lower than expected. The reduction in
yield may be a function of the year itself. Soil testing is under way to determine if sufficient
nitrogen and potassium levels exist after the flooding.

Table 1. Yields of switchgrass from the original field (planted 2001) followed over four
years.

Yield (Tons/A)

Original Sorghum
Seed Density

(seed/linear ft row) 2001 2002 2003 2004
5 2.6 3.6 5.6 5.8
3 5.0 4.9 8.0 4.8
2 7.0 7.0 8.7 4.7
1 5.2 5.2 7.9 5.9

o

10.6 10.6 7.7 3.7
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For the new field (established 2003), 2004 represents the first year of switchgrass harvest.
Comparing the main plot effect (removal of sorghum-sudangrass), there was a difference in yield
between the plots that had the sorghum removed twice during the previous growing season
versus the one-time removal at the end of the season. The yield of the switchgrass grown under
the twice-removed sorghum-sudangrass was, on average, 0.75 T/A higher than under the other
treatment (P = 0.031). Further evaluation showed no difference in switchgrass yield due to
sorghum seed density (P = 0.056). As mentioned earlier, yields from this test were lower than
expected, even for first-year switchgrass growth.

Table 2. 2004 yields of switchgrass under a one-cut and two-cut removal of
sorghum-sudangrass during the establishment year (2003).

Switchgrass Yield (Tons/A)
Original Sorghum  Sorghum Removed Twice Sorghum Removed Once

Seed Density During the Growing During the Growing
(seed/linear ft Season Season
row)

5 3.1 2.0

3 2.5 2.0

2 3.2 1.8

1 2.8 2.3

0 2.5 2.3

Crown Counts

To determine the number of plants that contributed to the switchgrass yield, crown counts
were taken immediately after removal of the biomass. In the original test (established Aug.
2001), after the four weeks of growth, the number of switchgrass seedlings was highest under
two sorghum plants per foot (1.02 M plts/A). However, just two months later (fall 2001), the
highest numbers of switchgrass seedlings were observed where the sorghum was planted in the
lowest densities. In spring 2002, again the greatest number of seedlings was observed under the
treatment of 2 sorghum seed, and by fall 2002, the number of switchgrass plants was highest in
the 0-seed treatment and lowest in the 5-seed treatment. By fall 2003, differences in plant
number observed in the original test due to sorghum seed density had disappeared (P = 0.52).
However, with the fall 2004 counts, differences in crown number were observed but only
between the 5 and 0 sorghum seed density plots (P = 0.033).

Crown counts from the field established in 2003 taken in August indicate no differences
between the switchgrass populations due to sorghum removal regime. The same counts indicate
that sorghum seed density affects switchgrass establishment equally in the two halves of this test.
We would have expected this because the two halves of the field were treated equally up to this
point (when first removal of sorghum was made on the two-cut main plot). Analysis within
seeding treatment shows a greater number of switchgrass seedlings under 2, 1, or 0 sorghum seed
density as compared to under 5 or 3 seed/linear foot row. The fall 2003 counts were missed, but
by the spring of 2004, the populations of the 2003 test were similar to those recorded in 2002 of
the original test. This is not surprising, as by this time, the 2003 test had undergone one full year
of growth. Comparisons of population numbers between the two halves of the 2003 test made in
spring 2004 indicate higher populations of switchgrass established under the sorghum regime
that was cut twice (~ 45,000 plants) than under the part that was cut once (~15,000; P = 0.004).
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This is not surprising. Twice removal of the sorghum nurse-crop biomass allowed light to reach
the ground during the August cut, which subsequently allowed new seedlings to germinate.
Counts made in fall of 2004 show that the difference in switchgrass populations observed in
spring 2004 had disappeared. Both groups, regardless of sorghum removal regime, had an equal
number of plants. It is interesting to note that this result indicates that in the sorghum plots
removed once, populations increased from spring 2004 (with the exception of the 0 sorghum
plots), and in the sorghum plots removed twice, populations declined. There is significance in the
identical behavior of the 0 sorghum seed plots. Such similar behavior verifies the uniformity of
the field.

Conclusions

Based on these observations, it may be concluded that sorghum can be used as a nurse-
crop for sorghum-sudangrass under a two-cut system since mean yield of the two-cut system is
0.75 T/A greater than the one-cut regime. If the one-cut system is necessary, the recommended
seeding rate is two or three sorghum seed/linear foot row. The reason we recommend two to
three sorghum seed is to obtain sufficiently high tonnages of sorghum during the establishment
year while minimizing the effect on the subsequent switchgrass crop. Switchgrass mortality rates
calculated on each test indicate that 10 Ib/A seeding rate is too high. Yields of the new test show
no differences due to sorghum regime or sorghum seed density. This is not what was found in the
original test where high sorghum seed density caused depression of yield in the subsequent
switchgrass crop.
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Abstract

Reducing the net global warming potential (GWP) of energy use is a major factor driving
interest in biofuels. Bioenergy cropping systems vary in contribution to the GWP due to the crop
yield and resulting quantity of fossil fuels displaced, quantity and quality of C added to the soil,
feedstock conversion efficiency, N,O emissions, N use efficiency, and inputs required for crop
production and operation of farm machinery. The objective of the study was to use DAYCENT
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to model the net greenhouse gas (GHG) emissions of bioenergy cropping systems (corn,
soybeans, alfalfa, switchgrass, and hybrid poplar) in Pennsylvania for inclusion in a full C cycle
analysis. The quantity of displaced fossil fuel was the largest GHG sink. Soil C sequestration
was the second largest GHG sink. Although crops with higher soil C inputs, such as switchgrass
and hybrid poplar, will have higher equilibrium soil C levels, the change in system C will
approach zero in the long term. N,O emissions were the largest GHG source. When the credit for
the amount of fossil fuel displaced was not taken into account and soil C storage was assumed to
have reached its maximum capacity, switchgrass and hybrid poplar were the only cropping
systems to remain a sink for GHGs. Therefore, use of switchgrass and hybrid poplar for
production of biofuels has the potential to be GHG neutral and may even be a long-term sink for
GHGs.

Introduction

Changes in land use and combustion of fossil fuels have been the largest human impacts
on the global C cycle (Janzen 2004). Burning fossil fuels has added tremendous quantities of
CO; to the atmosphere; > 400 times the Earth’s current net primary productivity were required to
produce the quantity of fossil fuels burned in 1997 (Dukes 2003). Reducing the net global
warming potential (GWP) of energy use is a major factor driving interest in biofuels. The main
components of GWP from crop production are N,O emissions, soil CO, fluxes, CO,—C
emissions associated with agricultural inputs and farm equipment operation, and CHy fluxes (Del
Grosso et al. 2001a; West and Marland 2002). Bioenergy cropping systems vary in contribution
to the net greenhouse gas (GHG) production due to the crop yield and resulting quantity of fossil
fuels displaced, quantity and quality of C added to the soil, feedstock conversion efficiency, N,O
emissions, N use efficiency, and inputs required for production and operation of farm machinery.
Several studies have evaluated the energy balance (Shapouri et al. 2002) and GWP (Heller et al.
2003; McLaughlin et al. 2002; Sheehan et al. 1998; Sheehan et al. 2004; Updegraff et al. 2004)
of specific bioenergy crops, but there is limited information comparing a range of crops (Kim
and Dale 2004). Cropping system practices, such as tillage, plant life cycle, and N fertilizer use,
have a significant impact on GHG emissions and their integrated impact has not been evaluated
in previous studies. DAYCENT can integrate climate, soil properties, and land use (Del Grosso
et al. 2001a) and can dynamically evaluate the impact of cropping systems on crop production,
soil C, and trace gas fluxes, factors critical to conducting a full C cycle analysis of bioenergy
cropping systems. Our objective was to use DAYCENT to model the net greenhouse gas fluxes
of bioenergy cropping systems in Pennsylvania for inclusion in a full C cycle analysis.

Materials and Methods

DAYCENT is the daily time step version of the CENTURY (Parton et al. 1994)
biogeochemical model. DAYCENT (Del Grosso et al. 2001a; Parton et al. 1998) simulates fluxes
of carbon (C) and nitrogen (N) between the atmosphere, crops, and soil. From climate (daily
maximum and minimum air temperature, precipitation), soil texture class, and land use inputs,
DAYCENT simulates crop production, SOM changes, and trace gas fluxes. Key submodels
include soil water content and temperature by layer, plant production and allocation of NPP,
decomposition of litter and soil organic matter, mineralization of nutrients, N gas emissions from
nitrification and denitrification, and CHy4 oxidation in nonsaturated soils. Flows of C and N
between the different pools are controlled by the size of the pools, C/N and lignin content of
material, and abiotic water/temperature controls. The land surface submodel used in DAYCENT
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simulates soil water content and temperature by layer (Parton et al. 1998). The ability of
DAYCENT to simulate NPP, SOC, N,O emissions, NO3 leaching, and CH4 oxidation has been
tested with data from various native and managed systems (Del Grosso et al. 2001b; 2002; in
press). Simulated and observed grain yields for major cropping systems in North America agreed
well with data at both the site and regional levels (Del Grosso et al. in press). The CHy4 oxidation
submodel correctly simulated the high uptake rates observed in deciduous forests, the
intermediate rates observed in coniferous and tropical forests and grasslands, and the low uptake
rates observed in cultivated soils (Del Gross et al. 2000). N,O emission data from eight cropped
sites and NOjs leaching data from three cropped sites showed reasonable model performance (Del
Grosso et al. in press).

Simulations of net greenhouse gas emissions using DAYCENT were performed for the
following bioenergy crops: corn (Zea mays L.), soybeans (Glycine max Merr.), alfalfa (Medicago
sativa L.), switchgrass (Panicum virgatum L.), and hybrid poplar (Populus spp.) grown in
Pennsylvania. Four bioenergy cropping systems were compared: 1) switchgrass, 2) cornesoybean
rotation (2 years of corn followed by 1 year of soybeans), 3) cornesoybeanealfalfa rotation (3
years of corn, 1 year of soybeans, followed by 4 years of alfalfa), and 4) hybrid poplar.
Conventional and no tillage were compared within the cornesoybean and cornesoybean-alfalfa
rotations. All simulations were for 24 years except hybrid poplar, which was for 30 years since
the harvest cycle is 10 years.

Daily weather and soil properties for Pennsylvania were obtained from the Erosion-
Productivity Impact Calculator (EPIC, Sharpley and Williams 1990). Soil physical properties
needed for model inputs were calculated from texture class and the hydraulic properties
calculator (http://www.bsyse.wsu.edu/saxton/soilwater/) of Saxton et al. (1986). Land use
parameters were defined for each crop, including crop growth dynamics, N application rate,
harvest schedule, and tillage. DAYCENT was calibrated using 10-year averages from
agricultural statistics in Centre County, Pennsylvania, for corn, soybeans, and alfalfa (USDA-
National Agricultural Statistics Service. 2004) and switchgrass and hybrid poplar yields from
Walsh et al. (2003). To minimize erosion and maintain tolerable soil loss limits (Nelson 2002;
Sheehan et al. 2004), only 50% of the corn stover was harvested for biofuel. Production
parameters for management of alfalfa as a biofuel were based on Lamb et al. (2003). Only alfalfa
stems were used for production of biofuel, while leaves were assumed separated for use as a
protein source. The quantity of alfalfa biomass for use as biofuel was calculated by multiplying
the yield from DAYCENT by 0.5, since alfalfa stems account for about 50% of total alfalfa
biomass when it is managed as a biofuel crop (Lamb et al. 2003). Nitrogen fertilizer application
rates were 13 g N m™ yr' for corn, 10 g N m™ yr' for switchgrass, and 8.4 g N m™ in years 3, 5,
7, and 9 for hybrid poplar. Corn, soybeans, and switchgrass were harvested in the fall annually.
Alfalfa was harvested twice annually in late June and September. Hybrid poplar was harvested
once every 10 years.

Model outputs are sensitive to current SOC levels, which in turn are influenced by
previous vegetation cover and land management. To acquire reasonable modern SOC levels,
1,700 years of native vegetation followed by plow out and 300 years of cropping were simulated.
Native vegetation was assumed to be the potential vegetation from VEMAP (1995) analysis.
Plow out was assumed to occur in the year 1700. Historically accurate cropping systems were
simulated, and improved cultivars and fertilizer applications were introduced at appropriate
times. The simulations of the different biofuel systems all used identical initial conditions that
included the legacy effects of 300 years of conventional tillage cropping.
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Output from DAYCENT was compiled for above- and belowground net primary
productivity and grain yields, SOC changes, and trace gas fluxes. Net greenhouse gas (GHGy)
emissions were calculated as: GHGnet = (‘Cdisplaced fossil fuel) + (‘Acsystem) + (icfeedstock conversion) +
Cn,0 T CN fertilizer T Cag. machinerys where the sinks were the amount of fossil fuel displaced by

ethanol or biodiesel (Cgisplaced fossil fuel) and the change in soil organic carbon (SOC) and
belowground biomass C (ACgysiem), and the sources were the amount of CO, equivalents emitted
from fossil fuels used in feedstock transport to the biorefinery, conversion to biofuel, and
subsequent distribution (£Cfeedstock conversion; POSitive or negative values result depending on size of
electricity credit at the biorefinery), CO, equivalents of N>O emissions (Cn,0), CO, emission

from N fertilizer manufacture (Cx fertilizer), @and fuel used by agricultural machinery for tillage,
planting, fertilizer/pesticide application, harvesting, and drying corn grain (Cag. machinery)-

The parameters for GHG,,; were either from DAYCENT output or calculated as
described below. DAYCENT outputs were used to determine Cgisplaced fossil fuels ACsystem, and CN20

for the GHG, calculation. All DAYCENT outputs were presented as annual means over the
entire simulation period. The ethanol yield was determined by multiplying the aboveground
biomass or grain yield by the theoretical ethanol yield (U.S. Department of Energy 2004).
Biodiesel is produced from soybean; biodiesel yield was determined from the product of about
0.6 L biodiesel kg biomass C and the soybean grain yield. The quantity of fossil fuel displaced
by biofuel (Clisplaced fossil fuet) Was calculated from the product of biofuel yield from the bioenergy
crops and the fuel economy ratio of fossil fuel to biofuel [fuel economy values are from Sheehan
et al. 2004 (6.75 km L™ ethanol/10.3 km L™ gasoline) and based on Sheehan et al. 1998 (0.146 L
diesel bhp-h™'/0.179 L biodiesel bhp-h™)]. The quantity of GHGs from the life cycle of fossil fuel
displaced by biofuel was calculated from the product of the quantity of fossil fuel displaced by
biofuel and the total emissions of CO,, CH4, and N,O during the fossil fuel life cycle [based on
Sheehan et al. 2004 for gasoline (about 671g CO,-C equivalents will be emitted L™ gasoline
consumed or about 440g CO,-C equivalents will be displaced from gasoline L™ ethanol
consumed) and on Sheehan et al. 1998 for diesel (about 864g CO,-C equivalents will be emitted
L™ diesel consumed or about 705g CO,-C equivalents will be displaced from diesel L biodiesel
consumed)]. The ACsysiem Was the sum of change in SOC and belowground biomass C. The
Creedstock conversion Was determined from Sheehan et al. (2004); a value of -135.2 CO,-C equivalents
L™ ethanol produced at the biorefinery was calculated for corn stover and applied to the other
biomass sources and 293.3 CO,-C equivalents L! biofuel for grain. The CNZO was the mean sum

of annual N,O emissions over the simulation period. N,O emissions were converted to CO,
equivalents by assuming that its global warming potential is 310 times that of CO; on a mass
basis. The Cx fertilizer Was calculated from the product of N application rate and the C emissions
factor from the fossil fuel energy requirement of N fertilizer manufacture (857.54 kg C Mg N
fertilizer from West and Marland 2002). Using agricultural machinery management data
documented in the ASAE Machinery Management Standards (ASAE 2000), the Integrated Farm
System Model (IFSM) (Rotz 2004) was used to calculate fuel use for management practices,
Cag. machinery- IFSM allowed comparison of current energy use from agricultural machinery
between all farm operations under standardized conditions.

Results and Discussion
Crop Yield

Yields for the individual crops were switchgrass > hybrid poplar > corn grain plus 50%
stover > alfalfa stems > soybean grain (Table 1). The model calibration for corn, soybean, and
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alfalfa yields were based on Pennsylvania agricultural statistics (USDA-National Agricultural
Statistics Service 2004) and switchgrass and hybrid poplar on estimates from Walsh et al. (2003),
so yield results from DAYCENT were as expected. Yields for cropping systems were
switchgrass > hybrid poplar > cornesoybean rotation > cornesoybeanealfalfa rotation (Table 2).
Since soybean and alfalfa had lower yields than the other crops, their inclusion in the crop
rotation reduced overall yield of the cropping system. Biofuel production is directly related to
crop yield and composition. Based on composition, grain has a higher conversion efficiency per
unit weight than biomass. Since the composition between biomass sources is similar, ethanol
yield differences per unit weight are not great (U.S. Department of Energy 2004), and biomass
yield is the most important factor determining biofuel production from a cropping system. Only a
portion of biomass C is retained in the biofuel. In an ethanol conversion facility for corn stover,
about one-third of the biomass C is converted to ethanol; the remainder of biomass C was
emitted as combustion exhaust and fermentation-generated CO, (Sheehan et al. 2004). If this
CO; could be captured, the impact of biofuels on reducing GHG, would be even greater than
described below. Similar proportions of biomass C were converted to ethanol in this study. A
range of about 1,800 to 3,600L ethanol and biodiesel ha™' yr! were produced and 1,200 to
2,400L gasoline and diesel displaced (Table 2). The amount of fossil fuel displaced is a measure
of the energy security impacts of bioenergy cropping systems since it describes the quantity of
fossil fuels that can be replaced by biofuels.

Greenhouse Gas Sinks

The GHG sinks from bioenergy crop production are the amount of fossil fuel (e.g.,
gasoline and diesel) displaced by the biofuel (e.g., ethanol and biodiesel) produced and C
sequestered in the soil (ACysiem). Displaced fossil fuel (Caisplaced fossil fuel), @ function of crop yield
and biofuel conversion efficiency of the biomass source, was the largest GHG sink (Figure 1).
The quantity of Cgisplaced fossil fuel basically followed crop yield since there are only small
differences in conversion efficiency between biomass sources (U.S. Department of Energy
2004). The largest differences in conversion efficiency are between grain and biomass, > 20%
for corn grain and stover. System C (soil plus root C) was the second largest GHG sink (Figure
1). The ACqysiem Was calculated as the difference between initial and final system C levels. Crops
with higher soil C inputs, such as switchgrass and hybrid poplar, had higher equilibrium soil C
levels at the end of the simulation. In general, perennial crops are expected to have higher soil C
levels, and adding alfalfa to the cornesoybean rotation increased ACsysiem. As soil C levels reach
equilibrium with the quantity of C input, ACsysiem approaches zero. Although ACsygem Will
approach zero in the long term, differences in soil C concentration between cropping systems
will remain. Soil properties also affect the equilibrium soil C level (Six et al. 2002). The amount
of CO; equivalents emitted from fossil fuels used in feedstock transport to the biorefinery,
conversion to biofuel, and subsequent distribution (Creedstock conversion) Was negative for some
cropping systems and positive for others (Figure 1). Negative values result from an electricity
credit at the conversion facility for combustion of the lignin fraction of biomass. Cropping
systems with a smaller electricity credit are net consumers of energy for this component and
have positive values. With higher biomass yields in switchgrass and hybrid poplar, more energy
could be produced from the by-products than consumed during feedstock conversion.
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Greenhouse Gas Sources
There were three sources of greenhouse gases quantified in this study: CO,—C equivalents
of N,O emissions (CNZO) determined by DAYCENT, CO, emission from N fertilizer

manufacture (Cy ferilizer), and fuel used by agricultural machinery for tillage, planting,
fertilizer/pesticide application, harvesting, and drying corn grain (Cag. machinery)- The CNZO was the

largest GHG source (Figure 1). The cornesoybean rotation had the highest C,o followed by the
cornesoybeancalfalfa rotation. Switchgrass had a lower Cy,0 than the corn rotations even though

it had the highest mean annual N application rate, probably due to higher N use efficiency (see N
leaching discussion below). Hybrid poplar had the lowest C,o0, but it also had the lowest N

application rate, about one-third that of switchgrass. The Cx ferilizer GHG source followed the
mean annual N application rate over the simulation period (Figure 1). Although corn had the
highest annual N application rate, the corn rotations were second to switchgrass in Cy fertilizer
because N was applied annually in the switchgrass cropping system, but only in two or three
years out of the three- or eight-year corn rotation, respectively. The soybean and alfalfa legume
crops contributed fixed N in the other years. Reducing synthetic N use is important to decreasing
GHG emissions from cropping systems whether through use of legumes in the cropping systems,
or more efficient N use strategies or crops. Perennial cropping systems can have lower
agricultural machinery inputs than annual systems, thereby reducing Cag machinery @s seen in this
study (Figure 1). Reducing inputs through reducing tillage and N fertilizer applications
significantly reduced net GHG emissions. The relative contribution of management practices to
Cag. machinery Was about 20% for tillage, 30% toward propane for drying the corn grain, and 50%
for planting, fertilizer/pesticide application, and harvesting.

The GHG,,¢t combined all the GHG sinks and sources considered in this study. The most
negative GHGy: was for switchgrass and hybrid poplar and less negative for the cornesoybean
and then the cornesoybeancalfalfa rotation (Figure 2a). The Caisplaced fossil fuel Was the dominant
factor in determining GHGy;. The more negative GHG,.; is for a biofuel cropping system, the
greater the impact on reducing GHGs from fossil fuels. In general, switchgrass and hybrid poplar
have higher yields, greater soil C sequestration, reduced GHG emission from feedstock
conversion, reduced soil N,O emissions, and reduced GHG emissions from N fertilizer
manufacture and agricultural machinery operation. Carbon sequestration was higher with
perennial crops. Even though the yields and consequently Cgisplaced fossil fuel Were lower for the
cornesoybeancalfalfa rotation than the cornssoybean rotation, its ACsysem Was greater and Creedstock
conversion lower, leading to lower GHGy,. This first scenario considered how using biofuels would
reduce GHGy, compared to continuing to use fossil fuels (Figure 2a) and found that all cropping
systems will reduce production of GHGs compared to continuing to use fossil fuels. But the
question remained whether using biofuels will still lead to an increase in concentration of GHGs
in the atmosphere. We considered both near-term and long-term scenarios. For the near-term
scenario, Cisplaced fossil fuel Was removed from GHGye.. With removal of Caisplaced fossil fuel from
GHGet, GHGy,et Was positive for crop rotations under conventional tillage but remained negative
for all other cropping systems (Figure 2b). Therefore, the concentration of GHGs would still
increase when using biofuel from the crop rotations under conventional tillage but would
decrease under the other cropping systems. In the long term, when soils are C saturated under a
given cropping system and further C sequestration no longer occurs, ACgysem 1S zero. When both
Clisplaced fossil fuel aNd ACgysiem Were removed from GHGye,, GHGpee Was only negative for the
switchgrass and hybrid poplar (Figure 2¢). So in the long term, when further storage of C in the
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soil does not occur, both the switchgrass and hybrid poplar bioenergy cropping systems will lead
to lower atmospheric levels of GHGs.

Nitrate Leaching

Nitrate leaching did not correlate with application rate; cropping systems differed in N
use efficiency. Although switchgrass has the highest mean annual N application rate over the
simulation time, N leaching was similar to hybrid poplar with the lowest N application rate
(Figure 3). The N leaching from the cornesoybean rotation was almost twice that from the
cornesoybeancalfalfa rotation and more than four times greater than switchgrass and hybrid
poplar.
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Table 1. Bioenergy crop yield, biofuel production, and fossil fuel displacement.

Corn Corn Alfalfa Hybrid

Yield Switchgrass  Grain' Stover' Soybean' Stems' Poplar
kg C hayr®
Cropping 3,943 2,291 923 945 1,088 2,972
system yield
L hayrt

Biofuel 3,600 2,523 819 566 965 2,713
yield*
Fossil fuel 2,359 1,653 537 462 632 1,778
displaced®

" Data presented were from the cornesoybeanealfalfa rotation (8-year rotation, 3 years corn, 1 year soybean, and 4
years alfalfa) under conventional tillage. Corn stover yield represents 50% of total stover produced. Alfalfa harvest
represents 50% of total since only stems were used for biofuel.

* Ethanol was the biofuel produced from all crops except soybean, which was converted to biodiesel.

® The fossil fuel displaced was either gasoline or diesel, depending on whether the biofuel produced was ethanol
or biodiesel.
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Table 2. Bioenergy cropping system yield, biofuel production, and fossil fuel displacement.

Conventional Tillage No-Till
Corne Corne
Corne Soybeans Corne Soybeans  Hybrid
Yield Switchgrass  Soybean' Alfalfa’ Soybean'  Alfalfa’ Poplar
kg C ha™yr"
Cropping 3,943 2,649 1,867 2,637 1,907 2,972

system yield

kg C L™ biofuel

Quantity C 0.75 0.33 0.59 0.39 0.61 0.90
displaced

------------------- [ 1YY/ ———
Biofuel 3,600 2,587 1,806 2,572 1,850 2,713
yield*
Fossil fuel 2,359 1,733 1,195 1,724 1,224 1,778
displaced§

"The cropping system rotations were defined as follows: cornesoybean (3-year rotation, 2 years corn and 1 year
soybean) and cornesoybeanealfalfa (8-year rotation, 3 years corn, 1 year soybean, and 4 years alfalfa). The corn
yield included 50% of stover harvested and alfalfa harvest represents 50% of total since only stems were used for
biofuel.

* Ethanol was the biofuel produced from all crops except soybean, which was converted to biodiesel.

® The fossil fuel displaced was either gasoline or diesel, depending on whether the biofuel produced was ethanol
or biodiesel.




Figure 1. Components of the net greenhouse gas profile from different bioenergy cropping systems.
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Figure 2. Net greenhouse gas (GHGnet) emissions from different bioenergy cropping systems. (a) GHGpet is the sum

of displaced fossil fuel, A system C, feedstock conversion, N>O emissions, fossil fuel used to produce N fertilizer, and
fossil fuel used in agricultural machinery operations (b) GHGe: is the sum in (a) except displaced fossil fuels, and (c)

GHGhet is the sum in (a) except displaced fossil fuels and A system C.
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Abstract

We are currently involved in the reclamation of a 210+-acre gravel mine to suitable
habitat for the introduction of the endangered Karner blue butterfly (Lycaeides melissa samuelis)
through the planting of warm-season grasses and associated wildflowers, trees, and shrubs. To
our knowledge, a gravel mine has not been reclaimed to Karner blue butterfly habitat and a
reintroduction attempted in the eastern United States. The ecology and biology of Karner blue
butterflies are also amenable to such a reintroduction program. If this project is successful, we
believe reclamation of gravel mines in the Karner blue butterfly’s former range to warm-season
grass savannahs is a way to increase the population of this endangered species, increase the
amount of acres of warm-season grass ecosystems in the East, and increase the available habitat
for other species that depend on these ecosystems as well.

Introduction

The Karner blue butterfly (Lycaeides melissa samuelis) is a federally endangered species
that is intricately connected with the warm-season grassland ecosystems it persists in. The
Karner blue butterfly differs from many other federally listed species in that it is geographically
widespread. The butterfly’s former range is within the Great Lakes and New England regions of
the United States and Canada, mainly within the glaciated landscape. In many areas, such as the
outwash regions, the glaciers left behind infertile, well-drained soils with coarse sands and
gravels. Warm-season grasses, wild lupines (Lupinus perennis), the sole food source of Karner
blue larvae, and other wildflowers colonized the glacial remnants creating unique open
grasslands and savannah ecosystems. This led to the rise of endemic ecological communities
such as the Pine Barrens of Glacial Lake Albany (Reschke 1990). These grasslands and
savannahs were maintained by natural disturbance regimes of fires and tornadoes and also by
fires set by Native Americans (Nuzzo 1998).

Similar to many other grassland species, the Karner blue is declining in numbers due to
habitat fragmentation and development and by the destruction of its habitat by the cessation of
the disturbance that maintained the open canopy needed for the continuance of the warm-season
grassland plant community (USFWS 2003). Presently, the Karner blue butterfly is found in only
a handful of sites across the Northeast and Midwest (see Figure 1). They have been extirpated in
Maine, Vermont, Massachusetts, Pennsylvania, Ohio, lowa, Illinois, and Ontario (USFWS
2003). Karners were formerly found across New York State, not just in the eastern-central
portions where the only populations in New York are currently located. Shapiro (1974) found
populations of Karner blue butterflies in Genesee, Jetferson, and Oneida counties in New York
that have been extant since 2002. The remaining populations are highly scattered, and colonies
rarely exceed 1,000 individuals. There are only a few colonies in the world with significantly
more than 1,000 adult butterflies (USFWS 2003). One of these colonies exists at the Saratoga
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County Airport near Albany, New York. There are other smaller colonies scattered around
Albany, but some only contain as few as 10 individuals (K. O’Brien, NY DEC personal
communication June 9, 2004 Wilton, NY; USFWS 2003).

Karner blue butterflies are adapted to living in small isolated colonies. Small populations
that are geographically isolated are often considered metapopulations. However, such small and
dispersed colonies are highly vulnerable to weather events and other disturbances such as
drought, fires, and human activity (Saunders et al. 1991). One perturbation in the environment
such as drought, flooding, introduction of a new species, or some other disturbance will
eliminate a colony. This shoves the Karner blue closer to the brink of extinction, thus justifying a
reintroduction and habitat restoration program throughout the Karner blue butterfly’s former
range.

Today the glaciated landscape that supported the Karner blue butterfly and its associated
ecological communities are economically important. Many glaciated soils contain large amounts
of sand and gravel that are an important commodity and component of the mining industry in the
Northeast. The disturbance of the landscape by the mining activity leaves behind similar
conditions when the glaciers that brought the gravel retreated. Traditionally, former mines are
reclaimed to agricultural land or open space seeded with a conservation mix usually containing
cool-season grasses and nonnative legumes. These areas serve less benefit to wildlife than warm-
season grass species. The warm-season grasses are also better adapted to the site conditions. We
believe reclaiming former gravel mines within the Karner blue butterfly’s former range to warm-
season grass savannahs, coupled with a reintroduction program, can restore the Karner blue
butterfly populations to viable numbers within its former range. Restoring the warm-season
grasslands will also benefit other grassland-dependent species in the eastern United Sates such as
grasshopper sparrows (Ammodramus savannarum) and Henslow’s sparrows (Ammodramus
henslowiti). This paper will describe the pilot project and rationale for Lafarge North America’s
Freedom Mine involving the building of a warm-season grass savannah and reintroducing Karner
blue butterflies.

Methods

The Freedom Mine owned by Lafarge North America is currently an active gravel mine
approximately 210 acres in size and expanding as time goes on. The gravel being harvested was
deposited approximately 15,000 years ago during the late Wisconsin Glacial period (Tesmer
1975). Pollen studies of local wetlands reveal the presence of warm-season grasses in this area
shortly after this glaciation (Miller 1973). Eaton and Schrot (1987) found numerous species of
warm-season grasses that composed the post-glacial prairies throughout Cattaraugus County,
New York. This area falls within the former range of the Karner blue as well. The remaining
material left on the slopes and floor of the mine is unconsolidated clays, silts, sands, and small
gravels with no organic matter and low fertility, and it is well drained. This area is well suited
once again for warm-season grasses, wild lupines, and the associated ecological community.

We approached this project as an ecological restoration aimed at recreating an ecosystem
that once occupied the region 15,000 years ago. A reference ecosystem was located and selected
with a similar climate, regional location, and physical site conditions. This site was the grassland
found in the aviation fields at the Saratoga County Airport in Saratoga, New York. This location
contains the largest population of Karner blue butterflies in New York (K. O’Brien, NY DEC
personal communication June 9, 2004 Wilton, NY; USFWS 2003). Although this site is the
closest savannah with a sustainable population of butterflies, there are slight differences in the
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geomorphology and climate that do not allow for the exact replication of this ecosystem on our
site. The Saratoga County Airport is a part of Glacial Lake Albany, a lake formed after the last
glaciation which yielded an endemic plant community (Reschke 1990). There are some plants
that are an integral part of the grassland found at Saratoga that are not found in western New
York around our project site. To overcome this challenge, we studied the plant species
composition of the Saratoga County Airport and the ecological role each plant portrayed and
compared the occurrence of each species to its occurrence in western New York. If a species did
not occur in our project region but in our reference ecosystem, we found a plant species that did
occur in our region with the same ecological niche. Table 1 lists the plant species contained
within our seed mix. Local ecotypes were selected when available, or suitable ecotypes were
substituted when local ones were not.

Not only was the reference ecosystem used to determine species composition but also to
establish goals of stem density and coverage. There are current efforts in New York to further
describe optimal habitat conditions for Karners including lupine stem densities (K. O’Brien , NY
DEC personal communication June 9, 2004 Wilton, NY). These efforts are not complete, but the
USFWS final recovery plan for Karner blue butterfly (Lycaeides melissa samuelis) (2003) sets
the criterion for lupine densities at a minimum of at least 500 stems per 0.25 ha or 0.62 acres.
Our objective is to meet and exceed the plan’s recommendation for areas larger than 5 hectares
or 12.3 acres in size with an average of 0.1 lupine stem per square meter (1,000 per hectare or
405 per acre). Our overall goal is to have at least 85 to 90% ground coverage of the warm-season
grasses and associated forbs including lupines. This goal also satisfies New York’s Mined Land
Reclamation Law as Amended 1991, Article 23, Title 27 of NYS Environmental Conservation
Law, which requires a reclaimed mine to have at least 85% vegetative cover. We believe this
standard is compatible with the restoration and reintroduction project because the reference
ecosystem contains at least 85% vegetative coverage but not 100%. The open ground appears to
be a part of the subhabitats the butterflies need. Not only does the bare soil contribute to
subhabitats, wild lupine appears to germinate and establish at a higher rate in these areas (K.
O’Brien, NY DEC personal communication June 9, 2004 Wilton, NY). The butterflies also need
a diversity and abundance of other plants to meet their other biological facets. An extensive
literature review of the biology and ecology of Karner blue butterflies was performed also to
help in determining a suitable seed mixture, canopy cover, and other needs.

Karner Blue Butterfly Biology and Ecology

The life history of the Karner blue butterfly is quite complex. There are two broods
annually, otherwise referred to as bivoltine. Eggs that have overwintered from the previous year
hatch in April. Karners are monophagus; the larvae feed only on wild lupines (Lupinus perennis).
The larvae feed and mature rapidly. Later stage instars and sometimes the eggs are tended by a
wide variety of species of ants. The fate of the eggs cared for by ants is unknown (Lane and
Andow 2003). Near the end of May, they pupate and the adult butterflies emerge and are in flight
for the first two weeks of June when the lupines are in bloom. Adults live an average of five days
(Haack 1993). The timing of pupation is correlated to the blooming of spring nectar flowers.
Karner blue butterflies are considered nectar generalists, meaning they are not selective when
choosing flowers to get nectar from (Grundel et al. 2000). However, they do tend to select
flowers that are yellow or white (Grundel et al. 2000). In western New York, these flowers are
wild strawberry (Fragaria virginiana), clovers (Trifolium pretense and T.repens), and dewberry
(Rubus flagellaris). These needed herbs and their flowering times are an important consideration
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for our restoration and reintroduction project. Quality and quantity of nectar flowers can be a
limiting factor for butterflies (Grundel et al. 2000). The females lay their eggs singly on lupine
stems and leaves or sometimes on other substrate near lupines and then soon die. The summer
eggs hatch in about a week and again are sometimes tended to by ants. The emerging larvae feed
on the lupine leaves for about three weeks and pupate, and the second brood of adults emerges
the second or third week of July. The nectar flowers available to them at this time in our region
are butterfly weed (Asclepias tubersosa), beebalm (Monarda didyma), and wild bergamot
(Monarda fistulosa). The summer brood females lay their eggs in the plant litter, on the base of
the stems of little and/or big bluestem grasses (Schizachyrium scoparius, Andropogon gerardii),
near lupines, or on the lupines themselves (Grundel et al. 1998a). The adults soon die, and the
eggs overwinter. The success of the generations is highly dependent on their environment.

Butterflies have complex ecology. There are a few main ecological necessities identified
by many authors (Lane and Andow 2003; USFWS 2003; Grundel et al. 1998a; Grundel et al.
200). These necessities have been characterized as the quantity and quality of nectar for adults,
quantity and quality of forage for larvae, the presence and abundance of mutalistic ants,
topography, and shade (Lane and Andow 2003; USFWS 2003). Karner blues require specific
heterogeneous patches of canopy cover featuring patches of Lupinus perennis (Fabaceae), native
warm-season grasses and forbs, and scattered trees and shrubs. The mixture of these plants
creates distinctive microtopography and microclimate within the grasslands creating the distinct
habitats for mating, oviposition (egg laying or breeding), and foraging or nectaring (Grundel et
al. 1998a; Lane and Andow 2003). The interactions of these biotic and abiotic factors are crucial
to the survival of the butterfly. Without any of those habitat facets in sufficient size and quality,
it cannot maintain a sustainable population over the long term.

Recent research efforts have focused on understanding the Karner blue’s use of its habitat
and associated subhabitats in order to set habitat restoration goals (Grundel et al. 1998a; Lane
and Andow 2003; Grundel et al. 2000). Subhabitat is defined as a smaller constituent within a
habitat. “Microhabitat” is a term also used to describe subhabitats. Lane and Andow (2003) make
the case for subhabitat being a more appropriate term because canopy cover, a main subhabitat
determinant, does not always occur on a small enough scale to be considered “micro.” For this
reason, we are also using the term subhabitat as opposed to microhabitat.

For any reintroduction project to be successful, consideration of the species’ biology and
ecology is essential (SER 2002). We needed to further our understanding of how the Karner blue
butterfly uses its habitat to ensure we meet all of the butterfly’s needs when designing and
building the restoration project. Lupines provide nourishment to growing larvae, while
wildflowers provide nectar to the adults. Trees, shrubs, tall grasses, other forbs, and bare ground
provide shade and cover to ovipositing females and microtopography for territorial males. Males
tend to spend more time in the open canopy areas foraging, mating, and tending to their
territories (Grundel et al. 1998a; Grundel 2000). Females tend to spend even amounts of time in
closed, open, and partially shaded subhabitats but foraging and ovipositioning more often in
partially shaded subhabitats (Grundel et al. 1998a; Lane and Andow 2003). Grundel et al.
(1998b) found highest frequency of oviposition on lupine plants grown in areas with partial to
full shade. Stem density of lupines was lower in these shaded areas compared to open areas of
their study site. The authors also found these shade-grown plants produced lusher, plumper
plants with higher water content. The lupines grown in shade or partially shaded habitats reached
senescence and flowered at a later date than open-grown lupines. This allowed for higher
nutrient and water content of the plants to nourish growing larvae more effectively. The authors
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speculated a trade-off exists between lupine quality and quantity. Lupines growing in open
canopy are found more frequently, but the trade-off is balanced by preferential oviposition in less
common, more nutritious shade-growing lupines. Lane and Andow (2003) had similar
conclusions to explain their finding of higher larval survival from partially and fully shaded
subhabitats.

The Lane and Andow (2003) study focused on the subhabitat use of the Karner blues and
how the subhabitats affected the population dynamics of Karner blues. They found the
subhabitats created by canopy heterogeneity have significant effects on Karner blue butterfly
adult abundance, feeding, oviposition, and larval survival. The number of eggs per stem of lupine
was greater in partially open canopied subhabitats than open or closed canopy subhabitats during
the first flight. The number of eggs found on the lupine stems did not change with stem density
or plant condition. Larval survival was higher in closed canopy subhabitats; however, pupae
survival did not differ with subhabitat. This resulted in the greatest number of adults for both
flights reared from partially closed canopy subhabitat. The authors concluded from the results of
their study all three subhabitat types are critical to the long-term population sustainability of
Karner blues. The subhabitat types offer refugium over variable environmental conditions and
satisfy all of the biological needs of the butterfly.

To create the subhabitats needed to meet the ecological needs of the Karner blue
butterflies, we will plant chinquapin oaks (Quercus muehlenbergii), white pines (Pinus strobus),
sand cherries (Prunus besseyi), and viburnums (Viburnum dentatum, V. lentago, V. trilobum).
These species will be planted so as to achieve a canopy cover of no more than 35%. We will not
have sufficient tree and shrub growth for the first years of the restoration to create the optimal
sun shade heterogeneity. However, the subhabitats also exist in a smaller scale in the herbaceous
layer. The term microhabitat is appropriate at this scale. It may be the key component for
continual sustainable population numbers at Saratoga County Airport where the aviation fields
are kept free from trees and shrubs by frequent mowing (Andow et al. 1994b; Grundel et al.
1998).

Reintroduction

As of August 2003, there are four reintroduction efforts under way, not including this
restoration and reintroduction project (USFWS 2003; S. Bonanno, The Nature Conservancy
personal communication, e-mail September 7, 2004). Most of the reintroduction programs
involve captive rearing Karner blue butterflies taken from a donor population before releasing
them at the reintroduction site (USFWS 2003). We will follow the same protocols developed by
VanLuven (1994).

Before we release Karner blue butterflies on our restored site, we will conduct a trial
release with frosted elfins (Callophrys irus), an associate of Karner blue butterflies. Pending the
success of this reintroduction, the Karner blue butterfly reintroduction will proceed. We chose
frosted elfins because the larvae also use lupines (Lupinus perennis) as a host plant. This
butterfly is classified as “threatened” in New York but not federally. It has similar habitat needs
and similar lifestyle. Its range is from Maine to Texas. The frosted elfin differs from the Karner
blue in that its larva will use other members of the Fabaceae family (Baptisia tinctoria, B.
australis, Crotalaria sagittalis) as host plants, and this may be why this butterfly has higher
population numbers. The frosted elfins will be taken from a donor site, reared in captivity to gain
a significant population number, then released on site. The population will be monitored over
approximately three to five years through population surveys. Habitat modifications will be
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made when appropriate to achieve the population goal. Our goal is to have a sustainable
metapopulation of frosted elfins. A success criterion of a minimum of 3,000 individual frosted
elfins has been set. This criterion is adopted from the USFWS Karner blue butterfly (Lycaeides
melissa samuelis) Recovery Plan. The plan defines a viable metapopulation size of a minimum
of 3,000 adults from the first brood. The same goal of 3,000 Karner blue butterfly adults to form
a viable metapopulation has also been set.

Management

The primary threat to Karner blue butterflies is loss of habitat due to succession and
development (USFWS 2003). Lafarge North America has made a commitment not to develop the
property and protect it forever. The restored savannah located on the property will be divided
into 10-acre habitat units. The mine is expanding every year, and the final mining plan is not
complete; however, it is expected to encompass at least 200 acres after the cessation of mining.
The 25-acre habitat units will assist in maintenance of the habitat. Different management
techniques will be implemented to emulate natural disturbance and maintain early successional
habitat. These techniques are periodic mowing as recommended by the NRCS Wildlife Habitat
Incentive Program (WHIP) and prescribed burning.

Both techniques have advantages and disadvantages. Mowing a habitat unit every three to
five years will impede the encroachment of shrubs and trees closing the canopy more than the
desired amount. USFWS (2003) recommends mowing in late October after the first hard frost
with the mower blade set 6 to 8 inches above the ground. The second brood adults tend to lay
their eggs at the base of little and big bluestem grasses, on leaf litter, or low on lupine stems.
Smallidge et al. (1996) did not find any correlation between mechanical mowing or tree removal
and lupines or Karner blue butterfly mortalities. The disadvantage to mowing is that it is not a
natural disturbance; therefore, it does not promote plant and insect biodiversity or nutrient
cycling.

Fire is the preferred method of management because it promotes further integrity of the
restored savannah ecosystem. Fire reduces built-up leaf litter, exposes bare soil which lupine
regeneration and other associate plants successfully regenerate upon, reduces nitrogen levels in
the soils, helps native adapted savannah plants outcompete undesirable species, and encourages
higher soil temperatures (USFWS 2003). The Karner blue butterfly (Lycaeides melissa samuelis)
Recovery Plan recommends prescribed burning of a habitat unit in New York every 6 to 18
years. This fire frequency is based on the historical fire records from the Albany Pine Bush
(Givnish et al. 1988). Studies of disturbance frequencies of western New York and northern
Pennsylvania are similar with these findings from east-central New York; therefore, we believe
the 6 to 18 year burning frequency is appropriate for our site (White 1998). The disadvantages of
fire are a socially unpopular management technique, egg mortality and other organism mortality,
and a possibility of food reduction in the short term. Karner blue butterflies are adapted to
disturbance-dependent ecosystems, and recolonization rates of habitat units are expected to be
high due to the proximity of habitat units (within 300 meters) and lack of habitat barriers. Fire
will most likely be used as the savannah ages and in alternation of mowing.

Conclusions

The biggest threat to biodiversity is loss of habitat. In the eastern United States, grassland
and savannah habitat is rapidly lost to development and succession. Reclamation of former sand
and gravel mines to grasslands and savannahs has great potential. In New York alone, there are
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approximately 119,790 acres of non-hydrocarbon mines (NYDEC 2002). The intentions of
mined land reclamation laws are to ensure productive and beneficial end land uses. Reclaiming
sand and gravel mines to warm-season grass savannahs is consistent with the spirit of mined
lands reclamation laws while providing societal and ecological benefits.

The feasibility of restoring grasslands on former mines is realistic. The harsh physical
conditions of the former mines are suited for warm-season grasses and associated wildflowers,
trees, and animal communities. Wild lupine and the warm-season grasses can increase the
amount of plant-available nitrogen in the soil, encourage mineral cycling, reduce surface runoff
and soil erosion, add organic matter to the soil, encourage soil structure, and increase cation
exchange capacity (Turvey and Smethhurst 1983). The ecosystem services provided by these
plant communities overcome environmental challenges posed by these sites.

Glacial remnant areas contain sought-after mineral resources, consequently producing
mine sites. However, the plant communities suitable for habitating these former mine sites are
found in glacial remnant areas as well. These areas contain the mineral resource sought after, and
mine sites are most likely within the same region. The post-glacial remnant ecosystems such as
Glacial Lake Albany can serve as reference ecosystems for reclamation/restoration projects such
as ours. Reference ecosystems containing species of concern such as the Karner blue butterfly
are a resource of information about species composition and other habitat characteristics.

The Karner blue butterfly has a biology and ecology amenable to reintroduction but not
without challenges. The butterfly is adapted to living in small isolated metapopulations. It only
flies within a 300-meter radius and is dependent on ecosystem disturbance (Grundel et al.
1998a). The disturbance regime must be maintained in order to preserve the integrity of the
savannah ecosystem and to achieve the goals of restoration. However, this is not always an easy
task due to the socially unpopular view of fire and the labor and costs of mowing.

The Karner blue butterfly’s lifestyle is also complex with many ecological facets. The
adult butterflies differ in their preferences for feeding in subhabitat by sex. Females find cover
from harassment of males in shaded and partially shaded subhabitats because males prefer to
feed and patrol territories in open areas. Females also prefer to lay eggs (oviposition) in
somewhat shaded subhabitats, although the only food source for larva, wild lupine, is shade
intolerant. Most eggs are oviposited on lupines found in full sun, but this is linked to the
increased abundance of lupines in these open areas. Larva survival is also higher in the closed
and partially closed subhabitats, possibly explaining the preference of females to oviposition in
these areas. The quality of the lupine forage in the closed and partially closed subhabitats is
higher than that of the open-grown ones. This is most likely due to the lack of water stress during
drought years, and these plants reached senescence and flowered at a later date, providing more
nourishment to growing larva. Open, partially closed, and closed subhabitats together make up
the essential habitat needed for the persistence of this species.

Changing the paradigm of mine land reclamation in the eastern United States from
sloping and seeding with a standard conservation mix to warm-season grassland habitat
restoration could yield highly beneficial results. Not only would organisms such as frosted elfins
and Karner blue butterflies benefit, but so would other ailing species such as upland sandpipers
(Bartramia longicauda) and Henslow, grasshopper, and Vesper sparrows (Ammodramus
henslowii, A. savannarum, Pooecetes gramineus) through the creation of additional habitat. The
increased number of these species saves them from peril, further protecting biodiversity.
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Common Name

Scientific Name

Big bluestem

Little bluestem
Indiangrass
Sideoats grama
Eastern gamagrass
Switchgrass
Butterfly milkweed
Perennial lupine
Roundhead lespedeza
Wild bergamot
Black-eyed susan
Coltsfoot

New England aster
Smooth aster
Dogbane

Wild strawberry
Red clover

White clover

Wild indigo

Andropogon gerardii
Schizachyrium scoparium
Sorghastrum nutans
Bouteloua cartipendula
Tripacum dactyloides
Panicum virgatum
Asclepias tuberosa
Lupinus perennis
Lespedeza capitata
Monarda fistulosa
Rudbeckia serotina
Tussilago farfara

Aster novae-angliae
Aster laevis

Apocynum androsaemifloium

Fragaria virginiana
Trifolium pretense
Trifolium repens
Baptisia tinctoria
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Breeding Bird Response to Native Warm-Season Grass

Reestablishment in the Piedmont of Georgia
Angela B. McMellen® and Sara H. Schweitzer*

! Graduate Research Assistant; 2 Associate Professor: Warnell School of Forest
Resources, University of Georgia, Athens, GA 30602. Corresponding author:
McMellen, 706-372-9099, mcmellen@uga.edu.

Southeastern early-successional habitat has experienced large-scale conversion to high-
intensity agriculture, pine plantations, and exotic grass pastures. Many native grasses have
virtually been eliminated. Birds that depend on grassland communities for breeding and/or
wintering habitat have experienced precipitous declines in the eastern United States. In order to
evaluate native grass reestablishment as a management tool for grassland songbirds, we
established 12 plots of 3 to 10 acres in the Piedmont region of Georgia. Six plots were forest
openings within a loblolly pine forest landscape. Six plots were fields within an open agricultural
landscape. Within each landscape context, three experimental plots were planted with a
combination of big bluestem, little bluestem, switchgrass, and indiangrass during spring 2002.
Three control plots remained under the current management of annual mowing and periodic
burning. Breeding bird use of experimental and control plots was monitored using constant effort
mist netting, point counts, and transect surveys during spring 2002-2004. Vegetation
measurements were made during spring 2002-2004 to evaluate success of native grass
reestablishment and to quantify vegetative differences between control and experimental plots.
Avian species richness in experimental and control plots remained similar from 2002-2004. Mist
net capture rates were higher in control plots in 2002. In 2003 and 2004, capture rates were much
higher in experimental plots. Grass cover increased from 2002-2003 (2004 data pending) in
experimental plots but decreased in control plots. Plant species richness was similar in control
and experimental plots in 2002 but higher in experimental plots in 2003. Data collected to date
indicate that reestablished native grass fields may provide better habitat for breeding birds within
the Piedmont of Georgia.

Grassland Breeding Bird Use of Managed Grasslands

on the National Wildlife Refuges in the Northeast
Laura R. Mitchell*, Michael C. Runge?, Christopher J. Norment®, and Charles A. Rewa’

! Regional Biologist (Fire), U.S. Fish and Wildlife Service, Region 5 Biological
Program, Prime Hook NWR, Milton, DE 19968. 2 Ecologist (Research) U.S.
Geological Survey, Patuxent Wildlife Research Center, Laurel, MD 20708.

% Associate Professor, Department of Environmental Science and Biology,
SUNY-Brockport, Brockport, NY 14420. 4 wildlife Biologist, Natural Resources
Conservation Service, Wildlife Habitat Management Institute, Laurel, MD 20708.
Corresponding authors: Mitchell, 302-684-5401, Laura_Mitchell@fws.gov;
Runge, 301-497-5748, Michael_Runge@usgs.gov.



63

In the northeast United States, grassland breeding birds have experienced significant
declines, as agricultural land has reverted to forest or been lost to development. A recent trend in
management of the remaining grasslands has focused on restoration by planting warm-season
grasses. The Fish and Wildlife Service, with support from NRCS, initiated a three-year study in
2001 to (1) examine what role National Wildlife Refuges could play in providing critical habitat
for grassland breeding birds; (2) determine how the choice of dominant grass species (cool-
season or warm-season) and management technique (mowing versus burning) affect vegetation
structure; and (3) assess how vegetation structure, in turn, affects breeding grassland bird use.
Three treatments were investigated: warm-season grass managed through burning and cool-
season grass managed through mowing or burning. These treatments were applied to grassland
fields of 12 to 16 ha at 13 northeastern refuges (UWFWS Region 5). The fields were monitored
for one year pre-treatment and two years post-treatment with independent double-observer point
counts and standard vegetation measurements. Preliminary results suggest that planted warm-
season grass fields did not attract a demonstrably higher density of obligate grassland birds than
their cool-season counterparts and that the burning treatment in warm-season grass fields
produced only minor and short-lived beneficial effects, in terms of obligate grassland bird
density, vegetation density, and grass cover. However, patterns of response by grassland birds
and vegetation variables varied considerably by refuge. Study results will be used to set
management priorities and recommend management strategies at northeastern refuges and will
also inform NRCS technical specialists administering USDA conservation projects involving
grassland restoration on private lands in the region.

Use of Herbicides to Restore Native Grasslands
Marvin Ruffner! and Thomas G. Barnes?

! Graduate Research Assistant; 2 Extension Professor: Department of Forestry,
University of Kentucky, Lexington, KY 40546-0073. Corresponding author:
Barnes, 859-257-8633, tbarnes@uky.edu.

We implemented two field research studies throughout Kentucky during the spring of
2001 and 2003 to determine the efficacy of using herbicides to remove tall fescue (Festuca
arundinacea) from native grasslands dominated by warm-season grasses. The second objective
was to evaluate which broadleaf species resisted the effects of 0.2 kg ai/ha imazapic and 0.03 kg
ai/ha sulfosulfuron. The first study was a randomized-block experiment implemented at four
sites in the outer Bluegrass and Mississippian Plateau region of Kentucky. We evaluated the use
of 0.21 kg ai/ha clethodim and 0.21 kg ai/ha imazapic against an untreated control in 0.1 ha
treatment plots that were approximately 50% native warm-season grasses and 50% tall fescue. A
methylated seed oil surfactant at 2.3L/ha and 28-0-0 liquid fertilizer were included with all
herbicides following manufacturer’s recommendations. All herbicides were sprayed with a
Demco™ spray unit delivering a spray volume of 187 L/ha at 414 kPa through Tee-Jet 8003 flat
fan nozzles attached to an all-terrain vehicle driven at a constant speed of 2 to 3 kph. The
herbicides were applied at two different time periods, one in late March and the second in mid-
April. The second study evaluated the use of 0.2 kg ai/ha clethodim, 0.21 kg imazapic ai/ha, and
0.03 ai/ha sulfosulfuron against an untreated control in a completely randomized experiment at
14 locations representing most of the physiographic regions across Kentucky. Individual
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treatment plots were 3 x 10 m, and the herbicide was applied with a backpack sprayer delivering
187 L/ha at 414 kPa through Tee-Jet 11002 flat fan nozzles while walking at a constant rate of 2
to 3 kph. In the first study, both the clethodim- and imazapic-treated plots worked at removing
the tall fescue irrespective of the spraying date. The amount of tall fescue was reduced from an
average of 42.5% to less than 1% in all the treatment plots irrespective of the herbicide used. By
the end of the second year, the percent fescue began increasing in the clethodim-treated plots and
not the imazapic-treated plots. The NWSG responded to the herbicide treatments and was
increased in all plots except the plots sprayed with clethodim in April. The imazapic plots had
higher percent NWSG cover than the clethodim plots irrespective of time of herbicide
application and averaged 41.8, 25.8, 52.8, and 55% in the early and late clethodim plots and the
early and late imazapic plots, respectively. The percent tall fescue in the pre-treatment plots from
the second study ranged from 25 to 70%, and the NWSG percent ranged from 40 to 50%. Total
vegetative cover averaged across all 14 sites was 92.8%, and tall fescue cover averaged 45.9%.
The mean cover by the NWSG was 39.6% with an average species richness of 6.1. As expected,
all three herbicides provided substantial efficacy in killing tall fescue. The average percent tall
fescue was 7.8, 1.2, and 3.8% in the clethodim, imazapic, and sulfosulfuron plots, respectively.
The percent cover in the imazapic and sulfosulfuron plots was higher than the clethodim plots
and averaged 74.6, 60.5, and 39.2%, respectively. The amount of bare ground was similar
between treatments and averaged between 20.5 to 29.4%. Species richness was also similar,
although the clethodim plots had a higher average number of species. Typical groups of
broadleaf plants or wildflowers that appeared to resist the effectiveness of the herbicides were
typically in the composite or legume family. Managers should proceed with caution because in
some cases, invasive exotic species like crown vetch or sweet clover invaded plots where the
fescue was eliminated. This information shows that herbicides can be used to restore native
grasslands, but more information is needed to determine which additional species of broadleaf
plants or wildflowers resist the effects of various herbicides.

Monday, October 4, 2004
SESSION I, SECTION B

Piedmont Prairies and a Partnership: Partners for Fish

and Wildlife Program, U.S. Fish and Wildlife Service
Laura M. Fogo®

L Fish and Wildlife Biologist, Partners for Fish and Wildlife Program, U.S. Fish
and Wildlife Service, Pee Dee National Wildlife Refuge, Wadesboro, NC 28170.
Corresponding author: Fogo, (704) 694-5334, laura_fogo@fws.gov.

Introduction

In the spring of 2001, conservation professionals met at Pee Dee National Wildlife
Refuge, located in Ansonville, North Carolina, to start what is known today as the Piedmont
Prairie Partnership. To “jump start” this working group, a $10,000 grant from the U.S. Fish and
Wildlife Service’s (Service) Partners for Fish and Wildlife Program was made available to
restore native, remnant Piedmont prairies. To accomplish this objective, it was necessary to have
an informational/educational meeting and develop a partnership. The purpose of the meeting was
to gather working professionals to determine common goals and objectives and to learn where
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the highest priority areas are for rare species protection and restoration. The Piedmont Prairie
Partnership was started.

Today, the partnership has evolved with the help of the following participants: private
landowners, North Carolina Plant Conservation Program, North Carolina Botanical Garden,
North Carolina Zoo, North Carolina Wildlife Resources Commission, North Carolina Natural
Heritage Program, North Carolina Cooperative Extension Service, North Carolina Forest
Service, North Carolina Museum of Natural Sciences, The Nature Conservancy, Natural
Resources Conservation Service (NRCS), NRCS Plant Materials Program, Quail Unlimited, The
Land Trust for Central North Carolina, Catawba Lands Conservancy, Sandhill Area Land Trust,
Piedmont Land Conservancy, Environmental Impact RC&D, Mitchell River Coalition,
University of North Carolina at Charlotte, North Carolina State University Water Quality Group,
Surry Community College, Habitat Assessment and Restoration Program Inc. (HARP Inc.), local
Soil and Water Conservation Districts, Town of Troy, Town Creek Indian Mound, Mecklenburg
County Park and Recreation Department, Crowders Mountain State Park, Environmental
Defense, Southern Environmental Law Center, and the U.S. Fish and Wildlife Service.

In spring of 2004, a common goal and seven of the following objectives were agreed
upon. The group also agreed to formalize partnership in a Memorandum of Understanding.

Goal: To restore native, remnant Piedmont prairies within its historic range in North Carolina
and South Carolina.

Objectives:

1) Restore, protect, and identify highest priority sites.

2) Strive to down list and recover the federally endangered Schweinitz’s sunflower and smooth
coneflower; provide refuge for other rare listed flora and fauna.

3) Maintain an educational component and share information on latest restoration techniques.
4) Continue to seek funding sources and work together as a partnership.

5) Encourage and maintain research and monitoring of Piedmont Prairies.

6) Collect, propagate, and maintain local ecotypes of native seed sources in the region for
restoration and enhancement.

7) Provide wildlife habitat for priority species of concern.

Piedmont Prairies

“From 1540 to 1750, European explorers and traders in the Piedmont region of North and
South Carolina reported many prairie-like openings. These unforested areas, which they called
‘prairies,” ‘savannahs,’ ‘plains,’ or ‘old fields,” ranged up to 40 km across” (Barden, 1997). Dr.
Lawrence S. Barden further summarized information from Rostlund (1957) on the historical
evidence of Piedmont prairies in the southeast United States and concluded they were ubiquitous.
Barden focused on prairie landscapes of the Carolina Piedmont region at the time of European-
American exploration and settlement. He revealed by historical and meteorological evidence that
these prairies were primarily the products of Native American burning and agriculture. In the
1500s, early explorers Hernando de Soto and Juan Pardo explored the Piedmont region of South
and North Carolina. Journals revealed “very large and good plains ... clear land ... beautiful
plains” in the Carolina Piedmont, including one just south of the Charlotte area” (Rostlund 1957,
Hudson 1990).
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“Piedmont Prairie” is a name professionals have used to describe a prairie community
that occurs in the physiographic region in the entire U.S. Piedmont, from Virginia to Alabama.
They contain similar characteristic vegetative prairie species and impermeable soils. Piedmont
prairies have also been called mafic natural areas, grasslands, savannahs, and early successional
habitat.

The North Carolina Natural Heritage Program classifies the natural communities Diabase
Glades and Xeric Hardpan Forests as “prairie-like” openings or grassy woodlands. Today,
Shafale describes Diabase Glades as open communities of mixed physiognomy, with patches of
herb, shrub, and stunted tree dominance, sharing species both with other mafic and outcrop rock
communities, occurring on level, shallow soils over diabase or gabbro, with some exposure of
bedrock kept open by the shallowness of the soil.

A Xeric Hardpan Forest occurs on “...upland flats and gentle slopes with an impermeable
clay subsoil but which do not pond water for extended periods. Most commonly occurs on mafic
rocks” (Schafale and Weakley, 1990). Schafale further describes, “Under current conditions,
they tend to be somewhat open forests of post oak, but with some fire would likely range from
open post oak savannahs with grassy herb layers, to nearly treeless prairies.” To distinguish these
two community types, Schafale explains that Diabase Glades are rock outcrop communities, on
extreme sites, versus Xeric Hardpan Forests that are less extreme communities found within
shallow soils. Both are fire-dependent ecosystems.

Piedmont Longleaf Pine Forests are also associated with prairie species. This rare
community is known only from the eastern Piedmont adjacent to the Sandhills, in Moore,
Montgomery, and Anson counties in North Carolina. Also, “Ashe and Pinchot (1897) described a
transitional forest of Pinus palustris with various dry oaks in Nash, Wake, Montgomery,
Northhampton, and Halifax counties that might have been this type” (Schafale and Weakley,
1990). They describe in its natural state that “openings are apparently maintained by the extreme
shallowness and dryness of the soils, natural disturbance, particularly fire.” The reintroduction of
fire or minimal disturbance (creation of openings) into the Uwharrie National Forest in
Montgomery County has allowed some rare native plants, including the federally endangered
Schweinitz’s sunflower (Helianthus schweinitzii), to reappear in this ecosystem. The presence of
longleaf (Pinus palustris) and shortleaf pine (Pinus echinata), warm-season grasses, big
bluestem (Andropogon gerardii) and little bluestem (Schizachyrium scoparium), sunflowers
(Helianthus spp.), huckleberry (Gaylussacia spp.), and blueberry (Vaccinium spp.) shrubs
indicate these areas had an open canopies and “flatwoods-like” structure within this fire-adapted
community.

Importantly, Shafale and Weakley note that the dynamics of the natural structure of these
communities are uncertain and poorly known. Professionals agree prairie-like remnants are rare
communities of concern, worthy of protection, and should be targeted for restoration. Example
sites to look for would retain prairie herbaceous flora within an undisturbed, old pastured, or
cutover Xeric Hardpan Forest. Also look for a Piedmont Longleaf Pine Forest, or open,
disturbed, successional woodlands with the same companion flora. Two good tools to search for
remnant sites are soil surveys and geologic maps. Diabase glade remnants are associated with
diabase and gabbro rocks. The underlying rock formation is mafic (containing minerals with high
proportions of magnesium and iron) bedrock forming diabase dikes and sills. Mafic-associated
soils are formed from these parent rock materials. Areas may be distinguished and identified
within a soil survey with ground-truthing of the community type if possible. In North Carolina,
known rare examples are South Butner Diabase Glade and Picture Creek Diabase Barrens in
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Granville County, and Penny’s Bend/Eno River Bluffs in Durham County. In York County,
South Carolina, the State Heritage Trust Program protects the rare Rock Hill Blackjack Heritage
Preserve.

Companion Prairie Species

Piedmont prairies contain a whole suite of native rare plants and provide habitat for
wildlife such as neotropical migratory songbirds, game birds, and mammals. In 2002, researchers
documented results of a five-year study on the vascular flora of six sites, of which two are
considered to be remnant. A collection of 548 species was inventoried, and those with no
association to Piedmont prairies were discarded: nonnative, woodland, and wetland species
(Davis et al. 2002). Davis compiled a list of 277 species of vascular plants representative of the
Piedmont prairie community. He noted glades were probably dominated by grasses, forbs such
as asters, goldenrods, beggar’s-lice, bush clovers, and sunflowers.

Table 1. Listed rare vascular plant species associated with Piedmont prairies and associated
communities (not all inclusive).

Common Name Scientific Name Status

Schweinitz’s sunflower Helianthus schweinitzii Federally Endangered
Smooth coneflower Echinacea laevigata Federally Endangered
Georgia aster Symphyotrichum georgianum Federal Species of Concern
Carolina bird’s-foot trefoil Lotus helleri Federal Species of Concern
Tall larkspur Delphinium exaltatum Federal Species of Concern
Butner Barbara’s buttons Marshallia sp Federal Species of Concern
Heller’'s rabbit tobacco Gnaphalium helleri Significantly rare—Proposed
Carolina thistle Cirsium carolinianus Significantly rare—Proposed
Sessile tick-trefoil Desmodium sessilifolium Significantly rare—Proposed
Carolina thistle Cirsium carolinianum Significantly rare—Proposed
Thick-pod white wild indigo Baptisia alba Significantly rare—Proposed
Thin-pod white wild indigo Baptisia albescens Significantly rare—Proposed
Smooth sunflower Helianthus laevigatus Significantly rare—Proposed
Earle’s blazing star Liatris squarrulosa Significantly rare—Proposed
Southeastern bold goldenrod Solidago rigida ssp glabrata Significantly rare—Proposed
Prairie dock Silphium terebinthinaceum Significantly rare—Proposed
Glade wild quinine Parthenium auriculatum Significantly rare—Threatened

Other associated species found in prairies are several of the native warm-season grasses.
Davis lists 33 grass species. To name a few, you may find indiangrass (Sorghastrum nutans),
little bluestem (Schizachyrium scoparium), the less common big bluestem (Andropogon
gerardii), gamagrass (Tripsacum dactyloides), switchgrass (Panicum virgatum), and broomsedge
(Andropogon virginicus).

The following is a primary, not complete, forb list of desirable native prairie species to
use as a guide and goal for restoration.

Table 2. Desirable native Piedmont Prairie species.

Common Name Botanical Name

Butterfly milk weed Asclepias tuberosa

Purple coneflower Echinacea purpurea

Black-eyed susan Rudbeckia hirta

Blazing stars Liatris (spicata, squarrosa, aspera)

Golden rods Solidagos (odora, rigida)
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Table 2. Desirable native Piedmont Prairie species.

Common Name

Botanical Name

Swamp sunflower

Purple-disk sunflower

Tick seed

Late purple aster

Toothed rosinweed (Chatham Co.)
Kidneyleaf rosinweed (Chatham Co.)
Three-leaved rosinweed (Chatham Co.)
Greater tickseed

Calliopsis or golden tickseed
Whorled coreopsis

Lance leafed tickseed

Joe Pye weed

Evening primrose

Wild quinine

Rattlesnake master

Cardinal flower

Atamasco lily

Helianthus angustifolius
Helianthus atrorubens
Bidens aristosa

Aster patens

Silphium asteriscus
Silphium compositum
Silphium trifoliatum
Coreopsis major
Coreopsis tinctoria
Coreopsis verticillata
Coreopsis lanceolata
Eupatorium fistulosum
Oenothera biennis
Parthenium integrifolium
Eryngium yuccifolium
Lobelia cardinalis
Zephyranthes atamasco

The following list of priority bird species supported by prairies is based on the North
Carolina Partners in Flight and the Partners in Flight Southern Piedmont Bird Conservation Plan.

Table 3. North Carolina Partners in Flight priority bird species associated with prairie/grassland,
shrub-scrub, and savanna habitats (not all inclusive).

Prairie/Grassland

Shrub-Scrub

Pine Savanna

Henslow's sparrow
Bachman'’s sparrow
Northern bobwhite
Loggerhead shrike
Short-eared owl (winter)
Barn owl

Northern harrier (winter)
Grasshopper sparrow
Eastern kingbird
Eastern meadowlark
Sedge wren (winter)
Dickcissel

Bobolink (migrant)
Horned lark (winter)

Gray catbird

Barn owl

Prairie warbler
American woodcock
Northern bobwhite
Field sparrow
Eastern towhee
Orchard oriole
Yellow-breasted chat

Common yellowthroat
Brown thrasher
White-eyed vireo
Willow flycatcher
Vesper sparrow (winter)
Loggerhead shrike

Red-cockaded woodpecker
Bachman’s sparrow
Brown-headed nuthatch
Henslow's sparrow
Northern bobwhite
Summer tanager
American kestrel
Red-headed woodpecker
Northern flicker

Chuck will's widow
Whip-poor-will

Threats

Threats to prairies are development, noncompatible management practices, invasive
species, fragmentation, and fire suppression. The 1-40 and I-85 highway corridors are known in
this region as a corridor of rapid development. Between the 1980 and 1990 censuses, 15 North
Carolina and South Carolina counties that comprise the Charlotte region grew by 15.5 percent,
and the area’s populations expanded to more than 1.6 million people. Between 1990 and 1996,
the Charlotte region’s population jumped by 10.2 percent or nearly 200,000 residents. Another
5.3 percent growth was estimated between 1996 and 2000 and 10.6 percent between 2000 and
2010 (UNC Charlotte, Urban Institute, 1998).
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Noncompatible management practices that threaten prairies are primarily the lack of
disturbance, such as burning and mowing. There are certain times in the year disturbance should
be done depending on the restoration need, wildlife compatibility, and seed production.
Historically, wildfires naturally burned the landscape and fulfilled an important ecological role
for prairies and savannahs because of fire dependency. Today, managers must plan and conduct
prescribed fire to reintroduce this important component back into the ecosystem. Prescribed fire
has become increasingly difficult to accomplish because of wildland-urban interface and liability
issues. Invasive, nonnative species are one of the greatest threats to natural ecosystems. Invasive
species displace and outcompete native plants.

Conservation Strategies

The Piedmont Prairie Partnership conservation strategies are to identify high-priority
sites, support natural heritage inventories of the Southern Piedmont, seek funding for habitat
restoration, and provide permanent land protection with conservation easements or fee title land
acquisition. High-priority sites are ranked by listed species, recovery goals for listed species,
location of the site, and the willingness of the cooperator or landowner to manage the site in
some type of agreement.

Restoration, recovery, enhancement, and creation of prairie habitats may be supported
through the Service’s Partners for Fish and Wildlife program. The Service also allocates
endangered species funding for development of a restoration, management, prescribed burn, and
monitoring plans for this rare community. Other programs that offer funding for restoration,
enhancement, and creation of prairies are the Natural Resources Conservation Service Farm Bill
Programs: Environmental Quality Incentives Program (EQIP), Wildlife Habitat Incentives
Program (WHIP), and the new Grasslands Reserve Program. The North Carolina Wildlife
Resources Commission offers the Cooperative Upland-Habitat Restoration and Enhancement
(CURE) program within focus areas of North Carolina.

One of the objectives of the partnership is to share technical expertise on current
restoration and management techniques. They include burning, mowing, thinning, girdling,
applying herbicides, and planting or transplanting native species. Other strategies that may
benefit Piedmont prairies include developing propagation techniques (establishing production
plots), conducting workshops, and sharing research and monitoring information. Currently, the
focus has been on acquiring restoration equipment such as grass drills and harvesting equipment.
Establishment of native warm-season grasses is more successful if you have the right equipment
to do the job, depending on your goals. In addition, the partnership is focusing on utilizing local
genotypes and developing a native seed source for North Carolina. For our geographic area,
Carthage switchgrass (Panicum virgatum) is the only species currently available. Although it
was not documented from any of the six sites studied by Davis, switchgrass is native to North
Carolina and is generally considered a Piedmont prairie species.

Once restoration has taken place, it is important to maintain the site in a prairie or
savannah-like state by prescribed fire (preferably) or by mowing, in order not to quickly lose the
site to succession.

Prairie Sites

The North Carolina Natural Heritage Program prepared a “prairie-like Piedmont
woodlands” occurrence map in 2001 that includes Piedmont Longleaf Pine Forest, Xeric
Hardpan Forest, and Diabase Glades. The Service is working with the North Carolina Natural
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Heritage Program to obtain a list of high-priority sites for the partnership to review for
restoration, management, and protection. With this information, a status survey may be
conducted to determine current land use, presence of rare species, and prioritization for
restoration and protection.

A “Status Survey and Protection Prioritization of Schweinitz’s Sunflower” was
conducted under a Service grant in 2002 by Moni Bates, consulting botanist. This study did not
include all known prairie sites that contain other threatened or endangered species. Most
protected and unprotected populations of Schweinitz’s sunflower in North Carolina and South
Carolina were reviewed. The study also included searches for new populations in North
Carolina. Seven new populations were located in the following five counties: one in Gaston, two
in Rowan, one in Randolph, two in Davidson, and two in Anson.

A total of 98 sites were ranked for protection and restoration potential. A total of 87 sites
were ranked for Right-of-Way (R-O-W) management. The R-O-W sites are important to manage
because they currently or potentially serve as seed and plant material sources for restoration on
adjacent or nearby preserves (Bates, 2003). Her results reveal there are nearly 80 sites in the
North Carolina Natural Heritage Program’s Biological Conservation Database for Schweinitz’s
sunflower. Six of these populations occur in natural or semi-natural habitat.

Bates and other biologists in the region have laid the foundation for recovery of
Schweinitz’s sunflower by protecting and managing 19 sites: 14 in North Carolina and five in
South Carolina. In North Carolina, they include Latta Plantation, Shuffletown Prairie, Mineral
Springs Prairie, McDowell Nature Preserve, McCoy Road, Pisgah Covered Bridge Road,
Caraway Mountain, Purgatory Mountain, Okeewemee Woodland, Island Point, Winget Road,
Rankin Farm, N.C. 24/27, and FSR-576 (U.S. Forest Service). In South Carolina, they include
Brattonsville Prairie, I-77 (SCDOT), Banks Road, Rock Hill Blackjack Heritage Preserve, and
Ann Springs Close Greenway. Of these, the sites that meet the criteria for down-listing the
species were indicated.

Prior to the partnership, with the help of partners and the Partners for Fish and Wildlife
program, the following sites were restored: Suther Prairie, Mineral Springs Prairie, and Dodge
City Prairie. After the partnership formed in 2001, the Service, the North Carolina Plant
Conservation Program, and its partners restored the following sites: Richmond County-Sharpe
Piedmont Savannah/Grassland—=85 acres; Mecklenburg County Park and Recreation
Department-McDowell Nature Preserve Grassland Expansion—connecting and expanding small
existing fields to a total of 150 acres of contiguous grasslands; Montgomery County-Okeewemee
Woodland-North Carolina Plant Conservation Program—phase 1, restore 30 of 60 acres; and
Montgomery County-Wysner Mountain—40 acres.

The Partners for Fish and Wildlife program is primarily designed to restore degraded
habitats to benefit migratory birds, threatened or endangered species, or anadromous fish. NRCS,
through the WHIP program, has helped Mecklenburg County Park and Recreation Department
restore the remnants of Shuffletown Prairie, Winget Road, and McCoy Road. This program is
designed to reverse decline of farmland-associated wildlife species by helping landowners with
wildlife habitat improvements. It has provided funding for many acres of native grass restoration,

which also benefits the farmer with hay production, while at the same time restoring prairies and
wildlife habitat.
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Conclusion

The Piedmont Prairie Partnership is a great working group that continues to grow. As
members of the partnership share expertise, ideas, and resources, perhaps recovery goals for
Schweinitz’s sunflower and smooth coneflower will be met. Ecologically, if the rare
communities are protected and managed, then rare flora and fauna indigenous of prairies will
also certainly benefit from this cooperative effort. The best opportunities for restoration and
management of Piedmont prairies is through a concerted effort with partners and, most
importantly, the willingness of landowners to protect, restore, and manage these vanishing
communities.
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Since 1989, an interagency agreement between the National Park Service and the Natural
Resources Conservation Service has led to an exchange of technical information and the
development of park indigenous plant materials, new seed/plant propagation technologies, and
revegetation methodologies for revegetation of highway and other construction projects.

The program provides assistance to national parks through NRCS Plant Materials Centers
(PMC) to identify plant species needed; collect and process native seed; provide high-quality,
custom-grown container plants and field production of native forb and grass seed from site-
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specific collections; ensure genetic integrity; and provide technical assistance on site preparation,
plant establishment, weed control, seed collection, and processing.

In the past 12 years, the program has assisted 45 national parks with nearly 100 projects
in cooperation with 12 Plant Materials Centers (PMC); tested more than 1,000 native
species/ecotypes and developed successful propagation techniques for more than 700 species and
produced approximately 29,000 PLS pounds of grass/forb seed and 720,000 tree/shrub seedlings.

In addition, computer tools such as guides to assist in development of seeding
rate/mixtures and revegetation cost estimation have been developed. A manual that summarizes
the propagation technology for more than 200 native species was published. These propagation
protocols developed from research by the Park Service and PMCs have been placed on an
interagency Web site (http://nativeplantnetwork.org) for access by nurseries, seed producers, and
the general public.

USDA-NRCS Plant Materials Program’s

Contribution to Native Grass Technology
Robert T. Escheman’

! National Plant Materials Program Leader, USDA-NRCS, Washington, DC
20013. Corresponding author: Escheman, (202) 720-0536,
Robert.Escheman@usda.gov.

USDA-NRCS Plant Materials Program has a long history of providing native grasses to
support conservation needs. From forage production to dune and marsh revegetation to mine
reclamation, NRCS has provided the technology to support these programs. This paper will
review the accomplishments and benefits of the plant materials within the Eastern Region.

Introduction

Since the beginning of the Natural Resource Conservation Service, plant materials have
been an important component of the agency. When the first plant nursery (plant materials centers
were formerly called nurseries between 1935 and 1954) was established in the mid-1930s and the
first cultivar of sideoats grama was released in 1940, plant materials became the backbone of
using vegetative solutions to solve conservation problems.

As the mission of the agency has changed, so too has the plant materials technology
supplied to the field. Since the first cultivar was released, more than 210 native grass or grass-
like species have been provided as tools for the conservation effort.

Meeting Changing Priorities

In the 1980s, NRCS began to switch from its conventional funding methods to more
program-based funding. This led to the Plant Materials Centers expanding from erosion control
to plant solutions to improve water quality and wetland restoration. With the 1990s, the Plant
Materials Centers continued to evolve, adding technology to aid in agroforestry, local ecotypes,
streambank stabilization, the continued emphasis on wetlands, and conservation in urban areas.
In addition, outreach to underserved and disadvantaged farmers became more important. In
2000, we are faced with more challenges, including air quality. The Plant Materials Program has
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risen and succeeded in all of these, even though the overall staff has decreased and emphasis for
the conservation programs changes.

The current need in native plants for restoration and conservation often calls for local
source ecotypes. This creates many challenges. Based on definition, local source can mean
material found on site to material found within several miles or several hundred miles. For many
species, finding a sufficient amount of collection material in the local area can be difficult. This
can be very important if the restoration project is very large. In the eastern United States, native
grasses are often expensive, in limited quantities as seed, and difficult to find. This leads to
selections of improved plants to accomplish these functions. Plant Materials Centers and their
products seek a middle ground when selecting new native grass releases. Releases must have the
potential to be profitable in the commercial market. To accomplish this, PMCs carefully
assemble and select plants to meet identified needs of the resource with the viability in the
commercial market.

A dilemma in all of this is that NRCS is an agricultural agency. Our job is to produce
plant materials that grow faster, with more nutrients, with less insect damage, under a variety of
conditions. We also are a natural resources management agency, so we need native ecotypes that
accomplish the job and are part of a plant community. We do not want a monoculture.
Additionally, we also face the challenge of misuse of plant materials. The program provides seed
to the commercial growers, most times explaining where the plant should be used. However, we
cannot guarantee that is what happens.

Development of New Releases

Release categories used in the NRCS Plant Materials Program are defined by the
Association of Official Seed Certifying Agencies (AOSCA). The traditional type of release is the
cultivar. Cultivars are the most developed release material. The material is usually genetically
uniform, and performance and adaptation of the cultivar has been well documented. Tested and
selected types have had some genetic selection, and the materials may have undergone varying
degrees of testing on planting sites. The material usually has greater genetic diversity than the
cultivar, but the performance and adaptation of tested and selected classes of releases may not be
fully investigated. Source-identified types are typically straight from the field and may have the
most genetic diversity within the collection. There is usually no information developed on the
performance and adaptation of source-identified releases beyond what can be inferred from the
collection site.

When ecological restoration or enhancement is the goal of a planting project, locally
collected source-identified plant materials are usually preferred because they are assumed to
have a wide variety of genetic material that is adapted to the area around the planting site. For
most conservation work, and in particular the stabilization of “highly stressed” critical areas,
using source-identified class parent materials may be risky due to the lack of performance
information and the material. When critical area stabilization is needed, such as work performed
along streambanks and shorelines, it is necessary to stabilize the site so that excessive erosion
control does not occur. In this case, cultivars are the best choice. In the case where plant
materials are used for forage, cultivars specifically selected for improved nutrition and regrowth
may outperform local unselected materials. The usual or middle-of-the-road projects include
those for buffers and wildlife plantings.

Usually it is desirable to know that the plant materials are going to achieve the desired
results, for example, produce food for wildlife or provide a vegetative buffer between developed
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land and a wetland. It is often not necessary or desirable to have highly selected materials or to
know the entire range of performance and adaptation. In this case, selected and tested class
releases are often the best suited. Most importantly, the designer needs to decide what the
objective of the planting is and which plant materials are suited to meet that objective.

For years, one of the major challengers for eastern native warm-season grass production
has been using material from midwestern sources. Finding local ecotype materials for
conservation activities has been challenging. There are also very few species of cool-season
native grasses from commercial sources. PMCs in the East, as well as many partners, are
currently making collections of both cool-season and warm-season native grass species. Most of
these are designed to be used in the general location of the collection point or the center. In that
way, the center can release materials that are local to the project. Several of these may not have
enough of a market for production by commercial growers but will supply the local conservation
or restoration need.

Finding the Need and Filling It

Within the eastern half of the country, there are eight Plant Materials Centers that are
working on this need. Let’s examine some of the native grass products they have provided to the
industry. The Big Flats New York PMC has released ‘Niagara’ big bluestem (Andropogon
gerardii), which is superior to midwestern cultivars when grown in the East. It can be used for
livestock forage in pastures and hayland. It is persistent, and productivity exceeds other big
bluestem varieties. It is excellent for wildlife habitat, critical area seeding, and erosion control.

They have also developed ‘Shelter’ switchgrass (Panicum virgatum), a warm-season
native, perennial sod-forming grass. The name “Shelter” reflects the ability of this grass to
provide spring nesting cover for ground nesting birds and escape for wildlife. It has an upright
form and stiff branches, even under snow. The Plant Materials Center is also evaluating a source-
identified release of eastern gammagrass.

The Cape May PMC in New Jersey has released several species including ‘Cape’
American beachgrass (Ammophila breviligulata), which is the industry standard for frontal dune
stabilization.

They have also developed ‘Bayshore’ smooth cordgrass (Spartina alterniflora). Smooth
cordgrass is the dominant emergent grass species growing along tidal salt marshes of the Atlantic
and Gulf coasts.

The center is also evaluating sources of big bluestem, little bluestem, and indiangrass.

The Beltsville PMC in Maryland has released selected species of switchgrass (Panicum
virgatum) and is in the process of releasing indiangrass (Sorghastrum nutans) and bottlebrush
grass (Elymus hystrix). They are evaluating Canada brome (Bromus pubescens), hairy wild rye
(Elymus villosus), and Virginia wild rye (Elymus virginicus) for the mid-Atlantic and Piedmont
regions. These are releases for general conservation use and wildlife habitat.

The Michigan PMC has released a source-identified material of big bluestem
(Andropogon gerardii) for rotational grazing systems, switchgrass (Panicum virgatum),
indiangrass (Sorghastrum nutans), and little bluestem (Schizachyrium scoparium). They are also
evaluating prairie sandreed (Calamovilfa longifolia) for stabilization of Great Lakes Coastal
areas, Canada brome (Bromus pubescens) for general conservation use and pasture, Canada wild
rye (Elymus canadensis), bottlebrush grass (Elymus hystrix), and junegrass (Koeleria macrantha)
for general conservation use.
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The Georgia PMC has released a cultivar of ‘Americus’ indiangrass (Sorghastrum
nutans), which is used for wildlife habitat, livestock forage, and conservation needs. This is the
only cultivar in the Southeast and is drought tolerant.

The Florida PMC is evaluating releases of blue maidencane (Amphicarpum purshii) and
chalky bluestem (Andropogon glomeratus). Both are recommended for use as forage and
wetland restoration and to improve water quality. They are also evaluating lopsided indiangrass
(Sorghastrum secundum), which is recommended for use in wildlife habitat improvement,
rangeland improvement, and native grass community restoration. The Plant Materials Center is
also evaluating source-identified switchgrass.

The Coffeeville, Mississippi, PMC has released the cultivar ‘Halifax” maidencane
(Panicum hemitomon), which is recommended for shoreline erosion control; a source-identified
woolgrass (Scirpus cyperinus), which is recommended for constructed wetlands; and a cultivar
‘Highlander’ eastern gamagrass (Tripsacum dactyloides), which is recommended for forage and
general conservation use.

In addition to native grasses, the Plant Materials Program is also actively producing plant
technology for legumes and woody plants.

The scope and uses of plant materials in NRCS keep expanding. Currently we are
partnering with the USFS and universities to develop techniques to mitigate air quality concerns.
We also have Plant Materials Centers researching biofuels to help decrease our dependence on
foreign sources of energy.

An economic analysis of the Plant Materials Program was completed several years ago
and determined that for every $1.00 that is invested, there is a benefit of $6.00. All of the
previously mentioned native grasses and the technology needed to establish and maintain them
have been provided by the Plant Materials Program. In today’s economy, that is a good
investment, especially as we continue to expand our mission.
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Farm bill funding is currently the largest source of private landowner funding available
for establishing native grasses. Since 1998, more than 60,000 acres of native grass have been
established in Kentucky through farm bill programs. Through partnership, increased financial
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and technical assistance, staffing, education, and equipment have been key to improving
acceptance and utilization of native grass as conservation cover, forage, and wildlife cover
through farm bill programs. Active partner participation on the NRCS State Technical
Committee and program subcommittees has also facilitated incorporation of native grass into all
possible programs. A brief history of native grass use by program will be covered.

Also discussed will be the technical evolution of native grass plantings in Kentucky
through farm bill programs. Initially, many plantings were slow to establish, with some failures
due to unsuitable planting equipment or equipment operation, poor seedbed preparation, and/or
competition control. Through training and improved planting equipment, and with the advent of
increased herbicide options, native grass planting success has greatly improved. Today, due to
such success in establishing native grasses, we are looking at options to slow grass
establishment, improve stand diversity, and set back succession to improve habitat. Prescribed
burning, strip discing, herbicide applications, and lower grass seeding rates with increased forb
rates are successfully being used to improve stand diversity and set back succession of native
grass stands established through farm bill programs.
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Genetic variation was surveyed within and between native populations of little bluestem
(Schizachyrium scoparium (Michx.) Nash [ = Andropogon scoparius Michx.]) and Virginia wild
rye (Elymus virginicus L.), using random amplified polymorphic DNA (RAPD) markers. The
native populations of each species included collections from both northeastern and midwestern
regions within the United States. Analysis of molecular variance (AMOV A) technique showed
that little bluestem populations were highly variable within populations, whereas Virginia wild
rye populations were relatively uniform within populations. Furthermore, when the two species
were compared, an interesting relationship was observed between the genetic distance among
populations and the geographic origin of the populations. Little bluestem exhibited a positive
correlation, and thus its populations became more genetically different the further populations
were separated by geographical distance. Virginia wild rye populations lacked such correlation,
and thus populations between widely separated regions could exhibit genetic relationships that
were, in some cases, more similar than populations within a region.

Partitioning of genetic variability within and among populations across regions is, in
large part, a function of the breeding system of the species. Little bluestem possesses an open-
pollinated, outcrossing breeding system, whereas Virginia wild rye is a self-pollinated,
inbreeding species. Thus, the reproductive biology of native plants governs the genetic structure
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observed among populations within a species. As such, a species’ reproductive biology is a
vitally important parameter to consider when replenishing or replacing locally adapted gene

pools.

Faulty Sexual Reproduction in Big Bluestem

Populations in South Carolina
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Big bluestem (Andropogon gerardii Vitman) occurs as small, isolated populations in old
field edges in the Piedmont of South Carolina. We collected seeds from several of these
populations in Oconee County, South Carolina. These seedlots germinated very poorly in field
plantings and in standard germination tests. Upon physical examination of seedlots, we
discovered that most caryopses contained no filled seeds or severely shriveled seeds. Flowering
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These data indicate that unsuccessful seed production in isolated populations arose from
lack of outcrossing among the individuals in these populations. Wide genetic differences
between isolated populations suggests the opportunity to increase viable seed production by
building composite populations with plants from a large number of isolated populations.

Preliminary Progress Toward Reducing Seed Dormancy in Native Grasses
Keri D. Jones', Brian S. Baldwin?, and Paul D. Meints®
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Abstract

Big bluestem (Andropogon gerardii Vitman), indiangrass (Sorghastrum nutans [L.]
Nash), and switchgrass (Panicum virgatum L.) possess seed dormancy contributing to extremely
poor field establishment. Two classical breeding techniques, half-sib progeny test (HSPT) and
phenotypic recurrent selection (PRS), were used to attempt to enhance germination by reducing
seed dormancy in native populations adapted to the humid Southeast. Switchgrass mean
germination increased from 4% in cycle 1 to 26% in cycle 2 (14 d totals) by implementing PRS.
Big bluestem and indiangrass germination was extremely low (0.2 to 1.2% in 14 d) for all
populations. Fungal infestations of the seed may have affected seed viability. In big bluestem,
the HSPT resulted in a higher mean germination versus one cycle of PRS (P = 0.019). Mean
germination percentages of indiangrass were not different from the original population following
either breeding method (P = 0.052). Hopefully, additional cycles of PRS will improve mean
germination. Populations from this research will eventually have potential for use in biomass
production and pasture establishment, as well as prairie restoration.

Introduction

Big bluestem (Andropogon gerardii Vitman), indiangrass (Sorghastrum nutans [L.]
Nash), and switchgrass (Panicum virgatum L.) are all perennial tall-grass prairie representatives
native to North America (Weaver 1968). They have been produced as forage for greater than 50
years and are important in prairie restoration projects (Vogel 2000). A new application for
switchgrass is a role in the production of biofuel, where vegetative material is converted into fuel
for electricity (Sanderson et al. 1996). Producers interested in establishment of these grasses are
typically faced with poor yields initially, as a substantial percentage of the seed fail to germinate.
An important contributor to problems in establishment is seed dormancy. To offset the negative
effects of dormancy, typically seed are substantially over-planted, stored for extended periods, or
stratified. These alternatives vary in overall effectiveness, and a more reliable means of obtaining
acceptable stands is required. The objective of this study was to implement traditional breeding
techniques to attempt to reduce seed dormancy. Phenotypic recurrent selection (PRS) and half-
sib progeny test (HSPT) were used toward creating a more domesticated crop with reliable initial
stand yields.
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Materials and Methods

Only PRS was used to improve switchgrass populations. The breeding program initiated
with 900 kg of switchgrass seed, which were harvested from a crossing block at the Jamie L.
Whitten Plant Materials Center (PMC) in the fall of 2001. The crossing block was comprised of
92 accessions collected across Mississippi and west Alabama by Joel Douglas and Janet
Grabowski (at PMC). Screening for reduced dormancy began four months after seed harvest.
Approximately 30,000 seed were randomly selected to represent each of six subsamples. Each
subsample was distributed onto a stainless steel tray between two layers of germination paper
and placed in a germinator (GR-371, Percival Scientific Inc., Boone, [A) set at an alternating
temperature of 30°C light (16 h)/20°C dark (8 h). Seed were moistened with 590 ml of metylaxyl
solution (0.1 ml/L). Germination was defined as radicle and/or coleoptile protrusion of 3 mm or
greater. Seed that did not germinate in 4 d were discarded, and additional subsamples of seed
were distributed onto the trays. Seedlings that germinated in 4 d or less were considered to
possess reduced dormancy, retained, and eventually planted in an isolated crossing block located
at the Mississippi State University Plant Science Research Center (Starkville, Mississippi). A
total of 49 seedlings were collected as a result of the screening process to represent cycle 1 of
PRS. Cycle 1 plants intercrossed via open pollination, seed was collected in November 2003, and
seed was screened in the same manner as described above. Sixty seedlings that germinated in 4 d
were retained and transplanted in spring 2003 to a second isolated crossing block (cycle 2). The
plants comprising cycle 2 intercrossed, and the seed produced was screened to form cycle 3,
which was also placed in a different isolated crossing block in March 2004. At least 400 m (0.25
mi) separates each cycle of selection to prevent pollen contamination by wind. This distance was
found to be effective in pollen control of maize isolated populations (Luna et al. 2001).
Germination tests of PRS cycle 1 and cycle 2 were compared using ANOVA and mean
separation test (SAS Institute 1999).

The big bluestem and indiangrass germplasm for the PRS and HSPT breeding program
originated from the Jamie L. Whitten Plant Materials Center (PMC) in Coffeeville, Mississippi.
The PMC is located within an area of about 6 hectares, maintained as a prairie largely comprised
of these native grasses and smaller subpopulations of several others. The seed source of the
original planting is unknown. Approximately 160 crown divisions and corresponding OP seed
from both indiangrass and big bluestem were transferred from the PMC to the Mississippi State
University Animal Science Research Center in Starkville, Mississippi, by fall 2002. This
established the mother plant (evaluation) nursery (MPN). Plants were chosen based on a visual
estimate of superior biomass production. Seed were collected from each plant prior to crown
divisions, maintaining the identity of the mother plant. Seed germination protocol was described
previously. When possible, six subsamples of 100 seed represented each mother plant. Each
subsample was contained in a Petri dish lined with one layer of germinating paper and moistened
with 5 ml of metylaxyl solution (0.1 ml/L). Germination was recorded every 2 d for 14 d. The
results of the germination test were used to determine elite parents of the HSPT. Elite parents
were chosen based on the performance of the progeny; the plants producing seed with the
greatest percent germination in the shortest amount of time were divided as clones from the
MPN and placed together in an isolated location. There were 14 elite parents for big bluestem
and 13 for indiangrass. Plants were maintained in 3.8 L black plastic pots.

Big bluestem and indiangrass PRS was initiated with the MPN seedlings from the
germination test that germinated in <14 d. These were placed in an isolated crossing block
representing cycle 1 of PRS (adjacent to the cycle 1 switchgrass). There were at least 50
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individuals for each species in the PRS cycle 1 crossing block. In 2003, seed were collected and
a synthetic composite was formed, with each plant having an equal representation in the
combined seed lot.

A 14 d germination test was conducted from progeny of HSPT and PRS cycle 1. Results
from germination tests of each of these breeding methods were compared using ANOVA and
mean separation tests (SAS Institute 1999). Comparison of the mean germination achieved by
each population will serve to measure the progress made toward reduced dormancy and will give
an indication of the efficiency of each method. Individuals from cycle 1 intercrossed and the seed
was collected in October 2003. Individuals that germinated in <14 d were transplanted to an
isolated crossing block in March 2004 to represent cycle 2.

Following the initial 14 d germination test, seed from all crossing blocks were stratified
to determine the percentage viable but dormant. Immediately following the initial screening, seed
were placed in an incubator (SP-1254, Hoffman Manufacturing Co., Albany, OR) set at 4°C for
14 d. After this moist chilling treatment, seed were returned to the germinator (30°C light/20°C
dark), and germination was recorded every two days for an additional 14 d. The regime of 14 d
in cold treatment followed by 14 d in ideal temperatures was repeated at least four times to
determine if extensive cold treatments were required to achieve further germination.

Results and Discussion

For this study, the most important comparison is germination percentage achieved during
the first 14 d (pre-stratification). At 25.5%, mean germination of switchgrass PRS cycle 2
differed from 4.2% achieved from PRS cycle 1 (p <0.001, Table 1). This represented a 6-fold
increase in germination prior to stratification; PRS was effective in reducing switchgrass seed
dormancy. PRS was also effective in reducing dormancy of other grasses, specifically kleingrass
(Panicum coloratum L.; Tischler and Young 1987) and green needlegrass (Stipa viridula Trin.;
Schaff and Rogler 1960). Future cycles are being developed with the intent to continue to
increase mean germination percentage. Stratification did not improve mean germination for
either switchgrass population. Mean germination decreased to 2.8% for PRS cycle 1 and 2.7%
for cycle 2 after one stratification period (Table 1). Subsequent stratification did not continue to
improve mean germination of new seedlings; new germination ceased following two
stratification periods in both PRS cycle 1 and cycle 2. Previous research has shown stratification
reduces seed dormancy (Emal and Conard 1973; Beckman et al. 1993). When stratification is
ineffective in increasing mean germination, as seen here, it implies a reduction in seed
dormancy. If seed dormancy were simply inherited, we would expect the additional individuals
that germinate prior to stratification in PRS cycle 2 to be represented in the individuals that
germinate following one period of stratification in PRS cycle 1. Based on the limitations of the
current testing, it is not possible to determine if there is a shift in the frequency of alleles
responsible for seed dormancy.

One cycle of PRS was not effective in reducing seed dormancy in big bluestem as
measured by pre-stratification germination. Synthetic composite seed collected from the big
bluestem MPN had a mean germination of 0.3%, which was similar to the mean of PRS cycle 1
at 0.2%, but both were lower than the mean of the HSPT at 1.2% (p = 0.019, Table 1). Though
dormancy was significantly reduced in the HSPT as compared to the pre-stratification mean
germination of the MPN, the increase was not great enough to warrant further development into
a cultivar. Also, a substantial increase in germination following stratification (41.3%) indicates
seed dormancy persists in the population. These findings are consistent with those of Vogel and
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Pedersen (1993); although HSPT is useful in developing initial cultivars, it has not been
successful in improving quantitative traits such as yield (Vogel and Pedersen 1993).The
combined mean germination in the HSPT population before and after stratification was much
higher than that of the MPN and PRS, indicating superior viability. This may have been a result
of different production conditions; parents of the HSPT were maintained in containers near the
greenhouse where it was easier to address water and nutrient requirements. Extended
stratification did result in additional germination for both the big bluestem and indiangrass MPN,
but germination percentages were extremely low overall (Table 1). Low germination percentages
are due at least in part to fungal outbreaks on the leaves (rust, putatively identified as
Helminthosporium sp.) and seed (putatively identified as bunt, Tilletia sp.; smut, Ustilago sp.;
and ergot, Claviceps sp.).

Indiangrass seed dormancy was not reduced by either breeding method. Mean
germination of both populations was similar to the MPN (p = 0.561, Table 1). As in big
bluestem, there were fungal infestations on the leaves and seed, which contributed to low mean
germination. All indiangrass populations showed increases in additional germination following
stratification. The MPN had a mean germination of 0.2% prior to stratification, and 8.0%
following 14 d of stratification. Additional germination continued to increase even after three
periods of stratification. Mean germination from indiangrass PRS cycle 1 was 0.3% prior to
stratification, 16.3% following the first period of stratification, and gradually declined with
additional stratification periods. This is encouraging because less stratification was necessary to
decrease germination of new seedlings versus the MPN. Longer periods of stratification may
indicate that a greater degree of dormancy exists in the MPN population. If this is the case, then
PRS is shifting the frequency of alleles in the population toward a reduced degree of seed
dormancy. Although there was no mean germination prior to stratification in the 2003
indiangrass HSPT, seed did germinate following the first stratification period at 10.5% and
following the second stratification period at 7.7%. Viability tests conducted on the seed lot were
inconclusive on the extent of live seed present in the population. Flowering was not synchronous,
which affected seed production and quality and possibly contributed to the lack of success in
decreasing seed dormancy.

Selection for quantitative traits such as seed dormancy using classical breeding
techniques is not a rapid process, especially if only one cycle can be completed per year. If initial
germination is low and the majority of the seed are not viable, selection is all the more difficult,
which was the case for big bluestem and indiangrass. With trace germination percentages, even if
dormancy were absent in the population, establishment would still be low for these two species.
Production conditions have significant effects on seed quality in these grasses. Although
environmental conditions may positively or negatively affect seed production, additional
research to attempt to reduce seed dormancy remains important in development of commercial
cultivars that do not require a pre-treatment or extended storage. These cultivars would have
application in numerous areas, including biomass production, wildlife habitat, and forage
production.
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