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ABSTRACT: Years of low fire intensity along field edges and hedgerows due to fuel conditions and fire
"shadowing" have led to hardwood encroachment and the loss of native grasses and legumes in these areas,
making them extremely difficult to burn and allowing further hardwood encroachment. Typically,
mechanical treatments are used to restore such areas, but continued mechanical treatment is necessary for
several years before fire can be successfully reintroduced. The objective of this study was to determine if
herbicides can speed up the return of grasses and forbs in the groundcover vegetation following such
mechanical treatments.

One field edge and two hedgerows along cultivated agricultural fields were selected for a pilot project to
examine the effects of these treatments. In the fall of 2000, the entire field edge and hedgerows were
mechanically treated with a feller-buncher to remove large hardwoods and the understory was mowed or
drum chopped. In July of 2001, half of the field edge and one hedgerow were treated with herbicide
(Garlon + Escort) in a broadcast spray. Vegetation composition was monitored prior to herbicide
application (spring 2001) and following herbicide application (fall 2001, spring and fall 2002) using a 1.6
ft* quadrat at points along transects through the treatments. The herbicide treatment completely changed the
composition of the understory from woody plant to grass dominance (mainly Andropogon spp.) within the
first year, and virtually eliminated hardwood stems from the understory. This change in composition will
greatly improve the ability to quickly reintroduce fire in these areas.

INTRODUCTION

Historically, in the southeastern United States, frequent, low-intensity fires have maintained the open-
canopy structure and the diverse understory of longleaf pine-wiregrass ecosystems (Heyward, 1939;
Rebertus et al., 1989; Brockway and Lewis, 1997; Harrington and Edwards, 1999; Brockway and Outcalt,
2000; Provencher et al., 2001). These fires prevent large accumulations of fuel (Heyward, 1939; Lemon,
1949; Brockway and Lewis, 1997), create a bare mineral soil seedbed for longleaf pine regeneration
(Lemon, 1949; Hodgkins, 1958; Rebertus et al., 1989; Brockway and Lewis, 1997; Brockway and Outcalt,
2000; Provencher et al., 2001), impede hardwood encroachment (Heyward, 1939; Lemon, 1949; Rebertus
et al., 1989; Brockway and Lewis, 1997), promote flowering of certain species (such as wiregrass (Aristida
beyrichiana Trin. & Rupr.); Mulligan et al., 2002), provide habitat for wildlife (Brockway and Lewis,
1997; Brockway and Outcalt, 2000) and control brown spot needle blight infection (Lemon, 1949; Rebertus
et al. 1989; Brockway and Lewis, 1997; Brockway and Outcalt, 2000). Since European settlement,
however, certain management practices (such as fire suppression and farming) have led to the degradation
of much of the remaining longleaf pine forest (Rebertus et al., 1989; Brockway and Lewis, 1997;
Harrington and Edwards, 1999) and have resulted in changes in the composition of understory vegetation
(Lemon, 1949; Hodgkins, 1958; Brockway and Lewis, 1997; Brockway and Outcalt, 2000).

Fire suppression results in a reduction in the cover of grasses and herbs (especially legumes) and an
increase in hardwoods (Lemon, 1949). Over time, the hardwoods grow into the mid- and overstories,
further degrading the sites (Heyward, 1939; Rebertus et al., 1989) by reducing the amount of flammable
litter. In addition, large diameter hardwoods are generally difficult to top-kill using prescribed fire
(Heyward, 1939; Rebertus et al., 1989; Provencher et al., 2001), therefore, alternative methods may be
required for restoration in these degraded areas (Heyward, 1939; Brockway and Outcalt, 2000; Provencher
et al. 2001).

Mechanical means can be used to remove large stems from the overstory; however, mechanical treatments

alone can result in excessive hardwood sprouting (Provencher et al., 2001). The use of herbicides has been
suggested as a means of effectively removing hardwoods, reducing competition and increasing light
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availability at the forest floor, thereby promoting the growth of grasses and herbaceous vegetation
(Brockway and Outcalt, 2000; Ramsey et al., In press). Herbicides have been successfully used to restore
degraded sandhill sites (Harrington and Edwards, 1999; Brockway and Outcalt, 2000; Provencher et al.
2001)

On Ichauway, a more mesic site, there are numerous cultivated agricultural fields with hedgerows and
edges in need of restoration. These areas tend to have cooler, spottier fires than larger areas with more
contiguous fuels (fire-shadow effect). The hedgerows have since developed a heavy cover of old-field
vegetation, including large hardwoods, and do not burn regularly or well. The field edges have been
burned historically, but because of the fire shadow effect hardwoods have been able to encroach into the
mid- and overstories. Prescribed fire alone is not sufficient to restore these areas. It was the intention of
this study to see if restoration through a combination of mechanical and chemical means is feasible. If so,
the resulting grassland will be managed aggressively with fire to keep hardwoods in the understory while
maintaining a high diversity of grasses and herbs.

METHODS

Study site

The study was conducted at the Joseph W. Jones Ecological Research Center, at Ichauway, located in
southwestern Georgia, USA, in the lower Gulf Coastal Plain. The 11,600 ha property contains
approximately 7,500 ha of fire-maintained second-growth longleaf pine. The climate for this area is
classified as humid subtropical with an average annual precipitation of 131 cm, distributed evenly
throughout the year. Mean daily temperatures range from 21 to 34°C in summer and 5 to 17°C in the
winter. The study sites were located along the edge of a cultivated field and along two hedgerows in a
cultivated field. Dominant species are listed in Table 1. Soils consisted of well-drained to excessively
well-drained Kandiudults.

Table 1. List of dominant species by growth habit.

Species Common name
Overstory
Quercus virginiana Mill.* live oak
Quercus falcata Michx.* southern red oak
Quercus nigra L.* water oak
Prunus spp. L.* cherry
Cornus florida L. dogwood
Pinus palustris Mill. longleaf pine
Pinus taeda L. loblolly pine
Acer rubrum L. Red maple
Woody shrubs
Diospyros virginiana L. persimmon
Sassafras albidium (Nutt.) Nees sassafras
Rubus spp. L. blackberry
Asimina longifolia Kral pawpaw
Nonwoody shrubs
Callicarpa americana L. American beautyberry
Rhus copallinum L. shining sumac
Grasses
Andropogon spp. L. blustem grasses
Herbaceous vegetation
Ambrosia artemisiifolia L. ragweed
Toxicodendron toxicarium Gillis  poison oak
Vines
Smilax spp. L. greenbriar
Parthenocissus quinquefolia L. Virginia creeper

*These species also occurred in the woody shrub category
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FIELD WORK AND DATA ANALYSIS

In September 2000, a feller-buncher was used to remove overstory hardwoods (with basal diameters less
than 61 cm) from around the entire field edge and along both hedgerows. Removal of larger stems was not
possible with the available equipment. The understory vegetation was either mowed or drum chopped. In
May, 2001, a liquid herbicide mixture was broadcast applied to half of the field edge, and to one of the two
hedgerows. The specific herbicide mixture was: 9.4 liters ha” Garlon 4 (triclopyr), 0.02 liters ha™ Tordon
K (picloram), and 0.11 liters ha™ Escort (metsulfuron). The spray volume was 422 liters ha™' sprayed in a
12 meter swath. This mixture was selected to minimize the impact on desirable herbaceous and grass
species, while effectively controlling undesirable hardwood and shrub species.

An initial vegetation survey was conducted to determine pre-treatment conditions. Transects were
established around the field edge and along each of the two hedgerows. A 0.5 m* quadrat was used to
estimate percent groundcover in temporary plots located every 20 m along the transects (n=124).
Vegetation was classified into one of the following categories: wiregrass, other grasses, forbs, vines, live
oaks, other oaks, other woody vegetation, debris, bareground, non-woody shrubs and ferns. Sampling was
repeated in the fall of 2001 and in the spring and fall of 2002. Groundcover data were analyzed using
analysis of variance procedures. Significance was determined at o = 0.05.

RESULTS AND DISCUSSION

In mature longleaf pine forests, frequent burning is required for development and maintenance of a diverse
understory (Hodgkins, 1958). An important fuel in mesic longleaf pine ecosystems is wiregrass (Mulligan
et al., 2002). Wiregrass not only burns quickly and provides a continuous fuel source, but also elevates
pine needle litter, decreasing moisture content and increasing the pyrogenecity of the needles (Glitzenstein
et al., 1995; Mulligan et al., 2002). As expected, however, wiregrass was not identified in any of the plots
in this study, either before or after treatment. Wiregrass does not generally recover from intense soil
disturbances, such as plowing and compaction (Outcalt 1992, Mulligan et al. 2002), which occurred around
the field edges and hedgerows in this study.
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Figure 1. Percent groundcover by vegetation type. Data from the field edge and hedgerows were not
significantly different and were pooled for analysis. Different letters denote significant
differences between treatments (o = 0.05).

However, other native grasses also provide good fuels. The results of this pilot study indicate that the
combination of removing hardwoods from the overstory (increasing the amount of light reaching the soil)
and the herbicide application (reducing competing understory vegetation — particularly woody stems)
resulted in a significant increase in grass cover (3% control versus 4% treated, spring, 2001; 10% control
versus 22% treated, fall, 2001; 2% control versus 16% treated, spring, 2002; and 13% control versus 26%
treated, fall, 2002; Figure 1). A similar response to herbicide application has been demonstrated in xeric
longleaf pine forests (Brockway and Outcalt, 2000).

Herbaceous vegetation is also an important component of the understory in longleaf pine forests. In this
study, we saw an initial decline in the amount of herbaceous groundcover in the treated plots (27% control
versus 8% treated, fall, 2001; p <0.001). However, this difference subsided over time, and by fall, 2002,
was not longer significant (31% control versus 27% treated; p = 0.46). Similar short-term reductions in
herbaceous vegetation following herbicide application have been identified on xeric sites (Harrington and
Edwards, 1999; Brockway and Outcalt, 2000). Herbaceous vegetation responds differently to herbicide
than to fire; after fire the number and diversity of herbaceous plants usually increases (Hodgkins, 1958;
Brockway and Outcalt, 2000). However, in the absence of fire, herbaceous plant cover declines sharply
(Harrington and Edwards, 1999), so a temporary decline from herbicide application, which should
eventually result in a restored site, is acceptable. Alternative methods of herbicide application (i.e.,
directed spot application), may provide better protection for some herbaceous species (Harrington and
Edwards, 1999; Brockway and Outcalt, 2000) although this method may not be as economical as broadcast
application for large-scale operations.

Hardwood tolerance to fire depends on diameter, species, season of fire and fuel loads (Rebertus et al.,

1989). Harrington and Edwards (1999) found that herbicides accelerated the removal of non-pine woody
vegetation on xeric sites, although several treatment applications were required. In the current study, live

46



oak sprouts decreased significantly after treatment in fall, 2001 and fall, 2002 (p < 0.05). Other oak species
showed an initially significant decline in cover in fall, 2001 (3% control versus 1% treated); however, this
difference dissipated by spring, 2002 (3% control versus 2% treated). In contrast, cover of other woody
vegetation, including persimmon and cherry, was significantly and consistently lowered by the herbicide
treatment (15% control versus 1% treated, fall, 2001; 9% control versus 3% treated, fall, 2002; p<0.001).
Brockway and Outcalt (2000) found similar results on xeric sites. These results are for understory
hardwoods only; overstory hardwood survival was not monitored in this pilot study.

Debris increased significantly in the treated plots following herbicide application and almost doubled by
fall, 2001 (31% control vs. 66% treated; p < 0.001); this difference slowly dissipated over the next year as
grasses began to fill in the openings left by woody vegetation, and by the fall of 2002, was no longer
significant (29% control vs. 37% treated; p=0.09)

FUTURE WORK

Based on the results of this pilot study, we believe that using a combination of mechanical and chemical
techniques is an effective way to restore degraded mesic longleaf pine forests. We have implemented
another adaptive management study which will allow us to further improve our management
recommendations. This new study will look at the efficacy of three different types of herbicide: Garlon,
Arsenal and Velpar. The initial phase of this study has already been completed, with Arsenal and Garlon
applied this fall; Velpar will be applied in the spring.
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