From Forest Nursery Notes, Summer 2011

169. The effects of pre- and post-emergent herbicides on non-target native plant
species of the longleaf pine ecosystem. Kaeser, M. J. and Kirkman, K. Journal of the
Torrey Botanical Society 137(4):420-430. 2010.



The effects of pre- and post-emer gent herbicides on non-tar get
native plant species of the longleaf pine ecosystem

Author(s): Melanie J. Kaeser and L. Katherine Kirkman

Source: The Journal of the Torrey Botanical Society, 137(4):420-430. 2010.
Published By: Torrey Botanical Society

DOI: 10.3159/10-RA-029.1

URL.: http://www.bioone.org/doi/full/10.3159/10-RA-029.1

BioOne (www.bioone.org) is an electronic aggregator of bioscience research content,
and the online home to over 160 journals and books published by not-for-profit societies,
associations, museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated
content indicates your acceptance of BioOne's Terms of Use, available at
www.bioone.org/page/terms_of _use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial
use. Commercial inquiries or rights and permissions requests should be directed to the
individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.


http://www.bioone.org/doi/full/10.3159/10-RA-029.1
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

Journal of the Torrey Botanical Society 137(4), 2010, pp. 420-430

The effects of pre- and post-emergent herbicides on non-target
native plant species of the longleaf pine ecosystem

Melanie J. Kaeser'> and L. Katherine Kirkman
Joseph W. Jones Ecological Research Center, 3988 Jones Center Drive, Newton, GA 39870

KaEser, M. J. anDp L. K. KirRkMAN (Joseph W. Jones Ecological Research Center, 3988 Jones Center
Drive, Newton, GA, 39870). The effects of pre- and post-emergent herbicides on non-target native plant
species of the longleaf pine ecosystem. J. Torrey Bot. Soc. 137: 420-430. 2010.—Native grasses and forbs are
an important component of the longleaf pine (Pinus palustris Mill.) ecosystem; however, information about
re-establishment of these species in a restoration context has become available only recently. Understanding
the effects of herbicides on non-target native plants can advance the use of herbicides as an effective
restoration tool in the control of competing vegetation and in maintenance of seed production fields. The
objectives of this study were to determine the effects of several commonly used herbicides on non-target
species of grasses, legumes, and composites native to the longleaf pine ecosystem of southwestern Georgia.
We assessed the pre- and post-emergent properties of nine herbicides on ten species of grasses, legumes, and
composites. For each species, we examined phytotoxic responses to two rates (low rate and high rate) of
herbicide at three stages of plant growth: 0 (pre-emergent), 30, and 60 d post-emergent. Plants were visually
rated for leaf damage 30 d after herbicide application to assess the phytotoxic effects of the herbicides. Plants
were then harvested, dried, and weighed. Regardless of herbicide application rate or age of plant, legumes
were extremely vulnerable to applications of aminopyralid, triclopyr, and hexazinone. Most pre-emergent
grasses were vulnerable to triclopyr when applied at the high rate. Most 30-day-old grasses were killed when
treated with the high rate of hexazinone. Our results indicate that several native species are more sensitive to
herbicide application than expected based on the below maximum label rates used and the specificity implied
on the herbicide labeling.

Key words: ground cover, herbicides, longleaf pine ecosystem, non-target plants, Pinus palustris,

restoration.

The longleaf pine (Pinus palustris Mill.)
ecosystem was once dominant in the south-
eastern United States prior to European
settlement but has been drastically reduced
to approximately 3% of its original extent
(Hainds et al. 1999, Cox et al. 2004, Haywood
2009). High floristic diversity as it relates to
the ground cover in this ecosystem has been
recognized as some of the highest outside of
the tropics, thus it is a regional conservation
priority to protect what remains and begin to
restore what has been lost (Peet and Allard
1993, Litt et al. 2001, Kirkman et al. 2004,
Freeman and Jose 2009). Past longleaf pine
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restoration efforts have focused primarily on
planting longleaf pine seedlings as part of
the USDA’s Conservation Reserve Program
(CRP): Longleaf Pine Initiative (Holliday 2001).
Increased landowner participation in CRP has
raised awareness concerning the importance of
using native ground cover species in combi-
nation with planting longleaf pine seedlings.
Additionally, the newest component of CRP
(CP36) is the requirement to establish native
ground cover among planted longleaf pine trees,
particularly native warm-season grasses.

The Poaceae (grasses), Fabaceae (legumes),
and Asteraceae (composites) families are
dominant in the ground cover of the longleaf
pine ecosystem and are structurally and
functionally important components of this
ecosystem. Native grasses contribute to the
diverse ground cover and the dominance of
grasses plays a vital role in the reintroduction
of prescribed fire necessary to sustain this
ecosystem by serving as a fine fuel source to
carry fire (Coffey and Kirkman 2006). The
numerous species of legumes present in this
ecosystem provide food and cover for many
species of wildlife. In addition, they contribute
a substantial percentage of nitrogen to the
ecosystem through symbiotic nitrogen fixation
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(Hainds et al. 1999, Hendricks and Boring
1999, Cathey et al. 2010). As one of the most
abundant and diverse families in the longleaf
pine ecosystem, composites are a key contrib-
utor to the understory diversity (Drew et al.
1998, Coffey and Kirkman 2006).

When establishment or enhancement of
native ground cover is a restoration objective,
the degree of site preparation and use of
herbicides depends on the initial conditions
and land use history. The presence of unde-
sirable weedy species, such as non-native
species, hardwoods or common old field
weeds, can interfere with the establishment
and growth of native plant species. In partic-
ular, non-native invasive species such as
bermudagrass (Cynodon dactylon (L.) Pers.),
bahiagrass (Paspalum notatum Fliggé ), and
cogongrass (Imperata cylindrica (L.) P.
Beauv.) can pose serious problems with
establishment and growth of native ground
cover, and it is therefore essential to control
these grasses on sites prior to restoration
planting efforts. Although herbicides have
been widely used in southeastern pine planta-
tions and forests as stand management tools,
little is known about potential deleterious
effects of herbicides on non-target, native
ground cover species (Boyd et al. 1995, Litt
et al. 2001, Freeman and Jose 2009). Infor-
mation on the use of herbicides such as
imazapyr, hexazinone, and sulfometuron
methyl in longleaf pine restoration efforts
has focused primarily on understory commu-
nity responses rather than phytotoxic respons-
es to individual species (Brockway et al. 1998,
Miller et al. 1999, Brockway and Outcalt 2000,
Litt et al. 2001). While a few studies document
the effects of herbicide treatments on specific
native ground cover species, such as wiregrass
(Aristida stricta Michx.), the focus is typically
on the response of mature, established ground
cover plants to herbicides rather than response
of seedlings or germinating seeds (Wilkins et
al. 1993, Freeman and Jose 2009, Jose et al.
2010). As more landowners and practitioners
initiate restoration efforts that include resto-
ration of native ground cover species through
programs such as CRP, a better understanding
of herbicide impacts on common, native
ground cover species of the longleaf pine
ecosystem is necessary to develop appropriate
tools and strategies for weed control during
the establishment period of native species. In
addition to control of undesirable species in

restoration plantings, the use of herbicides as a
management tool is particularly important in
establishment and maintenance of native seed
production fields to control aggressive species
retained in the weedy seedbank.

This study tests the sensitivity of common
grasses, legumes, and composites native to the
longleaf pine ecosystem to several convention-
ally used herbicides including aminopyralid,
atrazine, butyric acid, fluazifop-p-butyl, hex-
azinone, imazapic, imazapyr, sulfometuron
methyl, and triclopyr. Specific objectives of
this study are 1) to assess the phytotoxicity
responses of species of native grasses, legumes,
and composites to pre- and post-emergent
exposure to herbicides, and 2) to determine if
the response varies with rate of herbicide
application and age of plant.

Methods. STunDY AREA. We conducted phy-
totoxicity experiments in a greenhouse at
Ichauway, a 115 km? privately-owned proper-
ty of the Joseph W. Jones Ecological Research
Center, in Baker County, Georgia, USA (31°
13" N, 84° 29" W). This study was conducted
in three separate trials, between February 2008
and June 2009.

STuDY SPECIES AND HERBICIDE TREATMENTS.
Plant species selected for this study represent
three major families (Poaceae, Fabaceae, and
Asteraceae) that are common to the frequent-
ly burned longleaf pine-wiregrass ecosystem
and have important functional roles in this
ecosystem. We examined ten ground cover
species that included five grasses (Andropogon
virginicus L., Aristida stricta Michx., Sac-
charum alopecuroides (L.) Nutt., Sorghastrum
secundum (Elliot) Nash, and Sporobolus jun-
ceus (P. Beauv.) Kunth), three species of
legumes (Crotalaria rotundifolia Walter ex
J.F. Gmel., Desmodium floridanum Chapm.,
and Lespedeza angustifolia (Pursh) Elliot), and
two composites (Helianthus angustifolia L.
and Rudbeckia hirta L.). Species nomenclature
is consistent with Wunderlin and Hansen
(2003).

Nine herbicides were selected for testing
including aminopyralid, atrazine, butyric acid,
fluazifop-p-butyl, hexazinone, imazapic, im-
azapyr, sulfometuron methyl, and triclopyr
(Table 1). We applied each herbicide at a low
and high rate (below maximum label rates),
with the application rates determined in
consultation with a regional herbicide special-
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Table 1. Herbicide chemical* and trade names, application rates (Rate 1 = low rate; Rate 2 = high rate),
label specifications, and herbicide selectivity for each experiment.
Product Rate 1 Rate 2 Label Herbicide
Common Name Name kg ha™! kg ha™' Specifications Selectivity
Experiment 1
Aminopyralid Milestone 0.27 0.47  pre- and post-emergent broadleaves
Atrazine Atrazine 1.60 3.30 pre- and post-emergent broadleaves/grasses
Imazapic Plateau 0.27 0.54  pre- and post-emergent broadleaves/grasses
Experiment 11
Hexazinone Velpar 1.60 3.30 post-emergent broadleaves/grasses/woody
Imazapyr Arsenal 0.27 0.54  pre- and post-emergent broadleaves/grasses/woody
Sulfometuron
methyl Oust 0.14 0.27  pre- and post-emergent broadleaves/grasses
Experiment 111
Butyric acid 2,4-DB 0.54 1.09  Pre-emergent broadleaves
Fluazifop-p-butyl  Fusilade 0.81 1.63  post-emergent grasses
Triclopyr Garlon 3A  1.09 2.17  post-emergent broadleaves

* The chemical names of the herbicides are as follows: aminopyralid (4-amino-3,6-dichloropyridine-2-
carboxylic acid), atrazine (6-chloro-N2-ethyl-N4-isopropyl-1, 3, 5-triazine-2, 4-diamine), imazapic ((*)-2-
[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-methyl-3-pyridinecarboxylic acid), hexa-
zinone (3-cyclohexyl-6-(dimethylamino)-1-methyl-1, 3, 5-triazine-2, 4 (1H, 3H)-dione), imazapyr ([2-(4-
isopropyl-4-methyl-5-ox0-2-imidazolin-2yl)-nicotinic acid]), sulfometuron methyl (methyl2-[(4,6-dimethyl-
pyrimidin-2-yl)carbamoylsulfamoyl]benzoate), butyric acid (4-2,4-dichlorophenoxy)butyric acid), fluazifop-
p-butyl (butyl(R)-2-[4-(5-trifluoromethyl-2-pyridinyloxy)phenoxy]propionate), triclopyr (3, 5, 6-trichloro-2-

pyridyloxyacetic acid)

ist (Mark Atwater, pers. comm., Weed Con-
trol Unlimited, Inc., Donalsonville, GA, Jan-
uary 2008). Rates are expressed as kilograms
(kg) of active ingredient per hectare (ha).
Control plants for each treatment were treated
with deionized water only.

ExPERIMENTAL DESIGN. Seeds of each species
were sown into forty cell (22 X 34.5 X 8.5 cm)
or forty-five cell (22 X 34.5 X 10 cm) seedling
flats that were filled with a mixture of potting
soil, peat, sand, and perlite (ratio 8:2:2:1).
Approximately 3-5 seeds were sown into each
cell and covered with a thin layer of soil. We
watered plants daily as needed and thinned to
one plant per cell 2-3 weeks after planting.
Plants were fertilized 6 weeks after flats were
seeded with a N-P-K (20-20-20) fertilizer
(Chem-Sol™, CNI Agriminerals LLC.) ap-
plied at a rate of 36 kg ha™'.

To assess pre- and post-emergent properties
of herbicides, we applied herbicides at three
stages of plant growth: 0 (pre-emergent), 30
and 60 d post-emergent. Herbicides were
applied at the same time to seedling flats of
different ages (0-, 30-, and 60-day-old) with a
calibrated sprayer designed to spray herbicide
at precise rates on a small scale. The sprayer
consisted of a pressurized CO, tank coupled to
a tank containing the herbicide and was

calibrated to deliver herbicide at a rate of
290 L ha!. The herbicide and CO, tanks were
mounted on a push cart and spray rates were
calibrated by timing the pace of walking and
simultaneously pushing the cart a measured
distance. For treatment application, we placed
flats of plants on the ground and herbicide was
delivered at the calibrated rate to the plants as
we pushed the sprayer past the flats. Spray
swath was 1.2 m with three nozzles attached to
a boom delivering herbicide to the plants. We
used a different tank for each herbicide,
thoroughly flushing the tanks (containing
herbicide) and spray lines with water between
applications of each herbicide and application
rate.

This study was conducted as three separate
experiments due to space constraints in the
greenhouse (Table 1). We evaluated the re-
sponse of all ten species to four herbicide
treatments (three herbicides and control) in
each experiment. A total of 720 flats were used
for each experiment; 4 herbicides (including
control) X 10 species X 3 stages of plant
growth X 2 herbicide application rates with
each treatment combination replicated 3 times
(3 flats). Herbicides used in Experiment I
included aminopyralid, atrazine, and imaza-
pic. Experiment II herbicides included hexazi-
none, imazapyr, and sulfometuron methyl and
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Table 2. Phytotoxicity rating scale used to score the effects of foliar damage due to herbicide exposure.
Adapted version of the European Weed Research Council rating scale (Dear et al. 2006).

Score Description of plant tolerance to herbicide
1 No effect of herbicide on plants
2 Very slight effects; stunting and chlorosis of foliage just visible
3 Slight effects; stunting and chlorosis more obvious but effects reversible
4 Substantial chlorosis and stunting; effects likely reversible
5 Strong chlorosis, stunting, and thinning
6 Increasing severity of damage; recovery doubtful
7 Heavy injury
8 Plants nearly dead
9 Plants dead

plants were treated with butyric acid, fluazi-
fop-p-butyl, and triclopyr in Experiment III.

Seedlings in each flat were visually rated for
foliage damage 30 days following herbicide
application using a modified version of the
European Weed Research Committee rating
scale (Dear et al. 2006). The phytotoxicity
scale ranged from 1 (no effect) to 9 (complete
destruction/plants dead) (Table 2). Plants in
each cell were scored and the mean phytotox-
icity rating score was then calculated for each
flat for statistical analysis. The aboveground
portions of 15 systematically selected seedlings
were harvested from each flat after the 30 day
phytotoxicity rating. Plant material was then
dried at 70°C for a minimum of 48 hours and
weighed to obtain dry weights.

STATISTICAL ANALYSES. Analysis of variance
(ANOVA) was used to examine differences in
biomass and phytotoxicity due to herbicide
treatment for each species separately (Proc
ANOVA, SAS 2004). The dependent factor
was mean biomass or phytotoxicity score by
flat for each species and plant age and the
independent factor was herbicide treatment
(herbicide and application rate). Mean bio-
mass and phytotoxicity scores for each species
due to herbicide treatment were compared to
the untreated control of that species using
Duncan’s multiple range tests.

Results. ExpERIMENT I. In general, seedlings
of most species were sensitive to both low and
high application rates of aminopyralid and
atrazine, the notable exception being Sporo-
bolus junceus (Table 3). Regardless of age, all
legume species were vulnerable to applications
of aminopyralid (phytotoxicity scores ranging
from 7 to 9) with plants exhibiting irreversible
foliage damage such as severe injury and plant
death. Compared to control plants, biomass of

all legumes treated with applications of
aminopyralid was lower, except for 30-day-
old Crotalaria rotundifolia at the low rate
(Table 4). Biomass of all pre-emergent grasses
(except Sporobolus junceus) was reduced rela-
tive to untreated control plants when treated
with applications of aminopyralid. Phytotoxic
symptoms included strong chlorosis and
stunting, severe injury, and plant death at
phytotoxicity scores of 5 to 9 (Table 3).
Additionally, mean aboveground biomass of
all pre-emergent grasses (except Saccharum
alopecuroides) treated with atrazine was less
than the untreated controls (Table 4). The 0-
and 30-day-old Rudbeckia hirta seedlings were
killed when treated with aminopyralid and
atrazine, while only the high application rates
of both herbicides killed 60-day-old seedlings
(Table 4).

ExpeErRIMENT II. Mean aboveground biomass
of pre-emergent and 30-day-old legumes was
less than untreated control plants in response
to treatments with hexazinone, imazapyr, or
sulfometuron methyl (Table 5). Treated seed-
lings exhibited phytotoxic symptoms ranging
from substantial chlorosis and stunting to
plant death with phytotoxicity scores of 4 to 9
(Table 3). All pre-emergent legumes treated
with the high rate of hexazinone had lower
biomass than plants treated with imazapyr or
sulfometuron methyl or the control plants. In
addition, biomass of all post-emergent (30-
and 60-day-old) legume seedlings treated with
both application rates of hexazinone was less
than untreated controls (Table 5). Phytotoxic
symptoms ranged from severe damage to plant
death at phytotoxicity scores of 6 to 9
(Table 3). All 30-day-old grass seedlings (ex-
cept Sorghastrum secundum) were killed when
treated with the high application rate of
hexazinone, and most 60-day-old grass seed-
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lings including Aristida stricta and Saccharum
alopecuroides were severely injured or killed
when treated with hexazinone at the high rate
(Table 3). Only the 30-day-old composites
treated with hexazinone, imazapyr, or sulfo-
meturon methyl had lower biomass values
than the untreated controls (Table 5) and
showed extreme phytotoxic response including
severe injury and plant death with phytotox-
icity scores of 7 to 9 (Table 3).

ExperIMENT III. Regardless of age, biomass
of legumes treated with triclopyr was usually
less (Table 6) than untreated control plants,
with phytotoxicity scores ranging from 5 to 9
and symptoms ranging from substantial chlo-
rosis and stunting to plant death (Table 3).
Additionally, biomass of all pre-emergent
legumes treated with butyric acid was signif-
icantly lower than control plants (Table 6).
Although biomass of pre-emergent legumes
treated with butyric acid was substantially less
than the untreated control, plants exhibited
only slight or no phytotoxic symptoms with
phytotoxicity scores of 1 to 2 (Table 3). Pre-
emergent and 30-day-old composites had
significantly lower biomass values relative to
control plants when treated with the high
application rate of triclopyr (Table 6), causing
foliar damage such as substantial chlorosis
and stunting, severe injury, and near death
with phytotoxicity scores of 4 to 8 (Table 3).
Biomass of all pre-emergent grasses (except
Saccharum alopecuroides) treated with triclo-
pyr was significantly lower than biomass of
control plants (Table 6).

All 30- and 60-day-old legumes and com-
posites treated with applications of fluazifop-
p-butyl grew just as well as or better than
untreated control plants with the exception of
30-day-old Helianthus angustifolia at the low
rate (Table 6). In general, most species of
grasses were least sensitive to the low applica-
tion rate of butyric acid compared to seedlings
treated with fluazifop-p-butyl or triclopyr.

Discussion. This study demonstrates that
several native ground cover species were more
sensitive to herbicide application than expect-
ed based on the below maximum label rates
used and use implied by the herbicide labeling
(Table 1). For example, most pre-emergent
grasses were severely damaged by applications
of aminopyralid, a herbicide labeled for
control of broadleaf weeds (Table 3). Addi-

tionally, triclopyr, an herbicide with post-
emergent properties labeled to control broad-
leaf weeds, was injurious to most pre-emergent
grass species (Tables 3 and 6). All pre-emer-
gent legumes were sensitive to butyric acid, an
herbicide labeled to control broadleaf weeds
growing among leguminous crops.

Hexazinone is one herbicide in particular
that has been broadly studied in relation to
longleaf pine ecosystem restoration efforts.
Longleaf pine restoration studies that have
used hexazinone as a site preparation tool or
to control undesirable woody species in the
understory have reported results regarding
effects of this herbicide on mature, established
ground cover plants and often found this
herbicide to have only minimum toxic effects
(Wilkins et al. 1993, Brockway et al. 1998,
Brockway and Outcalt 2000, Provencher et al.
2001, Freeman and Jose 2009, Jose et al.
2010). Although our study was limited to
young seedlings (plant age of 60 d or less), this
herbicide caused severe phytotoxic damage
(heavy injury or plant death) to nearly all
species tested in this study (Table 3). Heavy
injury and plant death of all of our pre-
emergent legumes and composites treated with
hexazinone was an unexpected result consid-
ering that this herbicide is labeled as a post-
emergent herbicide. In particular, our study
showed that biomass of Aristida stricta (wir-
egrass - historically a functionally important
understory component of the longleaf pine
ecosystem) seedlings of all ages treated with
hexazinone was significantly lower compared
to untreated control plants (Table 5). This
sensitivity to hexazinone may provide an
explanation for the puzzling findings of Out-
calt et al. (1999) who observed decreased
survival of planted Aristida stricta seedlings
on sites pre-treated with hexazinone.

While most herbicides tested in this study
were harmful to seedlings, some herbicides
such as fluazifop-p-butyl, imazapic, and bu-
tyric acid, performed appropriately based on
their label specifications and certain species
were relatively tolerant of these herbicides.
The 30- and 60-day-old legumes and compos-
ites grew just as well as or better than control
plants when treated with fluazifop-p-butyl, a
post-emergent herbicide used to control grass-
es (Table 6). Use of fluazifop-p-butyl could be
advantageous where native broadleaf ground
cover species are planted in a production
setting and it is necessary to control problem-
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atic, undesirable grass species such as bermu-
dagrass, bahiagrass, and cogongrass using
herbicides. Andropogon virginicus and Sor-
ghastrum secundum, species used in restoration
plantings, appeared to be somewhat tolerant
of applications of imazapic, an herbicide
labeled to control grasses and broadleaves.
Additionally, most grasses showed tolerance
to butyric acid, an herbicide used to control
broadleaves growing among leguminous
plants. The tolerance of certain grass species
(Andropogon, Sorghastrum, and Aristida) to
these herbicides shows particular promise for
programs such as the CRP-CP36 in the state
of Georgia because landowners and practi-
tioners often seek advice regarding the use of
herbicides to control undesirable species while
simultaneously promoting desirable native
species.

Understanding the sensitivity of common
non-target native ground cover species to
several different herbicides can advance the
use of herbicides as effective tools, leading to
more restoration successes in the longleaf pine-
wiregrass ecosystem. This study clearly dem-
onstrates that herbicide use for native ecosys-
tem restoration cannot necessarily be general-
ized from that of agricultural or silvicultural
use. Additionally, results from this study
should be interpreted with caution because
we are uncertain about the effects of these
herbicides on young seedlings in a field setting
and how mature plants will respond to these
herbicides and application rates. Furthermore,
selection of appropriate herbicides is largely
dependent on restoration objectives including
the species attempting to establish and age of
the plants.

Literature Cited

Bovyp, R. S., J. D. FREEMAN, J. H. MILLER, AND M.
B. EDwARDs. 1995. Forest herbicide influences on
floristic diversity seven years after broadcast pine
release treatments in central Georgia, USA. New
For. 10: 17-37.

Brockway, D. G. axp K. W. OutcaLt. 2000.
Restoring longleaf pine wiregrass ecosystems:
hexazinone application enhances effects of pre-
scribed fire. For. Ecol. Manage. 137: 121-138.

Brockway, D. G., K. W. OurcarLt, AND R. N.
WiLkins. 1998. Restoring longleaf pine wiregrass
ecosystems: plant cover, diversity and biomass
following low-rate hexazinone application on
Florida sandhills. For. Ecol. Manage. 103:
159-175.

CATHEY, S. E., L. R. BorING, AND T. R. SINCLAIR.
2010. Assessment of N, fixation capability of

native legumes from the longleaf pine-wiregrass
ecosystem. Environ. Exp. Bot. 67: 444-450.

Correy, K. L. anp L. K. KirkMmAN. 2006. Seed
germination strategies of species with restoration
potential in a fire-maintained pine savanna. Nat.
Area. J. 26: 289-299.

Cox, A. C., D. R. GorpON, J. L. SLAPCINSKY, AND
G. S. SEaMON. 2004. Understory restoration in
longleaf pine sandhills. Nat. Area. J. 24: 4-14.

DEAR, S. B., G. A. SANDRAL, AND B. C. D. WILSON.
2006. Tolerance of perennial pasture grass
seedlings to pre- and post emergent grass
herbicides. Aust. J. Exp. Agr. 46: 637-644.

Drew, M. B., L. K. KiRKkMAN, AND A. K. GHOLSON
Jr. 1998. The vascular flora of Ichauway, Baker
County, Georgia: a remnant longleaf pine/
wiregrass ecosystem. Castanea 63: 1-24.

FreemaN, J. E. anD S. Jose. 2009. The role of
herbicide in savanna restoration: effects of shrub
reduction treatments on the understory and
overstory of a longleaf pine flatwoods. For.
Ecol. Manage. 257: 978-986.

Hainps, M. J., R. J. MitcHELL, B. J. PaLIK, L. R.
BorING, AND D. H. GJERSTAD. 1999. Distribution
of native legumes (Leguminoseae) in frequently
burned longleaf pine (Pinaceae)-wiregrass (Poa-
ceae) ecosystems. Am. J. Bot. 86: 1606-1614.

Havywoop, J. D. 2009. Eight years of seasonal
burning and herbicidal brush control influence
sapling longleaf pine growth, understory vegeta-
tion, and the outcome of an ensuing wildfire.
For. Ecol. Manage. 258: 295-305.

Henpricks, J. J. anp L. R. BorING. 1999. N»-
fixation by native herbaceous legumes in burned
pine ecosystems of the southeastern United
States. For. Ecol. Manage. 113: 167-177.

Horripay, P. P. 2001. Going, going...saving the
longleaf pine ecosystem before it’s gone, p.
55-66. In J. R. Wilson [ed.], The Fire Forest.
Georgia Wildlife Press, Covington, GA.

Josk, S., S. RANASINGHE, AND C. L. Ramsey. 2010.
Longleaf pine (Pinus palustris P. Mill.) restora-
tion using herbicides: overstory and understory
vegetation responses on a coastal plain flatwoods
site in Florida, U.S.A. Restor. Ecol. 18: 244-251.

KirkmaN, L. K., P. C. GoeBEL, B. J. PALIK, AND L.
T. WEsT. 2004. Predicting plant species diversity
in the longleaf pine landscape. Ecoscience 11:
80-93.

Litt, A. R., B. J. HERRING, AND L. PROVENCHER.
2001. Herbicide effects on ground-layer vegeta-
tion in Southern pinelands USA: a review. Nat.
Area. J. 21: 177-188.

MILLER, J. H., R. S. BoyD, anD M. B. EDWARDSs.
1999. Floristic diversity, stand structure, and
composition 11 years after herbicide site prepa-
ration. Can. J. For. Res. 29: 1073-1083.

OutcaLrt, K. W., M. E. WiLLIAMS, AND O. ONOKPISE.
1999. Restoring Aristida stricta to Pinus palustris
ecosystems on the Atlantic Coastal Plain, U.S.A.
Restor. Ecol. 7: 262-270.

PeeT, R. K. AND D. J. ALLARD. 1993. Longleaf pine-
dominated vegetation of the southern Atlantic
and eastern Gulf Coast region, USA, p. 45-81.
In S. M. Hermann [ed.], Proceedings of the Tall
Timbers Fire Ecology Conference. Tall Timbers
Research Station, Tallahassee, FL.



430 JOURNAL OF THE TORREY BOTANICAL SOCIETY [VoL. 137

PrROVENCHER, L., B. J. HERRING, D. R. GorponN, H.  WiLkiNs, R. N., G. T. TANNER, R. MULHOLLAND,

L. RopGers, K. E. M. GALLEY, G. W. TANNER, J. AND D. G. NEARY. 1993. Use of hexazinone for

L. HARDESTY, AND L. A. BRENNAN. 2001. Effects understory restoration of a successionally-ad-

of hardwood reduction techniques on longleaf vanced xeric sandhill in Florida. Ecol. Eng. 2:

pine sandhill vegetation of northwest Florida. 31-48.

Restor. Ecol. 9: 13-27. WUNDERLIN, R. P. AND B. F. HanseN. 2003. Guide
SAS. 2004. The SAS System for Windows, Version to the vascular plants of Florida, second edition.

9.1.2. SAS Institute Inc., Cary, NC. University Press of Florida, Gainesville, FL.



	169
	12132

