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ABSTRACT

Restoration of nonnative grasslands to native early successional plant communities has been a con-
servation focus throughout the United States for several decades. In the eastern US, where precipita-
tion exceeds 1000 mm per year, disturbance is necessary following restoration to prevent early suc-
cessional communities from progressing into woody-dominated midsuccessional communities. Resulting
plant composition may vary among disturbance practices, and knowledge of such effects will help direct
maintenance of restored native early seral plant communities. We evaluated the effects of the two most
common disturbance practices, prescribed fire and mowing, following restoration of nonnative grasslands
to native plant communities via two methods: 1) planting native grasses and 2) forbs and seedbank re-
sponse without planting, across 11 replicated sites in Tennessee and Alabama, 2018-2020. Specifically,
we evaluated how disturbance altered vegetation composition following four treatment combinations
(planted mowed, planted burned, seedbank mowed, and seedbank burned) and tall fescue (Schedonorus
arundinaceus) control from predisturbance conditions. Grass coverage increased in all treatment units,
but tended to increase more in mowed treatments than burned treatments. Forb coverage declined in all
treatments except seedbank burned, where it increased. Similarly, spring-, summer-, and fall-flowering
forbs, which are the focus of conservation programs designed to enhance habitat for pollinators, increased
most in seedbank burned. Species richness decreased across all treatments and control, except seedbank
burned, where it increased. The species evenness did not differ by treatment. Our results provide insight
into how disturbance techniques may alter plant community composition soon after restoration. We rec-
ommend managers use prescribed fire instead of mowing if increased forb coverage is important to meet
objectives. Furthermore, our results highlight how planting native grasses and forbs is not necessary to
restore native early successional plant communities on most sites dominated by nonnative grasses in the

eastern United States, where precipitation is not limiting succession.
© 2024 The Society for Range Management. Published by Elsevier Inc. All rights are reserved, including
those for text and data mining, Al training, and similar technologies.

Introduction

Restoration and maintenance of native grasslands and other na-
tive early successional plant communities is a national and global
concern (Samson et al. 2004; Fuhlendorf et al. 2018; Bardgett et
al. 2021; Torok et al. 2021). In the eastern United States, native
early successional plant communities have been in decline for
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many decades, largely because of conversion to nonnative grass
species, urban development, and woody encroachment (Brennan
1991; Noss et al. 1995; Noss 2013; Keyser et al. 2019). Through
the midtwentieth century, tall fescue (Schedonorus arundinaceus)
was planted for livestock forage and became the most dominant
grass throughout the interior of much of the eastern United States,
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whereas bermudagrass (Cynodon dactylon) and bahiagrass (Pas-
palum notatum) were planted and replaced native grasses and forbs
throughout the coastal plain of the southeastern US (Ball et al.
2015). Additional land was planted to nonnative grasses in the late
twentieth century as part of the Natural Resources Conservation
Service’s (NRCS) Conservation Reserve Program (CRP), whereby re-
tired crop lands were planted primarily to tall fescue (Buckner
and Landers 1979; Carmichael Jr. 1997; Rogers and Locke 2013).
Thus, nonnative grasses were vastly prevalent and dominated open
areas, replacing native grasses and forbs, throughout the eastern
US by the late twentieth century (Samson and Knopf 1994, Ball
et al. 2015, Barnes 2004, Dykes 2005, Keyser et al. 2019). Addition-
ally, approximately 5.7 million hectares of early successional plant
communities were lost to land development in the United States
from 1982-2015 (USDA 2018). Similar conditions exist in the west-
ern US where nonnative grasses have replaced native species on
a majority of public and private lands and altered natural distur-
bance regimes and associated wildlife communities (Litt and Pear-
son 2013; Abella et al. 2015; Fusco et al. 2019). As a result of
the vast coverage of nonnative grasses, many wildlife species as-
sociated with early successional plant communities in the eastern
US have experienced dramatic population declines (Brennan 1991;
Knopf 1994; Hunter et al. 2001; Brennan and Kuvlesky Jr. 2005;
USDA 2009).

More recently, federal and state initiatives have increased
restoration of native plant communities on private and public lands
across the eastern United States. The goal is to restore ecosys-
tem services, such as improvement of soil and water quality, pro-
vide critical components of habitat for various wildlife species that
require early successional plant communities, and maintain a di-
verse native plant community. Stakeholders in this effort are di-
verse, including conservation biologists, plant ecologists (Noss et al.
2021), state and federal agencies trying to conserve pollinators and
other at-risk wildlife (Mawdsley and Humpert 2016), and private
landowners with interests in agriculture and livestock (Raynor et
al. 2019) or big game (Harper et al. 2021). To address these varied
interests, the NRCS offers cost-share programs that provide techni-
cal and financial assistance for conservation of early successional
communities on private lands (Heard et al. 2000; USDA 2016).
Additionally, early-succession management has been included in
many State Wildlife Action Plans (Tennessee 2015; Kentucky De-
partment of Fish and Wildlife Resources 2013; North Carolina
2005; Georgia Department of Natural Resources 2015), which guide
wildlife management practices on state-owned lands.

Native early successional communities can be restored or estab-
lished using different methods, and numerous studies have evalu-
ated restoration techniques. Restoration involves converting a plant
community dominated by nonnative grasses and forbs to native
plants, and removal of nonnative grasses is common (Madison et
al. 1995; Washburn et al. 2000; Harper and Gruchy 2009; Hall
et al. 2012; GeFellers et al. 2020). Planting native grasses and
forbs following treatment to control or eradicate nonnative species
is ubiquitously recommended and practiced (Barnes 2004; Burger
2005; Mittelhauser et al. 2011; Wortley et al. 2013). Restoration via
planting commonly costs $450-$900 ha~!, and seeding mixtures
designed specifically for pollinators can cost $2500 ha~! or more
(Monroe et al. 2017; Williams and Lonsdorf 2018; GeFellers et al.
2020). However, recent research suggests restoration of nonnative
grasslands in the eastern US using selective herbicide applications
along with the seedbank response is just as effective or more so
than planting and with considerable cost savings (GeFellers et al.
2020; Harper et al. 2021). This technique performs well on most
sites except where soil has been removed and there is no seed-
bank.

Following restoration, disturbance is necessary to maintain
early successional plant communities and prevent succession to

semiwoody- and woody-dominated communities. The type of
disturbance, as well as the frequency, intensity, and timing of
disturbance, affects vegetation composition (Fynn et al. 2004;
MacDougall and Turkington 2007; Gruchy and Harper 2014; Harper
2017). Different disturbance regimes are used to benefit various
wildlife species. Prescribed fire is commonly promoted to main-
tain early successional communities, consume thatch, and stimu-
late the seedbank (Buckner and Landers 1979; Gruchy and Harper
2014). Mowing is the most common method for maintaining open-
ings, but mowing can lead to accumulated thatch and reduced
plant species richness, which may have negative effects on habitat
quality for some wildlife species (Dykes 2005; Golden et al. 2013;
Harper 2017; Gudlin et al. 2019).

Previous research has evaluated the effects of management
on early successional communities restored via planting, but no
research has compared vegetation change following disturbance
on sites that were planted to those restored using the seedbank
only in the eastern United States, where average precipitation ex-
ceeds 1000 mm per year (McCoy et al. 2001; Greenfield et al.
2003; Gruchy and Harper 2014). Restoration of native early suc-
cessional plant communities and the effects of management fol-
lowing restoration have been researched in the tallgrass prairie re-
gion of the United States (Howe 1995; Collins et al. 1998; Briggs et
al. 2002), but similar research has not been conducted in eastern
grasslands. The composition of planted communities may be dif-
ferent from those comprised of seedbank response only (GeFellers
et al. 2020), and disturbance thus may further lead to differen-
tial plant community composition. Various restoration or distur-
bance combinations may promote different plant species and influ-
ence plant species richness, evenness, and diversity, which can af-
fect resource availability for wildlife, including availability of pollen
and nectar resources (McCoy et al. 2001; Van Nuland et al. 2013;
Halbritter et al. 2015). The evaluation of plant composition change
following different disturbances in plant communities restored us-
ing planting or seedbank response can provide managers with
valuable insight that could help them reach their management ob-
jectives.

We implemented a field experiment across Tennessee and north
Alabama, United States, to assess the effects of common field man-
agement practices on plant composition and the trajectory of plant
succession in fields previously dominated by tall fescue. These
fields had been restored previously either by 1) eradicating tall fes-
cue with a broadcast herbicide application in the fall, then plant-
ing a mixture of native forbs and grasses the following spring,
or 2) eradicating tall fescue with a broadcast herbicide applica-
tion in the fall, then allowing the seedbank to respond without
planting (described below and in GeFellers et al. 2020). Follow-
ing evaluation of the restoration methods (GeFellers et al. 2020),
our research objective was to compare effects of the two most
common practices to maintain an early successional plant commu-
nity in the eastern US (burning and mowing) on vegetation com-
position in early successional communities that had been estab-
lished using the two restoration methods. We hypothesized burn-
ing would stimulate increased forb coverage, including spring-,
summer-, and fall-flowering forbs important to pollinators, because
burning consumes the litter layer and stimulates germination of
the seedbank (Buckner and Landers 1979; Harper 2007; Gruchy
and Harper 2014). We hypothesized mowing would lead to in-
creased grass coverage because many perennial grasses spread by
tillering and do not rely necessarily on germination from the seed-
bank. We hypothesized that regardless of disturbance type, seed-
bank response units would have greater coverage of native forbs
and grasses and less coverage of nonnative forbs and grasses than
planted units because herbicide applications have limited applica-
tion in planted units because of potential harm to planted species.
Lastly, we hypothesized that burning and mowing would result
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Figure 1. Map of 11 study site locations in Tennessee and Alabama, United States, 2018-2020.

in similar amounts of woody and semiwoody species (including
brambles and vines) because those plants typically resprout fol-
lowing fire and mowing unless setback more than once during the
growing season.

Methods
Study area

We conducted our study at 11 sites in Tennessee and Alabama,
United States (Fig. 1). Each site was represented by a 0.8 ha 2.0
ha field dominated by tall fescue. State and federal agencies that
owned the properties chose the sites we used in our study because
they were considered representative fields under their ownership
and they were dominated by nonnative grasses when the study
began. Six of the study sites were on Tennessee Valley Authority
property in Bedford, Hamblen, Jefferson, Monroe, and Sevier coun-
ties, TN, and Franklin County, AL. Three study sites were on Ten-
nessee Wildlife Resources Agency (TWRA) property in Cocke, Cum-
berland, and White Counties, TN. One study site was in Cades Cove
within the Great Smoky Mountains National Park in Blount County,
TN. Another study site was on Alabama Department of Conserva-
tion and Natural Resources (ADCNR) property in Jackson, AL. Our

study was initiated in 2015 by partitioning each field into three
equally-sized treatment units (planted, seedbank, and tall fescue
control). Tall fescue was treated with an application of glyphosate
at all study areas in November 2015 prior to initiating two estab-
lishment treatments (planted and seedbank) in spring 2016 as de-
scribed by GeFellers (2019). Evaluation of the establishment tech-
niques was described by GeFellers et al. (2020) and Harper et al.
(2021). Elevation at study sites ranged from 180 m at the Franklin
County, AL, site to 658 m above mean sea level at the Cumber-
land County, TN, site. Mean daily temperature across the study area
ranged from —4°C to 33°C, with mean annual precipitation ranging
from 114 cm to 152 cm (National Oceanic and Atmospheric Ad-
ministration 2019). Soils at 10 of the 11 sites were loam or silt
or loam, whereas one site (Jackson County, AL) had silt clay (Soil
Survey Staff 2021). We divided the planted and seedbank units at
each site into two equal-sized units and randomly assigned mow-
ing or burning to each in the spring of 2019. This approach created
four treatment units that varied from 0.36 ha to 0.95 ha at each
of the 11 sites: planted mowed, planted burned, seedbank mowed,
and seedbank burned. We maintained the tall fescue-dominated
control at each site with an annual late-winter mowing, which is
consistent with how idle fields dominated by tall fescue are main-
tained in the region (Dykes, 2005; Harper 2007).
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Burning treatments

Location managers installed firebreaks around the appropriate
units and implemented prescribed fire in those units at each site.
We used backing fires at each site to establish a blackened area
on the downwind side of the burn unit adjacent to the firebreak,
and if conditions allowed, backing fires were used to burn the en-
tire unit. Flanking and heading fires were used when conditions
did not allow backing fires to consume fuel. All fires were con-
sidered relatively low intensity, with flame lengths averaging 0.8
m. We conducted all burns at each site in 2019 and 2020 during
the late dormant season (February-early April), which is consistent
with when most prescribed fire is implemented to maintain fields
enrolled in conservation programs (Dryden 2001; Harper 2007). All
burns were conducted within the following prescription parame-
ters: relative humidity 20-50%, wind speed 0-16 km - h~1, tem-
perature 1-24°C, and cloud cover < 50%. Complete burn coverage
was achieved during each burn event.

Mowing treatments

Location managers or contractors mowed the appropriate units
at each site in 2019 and 2020 using tractor-mounted rotary mow-
ers during late winter. All units were mowed to a height of ap-
proximately 25 cm.

Herbicide treatments

Throughout the study, we used selective herbicide applications
to control nonnative species in all treatment units. We used 15-L
backpack sprayers with wands (Solo USA, Newport News, Virginia)
and a 95-L ATV sprayer (Cabelas, Sydney, Nebraska) equipped with
a spray gun (Green Garde, H.D. Hudson Manufacturing Company,
Chicago, IL) to make spot-spray applications of glyphosate, imaza-
pic, imazapyr, clethodim, or triclopyr according to herbicide la-
bel recommendations. We reduced coverage of undesirable species
(i.e., nonnative invasive plant species and two native species, black-
berry [Rubus spp.] and black locust [Robinia pseudoacacial, if cov-
erage exceeded 30% to remain in compliance with recommenda-
tions from state agency private lands biologists with the ADCNR,
the TWRA, and NRCS biologists for conservation programs). We
conducted spot-spray applications once during spring and/or once
during summer to control undesirable warm-season species, such
as johnsongrass (Sorghum halepense), sericea lespedeza (Lespedeza
cuneata), or bermudagrass. We conducted one fall or winter ap-
plication to control undesirable cool-season species, such as com-
mon henbit (Lamium amplexicaule) or purple deadnettle (Lamium
purpureum), if needed. We used spot-spray applications with se-
lective herbicides, such as imazapic, in planted units in accor-
dance with recommendations of private lands biologists with AD-
CNR and TWRA to remain in compliance with what is permit-
ted and recommended to landowners enrolled in state conserva-
tion programs. Herbicide applications were limited to control some
species, such as bermudagrass or sericea lespedeza, because there
is no herbicide that will kill bermudagrass without killing planted
native warm-season grasses, and there is no herbicide that will kill
sericea lespedeza without killing planted forbs. We controlled non-
native invasive species with spot-spray applications in seedbank
units whenever they occurred, regardless of percent coverage. We
used triclopyr (0.10 kg ai - ha—1) and fluroxypyr (0.31 kg ai - ha1)
and an ATV sprayer in May 2019 to spot-spray control units to
limit woody encroachment and maintain a tall fescue control. No
additional herbicide treatment or spot-spraying was used in con-
trol units.

Data collection

We recorded vegetation composition in each treatment unit and
control mid-June through early August 2020. We used line-point
intercept sampling along four 50-m transects in all treatment units
to measure vegetation coverage. Each transect was systematically
placed equal distance from one another, and each transect was at
least 10 m from the edge of each unit. We identified vegetation
to species at 2-m intervals along each transect with each transect,
providing 25 sampling points per transect. We recorded all species
present at each sampling point if more than one plant occurred
in the vertical space above or below the transect sampling point.
We calculated percent coverage of various plants and plant groups
by dividing the total no. of detections on each transect by the no.
of sampling points on the transect. We then calculated the aver-
age species or plant group coverage across each unit by averag-
ing the percent coverage estimates of all the transects in that unit.
We used the USDA plants website (plants.usda.gov) to divide plant
species into four plant groups and to further divide plant groups
into other categories, such as native or nonnative. Our four main
plant groups were grass, forb, semiwoody, and woody. Semiwoody
included all bramble (e.g., Rubus spp.) and vine species detected.
Woody included all tree and shrub species detected. We also di-
vided plants into native and nonnative species groups. We fur-
ther divided grass into cool-season (CSG) or warm-season grasses
(WSG) and forbs into spring-, summer-, and fall-flowering groups.
Flowering season was determined for each species using the USDA
plants website.

We calculated Simpson’s E index and Shannon-Weiner index
values for each treatment at each site to determine average plant
species evenness and diversity. We calculated Simpson’s E index
by summing the no. of detections of a species along the tran-
sects within each treatment. We divided the no. of detections for
each species by the no. of total detections of all species, and then
squared that value. We summed the squared values for all species
within each treatment and divided one by that value. We then di-
vided that value by the total no. of plant species detected in each
treatment to obtain the index score. Simpson’s E index indicates
how evenly abundance is distributed among species, whereas the
Shannon-Weiner index evaluates species richness and evenness to
calculate a diversity score. The maximum value for Simpson’s E in-
dex is one, and values nearer one represent greater evenness in
the plant community. Greater values for the Shannon-Weiner in-
dex represent greater plant diversity.

Data analysis

We used coverage data collected in 2018 (GeFellers et al. 2020;
Harper et al. 2021) in the same fields prior to disturbance (pre-
scribed fire or mowing) to calculate the percent difference in plant
group coverage and assess how each disturbance practice affected
the plant community after 2 yr of management. We subtracted
percent coverage of plant groups in 2018 from the percent cov-
erage of plant groups in 2020 to calculate the percent difference
in each treatment following disturbance. We used percent change
for species richness, Simpson’s evenness, and Shannon’s diversity
indices because these metrics were not already in percentages. We
calculated the percent change by subtracting the 2018 means from
the 2020 means and then dividing that calculation by the origi-
nal (2018) mean and multiplying by 100. We provide both percent
coverage values as well as percent change calculations when ap-
propriate in the results text. The data from 2018 were collected
during the same time period (midjune-early August) in the same
fields using the same sampling protocol as used by GeFellers et al.
(2020).
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Table 1
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Mean percent (%) coverage' and standard error (SE) of all species groups detected in five early successional plant community treatments across all study sites (n=11) in

Tennessee and Alabama, United States, 2018-2020.

Life form Treatment
Planted mowed Planted burned Seedbank mowed Seedbank burned Control
2018 (SE) 2020 (SE) 2018 (SE) 2020 (SE) 2018 (SE) 2020 (SE) 2018 (SE) 2020 (SE) 2018 (SE) 2020 (SE)

Grass® 78.6 53 89.0 3.5 78.6 53 80.7 4.2 60.8 9.2 72.2 5.8 60.8 9.2 67.2 2.8 954 2.2 98.0 1.8
NG® 61.3 6.7 70.3 5.5 61.3 6.7 57.0 6.6 46.9 9.4 57.8 7.0 46.9 9.4 52.8 5.0 355 8.4 9.9 3.2
NNG* 211 6.9 26.1 54 211 6.9 30.0 71 12.0 2.8 17.7 53 12.0 2.8 15.5 35 86.5 4.0 96.5 23
NNCSG® 53 2.2 5.0 2.8 53 2.2 14 04 6.7 2.0 6.6 3.1 6.7 2.0 1.0 0.4 85.0 3.7 95.8 23
NWSGS 610 66 692 55 610 66 566 66 451 9.2 546 69 451 92 50.7 52 338 85 9.7 3.2
CSG’ 53 2.2 6.0 2.8 53 2.2 172 0.6 6.8 25 9.8 3.7 6.8 25 31 14 85.0 29 95.8 23
WSG# 75.9 5.2 85.0 34 75.9 5.2 79.5 4.0 553 8.6 66.9 5.6 55.3 8.6 65.6 31 48.2 72 151 3.8
Forb® 64.3 6.7 44.6 6.6 64.3 6.7 52.3 7.2 711 35 60.9 6.4 711 35 819 4.8 40.6 73 121 4.6
NF© 48.7 78 34.7 6.1 48.7 7.8 40.5 6.6 51.6 5.7 49.2 6.4 51.6 5.7 75.2 5.2 26.5 76 9.4 4.2
NNF!! 25.8 6.0 14.8 4.2 258 6.0 20.5 7.2 301 5.1 253 4.5 30.1 5.1 256 6.7 18.2 29 33 12
SPFF'? 111 4.7 12.6 31 111 4.7 19.3 5.2 9.7 2.7 29.8 5.9 9.7 2.7 424 5.2 1.7 0.8 5.5 18
SUFF"? 15.7 2.7 309 43 15.7 2.7 43.7 6.5 12.8 2.5 48.5 6.2 12.8 2.5 72.2 5.0 11.6 3.8 8.5 2.5
FAFF4 28.0 7.0 375 5.8 28.0 7.0 281 73 35.7 7.2 48.7 6.5 35.7 72 74.6 5.0 16.8 6.7 9.4 31
Semiwoody'®  13.1 3.9 16.5 3.7 131 3.9 15.6 3.9 115 3.7 215 4.0 115 3.7 226 4.8 8.7 34 2.6 12
Woody'® 0.5 0.1 3.8 13 0.5 0.1 23 0.8 0.2 0.1 5.8 17 0.2 0.1 54 18 0.4 0.2 23 12
NS'7 85.9 49 874 3.8 859 49 812 6.0 82.0 43 85.6 34 82.0 43 95.6 1.2 56.4 5.9 22.0 6.0
NNS'8 419 7.0 38.6 6.2 419 7.0 45.6 8.0 39.7 5.8 384 6.4 39.7 5.8 39.5 6.3 90.9 2.9 96.8 1.8

1 Coverage of the different plant types does not sum to 100 because multiple plant types commonly occur in the same vertical space as detected and recorded at the

sampling point using the line-point intercept sampling method.
2 All grasses present in each treatment.
3 NG consists of all native grasses present in each treatment.
4 NNG consists of all nonnative grasses present in each treatment.
5 NNCSG consists of all nonnative cool-season grasses present in each treatment.
6 NWSG consists of all native warm-season grasses present in each treatment.
7 CSG consists of all cool-season grasses in each treatment.
8 WSG consists of all warm-season grasses in each treatment.
9 All forbs are present in each treatment.
10 NF consists of all native forbs present in each treatment.
' NNF consists of all nonnative forbs present in each treatment.

= 5

12 SPFF (spring-flowering forbs) consists of all forb species detected that flower in spring.

1
1

[

Semiwoody consists of bramble and vine species.

16 Woody consists of tree and shrub species.

17'NS consists of all native plant species present in each treatment.

NNS consists of all nonnative plant species present in each treatment.

%

We used a randomized block study design with the treat-
ment unit serving as the experimental unit. The response for plant
groups was the difference between averaged measurements from
2018 and 2020 in each treatment unit. The response for species
richness, Simpson’s evenness, and Shannon’s diversity was the per-
cent change between averaged measurements from 2018 and 2020
in each treatment unit. We conducted analysis of variance analysis
of variance in program R (R Core Team 2020) to determine the ef-
fects of treatment on vegetation composition and diversity indices.
If treatment effects were significant, we used package “emmeans”
(Lenth 2018) to compare means using Tukey’s Honest Significant
Difference (HSD) P-value adjustment. We used a significance level
of a=0.05 for all contrasts.

Results

Change in total grass coverage from 2018 to 2020 did not differ
by treatment (F=0.7, P=0.55). Total grass coverage increased in
all management treatments as well as control (Table 1). Total grass
coverage increased 13.2% and 18.8% in planted mowed and seed-
bank mowed, and 2.7% and 10.5% in planted burned and seedbank
burned, respectively.

Change in coverage of total native grasses from 2018 to 2020
was greater in control than in all of the management treatments
(F=8.96, P < 0.0001). Total native grass coverage decreased to
—72.7% in control. The change in total native grass coverage was
much less and similar (P > 0.3) in all management treatments. The
change in coverage of total nonnative grasses from 2018 to 2020

SUFF (summer-flowering forbs) consists of all forb species detected that flower in summer.
FAFF (fall-flowering forbs) consists of all forb species detected that flower in fall.

did not differ by treatment (F=0.3, P = 0.86). However, the result-
ing coverage of total nonnative grasses in 2020 remained greater
in planted treatments averaged together (28.1% coverage) than in
seedbank treatments averaged together (16.6% coverage).

Change in total warm-season grass coverage differed by treat-
ment (F=14.69, P < 0.0001). Total warm-season grass coverage
increased in all management treatments similarly (P > 0.78), but
decreased in control. Change in native warm-season grass cover-
age differed by treatment (F=12.7, P < 0.0001). Change in native
warm-season grass coverage was similar (P > 0.65) among man-
agement treatments but decreased in control.

Change in nonnative cool-season grass coverage differed by
treatment (F=5.07, P < 0.001). Seedbank burned (P < 0.002) and
planted burned (P < 0.007), contained less nonnative cool-season
grass than control by 2020, but change in nonnative cool-season
grasses was similar between control, seedbank mowed (P > 0.06),
and planted mowed (P > 0.06). All management treatments re-
duced coverage of nonnative cool-season grasses similarly (P >
0.65), but burning tended to reduce them more than mowing.

Change in total forb coverage differed by treatment (F=8.31,
P < 0.0001) following disturbance from 2018 to 2020. Total forb
coverage decreased in seedbank mowed, planted burned, planted
mowed, and control (—14.3%, —18.7%, —30.6%, and —70.2%, respec-
tively), but forb coverage increased 15.2% in seedbank burned.
Change in coverage of native forbs differed by treatment (F=13.35,
P < 0.0001), which decreased similarly (P > 0.15) among seed-
bank mowed, planted burned, and planted mowed (—4.7%, —16.8%,
and —28.7%, respectively), but increased 45.7% in seedbank burned.
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Figure 2. Mean percent difference (standard error) in SPFF, SUFF, and FAFF coverage from June-August 2018 to 2020 at all study sites (n=11) in Tennessee and Alabama
following burn and mow treatments. CL indicates control; FAFF, fall-flowering forb; PB, planted burned; PM, planted mowed; SB, seedbank burned; SM, seedbank mowed;

SPFF, spring-flowering forb; SUFF, summer-flowering forb.

Change in nonnative forb coverage did not differ by treatment
(F=0.74, P = 0.567).

Change in coverage of spring- (F=8.72, P < 0.0001), summer-
(F=18.08, P < 0.0001), and fall- flowering forbs (F=11.14, P <
0.0001) differed by treatment. Coverage of spring-flowering forbs
increased more in seedbank burned than planted burned, planted
mowed, and control (P < 0.002), which corresponded with an in-
crease in grass in those treatments (Fig. 2). Coverage of summer-
flowering forbs increased more in seedbank burned, seedbank
mowed, and planted burned than control (P < 0.0022). The in-
crease in coverage of summer-flowering forbs in planted mowed
did not differ from control (P = 0.14). Coverage of summer-
flowering forbs increased most in seedbank burned, and the in-
crease was greater (P < 0.03) in seedbank burned than seed-
bank mowed, planted burned, and planted mowed. Coverage of
fall-flowering forbs increased more in seedbank burned, seedbank
mowed, and planted burned than control (P < 0.05). Coverage of
fall-flowering forbs increased more (P < 0.006) in seedbank burned
than seedbank mowed, planted mowed, and control.

Change in coverage of semiwoody species differed by treatment
(F=4.29, P < 0.001). Coverage of semiwoody plants increased
more in seedbank burned and seedbank mowed than control (P
< 0.012), but change of coverage of semiwoody plants was simi-
lar among all management treatments (P > 0.36). Change in cov-
erage of woody species did not vary among treatments (F=1.86,
P=0.13).

Change in species richness differed by treatment (F=13.53, P <
0.0001) following disturbance from 2018 to 2020 (Table 2). Species
richness decreased similarly (P > 0.7) in seedbank mowed, planted
mowed, and planted burned, but increased in seedbank burned.
Species richness decreased more in control than in all manage-
ment treatments (P < 0.003). We detected treatment effects for the
Shannon-Weiner index (F=17.84, P < 0.0001). Diversity decreased
similarly (P > 0.32) in all treatments, but the decrease was greatest
(P < 0.0001) in control. Simpson’s evenness index increased simi-
larly among treatments (F=0.63, P < 0.63).

Discussion
Our study compared the effects of mowing and burning on

the trajectory of succession and plant composition in restored
early successional plant communities. Burning led to increased

Table 2

Species diversity (Shannon-Wiener index), evenness (Simpson’s E index), and
richness (mean + standard error) calculated in five early successional plant com-
munity treatments across all study sites (n=11) in Tennessee and Alabama,
United States, 2018-2020. Column means with the same letter group within each
metric indicate the change in that metric from 2018 to 2020 is not different
(a =0.05).

Treatment Shannon-Weiner index F P-value
2018 2020
Planted mowed 2.6 + 0.04 24 4+ 0.07 A 17.84 < 0.001
Planted burned 2.6 + 0.04 22 4+ 0.07 A
Seedbank mowed 2.7 + 0.05 254+ 0.08 A
Seedbank burned 2.7 + 0.05 2.6 £ 0.07 A
Control 2.2 £ 0.04 09 +015B
Simpson’s E index F P-value
2018 2020
Planted mowed 0.26 + 0.01 032 £ 0.02 A 0.63 0.6
Planted burned 0.26 + 0.01 029 £ 0.04 A
Seedbank mowed 0.31 + 0.01 0.38 + 0.04 A
Seedbank burned 0.31 + 0.01 0.35 + 0.06 A
Control 0.22 + 0.01 0.23 + 0.02 A
Species Richness F P-value
2018 2020
Planted mowed 32+1 25 + 14 AB 13.53 < 0.001
Planted burned 32+1 24 £198B
Seedbank mowed 31+1 27 + 14 AB
Seedbank burned 31+1 34+ 17A
Control 25+ 1 9+14C

native forb coverage in communities responding from the seed-
bank, but not in areas that were restored by planting native forbs
and grasses, which partially supported our hypothesis that burn-
ing would increase forb coverage. Burning also resulted in in-
creased coverage of spring-, summer-, and fall-flowering forbs in
both seedbank response and planted communities, but the increase
in coverage was much greater in seedbank units. Notably, neither
burning nor mowing increased coverage of the forb species that
were planted in the planted units. Grass coverage increased in all
treatment units, but mowing tended to increase it at a greater
rate than burning. Plant communities restored using planting and
seedbank restoration responded differently to disturbance; hence,
restoration method and disturbance type should be considered
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in efforts to meet management objectives. These results are the
first published describing how type of disturbance can influence
plant composition following restoration of native early successional
plant communities using the seedbank only. Additionally, our study
demonstrated that planting is not necessary to restore and main-
tain native early successional plant communities on a majority of
sites dominated by perennial nonnative grasses in the eastern US,
regardless of the type of disturbance implemented.

Total grass coverage increased at a similar rate in all man-
agement treatment units, consistent with other studies that used
dormant- and early growing-season fire to maintain early succes-
sional plant communities (Whitehead and McConnell 1980; Manley
1994; Brockway et al. 2002; Gruchy and Harper 2014). In 2018,
grass coverage was greater in planted units than in seedbank units,
and grass coverage remained greater in planted units following dis-
turbance. In fact, grass coverage in all treatments was in excess of
what is selected by most wildlife that use early successional com-
munities (Herkert 1994; Granfors et al. 1996; Warren and Ander-
son 2005; Unger et al. 2015; Brooke et al. 2016). The coverage of
native grass that was maintained in the seedbank units (approxi-
mately 50%) substantiated that planting native grasses is not nec-
essary when restoring native plant communities on most sites in
the eastern US where tall fescue or other nonnative grasses domi-
nate the site. In fact, following planting, native grasses commonly
become too dense for management objectives within 2-3 yr, ne-
cessitating management to decrease grass coverage and increase
forb coverage and overall plant diversity (Gruchy and Harper 2014;
Brooke and Harper 2016).

The occurrence of nonnative plant species, especially nonna-
tive grasses, is a common management concern when restoring
and managing early successional plant communities, and peri-
odic disturbance can favor the establishment of nonnative species
(Kuebbing et al. 2014). In summer 2020, following the initial appli-
cation of glyphosate in autumn of 2015 to eradicate tall fescue in
the treatment units, nonnative cool-season grass coverage was only
1-6.5%, indicating a single fall herbicide application was effective
at controlling this nonnative perennial cool-season grass (GeFellers
et al. 2020). Following eradication of tall fescue in 2015, coverage
of nonnative grasses remained greater in planted units than seed-
bank units from 2018 to 2020 because of the inability to spot-treat
various nonnative warm-season grasses, notably bermudagrass, in
planted treatments because any herbicide treatment that controls
bermudagrass also kills planted native grass species. Spot-spraying
nonnative forbs once per year in each of the management units
was effective at preventing nonnative forbs from exceeding 30%
coverage.

A desirable forb component usually is an objective when man-
aging early successional plant communities (Harper 2017; Meissen
et al. 2020). Forbs provide forage, seed, cover, and nectar for a
wide variety of wildlife species (Robel 1963; Healy 1985; Steffan-
Dewenter and Tscharntke 2001; Lashley et al. 2011; Nanney et al.
2018). In seedbank and planted units, mowing reduced forb cov-
erage, whereas burning increased forb coverage in seedbank units.
Native forb coverage increased (47.5%) only in the seedbank burned
treatment. Forb coverage did not increase in planted burned, likely
because there was 80% grass coverage in planted burned by 2020.
Grman et al. (2021) also reported that planted native grasses sup-
pressed forb coverage. Mowing in planted mowing led to nearly
90% grass coverage by 2020. Mowing typically promotes thatch
buildup (Gruchy 2007) and could further suppress forb response
in both seedbank mowed and planted mowed.

The combination of seedbank restoration and burning increased
coverage of spring-, summer-, and fall-flowering forbs at a greater
rate than any other restoration or management combination, pro-
viding pollinators with more food and nest structure resources.
Many species of pollinators are dependent on early successional

plant communities, and forb coverage is critical for pollinator food
resources (Ginsberg 1983; Teer 1996; Althoff et al. 1997; Hunter et
al. 2001; Wilkerson et al. 2014). Greater coverage of forbs provides
more pollen and nectar resources to a wide range of insect pollina-
tors, but the availability of pollen and nectar resources throughout
the growing season should be considered when restoration focuses
on pollinators (Steffan-Dewenter and Tscharntke 2001). Insect pol-
linators also require nest sites, and many species nest in forb stems
(Black et al. 2011).

A variety of plant species with relatively even distribution can
be an important consideration when managing early successional
plant communities, as increased species diversity and evenness
may provide more food or cover resources with better distribu-
tion for wildlife through the year with different timing of plant
phenology (Levine and D’Antonio 1999; Wilsey and Potvin 2000;
Steffan-Dewenter and Tscharntke 2001; Tracy and Sanderson 2004;
Fontaine et al. 2006). Plant species richness has been linked to
more diverse insect populations as well as increased nutritional
carrying capacity for species such as white-tailed deer (Odocoileus
virginianus; Knops et al. 1999; Harper et al. 2021). Although rela-
tively few private landowners may be interested in plant species
richness or insect populations per se, we stress how manage-
ment of early successional communities on private land is im-
portant because more private landowners manage their land for
deer than any other species (McShea 2012). As private landowners
learn the value of promoting increased diversity of native plants,
enhanced habitat for pollinators and their populations may result
by default. Species evenness increased following all management
treatments, and evenness was greater in 2020 than in 2018 prior
to any management treatment (GeFellers et al. 2020). Evenness
may be especially important for pollinators that rely on floral re-
sources in spring, summer, and fall. However, we documented an
increase in species richness only in seedbank burned where lit-
ter was consumed and grass dominance was reduced, allowing the
seedbank to germinate. There was a negative trend in species di-
versity following all treatments, but the change was least in seed-
bank burned (< 1%). The combination of seedbank restoration and
burning may help with plant community persistence, productivity,
and overall function by increasing species richness and evenness.
The reduction in species richness in control from 2018 to 2020 was
the result of the herbicide application in 2019 to control encroach-
ing woody and semiwoody plants, which also reduced coverage of
some forbs present and maintained a tall fescue-dominated con-
trol.

There were no trends in the change of coverage of semiwoody
or woody plants. Coverage of both semiwoody and woody species
was relatively low prior to treatment, but after 2 yr of manage-
ment, semiwoody plants increased to approximately 22% cover-
age in seedbank treatments. The presence of various semiwoody
plants, such as blackberry and northern dewberry (Rubus flag-
ellaris), provides additional food and cover resources for many
wildlife species (Badyaev 1995; Moore et al. 2010; Nanney et al.
2018). Although we primarily used low-intensity backing fire in
the burn treatments, fire intensity was sufficient to at least top-Kkill
semiwoody or woody plant species. In both fire and mow treat-
ments, semiwoody and woody species continued to resprout and
persist. These results are consistent with other studies that re-
ported dormant-season fire or annual mowing may control but not
eradicate woody species (Drewa et al. 2002; Dykes 2005; Gruchy
et al. 2009; Robertson and Hmielowski 2014).

Management Implications
Disturbance is required to maintain early successional commu-

nities in the eastern US, regardless of establishment or restora-
tion technique. After documenting the change in vegetation com-
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position following the two most common disturbance practices
used to manage fields and other open areas in the eastern US,
we recommend managers consider using prescribed fire instead of
mowing if increased forb coverage is important in helping meet
their management objectives. Forb coverage is important with re-
gard to forage for white-tailed deer, nectar for pollinators, insect
and seed production for birds, and cover for gamebird broods and
many songbird species. Where increased grass coverage is desir-
able, planting and mowing can be used to achieve management
goals. However, few if any management objectives would warrant
more grass coverage than what we documented following estab-
lishment from the seedbank and prescribed fire. Although we used
fire and mowing for 2 yr in succession, the frequency and tim-
ing (season of burning) of disturbance may be altered depending
on management objectives and plant community response. We en-
courage managers not only in the eastern US but in other systems
as well to consider using the seedbank response instead of planting
when restoring native plant communities following eradication of
nonnative grasses where they dominate the site because flexibility
in herbicide use is an important consideration when many herbi-
cides required to control undesirable plants also would kill planted
species.
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