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ABSTRACT

Japanese stiltgrass (Microstegium vimineum) is an invasive, annual C4 grass that has spread extensively throughout riparian 
areas and upland forests in the United States. Microstegium vimineum can establish a dense monoculture in the understory 
of forest stands and inhibit the regeneration of native herbaceous and woody plant species. Controlling the occurrence 
and spread of this species is of great concern to both land managers and private landowners, but there are few direct 
comparisons of the effectiveness or application timing of different treatments for controlling M. vimineum. To fill this 
knowledge gap, a randomized complete block design was established in the Piedmont region of North Carolina to compare 
four potential control treatments (glyphosate, mechanical removal, manual removal, and vinegar) and three application 
timings (spring, summer, and fall). Prior to treatment and 6 weeks post-treatment, plots were measured for M. vimineum 
percent coverage and species richness, using a method of ocular estimation and Shannon’s index, respectively. Results 
showed that 6 weeks post application, glyphosate was highly effective in removing M. vimineum regardless of timing (95-
100 percent reduction) and vinegar was highly effective in the summer and fall applications (90-100 percent reduction). 
Species richness was higher in all treatment plots as opposed to control plots. These results provide preliminary evidence 
of the effectiveness of several common treatments on controlling M. vimineum that are accessible to landowners and have 
implications for plant diversity.

INTRODUCTION
Globalization has increased the spread of invasive species 
and is of particular concern in the Southeastern United 
States. One invasive plant species is Japanese stiltgrass 
(Microstegium vimineum [Trin.] A. Camus), an annual, C4 
grass physiologically suited for dry, open, sunlit conditions 
(Flory 2010, Hall and others 2014, Judge and others 2005). 
Native to Southeast Asia, M. vimineum was unintentionally 
introduced to the United States in Tennessee during the 
early 1900s (Barkworth and others 2003, Fryer 2011, Hall 
and others 2014, Judge and others 2005) when it was used 
as packaging material for Chinese porcelain (Culpepper 
and others 2018). Currently, M. vimineum is found in 27 
states and Puerto Rico; however, it is most noted as a serious 
problem in the Eastern United States (EPPO 2016, North and 
Torzilli 2017). Unlike many C4 grasses, this species has high 
habitat plasticity and can be found in a variety of low light, 
mesic conditions with moderate soil moisture and in soils 
with varying nutrient levels across upland and riparian areas 
(Hall and others 2014, Judge and others 2005).

Microstegium vimineum can produce up to 1,000 viable seeds 
during the growing season, and seeds can remain viable for 
2 to 5 years in the soil seedbank (Gibson and others 2002, 

Redwood and others 2018). Seeds are easily disseminated by a 
variety of vectors (e.g., vehicles, clothing, animal fur) (Manee 
and others 2015), including natural and anthropogenic 
disturbances (Hall and others 2014, Ward and Mervosh 
2012). One example of seed dispersal through natural 
disturbance is flooding, because seeds are light-weight, 
buoyant, and therefore easily dispersed by water (Flory 2010, 
Nees 2016). Anthropogenic methods of transport include the 
transport of soil containing M. vimineum seeds (Christen 
and Matlack 2009, Rauschert and others 2010), timber 
harvesting using equipment that has worked in prior invaded 
areas and not been cleaned (Nees 2016), and attachment to 
human clothing and animal fur (EPPO 2016).

Microstegium vimineum has a competitive advantage among 
some native vegetation due to its ability to grow in a variety 
of soil and light conditions (Cutway 2017). Microstegium 
vimineum can occur in dry, sunlit locations such as open 
areas, blowdowns, hillsides, and manicured lawns, in 
addition to invading more heavily shaded areas like closed 
canopy forests (Flory 2010). Even at light levels as low as 18 
percent, M. vimineum experiences little reduction in growth 
and often outcompetes and displaces other understory 
vegetation (Judge and others 2005, Ward and Mervosh 2012). 
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Because M. vimineum is widely dispersed and can establish in 
mesic conditions, this species is often found along roadsides 
and riparian areas (Cole and Weltzin 2004, Hall and others 
2014, Manee and others 2015, North and Torzilli 2017).

Once established, M. vimineum forms dense monocultures 
that slowly decompose at the end of the growing season, 
creating a mat of dense plant material inhibiting the 
regeneration of native species (Hall and others 2014, Ward 
and Mervosh 2012). Even after a disturbance, M. vimineum’s 
direct competition for resources and hypothesized 
allelopathy lead to decreased regeneration of native 
herbaceous plants and trees (EPPO 2016, North and Torzilli 
2017, Pisula and Mieners 2010, Ward and Mervosh 2012). 
Pisula and Mieners (2010) found M. vimineum has an ability 
to inhibit germination through allelopathy of coexisting 
species within an ecosystem.

The ability of M. vimineum to outcompete native plant 
species and alter conditions conducive to native vegetation is 
concerning (Culpepper and others 2018, North and Torzilli 
2017). Reductions in native plant diversity reduce habitat 
quality for wildlife and pollinators (Ward and Mervosh 
2012). Frey and Schmit (2015) found that white-tailed deer 
(Odocoileus virginianus) avoid eating M. vimineum, as do 
other foragers. In addition, forests infested with M. vimineum 
can reduce aesthetic appeal and lead to decreased utilization of 
public parks and nature preserves (Ward and Mervosh 2012).

Methods of M. vimineum control include prescribed fire, 
application of pre- and/or post-emergent herbicides, hand 
pulling, and mowing. Prescribed burning can increase in 
M. vimineum growth post-fire (Wagner and Fraterrigo 
2015, Ward and Mervosh 2012). Pre-emergent herbicides 
have been shown to have variable effects on M. vimineum 
emergence and reproduction. For example, Judge and others 
(2015) found that pre-emergent herbicides reduced M. 
vimineum biomass by 87 percent for at least 8 weeks. Post-
emergent herbicides, including those registered for aquatic 
use, can be highly effective control methods. Studies show 
up to a 97 percent loss of M. vimineum biomass 8 weeks 
after application (Flory 2010) and a 75 to 100 percent loss, 
6 weeks after application (Hall and others 2014). Ward and 
Mervosh (2012) showed that some post-emergent herbicides 
were equally effective at reducing M. vimineum biomass 
when applied at low doses as when applied at higher doses; 
however, using a low dosage of herbicide may require 
additional applications within the same season. Applications 
of post-emergent herbicides must be repeated annually, or 
M. vimineum will return to levels equivalent to untreated 
stands (Frey and Schmitt 2015, Hall and others 2014, Judge 
and others 2005, Ward and Mervosh 2012). The effectiveness 
of hand-pulling largely depends on the size of the treatment 
area (EPPO 2016, Ward and Mervosh 2012) and the care 
taken to completely remove all stems (Flory 2010). For 

smaller sites where hand pulling would be feasible, hand 
pulling is considered the best and most cost-effective method 
of control when completed at the end of the growing season 
before seed release (EPPO 2016). Mowing and trimming 
was found to lead to an 82-percent loss of M. vimineum 
biomass during treatment years when performed during July 
or August (Ward and Mervosh 2012). However, a similar 
study by Flory and Lewis (2009) found that September 
or October mowing and trimming treatments were more 
effective. The difference in timing between the two studies 
could be due to the different phenological timing of the study 
locations. Ward and Mervosh (2012) completed their study in 
Connecticut, whereas Flory and Lewis (2009) completed their 
study in Indiana, which is more southern and would have an 
extended growing season relative to Connecticut. Mowing 
and trimming must be repeated in subsequent years, or it is 
hypothesized that M. vimineum biomass will return to levels 
of biomass present prior to the treatment application (Ward 
and Mervosh 2012). Thus, the seasonal timing of treatment 
applications is emerging as an important consideration of M. 
vimineum control.

With the threat that M. vimineum poses as an invasive 
species in forests evident, effective treatments for reducing M. 
vimineum cover need further evaluation among more diverse 
landscapes. Information is also needed regarding native 
vegetation responses to treatment applications including 
treatment types, rates, and timing. Prior studies regarding 
M. vimineum removal have investigated several control 
methods but lacked side-by-side comparisons to assess 
treatment effectiveness. Therefore, the objectives of this study 
are to: (1) compare effectiveness of four control methods for 
reducing M. vimineum cover among spring, summer, and 
fall application periods that are readily available and cost-
effective to landowners in the Southeastern United States, 
and (2) evaluate species richness response to treatments and 
M. vimineum removal by comparing Shannon’s Index of 
baseline and post-treatment vegetation communities.

MATERIALS AND METHODS
Study Site
The study occurred in Denver, NC (35° 31’ 31.19” N, -81° 
01’ 28.20” W), in the western Piedmont, at ~ 235 m above 
sea level with minimal changes in topography (0-2 percent 
slope; Lincoln County GIS, Lincolnton, NC). Summer 
temperatures average 27.5 °C, and winter temperatures 
average 8.6 °C (U.S. Department of Commerce, NOAA 
2021). Average annual precipitation is 119.6 cm (U.S. 
Department of Commerce, NOAA 2021). The soil type 
present throughout the study site is Chewlaca loam (Lincoln 
County GIS, Lincolnton, NC). Chewlaca loam soils are 
somewhat poorly drained with moderate permeability (U.S. 
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Department of Agriculture, NRCS 2021). The study site is 
located within a bottomland hardwood forest that is ~ 100 
contiguous ha. The forest is comprised predominantly of 
yellow-poplar (Liriodendron tuipifera L.), American beech 
(Fagus grandifolia Ehrh.), red maple (Acer rubrum L.), and 
sweetgum (Liquidambar styraciflua L.). The midstory is 
largely absent, but where present, mostly comprised of F. 
grandifolia. The understory is predominantly M. vimineum 
and sparse Christmas fern (Polystichum acrostichoides 
Michx.). The site was chosen primarily because of the high-
density coverage of M. vimineum.

Experimental Design
Within the study site, three study areas (~ 30-m2) were 
designated as treatment blocks. Within each study area, 
four treatments (see below) were implemented as well as a 
control (n = 5 treatment plots per block) among individual 
treatment plots of 2 x 2 m (4-m2) with a 1-m buffer in 
between. Basal area of overstory trees in each treatment 
block was determined within a 11.3-m fixed radius plot, 
and average canopy height of dominant and codominant 
trees measured using a clinometer (Ashton and Kelty 2018). 
Percent M. vimineum in each plot was estimated using an 
ocular estimation of cover in 10 percent interval categories 
(e.g., 0,10, 20, 30, …, 100 percent) (Ward and Mervosh 2012). 
All understory vegetation within the 4-m2 treatment plot 
was identified. Understory species richness was determined 
from the number of unique species in each plot. Understory 
species diversity was determined from the Shannon-Wiener 
Diversity Index. For species richness and diversity, M. 
vimineum was not included in calculations. Study areas had 
similar M. vimineum understory coverage density, based on 
ocular observation.

Treatment Applications
To assess the effectiveness of different M. vimineum 
control methods, four treatments were identified that were 
easily accessible to landowners: (1) herbicide application 
(glyphosate), (2) mechanical removal (mechanical trimmer), 
(3) manual removal (hand pulling), and (4) herbicide 
alternative (vinegar). Each removal treatment was then 
compared to a no treatment (control). The herbicide 
application consisted of a 2 percent solution of glyphosate, 
a broad-spectrum active ingredient, readily available to 
consumers using the pre-mixed solution Roundup® Ready-
to-Use and its built-in spraying wand [2 percent glyphosate 
(isopropylanite salt), 2 percent pelargonic acid and related 
fatty acids, 96 percent other ingredients] Monsanto Company, 
Marysville, OH. The herbicide alternative application 
consisted of common white vinegar (acetic acid content of 
5 percent) applied using a spray bottle. Both spray solutions 
were applied in all seasons during dry conditions with no 
precipitation during the 24- to 48-hour post-application 

window. The mechanical removal application removed 
aboveground M. vimineum stems but left roots intact using a 
STIHL Pro Series FS70 R string trimmer. The manual removal 
application removed whole stems and root systems of M. 
vimineum biomass via hand-pulling. Any cut M. vimineum 
biomass remaining after manual treatment was removed from 
the plot and discarded outside of the study area.

Post-Treatment Data Collection and Analysis
All treatments were applied in early March 2020, early 
July 2020, and late September 2020, coinciding with 
phenological stages of M. vimineum development in the 
Piedmont of North Carolina. These stages were immediately 
after germination, after full stem expansion and moderate 
growth into the middle of growing season, and prior to 
seed-set for M. vimineum. Six weeks post-treatment, percent 
coverage of M. vimineum, understory vegetation species 
richness, and understory species diversity were measured for 
each treatment using the same methods for pre-treatment 
assessments. Post-treatment measurements were compared to 
pre-treatment measurements to determine treatment impacts 
(e.g., treatment type and timing) on M. vimineum coverage.

RESULTS
Removal of M. vimineum was most effective in the herbicide 
treatment with glyphosate (98 ± 0 percent average removal), 
followed by the herbicide alternative treatment with vinegar 
(79 ± 21 percent removal), and mechanical removal treatment 
(48 ±15 percent removal) (fig. 1). Hand pulling was the least 
effective treatment for the removal of M. vimineum at 28 ± 14 
percent (fig. 1). Glyphosate had consistent results for removal 
across seasons. Control of M. vimineum via vinegar and 
mechanical removal were more effective in the summer and 
fall treatment applications than spring (fig. 1). Hand pulling 
was slightly more effective at M. vimineum removal in the 
summer compared to spring or fall treatment applications, 
but never resulted in more that 50 percent removal in any 
seasonal application (fig. 1).

Average species diversity, as measured by the Shannon-
Weiner Index, was low across all plots during the pre-
treatment period due M. vimineum dominance (table 1). Six 
weeks following treatment applications, species diversity 
increased across all treatments and seasons. Following 
spring treatments, increases in plant diversity were modest, 
while greater increases in diversity were observed following 
summer and fall treatments. Manual removal had resulted in 
the largest overall plant diversity in spring (0.99), herbicide 
alternative treatments with vinegar resulted in the largest 
overall plant diversity in summer (1.32), and mechanical 
removal resulted in the largest overall plant diversity in the 
fall (1.03). The highest species richness in any treatment 
plot was observed after the summer application (1.32) with 
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five species present among 23 individual stems. Glyphosate, 
despite being one of the more effective treatments for 
biomass removal, had adverse effects on species richness 
and had the lowest species richness and diversity over all the 
plots and application times (table 1).

The greatest variety of species returning 6 weeks post-
treatment occurred in plots treated with vinegar in the 
summer with five different species emerging post-treatment, 
followed by the summer mechanical removal plot which had 
four different species emerge (table 1). The control plot and 
manual removal plots had similar numbers, but different 
species emerged post-treatment in each plot (two to three 
different species); however, the herbicide plots had the 
lowest number of species emerge post-treatment (one to two 
different species per plot) (table 1).

Figure 1—Percent Microstegium vimenium removed for each treatment type and time of application.

DISCUSSION
Herbicide application with glyphosate was the most effective 
treatment at reducing M. vimineum biomass. Post-emergent 
applications of fluazifop-P-butyl, acetic acid, pelargonic 
acid, imazapic, fenoxaprop-p-ethyl, glufosinate, glyphosate, 
clethodim, quinclorac, sethoxydim, and Monosodium 
Methanearsonate have all been considered effective 
treatments (Flory 2010, Frey and Schmitt 2015, Hall and 
others 2014, Judge and others 2005, Ward and Mervosh 
2012). Flory (2010) found that the application of a post-
emergent herbicide was more effective than hand pulling in 

treating an area for M. vimineum. Despite being the most 
effective treatment at removing M. vimineum, herbicide had a 
negative correlation with species richness and diversity.

Glyphosate is a broad-spectrum, non-selective herbicide 
often killing plants within 2 weeks (Franz and others 
1997). Six weeks after treatment, few species could have 
recovered or established due to the wide-ranging impact of 
glyphosate. In their review of glyphosate impacts on natural 
communities, Sullivan and Sullivan (2003) found vascular 
plant species richness was unaffected or increased in most 
(83 percent) studies after treatment. Miller and Miller (2004), 
along with others in a special issue of The Wildlife Society 
Bulletin, emphasized the short-term negative impacts (3-5 
years) and selective impacts of forest herbicide applications 
on plant biodiversity, including broad spectrum glyphosate. 
However, Miller and Miller (2004) also showcased the unique 
advantages of selective herbicides for targeting unwanted 
plant pests. Future studies should explore selective herbicide 
impacts on M. vimineum and associated species richness 
and diversity. Such approaches could also help identify co-
existing heterospecifics that may be released by treatments 
and tolerant of M. vimineum allelopathy (Pisula and Mieners 
2010) such as other exotic species. Monitoring species 
richness and diversity recovery over longer periods (>6 weeks 
post-treatment) could also identify optimal control methods 
for concomitant M. vimineum control and native plant 
species conservation.
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Table 1—Species richness as measured of unique individuals with number of stems in 
parentheses, and Species diversity as measured by the Shannon Wiener Index (SWI) in 
study plots prior to and 6 weeks post-treatment applications across all three seasonsa

Treatment Pre-treatment Post-treatment

Species richness SWI Species present SWI

Spring

Herbicide Parthenocissus quinquefolia (2) 0.00 Polystichum archo-stichoides (1)
Vitus rotundifolia (2) 0.64

Mechanical 
removal 

Allium canadense (2)
Ligustrum sinense (1) 0.64 Allium canadense (4)

Polystichum archostichoides (3) 0.68

Manual 
removal

Ligustrum sinense (1)
Polystichum achrostichoides (1) 0.69

Lespedeza sp. (5)
Ligustrum sinense (2)
Polystichum archostichoides (2)

0.99

Vinegar Acer rubrum (1)
Ligustrum sinense (2) 0.64

Acer rubrum (3)
Allium canadense (1)
Ligustrum sinense (10)

0.76

Control No other species presentb 0.00 Allium canadense (1)
Polystichum achrostichoides (2) 0.64

Summer

Herbicide Ligustrum sinense (2) 0.00 Ligustrum sinense (1)
Polystichum achrostichoides (3) 0.56

Mechanical 
removal Ligustrum sinense (3) 0.00

Allium canadense (1)
Ligustrum sinense (5)
Polystichum archostichoides (3)
Vitus rotundifolia (1)

1.17

Manual 
removal Ligustrum sinense (2) 0.00

Lespedeza sp. (5)
Ligustrum sinense (2)
Vitus rotundifolia (1)

0.90

Vinegar Ligustrum sinense (3) 0.00

Allium canadense (4)
Lespedeza sp. (2)
Ligustrum sinense (15)
Polystichum achrostichoides (4)
Rubus fruticosis (3)

1.32

Control Ligustrum sinense (2) 0.00
Ligustrum sinense (3)
Panicum virgatum (1)
Lespedeza (1)

0.95

Autumn

Herbicide Parthenocissus quin-quefolia (3) 0.00 Allium canadense (5) 0.00

Mechanical 
removal 

Allium canadense (2)
Ligustrum sinense (2) 0.69

Allium canadense (10)
Ligustrum sinense (9)
Vitus rotundifolia (4)

1.03

Manual 
removal

Ligustrum sinense (1)
Polystichum archo-stichoides (2) 0.64 Ligustrum sinense (3)

Polystichum archostichoides (4) 0.68

Vinegar N/A 0.00
Carya tomentosa (1)
Ligustrum sinense (4)
Polystichum archostichoides (3)

0.97

Control Ligustrum sinense (1) 0.00 Carya tomentosa (1)
Ligustrum sinense (5) 0.45

aFor species richness and diversity, Microstegium vimineum was not included in calculations.
bOnly Microstegium vimineum present.
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After herbicide application, vinegar (an herbicide alternative) 
and mechanical removal were the next most effective 
controls of M. vimineum. These two treatments also had the 
greatest species richness and diversity measures, even greater 
than the untreated control plot. The removal of M. vimineum 
by vinegar and mechanical removal likely stimulated the 
seedbank and provided access resources to other native 
species. The ability of vinegar and mechanical removal to 
reduce M. vimineum cover and promote species richness 
and diversity would make them attractive options for private 
landowners with management goals that favor a more diverse 
herbaceous understory compared to herbicide application. 
These two treatments had the greatest success in the summer 
and fall applications. That is likely because M. vimineum 
was unable to recover from having expended resources 
earlier in the growing season. Understanding the seasonal 
dynamics of M. vimineum control options is critical to ensure 
treatments are effective both ecologically and economically 
to the landowner. Additionally, understanding how repeated 
annual applications of these treatments affects M. vimineum 
is an important next step in developing guidance for 
landowners to control M. vimineum.

Hand pulling was the least effective treatment application 
for M. vimineum removal. Hand pulling was the most labor 
intensive of all the treatment applications and required every 
stem and root system to be extracted from the soil to be 
effective (Flory 2010). Given the physical labor required to 
achieve <50 percent M. vimineum removal rate through hand 
pulling, this treatment application is less likely to be adopted 
by landowners and land managers when other less intensive 
and more successful treatment options exist.

CONCLUSIONS
Preliminary results suggest that chemical applications of 
commercial and alternative herbicides (e.g., glyphosate and 
vinegar) were most successful at reducing M. vimineum 
coverage and alternative herbicides likewise resulted in 
higher species diversity in treatment plots. Due to the success 
of glyphosate and vinegar in the first portion of the project, 
these two treatments will be replicated across three new 
studies sites using the same methods for the second portion 
of this study.

LITERATURE CITED
Ashton, M.S.; Kelty, M.K. 2018. The Practice of Silviculture: Applied Forest 

Ecology. John Wiley and Sons. 776 p.
Barkworth, M.E.; Capels, K.M.; Long, S.; Piep, M.B. 2003. Flora of North 

America North of Mexico. Volume 25: Magnoliophyta: Commelinidae 
(in part): Poaceae, part 2. New York: Oxford University Press. 814 p.

Christen, D.; Matlack, G.R. 2009. The habitat and conduit functions of 
roads in the spread of three invasive plant species. Biological Invasions. 
11: 453–465.

Cole, P.G.; Weltzin, J.F. 2004. Environmental correlates of the distribution 
and abundance of Microstegium vimineum, in east Tennessee. 
Southeastern Naturalist. 3: 545–562.

Culpepper, L.Z.; Wang, H.H.; Koralewski, T.E.; Grant, W.E. 2018. 
Understory upheaval: factors influencing Japanese stiltgrass invasion in 
forestlands of Tennessee. Botanical Studies. 59: 1–8.

Cutway, H.B. 2017. Effects of long-term manual invasive plant removal on 
forest understory composition. Natural Areas. 37: 530–539.

European and Mediterranean Plant Protection Organization (EPPO). 2016. 
Microstegium vimineum (Trin.) A. Camus. EPPO Bulletin 46. European 
and Mediterranean Plant Protection Organization: 14–19.

Flory, L.S. 2010. Management of Microstegium vimineum invasions 
and recovery of resident plant communities. Restoration Ecology. 18: 
103–112.

Flory, S.L.; Lewis, J. 2009. Nonchemical methods for managing Japanese 
stiltgrass (Microstegium vimineum). Invasive Plant Science and 
Management. 2: 301–308.

Franz, J.E.; Mao, M.K.; Sikorski, J.A. 1997. Glyphosate: a unique global 
herbicide. American Chemical Society Monograph 189. Washington, 
DC:  American Chemical Society. 653 p.

Frey, M.; Schmitt, J.P. 2015. Suppressing Japanese Stiltgrass (Microstegium 
vimineum) with the grass-specific herbicide sethoxydim. Natural Areas. 
35: 585–589.

Fryer, L. 2011 Microstegium vimineum. In: Fire Effects Information 
System. U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fire Sciences Laboratory. https://www.fs.fed.
us/database/feis/plants/graminoid/micvim/all.html. [Date accessed: June 
1, 2022].

Gibson, D.J.; Spyreas, G.; Benedict, J. 2002. Life history of Microstegium 
vimineum (Poaceae), an invasive grass in southern Illinois. The Journal 
of the Torrey Botanical Society. 129: 207–219. 

Hall, K.R.; Spooner, J.; Richardson, R.J. [and others]. 2014. Post emergence 
control of Microstegium vimineum on riparian restoration sites with 
aquatic-use registered herbicides”. Journal of the American Water 
Resources Association. 50: 533–543.

Judge, C.A.; Neal, J.C.; Derr, J.F. 2005. Preemergence and postemergence 
control of Japanese stiltgrass (Microstegium vimineum). Weed 
Technology. 19: 183–189.

Manee, C.; Rankin, W.L.D.; Kauffman, G.; Adkinson, G. 2015. Association 
between roads and the distribution of Microstegium vimineum in 
Appalachian Forests of North Carolina. Southeastern Naturalist. 14: 
602–611.

Miller, K.V.; Miller, J.H. 2004. Forestry herbicide influences on biodiversity 
and wildlife habitat in southern forests. Wildlife Society Bulletin. 32: 
1049–1060.

https://www.fs.fed.us/database/feis/plants/graminoid/micvim/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/micvim/all.html


106 NATURAL DISTURBANCES AND CLIMATE CHANGE

Nees, P. 2016. Microstegium vimineum (Trin.) A. Camus. OEPP/
EPPO Bulletin 46. European and Mediterranean Plant Protection 
Organization. 46: 14–19.

North, B.A.; Torzilli, A.P. 2017. Characterization of the root and soil 
mycobiome associated with invasive Microstegium vimineum in the 
presence and absence of a native plant community. Botany. 95: 513–520.

Pisula, N.L.; Meiners, S.J. 2010. Relative allelopathic potential of invasive 
plant species in a young disturbed woodland. Journal of the Torrey 
Botanical Society. 137: 81–87.

Rauschert, E.S.J.; Mortenson, D.A.; Bjornstad, O.N. [and others]. 2010. Slow 
spread of the aggressive invader, Microstegium vimineum (Japanese 
stiltgrass). Biological Invasions. 12: 563–579.

Redwood, M.E.; Matlack, G.R.; Huebner, C.D. 2018. Seed longevity and 
dormancy state suggest management strategies for garlic mustard 
(Alliaria petiolata) and Japanese stiltgrass (Microstegium vimineum) in 
deciduous forest sites. Weed Science. 66: 190–198.

Sullivan, T.P.; Sullivan, D.S. 2003. Vegetation management and ecosystem 
disturbances: impact of glyphosate herbicide on plant and animal 
diversity in terrestrial systems. Environmental Review. 11: 37–59.

U.S. Department of Agriculture, Natural Resources Conservation Service 
(NRCS). 2021. Web Soil Survey. https://websoilsurvey.sc.egov.usda.gov/
App/HomePage.htm. [Date accessed: May 3, 2022].

U.S. Department of Commerce, National Oceanic and Atmospheric 
Administration (NOAA). 2021. National Weather Service, Greenville-
Spartanburg Station. https://www.weather.gov/gsp/. [Date accessed: May 
3, 2022].

Wagner, S.A.; Fraterrigo, J.M. 2015. Positive feedbacks between fire and 
non-native grass invasion in temperate deciduous forests. Forest Ecology 
and Management. 354: 170–176.

Ward, J.S.; Mervosh, T.L. 2012. Nonchemical and herbicide treatments for 
management of Japanese stiltgrass (Microstegium vimineum). Invasive 
Plant Science and Management. 5: 9–19.

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://www.weather.gov/gsp/

	Keynote
	A Status Report on Silviculture in the South—Amazing Successes, and Challenges That Remain
	James M. Guldin


	Prescribed Fire
	Radial Growth Response of Shortleaf Pine (Pinus echinata) and Post Oak (Quercus stellata) to Climatic Variability and Management in Southeastern Oklahoma
	Rodney E. Will, Arjun Adhikari, Ronald Masters, Henry Adams, Omkar Joshi, and Chris Zou

	Flammability of Litter From 50 Southeastern Tree Species Along Mesophication Gradients
	J. Morgan Varner, Jeffrey M. Kane, Jesse K. Kreye, and Timothy M. Shearman 

	Variation in Bark Allocation and Rugosity Across Seven Co-Occurring Southeastern U.S. Tree Species
	Timothy M. Shearman and J. Morgan Varner

	Temporal Effects of Hurricanes and Prescribed Fire on Fuel Loading and Pine Reproduction in the Southeastern United States
	Lauren S. Pile Knapp, Shanyue Guan, Bo Song, and G. Geoff Wang


	Bottomland and Riparian Forests
	Occurrence and Growth Dynamics of Natural Regeneration in an East Texas Bottomland Hardwood Forest
	Lydia J. Voth Rurup, Kathryn R. Kidd, Jeremy P. Stovall, Brian P. Oswald, and Steven B. Jack

	Evaluating Watershed-scale Effects of Longleaf Pine Restoration on Water Yield using a Paired Watershed and Modeling Approaches
	Devendra M. Amatya, Herbert Ssegane, Mohamed D. Hamidi, and Carl C. Trettin

	Impact of Forest Land Use Changes on Groundwater Resources in a Basin of Lower Mississippi River Alluvial Valley Over the Past 100 Years
	Ying Ouyang

	Options for Riparian Buffer Tree Planting in North Alabama
	Callie Jo Schweitzer, Daniel C. Dey, and Naijiang Wang

	The Effect of Drought on Loblolly Pine (Pinus taeda) Photosynthesis and Whether Thinning or Genetic Entry Can Improve Plantation Drought Resilience
	Norman J. Cone IV, Joshua P. Adams, Michael A. Blazier, Mary Ann S. Sayer, and Michael C. Tyree


	Loblolly Pine Management
	Three-Year Growth of Loblolly Pine Seedlings Following Herbaceous Weed Control Applications of Sulfometuron, Imazapyr, Hexazinone, and Indaziflam
	Andrew W. Ezell, Andrew B. Self, John E. Ezell, and Jason Belcher

	Use of Glufosinate to Control Natural Pines—a Possible Replacement for Glyphosate
	Andrew W. Ezell, Andrew B. Self, and John E. Ezell

	Four-Year Results of a Chopper® Gen2™ and Forestry Garlon® XRT Rate and Timing Study for Loblolly Pine Site Preparation on the Lower Coastal Plain of Georgia
	David C. Clabo and E. David Dickens

	Fertilization and Post-Drought Recovery Growth Help Compensate for 9 Years of Precipitation Reduction in a Mid-Rotation Pinus taeda Plantation in the Western Gulf Region, USA
	Noah T. Shephard, Omkar Joshi, Cassandra R. Meek, and Rodney E. Will

	Control of Natural Pines Using Site Preparation Mixes With Imazapyr, Glyphosate, Saflufenacil, BAS #1, and BAS #2
	A. Brady Self and Andrew. W. Ezell

	Russell R. Reynolds, Pioneering Forest Service Silviculture Researcher
	Don C. Bragg

	First Year Height Performance of Planted Loblolly Pine Following Site Preparation and Herbaceous Release Treatments on a Lower Coastal Plain Site
	Stephen E. Peairs


	Natural Disturbances and Climate Change
	Forest Landowner Resources for Hurricane and Soil Salinization Preparation and Recovery in the Southeastern United States
	Nancy Gibson, Steven McNulty, Michael Gavazzi, Chris Miller, and Elijah Worley

	Effects of Tornado and Salvage Harvesting Disturbances on Vegetative Community Dynamics in Upland Mixed Pine—Hardwood Stands Within the Davy Crockett National Forest, Texas
	Cassey L. Edwards, Amber N. Blair, Sally J. Shroyer, Alanna B. Crowley, Kathryn R. Kidd

	Current and Emerging Risks to Southeastern U.S. Forests
	Kelsey Bakken, Steven McNulty, Michael Gavazzi, Eva Paradiso, and Elijah Worley

	Adapting Traditional Forest Management Practices to Address Changing Environmental Stresses
	Elijah Worley, Steven McNulty, Michael Gavazzi, Kelsey Bakken, and Eva Paradiso

	Exploring Economics of Loblolly Pine Management in Drought Using Efficiency Analysis
	Noah T. Shephard, Andres Susaeta, Omkar Joshi, and Rodney E. Will

	Evaluation of Landowner Accessible Control Methods for Japanese Stiltgrass (Microstegium vimineum)
	Casey L. Beam, Courtney M. Siegert, Joshua J. Granger, and Raymond B. Iglay

	Connecting Strategic Planning with Forest Operations Using the Forest Adaptive Management Online User System (FAMOUS)
	Kelsey Bakken, Eva Paradiso, Steven McNulty, Michael Gavazzi, and Elijah Worley

	Assessing the Flood Tolerance of Willows and Cottonwoods Planted in Riparian Cropland of the Lower Mississippi Alluvial Valley
	Thu Ya Kyaw, Courtney M. Siegert, Heidi J. Renninger, and Randall J. Rousseau


	Longleaf Pine Management
	Can Longleaf Pine Plantations be Modeled by Calibrating Mixed-Effects Models of Other Species?
	Curtis L. VanderSchaaf

	Linkage Between Longleaf Pine Seedling Morphology and Grass Stage Emergence
	Mary Anne S. Sayer and Shi-Jean Susana Sung

	Seasonal Biennial Burning Has Negligible Effects on Longleaf Pine Basal Area Growth
	John L. Willis, Ajay Sharma, and John S. Kush

	Understanding Wind Risk to Forests: Towards Mechanistic Models of Wind Risk in the Southeastern Coastal Plain
	Jeffery B. Cannon, Brandon T. Rutledge, R. Kevin McIntyre, Angela M. Holland, and Steven B. Jack

	The Percentage of Trees Bearing Cones as a Predictor of Annual Longleaf Pine Cone Production
	Thomas W. Patterson

	Planted Longleaf Pine Stands in the Face of a Tropical Cyclone
	Seth W. Bigelow, Andrew W. Whelan, Jeffery B. Cannon, Gregory Starr, Christina L. Staudhammer, Gavin R. Kenney, and Steven T. Brantley


	Upland Hardwoods Management
	Natural Pruning Varying With Sweetgum Variety and Density
	Joshua P. Adams, Michael Blazier, and Curtis L. VanderSchaaf

	Thirty Years of Cooperative Oak Research and Technology Development in The Southern Region
	Stacy L. Clark, Scott E. Schlarbaum, Barbara Crane, and Tom Tibbs

	Effects of Forest Management Practice (Prescribed Burning) on Mercury Transport: a Case Study in a Paired Experimental Watershed in the Lower Coastal Plain of South Carolina
	Peijia Ku, Martin Tsui, Troy Farmer, Huan Chen, Devendra Amatya, Carl C. Trettin, and Alex Chow

	Fifth Year Development of Natural Regeneration Following Pre-Commercial Herbicide Release Treatments
	Stephen E. Peairs and Wayne K. Clatterbuck

	Is There Hope for Hybrid Poplars in the Southern United States?
	Randall J. Rousseau, Kiah M. Smith, Mark Murphy, and Taylor Bowling

	Water Use, Efficiency, and Stomatal Sensitivity in Eastern Cottonwood and Hybrid Poplar Varietals on Contrasting Sites in the Southeastern United States
	Heidi J. Renninger, Leah F. Stewart, and Randall J. Rousseau


	Shortleaf Pine Management
	Development and Competitive Status of Shortleaf Pine Seedling Sprouts After Prescribed Burning in a Mid-Atlantic Mixedwood Forest
	Matthew G. Olson

	Are Local Seed Sources Still Recommended for Planting Shortleaf Pine in Southern New Jersey and Central Pennsylvania?
	Grant Gallagher and Matthew G. Olson

	Height of Pitch and Shortleaf Pine is Increased by Intraspecific Competition 13 Years After Planting in the Southern Appalachians
	W. Henry McNab

	Restoration Planting of Pitch and Shortleaf Pines After Clearcutting a Mixed Hardwood Stand on a Ridge Site in the Southern Appalachians: Lessons Learned After 13 Years
	W. Henry McNab


	Poster Sessions
	Hedonic Analysis of Loblolly Pine Plantation First Thinning Costs
	T. Eric McConnell

	Probabilistic Estimates of Costs for Treating Southern Pine Beetle Infestations by Cut-and-Leave Suppression Measures During an Outbreak
	Curtis L. VanderSchaaf, T. Eric McConnell, Michael K. Crosby, Jason J. Holderieath, James R. Meeker, Chris A. Steiner, Brian Strom, Crawford (Wood) Johnson

	Projecting Stand Development and Economics of Longleaf Pine Planted Outside its Known Historical Range
	Curtis L. VanderSchaaf, Michael A. Blazier, Joshua P. Adams

	Breast Level Height Displacement: Do Standing Trees Sink Into the Soil
	Curtis L. VanderSchaaf, Boris Zeide, and William B. Patterson 

	Ability of Site Index to Differentiate Merchantable Yield in Southern Yellow Pine Plantations
	Curtis L. VanderSchaaf

	Developing a Simple Longleaf Pine Plantation Growth and Yield Model for the Gulf Region
	Curtis L. VanderSchaaf

	Growth Response of Mature Longleaf Pine to Drought and Thinning at The Harrison Experimental Forest in South Mississippi
	John R. Butnor, Robert J. Eaton, and C. Dana Nelson

	A Photographic Record of The First Silvicultural Research by The Southern Forest Experiment Station
	Don C. Bragg

	Effects of Planting Stock on Growth and Survival in an Artificially Regenerated Shortleaf Pine Forest in the Southern Appalachian Mountains
	Tara L. Keyser and Amelia L. MacDonald


	_Hlk78354839
	_Hlk97111059
	_Hlk54599803
	_Hlk80867534
	_Hlk74916058
	_Hlk10106897
	_Hlk71732962
	_Hlk77616331
	_Hlk78528015
	_Hlk77414874
	_Hlk58428823
	_Hlk100328355
	_Hlk77423539
	_Hlk77022041
	_Hlk77024705
	_Hlk56360094
	_Hlk77868401
	_Hlk56360902
	_Hlk78201851
	_3znysh7
	_2et92p0
	_Hlk79404195
	_ENREF_1
	OLE_LINK1
	_Hlk84310732
	_Hlk78181637
	_Hlk78443124
	_Hlk77884846
	_Hlk72400178
	_heading=h.gjdgxs
	_Hlk104364191
	_Hlk104364170
	OLE_LINK2
	OLE_LINK1
	OLE_LINK3
	_Hlk75772834
	_Hlk76559739
	_Hlk81480985
	_Hlk72397673
	_Hlk72738448
	gtr-268 21st BSSRC pg 112.pdf
	_Hlk78528015
	_Hlk77414874
	_Hlk58428823
	_Hlk100328355
	_Hlk77423539
	_Hlk77022041
	_Hlk77024705
	_Hlk56360094
	_Hlk77868401
	_Hlk56360902
	_Hlk78201851
	_3znysh7
	_2et92p0
	_Hlk79404195
	_ENREF_1

	gtr-268 21st BSSRC pg 127.pdf
	OLE_LINK1
	_Hlk84310732




