BRS Weed Risk Assessment
Data Entry Form 4.0
Use the Weed Risk Assessment (WRA) Work Instructions to fill out the fields below.
Be sure to read all of the text associated with each question every time you conduct a WRA.

Basic information (8 questions)
(2) WRA number

4.0

2016032001

(3) GE or baseline

(4) Baseline WRA number

baseline
(5) CBI

N/A
(6) Applicant

no

N/A

(7) Preparers
BRS

(8) Reviewers
BRS
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(1) WRA version number

D

Taxonomy and sexually compatible relatives (6 questions)
(9) Common name

(10) Scientific name

Chinese silvergrass (ITIS 2016; USDANRCS 2016a).

Miscanthus sinensis Andersson (ITIS 2016; USDA
NRCS 2016a).

(11) Other common names
Silvergrass (USDANRCS 2016a); Chinese silvergrass (ITIS 2016); Purple Japanese silvergrass (USDANRCS 2016a);
and eulalia (ITIS 2016).
(12) Scientific name synonyms
M. transmorrisonensis Hayata; M. sinensis var. purpurascens (Andersson) Tzvelev; M. sinensis var. gracillimus
A.S. Hitch.; M. sinensis var. variegatus; M. sinensis var. zebrinus; Erianthus japonicus (Trin) P. Beauv.; Eulalia
japonica Trin; M. japonicus (Trin.) Andersson; Ripidium japonicum (Trin.) Trin.; Saccharum japonicum Thunb.;
Xiphragrostis japonicus (Trin.) Coville; E. japonica var. gracillima (Hitchc.) Grier; M. sinensis var. gracillimus
Hitchc.; M. sinensis f. gracillimus (Hitch.) Ohwi; M. sinensis F. sinensis Andersson; M. sinensis f. variegatus
(Beal) Bettle; and M. sinensis f. zebrinus (Beal) Bettle (ITIS 2016).
(13) Taxonomic scope
The taxonomic scope of this WRA is at the species level (i.e., M. sinensis). There are several varieties with

distinct life histories and M. sinensis is relatively nondomesticated compared to crop plants such as corn and
wheat. While dwarf varieties of M. sinensis are known to exist (Missouri Botanical Garden 2016), this WRA will
collectively consider nondwarf varieties, as it is nondwarf M. sinensis that is likely to be of interest to
developers of plants for biomass.
14) Sexually compatible relatives
M. sacchariflorus (Amur silvergrass) is the only known member of Miscanthus to hybridize with M. sinensis
(Jiang et al. 2013). While Lee (1964) makes reference to hybrid progeny resulting from M. floridulus x M.
sinensis and M. condensatus x M. sinensis crosses, recent molecular evidence calls into doubt the species
validity of M. floridulus and M. condensatus, suggesting that both are more appropriately characterized as M.
sinensis (Hodkinson et al. 2002). Thus, the available evidence suggests that the only known sexually
compatible relative of M. sinensis is M. sacchariflorus.
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Spontaneous hybridization between M. sacchariflorus (2n=4x=76)and M. sinensis (2n=2x=38)is known to occur
across its native range (Stewart et al. 2009; Nishiwaki et al. 2011). The progeny resulting from hybridization
events may display varying levels of sexual sterility, with the allotriploid hybrid, M. x giganteus (2n=3x=57), and
the homoploid hybrid, M. purpurascens, generally characterized as unable to set viable seed (Jiang et al. 2013;
Bonin et al. 2014). In Japan, however, hybrid swarms of M. sacchariflorus x M. sinensis and introgression into
M. sacchariflorus is observed (Clark et al. 2015). The extent of sexual sterility in these hybrid progeny may be
related to parental ploidy levels and/or selfincompatibility mechanisms in Miscanthus (Jiang et al. 2013; Clark
et al. 2015). However, even hybrids typically regarded as sexually sterile may display varying levels of sexual
sterility (Matlaga and Davis 2013). Regardless of the extant of sexual sterility, propagation of these hybrids
may occur through asexual means (i.e., vegetative propagation; see Boersma and Heaton 2014).
M. sacchariflorus may be found within the United States. BONAP (2016), EDDMapS (2016), and USDANRCS
(2016b) lists M. sacchariflorus as present in CT, IA, IL, MA, ME, MN, MI, MO, NE, NY, and WI; however, BONAP
(2016) and EDDMapsS (2016) lists M. sacchariflorus as present in VT while USDANRCS (2016b) does not.
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At present, MA designates M. sacchariflorus as a prohibited plant species that cannot be imported,
propagated, or sold within the State (MDAR, 2013). Several lines of evidence supports this designation. Magee
et al. (1999) notes that M. sacchariflorus is able to escape from cultivation in New England and a review of its
biology and ecology by Bonin et al. (2014) concludes that M. sacchariflorus poses an invasive risk. A field study
by Hager et al. (2015) reinforces the invasive risk of M. sacchariflorus, where plots
containing M. sacchariflorus were observed to contain reduced plant species abundance, richness, and
diversity relative to plots that did not contain M. sacchariflorus.

GE trait (4 questions)
(15) GE phenotype category

(16) GE phenotype



N/A

N/A

(17) GE phenotype description
N/A
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(18) GE genotype description
N/A

Plant context (7 questions)

D

(19) Plant history
M. sinensis is native to Asia, with a range spanning eastern China, Taiwan, Japan, and the Russian islands of
Habamai and YuzhnoSakhalinsk (reviewed by Stewart et al. 2009). There has been little effort to domesticate
M. sinensis or other Miscanthus across this native range (Clark et al. 2015); however, despite this absence of
domestication, the aboveground biomass of M. sinensis was utilized as a source of forage in the past and
continues to serve that function in the present (Stewart et al. 2009).
The time frame of M. sinensis introduction into the United States is uncertain. Evidence suggests that M.
sinensis was introduced as an ornamental species into the eastern United States during the late
1800s (reviewed by Quinn et al. 2010 and Waggy 2011). In the present day, M. sinensis continues to be widely
used as an ornamental species within the United States (Miller 2003) with numerous varieties on record
(Missouri Botanical Garden 2016). At present, no genetically engineered varieties of M. sinensis are in
commercial cultivation or cultivated in the absence of regulation (USDAAPHIS 2016).
Interest in M. sinensis intensified following its identification as a potential biomass energy crop (CliftonBrown
et al. 2008; Karp and Shield 2008). While efforts have also focused on developing its sterile hybrid, M. x
giganteus, as a biomass energy crop (CliftonBrown et al. 2001; CliftonBrown et al. 2002), development of M.
sinensis has occurred in parallel, primarily due to potential advantages in propagation and inherent
environmental tolerances (Christian et al. 2005; Christian 2012; Dougherty et al. 2015).
M. sinensis has a long history of escaping cultivation (reviewed by Quinn et al. 2010 and Waggy 2011). As a
result, several naturalized populations of M. sinensis are known to occur in the eastern United States (Meyer
2003; Meyer et al. 2010). While escaped M. sinensis are most likely to occur on disturbed sites (e.g., previously
cultivated fields, roadsides and railroad tracks; see Waggy 2011 for more information), it has also been
observed in deciduous woodlands (Steury and Davis 2003), coniferous forests (Sorrie et al. 2006), and
grasslands (Czarapata 2005).

(20) Plant biology and ecology
M. sinensis is a perennial grass species (Hirata et al. 2007) that possesses a caespitose and rhizomatous growth
habit (Stewart et al. 2009). Despite being characterized as a warmseason grass, M. sinensis is also capable of
growing in higher elevation, colder environments (Stewart et al. 2009). Other relevant botanical characteristics
include: green or variegated blades approximately 1 m long and 2 cm wide; margins that are sharply
scaberulous with ligule possessing a ciliate membrane 1.5  3 mm long; and a dense panicle approximately 10 
35 cm long and 5  20 cm wide with ascending and nondisarticulating branches (Austin College and BRIT 1999).
M. sinensis may grow to approximately 2 m in height; interestingly, the average height of M. sinensis is
observed to be similar across its native range and under cultivated conditions (reviewed by Stewart et al.
2009). This absence of height difference between noncultivated and cultivated M. sinensis may be attributed
to its lack of domestication and limited development (Clark et al. 2015).
M. sinensis is a windpollinated plant that reproduces by seed and rhizomes (Stewart et al. 2009). Like many
windpollinated grasses, M. sinensis possesses a high level of selfincompatibility (Jiang et al. 2013). Spread is
primarily accomplished through seed (Meyer 2003).
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During an individual calendar year in its native range, M. sinensis growth (from seed or rhizome) initiates during
the spring. Vegetative growth occurs throughout the summer months, with flowering generally occurring
during later summer and throughout the fall. Seed development also occurs during the flowering period.
Nutrient reallocation and rhizome growth primarily occurs from the summer and into the fall. Shoot mortality
occurs throughout the late fall/winter, with dormancy of the belowground organs (i.e., rhizomes) also
occurring during this time period (Stewart et al. 2009). Various US floras suggests that the time period of M.
sinensis growth and development is similar in the United States, with flowering and seed production occurring
during late summer and throughout the fall (Miller 2003; Magee et al. 2007).
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In its native range, M. sinensis is regarded as a fireadapted, dominant grassland species (Stewart et al. 2009).
Grasslands featuring M. sinensis as the dominant plant species cannot be characterized as monospecific,
however; numerous other plant species are often observed in M. sinensisdominant grasslands (Numata 1969;
Hayashi et al. 1981; Mutoh et al. 1985). These M. sinensis grasslands are often characterized as seral stages in
secondary succession (Numata 1969; Hayashi et al. 1981; Sakanoue 2001), eventually transitioning to a
forested landscape in the absence of certain disturbances (Stewart et al. 2009). For example, in the absence of
fire, successional transition from M. sinensisdominated grasslands to forest land may occur within 20 to 100
years (Golchin et al. 1997a; 1997b). Longterm persistence of M. sinensisdominated grasslands may occur,
however, in highelevation areas (Itow 1962) or colder climates (Numata 1969; Numata 1988).
While present as a native grass across this range, M. sinensis may also behave as a weed in young tree
plantations within Japan (Hirata et al. 2007). Within the United States, M. sinensis may also behave as a weed,
escaping cultivation and growing on disturbed sites (Waggy 2011). While most likely to occur on disturbed sites
outside of cultivation, M. sinensis has also been observed in deciduous woodlands (Steury and Davis 2003),
coniferous forests (Sorrie et al. 2006), and grasslands (Czarapata 2005).
According to Dougherty et al. (2014), M. sinensis has become an invasive species within the United States since
its introduction. Following a characterization of 18 naturalized M. sinensis populations in the eastern United
States, Dougherty et al. (2014) concluded that M. sinensis can tolerate a wide range of climatic conditions, light
availability, and nutrient availability. Information from the Invasive Species Compendium (CABI n.d.) supports
the conclusions of Dougherty et al. (2014). Collectively, this broad environmental tolerance of M.
sinensis suggests that it is capable of expanding its current distribution in the United States (see Questions 23 
25 for further discussion on current/potential M. sinensis distribution within the United States).
At present, several species of insects are reported to feed upon M. sinensis in its native range (Saito 1990;

Sasaki et al. 2002a; Sasaki et al. 2002b). However, while insectmediated herbivory is reported in M. sinensis,
the magnitude of observed damage is limited, hence unlikely to negatively affect its production in an
agricultural system within the United States (Waggy 2011). Recent information on microbial diseases in M.
sinensis appears to be limited, though O'Neill and Farr (1996) reported the occurrence of Miscanthus blight on
ornamental M. sinensis varieties in MD, USA.
(21) Agronomic practices
Information related to the agronomic production of M. sinensis appears to be limited (Waggy 2011). As a result
of this limited information, general practices related to seed germination, soil requirements, and fertilization
will be detailed below.
M. sinensis may be established from seed (Christian et al. 2005; Christian 2012) or rhizomes (Meyer 2003).
However, potential biomass crop growers are likely to prefer planting M. sinensis seed, due to the practical and
economic advantages of seed propagation (Christian 2012). M. sinensis seeds are able to germinate over
a wide range of pH conditions (4.3 to 8.5; see Aso 1990). These pH values correlate well with the range of soil
pH values measured in different growth habitats across its native range in Japan where M. sinensis was
observed (Kayama 2001).
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It is reported that M. sinensis prefers loamy and welldrained soils (Ezaki et al. 2008; Meyer n.d.), though its
presence on many kinds of disturbed sites (Waggy 2011) suggests that it can be grown on a widevariety of
soils.
In a review of the effects of fertilization, Stewart et al. (2009) concluded that while M. sinensis benefits (in
terms of establishment and growth) most from the addition of nitrogen and phosphorus, likely because these
elements tend to be limiting in soil typesacross its native range.
(22) Management practices
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Limited information is available on the management of M. sinensis, despite being listed as a noxious weed in
CT (USDANRCS 2016a), as a prohibited plant in MA (MDAR 2013), and as a regulated plant in NY (New York
State Department of Environmental Conservation 2014). The limited amount of information on M. sinensis
control may be related to the absence of detailed reports characterizing it as an agricultural weed.
Furthermore, the absence of consideration as a major invader of nonmanaged areas within North America (see
Waggy 2011) may also contribute to the limited management information.
M. sinensis may be subject to several methods of chemical or mechanical control (Morisawa 1999; Czarapata
2005). Individual plants may be handweeded or completely dug up from the ground to prevent vegetative
propagation (Meyer 2003). For larger areas of M. sinensis, postemergent herbicides or mowing may be
utilized for control. For example, Meyer (2003) describes a M. sinensis chemical control strategy involving foliar
applications of glyphosate on new growth in midspring/early summer, followed by reapplication on new
growth in late summer/early fall and in subsequent years as necessary. Additionally, the Tennessee Exotic Pest
Plant Council (2001) suggests the repeated foliar application of imazapyr (the active ingredient in Arsenal AC) to
control M. sinensis, while Beasley and Pijut (2010) suggests the use of herbicide application in hardwood
plantations. In Japan, mowing is a common control method for M. sinensis in tree plantations (Hirata et al.
2007). Meyer (2003) states that in order for mowing to be successful, it must be undertaken continually
throughout the growing season and across as many seasons as necessary. This likely is due to the tolerance of
M. sinensis to mowing (Dougherty et al. 2014), which in turn, is facilitated by its capacity to regenerate from
rhizomes (Morisawa 1999). Dougherty et al. (2014) recommends that land managers should aim to control M.
sinensis prior to seed production to limit propagule dispersal, and to integrate mechanical and chemical control
methods to successfully reduce its populations.
Morisawa (1999) reports that any management difficulty with M. sinensis may be attributed to its ability to

regenerate from rhizomes, and that successful management of M. sinensis necessitates the killing of its
rhizome structure. Physical control strategies of M. sinensis rhizomes (e.g., cultivation) risks the inadvertent
dispersal its rhizomes from location to location (Morisawa 1999). Despite the method of management,
Morisawa (1999) also reports that no single approach is consistent in its effects, though typical control
strategies appear to be more successful in managed environments compared to nonmanaged environments.
(23) Current U.S. geographic distribution
USDANRCS (2016a) lists M. sinensis as present in 25 States (AL, CA, CT, CO, DE, FL, GA, IN, IL, KY, LA, MA, MD,
MI, MO, MS, NC, NY, OH, PA, RI, SC, TN, VA, and WV). In addition to those 25 States, BONAP (2016) also
includes TX in the US geographic distribution of M. sinensis. To further validate the presence of M. sinensis in
TX, a query of specimens using the Lundell Plant Diversity Portal (includes specimens from the Lundell
Herbarium and University of Texas Herbarium) and the Illustrated Flora of East Texas was undertaken. Results
from both queries supports the presence of M. sinensis in eastern TX (Austin College and BRIT 2004; Plant
Resources Center 2016).
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Due to long history of M. sinensis in US horticulture and the observation that horticultural plantings function as
an avenue of escape for M. sinensis (reviewed by Quinn et al. 2010 and Waggy 2011), the US State
level distribution described above likely includes both cultivated plants and escaped/naturalized
populations. EDDMapS (2016) provides finer geographicscale data specific to escaped M. sinensis (i.e., M.
sinensis not found in a horticultural environment)and supports the conclusion that the US Statelevel
distribution above reflects both cultivated and escaped plants. Furthermore, a synthesis by Randall (2012) and
review of those available references cited by Randall (e.g., 102E; 133E; 151E; 303I; 628I; 926W; 1156AE;
1244E; ), in addition to a survey by Meyer (2003), provides additional evidence that escaped and possibly
naturalized M. sinensis is present in the US States listed above.

D

In summary, the current US geographic range of M. sinensis spans 26 states, including AL, CA, CT, CO, DE, FL,
GA, IN, IL, KY, LA, MA, MD, MI, MO, MS, NC, NY, OH, PA, RI, SC, TN, TX, VA, and WV. The vast majority of this
current range spans the eastern United States.

Attach a map or maps in PDF format
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(24) Plant hardiness and precipitation zones
Plant hardiness zones (Temperature range)
1 (60 to 50 F)
Presence

no

Certainty Very high

Canada contains Plant hardiness zone 1 (NAPPFAST 2012). Randall (2012) cites two references (i.e., 4W and
725N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if M. sinensis is
within this Plant hardiness zone within Canada, I queried the Database of Vascular Plants of Canada. The result
of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016). Ontario,
Canada does not contain Plant hardiness zone 1 (NAPPFAST 2012). Thus, the result of this query suggests that
escaped M. sinensis is not located within Plant hardiness zone 1.
Based on the synthesis by Randall (2012) and a query of the Database of Vascular Plants of Canada (VASCAN
2016), this question is answered "no" with a "very high" certainty.
2 (50 to 40 F)

Presence

yes

Certainty Low

Canada contains Plant hardiness zone 2 (NAPPFAST 2012). Randall (2012) cites two references (4W and 725
N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if escaped M.
sinensis is within this Plant hardiness zone in Canada, I queried the Database of Vascular Plants of Canada. The
result of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016).
However, Ontario, Canada also contains multiple Plant hardiness zones, including Plant hardiness zone 2 and
the results of the VASCAN query did not provide finer geographic scale data (VASCAN 2016). Thus, it is possible
that escaped M. sinensis is located within Plant hardiness zone 2 in Ontario, Canada.
Based on the synthesis by Randall (2012) and a query of the Database of Vascular Plants of Canada (VASCAN
2016), this question is answered "yes" with a "low" certainty.
3 (40 to 30 F)
Presence

yes

Certainty Moderate

Asia contains Plant hardiness zone 3 (NAPPFAST 2012). A synthesis of literature by Stewart et al. (2009)
suggests that the northern limit of M. sinensis in its native range of Asia may be the Kuril, Hokkaido, or
Habamai Islands or the Russian area of YuzhnoSakhalinsk. Of these areas, the Hokkaido Islands appear to
contain some areas characterized as within Plant hardiness zone 3.
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Canada contains Plant hardiness zone 3 (NAPPFAST 2012). Randall (2012) cites two references (4W and 725
N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if escaped M.
sinensis is within this Plant hardiness zone in Canada, I queried the Database of Vascular Plants of Canada. The
result of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016).
However, Ontario, Canada also contains multiple Plant hardiness zones, including Plant hardiness zone 3 and
the results of the VASCAN query did not provide finer geographic scale data (VASCAN 2016). Thus, it is possible
that escaped M. sinensis is located within Plant hardiness zone 3 in Ontario, Canada.
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Some counties within the United States are within Plant hardiness zone 3 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of escaped M. sinensis in several US counties that are within Plant hardiness zone
3. This includes counties within CO (EDDMaPS 2016).
Based on a synthesis of information by Randall (2012) and Stewart et al. (2009), in addition to a query of the
Database of Vascular Plants of Canada (VASCAN 2016) and EDDMapS (2016), this question is answered "yes"
with a "moderate" certainty.
4 (30 to 20 F)
Presence

yes

Certainty Moderate

Asia contains Plant hardiness zone 4 (NAPPFAST 2012). A synthesis of literature by Stewart et al. (2009)
suggests that the northern limit of M. sinensis in its native range of Asia may be the Kuril, Hokkaido, or
Habamai Islands or the Russian area of YuzhnoSakhalinsk. The Hokkaido Islands and Yuzhno
Sakhalinsk both appear to contain some areas characterized as within Plant hardiness zone 4.
Canada contains Plant hardiness zone 4 (NAPPFAST 2012). Randall (2012) cites two references (4W and 725
N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if escaped M.
sinensis is within this Plant hardiness zone in Canada, I queried the Database of Vascular Plants of Canada. The
result of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016).
However, Ontario, Canada also contains multiple Plant hardiness zones, including Plant hardiness zone 4 and

the results of the VASCAN query did not provide finer geographic scale data (VASCAN 2016). Thus, it is possible
that escaped M. sinensis is located within Plant hardiness zone 4 in Ontario, Canada.
Some counties within the United States are within Plant hardiness zone 4 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of escaped M. sinensis in several US counties that are within Plant hardiness zone
4. This includes counties within CO (EDDMaPS 2016).
Chile contains Plant hardiness zone 4 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 4 in Chile (NAPPFAST 2012).
Based on a synthesis of information by Randall (2012) and Stewart et al. (2009), in addition to a query of the
Database of Vascular Plants of Canada (VASCAN 2016) and EDDMapS (2016), this question is answered "yes"
with a "moderate" certainty.
5 (20 to 10 F)
Presence

yes

Certainty High
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Asia contains Plant hardiness zone 5 (NAPPFAST 2012). A synthesis of literature by Stewart et al. (2009)
suggests that the northern limit of M. sinensis in its native range of Asia may be the Kuril, Hokkaido, or
Habamai Islands or the Russian area of YuzhnoSakhalinsk. The Hokkaido Islands appears to contain some areas
characterized as within Plant hardiness zone 5.
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Canada contains Plant hardiness zone 5 (NAPPFAST 2012). Randall (2012) cites two references (4W and 725
N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if escaped M.
sinensis is within this Plant hardiness zone in Canada, I queried the Database of Vascular Plants of Canada. The
result of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016).
However, Ontario, Canada also contains multiple Plant hardiness zones, including Plant hardiness zone 5 and
the results of the VASCAN query did not provide finer geographic scale data (VASCAN 2016). Thus, it is possible
that escaped M. sinensis is located within Plant hardiness zone 5 in Ontario, Canada.
Some counties within the United States are within Plant hardiness zone 5 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of escaped M. sinensis in several US counties that are within Plant hardiness zone
5. This includes counties within CA, CO, IL, IN, MA, NY, and WV (EDDMaPS 2016).
Chile contains Plant hardiness zone 5 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 5 in Chile (NAPPFAST 2012).
Based on a synthesis of information by Randall (2012) and Stewart et al. (2009), in addition to a query of the
Database of Vascular Plants of Canada (VASCAN 2016) and EDDMapS (2016), this question is answered "yes"
with a "high" certainty.
6 (10 to 0 F)
Presence

yes

Certainty Very high

Canada contains Plant hardiness zone 6 (NAPPFAST 2012). Randall (2012) cites two references (4W and 725
N) that suggest the presence of escaped M. sinensis in Canada; however, I was unable to acquire these
references to determine where in Canada M. sinensis was observed. In order to determine if escaped M.
sinensis is within this Plant hardiness zone in Canada, I queried the Database of Vascular Plants of Canada. The
result of this query suggest that escaped M. sinensis may be present within Ontario, Canada (VASCAN 2016).
However, Ontario, Canada also contains multiple Plant hardiness zones, including Plant hardiness zone 6 and
the results of the VASCAN query did not provide finer geographic scale data (VASCAN 2016). Thus, it is possible
that escaped M. sinensis is located within Plant hardiness zone 6 in Ontario, Canada.
Some counties within the United States are within Plant hardiness zone 6 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of M. sinensis in numerous US counties that are within Plant hardiness zone 6.
This includes counties within CA, CT, IL, IN, KY, MD, MA, MO, NJ, NY, NC, OH, PA, TN, VA, and WV (EDDMaPS
2016).
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Chile contains Plant hardiness zone 6 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 6 in Chile (NAPPFAST 2012).
Based on a synthesis of information by Randall (2012), in addition to a query of the Database of Vascular Plants
of Canada (VASCAN 2016) and EDDMapS (2016), this question is answered "yes" with a "very high" certainty.
7 (0 to 10 F)
Presence

yes

Certainty Very high

D

Some counties within the United States are within Plant hardiness zone 7 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of escaped M. sinensis in several US counties that are within Plant hardiness zone
7. This includes counties within AL, CA, CT, DE, GA, IL, IN, KY, MD, MA, MI, MO, NJ, NY, NC, OH, PA, RO, SC, TN,
VA, and WV (EDDMaPS 2016).
Mexico contains Plant hardiness zone 7 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 7 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 7 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 7 in Chile (NAPPFAST 2012).
Australia and New Zealand both contain Plant hardiness zone 7 (NAPPFAST 2012). Randall (2012) cites several
references that suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N;
280N; 354N; 505E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of
these references (280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand
escaped M. sinensis was observed. Unfortunately, only a few of these acquired references contained specific
geographic locations (280N; 505E; 855N; 1049N). Based on these references with finer spatial data,

escaped M. sinensis may be found within Plant hardiness zone 7 in New Zealand (280N; 505E).
Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with a "very high" certainty.
8 (10 to 20 F)
Presence

yes

Certainty Very high

Some counties within the United States are within Plant hardiness zone 8 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of M. sinensis in several US counties that are within Plant hardiness zone 8. This
includes counties within AL, CA, DE, GA, LA, MD, MA, MS, NJ, NY, NC, SC, and VA (EDDMaPS 2016).
Mexico contains Plant hardiness zone 8 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 8 in Mexico (NAPPFAST 2012).

ra
ft

Chile contains Plant hardiness zone 8 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 8 in Chile (NAPPFAST 2012).

D

Australia and New Zealand both contain Plant hardiness zone 8 (NAPPFAST 2012). Randall (2012) cites several
references that suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N;
280N; 354N; 505E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of
these references (280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand
escaped M. sinensis was observed. Unfortunately, only a few of these acquired references contained specific
geographic locations (280N; 505E; 855N; 1049N). Based on these references with finer spatial data,
escaped M. sinensis may be found within Plant hardiness zone 8 in Australia and New Zealand (280N; 1049N).
Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with a "very high" certainty.
9 (20 to 30 F)
Presence

yes

Certainty Very high

Some counties within the United States are within Plant hardiness zone 9 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of M. sinensis in several US counties that are within Plant hardiness zone 9. This
includes counties within CA, FL, GA, LA, MS, NC, and SC (EDDMaPS 2016).
Mexico contains Plant hardiness zone 9 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 9 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 9 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was

able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 9 in Chile (NAPPFAST 2012).
Australia and New Zealand both contain Plant hardiness zone 9 (NAPPFAST 2012). Randall (2012) cites several
references that suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N;
280N; 354N; 505E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of
these references (280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand
escaped M. sinensis was observed. Unfortunately, only a few of these acquired references contained specific
geographic locations (280N; 505E; 855N; 1049N). Based on these references with finer spatial data,
escaped M. sinensis may be found within Plant hardiness zone 9 in Australia and New Zealand (280N; 855W;
1049N).
Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with a "very high" certainty.
10 (30 to 40 F)
Presence

yes

Certainty Very high

ra
ft

Some counties within the United States are within Plant hardiness zone 10 (NAPPFAST 2012). EDDMaPS
(2016) identifies the presence of M. sinensis in several US counties that are within Plant hardiness zone 10. This
includes counties within CA and FL (EDDMaPS 2016).

D

Mexico contains Plant hardiness zone 10 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 10 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 10 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 10 in Chile (NAPPFAST 2012).
Australia and New Zealand both contain Plant hardiness zone 10 (NAPPFAST 2012). Randall (2012) cites several
references that suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N;
280N; 354N; 505E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of
these references (280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand
escaped M. sinensis was observed. Unfortunately, only a few of these acquired references contained specific
geographic locations (280N; 505E; 855N; 1049N). Based on these references with finer spatial data,
escaped M. sinensis may be found within Plant hardiness zone 10 in Australia (280N; 855N; 1049N).
Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with a "very high" certainty.
11 (40 to 50 F)
Presence

yes

Certainty Moderate

Some counties within the United States are within Plant hardiness zone 11 (NAPPFAST 2012). EDDMaPS

(2016) identifies the presence of M. sinensis in several US counties that are within Plant hardiness zone 11. This
includes a county within CA (EDDMaPS 2016).
Mexico contains Plant hardiness zone 11 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 11 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 11 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 11 in Chile (NAPPFAST 2012).

ra
ft

Australia and New Zealand both contain Plant hardiness zone 11 (NAPPFAST 2012). Randall (2012) cites several
references that suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N;
280N; 354N; 505E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of
these references (280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand
escaped M. sinensis was observed. Unfortunately, only a few of these acquired references contained specific
geographic locations (280N; 505E; 855N; 1049N). Based on these references with finer spatial data,
escaped M. sinensis may be found within Plant hardiness zone 11 in Australia (280N; 855N).
Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with a "moderate" certainty.
12 (50 to 60 F)
yes

Certainty Low

D

Presence

Mexico contains Plant hardiness zone 12 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 12 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 12 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 12 in Chile (NAPPFAST 2012).
Based on further analysis of the references cited by Randall (2012), it appears that M. sinensis may be present
as an escape in Mexico and Chile within Plant hardiness zone 12. However, because these countries contains
multiple Plant hardiness zones and the references themselves do not contain finer spatial data, this question is
answered "yes" with a "low" certainty.
13 (60 to 70 F)
Presence

no

Certainty Low

Mexico contains Plant hardiness zone 13 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Mexico (791N and 878I). I was
able to acquire one reference (791N) to determine where in Mexico escaped M. sinensis was
observed. However, this reference did not identify where in Mexico escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Mexican flora that was published in English. Thus, it
is possible that escaped M. sinensis is located within Plant hardiness zone 13 in Mexico (NAPPFAST 2012).
Chile contains Plant hardiness zone 13 in addition to other Plant hardiness zones (NAPPFAST 2012). Randall
(2012) cites two references that suggest the presence of escaped M. sinensis in Chile (300n and 1229N). I was
able to acquire one reference (1229N) to determine where in Chile escaped M. sinensis was
observed. However, this reference did not identify where in Chile escaped M. sinensis was observed.
Furthermore, I was unable to locate an online database of Chilean flora that was published in English. Thus, it is
possible that escaped M. sinensis is located within Plant hardiness zone 13 in Chile (NAPPFAST 2012).
Based on further analysis of the references cited by Randall (2012), it appears that M. sinensis may be present
as an escape in Mexico and Chile within Plant hardiness zone 13. However, because these countries contains
multiple Plant hardiness zones and the references themselves do not contain finer spatial data, this question is
answered "yes" with a "low" certainty.
1 (0 to 10 inches)
Presence

yes

ra
ft

Precipitation zones (Precipitation range)
Certainty Negligible

Some counties within the United States are within Precipitation zone 1. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in one US county (Riverside County, CA) that is within Precipitation zone 1.
According to EDDMaPS (2016), evidence of escaped M. sinensis from this precipitation zone is derived from
single herbarium specimen with no finer geographic detail.

D

Australia contains Precipitation zone 1. Randall (2012) cites several references that suggest the presence of
escaped M. sinensis in Australia (7N; 354N; 853E; 855E; 856N; 869W; 880E; 945N; 1049N). I was able to
acquire some of these references (855N; 1049N) to determine where in Australia escaped M. sinensis was
observed. Unfortunately, only a few of these acquired references contained specific geographic locations (855
N; 1049N). Based on these references with finer spatial data, escaped M. sinensis does not appear to be
found within precipitation zone 1 in Australia.
Mexico and Chile contains Precipitation zone 1. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 1 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the limited evidence of escaped M. sinensis within this precipitation zone, this question is
answered "yes" with "negligible" certainty.
2 (10 to 20 inches)
Presence

yes

Certainty Moderate

Some counties within the United States are within Precipitation zone 2. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in three US counties (Riverside and San Luis Obispo Counties, CA and Denver
County, CO) that are within Precipitation zone 2.

Australia and New Zealand both contain Precipitation zone 2. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility are references 280N and 855N in Randall (2012), which
stated that escaped M. sinensis may be found in a New Zealand city and a region of Australia that contains
Precipitation zone 2.
Mexico and Chile contains Precipitation zone 2. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 2 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.

3 (20 to 30 inches)
Presence

yes

ra
ft

Based on a synthesis of information by Randall (2012) and EDDMapS (2016), this question is answered "yes"
with "moderate" certainty.
Certainty Moderate

Some counties within the United States are within Precipitation zone 3. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in several US counties that are within Precipitation zone 3. This includes
counties within CA and CO (EDDMaPS 2016).

D

Australia and New Zealand both contain Precipitation zone 3. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility are references 855N and 1049N in Randall (2012), which
stated that escaped M. sinensis may be found in an Australia State that contains Precipitation zone 3.
Mexico and Chile contains Precipitation zone 3. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 3 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "moderate" certainty rating.
4 (30 to 40 inches)
Presence yes

Certainty Very high

Some counties within the United States are within Precipitation zone 4. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in several US counties that are within Precipitation zone 4. This includes
counties within CA, CO, IL, MD, MI, MO, NC, OH, PA, SC, TN, VA, and WV (EDDMaPS 2016).

Australia and New Zealand both contain Precipitation zone 4. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility is reference 1049N in Randall (2012), which stated that
escaped M. sinensis may be found in an Australia State that contains Precipitation zone 4.
Mexico and Chile contains Precipitation zone 4. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 4 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "very high" certainty rating.
Presence

yes

ra
ft

5 (40 to 50 inches)
Certainty Very high

Some counties within the United States are within Precipitation zone 5. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in several US counties that are within Precipitation zone 5. This includes
counties within CA, CT, DE, GA, IL, IN, KY, MD, MA, MI, MO, NJ, NY, NC, OH, PA, SC, TN, VA, and WV (EDDMaPS
2016).

D

Australia and New Zealand both contain Precipitation zone 5. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility are references 280N and 1049N in Randall (2012), which
stated that escaped M. sinensis may be found in a New Zealand city and an Australia State that contains
Precipitation zone 5. Based on these references with finer spatial data, escaped M. sinensis may be found within
Precipitation zone 5 in Australia and New Zealand.
Mexico and Chile contains Precipitation zone 5. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 5 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "very high" certainty rating.
6 (50 to 60 inches)
Presence

yes

Certainty Very high

Some counties within the United States are within Precipitation zone 6. EDDMaPS (2016) identifies the

presence of escaped M. sinensis in several US counties that are within Precipitation zone 6. This includes
counties within AL, CT, FL, GA, IL, IN, KY, LA, MA, MS, MO, NJ, NY, NC, OH, PA, SC, TN, VA, and WV (EDDMaPS
2016).
Australia and New Zealand both contain Precipitation zone 6. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility is reference 505E in Randall (2012), which stated that
escaped M. sinensis may be found in a city in New Zealand is within Precipitation zone 6.
Mexico and Chile contains Precipitation zone 6. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 6 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.

7 (60 to 70 inches)
Presence

yes

ra
ft

Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "very high" certainty rating.
Certainty Very high

Some counties within the United States are within Precipitation zone 7. EDDMaPS (2016) identifies the
presence of escaped M. sinensis in several US counties that are within Precipitation zone 7. This includes
counties within AL, FL, GA, KY, LA, MS, NC, SC, TN, VA, and WV (EDDMaPS 2016).

D

Australia and New Zealand both contain Precipitation zone 7. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility is reference 280N in Randall (2012), which stated that
escaped M. sinensis may be found in a New Zealand city that is within Precipitation zone 7.
Mexico and Chile contains Precipitation zone 7. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 7 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "very high" certainty rating.
8 (70 to 80 inches)
Presence

yes

Certainty Very high

Some counties within the United States are within Precipitation zone 8. EDDMaPS (2016) identifies the

presence of escaped M. sinensis in several US counties that are within Precipitation zone 8. This includes
counties within KY, NC, and TN (EDDMaPS 2016).
Australia and New Zealand both contain Precipitation zone 8. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility is reference 280N in Randall (2012), which stated that
escaped M. sinensis may be found in a New Zealand town that is within Precipitation zone 8.
Mexico and Chile contains Precipitation zone 8. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 8 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.

9 (80 to 90 inches)
Presence

yes

ra
ft

Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "very high" certainty rating.
Certainty Moderate

EDDMaPS (2016) identifies the presence of M. sinensis in one US State (FL) that contains precipitation zone 9.
Finer geographic data specific to noncultivated M. sinensis from EDDMaPS (2016) suggests that FL does not
contain escaped M. sinensis within precipitation zone 9.

D

Australia and New Zealand both contain Precipitation zone 9. Randall (2012) cites several references that
suggest the presence of escaped M. sinensis in Australia and New Zealand (7N; 15N; 246N; 280N; 354N; 505
E; 853E; 855E; 856N; 869W; 880E; 919N; 945N; 1049N). I was able to acquire some of these references
(280N; 505E; 855N; 919N; 1049N) to determine where in Australia and New Zealand escaped M. sinensis
was observed. Unfortunately, only a few of these acquired references contained specific geographic locations
(280N; 505E; 855N; 1049N). Of particular utility is reference 280N in Randall (2012), which stated that
escaped M. sinensis may be found in a New Zealand town that is also within Precipitation zone 9.
Mexico and Chile contains Precipitation zone 9. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 9 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Based on the evidence of escaped M. sinensis within this precipitation zone, this question is answered "yes"
with a "moderate" certainty rating.
10 (90 to 100 inches)
Presence

yes

Certainty Moderate

EDDMapS (2016) did not list any escaped US populations of M. sinensis within this precipitation zone.

New Zealand contains Precipitation zone 10. Randall (2012) cites two references that suggest the presence of
escaped M. sinensis in New Zealand (280N; 505E). I was able to acquire these references to determine where
in New Zealand escaped M. sinensis was observed. Based on these references with finer spatial data,
escaped M. sinensis may be found within regions containing precipitation zone 10 in New Zealand, though these
regions also contain numerous other Precipitation zones.
Mexico and Chile contains Precipitation zone 10. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 10 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Therefor, this question is answered "yes" with "moderate" certainty.
11 (100+ inches)
Presence

yes

Certainty Moderate
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New Zealand contains Precipitation zone 11. Randall (2012) cites two references that suggest the presence of
escaped M. sinensis in New Zealand (280N; 505E). I was able to acquire these references to determine where
in New Zealand escaped M. sinensis was observed. Of particular utility is reference 280N in Randall (2012),
which stated that escaped M. sinensis may be found in a New Zealand city that is also within Precipitation zone
11.
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Mexico and Chile contains Precipitation zone 11. Randall (2012) cites several references that suggest the
presence of escaped M. sinensis in Mexico (791N and 878I) and Chile (300n and 1229N). I was able to
acquire two references (791N; 1229N) to determine where in Mexico or Chile escaped M. sinensis was
observed. However, these two references did not provide finer geographic detail regarding escaped M. sinensis
in Mexico or Chile. Furthermore, I was unable to locate an online database of Mexican or Chilean flora that was
published in English. Thus, it is possible that escaped M. sinensis is located within Precipitation zone 11 in
Mexico and Chile, though these countries also contain numerous other Precipitation zones.
Therefor, this question is answered "yes" with "moderate" certainty.
(25) Potential U.S. geographic distribution
The potential US geographic distribution of M. sinensis was determined by examining areas of overlap between
plant hardiness and precipitation zones containing M. sinensis (see directly above). Furthermore, only plant
hardiness and precipitation zones containing M. sinensis with a high or very high certainty was included in this
analysis, due to the amount of time M. sinensis has been in the United States (> 100 years) and countylevel
spatial data available through EDDMaPs (2016).
The potential US geographic distribution appears to span the majority of the eastern United States, with
smaller lowerelevation pockets in the middle of the country. In particular, these lowerelevation pockets in
the middle of the country appear to be a refinement of what is seen in the current distribution of M. sinensis
(e.g., M. sinensis may be found in lower elevation ports of CO and not within the Rocky Mountain range). The
potential range of M. sinensis within the continental United States extends to the west coast, including portions
of ID, MT, OR, WA; and northern portions of CA. Additionally, the potential range of M. sinensis includes areas
of HI and southwestern coastal AK.
This projected US geographic distribution strongly mirrors the current distribution of M. sinensis, in so far as
indicating that the eastern portion of the United States appears most amendable to M. sinensis. In 100+ years

of M. sinensis cultivation and escapes, the majority of reported M. sinensis naturalized populations appears to
be restricted to the eastern United States (Meyer 2003; Waggy 2011).
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Weed Risk Questions (25)
Weed risk  Biology (16 questions)
(B01) Current weed and invasive status
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible
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(B01) Current weed and invasive status  Risk documentation
The baseline risk for this question is rated "very high."
Within the United States, M. sinensis is reported to escape cultivation (Quinn et al. 2010). While most likely to
occur on disturbed sites outside of cultivation (Waggy 2011), M. sinensis has also been observed as an weed in
deciduous woodlands (Steury and Davis 2003), coniferous forests (Sorrie et al. 2006), and grasslands (Czarapata
2005). At present, M. sinensis is listed as invasive or potentially invasive in 6 Southeastern US States, including
AL (Alabama Invasive Plant Council 2007), GA (Georgia Exotic Plant Pest Council n.d.), KY (Kentucky Exotic Plest
Plant council n.d.), MO (Missouri Botanic Garden 2002), SC (South Carolina Exotic Pest Council 2008), and TN
(Tennessee Exotic Pest Plant council 2001).
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The Invasive Plant Atlas of New England (IPANE 2016) reports that M. sinensis may displace native plant
species. Additionally, within the New England region of the United States, M. sinensis is listed as a noxious
weed in CT (USDANRCS 2016a), a prohibited plant in MA (MDAR 2013), and as a regulated plant in NY (New
York State Department of Environmental Conservation 2014).
Waggy (2011) concludes, based on a review of US invasive species rankings and publications, that the potential
weediness and spread of M. sinensis is more of a concern for the eastern half of the United States than the
western half. Data from EDDMaPS (2016) supports this conclusion, as the majority of reported M. sinensis
escapes within that database are within the eastern half of the United States. Furthermore, the reported
weediness of M. sinensis within the United States is not entirely unexpected, considering that it is sometimes
reported as a weed in young tree plantations across its native range (e.g., Japan; see Hirata et al. 2007).
(B01) Current weed and invasive status – Certainty documentation
The certainty for this baseline response is rated as "moderate" due to a wellestablished framework of
publications detailing the potential weediness/invasiveness of M. sinensis. The majority of these publications,
however, represented plant lists from regional plant boards that did not necessarily include citations or
descriptions of how assessments were made; this absence of detailed methods is represented in reduced
reliability ratings, as appropriate.
The reliability and applicability of these references are listed below:
z

Tennessee Exotic Pest Plant council 2001 (low and moderate);

z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z

Missouri Botanic Garden 2002 (low and moderate);
Steury and Davis 2003 (moderate and moderate);
Czarapata 2005 (low and moderate);
Sorrie et al. 2006 (moderate and moderate);
Alabama Invasive Plant Council 2007 (low and moderate);
Hirata et al. 2007 (high and high);
South Carolina Exotic Pest Council 2008 (low and moderate);
Quinn et al. 2010 (high and very high);
Waggy 2011 (high and very high);
MDAR 2013 (low and high);
New York State Department of Environmental Conservation 2014 (low and high);
EDDMaPS 2016 (high and high);
IPANE 2016 (low and moderate);
USDANRCS 2016a (high and high);
Georgia Exotic Plant Pest Council n.d. (low and moderate); and
Kentucky Exotic Plest Plant council n.d. (low and moderate).

(B02) Weedy and invasive relatives
Moderate

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible
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Baseline risk

(B02) Weedy and invasive relatives – Risk documentation
The baseline risk for this question is rated "moderate."
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M. sacchariflorus is one relative of M. sinensis that is also present in the United States (see response to question
14). At present, Massachusetts designates M. sacchariflorus as a prohibited plant species that cannot be
imported, propagated, or sold within the State due to concerns of weediness or invasiveness (MDAR,
2013). Several lines of evidence supports this designation. Magee et al. (1999) notes that M. sacchariflorus is
able to escape from cultivation in New England and a review of its biology and ecology by Bonin et al. (2014)
concludes that M. sacchariflorus poses an invasive risk. A field study by Hager et al. (2015) reinforces the
invasive risk of M. sacchariflorus, where plots containing M. sacchariflorus were observed to contain reduced
plant species abundance, richness, and diversity relative to plots that did not contain M. sacchariflorus.
M. x giganteus is another relative of M. sinensis that is also present in the United States. Jorgensen (2011) and
Matlaga and Davis (2013) characterizes sexuallysterile cultivars of M. x giganteus as noninvasive or posing
little risk, respectively. At least two instances of weed risk assessments conducted on M. x giganteus supports
these characterizations (Barney and DiTomaso 2008; Gordon et al. 2011). However, as Matlaga and Davis
(2013) states, these conclusions are only applicable to sexuallysterile cultivars of M. x giganteus; sexuallyfertile
cultivars of M. x giganteus are likely to pose more of a weed/invasive risk than the sexuallysterile cultivars.
(B02) Weedy and invasive relatives – Certainty documentation
The certainty for this baseline response is rated as "high" primarily due to a wellestablished framework of
publications detailing the potential weediness/invasiveness of M. sacchariflorus. Two of these publications
represented plant lists from regional plant boards that did not necessarily include citations or descriptions of
how assessments were made; this absence of detailed methods is represented in reduced reliability ratings, as
appropriate.
The references used to determine this certainty rating primarily represents a single State government
publication, a regional invasive plant list and peerreviewed literature. The reliability and applicability of these
references are listed below:

z
z
z
z
z
z
z
z

Magee et al. 1999 (low and high);
Barney and DiTomaso 2008 (high and very high);
Gordon et al. 2011 (high and very high);
Jorgensen 2011 (high and high);
Matlaga and Davis 2013 (high and high);
MDAR 2013 (low and high);
Bonin et al. 2014 (very high and very high); and
Hager et al. 2015 (high and very high).

(B03) Ability to establish
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B03) Ability to establish – Risk documentation
The baseline risk for this question is rated "moderate."
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The majority of evidence suggests that M. sinensis primarily establishes in open and disturbed habitats that are
unlikely to subject it to high levels of competition from existing vegetation (e.g., roadsides; reviewed by Waggy
2011). The characterization of M. sinensis as a fireadapted species (Miller 2003; Waggy 2011) supports this
conclusion, as it suggests that M. sinensis benefits from the removal of existing vegetation and its respective
competition. Additionally, despite reports of M. sinensis within tree plantations, its presence is often correlated
with newlyplanted or young tree plantations (Ito et al. 2006; Hirata et al. 2007). In both plantation
scenarios, canopy cover is generally not yet complete nor is competition from other plants high.
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M. sinensis is also sometimes reported as present in less open and disturbed habitats, such as grasslands
(Czarapata 2005) and woodlands (Meyer 2003; Miller 2003; Stuery and within higher levels of vegetation than
typically reported. However, at least in the case of some woodlands, Sorrie et al. (2006) describes the presence
of M. sinensis as rare, while Miller (2003) and Stuery and Davis 2003 reports its presence only in forest margins
adjacent to disturbed sites and young/open woodlands where canopy cover may not yet be complete, a similar
scenario as that described above for newlyplanted/young tree plantations.
(B03) Ability to establish – Certainty documentation
The certainty for this baseline response is rated as "high" primarily due to an established framework of
publications suggesting that M. sinensis is generally unable to establish within dense or existing vegetation,
except for rare instances.
reliability and applicability of these references are listed below:
z
z
z
z
z
z
z
z

Meyer 2003 (moderate and high);
Miller 2003 (moderate and moderate);
Stuery and Davis 2003 (moderate and moderate);
Czarapata 2005 (low and moderate);
Ito et al. 2006 (high and moderate);
Hirata et al. 2006 (high and moderate);
Sorrie et al. 2006 (moderate and moderate);
Waggy 2011 (high and very high);

(B04) Dense thickets or monospecific stands
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(B04) Dense thickets or monospecific stands – Risk documentation

The baseline risk for this question is rated "very high."
Across its native range, M. sinensisdominant grasslands may be observed (Hayashi et al. 1981; Mutoh et al. 1985; Stewart et al. 2009),
suggesting that it may form dense thickets in the absence of human intervention. However, these M. sinensisdominant grasslands are
generally not considered monospecific, as other plant species are often observed (Hayashi et al. 1981; Mutoh et al. 1985).
Within the United States, Meyer (2003) describes M. sinensis as growing across numerous acres in various locations within the Eastern
United States. However, Meyer (2003) does not describe how dense these populations are or whether or not they are monospecific.
Quinn et al. (2010), however, describes several large and naturalized populations of M. sinensis in the Eastern United States, providing
evidence that it too is able to form dense stands outside of its native range.

(B04) Dense thickets or monospecific stands – Certainty documentation
The certainty for this baseline response is rated as "very high" primarily due to the presence of M. sinensis
dominated grasslands across its native range. These grasslands, however, do not appear to be monospecific.
The reliability and applicability of these references are listed below:
z
z
z
z
z

Mutoh et al. 1985 (high and very high);
Hayashi et al. 1981 (high and very high);
Meyer 2003 (moderate and high);
Stewart et al. 2009 (high and very high); and
Quinn et al. 2010 (high and high).

Baseline risk
Baseline certainty
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(B05) Shade tolerance

Very high

GE risk

Very high

Moderate

GE certainty

Negligible

(B05) Shade tolerance – Risk documentation
The baseline risk for this question is rated "very high."
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The primary presence of M. sinensis in grasslands across its native range (Stewart et al. 2009) and frequent
occurrence on open/disturbed sites within the United States (Dougherty et al. 2014) suggests that it is unable to
grow in full shade. Further supporting this conclusion are the observations of M. sinensis in young tree
plantations (Ito et al. 2006; Hirata et al. 2007), young woodlands (Stuery and Davis 2003), and woodland
margins (Miller 2003) where shade may be incomplete.
Additionally, Meyer (2003) and Swearingen et al. (2010) describes M. sinensis as requiring full sun; however,
Meyer (2003) also states that it is able to grow in partial shade. Miller (2003) describes M. sinensis as shade
tolerant, but provides no evidence of this and later characterizes M. sinensis as escaping to areas that are
generally open (e.g., "roadsides, forest margins, and adjacent disturbed sites"). Waggy (2011) describes M.
sinensis as able to tolerate "some shade" and provides several references indicating the presence of M. sinensis
in various levels of shade. Dougherty et al. (2014) also describes M. sinensis as preferring full sun, but also able
to tolerate shade.
In support of this potential shade tolerance in M. sinensis, Dougherty et al. (2015) observed significantly
increased survivorship and growth/development in naturalized M. sinensis when compared to ornamental M.
sinensis. While an additional study of M. sinensis shade tolerance demonstrated a slight reduction in propagule
production in the presence of shade, these authors also concluded that M. sinensis did not exhibit traits
correlated with a shadetolerant plant species and that any persistence in forest understories may be related to
its capacity to take advantage of transient events of increased light availability (Horton et al. 2010).
In summary, the majority of evidence suggests that M. sinensis is not a shadetolerant plant species, despite
its potential to persist in shaded conditions due to physiological mechanisms beyond shade tolerance (discussed
further in the baseline response to question B16). However, evidence is also provided that suggests that M.

sinensis experiences only a slight reduction in propagule production when grown in shade. Thus, while not
characterized as a shadetolerant plant species, M. sinensis appears able to grow in shaded conditions with a
slight reduction in propagule production. As a result, the baseline risk for this question is rated as "very high."
(B05) Shade tolerance – Certainty documentation
The certainty for this baseline response is rated as "moderate" primarily due to the tendency of M. sinensis to
grow in areas that may not necessarily be in full shade (e.g., grasslands, open/disturbed habitats, and forested
areas where canopy closure is not complete) and quantitative evidence on M. sinensis propagule production in
the presence of shade. However, while the cited references suggest that M. sinensis may not be tolerant to
shade, the majority of data cited does not directly address propagule production in the presence of shade (with
the exception of Horton et al. 2010). This limitation is reflected in the applicability of the cited references
below, as appropriate.
The reliability and applicability of the cited references are listed below:

z
z
z
z
z
z
z
z
z

Meyer 2003 (moderate and moderate);
Miller 2003 (moderate and moderate);
Stuery and Davis 2003 (moderate and moderate);
Ito et al. 2006 (high and moderate);
Hirata et al. 2007 (high and moderate);
Stewart et al. 2009 (high and moderate);
Horton et al. 2010 (high and high);
Swearingen et al. 2010 (low and moderate);
Dougherty et al. 2014 (high and high); and
Dougherty et al. 2015 (high and moderate).
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(B06) Life form and growth habit

Baseline risk
Baseline certainty

Very high

GE risk

Very high

Very high

GE certainty

Negligible
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(B06) Life form and growth habit – Risk documentation
The baseline risk for this question is rated "very high."

M. sinensis is characterized as a perennial, warm season grass (Stewart et al. 2009; Waggy 2011; USDANRCS
2016a).
(B06) Life form and growth habit – Certainty documentation
The certainty for this baseline response is rated as "very high" due to the wellknown characterization of M.
sinensis as a perennial grass.
The reliability and applicability of these references are listed below:
z
z
z

Stewart et al. (very high and very high);
Waggy 2011 (very high and very high); and
USDANRCS 2016a (very high and very high).

(B07) Time to reproductive maturity
Baseline risk

High

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B07) Time to reproductive maturity – Risk documentation
The baseline risk for this question is rated "high."
A review of the literature by Stewart et al. (2009) and Waggy (2011) suggests M. sinensis will generally produce
one generation per year, with plants generally flowering and producing seed starting in late summer and ending

sometime in the fall.
(B07) Time to reproductive maturity – Certainty documentation
The certainty for this baseline response is rated as "high" due to the wellknown characterization of M. sinensis
growth/development.
The reliability and applicability of these references are listed below:
z
z

Stewart et al. (high and very high); and
Waggy 2011 (high and very high).

(B08) Propagule dispersal
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Negligible

GE certainty

Negligible

(B08) Reproductive potential – Risk documentation
The baseline risk for this question is rated "very high."
I was unable to find any quantitative data related to the number of M. sinensis rhizomes produced in a single growing season.
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A review of M. sinensis seed production across its native range in grasslands was undertaken by Stewart et al. (2009). Based on the
review in Stewart et al. (2009), M. sinensis seed production was estimated between 6,500  8,000 seeds per square meter in one
region of Japan (Nishiwaki and Sugawara 1997), while its production was estimated between 40,000  140,000 per square meter in a
different region of Japan (Ogata and Nagatomo 1971). This latter range, however, may be an overestimate according to Stewart et al.
(2009). Additionally, Stewart et al. (2009) also stated that M. sinensis may produce 535 seeds per square meter (Hayashi and Numata
1971); however, this reference estimates M. sinensis seeds buried in the soil and not necessarily seeds produced by M. sinensis in a
single growing season.

(B08) Reproductive potential – Certainty documentation
The certainty for this baseline response is rated as "negligible" primarily due to an absence of accessible
literature and my inability to independently review the majority of references cited in a M. sinensis review
article (i.e., Stewart et al. 2009).
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I was only able to find a single review publication (i.e., Stewart et al. 2009) containing any information about M.
sinensis reproductive potential, and this reproductive potential was primarily discussed in terms of seed
production. Unfortunately, I was unable to independently review many of the cited sources within Stewart et
al. (2009) regarding seed production, either because I was unable to acquire the references themselves (the
reference are older and have not yet come through via interlibrary load) or because the references were
published in Japanese (a language I am unable to read). Therefore, due to these reasons, I have adjusted the
reliability and applicability ratings as appropriate. The reliability and applicability of these references are listed
below:
z
z
z
z

Hayashi and Numata 1971 (negligible and negligible);
Ogata and Nagatomo 1971 (negligible and negligible);
Nishiwaki and Sugawara 1997 (negligible and negligible); and
Stewart et al. 2009 (low and high).

(B09) Propagule dispersal
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B09) Propagule dispersal – Risk documentation
The baseline risk for this question is rated "moderate."

An average M. sinensis seed is small and light, usually ranging from 1.9 to 2.7 mm in length, 0.74 to 1 mm in
width, and weighing between 0.5  1.4 mg (Christian 2012). Due to this small size and weight, M. sinensis seeds
are generally dispersed by the wind (Quinn et al. 2010; Waggy 2011; Christian 2012; Meyer n.d.). In a
quantitative study of M. sinensis seed dispersal by Quinn et al. (2011), approximately 95% of M. sinensis seeds
were dispersed within 50 m of the source plants, with 0.2  3% of seeds dispersing 300  400 m away from the
source plants. Wind speed was also observed to be a factor affecting M. sinensis seed dispersal, with a positive
relationship observed between M. sinensis seed dispersal distance and moderate/high wind speeds (Quinn et al.
2011).
M. sinensis seeds may be dispersed by birds. At least one website suggests growing M. sinensis for bird seed
(Gatti 2013), and M. sinensis seed has been observed within the stomach of Picus awokera (Japanese green
woodpecker) in its native range (Chiba 1969). However, while it is plausible that birds may consume M. sinensis
seed, I was unable to find any information concerning its survivability after consumption.
Additionally, Quinn et al. (2010) suggests that M. sinensis rhizomes may be inadvertently dispersed through
human activities (e.g., agricultural machinery or loss of material during transport); unfortunately, no specific
examples of this dispersal are provided by the authors. However, given the dispersal of other grass rhizomes
through unintentional humanmediated pathways (Ghersha et al. 1993; Barroso et al. 2012; Andujar et al.
2013), it is likely that M. sinensis rhizomes may also be dispersed in this manner.
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Despite three plausible dispersal pathways, I was only able to find quantitative evidence of windmediated
dispersal. Due to the availability of evidence, the risk for this baseline question is rated as "moderate" with
decreased certainty.
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(B09) Propagule dispersal – Certainty documentation
The certainty for this baseline response is rated as "moderate" primarily due to a wellestablished framework
documenting wind dispersal as an avenue for M. sinensis seed movement. While there is indirect evidence that
suggests birds or unintentional human activities may disperse M. sinensis propagules (seed and rhizome,
respectively), I was unable to find direct evidence these types of dispersal. As a result, the reliability and
applicability of references related to these two types of dispersal pathways are reduced as appropriate.
The reliability and applicability of these references are listed below:
z
z
z
z
z
z
z
z
z
z

Chiba 1969 (low and moderate);
Ghersha et al. 1993 (high and low);
Quinn et al. 2010 (high and high);
Waggy 2011 (high and high);
Quinn et al. 2011 (high and high);
Barroso et al. 2012 (high and low);
Christian 2012 (high and high);
Gatti 2012 (low and low);
Andujar et al. 2013 (high and low); and
Meyer n.d. (low and high).

(B10) Dormancy
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B10) Dormancy – Risk documentation

The baseline risk for this question is rated "negligible."
I was unable to find any information related to the dormancy of rhizomes in M. sinensis.
Both Christian (2012) and Lee et al. (2012) state that relatively little is known about M. sinensis seed dormancy
due to limited work on the subject. Following an examination of the available literature, the conclusions of
Christian (2012) and Lee et al. (2012) appears to be true, at least with respect to M. sinensis seed dormancy
under field conditions and across longer time scales (i.e., greater than several weeks).
Various in vitro laboratory experiments (utilizing moistened filter paper and petri plates/similar under controlled
conditions) demonstrated that the majority of M. sinensis seeds germinate within several weeks. The ranges of
germination vary with differing temperature regimes, ranging from approximately 80  99% in a study by Aso
(1976); approximately 60  90% in a study by Lee et al. (2012); and approximately 52  63% in a study by
Christian et al. (2014). It should be noted here that the higher germination rates presented by Aso (1976) and
Lee et al. (2012) may represent artifacts of storage, as those tested seeds were either older/airdried or stored
at 4C, respectively, prior to initiation of the experiments. However, Aso (1976) also examined the germination
of fresh M. sinensis seeds and observed an eventual germination rate of 75% after 75 days. Not surprisingly,
Dwiyanti et al. (2014) observed that the germination percentage of various M. sinensis accessions under specific
temperature regimes was affected on the latitude from which the M. sinensis accessions were collected.
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The high germination rates of M. sinensis seeds reported in the literature suggests an absence of longterm
dormancy. However, based on the limitations of the available data (see Dormancy  Certainty documentation),
the risk for this baseline question is rated "negligible" with reduced certainty.
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(B10) Dormancy – Certainty documentation
The certainty for this baseline response is rated as "moderate" primarily due to the limitations of the available
data on M. sinensis seed dormancy. The majority of available data represents in vitro studies undertaken across
relatively short time frames (i.e., several weeks). As a result, these studies do not explicitly represent
germination rates under field conditions nor can we explicitly conclude what percentage of M. sinensis seeds
may remain viable, but dormant, over longer time scales (one year or greater). As a result, the applicability of
each reference is decreased, ultimately resulting in a lower overall certainty rating.
The reliability and applicability of these references are listed below:
z
z
z
z
z

Aso 1976 (moderate and moderate);
Christian 2012 (high and moderate);
Lee et al. 2012 (high and moderate);
Christian et al. 2014 (high and moderate); and
Dwiyanti et al. 2014 (high and moderate).

(B11) Regeneration
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(B11) Regeneration – Risk documentation
The baseline risk for this question is rated "very high."
M. sinensis is characterized as a rhizomatous grass species that is able to regenerate solely from rhizomes
alone (i.e., no above ground biomass remaining; see Stewart et al. 2009; Waggy 2009; Quinn et al. 2010).
(B11) Regeneration – Certainty documentation
The certainty for this baseline response is rated as "very high" primarily due to a wellestablished framework

documenting that M. sinensis is able to regenerate from rhizomes.
The reliability and applicability of these references are listed below:
z
z
z

Stewart et al. 2009 (high and very high);
Waggy 2011 (high and very high);
Quinn et al. 2010 (high and very high).

(B12) Flood or drought tolerance
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B12) Flood or drought tolerance– Risk documentation
The baseline risk for this question is rated "very high."
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M. sinensis may be found in low rainfall areas within the United States (Quinn et al. 2012), suggesting some
level of drought tolerance. In a study of M. sinensis moisture stress, Dougherty et al. (2015) reported no
substantial differences in growth among ornamental and naturalized M. sinensis in response to varying levels of
moisture stress after 8 weeks. These results suggests that both ornamental and naturalized M. sinensis possess
some level of drought tolerance. This conclusion is reinforced by the studies of CliftonBrown and Lewandowski
(2000) and CliftonBrown et al. (2002), where varying levels of moisture stress were not observed to negatively
affect M. sinensis growth and development. The drought tolerance in M. sinensis is likely facilitated through
typical physiological drought tolerant plant responses, such as a reduction in transpiration, photosynthetic
rates, and overall growth (CliftonBrown and Lewandowski 2000; CliftonBrown et al. 2002).
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In contrast to M. sinensis drought tolerance, I was unable to find any relevant information detailing the capacity
of M. sinensis to tolerate flooding. In a synthesis of information, Waggy (2011) concludes that M. sinensis
prefers moist but nonsaturated soils. Furthermore, anecdotal information from Ezaki et al. (2008) supports this
conclusion, where it was stated that M. sinensis prefers welldrained soils. These two pieces of information do
not suggest any inherent tolerance to flooding in M. sinensis. However, it appears that a closelyrelated species
is extremely tolerant to flooding. In a study by Mann et al. (2013b), flooded conditions over the course of 16
weeks did not significantly affect biomass accumulation or rhizome viability of M. x giganteus relative to its
control, strongly indicating a tolerance to flooding. While this data is not directly applicable to M. sinensis and is
in contrast to some information about M. sinensis habitats, it does provide some evidence that M. sinensis may
possess some level of flood tolerance, as M. sinensis is a parent of M. x giganteus.
In summary, the available literature suggests that M. sinensis possesses drought tolerance and an unknown
level of flood tolerance. Because varying levels of moisture stress were not observed to significantly reduce
growth in M. sinensis, the risk for this baseline question is rated as "very high" despite no information regarding
the flood tolerance of M. sinensis.
(B12) Flood or drought tolerance – Certainty documentation
The certainty for this baseline response is rated as "moderate" primarily due to the presence of quantitative
data detailing the drought tolerance of M. sinensis. However, while the cited references suggest that M.
sinensis may be tolerant to drought , the data I found does not directly address propagule production in the
presence of drought. This limitation is reflected in the applicability of the cited references below, as
appropriate.
The reliability and applicability of these references are listed below:
z
z

CliftonBrown and Lewandowski 2000 (high and moderate);
CliftonBrown et al. 2002 (high and moderate);

z
z
z
z
z

Ezaki et al. 2008 (high and moderate);
Waggy 2011 (high and moderate);
Quinn et al. 2012 (high and moderate);
Mann et al. 2013b (high and moderate); and
Dougherty et al. 2015 (high and moderate).

(B13) Tolerance to poor soils
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B13) Tolerance to poor soils – Risk documentation
The baseline risk for this question is rated "very high."
Across its native and naturalized range, M. sinensis may be found in a variety of soil conditions (Stewart et al.
2009; Waggy 2011; Quinn et al. 2012), including harsh soils like volcanic ash soil (Golchin et al. 1997a; Golchin et
al. 1997b). This evidence suggests a broad tolerance to soil abiotic soil stressors in M. sinensis.
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In a literature review of stress tolerances in potential biofuel crop plants, Jones et al. (2015) and Quinn et al.
(2015) did not identify any evidence of salt tolerance in M. sinensis. However, M. sinensis seedlings are able to
grow across a wide range of pH values (4.3  8.5; see Aso 1976) and established M. sinensis populations are
observed to grow across a similar range of pH values in its native range of Japan (Kayama 2001; An et al. 2008).
Most impressive, however, is the capacity of M. sinensis to tolerate and grow on high levels of Al, Cr, and Zn
(Kayama 2001; Ezaki et al. 2008). As a result of this heavy metal tolerance, M. sinensis may be observed
growing on sites contaminated with Al, such as abandoned mining sites, in its native range of Japan (Takeuchi
and Shimano 2009). Evidence suggests that M. sinensis is able to grow in the presence of Al due to citric acid
chelation, preventing Al from accumulating and damaging its root structure and/or the translocations and
sequestration of Al in the aerial portion of the plant (Kayama 2001; Ezaki et al. 2008).
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(B13) Tolerance to poor soils– Certainty documentation
The certainty for this baseline response is rated as "moderate" primarily due to the wellestablished framework
of poor soil tolerance in M. sinensis, particularly with respect to pH values and the presence of heavy metals.
However, while the cited references suggest that M. sinensis may be tolerant to poor soils , the data I found
does not directly address propagule production in the presence of poor soils. This limitation is reflected in the
applicability of the cited references below, as appropriate.
The reliability and applicability of these references are listed below:
z

Aso 1976 (high and moderate);
Golchin et al. 1997a (high and moderate);

z

Golchin et al. 1997b (high and moderate);

z

Kayama 2001 (high and moderate);
An et al. 2008 (high and moderate);
Ezaki et al. 2008 (high and moderate);
Takeuchi and Shimano 2009 (high and moderate);
Stewart et al. 2009 (high and moderate);
Waggy 2011 (high and moderate);
Quinn et al. 2012 (high and moderate);
Jones et al. 2015 (high and moderate); and
Quinn et al. 2015 (high and moderate).

z

z
z
z
z
z
z
z
z

(B14) Cold tolerance
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B14) Cold tolerance – Risk documentation
The baseline risk for this question is rated "very high."
M. sinensis is generally characterized as a coldtolerant plant species (Quinn et al. 2010; Jorgensen 2011). In a
study of frost tolerance, Farrell et al. (2006) subjected the aerial biomass of young M. sinensis plants
representing two genotypes to transient freezing conditions (2°C, 4°C, 6°C, 8°C, and 10°C). While both M.
sinensis genotypes did not show substantial leaf damage upon exposure to freezing air temperatures up to 6°C,
one M. sinensis genotype was particularly cold tolerant, displaying an LT50 value (i.e., value where 50%
mortality is observed) at ~9°C (Farrell et al. 2006). Additionally, the frost tolerance of M. sinensis aerial tissues
may be correlated with its height or age (Kobayashi and Yokoi 2003). Zub et al. (2012) observed this
height/age relationship in a controlled experiment, with younger/shorter M. sinensis plants (i.e. prior to 7leaf
stage) displaying higher levels of frost tolerance than older/taller M. sinensis plants (i.e., 7leaf stage). The
experiments of Farrell et al. (2006) and Zub et al. (2012) support the field observations of Kobayashi and Yokoi
(2003), who noted that latedeveloping M. sinensis shoots were sometimes able to overwinter in its native
range of Japan. Collectively, this information suggests that young M. sinensis plants are more likely to tolerate
cold than older plants; indeed, field observation in Europe of cultivated M. sinensis demonstrates that the aerial
tissue of older plants generally senesce following the arrival of colder temperatures (CliftonBrown and
Lewandowski 2000).
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The M. sinensis rhizome is considered the typical overwintering structure for the species (Peixoto et al. 2015).
The available quantitative evidence suggests that M. sinensis rhizomes are able to tolerate freezing
temperatures, with reports of its rhizomes surviving temperatures between 14°C and 6°C (CliftonBrown and
Lewandowski 2000; Peixoto et al. 2015). M. sinensis rhizome cold tolerance appears to be dependent on
moisture content (CliftonBrown and Lewandowski 2000), and interestingly, does not appear to be correlated
with the extent of cold tolerance in aerial tissues (Farrell et al. 2006).
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In summary, the evidence suggests that M. sinensis is indeed a coldtolerant plant species. While this baseline
question does not typically consider rhizomes, there is sufficient evidence to demonstrate that the aerial tissues
of M. sinensis are able tolerate transient temperatures below freezing. Thus, the baseline risk of this question is
rated as "very high."
(B14) Cold tolerance – Certainty documentation
The certainty for this baseline response is rated as "high" primarily due to the wellestablished framework of
cold tolerance in M. sinensis (consisting of observations within its native range and quantitative data).
However, the data I cite does not directly address propagule production in the presence of freezing conditions.
This limitation is reflected in the applicability of the cited references below, as appropriate.
The reliability and applicability of these references are listed below:
z
z
z
z
z
z
z

CliftonBrown and Lewandowski 2000 (high and moderate);
Kobayashi and Yokoi 2003 (high and high);
Farrell et al. 2006 (high and moderate);
Quinn et al. 2010 (high and high);
Jorgensen 2011 (high and high);
Zub et al. 2012 (high and moderate); and
Peixoto et al. 2015 (high and moderate).

(B15) Biotic stress tolerance
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(B15) Biotic stress tolerance – Risk documentation
The baseline risk for this question is rated "very high."
As described earlier in this baseline WRA, M. sinensis is a naturalized plant species in the United States.
Accordingly, pathogens and insect herbivores present in its native range are not likely to be present in the
United States (Keane and Crawley 2002). However, M. sinensis (or other species of Miscanthus) is reported to
experience various, but limited, biotic stresses within the United States (Williams and Douglas 2011). These
biotic stresses include: insect herbivory (Huggett et al. 1999; Spencer and Raghu 2009; Bradshaw et al. 2010;
Prasifka et al. 2012), fungal diseases (O'Neill and Farr 1996; Ahonsi et al. 2010; Ahonsi et al. 2011), viral diseases
(Lamptey et al. 2003), and nematode damage (Mekete et al. 2009; Mekete et al. 2011).
The capacity of M. sinensis to naturalize within the United States in spite of the biotic stresses listed above
strongly suggests that pathogens and insect herbivores do not reduce its ability to survive to reproduction,
although any reduction in propagule production as a result of these biotic stresses is unknown.

ra
ft

(B15) Biotic stress tolerance – Certainty documentation
Baseline certainty is rated as "moderate" due to the wellknown capacity of M. sinensis to naturalize in the
United States and the abundance of publications detailing its biotic stressors within the United States.
However, while the cited references suggest that M. sinensis is tolerant to biotic stresses, the data I found does
not directly address propagule production in the presence of the biotic stress nor do all the reference deal
specifically with M. sinensis (though they do address a closely related species, M. x giganteus). These two
factors were considered in assigning the applicability of the cited references, as appropriate.
The reliability and applicability of these sources are listed below:

z
z
z
z
z
z
z
z
z
z
z

O'Neill and Farr 1996 (high and high);
Huggett et al. 1999 (high and high);
Keane and Crawley 2002 (high and low);
Lamptey et al. 2003 (high and high);
Mekete et al. 2009 (high and moderate);
Spencer and Raghu 2009 (high and moderate);
Ahonsi et al. 2010 (high and moderate);
Bradshaw et al. 2010 (high and moderate);
Ahonsi et al. 2011 (high and moderate);
Mekete et al. 2011 (high and moderate);
Williams and Douglas 2011 (high and moderate); and
Prasifka et al. 2012 (high and moderate).
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(B16) Other biology weediness traits
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(B16) Other biology weediness traits – Risk documentation
The baseline risk for this question is rated "very high."
As discussed in the baseline response to question (B05) Shade tolerance, the majority of evidence suggests that
M. sinensis is not a shadetolerant plant species. However, both Horton et al. (2010) and Dougherty et al. (2014;
2015) demonstrated that naturalized M. sinensis plants maintained growth in shaded conditions relative to less
shaded areas and ornamental M. sinensis varieties, respectively. While Dougherty et al. (2015) attributes this
capacity to maintain growth under shade as shade tolerance, an examination of physiological plant responses by
Horton et al. (2010) casts doubt on this attribution, as M. sinensis did not exhibit many of the physiological

responses of shadetolerant plants. Rather, it appears that M. sinensis possesses other characteristics (e.g.,
high induction state and high photosynthetic rate) that permit it to take advantage of transient conditions of
increased light availability in an otherwise shaded area (Horton et al. 2010), permitting it to grow and
perhaps sufficiently compete in these areas of decreased light availability.
Interestingly, both Horton et al. (2010) and Dougherty et al. (2014; 2015) utilized naturalized M. sinensis to
demonstrate its capacity to grow in shade. The data suggests that ornamental M. sinensis may not exhibit this
characteristic (Dougherty et al. 2015). Both authors suggest an ongoing selection process that permits escaped
M. sinensis to adapt to lower light conditions relative to their ornamental counterparts. The absence of
domestication M. sinensis (Clark et al. 2015) suggests that sufficient genotypic variability may be present to
allow for this adaptation.
(B16) Other biology weediness traits – Certainty documentation
Baseline certainty is rated as "high" primarily due to quantitative evidence demonstrating the capacity of
naturalized M. sinensis to grow in shade and quantitative evidence demonstrating differences in this capacity
between naturalized/ornamental plants.
The reliability and applicability of these sources are listed below:

z
z
z

Horton et al. 2010 (high and high);
Dougherty et al. 2014 (high and high);
Clark et al. 2015 (high and high); and
Dougherty et al. 2015 (high and high).
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Biology risk summary

D

M. sinensis is rated as a "very high" biology risk. When examining the individual biology risk elements, M.
sinensis is rated as posing a "very high" or "high" risk for B01 Current weed and invasive status; B04 Dense
thickets and monospecific stands; B05 Shade tolerance; B06 Life form and growth habit; B07 Time to
reproductive maturity; B08 Reproductive potential; B11 Regeneration; B12 Flood or drought tolerance; B13
Tolerance to poor soils; B14 Cold tolerance; B15 Biotic tolerance; and B16 Other biology weediness traits.
M. sinensis is a nonnative, perennial grass species that is already characterized as a noxious weed in one US
State (CT). It is also considered weedy by several US State lists and various regional floras. M. sinensis
possesses a long history of escaping cultivation, with naturalized populations occurring within the eastern
United States. While M. sinensis most often establishes in open and disturbed habitats (e.g., roadsides and
abandoned fields), evidence suggests that it may not only encroach upon forest margins, but also into the
shaded forest interior. Its only (reported) sexuallycompatible relative within the United States, M.
sacchariflorus, is also considered a weed by some US States and various regional floras.
M. sinensis may propagate itself through seeds or rhizomes. Given the likelihood of wind
mediated movement of its seed, it is likely that new populations of M. sinensis may be formed through seed
dispersal, while existing populations spread through seed and rhizome propagation. The sexual reproductive
potential of M. sinensis appears to be substantial; reports exceeding 1,000 seeds/year/m 2 are reported in the
literature. Dormancy of M. sinensis seeds does not appear to exceed one year, but this is not very well studied
under field conditions. However, viable seeds have been observed within soil seed banks in its native range.
M. sinensis appears to tolerate a wide range of abiotic conditions. The evidence suggests that it is very tolerant
to drought, poor soils, and cold. The available evidence also suggests that while M. sinensis prefers unshaded
areas, it is able to grow in shade without a substantial reduction in growth or propagule
production. Interestingly, it appears that naturalized M. sinensis populations are developing/have already
developed a capacity to grow in more shaded areas relative to their ornamental counterparts. While not

typically characterized as a shadetolerant plant species, ongoing selection processes appear to be producing
populations of M. sinensis that are able to persist in the presence of decreased light availability. At present,
there are no significant reports of biotic pressure within the United States.

Biology certainty summary
The baseline biology certainty rating is "high" primarily due to the volume of literature surrounding M. sinensis
biology and a general consensus regarding varying aspects of its biology. However, some uncertainty remains,
particularly surrounding propagule production, and propagule production within the context of some abiotic
stresses.

Weed risk – Impact (9 questions)
(I01) Agriculture yield
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(I01) Agriculture yield – Risk documentation
The baseline risk for this question is rated "negligible."
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Randall (2012) reports several instances of M. sinensis behaving as an agricultural weed (263A; 648A; 1156
AE). However, I was unable to acquire two of the cited references for independent review (263A; 648A).
The reference I was able to acquire suggests that M. sinensis may function as a weed in silviculture and not
necessarily conventional row agriculture (1156AE). Based on other evidence across its native range (Hirata et
al. 2007) and within the United States (Miller 2003), M. sinensis may indeed function as a weed in silviculture.
Furthermore, I was unable to find any evidence of M. sinensis functioning as a weed in conventional
row agricultural systems.
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In a synthesis of the M. sinensis literature, Waggy (2011) concluded that M. sinensis is not a major weed in
agriculture or silviculture within the United States. This may explain why I was unable to find literature
describing the quantitative impacts on wood yield resulting from weedy M. sinensis. However, the control of
plant competition is recognized as an important practice in the establishment/management of tree plantations
(Beheler and Michler 2001; Seifert et al. 2007). For example, insufficient grass weed control in young
Eucalyptus globulis plantations resulted in height and trunk diameter growth being 52% and 40% of weed
free E. globulis trees (Adams et al. 2003). Additionally, loblolly pine plantations subjected to some form of weed
control two years after establishment contained pines that were approximately 1.4 times larger (height
and trunk diameter) than pines with no weed control (Knowe et al. 1985).
The inability to affect agricultural yield may be at least partially attributed to the relatively weak competitive
ability of M. sinensis. In a greenhouse competition study examining the competitive ability of Panicum virgatum
and M. sinensis, intraspecific competition among P. virgatum plants reduced its yield more than interspecific
competition from M. sinensis plants (Meyer et al. 2010). This data suggests that M. sinensis may not be an
aggressive competitor in the presence of other plants. Supporting this conclusion is the observation
that Miscanthus (including M. sinensis)competes poorly with other weeds when it is cultivated within an
agricultural setting (Lewandowski et al. 2000) and that M. sinensis biomass is significantly reduced through plant
competition (Ibrahim 2015).
In summary, while M. sinensis is not characterized as a major agricultural or silvicultural weed within the United
States, evidence does demonstrate the importance of general weed control within tree plantations. Evidence
also suggests that M. sinensis is not an effective competitor with other plants within agricultural systems. Thus,
this baseline risk is rated as "negligible" with substantially reduced certainty.

(I01) Agriculture yield – Certainty documentation
Baseline certainty is rated as "moderate" due to an absence of its characterization as a major weed in
conventional agriculture, the documented presence of M. sinensis within tree plantations, and the documented
importance of grass/weed control in silviculture. However, the cited references detailing negative impacts to
tree growth as a result of weed competition are not specific to M. sinensis nor do the measurements coincide
with the time frame of harvest for these plantation tree species. These two factors were considered in assigning
the applicability of the cited references, as appropriate.
The reliability and applicability of these sources are listed below:

z
z
z
z
z
z
z
z
z
z

Knowe et al. 1985 (high and moderate);
Lewandowski et al. 2000 (high and moderate);
Beheler and Michler 2001 (high and moderate);
Adams et al. 2003 (high and moderate);
Miller 2003 (moderate and moderate);
Hirata et al. 2007 (high and high);
Seifer et al. 2007 (high and moderate);
Meyer et al. 2010 (high and high);
Waggy 2011 (high and very high);
Randall 2012 (low and low); and
Ibrahim 2015 (high and high).
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(I02) Agriculture quality

Baseline risk
Baseline certainty

Negligible

GE risk

Very high

Moderate

GE certainty

Negligible

(I02) Agriculture quality – Risk documentation
The baseline risk for this question is rated "negligible."
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M. sinensis is not considered a major weed in agriculture or silviculture (Waggy 2011). While I was able to find
evidence of M. sinensis functioning as a weed in silviculture (Miller 2003; Beasley and Pijut 2010), I was unable
able to find any evidence of weedy M. sinensis reducing the quality of silvicultural products.
Thus, this baseline risk is rated as "negligible," due to an absence of data suggesting any detrimental impact to
agricultural quality from M. sinensis .
(I02) Agriculture quality – Certainty documentation
Baseline certainty is rated as "moderate" primarily due to the absence of information detailing a negative
impact to agricultural quality from weedy M. sinensis and the characterization of M. sinensis as a nonmajor
weed in agriculture and silviculture.
The reliability and applicability of these sources are listed below:
z
z
z

Miller 2003 (moderate and moderate);
Beasley and Pijut 2010 (moderate and moderate); and
Waggy 2011 (high and very high)

(I03) Harm to agriculturally important organisms
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Very high

GE certainty

Negligible

(I03) Harm to agriculturally important organisms – Risk documentation

The baseline risk for this question is rated "negligible."
A synthesis of the M. sinensis literature by Stewart et al. (2009) and Waggy (2011) provided no evidence that M.
sinensis poses any risk to agriculturallyimportant organisms. M. sinensis is considered palatable for some farm
animals (Nogami et al. 1993) and has historically been used as a source of forage (Stewart et al. 2009).
(I03) Harm to agriculturally important organisms – Certainty documentation
Baseline certainty is rated as "very high" primarily due to the absence of any information detailing or suggesting
a potential harm to agriculturallyimportant animals from M. sinensis and the historical use of M. sinensis as a
source of forage. Additionally, one of the cited sources is primarily in Japanese while the abstract is in English.
This limitation is taken into account in the reliability rating below.
The reliability and applicability of these sources are listed below:
z
z
z

Nogami et al. 1993 (moderate and high)
Stewart et al. 2009 (high and very high); and
Waggy 2011 (high and very high).

(I04) Competition with plants
Moderate

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible
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Baseline risk

(I04) Competition with plants – Risk documentation
The baseline risk for this question is rated "moderate."
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The presence of naturalized populations of M. sinensis within the United States (Meyer 2003; Quinn et al.
2012; Dougherty et al. 2015) suggests that it may be effectively able to compete with/displace plants in order to
establish in some nonmanaged areas (IPANE 2016). Furthermore, the presence of M. sinensisdominant
grasslands in its native Japan (Stewart et al. 2009; Waggy 2011) reinforces the suggestion that it is able to
compete with and reduce the abundance of other plants in nonmanaged areas.
In a greenhouse study competition study between M. sinensis (from naturalized populations) and Panicum
virgatum (a grass native to the United States), Meyer et al. (2010) observed that P. virgatum routinely
outcompeted M. sinensis in a variety of metrics (e.g., average dry weight, average shoot dry weight, and
average root dry weight). Interestingly, the growth of M. sinensis generally did not differ when grown as
a monoculture or subject to lower levels of interspecific competition from P. virgatum (Meyer et al. 2010).
These results characterize M. sinensis as a stable competitor with P. virgatum and suggests that it may be able
to compete with other native grasses and persist in certain nonmanaged areas.
The evidence suggests that M. sinensis is an effective competitor and may be able to cause a
substantial reduction in abundance of some plant species (as demonstrated by the presence of M. sinensis
dominated areas stands in the United States and Japan). This reduction in abundance, however, has yet to be
quantified under field conditions within the United States. Thus, this baseline risk is rated as "moderate" with
reduced certainty.
(I04) Competition with plants – Certainty documentation
Baseline certainty is rated as "moderate" primarily due to the presence of indirect evidence demonstrating the
competitive ability of M. sinensis and some direct evidence demonstrating its competitive ability. However,
none of the cited references explicitly demonstrated the competitive capacity of M. sinensis to displace
vegetation under field conditions. The limitations of these references are reflected in reductions in applicability
of the cited references, as appropriate.

The reliability and applicability of these sources are listed below:
z
z
z
z
z
z

Meyer 2003 (high and moderate);
Stewart et al. 2009 (high and moderate);
Meyer et al. 2010 (high and moderate);
Waggy 2011 (high and moderate);
Quinn et al. 2012 (high and moderate); and
Dougherty et al. 2015 (high and moderate).

(I05) Hydrology
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

Low

GE certainty

Negligible

(I05) Hydrology – Risk documentation
The baseline risk for this question is rated "moderate."
I was unable to find references detailing the hydrological impact from M. sinensis. However, potential impacts
to hydrology may be inferred from studies examining the impact of M. x giganteus cultivation, a closelyrelated
plant species.
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In a simulation study of water use, Le and Drewry (2011) determined that monocultures of M. x giganteus
possessed higher evapotranspiration values than monocultures of Zea mays or P. virgatum. Since
evapotranspiration is a suitable indicator of water use and water balance for any particular spatial area primarily
containing plants (Chang 2013), this results suggest that monoculture cultivation of M. x. giganteus may more
negatively affect water balance when compared to certain row crops and native grasses. This result was
confirmed in another simulation study by Parajuli and Duffy (2013), where stream flow (i.e., a measure of
available water in a particular spatial area) was reduced the most by the cultivation of M. x giganteus when
compared to the cultivation of continuous Z. mays, continuous Glycine max, and P. virgatum. The overall
outcome of these two simulation studies are further supported by a field study of water use in cultivated M. x.
giganteus, Z. maysG. max, and P. virgatum (McIsaac et al. 2010). The results of McIsaac et al. (2010)
demonstrated a significant reduction in soil moisture throughout the growing season relative to typical row
agriculture crops and a native grass. While experimental parameters for each study were different, the
consensus of the overall outcome suggests that the cultivation of M. x giganteus will likely utilize more
moisture, and thus, result in a more significant and negative impact to hydrology in certain areas relative to
conventional agricultural crops and at least one grass species native to the United States.
In summary, an examination of potential hydrological impacts resulting from M. x giganteus suggests that M.
sinensis, a closelyrelated plant species, may cause a similar effect. However, this conclusion is by inference and
is limited in several ways. Thus, the baseline risk for this question is rated as "moderate" with reduced certainty.
(I05) Hydrology – Certainty documentation
Baseline certainty is rated as "low" primarily due to the use of indirect evidence. The cited references are
primarily of limited utility for two reasons:
1. These cited references focus on M. x giganteus. While M. sinensis is closely related to M. x giganteus, the
obvious physiological differences, namely that M. x giganteus grows faster and larger, represent factors that can
substantially affect water use and water balance in any given spatial area.
2. The cited references reflect agricultural cultivation and not establishment of the plants in areas without
human assistance. This too can dramatically effect the number of plants established, which in turn, can
dramatically effect water use and water balance in any given spatial area.

Given that I was unable to find references specifically dealing with hydrology and M. sinensis, use of these
references seemed appropriate. The limitations of these cited references are reflected in reductions in
applicability of the cited references, as appropriate:
z
z
z
z

Le and Drewry 2011 (high and negligible);
McIsaac et al. 2010 (high and negligible);
Chang 2013 (high and high); and
Parajuli and Duffy (2013 (high and negligible).

(I06) Soil quality
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Negligible

(I06) Soil quality – Risk documentation
The baseline risk for this question is rated "moderate."
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A literature review by Stewart et al. (2009) and Waggy (2011) did not reveal any substantial evidence of
negative effects on soil quality by M. sinensis. Stewart et al. (2009) cited a single article detailing the slow
decomposition of M. sinensis vegetative material, suggesting that nutrient turnover would be slower in M.
sinensis grasslands; however, multiple references were also cited by Stewart et al. (2009) indicating that M.
sinensis grasslands contained higher quality soil than grasslands dominated by other plant species.
An independent literature revealed some literature suggesting that M. sinensis (or other Miscanthus species)
possesses allelopathic potential (Kitou and Yoshida 1998; Uraguchi et al. 2003; Chou 2009; Hedenec et al.
2014), with additional literature presenting this allelopathic potential as a potential mechanism underlying its
invasive success (Hedenec et al. 2014).
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The available evidence suggests that M. sinensis may negatively impact soil quality through allelopathy.
However, the cited references were not indicative of field conditions, nor did the cited references indicate that
the effects were not transient. Thus, the baseline risk is rated as "moderate" with decreased certainty.
(I06) Soil quality – Certainty documentation
Baseline certainty is rated as "moderate" primarily due to the presence of literature suggesting allelopathy as
the only substantial and detrimental impact on soil quality as a result of M. sinensis. However, these references
are not indicative of field conditions, which is particularly important in allelopathic studies since many
compounds can inhibit growth in sufficient concentrations. Additionally, some of the cited references dealt
with other members of Miscanthus and not necessarily M. sinensis. These limitations are reflected in the
applicability of the cited references, as appropriate.
The reliability and applicability of these sources are listed below:
z
z
z
z
z
z

Kitou and Yoshida (low and low);
Uraguchi et al. 2003 (low and low);
Chou 2009 (high and low);
Stewart et al. 2009 (high and high);
Waggy 2011 (high and high); and
Hedenec et al. 2014 (high and low).

(I07) Fire regime
Baseline risk

Negligible

GE risk

Very high

Baseline certainty

Low

GE certainty

Negligible

(I07) Fire regime – Risk documentation
The baseline risk for this question is rated "negligible."
There is an absence of direct information in the literature detailing how escaped M. sinensis may affect fire
regimes. However, the available information suggests that M. sinensis is at least a fireadapted species that
responds favorably to fire (Stewart et al. 2009; Waggy 2011). For example, studies from its native range of
Japan suggests that tillering, leaf emergence, and photosynthetic rates may be enhanced following burning
(Iwanami 1969; Iwanami 1971). Additionally evidence supporting the fireadaptation of M. sinensis suggests
that it may be able to regenerate from both seed and rhizomes following a fire (Goto et al. 1996) and
that fire facilitates its establishment and spread (Miller 2003).
Miller (2003) considers M. sinensis highly flammable, while NatureServe (2015) states that it may alter fire
regimes. However, both Miller (2003) and NatureServe (2015) offer no evidence or explanation for their
statements. While not focusing specifically in M. sinensis, D'Antonio and Vitousek (1992) suggests that fire
frequency and fire intensity may be affected in any natural area following an invasion by nonnative grasses,
due to potential increases in fuel availability and loading.
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In summary, there is no direct evidence that M. sinensis invasion alters fire regimes in nonmanaged areas.
However, the evidence does suggest that M. sinensis is a fireadapted plant species that that invasive grasses
may potentially affect fire regimes. As result of these observations, the baseline risk for this question is rated
as "negligible" with reduced certainty.
(I07) Fire regime – Certainty documentation
Baseline certainty is rated as "low" primarily due to the absence of direct information demonstrating a change
in fire regimes as a result of M. sinensis invasion in nonmanaged areas. However, due to indirect evidence
identifying various fire adaptations in M. sinensis and the suggesting the potential for these adaptations to
affect fire, the overall certainty from the cited references was decreased by one, from "moderate" to "low."

z
z
z
z
z
z
z
z

D

The reliability and applicability of these sources are listed below:
Iwanami 1969 (high and moderate);
Iwanami 1971 (high and moderate);
D'antonio and Vitousek 1992 (moderate and moderate);
Goto et al. 1996 (high and moderate);
Miller 2003 (moderate and moderate);
Stewart et al. 2009 (high and moderate);
Waggy 2011 (high and moderate); and
NatureServe 2015 (high and moderate).

(I08) Physical obstructions
Baseline risk

Moderate

GE risk

Very high

Baseline certainty

High

GE certainty

Negligible

(I08) Physical obstructions – Risk documentation
The baseline risk for this question is rated "moderate."
As detailed in the response to question (B04) Dense thickets and monospecific stands, M. sinensis is
capable of forming dense thickets. However, I was unable to find data to suggest that these dense thickets are
impenetrable and able to prevent physical movement through the stand.

Thus, this baseline risk is rated as "moderate," due to an absence of data suggesting that the dense thicket of M.
sinensis is impenetrable.
(I08) Physical obstructions – Certainty documentation
Baseline certainty is rated as "high" primarily due to the capacity of M. sinensis to form dense thickets and the
absence of any information suggesting that this dense thicket is impenetrable.
This certainty rating is determined by the reliability and applicability of the references used in answering of
question (B04) Dense thickets and monospecific stands (overall certainty was very high). This certainty was
then decreased by one level because I was unable to find any information suggesting that the dense
thickets of M. sinensis are impenetrable.

(I09) Other impact weediness traits
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Negligible

GE certainty

Negligible

(I09) Other impact weediness traits – Risk documentation
N/A.

ra
ft

(I09) Other impact weediness traits – Certainty documentation
N/A.

Impact risk summary

The impact risk is rated as "negligible." All individual impact risks are characterized as "negligible"
or "moderate."

D

M. sinensis does not appear to pose an impact risk to managed areas in terms agricultural yield, quality, or
health of agriculturallyimportant animals. I was unable to find any reports of its presence in conventional
agricultural environments. Despite reports of M. sinensis functioning as a weed in silvicultural systems, current
evidence does not suggest it is a weed of any special concern. The inability of M. sinensis to negatively affect
agriculture, particularly in terms of yield and quality, is likely related to its characterization as a stable, but not
particularly aggressive plant competitor, and weed control measures that are routinely practiced in agricultural
environments.
M. sinensis may present potential impact risks to nonmanaged areas. M. sinensis appears to be a stable
competitor with at least one native grass species (P. virgatum), though the evidence does not seem to suggest
that it is an aggressive plant competitor. However, given its status as a dominant grassland species across its
native range and the observation of large naturalized populations within the eastern United States, M. sinensis
is likely able to outcompete and displace some plant species, particularly over longer periods of time. M.
sinensis may pose a risk to hydrology, soil quality, and fire regimes. However, there is no direct or quantitative
evidence characterizing these risks, leading to uncertainty regarding these impact risks.

Impact certainty summary
The baseline impact certainty rating is "moderate" primarily due to the strength of evidence suggesting that it is
not a significant agricultural/silvicultural weed and the absence of direct data addressing potential impacts in
nonmanaged areas (particularly with abiotic environmental impacts).

Overall summary
Risk summary

The overall baseline risk is characterized as "moderate." This overall baseline risk is primarily related to
the "very high" biology risk and "negligible" impact risk posed by M. sinensis.
M. sinensis has a long history of horticultural cultivation and escaping horticultural cultivation within the United
States. At present, its current range is primarily restricted to the eastern United States, though it may also be
found in CA and CO. The majority of reported escapes are restricted to the eastern United States, with
naturalized populations also occurring within this region. Given the current expansive range and the broad
abiotic stress tolerances possessed by M. sinensis, there is the potential for this range to expand further.
M. sinensis is already characterized as a noxious weed in the US State of CT. Additionally, it is also considered a
weed on several US State lists and various regional floras. While considered a weed, M. sinensis does not
appear to be a major weed of managed of agricultural land (i.e., land that are routinely managed). The majority
of potential impact risks appear to be restricted to nonmanaged lands, with evidence suggesting that the
primary impact risk is the displacement of plants in nonmanaged areas. Additionally, M. sinensis may also pose
potential impact risks to abiotic environmental characteristics (e.g., hydrology, soil quality, and fire regime),
though there is an absence of direct and quantitative data regarding these potential impact risks.

Certainty summary
The overall baseline certainty rating is "high."
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There exists a substantial amount of literature surrounding many aspects of M. sinensis. Within the literature,
there appears to be a general consensus that M. sinensis is a cultivated species able to escape cultivation and
primarily affect nonmanaged areas through its displacement of other plants and naturalization in these non
managed areas. However, there also exists substantial gaps in this literature, particularly concerning seed
dormancy, abiotic stress tolerances (e.g., flooding tolerance) and its effects on propagule production, and direct
studies on impacts relevant to nonmanaged areas (e.g., fire regime and hydrology).
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