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

2015302001

(3) GE or baseline

(4) Baseline WRA number

GE
(5) CBI

2015292001
(6) Applicant

no

N/A

(7) Preparers
BRS

(8) Reviewers
BRS
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ft

(1) WRA version number

D

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

(10) Scientific name

Lowland switchgrass

Panicum virgatum L.

(11) Other common names
GE:
N/A.

BASELINE:

Old switch panic grass (ITIS, 2015).
(12) Scientific name synonyms
GE:
N/A.


BASELINE:
Panicum virgatum var. spissum Linder; Panicum virgatum var. virgatum L.; Panicum virgatum var. cubense
Griseb.; Panicum virgatum var. obtusum Alph. Wood; Chasea virgata (L.) Nieuwl.; Eatonia purpurascens Raf.;
Ichnanthus glaber Link ex Steud.; Milium virgatum (L.) Lunell.; Panicum buchingeri E. Fourn.; Panicum
buchingeri E. Fourn. ex Hemsl.; Panicum coloratum Walter; Panicum giganteum Scheele; Panicum glaberrimum
Steud.; Panicum ichnanthoides E. Fourn.; Panicum kunthii E. Fourn.; Panicum pruinosum Bernh. ex Trin.;
Panicum virgatum ssp. cubense (Griseb.) Borhidi; Milium virgatum var. elongatum (Vasey) Lunell; Panicum
virgatum var. breviramosum Nash; Panicum virgatum var. confertum Vasey; Panicum virgatum var. diffusum
Vasey; Panicum virgatum var. elongatum Vasey; Panicum virgatum var. glaucephyllum Cassidy; Panicum
virgatum var. scorteum Linder; and Panicum virgatum var. thyrsiforme Linder (ITIS, 2015).
(13) Taxonomic scope
GE:
The taxonomic scope of this WRA remains the ecotype level., i.e., lowland switchgrass (P. virgatum).

BASELINE:
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The taxonomic scope of this WRA is the ecotype level, i.e., lowland switchgrass (P. virgatum).

D

Switchgrass is generally characterized into two distinct ecotypes, lowland and highland (Parrish and Fike 2005).
The morphological and physiological evidence for these ecotypes were initially described by Porter (1966) and
further validated through the use of molecular data by Gunter et al. (1996), Hultquist et al. (1996); and
Missaoui et al. (2006). Although the lowland and upland ecotypes of switchgrass can hybridize, these two
ecotypes are genetically distinct, as lowland ecotypes are generally tetraploids (4n = 36) and upland ecotypes
are either tetraploid or octaploid (8n = 72) (Vogel 2004).
At present, cultivars derived from lowland switchgrass is the focus of conventional breeding and seed/plant
biotechnology developers (Personal Communication with S. Hegde). This focus is further demonstrated by the
presence of transformation methodologies using lowland switchgrass cultivars, e.g., P. virgatum cv. 'Alamo'
(see Somleva et al. (2002), Xi et al. (2009), and Ramamoorthy et al. (2012). Additionally, lowland ecotypes are
generally regarded as larger producers of biomass (Parrish and Fike 2005). Thus, the taxonomic scope of this
WRA is the ecotype level, i.e., lowland switchgrass.
14) Sexually compatible relatives
GE:
There is no reason to suspect that the introduced trait would alter the sexually compatible relatives of lowland
switchgrass.

BASELINE:

Upland switchgrass is sexually compatible with some lowland switchgrasspopulations (Vogel 2004).
Upland switchgrass is likely distributed throughout the United States (BONAP 2014; USDANRCS 2015). This
cited distribution, however, is for the entire switchgrass species and not just the upland ecotype; at present, I
could find no report differentiating and documenting the spatial distribution of upland switchgrass within the
United States.
The primary determinant in sexual compatibility between lowland and upland switchgrass is dependent on
ploidy level (Barnett and Carver, 1967). Controlled crosses utilizing lowland and upland tetraploid
switchgrass produced ~0  28 percent normal seeds (MartinezReyna and Vogel 2002); however, field crosses
between lowland tetraploid switchgrassand upland tetraploid switchgrass may yield a lower number of normal
seeds. Interploidy crosses between tetraploid and octaploid switchgrass produced abnormal seeds (Martinez
Reyna and Vogel 2002). Though the fitness of these individuals is not discussed, it is speculated by Vogel
(2004) that the absence of hexaploid switchgrass(i.e., offspring from interploidy crosses) in areas of sympatric
overlap between tetraploid and octaploid populations represents indirect evidence of reduced fitness in these
interploidy offspring.
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At present, there is no credible evidence of interspecific hybridization between switchgrass and any other
Panicum species (DiTomaso et al. 2013). A single reference of interspecific hybridization
between switchgrassand P. amarum is alluded to in Palmer (1975); however, the observation is speculative, as
it is based on field observation of plant morphological features without any critical followup assessment of
taxonomic validity.

GE trait (4 questions)

(15) GE phenotype category
AP

GE:

D



(16) GE phenotype

Increased drought tolerance,
Neomycin/kanamycin resistance.

BASELINE:
N/A.

(17) GE phenotype description
GE:
Intended phenotype: The subject of this WRA is a hypothetical lowland switchgrass transformed with the
construct listed in (18). Both the construct and intended phenotype of this hypothetical GE
lowland switchgrass is based on information described in Iuchi et al. (2001). In this peerreviewed paper, the
model plant species Arabidopsis thaliana displayed the phenotype described in (16) following transformation
with the construct described in (18) and subsequent selection of successful transformants.
For the purposes of this WRA, it is assumed that the intended phenotype in GE lowland switchgrass
transformed with the construct in (18) will mirror the A. thaliana phenotype described by Iuchi et al. (2001).
Thus, the intended phenotype of this GE lowland switchgrass is increased drought tolerance and

neomycin/kanamycin resistance.
Any uncertainty associated with the function of this construct in this hypothetical GE lowland switchgrass, in
addition to uncertainty related to the absence of quantitative data related to this hypothetical GE lowland
switchgrass, will be further discussed in relevant biology and impact questions of this WRA.
Mechanism of action (increased drought tolerance): The responsible gene, A. thaliana 9cis epoxycarotenoid
dioxygenase (AtNCED3), encodes a 599 amino acid protein that is involved in abscisic acid (ABA) biosynthesis
(Iuchi et al. 2001). AtNCED3 is characterized as a potential ratelimiting step in ABA biosynthesis; AtNCED3
catalyzes the formation of the first dedicated ABA intermediate (i.e., xanthoxin; see Iuchi et al. 2001). ABA is a
plant hormone that regulates droughtstress responses in plants (Finkelstein 2013).
Mechanism of action (neomycin/kanamycin resistance): The responsible gene, neomycin phosphotransferase
II (nptII), encodes an aminoglycoside 3’phosphotransferase that phosphorylates neomycin/kanamycin (Beck et
al. 1982). Phosphorylation alters the structure of neomycin/kanamycin, inactivating those two antibiotics
(Shaw et al. 1993) and permitting successful selection of transformants (Fraley et al. 1983).


BASELINE:
N/A.

D

(18) GE genotype description
GE:

ra
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Potential unintended phenotype(s): ABA is a plant hormone that plays a variety of roles in plant growth and
development (Finkelstein 2013); accordingly, overexpression of AtNCED3 in lowland switchgrass may lead to
altered ABA homeostasis and unintended phenotypes. In particular, ABA is recognized to play a role in seed
dormancy (Nonogaki et al. 2014) and other abiotic stress responses (Finkelstein 2013). The likelihood and
potential impact of these unintended phenotypes will be discussed later in the biology and impact
responses of this WRA.

Increased drought tolerance: AtNCED3 (from A. thaliana) is regulated by the constitutive 35S promoter (from
Cauliflower Mosaic Virus) and NOS terminator (from Agrobacterium tumefaciens; see Iuchi et al. 2001)
Neomycin/kanamycin resistance: nptII (from Escherichia coli) is regulated by the constitutive 35S promoter
(from Cauliflower Mosaic Virus) and NOS terminator (from A. tumefaciens).

BASELINE:
N/A.

Plant context (7 questions)
(19) Plant history

GE:
There is no reason to believe the engineered traits in this variety of GE lowland switchgrass would alter plant
history.

BASELINE:
The following is a general description of switchgrass history. Differences between lowland and
upland switchgrass will be described when applicable; otherwise, the general description below is equally
applicable to both lowland and upland switchgrass.
Switchgrass is native to the United States. Within the United States, switchgrass consists of semidomesticated
cultivars and feral populations (Chang 2015). Lowland switchgrass is more common in the lower latitudes of
the United States (Hashemi and Sadeghpour 2013). Examples of lowland semidomesticated
switchgrasscultivars include P. virgatum cv. 'Kanlow' and P. virgatum cv. 'Alamo' (Vogel 2004). Feral
populations of switchgrass may be found in remnant prairies across its former range (Parrish and Fike 2005;
Casler et al. 2011) or as an escape (Riefner and Boyd 2007) within the United States.
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Switchgrass has been utilized for pasture/forage, hay , and conservation plantings (Vogel 2004; Parrish and Fike
2005; Bouton 2007). However, the most recent and primary emphasis on switchgrass has been as a candidate
biofuel crop (Bouton 2007).

D

Several factors lead to the proposal and adoption of switchgrass (both lowland and upland ecotypes) as a
candidate biofuel crop. These factors include its perennial growth habit, high yield potential,
and environmental benefits (Mclaughlin et al. 1999; Wright 2007); its status as a native plant species that is
broadly adapted to a widerange of soil conditions (Mclaughlin and Kszos, 2005; Bouton 2007); and the general
familiarity with its cultivation in the farming community through its previous use as a forage crop, including
compatibility with existing harvesting equipment and grass production management practices (Mclaughlin and
Kszos, 2005).
The utilization of switchgrassas a candidate biofuel crop necessitates the use of established cultivars and the
development of new cultivars (Mitchell 2008). Field trials of switchgrassas a biofuel crop is proposed to overlap
with both its native range and nonnative range, extending to the Pacific Northwest and California (Barney and
DiTomaso, 2008).
(20) Plant biology and ecology
GE:
In addition to enhanced drought tolerance, the introduced trait in GE lowland switchgrass may also result in
unintended phenotypes, including altered dormancy.
Potential pleiotropic effects resulting from an increase in drought tolerance is not entirely unexpected (e.g.,
see Koziol et al. 2012); in a study by Innes et al. (1984), selection for highABA containing plants resulted in
substantial changes in drought resistance, yield, and other associated traits. The work of Innes et al.
(1984) demonstrated that ABA (and other plant hormones) can centrally function in the evolution of suites of
traits (Chapin III et al. 1993); as a mechanism of evolution, changes in plant hormones (such as ABA) may
potentially result in altered plant development and growth. This alteration of plant hormones, however, may
sometimes be less deleterious than changes in other gene products that also induce pleiotropic effects (Chapin

III et al. 1993).
The likelihood and potential impact of these unintended phenotypes associated with the introduced trait will
be discussed later in the individual biology and impact responses of this WRA. However, it is worth mentioning
that the basic biology and ecology of lowland switchgrass is unlikely to be substantially altered by the
introduced trait. For example, the introduced trait is unlikely to enhance drought tolerance to the point where
GE lowland switchgrass is able to grow in extremely arid regions of the United States, primarily because
drought tolerance as a plant attribute is a quantitative trait likely under the control of many different genes
(see Ribaut et al. 1996; Ribaut et al. 1997; Lanceras et al. 2004).

BASELINE:
The following is a general description of switchgrassbiology and ecology. Differences between lowland and
upland switchgrass will be described when applicable; otherwise, the general description below is equally
applicable to both lowland and upland switchgrass.
Biology
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Switchgrass is an erect, C4 perennial grass that consists of lowland and upland ecotypes (Bouton 2007). The
ecotypes and their respective ploidy levels have been validated by morphological/physiological
observation (Porter 1966), cytological study (Brunken and Estes 1975), and molecular data (Gunter et al. 1996;
Hultquist et al. 1996; Missaoui et al. 2006).

D

A proper morphological description of switchgrass is found in Vogel (2004). In contrast to upland switchgrass,
lowland switchgrass is generally taller with larger panicles, coarser with thicker stems and longer/wider leaves,
and more likely to grow in a bunch form as a result of shorter rhizomes (Vogel 2004; Parrish and Fike 2005).
Additionally, shoots of lowland switchgrassare more likely to originate from buds on rhizomes, in contrast to
the shoots of upland switchgrass, which generally originate from rhizomes and basal nodes of culms (Porter
1966 as cited in Parrish and Fike 2005).
While the growth and development of switchgrassis dependent on its genotype and geography of cultivation
(Vogel 2004; Parrish and Fike 2005), both lowland and upland switchgrassgenerally display a determinate
growth pattern over the course of a growing season (Mitchell et al. 1997). Both ecotypes typically produce one
flush of tillers, which all transition to reproductive growth after a period of vegetative development (Parrish
and Fike 2005). However, a single population is likely to have groups of tillers at different stages of
development (Mitchell et al., 1997).
Reproduction can either be asexual or sexual (Vogel 2004). Asexual reproduction relies on rhizomes, whereas
sexual reproduction is dependent on pollination and seed production (Moser and Vogel 1995).
Both ecotypes of switchgrass represents windpollinated, outcrossing, selfincompatible plants (Vogel 2004).
This selfincompatibility is not absolute, with selfcompatibility percentages of 0.35  1.39 percent in tetraploids
and octaploids, respectively (MartineyReyna and Vogel 2002). Additionally, interploidy incompatibility also
appears to exist in switchgrass, with interploidy crosses yielding abnormal seed that is speculated to possess
reduced fitness (MartineyReyna and Vogel 2002). It is speculated by Vogel (2004) that this interploidy
incompatibility is responsible for the absence of hexaploid plants in native prairies (i.e., where tetraploid and
octaploids plants overlap).

Ecology
In general, switchgrassgrows in a variety of soil types and tolerates soil with a range of pH values (Vogel 2004).
However, lowland ecotypes are more common in floodplains and more hydric locations, while the upland
ecotypes are more common in northern latitudes in more mesic sites (Vogel 2004; Parrish and Fike 2005).
Additionally, lowland ecotypes of switchgrassare more common in lower latitudes of the United States, while
upland ecotypes are more common at higher latitudes (Hashemi and Sadeghpour 2013). Switchgrass is a
photosensitive plant that requires short days to flower (Vogel 2004); moving lowland, southern ecotypes
farther north encourages later flowering, while the opposite is true with upland and more northerly ecotypes
(Parrish and Fike 2005). This photoperiod response appears to be associated with winter survival; lowland,
southern ecotypes moved too far north may generally not survive winters because vegetative growth persisted
too long into the fall (Vogel 2004).
There are few significant pests of switchgrass. Grasshoppers (family Acididae; see Vogel 2004; Parrish and Fike
2005) and yellow sugar cane aphids (Sipha flava; see Kindler and Dalrymple 1999) may feed upon switchgrass.
The principle diseases of switchgrass includes rusts and other diseases resulting from microbes and
viruses (Vogel 2004). In general, lowland ecotypes generally possess more rust tolerance than upland ecotypes
(Vogel 2004), likely due to evolutionary adaptation to areas with higher rainfall.
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(21) Agronomic practices
GE:
There is no reason to believe the engineered traits in this variety of GE lowland switchgrass would alter the
basic agronomic practices used to cultivated lowland switchgrass.

BASELINE :

D

The following description of switchgrass agronomic practices is taken from a variety of reference material and
is meant to reflect general practices and recommendations. Thus, the following is equally applicable to both
lowland and upland ecotypes of switchgrass.
Though lowland (and upland) switchgrass may be propagated vegetatively (Dewald et al. 1996), it is primarily
propagated from seed (Parrish and Fike 2005). This propagation of switchgrass from seed is likely due to less
expensive and simpler planting costs; Dolginow (2013) observes that propagation of switchgrass from seed is
simpler and less expensive than another grass species propagated by rhizomes.
Prior to the establishment year, site preparation can begin to create a weedfree seedbed (USDANRCS n.d.).
Planting generally occurs in the spring (USDANRCS n.d.), and planted seeds may display various levels of seed
dormancy (Shaidee et al. 1968). Generally, a positive correlation in germination is noted with seed size or soil
temperature (Aiken and Springer 1995; Vogel 2004), while planting too deeply leads to germination
failures (Masters 2004). Optimal soil temperature for germination is estimated to be between 27  30°C
(Deierberger 1991 as cited in Vogel 2004). Vogel (2004) reports that for a good establishment and crop yield
the plant density of 20 or more per square meter is required. .
Switchgrass is reported to be poor competitive with other vegetation (Ditomaso et a. 2013); thus, the control of
weeds is essential for the successful establishment (Parrish and Fike 2005). Herbicides such as 2,4D, atrazine,
imazethapyr, and metalochlor are recommended to control competing weed populations (Masters 1996; Vogel
2004; Mitchell 2008). In particular, notill or minimumtill production systems should utilize herbicide
application to control weeds (USDANRCS n.d.).

Fertilization strategies vary with location, cultivar, and harvest management; however, the timing of application
should be done as to avoid excessive weed growth (Vogel 2004). In general, switchgrass displays a positive
response to N, while displaying a more variable response to P (Mitchell 2008).
A stand of pure switchgrass is not considered established and able to reach its full productivity potential until
the year after it is planted (Parrish and Fike 2005). A literature review by Parrish and Fike (2005) suggests it
may take three years before pure switchgrass stands reach its full productive potential.
(22) Management practices
GE:
As described in the baseline response to this question, I was unable to find literature describing the
management practices of low or upland ecotypes of switchgrass when it occurs as a weed, likely because there
exists no verifiable records of it causing ecological or economic damage (Parrish and Fike 2005 as cited in
DiTomaso et al. 2013).


BASELINE:
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However, GE lowland switchgrass may occur along field edges as escapes in waterlimited regions that preclude
the escape of nonGE lowland switchgrass (primarily due to potential increases in establishment of GE lowland
switchgrass; see GE response to question B03  Ability to establish). If this were to occur, existing weed
management practices would likely be sufficient to control GE lowland switchgrass along field edges, as this
particular GE lowland switchgrass lacks any trait that would directly affect its control (e.g., an absence of GE
herbicidetolerant traits).

D

I was unable to find literature describing the management practices of switchgrass (lowland or upland
ecotypes) when it occurs as a weed.
While there exists anecdotal reports of switchgrass(the ecotypes of these plants are not mentioned) reducing
natural switchgrassstands (USDANRCS 2011), there are no known records of switchgrasscausing ecological or
economic damage (Parrish and Fike 2005 as cited in DiTomaso et al. 2013). This may explain the absence of any
literature describing the control of switchgrass as a weed.
Switchgrass (lowland or upland ecotypes) is described as a potential concern in riparian areas within CA
(DiTomaso et al. 2013); existing observation of escaped switchgrass within reinforces this concern (Reifner and
Boyd 2007). While Reifner and Boyd (2007) do not describe any negative impact resulting from the escaped
switchgrass plants, mitigation measures to prevent additional escapes are described by DiTomaso et al. (2013).
These mitigation measures include:
z
z

z
z

Utilizing sterile (or other relevant trait) switchgrass cultivars to reduce seed dispersal;
Reducing the likelihood of seed dispersal by cultivating plants away from known dispersal corridors or by
creating buffers between production areas and transportation corridors;
Regular scouting of production area edges; and
Prescriptive management of escapes.

(23) Current U.S. geographic distribution
GE:

GE lowland switchgrass is not currently available for largescale cultivation; thus, the current U.S. geographic
distribution of lowland switchgrass is anticipated to remain the same as detailed in the baseline response for
this question.
However, the droughttolerant trait in GE lowland switchgrass may slightly expand current U.S. geographic
range of lowland switchgrass to include areas that receive less precipitation. For example, there are places
(such as specific areas in CA) where lowland switchgrass does not have a natural distribution. This GE lowland
switchgrass has the potential to survive in these lowprecipitation areas of CA and such geography.

BASELINE:

Background
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The proposed current U.S. geographic distribution of lowland switchgrassincludes: a) all of Alabama, Arkansas,
Connecticut, Delaware, Florida, Georgia, Hawaii, Kansas, Kentucky, Louisiana, Maryland, Massachusetts,
Mississippi, Missouri, Nebraska, New Jersey, North Carolina, Oklahoma, Rhode Island, South Carolina,
Tennessee, Texas, Virginia, West Virginia; and b) parts of California, Colorado, Illinois, Indiana, Iowa, New
Hampshire, New Mexico, New York, Ohio, Pennsylvania, Vermont, and Wyoming.

I was unable to find data specifically detailing the current U.S. geographic distribution of lowland switchgrass.
The majority of plant geographic databases do not discriminate between lowland and upland ecotypes of
switchgrass, instead presenting an overall distribution of the species within the United States (e.g., see USDA
NRCS 2015).
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However, I can propose a current U.S. geographic range by: 1) identifying a potential native range for lowland
switchgrass; and 2) identifying where lowland switchgrassis reported as naturalized, weedy, invasive, or as an
escape (if recent) in the United States. The combination of these two geographies may constitute the proposed
U.S. geographic range of lowland switchgrass.
Tentative native range for lowland switchgrass

The USDA PLANTS database (USDANRCS 2015) identifies the U.S. distribution of switchgrass as the lower 48
States and Hawaii. Additionally, the adaptation range of lowland switchgrass is approximated to be 100° W
(Vogel 2004) and 42° N in the western United States and 45° N in the eastern United States (this includes the
adaptation range of lowland switchgrassand the transition zone of lowland and upland switchgrass; see Casler
2012). A spatial representation of this adaptation range can be found in Casler et al. (2011).
Overlaying the maps from USDANRCS (2015) and Casler et al. (2011) over another provides a tentative U.S.
native range for lowland as naturalized . This tentative native range includes: a) all of
Alabama, Arkansas, Connecticut, Delaware, Florida, Georgia, Kansas, Kentucky, Louisiana, Maryland,
Massachusetts, Mississippi, Missouri, Nebraska, New Jersey, North Carolina, Oklahoma, Rhode Island, South
Carolina, Tennessee, Texas, Virginia, West Virginia; and b) parts of
Colorado, Illinois, Indiana, Iowa, New Hampshire, New Mexico, New York, Ohio, Pennsylvania, Vermont, and
Wyoming.
Reports of switchgrass, weedy, invasive, or as an escape (if recent) in the United States

A review of Randall (2012) yielded 20 entries for switchgrass(see APHISBRS 2015). Of these 20 entries, seven
entries (i.e., 1197Q; 839N; 301N; 218W; 161W; 87W; and 85ZW) were derived from the United States or
its territories. These seven entries are discussed in further detail below:
z

z

z

z

1197Q notes that switchgrass is a quarantine weed in Hawaii. However, the reference cited does not
mention switchgrass.
839N and 301N lists switchgrass as a naturalized plant in Hawaii. However, I was unable to obtain the
cited references; thus, I could not determine the validity of this entry nor could I determine the
switchgrass ecotype the entry referred to.
218W, 161W, and 87W are general entries referring to weediness within the United States provided by
the Weed Science Society of America (WSSA), the University of Idaho, and a textbook by Holm,
respectively. However, I was unable to acquire the cited references. Thus, I could not determine the
validity of these three entries.
85ZW is a general entry describing switchgrass as a weed and as a contaminant of plant propagules
(generally seed) within the United States. The link for this entry links to the USDAARS GRIN site, but no
specific page at the site. Thus, I was unable to determine the validity of this entry. However, given that
USDAARS GRIN deals with plant germplasm, the nomenclature of this entry is likely related to the
observation of switchgrassseed as a contaminant in other plant seeds; and it is this presence of
switchgrass as a contaminant that likely lead to its characterization as a weed (i.e., ZW).
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In summary, the entries detailed within Randall (2012) present some evidence that switchgrass is naturalized in
Hawaii and that it is characterized as a weed within the United States. However, based on the reasons
stated above, I was unable to validate these entries. Furthermore, the characterization of switchgrass(lowland
or upland ecotypes) as a weed by some of references cited by Randall (2012) is contrary to published reviews in
the literature (Vogel 2004; Parrish and Fike 2005). However, for the purposes of determining a proposed
current geographic distribution, lowland switchgrass will conservatively be considered naturalized in Hawaii.

Synthesis

D

Additionally, switchgrass is listed as a recent escape in California (within Orange County, near the city of
Anaheim; see Riefner and Boyd 2007). There is no information regarding ecotype in Riefner and Boyd (2007);
however, for the purpose of determining a proposed current geographic distribution, lowland switchgrass will
conservatively be considered as a recent escape in a part of California.

By combining the states of the proposed native range of lowland switchgrassand the states where switchgrass
has been reported naturalized, weedy, invasive, or as an escape (if recent) in the United States, the proposed
current geographic range of lowland switchgrass covers: a) all of Alabama, Arkansas, Connecticut, Delaware,
Florida, Georgia, Hawaii, Kansas, Kentucky, Louisiana, Maryland, Massachusetts, Mississippi, Missouri,
Nebraska, New Jersey, North Carolina, Oklahoma, Rhode Island, South Carolina, Tennessee, Texas, Virginia,
West Virginia; and b) parts of California, Colorado, Illinois, Indiana, Iowa, New Hampshire, New Mexico, New
York, Ohio, Pennsylvania, Vermont, and Wyoming.

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 Moderate

GE:
N/A.

BASELINE:
This Plant hardiness zone can be found within Quebec Province, Canada (NPPFAST 2012). Randall (2012) cited a
reference characterizing switchgrass as an agricultural weed within Quebec Province, Canada (see 638N).
However, the cited reference does not identify where in Quebec Province, Canada, switchgrasswas observed,
nor does the cited reference distinguish between ecotypes.
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This Plant hardiness zone can be found in certain parts of the United States (e.g., a small area of WY; see
NPPFAST 2012). The USDA PLANTS database (USDANRCS 2015) suggests that switchgrass can be found in WY;
however, the USDA PLANTS database does not identify where in WY switchgrass can occur, nor does it
distinguish between switchgrass ecotypes.
Casler et al. (2011) identified the adaptive range of lowland switchgrass as covering all or parts of AL, AR, CO,
CT, DE, FL, GA, IA, IL, IN, KS, KY, LA, MA, MD, MO, MS, NC, NE, NH, NJ, NM, NY, OH, PA, RI, SC, SD, TN, TX, VA,
VT, WV, and WY within the United States (i.e., its country of origin). Plant hardiness zone 1 is not contained
within the adaptive range of lowland switchgrass (Casler et al. 2011; NPPFAST 2012).

2 (-50 to -40 F)
Presence
GE:

D

Taken collectively, the evidence suggests that lowland switchgrass does not occur within this Plant hardiness
zone. However, given the uncertain evidence from Randall (2012), this question is answered no with decreased
certainty.

no

Certainty Moderate

N/A.

BASELINE:
This Plant hardiness zone can be found within Quebec, Ontario, Saskatchewan, and Manitoba Provinces, Canada
(NPPFAST 2012). Randall (2012) cited a reference characterizing switchgrass as an agricultural weed in Canada (
Quebec, Ontario, Saskatchewan, and Manitoba Provinces; see 638N ). However, the cited reference does not
list where in these Canadian provinces switchgrasswas observed, nor does the cited reference distinguish
between ecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database (USDANRCS 2015) suggests that switchgrass can be in these areas; however, the USDA PLANTS
database does not identify where in these areas switchgrass can occur, nor does it distinguish between
switchgrass ecotypes.

Casler et al. (2011) identified the adaptive range of lowland switchgrass as covering all or parts of AL, AR, CO,
CT, DE, FL, GA, IA, IL, IN, KS, KY, LA, MA, MD, MO, MS, NC, NE, NH, NJ, NM, NY, OH, PA, RI, SC, SD, TN, TX, VA,
VT, WV, and WY within the United States (i.e., its country of origin). Plant hardiness zone 2 is not contained
within the adaptive range of lowland switchgrass (Casler et al. 2011; NPPFAST 2012).
Taken collectively, the evidence suggests that lowland switchgrass does not occur within this Plant hardiness
zone. However, given the uncertain evidence from Randall (2012), this question is answered no with decreased
certainty.
3 (-40 to -30 F)
Presence

no

Certainty Moderate

GE:
N/A.
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BASELINE:
This Plant hardiness zone can be found within Quebec, Ontario, Saskatchewan, and Manitoba Provinces, Canada
(NPPFAST 2012). Randall (2012) cited a reference characterizing switchgrass as an agricultural weed in Canada (
Quebec, Ontario, Saskatchewan, and Manitoba Provinces; see 638N ). However, the cited reference does not
list where in these Canadian provinces switchgrasswas observed, nor does the cited reference distinguish
between ecotypes.
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This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database (USDANRCS 2015) suggests that switchgrass can be in these areas; however, the USDA PLANTS
database does not identify where in these areas switchgrass can occur, nor does it distinguish between
switchgrass ecotypes.
This Plant hardiness zone can be found in Finland (NPPFAST 2012). Randall (2012) cited a reference
characterizing switchgrass as a casual alien in Finland (i.e., 42U). I was unable to obtain 42U; therefore, I was
unable to determine where in Finland switchgrass can be found, nor was I able to determine if the reference
distinguished between switchgrass ecotypes.
Additionally, this Plant hardiness zone can be found other places in Europe (NPPFAST 2012). Randall (2012)
cited references characterizing switchgrass as naturalized in Europe (819N and 638N). I was unable to obtain
819N; therefore, I was unable to determine where in Europe switchgrass can be found, nor was I able to
determine if the reference distinguished between switchgrass ecotypes. While I was able to acquire 638N, the
reference does not mention where in Europeswitchgrasswas observed, nor does it discriminate between
switchgrassecotypes.
Casler et al. (2011) identified the adaptive range of lowland switchgrass as covering all or parts of AL, AR, CO,
CT, DE, FL, GA, IA, IL, IN, KS, KY, LA, MA, MD, MO, MS, NC, NE, NH, NJ, NM, NY, OH, PA, RI, SC, SD, TN, TX, VA,
VT, WV, and WY within the United States (i.e., its country of origin). Plant hardiness zone 3 is not contained
within the adaptive range of lowland switchgrass (Casler et al. 2011; NPPFAST 2012).
Taken collectively, the evidence suggests that lowland switchgrass does not occur within this Plant hardiness
zone. However, given the uncertain evidence from Randall (2012), this question is answered no with decreased

certainty.

4 (-30 to -20 F)
Presence

yes

Certainty Moderate

GE:
N/A.

BASELINE:
This Plant hardiness zone can be found within Quebec, Ontario, Saskatchewan, and Manitoba Provinces, Canada
(NPPFAST 2012). Randall (2012) cited a reference characterizing switchgrass as an agricultural weed in Canada (
Quebec, Ontario, Saskatchewan, and Manitoba Provinces; see 638N ). However, the cited reference does not
list where in these Canadian provinces switchgrasswas observed, nor does the cited reference distinguish
between ecotypes.

ra
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This Plant hardiness zone can be found in Finland and Switzerland (NPPFAST 2012). Randall (2012) cited a
reference characterizing switchgrass as a casual alien in Finland (42U) and as an agricultural weed in
Switzerland (90AW). I was unable to obtain both cited references; therefore, I was unable to determine where
in Finland switchgrass can be found, nor was I able to determine if the reference distinguished between
switchgrass ecotypes.

D

Additionally, this Plant hardiness zone can be found other places in Europe (NPPFAST 2012). Randall (2012)
cited references characterizing switchgrass as naturalized in Europe (819N and 638N). I was unable to obtain
819N; therefore, I was unable to determine where in Europe switchgrass can be found, nor was I able to
determine if the reference distinguished between switchgrass ecotypes. While I was able to acquire 638N, the
reference does not mention where in Europeswitchgrasswas observed, nor does it discriminate between
switchgrassecotypes.
This Plant hardiness zone can be found in some parts of CO within the United States (NPPFAST 2012). The USDA
PLANTS database (USDANRCS 2015) suggests that switchgrass can be found in CO; however, it is uncertain if
the adaptive range of lowland switchgrass (Casler et al. 2011) is within Plant hardiness zone 4 , due to its close
proximity to that Plant hardiness zone and insufficient resolution of available mapping data (Casler et al. 2011;
NPPFAST 2012).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, the intersection of this Plant hardiness zone and the adaptive range of lowland switchgrass only
occurs in a small part of CO and it is uncertain whether or not there is overlap between Plant hardiness zone 4
and this adaptive range. Thus, this question is answered yes with reduced certainty.
5 (-20 to -10 F)
Presence
GE:
N/A.

yes

Certainty Very high


BASELINE:
This Plant hardiness zone can be found within Quebec, Ontario, Saskatchewan, and Manitoba Provinces, Canada
(NPPFAST 2012). Randall (2012) cited a reference characterizing switchgrass as an agricultural weed in Canada (
Quebec, Ontario, Saskatchewan, and Manitoba Provinces; see 638N ). However, the cited reference does not
list where in these Canadian provinces switchgrasswas observed, nor does the cited reference distinguish
between ecotypes.
This Plant hardiness zone can be found in Finland and Switzerland (NPPFAST 2012). Randall (2012) cited a
reference characterizing switchgrass as a casual alien in Finland (42U) and as an agricultural weed in
Switzerland (90AW). I was unable to obtain both cited references; therefore, I was unable to determine where
in Finland switchgrass can be found, nor was I able to determine if the reference distinguished between
switchgrass ecotypes.

ra
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Additionally, this Plant hardiness zone can be found other places in Europe and South Korea (NPPFAST 2012).
Randall (2012) cited references characterizing switchgrass as naturalized in Europe (819N and 638N) and
South Korea (761N). I was unable to obtain 819N and 761N; therefore, I was unable to determine where in
Europe and South Korea switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. While I was able to acquire 638N, the reference does not mention where in
Europeswitchgrasswas observed, nor does it discriminate between switchgrassecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 5 (e.g., CO, IA, IL, KS, MA, MO, NE,
NH, NM, NY, PA, SD, VT, WV, and WY; see Casler et al. 2011; NPPFAST 2012; USDANRCS 2015).

6 (-10 to 0 F)
Presence
GE:

D

Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.

yes

Certainty Very high

N/A.

BASELINE:
This Plant hardiness zone can be found in Finland, Switzerland, and Germany (NPPFAST 2012). Randall
(2012) cited a reference characterizing switchgrass as a casual alien in Finland (42U) and as an agricultural
weed in Switzerland and Germany (90AW; 30A). I was unable to obtain the cited references; therefore, I was
unable to determine where Finland, Switzerland, and Germany switchgrass can be found, nor was I able to
determine if the references distinguished between switchgrass ecotypes.
Additionally, this Plant hardiness zone can be found other places in Europe and South Korea (NPPFAST 2012).
Randall (2012) cited references characterizing switchgrass as naturalized in Europe (819N and 638N) and
South Korea (761N). I was unable to obtain 819N and 761N; therefore, I was unable to determine where in

Europe and South Korea switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. While I was able to acquire 638N, the reference does not mention where in
Europeswitchgrasswas observed, nor does it discriminate between switchgrassecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 6 (e.g., AR, CO, CT, IA, IL, IN, KS, KY,
MA, MD, MO, NC, NE, NH, NJ, NM, NY, OH, OK, PA, RI, TN, TX, VA, VT, and WV; see Casler et al. 2011; NPPFAST
2012; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
7 (0 to 10 F)
Presence

yes

Certainty Very high

GE:
N/A.

ra
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D

BASELINE:
This Plant hardiness zone can be found in Finland, Switzerland, Germany, and Argentina (NPPFAST 2012).
Randall (2012) cited a reference characterizing switchgrass as a casual alien in Finland (42U) and as an
agricultural weed in Switzerland, Germany, and Argentina (90AW; 30A; 913A). I was unable to obtain 42U,
90AW, and 30A; therefore, I was unable to determine where Switzerland and Germany switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes. And while I
was able to obtain 913A, the reference did not identify were in Argentina switchgrass was found, nor did it
distinguished between switchgrass ecotypes.
Additionally, this Plant hardiness zone can be found other places in Europe and South Korea (NPPFAST 2012).
Randall (2012) cited references characterizing switchgrass as naturalized in Europe (819N and 638N) and
South Korea (761N). I was unable to obtain 819N and 761N; therefore, I was unable to determine where in
Europe and South Korea switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. While I was able to acquire 638N, the reference does not mention where in
Europeswitchgrasswas observed, nor does it discriminate between switchgrassecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 7 (e.g., AL, AR, CO, CT, DE, GA, IL, IN,
KS, KY, MA, MD, MO, MS, NC, NJ, NM, NY, OK, PA, RI, SC, TN, TX, VA, and WV; see Casler et al. 2011; NPPFAST
2012; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
8 (10 to 20 F)
Presence
GE:

yes

Certainty Very high

N/A.

BASELINE:
This Plant hardiness zone can be found in Finland, Denmark, the British Isles, Switzerland, Germany, and
Argentina (NPPFAST 2012). Randall (2012) cited references characterizing switchgrass as a casual alien in
Finland, Denmark, and the British Isles (42U; 1220U; 819U). Randall (2012) also cited references
characterizing switchgrass as an agricultural weed in Switzerland, Germany, and Argentina (90AW; 30A; 913
A). I was unable to find the majority of these references; therefore, I was unable to determine where in these
countries switchgrass can be found, nor was I able to determine if the references distinguished between
switchgrass ecotypes. And while I was able to obtain 913A, the reference did not identify were in Argentina
switchgrass was found, nor did it distinguished between switchgrass ecotypes.
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Additionally, this Plant hardiness zone can be found other places in Europe and South Korea (NPPFAST 2012).
Randall (2012) cited references characterizing switchgrass as naturalized in Europe (819N and 638N) and
South Korea (761N). I was unable to obtain 819N and 761N; therefore, I was unable to determine where in
Europe and South Korea switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. While I was able to acquire 638N, the reference does not mention where in
Europeswitchgrasswas observed, nor does it discriminate between switchgrassecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 8 (e.g., AL, AR, DE, GA, LA, MA, MD,
MS, NC, NJ, NM, NY, OK, SC, TN, TX, and VA; see Casler et al. 2011; NPPFAST 2012; USDANRCS 2015).

9 (20 to 30 F)
Presence
GE:

D

Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.

yes

Certainty Very high

N/A.

BASELINE:
This Plant hardiness zone can be found in Denmark, the British Isles, and Argentina (NPPFAST 2012). Randall
(2012) cited references characterizing switchgrass as a casual alien in Denmark and the British Isles (1220U;
819U). Randall (2012) also cited references characterizing switchgrass as an agricultural weed in
Argentina (913A). I was unable to find the majority of these references; therefore, I was unable to determine
where in these countries switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. And while I was able to obtain 913A, the reference did not identify were in
Argentina switchgrass was found, nor did it distinguished between switchgrass ecotypes.
Additionally, this Plant hardiness zone can be found other places in Europe and South Korea (NPPFAST 2012).

Randall (2012) cited references characterizing switchgrass as naturalized in Europe (819N and 638N) and
South Korea (761N). I was unable to obtain 819N and 761N; therefore, I was unable to determine where in
Europe and South Korea switchgrass can be found, nor was I able to determine if the references distinguished
between switchgrass ecotypes. While I was able to acquire 638N, the reference does not mention where in
Europeswitchgrasswas observed, nor does it discriminate between switchgrassecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 9 (e.g., AL, FL, GA, LA, MS, NC, SC, and
TX; see Casler et al. 2011; NPPFAST 2012; USDANRCS 2015). Additionally, there are reports of
switchgrass within a County containing this Plant hardiness zone in CA (Riefner and Boyd 2007; NPPFAST 2012).
This Plant hardiness zone can be found in certain parts of Australia (NPPFAST 2012). Randall (2012) cited a
couple of references (1134Q and 1123Q) describing switchgrass as a quarantine weed in Australia. However, I
was unable to find both references; therefore, I was unable to determine where in Australia switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
Presence
GE:
N/A.


Certainty Very high

D

BASELINE:

yes

ra
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10 (30 to 40 F)

This Plant hardiness zone can be found in the British Isles and Argentina (NPPFAST 2012). Randall (2012) cited
references characterizing switchgrass as a casual alien in the British Isles (819U) and as an agricultural weed in
Argentina (913A). I was unable to find 819U; therefore, I was unable to determine where in the British Isles
switchgrass can be found, nor was I able to determine if the references distinguished between switchgrass
ecotypes. And while I was able to obtain 913A, the reference did not identify were in Argentina switchgrass
was found, nor did it distinguished between switchgrass ecotypes.
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 10 (e.g., FL, GA, LA, SC, and TX; see
Casler et al. 2011; NPPFAST 2012; USDANRCS 2015). Additionally, there are reports of switchgrass within a
County containing this Plant hardiness zone in CA (Riefner and Boyd 2007; NPPFAST 2012).
This Plant hardiness zone can be found in certain parts of Australia (NPPFAST 2012). Randall (2012) cited a
couple of references (1134Q and 1123Q) describing switchgrass as a quarantine weed in Australia. However, I
was unable to find both references; therefore, I was unable to determine where in Australia switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.

11 (40 to 50 F)
Presence

yes

Certainty High

GE:
N/A.

BASELINE:
This Plant hardiness zone can be found in certain parts of the United States (NPPFAST 2012). The USDA PLANTS
database suggests that switchgrass occurs within the United States in areas that intersect with this Plant
hardiness zone (NPPFAST 2012; USDANRCS 2015). The adaptive range of lowland switchgrass within the
United States overlaps with some of these areas and Plant hardiness zone 11 in certain portions of FL (see
Casler et al. 2011; NPPFAST 2012; USDANRCS 2015). Additionally, there are reports of switchgrass within a
County containing this Plant hardiness zone in CA (Riefner and Boyd 2007; NPPFAST 2012).

ra
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This Plant hardiness zone can be found in certain parts of Australia (NPPFAST 2012). Randall (2012) cited a
couple of references (1134Q and 1123Q) describing switchgrass as a quarantine weed in Australia. However, I
was unable to find both references; therefore, I was unable to determine where in Australia switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes.
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
12 (50 to 60 F)
GE:
N/A.

BASELINE:

yes

Certainty Moderate

D

Presence

This Plant hardiness zone can be found in certain parts of the United States (e.g., HI; see NPPFAST 2012). The
USDA PLANTS database suggests that switchgrass occurs within the United States in areas that intersect with
this Plant hardiness zone (NPPFAST 2012; USDANRCS 2015). However, the adaptive range of lowland
switchgrass within the United States does not overlap with HI and Plant hardiness zone 12 (see Casler et al.
2011; NPPFAST 2012; USDANRCS 2015). Furthermore, while Randall (2012) cites some references as evidence
for switchgrass in HI (839N; 301N), I was unable to obtain these references to determine where in HI
switchgrass can occur or the ecotype referenced.
This Plant hardiness zone can be found in certain parts of Australia (NPPFAST 2012). Randall (2012) cited a
couple of references (1134Q and 1123Q) describing switchgrass as a quarantine weed in Australia. However, I
was unable to find both references; therefore, I was unable to determine where in Australia switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes.
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, given that I was unable to verify the cited references for this Plant hardiness zone, this question is

answered yes with decreased certainty.
13 (60 to 70 F)
Presence

yes

Certainty Moderate

GE:
N/A.

BASELINE:
This Plant hardiness zone can be found in certain parts of the United States (e.g., HI; see NPPFAST 2012). The
USDA PLANTS database suggests that switchgrass occurs within the United States in areas that intersect with
this Plant hardiness zone (NPPFAST 2012; USDANRCS 2015). However, the adaptive range of lowland
switchgrass within the United States does not overlap with HI and Plant hardiness zone 13 (see Casler et al.
2011; NPPFAST 2012; USDANRCS 2015). Furthermore, while Randall (2012) cites some references as evidence
for switchgrass in HI (839N; 301N), I was unable to obtain these references to determine where in HI
switchgrass can occur or the ecotype referenced.
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This Plant hardiness zone can be found in certain parts of Australia (NPPFAST 2012). Randall (2012) cited a
couple of references (1134Q and 1123Q) describing switchgrass as a quarantine weed in Australia. However, I
was unable to find both references; therefore, I was unable to determine where in Australia switchgrass can be
found, nor was I able to determine if the references distinguished between switchgrass ecotypes.

D

Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, given that I was unable to verify the cited references for this Plant hardiness zone, this question is
answered yes with decreased certainty.

Precipitation zones (Precipitation range)
1 (0 to 10 inches)
Presence
GE:

yes

Certainty Very high

N/A.

BASELINE:
This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 1 (e.g., NM and TX; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
2 (10 to 20 inches)

Presence

yes

Certainty Very high

GE:
N/A.

BASELINE:
This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 2 (e.g., CO, KS, NE, NM, OK, SD, TX, and WY; see Casler et al. 2011; USDANRCS 2015).
Additionally, there are reports of switchgrass within a County containing this Plant hardiness zone in CA, though
these plants were found within a riparian area with a more reliable source of moisture (Riefner and Boyd 2007;
NPPFAST 2012).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.

Presence

yes

GE:
N/A.


Certainty Very high

D

BASELINE:

ra
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3 (20 to 30 inches)

This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 3 (e.g., CO, IA, KS, NE, NM, OK, SD, TX, and WY; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
4 (30 to 40 inches)
Presence yes

Certainty Very high

GE:
N/A.

BASELINE:
This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas

and Precipitation zone 4 (e.g., AR, CO, FL, IA, IL, KS, MD, MO, NC, NE, NM, NY, OH, OK, PA, SC, TN, TX, VA, and
WV; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
5 (40 to 50 inches)
Presence

yes

Certainty Very high

GE:
N/A.

BASELINE:

ra
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This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 5 (e.g., AR, CO, CT, DE, FL, GA, IL, IN, KY, LA, MA, MD, MO, NC, NH, NJ, NY, OH, OK, PA, RI,
SC, TN, TX, VA, VT, and WV; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
6 (50 to 60 inches)
Presence

yes

GE:


BASELINE:

D

N/A.

Certainty Very high

This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 6 (e.g., AL, AT, CT, FL, GA, IL, IN, KY, LA, MA, MO, MS, NC, NJ, NY, OH, OK, PA, RI, SC, TN,
TX, VA, VT, and WV; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
7 (60 to 70 inches)
Presence
GE:
N/A.


yes

Certainty Very high

BASELINE:
This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 7 (e.g., AL, AR, FL, GA, KY, LA, MS, NC, NY, SC, TN, and WV; see Casler et al. 2011; USDA
NRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.
8 (70 to 80 inches)
Presence

yes

Certainty Very high

GE:
N/A.

BASELINE:

ra
ft



This Precipitation zone can be found in certain parts of the United States. The USDA PLANTS database suggests
that switchgrass occurs within the United States in areas that intersect with this Precipitation zone (USDANRCS
2015). The adaptive range of lowland switchgrass within the United States overlaps with some of these areas
and Precipitation zone 8 (e.g., Al, FL, GA, KY, NC, and TN; see Casler et al. 2011; USDANRCS 2015).
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Precipitation zone.

Presence
GE:
N/A.

D

9 (80 to 90 inches)

yes

Certainty Moderate


BASELINE:
This Precipitation zone can be found in certain parts of the United States (e.g., HI). The USDA PLANTS database
suggests that switchgrass occurs within the United States in areas that intersect with this Precipitation zone
(USDANRCS 2015). However, the adaptive range of lowland switchgrass within the United States does
not overlap with HI and Precipitation zone 9 (see Casler et al. 2011; USDANRCS 2015). Furthermore, while
Randall (2012) cites some references as evidence for switchgrass in HI (839N; 301N), I was unable to obtain
these references to determine where in HI switchgrass can occur or the ecotype referenced.
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, given that I was unable to verify the cited references for this Plant hardiness zone, this question is
answered yes with decreased certainty.

10 (90 to 100 inches)
Presence

yes

Certainty Moderate

GE:
N/A.

BASELINE:
This Precipitation zone can be found in certain parts of the United States (e.g., HI). The USDA PLANTS database
suggests that switchgrass occurs within the United States in areas that intersect with this Precipitation zone
(USDANRCS 2015). However, the adaptive range of lowland switchgrass within the United States does
not overlap with HI and Precipitation zone 10 (see Casler et al. 2011; USDANRCS 2015). Furthermore, while
Randall (2012) cites some references as evidence for switchgrass in HI (839N; 301N), I was unable to obtain
these references to determine where in HI switchgrass can occur or the ecotype referenced.

11 (100+ inches)
GE:
N/A.

BASELINE:

yes

Certainty Moderate

D

Presence

ra
ft

Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, given that I was unable to verify the cited references for this Plant hardiness zone, this question is
answered yes with decreased certainty.

This Precipitation zone can be found in certain parts of the United States (e.g., HI). The USDA PLANTS database
suggests that switchgrass occurs within the United States in areas that intersect with this Precipitation zone
(USDANRCS 2015). However, the adaptive range of lowland switchgrass within the United States does
not overlap with HI and Precipitation zone 11 (see Casler et al. 2011; USDANRCS 2015). Furthermore, while
Randall (2012) cites some references as evidence for switchgrass in HI (839N; 301N), I was unable to obtain
these references to determine where in HI switchgrass can occur or the ecotype referenced.
Taken collectively, the evidence suggests that lowland switchgrass can occur within this Plant hardiness zone.
However, given that I was unable to verify the cited references for this Plant hardiness zone, this question is
answered yes with decreased certainty.
(25) Potential U.S. geographic distribution
GE:
The potential geographic range is similar to its current geographic range, with
GE lowland switchgrass potentially cable of being present in the entire United States and its territories where
precipitation is sufficient. This already represents an expansive geographic range, and it is unlikely that the

introduced traits in GE lowland switchgrass will substantially alter the ecology of GE lowland switchgrassso that
its potential range is expanded even more than it already is.

Baseline:
The potential US geographic distribution of lowland switchgrass was determined by overlapping plant hardiness
zones and precipitation zones (from Question 24) that were answered with a yes and high/very high certainty.
As a result, the potential US geographic distribution of lowland switchgrass spans the majority of the United
States, with the exception of northern and high elevation areas (e.g., the majority of Alaska, some
northern portions of the United States, segments of the Rocky Mountain range, etc.).

ra
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Overlapping plant hardiness zones and precipitation zones may potentially over estimate the potential US
geographic distribution of lowland switchgrass, particularly with respect to Precipitation zone 1. Precipitation
zone 1 exhibits a patchy and uneven distribution within the southwestern adaptive range of lowland
switchgrass; relative to other Precipitation zones, Precipitation zone 1 does not coincide with large swaths of
the lowland switchgrass adaptive range. A map of the potential continental US geographic distribution of
lowland switchgrass without the inclusion of Precipitation zone 1 is located as the last map image in the
attached file for this WRA question. The potential distribution of lowland switchgrass in AK and HI remains the
same without the inclusion of Precipitation zone 1.

D

However, lowland switchgrass may be able to escape and establish in areas where precipitation is generally not
sufficient. For example, riparian corridors in California may provide an alternative source of moisture in lieu of
precipitation, potentially facilitating the escape and establishment of lowland switchgrass outside
its current geographic range (DiTomaso et al. 2013).

Attach a map or maps in PDF format

Q25 projected SG range.pdf
Adobe Acrobat Document
371 KB

Weed Risk Questions (25)
Weed risk  Biology (16 questions)
(B01) Current weed and invasive status
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

Moderate

GE certainty

Moderate

(B01) Current weed and invasive status  Risk documentation
GE:
GE risk is rated as moderate; the GE risk is unchanged from the baseline risk.
GE lowland switchgrass is a hypothetical plant that has not been broadly cultivated; thus, it has not been
observed as weedy, invasive, naturalized, or escaped anywhere in the world. Thus, the GE risk rating remains

the same as the baseline risk rating.

BASELINE:
Baseline risk is rated as moderate.
At present, a USDANRCS (2011) fact sheet describes switchgrassas a potential weed, capable of spreading from
wildlife plantings and reducing the growth of other native warmseason grasses. Additionally, the USDANRCS
PLANTS database (2015) cited a single source detailing the weediness or invasiveness of switchgrass. Both USDA
NRCS references, however, does not explicitly mention a specific ecotype of switchgrass within this context;
presumably, those statement are general statement applicable to lowland and upland ecotypes of switchgrass
(USDANRCS 2011).
Randall (2012) cites some references that characterized switchgrass as an agricultural weed in Switzerland,
Germany, and Argentina. However, there was no description regarding economic damage in the references
cited by Randall (2012), nor was there any distinction between lowland and upland ecotypes.
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Riefner and Boyd (2007) reported the observation of escaped switchgrass within a riparian area in California;
however, there was no distinction between lowland and upland ecotypes.

D

Despite these reports, there are no substantiated records of switchgrass (lowland or upland ecotypes)causing
any economic or ecological damage (DiTomaso et al. 2013). Two wellknown review articles on switchgrass do
not mention weediness at all (Vogel 2004; Parrish and Fike 2005). However, the risk rating is rated as moderate
because Riefner and Boyd (2007) observed switchgrassas an escape within riparian areas in
California. Accordingly, riparian areas in California are considered an area of concern for switchgrass escapes,
given the suitable climatic conditions and access to moisture that would otherwise be precipitation limited
(DiTomaso et al. 2013).
(B01) Current weed and invasive status – Certainty documentation
GE:
GE certainty is rated as moderate; this GE certainty rating remains the same as the baseline certainty rating for
this question because GE lowland switchgrass is a hypothetical plant that has not been broadly cultivated.

BASELINE:
Baseline certainty is rated as moderate.
The references used to determine this rating represents a government factsheet, a government database, two
text books, and three pieces of peerreviewed literature. The applicability of certain cited references was
decreased as appropriate when the lowland ecotype of switchgrasswas not directly assessed or discussed. The
reliability and applicability of these sources are listed below:
z
z
z

Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Riefner and Boyd 2007 (high and moderate);

z
z
z
z

USDANRCS 2011 (moderate and moderate);
Randall 2012 (moderate and low);
DiTomaso et al. 2013 (high and high);
USDANRCS 2015 (high and moderate).

(B02) Weedy and invasive relatives
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

High

GE certainty

High

(B02) Weedy and invasive relatives – Risk documentation
GE:
GE risk is rated as moderate; the GE risk remains unchanged from the baseline risk.
At present, GE lowland switchgrass is a hypothetical plant that has not been broadly cultivated within the
United States. Thus, it cannot alter the risk rating of its weedy and invasive relatives.

BASELINE:

ra
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Baseline risk is rated as moderate.

The USDANRCS PLANTS database identifies P. capillare L. (USDANRCS 2015b), P. dichotomiflorum Michx.
(USDANRCS 2015c), and P. miliaceum L (USDANRCS 2015d). as present and weedy/invasive in the United
States. Wild P. miliaceum L. is listed as a noxious weed in CO and as a designated quarantine weed in OR (USDA
NRCS 2015d).
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(B02) Weedy and invasive relatives – Certainty documentation
GE:

GE certainty is rated as high; this is unchanged from the baseline certainty of high and is related to: a) the well
established framework surrounding the weedy relatives of lowland switchgrasswithin the United States; and b)
the hypothetical nature of GE lowland switchgrass and its absence in cultivation.

BASELINE:
Baseline certainty is rated as high.
The references used to determine this rating represents three distinct hits from a government database. The
reliability and applicability of these sources are listed below:
z
z
z

USDANRCS 2015b (high and high);
USDANRCS 2015c (high and high); and
USDANRCS 2015d (high and high).

(B03) Ability to establish

Baseline risk

Low

GE risk

Low

Baseline certainty

High

GE certainty

Moderate

(B03) Ability to establish – Risk documentation
GE:
GE risk is rated as low; the GE risk remains unchanged from the baseline risk.
The majority of information surrounding switchgrass (lowland and/or upland ecotypes) suggests that it does not
establish readily in agricultural (Vogel 2004; Parrish and Fike 2005; Mitchell 2008) or natural conditions
(DiTomaso et al. 2013) unless specific conditions are present (see baseline response to this question). While
these specific conditions are often associated with an absence/reduction in plant competition within a
cultivated field of switchgrass(Vogel 2004; Parrish and Fike 2005; Mitchell 2008), sufficient moisture is also
implicated in the establishment success of lowland switchgrassin lesscontrolled conditions (Barney et al. 2009;
Barney and DiTomaso 2010; Barney et al. 2012; DiTomaso et al. 2013).

ra
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However, DiTomaso et al. (2013) also demonstrated that lowland switchgrassremains a poor competitor in
habitats that are not moisture limited (i.e., riparian habitats) during its establishment. Observations from Vogel
(2004), Parrish and Rike (2005), and Mitchell (2008) regarding the difficulty in establishing switchgrass under
managed conditions provides support to this observation.
Additionally, given the role of ABA in plant growth and development (Finkelstein 2013), GE lowland switchgrass
may exhibit altered growth and development during nonstressed growth conditions. In the literature,
transgenic plants overexpressing similar genes exhibited both negative( Thompson et al. 2000; Tung et al. 2008 )
or neutral impacts on plant growth and development ( Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008;
EstradaMelo et al. 2015 ) during nonstressed growth conditions.

D

Taken in total, the evidence provided suggests that GE lowland switchgrass may more readily establish in areas
with limited moisture. However, given that the rating scale for this question focuses on the presence of
vegetation and the ability of the taxon of interest to establish and compete with vegetation of varying densities,
existing observations regarding the competitive ability of lowland switchgrass under managed and less
managed conditions, and the absence of quantitative data on GE lowland switchgrass, this risk rating remains
low with decreased certainty.


BASELINE:
Baseline risk is rated as low.
Switchgrassis not regarded as a plant that is highly competitive with other vegetation (DiTomaso et al. 2013). A
primary reason for the failure of switchgrass(both low and upland ecotypes) during its establishment year
is weed competition (Vogel 2004; Parrish and Fike 2005; Mitchell 2008). switchgrassseedlings are reported to
not develop rapidly until conditions are warm (Vogel 2004), which may put it in a competitive disadvantage
compared to other types of vegetation.
Additionally, reduced access to light (Lin et al. 1998) and moisture (Barney et al. 2009; Barney et al.
2012) negatively affected switchgrassgrowth and development. This suggests lowland
switchgrass requires some specific environmental criteria to successfully establish (DiTomaso et al. 2013). For

example, Barney and DiTomaso (2010) noted that "switchgrass is unlikely to establish unless it has access to
water throughout the year (e.g., along a stream)." Additionally, the relative intolerance of shade observed by
Lin et al. (1998) may require an open area for the initial growth of lowland switchgrass to successfully establish.
The susceptibility of switchgrass to weed competition in its establishment year under cultivated conditions,
coupled with requirements for successful growth and development, strongly suggests that lowland switchgrass
is unlikely to establish in presence of competition from other vegetation in areas.
(B03) Ability to establish – Certainty documentation
GE:
GE certainty is rated as moderate; this is decreased from the baseline certainty of high and is related to the well
established framework surrounding both ecotypes of switchgrass, the wellknown role of ABA in plant
growth/development, and the absence of quantitative data regarding GE lowland switchgrass.

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

Thompson et al. 2000 (high and low);
Vogel 2004 (high and moderate);
Parrish and Fike (high and moderate);
Mitchell 2008 (high and moderate);
Iuchi et al. 2011 (high and low);
Qin et al. 2002 (high and low);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Barney et al. 2009 (high and high);
Barney and DiTomaso 2010 (high and high);
Barney et al. 2012 (high and high);
DiTomaso et al. 2013 (high and high);
Finkelstein 2013 (high and high); and
EstradaMelo et al. 2015 (high and low).

D

z

ra
ft

The references used to determine this rating represents one textbook and thirteen sources from the peer
reviewed literature. The applicability of certain cited references was decreased as appropriate when the
lowland ecotype of switchgrasswas not directly assessed or discussed. Additionally, the GE certainty rating is
decreased by one overall due to the absence of any quantitative data regarding GE lowland switchgrass. The
reliability and applicability of the source cited in the GE risk rating are listed below:


BASELINE:
Baseline certainty is rated as high.
The references used to determine this rating represents one textbook and six peerreviewed journal articles.
The applicability of certain cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The reliability and applicability of these sources are listed
below:
z
z
z

Lin 1998 (high and moderate);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);

z
z
z
z

Barney et al. 2009 (high and very high);
Barney and DiTomaso 2010 (high and high);
Barney et al. 2012 (high and very high);
DiTomaso et al. 2013 (high and very high).

(B04) Dense thickets or monospecific stands
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Moderate

GE certainty

Low

(B04) Dense thickets or monospecific stands – Risk documentation
GE:
GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
As described in the response to this baseline question, lowland switchgrass, if given a sufficient amount of time and the proper
conditions, may eventually form a dense thicket. While the introduced trait in GE lowland switchgrass may increase the likelihood of
its establishment in moisturelimited areas, the trait's potential impact on the competitive ability of GE lowland switchgrass(see
responses to questions B01 and B03), and thus, its capacity to overtake other vegetation and form a dense thicket or monospecific
stand is unknown and uncertain.
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Furthermore, given the role of ABA in plant growth and development (Finkelstein 2013), GE lowland switchgrass
may exhibit altered growth and development during nonstressed growth conditions. In the literature,
transgenic plants overexpressing similar genes exhibited both negative( Thompson et al. 2000; Tung et al. 2008 )
or neutral impacts on plant growth and development ( Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008;
EstradaMelo et al. 2015 ) during nonstressed growth conditions.


BASELINE:

D

Taken in total, the evidence does not suggest that GE lowland switchgrass is likely to possess an increased capacity to form dense
thickets or monospecific stands. However, given that lowland switchgrass is capable of forming a dense thicket or monospecific stand
in the presence of a sufficient amount of time and the proper conditions, this GE risk rating remains unchanged from the baseline, but
with decreased certainty.

Baseline risk is rated as very high.

As previously discussed, lowland switchgrass is characterized as a plant species that is not highly competitive
(DiTomaso et al. 2013). Additionally, all ecotypes of switchgrassrequires the intentional management of weed
competition to successfully establish when cultivated (Vogel 2004; Parrish and Fike 2005; Mitchell 2008).
Thus, qualitative and quantitative evidence suggest that lowland switchgrass is unlikely to grow in a dense
thicket or monospecific stand without intentional human assistance.
However, switchgrassis described as a predominant component (along with two other grass species) of tall grass
prairies within the United States (Bouton 2007). While large tracts of tall grass prairies do not exist like it once
did in the United States (Steinauer and Collins 1996), the observation of switchgrass as a predominant
component of this ecosystem provides evidence that it is able to establish a dense thicket without human
intervention following successful establishment.
Taken collectively, the majority of evidence suggests that switchgrass is capable of growing in a dense thicket or
monospecific stand without human intervention. However, this capacity to grow in a dense thicket or
monospecific stand is dependent on successful establishment. Thus, the baseline risk is rated as very high with
decreased certainty.

(B04) Dense thickets or monospecific stands – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty of moderate and is related to
the certainty established for the baseline rating and the absence of quantitative data regarding GE lowland
switchgrass.
The references used to determine this rating represents seven sources from the peerreviewed literature and
the certainty rating (i.e., moderate) from the baseline risk rating for this question. Additionally, the GE certainty
rating is decreased by one overall due to the absence of any quantitative data regarding GE lowland
switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Iuchi et al. 2011 (high and low);
Qin et al. 2002 (high and low);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Finkelstein 2013 (high and high); and
EstradaMelo et al. 2015 (high and low).

ra
ft


BASELINE:

Baseline certainty is rated as moderate.

z
z
z
z
z
z

D

The references used to determine this rating represents two textbooks and four peerreviewed journal articles.
The applicability of certain cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Additionally, the overall certainty of this question was
lowered by one level, due to the importance of establishment in switchgrass forming a dense thicket or
monospecific stand in the absence of human intervention. The reliability and applicability of these sources are
listed below:
Steinauer and Collins 1996 (high and negligible);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Bouton 2007 (high and high);
Mitchell 2008 (high and high); and
DiTomaso et al. 2013 (high and very high).

(B05) Shade tolerance
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Low

GE certainty

Low

(B05) Shade tolerance – Risk documentation
GE:
GE risk is rated as negligible; the GE risk remains unchanged from the baseline risk.
As described in the baseline response to this question, switchgrass experienced substantial growth
reductions when subject to shade conditions (Lin et al. 1998), and thus, is generally not considered shade

tolerant (USDANRCS 2009).
Shade avoidance through stem elongation represents a primary strategy in any plant that usually grows in open
areas (i.e., grasslands and not a forest understory; see Gommers et al. 2013). The mechanism of stem
elongation in plants is partially mediated by the antagonism between ABA and gibberellins (Weiss and Ori 2007;
Achard and Genschik 2009). Thus, any alteration in ABA homeostasis may negatively impact the mechanisms of
stem elongation, and shade avoidance in GE lowland switchgrass. However, in the absence of specific data
regarding the functional characterization and field characterization of GE lowland switchgrass, the direct and
indirect effects of altered ABA homeostasis on any inherent shade avoidance strategy is unknown and
uncertain.
Given the available (and unavailable) evidence and the already "negligible" baseline risk rating for this question,
the GE risk rating remains "negligible" with decreased certainty.

BASELINE:
Baseline risk is rated as negligible.

ra
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Vogel (2004) reports that switchgrass can grow in partial shading from other vegetation. However, Lin et al.
(1998) observed that switchgrass growth (i.e., biomass accumulation) substantially decreased in shade, with an
approximate 27.5 and 66.7 percent reduction in growth when subject to 50 and 80 percent shade,
respectively. The quantitative data from Lin et al. (1998) supports the assertion by USDANRCS (2009) that
switchgrasspossesses a relatively low tolerance for shade.
While Lin et al. (1998) did not measure propagule production, it is unlikely that a small to moderate impact in
propagule production in switchgrass would result from the sometimes substantial negative impact to growth
resulting form shading.
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(B05) Shade tolerance – Certainty documentation
GE:

GE certainty is rated as low; this is unchanged from the baseline certainty and is related to a wellknown
framework regarding all ecotypes of switchgrass and the absence of quantitative data regarding GE lowland
switchgrass.
The references used to determine this rating represents one government source and four sources from the peer
reviewed literature. The applicability of certain cited references was decreased as appropriate when the
lowland ecotype of switchgrasswas not directly assessed or discussed. Additionally, the GE certainty rating is
decreased by one overall due to the absence of any quantitative data regarding GE lowland switchgrass. The
reliability and applicability of the source cited in the GE risk rating are listed below:
z
z
z
z
z



Lin et al. 1998 (high and high);
Weiss and Ori 2007 (high and low);
Achard and Genschik 2009 (high and low);
USDANRCS 2009 (high and moderate); and
Gommers et al. 2013 (high and moderate).

BASELINE:
Baseline certainty is rated as low.
The references used to determine this rating represents one textbook, one government report, and one peer
reviewed journal article. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrass was not directly assessed or discussed. Additionally, the certainty was
decreased by one level due to the absence of quantitative data that directly measures the potential impact of
shade on propagule production. The reliability and applicability of these sources are listed below:
z
z
z

Lin 1998 (high and high);
Vogel 2004 (moderate and moderate);
USDANRCS 2009 (high and moderate).

(B06) Life form and growth habit
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Very high

GE certainty

Very high

(B06) Life form and growth habit – Risk documentation
GE:

ra
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GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.

There is no reason to suspect that the introduced trait in GE lowland switchgrass would impact its life form and
growth habit.

BASELINE:

D

Baseline risk is rated as very high.

Like all switchgrass, lowland switchgrass is a C4 member of the Poaceae (ITIS 2015; USDANRCS 2015) that
possesses the anatomical and physiological characteristic of C4 grasses (Vogel 2004).
(B06) Life form and growth habit – Certainty documentation
GE:
GE certainty is rated as very high; this remains unchanged from the baseline certainty because a GE trait is very
unlikely to change the life form and growth habit of a plant.

BASELINE:
Baseline certainty is rated as very high.
The references used to determine this rating represents two internet databases and a textbook. The reliability
and applicability of these sources are listed below:
z
z
z

Vogel 2004 (very high and very high);
ITIS 2015 (very high and very high); and
USDANRCS 2015 (very high and very high).

(B07) Time to reproductive maturity
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Low

(B07) Time to reproductive maturity – Risk documentation
GE:
GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
In general, switchgrass may produce a single seed crop per year (Brejda et al. 1994; Wu n.d.) and multiple
generations per year as a result of rhizome growth.

ra
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ABA is implicated in the transition from vegetative to reproductive growth (through alterations in flowering
time; see Conti et al. 2014). However, the specific role of ABA in flowering is uncertain (Wilmowicz et al. 2008),
with observations of ABA playing a role in the promotion (Kurup et al. 2000) or inhibition of flowering in plants
(Finkelstein 2006; Domagalska et al. 2010). Additionally, day length (Wilmowicz et al. 2008) or abiotic stresses
(Domagalska et al. 2010) may interact with ABA in determining its effects on flowering time. Regardless of the
specific activity of ABA in lowland switchgrass, an examination of the evidence suggests that an alteration of
ABA homeostasis in GE lowland switchgrassmay alter the timing of floral transition, and thus, its time to
reproductive maturity. However, the magnitude of this alteration on GE lowland switchgrass floral transition, if
it occurs, is also uncertain.
Furthermore, the alteration of ABA homeostasis in some GE plants caused pleiotropic effects that are
detrimental to generation time (Thompson et al. 2000b; Tung et al. 2008). This negative alteration on plant
growth and development, however, is not guaranteed (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008;
EstradaMelo et al. 2015). In the absence of specific data regarding the functional and field characterization of
GE lowland switchgrass, the direct and indirect effects of AtNCED3 on GE lowland switchgrassgeneration time is
uncertain.



D

No data is available (i.e., I did not find any data following a literature search) on the potential impact of the GE
trait or ABA on the rate of rhizome production inswitchgrass. Because no data was found, and it is primarily the
formation of rhizomes that permits switchgrassto have more than one generation a year, the GE risk rating for
this question remains very high with decreased certainty.

BASELINE:
Baseline risk is rated as very high.
Vogel (2004) observed that cultivated switchgrass can produce seed during the establishment year if optimal
conditions are present. Thus, switchgrassis unlikely to produce seed in the first year after germination without
intentional human assistance, where optimal conditions are unlikely. However, in subsequent years when
switchgrass is established, it may produce a single seed crop per year (Brejda et al. 1994; Wu n.d.).
It is well known that switchgrass is capable of asexual reproduction following continual rhizome production
during the growing season (Vogel 2004; Parrish and Fike 2005). Thus, multiple generations may be produced in
a single year as a result of budding and tillering from rhizomes.
(B07) Time to reproductive maturity – Certainty documentation

GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in plant development and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one textbook and ten sources from the peerreviewed
literature. The GE certainty rating is decreased by one overall due to the absence of any quantitative data
regarding GE lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are
listed below:

z
z
z
z
z
z
z
z
z
z

Kurup et al. 2000 (high and low);
Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Qin et al. 2002 (high and low);
Finkelstein 2006 (high and moderate);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Wilmowicz et al. 2008 (high and low);
Domagalska et al. 2010 (high and low);
Conti et al. 2014 (high and moderate); and
EstradaMelo et al. 2015 (high and low).

ra
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z


BASELINE:

Baseline certainty is rated as high.

z
z
z
z
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The references used to determine this rating represents a textbook, a university extension webpage, and two
peerreviewed journal articles. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrasswas not directly assessed or discussed. The reliability and applicability of these
sources are listed below:
Brejda et al. 1994 (very high and moderate);
Vogel 2004 (high and high);
Parrish and Fike (high and high); and
Wu n.d. (moderate and high).

(B08) Propagule dispersal
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Low

(B08) Reproductive potential – Risk documentation
GE:

GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
As discussed in the baseline risk rating, natural (i.e., unmanaged stands) of switchgrass are capable of producing
more than 1000 seeds per plant (Uchytil 1993).
A severe pleotropic phenotype (beyond wateruse efficiency increase) from the transgenes in GE lowland

switchgrassmay result in plants that are unable to generate seed (Thompson et al. 2000; Tung et al. 2008).
However, this unintended effect on plant growth, development, and seed production is not guaranteed (Iuchi et
al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015).
Furthermore, I was unable to find any data regarding the relationship between ABA and reproductive potential
following a literature search (via Google scholar) using search terms like "ABA + seed production" or "ABA +
seed yield."
However, given the wellknown magnitude of seed production in lowland switchgrass, it is unlikely (though
extremely uncertain) that any GE trait would decrease its reproductive potential such that it produced fewer
than 1000 seeds per plant per year unless a severe pleiotropic phenotype were to occur. Thus, the GE risk
remains very high with decreased certainty.

BASELINE:

Baseline risk is rated as very high risk.
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Seed yield from natural stands of switchgrassis estimated to be 112 kg/ha (Uchytil 1993). Assuming that
switchgrassseed totals approximately 860,000  940,200/kg (Moser and Vogel 1995; USDANRCS n.d.), then the
figure reported by Uchytil (1993) converts to 9,632 10,530 seeds/m2/year.
Furthermore, Moser and Vogel (1995) estimated the seed yield of cultivated switchgrass to
be approximately 220  > 1000 kg/ha. This range is representative of switchgrass seed yield reported elsewhere
in the literature (Brejda et al. 1994; Barney et al. 2009).
Using the switchgrassseed weights reported directly above and the lowest value reported by Moser and Vogel
(1995), the seed yield of cultivated switchgrassconverts to approximately 18,192  20,684 seeds/m2/year.

D

The seed yield presented by Uchytil (1993) is less than the smallest value presented by Moser and Vogel (1995).
This is reasonable and expected, as the value reported by Uchytil (1993) represents production in an
unmanaged environment. Even in in unmanaged environment, switchgrassseed yield exceeded 1,000
seeds/m2/year. Thus, the baseline risk is rated as very high.
(B08) Reproductive potential – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in plant development and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one government source and six sources from the peer
reviewed literature. The GE certainty rating is decreased by one overall due to the absence of any quantitative
data regarding GE lowland switchgrass. The reliability and applicability of the source cited in the GE risk
rating are listed below:
z
z
z
z

Uchytil 1993 (high and high);
Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Qin et al. 2002 (high and low);

z
z
z

Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low); and
EstradaMelo et al. 2015 (high and low).


BASELINE:
Baseline certainty is rated as high.
The references used to determine this rating represents a textbook, two government reports, and two peer
reviewed journal articles. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrass was not directly assessed or discussed. The reliability and applicability of these
sources are listed below:
z
z
z
z
z

Uchytil 1993 (high and high);
Brejda et al. 1994 (very high and high);
Moser and Vogel 1995 (high and high);
Barney et al. 2009 (high and high); and
USDANRCS n.d. (low and high).

Baseline risk
Baseline certainty
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(B09) Propagule dispersal

High

GE risk

High

Moderate

GE certainty

Low

(B09) Propagule dispersal – Risk documentation
GE:

GE risk is rated as high; the GE risk remains unchanged from the baseline risk.

D

As described in the response to this baseline question, seeds from both ecotypes of switchgrass may be directly
dispersed by gravity/wind, ingestion by birds and other animals, and unintentionally by agricultural machinery.
The dispersal distance of lowland or upland switchgrass seeds is undocumented and uncertain.
Seed shattering generally leads to gravity/windmediated dispersal in all ecotypes of switchgrass (Moser and
Vogel 1995; Barney et al. 2009). Shattering is often caused by abscission (Elgersma et al. 1988) and an
important regulator of abscission/seed shattering is the gene SH4 (Subudhi et al. 2014). Yan et al. (2015)
examined the promoter of SH4 in O. sativa (rice) and observed the presence of several ABArelated cisacting
elements in its native promoter. The observations of Yan et al. (2015) suggests a potential role of ABA in
abscission and seed shattering; thus, any alteration in ABA homeostasis may affect seed shattering and dispersal
in GE lowland switchgrass.
Additionally, in several wellregarded studies, plant height and seed weight (as a result of seed
development) are implicated in the longdistance dispersal of seeds (Nathan et al. 2002; Nathan 2006; Thomson
et al. 2011). ABA has been implicated in both plant height and seed weight(Finkelstein 2013).
In addition to increased drought tolerance, the alteration of ABA homeostasis/signaling may negatively impact
plant growth and development (Levi et al. 1993; Wang et al. 1998; Sharp et al. 2000). Given the positive
correlation between plant height and propagule dispersal (Nathan et al. 2002; Nathan 2006; Thomson et al.
2011), and the general antagonism between gibberellins and ABA (Weiss and Ori 2007; Achard and Genschik
2009), this GE lowland switchgrass may be shorter and thus possess a decrease capacity to disperse

seed. However, this is speculative; in the absence of specific data regarding the functional and field
characterization of GE lowland switchgrass, the direct and indirect effects of AtNCED3 on GE lowland
switchgrassgeneration time is uncertain.
ABA has been observed to modulate the accumulation of storage reserves in developing plant seeds (Marion
Poll 1997; Finkelstein 2002). An alteration in ABA homeostasis may impact seed storage reserves, and thus
overall weight and its effects on propagule dispersal distance in GE lowland switchgrass. However, this is
speculative; in the absence of specific data regarding the functional and field characterization of GE lowland
switchgrassm, the direct and indirect effects of AtNCED3 on GE lowland switchgrassgeneration time is
uncertain.
This GE risk rating remains high (with decreased certainty) due to the speculative nature of potential impacts on
seed dispersal resulting from the introduced trait in GE lowland switchgrass.

BASELINE:
Baseline risk is rated as high.
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Lowland and upland switchgrass produce seed and rhizomes; however, switchgrasspropagates itself widely only
through seed (Parrish and Fike 2005). Thus, the rest of this response will focus on seed dispersal, as that is the
most likely means of longdistance seed dispersal.
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Switchgrassseeds shatter (Moser and Vogel 1995; Barney et al. 2009). Accordingly, gravity and wind represents
a likely dispersal pathway for switchgrass seed. Additionally, switchgrassseed is described as heavy (Cornelius
1950); this observation suggests that any gravity/windmediated dispersal is likely to be less than 1 km.
However, I was unable to find any data in the literature quantitatively documenting the distance of switchgrass
windmediated seed dispersal.
Switchgrass has been observed within riparian areas in CA (Reifner and Boyd 2007). Though not explicitly
addressed by Reifner and Boyd (2007), the observation of switchgrass in riparian areas suggests that switchgrass
seeds may also be dispersed by water.
Switchgrass seed does not possess awns (Vogel 2004), which suggests that it does not easily adhere to animal
fur. However, small mammals and birds (i.e., animals) are reported to consume switchgrassseed (USDANRCS
2015), though birds may not prefer consuming switchgrassseed (Saunders and Parrish 1987; Runia and Hubbard
2007). Given that switchgrass seed is reported to survive ingestion by ruminants and germinate in the field
(Ocumpaugh et al. 1996), consumption by animals represents a potential dispersal pathway. However, I was
unable to find any data in the literature quantitatively documenting the distance of switchgrass animal
mediated seed dispersal. Birds, however, likely represent the most likely pathway leading to longdistance
dispersal of switchgrassseed.
Switchgrassseed is usually harvested by direct combining (Vogel 2004; USDANRCS n.d.). While I was unable to
find any direct evidence documenting the unintended dispersal of switchgrassseed by agricultural machinery,
this is a common dispersal mechanism for both weed and volunteer seeds in agriculture (Michael et al. 2010).
Thus, the unintentional dispersal of switchgrassseed through agricultural machinery also represents a potential
dispersal pathway.
(B09) Propagule dispersal – Certainty documentation

GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in plant development and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one textbook fifteen sources from the peerreviewed
literature. The GE certainty rating is decreased by one overall due to the absence of any quantitative data
regarding GE lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are
listed below:

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


BASELINE:
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z

Elgersma et al. 1988 (high and moderate);
Levi et al. 1993 (high and low);
Moser and Vogel 1995 (high and high);
MarionPoll 1997 (high and low);
Wang et al. 1998 (high and low);
Sharp et al. 2000 (high and low);
Finkelstein 2002 (high and moderate);
Nathan et al. 2002 (high and low);
Nathan 2006 (high and low);
Weis and Ori 2007 (high and moderate);
Achard and Genschik 2009 (high and moderate);
Barney et al. 2009 (high and high);
Thomson et al. 2011 (high and low);
Finkelstein 2013 (high and moderate);
Subudhi et al. 2014 (high and moderate); and
Yan et al. 2015 (high and moderate).

D

z

Baseline certainty is rated as moderate.

The references used to determine this rating represents three textbooks, two government reports, and six peer
reviewed journal articles. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrass was not directly assessed or discussed. The reliability and applicability of these
sources are listed below:
z
z
z
z
z
z
z
z
z
z
z
z

Cornelius 1950 (high and moderate);
Saunders and Parrish 1987 (high and high);
Moser and Vogel 1995 (high and high);
Ocumpaugh et al. 1996 (high and moderate);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Reifner and Boyd 2007 (moderate and moderate);
Runia and Hubbard 2007 (high and high);
Barney et al. 2009 (moderate and high);
Michael 2010 (moderate and low);
USDANRCS 2015 (high and high); and
USDANRCS n.d. (moderate and high).

(B10) Dormancy
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Moderate

(B10) Dormancy – Risk documentation
GE:
GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
As described in the baseline response to this question, switchgrass is characterized as possessing seed
dormancy (Vogel 2004; Parrish and Fike 2005) though lowdormancy cultivars have been developed (Burson et
al. 2009; Duclos et al. 2013).
Seed dormancy is controlled by many abiotic and biotic factors. Maintaining elevated levels of ABA within the
seed is generally regarded as a critical physiological mechanism in the persistence of dormancy, while the
release of dormancy is at least partially associated with a decrease in endogenous ABA levels (Finkelstein 2013).

ra
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Kornneef et al. (1989) reported that embryoderived ABA was responsible for the maintenance of seed
dormancy. Lowland switchgrass seeds subjected to ABA treatments displayed a reduction in germination
(Sarath et al. 2007) and a potential increase in dormancy. Thus, increased levels of ABA in GE lowland
switchgrass may increase seed dormancy, though the magnitude of this increase is uncertain in the absence of
functional and field characterization of GE lowland switchgrass.


BASELINE:

D

Given the nature to merit a " very high" risk rating for this question (i.e., > 1 percent of propagules remain
dormant and viable for > 1 year without human intervention) and the inference that the introduced trait
may increase GE lowland switchgrass seed dormancy if its expression is elevated in the seed, the GE risk rating
for this question remains very high, as that is the highest risk rating available.

Baseline risk is rated as very high.

Switchgrassseeds are characterized as possessing seed dormancy (Teel et al. 2003; Vogel 2004; Parrish and Fike
2005), though lowdormancy cultivars have been selected for (Burson et al. 2009; Duclos et al. 2013).
Switchgrassgermination assays described in Duclos et al. (2013) demonstrated germination rates of less than 5
percent for nontreated seeds; of the nontreated seeds tested in the germination assay, the majority remained
dormant and viable. In a germination assay described by Sarath and Mitchell (2008), a lowland
switchgrasscultivar (e.g., 'Kanlow') exhibited approximately 37  59 percent germination between 2 and 6 days,
respectively. The germination rates observed by Duclos et al. (2013) and Sarath and Mitchell (2008) are similar
to results in previous germination assays by Jensen and Boe (1991) and Hayes et al. (1997).
Furthermore, in field germination studies by Shaidaee et al. (1969), switchgrassdisplayed seedling emergence
rates of approximately 7  35 percent.
(B10) Dormancy – Certainty documentation

GE:
GE certainty is rated as moderate; this is decreased from the baseline certainty and is related to existing
knowledge of ABA and its role in plant development and the absence of quantitative data regarding GE lowland
switchgrass.
The references used to determine this rating represents one textbook and six sources from the peerreviewed
literature. The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrass was not directly assessed or discussed. The GE certainty rating is decreased by one overall due to
the absence of any quantitative data regarding GE lowland switchgrass. The reliability and applicability of the
source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z

Korneef et al. 1989 (high and low);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Sarath et al. 2007 (high and high);
Burson et al. 2009 (high and moderate);
Duclos et al. 2013 (high and moderate); and
Finkelstein 2013 (high and moderate).

ra
ft


BASELINE:

Baseline certainty is rated as high.

z
z
z
z
z
z
z
z
z

D

The references used to determine this rating represents one textbooks, one university extension webpage, and
seven peerreviewed journal articles. The applicability of the cited references was decreased as appropriate
when the lowland ecotype of switchgrasswas not directly assessed or discussed. The reliability and applicability
of these sources are listed below:
Shaidaee et al. 1969 (high and high);
Jensen and Boe 1991 (high and high);
Hayes et al. 1997 (high and high);
Teel et al. 2003 (moderate and moderate);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Sarath and Mitchell 2008 (high and very high);
Burson et al. 2009 (high and low);
Duclos et al. 2013 (high and high).

(B11) Regeneration
Baseline risk

Very high

GE risk

Very high

Baseline certainty

High

GE certainty

Low

(B11) Regeneration – Risk documentation
GE:
GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
It is well known that both ecotypes of switchgrass may regenerate following removal of its aerial tissues through

grazing (Vogel 2004; Parrish and Fike 2005) or mowing/burning (Rice et al. 1978). It is unlikely that the GE trait
would completely eliminate the capacity of GE lowland switchgrassto regenerate from rhizomes without human
intervention, given that rhizome production is a complex trait involving many genetic changes (Jang et al. 2006).
I was unable to find much information regarding the relationship between ABA and switchgrass regeneration.
However, gibberellins have been observed to inhibit sprouting in Dioscorea rhizomes (Okagami and Tanno 1993;
Okagami et al. 1997). Given the wellknown antagonistic relationship between ABA and gibberellins (Weiss and
Ori 2007; Achard and Genschik 2009), it is possible that overaccumulation of ABA in GE
lowland switchgrass may stimulate rhizome sprouting, thus decreasing the capacity of GE S. halepense to
regenerate. However, the likelihood of this possibility is uncertain, given the absence of data related to the
functional and field characterization of GE lowland switchgrass.


BASELINE:

ra
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Additionally, the alteration of ABA homeostasis in some GE plants caused pleiotropic effects that are
detrimental to generation time (Thompson et al. 2000b; Tung et al. 2008). This negative alteration on plant
growth and development, however, is not guaranteed (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008;
EstradaMelo et al. 2015). In the absence of specific data regarding the functional and field characterization of
GE lowland switchgrass, the direct and indirect effects of AtNCED3 on GE lowland switchgrassgeneration time is
uncertain.

Baseline risk is rated as very high.

D

The initial work with switchgrasscentered on its use as a forage crop (Vogel 2004; Parrish and Fike 2005). It is
well documented that switchgrass can withstand grazing of its aerial tissues and regenerate (Vogel 2004; Parrish
and Fike 2005). Furthermore, switchgrass growth may stimulated by removal of its aerial tissues, either though
mowing or burning (Rice et al. 1978).
(B11) Regeneration – Certainty documentation
GE:

GE certainty is rated as low; this is decreased from the baseline certainty and is related to the knowncapacity of
switchgrassto regenerate, existing knowledge of ABA and its role in plant development, and the absence of
quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one textbook, one government source, and eleven
sources from the peerreviewed literature. The GE certainty rating is decreased by one overall due to the
absence of any quantitative data regarding GE lowland switchgrass. The reliability and applicability of the
source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z

Rice et al. 1978 (high and moderate);
Okagami and Tanno 1973 (high and low)
Okagami et al. 1997 (high and low);
Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Qin et al. 2002 (high and low);
Vogel 2004 (high and moderate);

z
z
z
z
z
z

Parrish and Fike 2005 (high and moderate);
Weiss and Ori 2007 (high and moderate);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Achard and Genschik 2009 (high and moderate); and
EstradaMelo et al. 2015 (high and low).


BASELINE:
Baseline certainty is rated as high.
The references used to determine this rating represents one textbook and two peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The reliability and applicability of these sources are listed
below:

z
z

Rice et al. 1978 (high and high);
Vogel 2004 (high and high); and
Parrish and Fike 2005 (high and high).
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(B12) Flood or drought tolerance

Baseline risk
Baseline certainty

Very high

GE risk

Very high

Moderate

GE certainty

Low

(B12) Flood or drought tolerance– Risk documentation
GE:

D

GE risk is rated as very high; the GE risk is unchanged from the baseline risk.

The intended phenotype of GE lowland switchgrass is increased drought tolerance; accordingly, this GE lowland
switchgrass may be more drought tolerant than nonGE lowland switchgrass, given the droughttolerant
phenotypes conferred by NCED3like genes in other plant systems (Iuchi et al. 2001; Qin et al. 2002; Zhang et al.
2008; EstradaMelo et al. 2015). These data, taken collectively and in conjunction with the observation that
increased ABA may also lead to shorter flowering times in stress conditions (Domagalska et al. 2010), suggests
that the introduced gene may allow GE lowland switchgrass to survive to reproduction in waterlimited
conditions. However, the absence of quantitative GE lowland switchgrass field data lends uncertainty to this
conclusion, as negative pleiotropic effects have been observed as a result of overexpressing NCED3like genes in
other plant systems (Thompson et al. 2000; Tung et al. 2008).
In addition to a role in drought tolerance, ABA may also play a role in flood tolerance. In general, plants may
respond in one of two ways to flooding: 1) Stem elongation may occur, elevating aerial plant structures above
the surface of the water (Polko et al. 2001; Hattori et al. 2009; BaileySerres and Voesenek 2010); and 2) overall
plant growth may be arrested, so that resources are conserved for regrowth after the flood has passed (Bailey
Serres and Voesenek 2010; Fukao and BaileySerres 2008). Given the observation of increased (but not
significant) tiller length in lowland switchgrass in response to flooding relative to its control (Barney et al.
2009), it appears that lowland switchgrassmay respond to flooding with the latter strategy (see baseline
discussion of flood tolerance).
Both plant responses to flooding may be modulated by gibberellins. Given the antagonistic relationship
between ABA and gibberellins (Weiss and Ori 2007; Achard and Genschik 2009), an increase in ABA via AtNCED3

overexpression in GE lowland switchgrassmay lead to reduced growth, and thus, a potentially negative impact
on flood tolerance. This potential effect, however, is uncertain given the absence of specific data regarding the
functional and field characterization of GE lowland switchgrass.

BASELINE:
Baseline risk as rated as very high.
Flood tolerance
Vogel (2004) notes that lowland switchgrass are typically found in floodplains and other areas subject to
flooding. This observation, coupled with the use of switchgrass as a streamside buffer or vegetative strip
(Kemper et al. 1992; BlancoCanqui et al. 2004), suggests that lowland switchgrasspossesses some level of
flooding tolerance, especially relative to upland ecotypes (Nickell 1972).

Drought tolerance

ra
ft

In a greenhouse study of flooding tolerance by Barney et al. (2009), lowland switchgrass subject to flooded
conditions displayed increased or similar measurements in morphological (e.g., leaf length, leaf area, tiller
number, percent tiller flowering, and aboveground biomass accumulation) and physiological (e.g., CO2
assimilation, transpiration, stomatal conductance, and wateruse efficiency) attributes relative to nonstressed,
control plants. While Barney et al. (2009) did not explicitly test for propagule production, the data suggests that
lowland switchgrass growth and development is similar under flooded conditions as it is under nonflooded
conditions. Thus, lowland switchgrass is likely to possess flood tolerance, though the potential impact of
flooding on propagule production is uncertain.

D

In general, lowland ecotypes of switchgrass are considered more sensitive to moisture stress (i.e., drought) than
upland ecotypes (Parrish and Fike 2005). This observation, coupled with the observation that lowland
switchgrass is typically found in floodplains and other areas subject to flooding in its native range (Vogel 2004),
suggests that lowland switchgrasspossesses reduced drought tolerance than upland ecotypes (Nickell 1972), but
leaves the extent of this reduction uncertain.
In a greenhouse study of drought tolerance by Barney et al. (2009), lowland switchgrass subjected to drought
conditions displayed varying responses in measurements of morphological (e.g., leaf length, leaf area, tiller
number, percent tiller flowering, and aboveground biomass accumulation) and physiological (e.g., CO2
assimilation, transpiration, stomatal conductance, and wateruse efficiency) attributes relative to upland plants.
However, when compared to nonstress control plants, lowland switchgrass experienced reductions in all
morphological and physiological attributes measured, except for those attributes that are expected to increase
under drought (e.g., root:shoot ratio) (Barney et al. 2009). While the data suggest that lowland switchgrass is
less drought tolerant than upland ecotypes, it is prudent to mention that those lowland switchgrass were still
able to grow and develop under drought conditions within the greenhouse (Barney et al. 2009). The
observations of Mann et al. (2013) supports this conclusion that lowland switchgrassis able to grow and develop
under drought (albeit managed) conditions. In both studies, however, the potential impact on propagule
production as a result of drought is uncertain.
Interestingly, a followup field study by Barney et al. (2012) demonstrated low survival rates and
performance with lowland switchgrass seeded into upland areas (i.e., drier conditions with less management).
This data supports the observations of Vogel (2004), which noted that dry conditions at the soil surface can

prevent switchgrassseedling survival.
Synthesisof flood and drought tolerance
From the data presented directly above, it is apparent that lowland switchgrassgrowth and development is not
substantially reduced in flooded conditions, suggesting a tolerance to flooding. While propagule production was
not measured, the absence of impacts on other morphological/physiological attributes suggests that propagule
production may not be adversely affected. Conversely, the data is more ambiguous with respect to drought
tolerance, though it should be noted that lowland switchgrassmay be able to persist in drought conditions if it is
able to establish first.
Based on the evidence, the risk rating for this question is rated as very high with decreased certainty, primarily
due to performance of lowland switchgrassunder flooded conditions.
(B12) Flood or drought tolerance – Certainty documentation
GE:
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GE certainty is rated as low; this is decreased from the baseline certainty and is related to the known drought
tolerance of switchgrass, existing knowledge of ABA and its role in drought tolerance (and other plant
processes), and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents thirteen sources from the peerreviewed literature.
The GE certainty rating is decreased by one overall due to the absence of any quantitative data regarding GE
lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:

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

Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Polko et al. 2001 (high and low);
Qin et al. 2002 (high and low);
Weiss and Ori 2007 (high and moderate);
Fukao and BaileySerres 2008 (high and low);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Achard and Genschik 2009 (high and moderate);
Hattori et al. 2009 (high and low);
BaileySerres and Voesenek 2010 (high and low);
Domagalska et al. 2010 (high and low); and
EstradaMelo et al. 2015 (high and low).

D

z


BASELINE:
Baseline certainty is rated as moderate.
The references used to determine this rating represents one textbook and six peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Additionally, because no quantitative evidence was found
examining the effects of these two abiotic stresses on propagule production, the overall certainty was reduced
by one level. The reliability and applicability of these sources are listed below:

z
z
z
z
z
z
z
z

Nickell 1972 (high and high);
Kemper et al. 1992 (high and moderate);
BlancoCanqui et al. 2004 (high and moderate);
Vogel 2004 (high and high);
Parrish and Fike 2005 (high and high);
Barney et al. 2009 (high and very high);
Barney et al. 2012 (high and very high); and
Mann et al. 2013 (high and very high).

(B13) Tolerance to poor soils
Baseline risk

Very high

GE risk

Moderate

Baseline certainty

Low

GE certainty

Low

(B13) Tolerance to poor soils – Risk documentation
GE:
GE risk is rated as moderate; the GE risk is decreased from the baseline risk.
In general, both ecotypes of switchgrassare recognized as possessing tolerance to poor soils (Vogel 2004).

D
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Given its role in abiotic stress tolerances (Huang et al. 2012; Finkelstein 2013), modulation of ABA homeostasis
through AtNCED3 overexpression may affect the poorsoil tolerance of GE lowland switchgrass. For example, in
a study decoupling hydraulicinduced osmotic stress from saltinduced osmotic stress, a lossoffunction A.
thaliana sto1 (an allele of AtNCED3) mutant resulted in enhanced growth in saltstress conditions relative to
its controls (Ruggiero et al. 2004). This result was repeated and confirmed with the original NCED3 A. thaliana
mutants utilized by Iuchi et al. (2001) in the study of Ruggiero et al. (2004). Because endogenous ABA levels
were reduced in this particular lossoffunction A. thaliana mutant, it can be inferred that GE lowland
switchgrass overexpressing AtNCED3 and overaccumulating ABA may exhibit a decrease in salinity tolerance.
Interestingly, however, the magnitude of this tolerance is likely dependent on the specific salt in the soil; as
Ruggiero et al. (2004) observed, the enhanced salt tolerance of their NCED3 lossoffunction A. thaliana
mutant was only observed with NaCl/KCL and not LiCl.
Additionally, ABA homeostasis has been implicated in the role of nitrate signaling in plant root systems. In A.
thaliana, high nitrate generally inhibits lateral root formation; however, in mutant A. thaliana compromised in
ABA biosynthesis, this inhibition of lateral root formation is reduced, though not completely eliminated (Signora
et al. 2001). This observation may be complicated by the apparent threshold effect of ABA in root growth and
development, where nanomolar ABA concentrations stimulate primary root growth, but micromolar ABA
concentrations inhibit primary root growth (Finkelstein 2013).
However, it is prudent to remember that overexpression of genes like AtNCED1 have sometimes resulted in
stunted and wilted plants (Thompson et al. 2000; Tung et al. 2008). GE lowland switchgrassdisplaying this
potential stunted and wilted phenotype is unlikely to possess a capacity tolerate poor soils to the extent of non
GE lowland switchgrass. This potential negative alteration on plant growth and development, however, is not
guaranteed (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015). The likelihood of this
outcome is uncertain, given the absence of functional and field characterization of GE lowland switchgrass.
Taken collectively, these observations suggests a role for ABA in poor soil tolerance. GE lowland
switchgrass may possess reduced poor soil tolerance (at least with respect to salinity) due to overexpression of
AtNCED1. However, this outcome is uncertain and likely dependent on the cause of the poor soil. Additionally,
this potential effect is uncertain given the absence of specific data regarding the functional and field
characterization of GE lowland switchgrass.


BASELINE:
Baseline risk is rated as very high.
Switchgrass, regardless of ecotype, is generally recognized as possessing tolerance to poor/infertile soils (Vogel
2004). It is this attribute that partially justifies its use as a candidate biofuel crop (Vogel 2004) and in mine
reclamation studies (Skeel and Gibson 1996; Levy et al. 1999).
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Vogel (2004) reports from a synthesis of the literature that switchgrasscan tolerate soils with pH values between
3.9  7.6. Furthermore, soil pH is often related to the bioavailability of metals in the soil, such as aluminum
(Bona and Belesky 1992). In a study by Bona and Belesky (1992), lowland switchgrass (e.g., 'Alamo') subjected
to a pH of 4.9 for 42 days experienced a reduction in green leaf area, top dry weight, and root dry weight when
compared to lowland switchgrasssubject to a pH of 5.6 for the same length of time. This response to acidic
soil is similar to the growth reduction observed by Jung et al. (1988). However, while other switchgrass
ecotypes/cultivars tested by Bona and Belesky (1992) generally mirrored these trends, the magnitude of
responses was variable; in certain cases, the direction of the response was also variable, though this
represented a minority of the cultivars/attributes examined.
Unfortunately, the studies of Bona and Belesky (1992) and Jung et al. (1988) did not directly measure propagule
production. Furthermore, these two studies reflected more controlled conditions than that would be expected
from lowland switchgrass growing without intentional human assistance (Jung et al. 1988; Bona and Belesky
1992). However, given the reduction in growth in switchgrassdescribed in both papers, it is likely that propagule
production would be decreased in poor soil and less controlled conditions. The magnitude of this decrease is
uncertain in unmanaged conditions, and is made even more uncertain due to currentlydescribed poor soil
tolerance of lowland switchgrass. Therefor, this baseline risk is rated as very high with decreased certainty.

D

(B13) Tolerance to poor soils– Certainty documentation
GE:

GE certainty is rated as low; this is unchanged from the baseline certainty and is related to the known poor soil
tolerance of switchgrass, existing knowledge of ABA and its role in poor soil tolerance (and other plant
processes), and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one textbook and ten sources from the peerreviewed
literature. The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The GE certainty rating is decreased by one overall due to
the absence of any quantitative data regarding GE lowland switchgrass. The reliability and applicability of the
source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z
z

Vogel 2004 (high and moderate);
Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Signora et al. 2011 (high and low);
Qin et al. 2002 (high and low);
Ruggiero et al. 2004 (high and low);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);

z
z
z

Huang et al. 2012 (high and low);
Finkelstein 2013 (high and low); and
EstradaMelo et al. 2015 (high and low).


BASELINE:
Baseline certainty is rated as low.
The references used to determine this rating represents one textbook and four peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Additionally, because no quantitative evidence was found
examining the effects of this abiotic stress on propagule production, the overall certainty was reduced by one
level. The reliability and applicability of these sources are listed below:

z
z
z
z

Jung et al. 1988 (high and moderate);
Bona and Belesky 1992 (high and high);
Skeel and Gibson 1996 (high and moderate);
Levy et al. 1999 (high and moderate); and
Vogel 2004 (high and high);
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(B14) Cold tolerance

Baseline risk
Baseline certainty

Negligible

GE risk

Negligible

Low

GE certainty

Low

(B14) Cold tolerance – Risk documentation
GE:

D

GE risk is rated as negligible; the GE risk is unchanged from the baseline risk of negligible.
One key difference between lowland and upland ecotypes of switchgrass is winter survival; in general, lowland
ecotypes are considered less cold tolerant than upland ecotypes (Vogel 2004; Parrish and Fike 2005). The
mechanism of cold tolerance and winter survival in upland switchgrass is generally associated with the timing of
plant development; in contrast to lowland switchgrass, upland switchgrass develops faster at more northerly
latitudes (i.e., colder) than lowland switchgrass(Vogel 2004).
One potential consequence of relatively rapid development is the earlier onset of dormancy. Palmer (2015)
observed that upland switchgrass accumulated more ABA toward the end of the growing season, suggesting
that this accumulation of ABA represents a key signaling event for the onset of dormancy.
GE lowland switchgrass is anticipated to accumulate more ABA as a result of the introduced gene. Thus, GE
lowland switchgrass may exhibit a higher level of cold tolerance than nonGE lowlandswitchgrass.
Interestingly, a Google Scholar query did not yield any literature demonstrating a direct increase in plant cold
tolerance by overexpressing genes like AtNCED3. This observation provides uncertainty to an
unintended increased cold tolerant phenotype resulting from AtNCED3 overexpression in GE lowland
switchgrass. This absence of information, coupled with the absence of functional and field data, lends to the
uncertainty that cold tolerance would increase in GE lowland switchgrass.


BASELINE:
Baseline risk is rated as negligible.
Cold tolerance in any ecotype of switchgrass is generally attributed to the ability of the rhizome to tolerate
winter conditions and bud the following growing season (Parrish and Fike 2005).
The germination and growth of switchgrass seedlings is reported to be reduced at soil temperatures less than
20°C (Hsu et al. 1985a,b), with approximately 10°C representing the minimum germination
temperature of switchgrass (Hsu et al. 1985a).
All switchgrass ecotypesrepresent photoperiodsensitive plants that require short days to flower (Parrish and
Fike 2005). As a result, cultivating lowland switchgrass in regional conditions where they are more likely to
experience frost (i.e., more northerly regions) will often delay flowering (Vogel 2004). This photoperiod
response appears to be associated with winter survival; lowland switchgrass moved too far north will generally
not survive winters and thus, is generally not recommended to be moved more than one USDA Hardiness
Zone north of its area of origin due to the possibility of stand losses from winter injury (Vogel 2004).
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(B14) Cold tolerance – Certainty documentation
GE:

GE certainty is rated as low; this is unchanged from the baseline certainty and is related to the known cold
tolerance of switchgrass, existing knowledge of ABA and its role in cold tolerance (and other plant
processes), and the absence of quantitative data regarding GE lowland switchgrass.

z
z
z

D

The references used to determine this rating represents one textbook, one dissertation, and one source from
the peerreviewed literature. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrasswas not directly assessed or discussed. The GE certainty rating is decreased by
one overall due to the absence of any quantitative data regarding GE lowland switchgrass. The reliability and
applicability of the source cited in the GE risk rating are listed below:
Vogel 2004 (high and moderate);
Parrish and Fike 2005 (high and moderate);
Palmer 2015 (high and moderate);


BASELINE:
Baseline certainty is rated as low.
The references used to determine this rating represents one textbook and three peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Additionally, because no quantitative evidence was found
examining the effects of this abiotic stress on propagule production, the overall certainty was reduced by one
level. The reliability and applicability of these sources are listed below:
z
z

Hsu et al. 1985a (high and moderate);
Hsu et al. 1985b (high and moderate);

z
z

Vogel 2004 (high and high); and
Parrish and Fike 2005 (high and high).

(B15) Biotic stress tolerance
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

Moderate

GE certainty

Low

(B15) Biotic stress tolerance – Risk documentation
GE:
GE risk is rated as moderate; the GE risk is unchanged from the baseline risk of moderate.
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In contrast to its general and wellaccepted role in promoting abiotic stress tolerance (e.g., drought or flood
tolerance), the role of ABA in biotic stress tolerance (i.e., plant/insect or plant/pathogen interactions) is much
less clear. From the evidence, it appears that ABA may either promote or suppress the susceptibility a plant to
biotic stresses; this is not entirely surprising, given the variety of biotic stresses and the multitude of pathways
for infection (in the case of plant pathogens; see Ton et al. 2009; Cao et al. 2011). This relationship is further
complicated by crosstalk with plant hormones that are typically associated with plant defenses, such as
ethylene, salicylic acid, and jasmonic acid (Finkelstein 2013). In the most general sense, ABA may play a positive
role in early plant biotic stress responses (e.g., closing stomata to preclude a pathway of infection for microbes)
while functioning in a more negative role during late plant responses to biotic stress by repressing ethylene
mediated mechanisms (Finkelstein 2013). This, however, is uncertain and likely dependent on the specific cause
of the biotic stress.

D

It is prudent to remember that overexpression of genes like AtNCED1 have sometimes resulted in stunted and
wilted plants (Thompson et al. 2000; Tung et al. 2008). GE lowland switchgrassdisplaying this stunted and
wilted phenotype is unlikely to possess a capacity tolerate biotic stresses to the extent of nonGE lowland
switchgrass. This potential negative alteration on plant growth and development, however, is not guaranteed
(Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015). The likelihood of this outcome is
uncertain, given the absence of functional and field characterization of GE lowland switchgrass.
Given the variety of pests that have been observed on switchgrass(see baseline biotic stress tolerance
discussion) and the absence of quantitative GE lowland switchgrassfield data, it is highly uncertain how over
expression of AtNCED3 and the increased accumulation of ABA would affect biotic stress tolerance. Thus, this
GE risk remains unchanged from the baseline risk rating, but with decreased certainty.

BASELINE:
Baseline risk is rated as moderate.
Few insect pests have been identified in any ecotype of switchgrass; insects of the family Acididae (i.e.,
grasshoppers) represent the primary insect pests affecting biomass productivity (Vogel 2004), but Sipha flava
(i.e., yellow sugarcane aphid; see Kindler and Darymple 1999),
Spodoptera frugiperda (fall armyworm; see Dowd and Johnson 2009; Prasifka et al. 2009) have also been
observed as minor pests. At present, there is no indication that insect pests represent a major post
establishment concern in switchgrass (Parrish and Fike 2005), a conclusion likely applicable to both low and
upland ecotypes of switchgrass.
Vogel (2004) compiled a list diseases and causal agents that affected switchgrass; this list included a variety of

rusts, anthracnose, leaf spot, blotches, root rot, and viral diseases. In particular, some instances of Tilletia
maclaganni (Berk.) GP Clinton (Gravert et al. 2000; Thomsen et al. 2008) and Panicum Mosaic Virus (PMV; see
Vogel 2004) caused substantial reductions in cultivated switchgrassgrowth and development, sometimes
causing a total loss of seed production fields (Gravert et al. 2000). These reports are relatively few in the
literature, however.
Given the absence of major insect pests in switchgrass, the observation that some microbial and viral diseases
are capable of substantially reducing growth and development of cultivated switchgrass, and the absence of
data regarding potential impacts from pests on switchgrassin unmanaged conditions, this baseline risk is rated
as moderate with decreased certainty.
(B15) Biotic stress tolerance – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in biotic stress tolerance (and other plant processes), and the absence of quantitative
data regarding GE lowland switchgrass.

z
z
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low)
Qin et al. 2002 (high and low);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Ton et al. 2009 (high and low);
Cao et al. 2011 (high and low);
Huang et al. 2012 (high and low);
Finkelstein 2013 (high and low); and
EstradaMelo et al. 2015 (high and low).

D
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The references used to determine this rating represents one textbook and ten sources from the peerreviewed
literature. The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The GE certainty rating is decreased by one overall due to
the absence of any quantitative data regarding GE lowland switchgrass. The reliability and applicability of the
source cited in the GE risk rating are listed below:


BASELINE:
Baseline certainty is rated as moderate.
The references used to determine this rating represents one textbook and five peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Additionally, because no quantitative evidence was found
examining the effects of these biotic stresses on propagule production, the overall certainty was reduced by one
level. The reliability and applicability of these sources are listed below:
z
z
z

Kindler and Darymple 1999 (high and high);
Gravert et al. 2000 (high and moderate);
Vogel 2004 (high and high);

z
z
z
z

Parrish and Fike 2005 (high and high);
Thomsen et al. 2008 (high and moderate);
Dowd and Johnson 2009 (high and high);
Prasifka et al. 2009 (high and high);

(B16) Other biology weediness traits
Baseline risk

Negligible

GE risk

Low

Baseline certainty

Negligible

GE certainty

Low

(B16) Other biology weediness traits – Risk documentation
GE:
N/A.

BASELINE:

ra
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N/A.

N/A.

BASELINE:
N/A.

D

(B16) Other biology weediness traits – Certainty documentation
GE:

Biology risk summary

GE:

GE lowland switchgrass is anticipated to exhibit increased drought tolerance; thus, it may more readily establish
in areas that are limited in moisture compared to nonGE lowland switchgrass. However, the GE risk rating
related to establishment (see question B03) remains unchanged from the baseline risk rating, primarily because
the standards to qualify for each individual risk rating appears to be related to plant competition
(e.g., "Seedlings readily establish in dense or wellestablished vegetation with intense competition from other
plant taxa…;" see WRA WIs V4.0).
The potential impact of the transgene in GE lowland switchgrass on some plant attributes is more uncertain
than other plant attributes. For example, its ability to form dense thickets/monospecific stands, seed
dormancy, propagule production, cold tolerance, weediness and the presence of weedy relatives are already
wellcharacterized in nonGE switchgrass; an extremely severe and unintended phenotype would need to occur
in order to alter the GE risk ratings for those plant attributes. On the other hand, other plant attributes such as
poor soil tolerance and biotic stress tolerance are more nuanced in both cause and response; accordingly, the
potential impact of the introduced transgene in GE lowland switchgrass on these plant attributes is relatively

more uncertain.


BASELINE:
The overall biology risk of lowland switchgrassis rated as high.
Lowland switchgrassis not a domesticated plant; even current cultivars are not too far removed from the
accessions from which they are collected. Lowland switchgrasspossesses a wide distribution within the United
States (where it is a native plant species); possesses weedy and invasive relatives within the United States; is
capable of forming a dense thicket/monospecific stand (only after establishment, however); is capable of
substantial rhizome (asexual) and seed (sexual) production within one year; its seeds generally retain dormancy
and may be ingested and dispersed longdistances by animals; is tolerant (to varying extents) of biotic and
abiotic (flooding, drought, and soil) stresses.

ra
ft

However, lowland switchgrass does not establish easily, lacks shade tolerance, and is not generally considered
cold tolerant.

D

Interestingly, the high overall biology risk is due, in part, to the moderate risk rating presented in response to
question B01 (Current weed and invasive status). The moderate risk rating for this question is
entirely dependent on a single report of escaped switchgrass within riparian areas of CA; in the absence of this
single report, the risk rating for this question would be negligible, which in turn, would have decreased the
overall biology risk rating from high to moderate. Relatively recent work supports concerns surrounding
lowland switchgrass escapes within riparian areas of CA; as a result, riparian areas within CA and other similar
areas may present a geography where lowland switchgrass biology risk is greatest relative to dissimilar areas
across the United States.

Biology certainty summary

GE:

The major source of decreased certainty in the GE biology responses is the absence of functional/field
characterization of GE lowland switchgrass. ABA is a plant hormone integral to growth and development;
accordingly, alteration of ABA homeostasis in the published literature leads to sometimes disparate
observations across different plant species and experimental conditions. Reconciling these sometimes disparate
outcomes with potentially unintended phenotypes in GE lowland switchgrass results in decreased certainty for
almost every GE biology response.

BASELINE:
The overall biology certainty is rated as moderate.
A substantial portion of the cited literature often does not discriminate between lowland and upland
ecotypes/or utilized upland ecotypes of switchgrass. Furthermore, because the vast majority of interest is in
the leafy biomass of switchgrass (lowland and upland ecotypes), relatively few studies report on seed yield as a

result of an experimental parameter.

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

Negligible

GE risk

Negligible

Baseline certainty

Moderate

GE certainty

Low

(I01) Agriculture yield – Risk documentation
GE:
GE risk is rated as negligible; the GE risk is unchanged from the baseline risk of negligible.
As previously described, there are no records of switchgrass (low and upland ecotypes) causing economic or
ecological harm (DiTomaso et al. 2013) despite being identified as an agricultural weed in some references
collected by Randall (2012).

BASELINE:

D
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The introduced trait in GE lowland switchgrass may help facilitate establishment of GE lowland switchgrassin
moisturelimited agricultural areas. However, moisture limitation is but one limiting factor in the establishment
of nonGE switchgrass(Barney et al. 2009; Barney and DiTomaso 2010; Barney et al. 2012) or GE lowland
switchgrass; competition with other vegetation is another primary factor limiting the establishment of lowland
or upland switchgrass (Vogel 2004; Parrish and Fike 2005; Mitchell 2008). The emphasis on weed control in
conventional and organic cropping systems (McErlich and Boydston 2013), coupled with the observation that
lowland switchgrass remains a poor competitor even when moisture conditions are sufficient (DiTomaso et al.
2013), suggests that GE lowland switchgrass is unlikely to establish without human assistance in agricultural
fields and reduce yields.

Baseline risk is rated as negligible.

A survey of the literature did not yield any reports of switchgrass, lowland or upland, negatively impacting yields
of agricultural crops within the United States. However, Randall (2012) cites some references characterizing
switchgrassas an agricultural weed in three countries.
This relative absence of information is not surprising, considering that the susceptibility of switchgrass (both low
and upland ecotypes) to weed competition even when it is grown with human assistance (Vogel
2004). Furthermore, this relative absence of information corresponds to the observations of DiTomaso et al.
(2013), stating that "…there are no known records of its escaping elsewhere or causing any ecological or
economic damage, despite it's longtime use as a forage and conservation species (Parrish and Fike 2005)."
(I01) Agriculture yield – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in biotic stress tolerance (and other plant processes), the known biology/ecology of

switchgrass, and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents two textbooks, one government report, and thirteen
sources from the peerreviewed literature. The applicability of the cited references was decreased as
appropriate when the lowland ecotype of switchgrasswas not directly assessed or discussed. The GE certainty
rating is decreased by one overall due to the absence of any quantitative data regarding GE lowland
switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z
z
z

Vogel 2004 (high and moderate);
Parrish and Fike 2005 (high and moderate);
Barney et al. 2009 (high and high);
Barney and DiTomaso 2010 (high and high);
Barney et al. 2012 (high and high);
Huang et al. 2012 (high and low);
Randall 2012 (high and low);
DiTomaso et al. 2013 (high and high); and
McErlich and Boydston 2013 (high and high).
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BASELINE:

Baseline certainty is rated as moderate.

z
z
z

D

The reference used to determine this rating represents two textbooks and one peerreviewed journal article.
While the authors of these cited reference did not specifically mention the ecotype of switchgrassin the context
of weediness/negatively impacting agricultural yield, it is likely they were referring to all switchgrass.
Additionally, an internet query (google scholar) did not yield any documented evidence of switchgrass, lowland
or upland ecotype, functioning as a weed in agriculture. The reliability and applicability of these sources are
listed below:
Vogel 2004 (high and high);
Randall 2012 (moderate and moderate);
DiTomaso et al. 2013 (high and high).

(I02) Agriculture quality
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Moderate

GE certainty

Low

(I02) Agriculture quality – Risk documentation
GE:
GE risk is rated as negligible; the GE risk is unchanged from the baseline risk of low.
As previously described, there are no records of switchgrass (low and upland ecotypes) causing economic or
ecological harm (DiTomaso et al. 2013) despite being described as an agricultural weed in some references
collected by Randall (2012).
Establishment of lowland switchgrass is generally limited by moisture (Barney et al 2009; Barney and DiTomaso
2010; Barney et al. 2012); thus, GE lowland switchgrass may more readily establish in agricultural fields with

moisturelimited conditions. However, competition from other plants is also another primary factor in limiting
lowland switchgrass establishment (Vogel 2004; Parrish and Fike 2005; Mitchell 2008). The emphasis on weed
control in conventional and organic cropping systems (McErlich and Boydston 2013), coupled with the
observation that lowland switchgrass remains a poor competitor even when moisture conditions are sufficient
(DiTomaso et al. 2013), suggests that GE lowland switchgrass is unlikely to establish in agricultural fields and
reduce quality.
Furthermore, given the role of ABA in plant growth and development (Finkelstein 2013), GE lowland switchgrass
may exhibit altered growth and development during nonstressed growth conditions. In the literature,
transgenic plants overexpressing similar genes exhibited both negative(Thompson et al. 2000; Tung et al. 2008)
or neutral impacts on plant growth and development (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008;
EstradaMelo et al. 2015) during nonstressed growth conditions.

BASELINE:
Baseline risk is rated as negligible.
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A survey of the literature did not yield any reports of switchgrass, lowland or upland, negatively impacting
quality of agricultural crops within the United States. However, Randall (2012) cites some references
characterizing switchgrassas an agricultural weed in three countries.
This relative absence of information is not surprising, considering that the susceptibility of switchgrass (both low
and upland ecotypes) to weed competition even when it is grown with human assistance (Vogel
2004). Furthermore, this relative absence of information corresponds to the observations of DiTomaso et al.
(2013), stating that "…there are no known records of its escaping elsewhere or causing any ecological or
economic damage, despite its longtime use as a forage and conservation species (Parrish and Fike 2005)."

D

(I02) Agriculture quality – Certainty documentation
GE:

GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in biotic stress tolerance (and other plant processes), the known biology/ecology of
switchgrass, and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents two textbooks, one government report, and thirteen
sources from the peerreviewed literature. The applicability of the cited references was decreased as
appropriate when the lowland ecotype of switchgrasswas not directly assessed or discussed. The GE certainty
rating is decreased by one overall due to the absence of any quantitative data regarding GE lowland
switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:
z
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low)
Qin et al. 2002 (high and low);
Vogel 2004 (high and moderate);
Parrish and Fike 2005 (high and moderate);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Barney et al. 2009 (high and high);

z
z
z
z
z
z
z
z

Barney and DiTomaso 2010 (high and high);
Barney et al. 2012 (high and high);
Huang et al. 2012 (high and low);
Randall 2012 (high and low);
DiTomaso et al. 2013 (high and high);
Finkelstein 2013 (high and low);
McErlich and Boydston 2013 (high and high); and
EstradaMelo et al. 2015 (high and low).


BASELINE:
Baseline certainty is rated as moderate.

z
z
z
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The reference used to determine this rating represents two textbooks and one peerreviewed journal article.
While the authors of these cited reference did not specifically mention the ecotype of switchgrassin the context
of weediness/negatively impacting agricultural yield, it is likely they were referring to all and any switchgrass.
Additionally, an internet query (google scholar) did not yield any documented evidence of switchgrass, lowland
or upland ecotype, functioning as a weed in agriculture. The reliability and applicability of these sources are
listed below:
Vogel 2004 (high and high);
Randall 2012 (moderate and moderate);
DiTomaso et al. 2013 (high and high).

(I03) Harm to agriculturally important organisms
Baseline risk
Baseline certainty

Very high

GE risk

Very high

Moderate

GE certainty

Low

D

(I03) Harm to agriculturally important organisms – Risk documentation
GE:

GE risk is rated as very high; the GE risk is unchanged from the baseline risk of very high.
I was unable to find any direct evidence regarding the potential impact of ABA on diosgenin production in any
ecotype of switchgrass. Thus, the potential impact of increased ABA accumulation as a result of the introduced
transgene in GE lowland switchgrass on diosgenin production is unknown, an observation made more uncertain
by the absence of functional and field characterization of GE lowland switchgrass.
However, an examination of other plant species that produce diosgenin suggests that ABA may reduce its
accumulation. Ortuno et al. (1998) observed that gibberellin treatment in Trigonella foenumgraecum increased
diosgenin concentrations in 30day old plants; additionally, Akula and Ravishankar (2011) observed that
gibberellin application slightly increased diosgenin in Paris polyphylla.
Given the observations of Ortuno et al. (1998) and Akula and Ravishankar (2011), in addition to the well
known antagonism between ABA and gibberellins (Weiss and Ori 2007; Achard and Genschik 2009), increased
levels of ABA in GE lowland switchgrass may result in reduced diosgenin levels. This is speculative, however,
since there is an absence of functional and field characterization of GE lowland switchgrass.


BASELINE:
Baseline risk is rated as very high.
Switchgrass has been reported to be toxic to a variety of agricultural animals, including horses, sheep, and goats
(Puoli et al. 1992; Lee et al. 2001; Vogel 2004; Stegelmeier et al. 2006). Animal death is sometimes observed as
the result of grazing on switchgrass(Puoli et al. 1992). Both Lee et al. (2001) and Stegelmeier et al. (2006)
demonstrated diosgenin to be the major toxic compound in switchgrass. As a result of this observed
phytotoxicity, it is generally recommended that horses and sheep avoid grazing on pure stands of switchgrass
(Vogel 2004).
(I03) Harm to agriculturally important organisms – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to information regarding
diosgenin in other plant species and the absence of quantitative data regarding GE lowland switchgrass.

z
z
z
z
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The references used to determine this rating represents four sources from the peerreviewed literature. The GE
certainty rating is decreased by one overall due to the absence of any quantitative data regarding GE lowland
switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:
Ortuno et al. 1998 (high and low);
Weiss and Ori 2007 (high and low);
Achard and Genschik 2009 (high and low); and
Akula and Ravishankar 2011 (high and low);

BASELINE:

D



Baseline certainty is rated as moderate.

The references used to determine this rating represents two textbook and two peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The reliability and applicability of these sources are listed
below:
z
z
z
z

Puoli et al. 1992 (high and moderate);
Lee et al. 2001 (high and moderate);
Vogel 2004 (high and moderate); and
Stegelmeier et al. 2006 (high and moderate).

(I04) Competition with plants
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Low

GE certainty

Low

(I04) Competition with plants – Risk documentation
GE:

GE risk is rated as very high; the GE risk is unchanged from the baseline risk of very high.
GE lowland switchgrass is unlikely to cause a substantial reduction in plant populations during its establishment
year. Establishment of lowland switchgrass is generally limited by moisture (Barney et al 2009; Barney and
DiTomaso 2010; Barney et al. 2012); thus, GE lowland switchgrass may more readily establish in agricultural
fields with moisturelimited conditions. However, competition from other plants is also another primary factor
in limiting lowland switchgrass establishment (Vogel 2004; Parrish and Fike 2005; Mitchell 2008). Even in
conditions where water is not limited, nonGE lowland switchgrass is not a strong competitor (DiTomaso et al.
2013). While the introduced trait may facilitate establishment of GE lowland switchgrassin areas with reduced
moisture, these observations also suggests that GE lowland switchgrass is unlikely to cause a substantial
reduction in plant populations during its establishment year.
However, if permitted to establish, GE lowland switchgrass may be able to substantially outcompete and reduce
other plant populations with little human intervention, based on observations with nonGE lowland
switchgrassin agriculture (Mitchell 2008; Holguin et al. 2010). This potential scenario is uncertain, however,
given observations of potential negative impacts on growth/development resulting from similar introduced
traits (Thompson et al. 2000; Tung et al. 2008) and an absence of functional/field characterization of GE lowland
switchgrass.

BASELINE:
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Baseline risk is rated as very high.

D

Lowland switchgrassis reported as not highly competitive with other vegetation (DiTomaso et al. 2013). During
its establishment year, weed competition is frequently cited as the primary impediment to establishment of
any switchgrass ecotype (Aiken and Springer 1995; Vogel 2004; Parrish and Fike 2005). Thus, in areas where it is
not yet established, lowland switchgrassis unlikely to cause any change in local plant populations.
However, when lowland switchgrass was permitted to establish under managed conditions, relatively low weed
densities were maintained in the second and third year after planting (Holguin et al. 2010). This observation
supports that the observation of Mitchell (2008), stating that "A successfully established stand will likely require
no or only periodic, limited additional herbicide applications in the postestablishment years to control weed
problems. Wellmanaged stands usually have limited weed pressure." This evidence suggests that lowland
switchgrass is able to outcompete other plants only after it successfully established (Holguin et al. 2010).
This observation of established lowland switchgrass successfully outcompeting other plant may underlie the
anecdotal observations of some switchgrass displacing some plants in natural areas and restoration sites (USDA
NRCS 2011). However, in order for any ecotype of switchgrass to displace other plants, the available evidence
suggests that it must first establish, a factor that is not at all certain in nonmanaged areas (see question B03
Ability to establish). However, if switchgrass does establish, then its characterization as a climax plant species
(Uchytil 1993) suggests that it is indeed able to cause elimination or a major reduction in the abundance of plant
populations over time.
(I04) Competition with plants – Certainty documentation
GE:
GE certainty is rated as low; this is unchanged from the baseline certainty and is related to existing information
on lowland switchgrassand the absence of quantitative data regarding GE lowland switchgrass.

The references used to determine this rating represents one text book and nine sources from the peerreviewed
literature. The GE certainty rating is decreased by one overall due to the absence of any quantitative data
regarding GE lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are
listed below:
z
z
z
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Vogel 2004 (high and moderate);
Parrish and Fike 2005 (high and moderate);
Mitchell 2008 (high and moderate);
Tung et al. 2008 (high and low);
Barney et al. 2009 (high and high);
Barney and DiTomaso 2010 (high and high);
Holguin et al. 2012 (high and high);
Barney et al. 2012 (high and high); and
DiTomaso et al. 2013 (high and high).
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BASELINE:
Baseline certainty is rated as low.

z
z
z
z
z
z
z
z

D

The references used to determine this rating represents one textbook, one government report, a government
factsheet, and five peerreviewed journal articles. The applicability of the cited references was decreased as
appropriate when the lowland ecotype of switchgrasswas not directly assessed or discussed. Furthermore, the
overall certainty was decreased by one because the potential displacement of vegetation by any ecotype of
switchgrasslikely requires successful establishment first. The reliability and applicability of these sources are
listed below:
Uchytil 1993 (high and moderate);
Aiken and Springer 1995 (high and moderate);
Vogel 2004 (high and moderate);
Parrish and Fike 2005 (high and moderate);
Mitchell 2008 (high and moderate);
Holguin et al. 2010 (high and high);
USDANRCS 2011 (high and moderate); and
DiTomaso et al. 2013 (high and high).

(I05) Hydrology
Baseline risk

Moderate

GE risk

Moderate

Baseline certainty

Moderate

GE certainty

Low

(I05) Hydrology – Risk documentation
GE:
GE risk is rated as moderate; the GE risk remains unchanged from the baseline risk.
Water use in any plant species is may be facilitated by the form/function of its leaves to modulate
evapotranspiration (ET) and the capacity of the root system to access moisture.

Given the role of ABA in modulating plant growth/development and the wellknown role of ABA in modulating
stomata opening and overall plant evapotranspiration (Finkelstein 2002, 2013), activity of the introduced
transgene in GE lowland switchgrass may decrease its ET relative to nonGE lowland switchgrass. Indeed,
expression of AtNCED3 in switchgrass and measure of ET supports this observation (Iuchi et al. 2001). A
decrease in ET may lead to potential water use decreases in GE lowland switchgrass.
The development of the root system may be reduced in GE lowland switchgrass. Luo et al. (2014) observed that
root growth was decreased in ABAtreated A. thaliana; furthermore, root growth was also decreased in lowland
switchgrass following ABA treatment (Sarath et al. 2007). These data suggests a role of ABA in reducing root
growth; thus, increased ABA accumulation in GE lowland switchgrassas a result of the introduced transgene may
also experience a reduction in root growth, and potentially, water use.
Furthermore, it is possible to confer a severe and detrimental phenotype by NCED3like genes in other plant
systems (Thompson et al. 2000; Tung et al. 2008); if this were the case, then the risk to hydrology from
GE lowland switchgrass would be decreased from baseline. This potential effect, however, is extremely
uncertain (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015).


BASELINE:

ra
ft

Taken collectively, these data suggests that GE lowland switchgrass may use less water than nonGE lowland
switchgrass. Additionally, any potential root growth in GE lowland switchgrass also has implications for water
quality, as any reduction in sedimentation associated with nonGE lowland switchgrass is generally associated
with its root system. However, given the absence of functional and field characterization of GE lowland
switchgrass, any potential impact to hydrology is difficult to discern. Thus, this GE risk rating remains moderate
with decreased certainty.

D

Baseline risk is rated as moderate.

Several studies have been undertaken to examine the potential impact of switchgrasson hydrology. While some
of these studies utilized lowland switchgrass, all of these studies were performed within an agricultural context.
In general, both lowland and upland ecotypes of switchgrass have been demonstrated to improve water quality
relative to conventional agricultural crops (e.g., corn or soybean). Simulations by Parajuli and Duffy (2013)
demonstrate a reduction in sedimentation when comparing cultivated lowland switchgrassand continuous corn
production, while simulations by McIsaac et al. (2010) demonstrated reduced nutrient leaching in upland
switchgrass compared to corn  soybean cultivation. While these two studies are simulations, prior use of all
ecotypes of switchgrass to improve water quality (Kemper et al., 1992; BlancoCanqui et al., 2004; Vogel)
suggests that switchgrass is indeed able to improve water quality.
Le et al. (2011) examined the water use of switchgrass (unknown ecotype) and compared it to cultivated Zea
mays and Miscanthus sinensis. Under current climatic conditions in the Midwestern United States, oneyear
simulated evapotranspiration values relative to Z. mays suggested increased water use in switchgrass;
furthermore, this increase in switchgrass evapotranspiration lead to a reduction in available moisture relative to
Z. mays (Le et al. 2011). Further supporting this observation of increased water use by switchgrass is a study by
Parajuli and Duffy (2013). Utilizing lowland switchgrassfor a 20year simulation, lowland switchgrass yielded a
reduction in average monthly streamflow when compared to both continuous Z. mays and continuous Glycine
max (Parajuli and Duffy 2013). Unfortunately, the study of Parajuli and Duffy (2013) did not show finer level
data, detailing the streamflow resulting from individual plants in individual months. This is relevant, as lowland

switchgrassrepresents a perennial cropping system while the other two comparators represents an annual
cropping system.
McIsaac et al. (2010) examined the potential impacts of unfertilized upland switchgrasson soil moisture relative
to a Z. mays  G. max cropping system. The fieldlevel study demonstrated that upland switchgrassreduced soil
moisture sooner than the Z. mays  G. max cropping system; however, by the end of the growing season, soil
moisture was greater in the upland switchgrass field relative to the Z. mays  G. max field (McIcaac et al. 2010).
In general, switchgrass is likely to improve water quality. However, it may reduce water availability through
increased water use, though this is more uncertain. Further increasing this uncertainty is the consideration of
agriculture, which was the context of these wateruse studies. Given the potential positive and negative
impacts on varying aspects of hydrology by the switchgrass, the baseline risk is rated moderate with decreased
certainty.
(I05) Hydrology – Certainty documentation
GE:
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GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in biotic stress tolerance (and other plant processes), the known biology/ecology of
switchgrass, and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents eleven sources from the peerreviewed literature. The
GE certainty rating is decreased by one overall due to the absence of any quantitative data regarding GE
lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:

z
z
z
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Finkelstein 2002 (high and moderate);
Qin et al. 2002 (high and low);
Sarath et al. 2007 (high and high);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Huang et al. 2012 (high and low);
Finkelstein 2013 (high and moderate);
Luo et al. 2014 (high and low); and
EstradaMelo et al. 2015 (high and low).

D
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BASELINE:
Baseline certainty is rated as moderate.
The references used to determine this rating represents one textbook and five peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Furthermore, the overall certainty was decreased by one
because the majority of this data was taken from an agricultural context. The reliability and applicability of
these sources are listed below:
z

Kemper et al. 1992 (high and high);

z
z
z
z
z

BlancoCanqui et al. 2004 (high and high);
Vogel 2004 (high and high);
McIsaac et al. 2010 (high and moderate);
Le et al. 2011 (high and moderate); and
Parajuli and Duffy 2013 (high and high).

(I06) Soil quality
Baseline risk

Negligible

GE risk

Negligible

Baseline certainty

Moderate

GE certainty

Low

(I06) Soil quality – Risk documentation
GE:
GE risk is rated as negligible; the GE risk remains unchanged from the baseline risk.
As described in the baseline response to this question, nonGE lowland switchgrass is generally thought to
improve soil quality through decreases in soil erosion and increases in soil organic carbon. Both improvements
in soil quality are likely facilitated through the nonGE lowland switchgrass root system.
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GE lowland switchgrass may exhibit a decrease in root growth, and thus, a decrease in its capacity to reduce soil
erosion relative to nonGE lowland switchgrass. Luo et al. (2014) observed that root growth was decreased in
ABAtreated A. thaliana; furthermore, root growth was also decreased in lowland switchgrass following ABA
treatment (Sarath et al. 2007). These data suggests a role of ABA in reducing root growth; thus, increased ABA
accumulation in GE lowland switchgrassas a result of the introduced transgene may also experience a reduction
in root growth, and potentially a reduction in its capacity to benefit soil erosion and soil organic carbon relative
to nonGE lowland switchgrass.

D

Furthermore, it is possible to confer a severe and detrimental phenotype by NCED3like genes in other plant
systems (Thompson et al. 2000; Tung et al. 2008); if this were the case, then the risk to soil quality from
GE lowland switchgrass would be decreased from nonGE lowland switchgrass. This potential effect, however,
is extremely uncertain (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015) given the
absence of functional and field characterization of GE lowland switchgrass.
Taken collectively, these data suggests that GE lowland switchgrass may not improve soil quality relative to non
GE lowland switchgrass. However, there is no evidence to suggest that the increase in ABA as a result of the
transgene in GE lowland switchgrasswould negatively impact soil quality. Thus, this GE risk rating remains
negligible with decreased certainty.

BASELINE:
Baseline risk is rated as negligible.
In general, switchgrass is thought to improve soil quality in a multitude of ways, including the reduction/control
of soil erosion (Vogel 2004; Parrish and Fike 2005).
Furthermore, all ecotypes of switchgrass (similar to other potential biofuel crop plants)are anticipated to
sequester carbon and, through the process of root turnover, improve soil organic carbon concentrations (Lemus
and Lal 2005; Parrish and Fike 2005). A fiveyear field study utilizing upland switchgrass demonstrated that soil
organic carbon increased significantly across all sites studied, with accrual rates of 1.1  2.9 Mg C /ha/year

(Liebig et al. 2008). A tenyear field study by Ma et al. (2000) utilizing lowland switchgrass supports this
observation, with soil organic carbon increasing in fields planted with lowland switchgrass. From the studies of
Liebig et al. (2008) and Ma et al. (2000), it appears that lowland switchgrassmay increase soil organic carbon
slightly slower than upland switchgrass, potentially attributed to the lower root density of lowland ecotypes
compared to upland ecotypes (Ma et al. 2000b).
(I06) Soil quality – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge of
ABA and its role in biotic stress tolerance (and other plant processes), the known biology/ecology of
switchgrass, and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents nine sources from the peerreviewed literature. The GE
certainty rating is decreased by one overall due to the absence of any quantitative data regarding GE lowland
switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:

z
z
z
z
z
z
z
z

Thompson et al. 2000 (high and low);
Iuchi et al. 2001 (high and low);
Qin et al. 2002 (high and low);
Sarath et al. 2007 (high and high);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Huang et al. 2012 (high and low);
Luo et al. 2014 (high and low); and
EstradaMelo et al. 2015 (high and low).
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z

BASELINE:

D



Baseline certainty is rated as moderate.

The references used to determine this rating represents one textbook and five peerreviewed journal articles.
The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. Furthermore, the overall certainty was decreased by one
because the majority of this data was taken from an agricultural context. The reliability and applicability of
these sources are listed below:
z
z
z
z
z
z

Vogel 2004 (very high and very high);
Lemus and Lal 2005 (high and moderate);
Parrish and Fike 2005 (very high and very high);
Liebig et al. 2008 (high and moderate);
Ma et al. 2000a (high and high); and
Ma et al. 2000b (high and high).

(I07) Fire regime
Baseline risk

Very high

GE risk

Very high

Baseline certainty

Low

GE certainty

Low

(I07) Fire regime – Risk documentation

GE:
GE risk is rated as very high; the GE risk remains unchanged from the baseline risk.
As discussed in the baseline risk rating, switchgrass is generally considered a fireadapted species, though
uncertainty exists regarding the fire tolerance of lowland switchgrass.
The drought tolerance of GE lowland switchgrass may facilitate the establishment and enable the higher
accumulation of biomass relative to nonGE lowland switchgrass in any given natural area where water is
limiting. Thus, GE lowland switchgrass may alter the intensity of wildfire by providing more fuel (i.e., aerial
biomass) than would otherwise be provided by nonGE lowland switchgrass. In spite of this, however, the
observation remains that nonGE switchgrass may not be as adapted to fire as upland ecotypes (Beaty et al.
1978); thus, GE lowland switchgrass may not be as fire adapted as upland ecotypes. Furthermore, uncertainty is
increased, given observations of potential negative impacts on growth/development resulting from similar
introduced traits (Thompson et al. 2000; Tung et al. 2008) and an absence of functional/field characterization of
GE lowland switchgrass.


BASELINE:

ra
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Taken collectively, the evidence regarding potential effects on fire regime by GE lowland switchgrass remains
uncertain. In general, GE lowland switchgrassmay provide increased biomass for wildfire fuel in dryer areas
compared to nonGE lowland switchgrass. However, there is some evidence that lowland ecotypes of
switchgrass may be susceptible to burning and not as fire adapted as originally characterized. Thus, the baseline
risk is remains very high with decreased certainty.

Baseline risk is rated as very high.
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Switchgrass likely represents a fireadapted grass species (Uchytil 1993). Not only has the foliage of
switchgrassbeen noted to represent a good source of fuel (Uchytil 1993), switchgrassgenerally benefits from fire
while dormant; burning appears to have little effect on plant vigor (Cuomo et al. 1988), and burning appears to
increased growth and seed yield (Cornelius 1950; Rice et al. 1978). However, these studies either did not
specify the switchgrassecotype studied (Cornelius 1950; Rice et al. 1978) or utilized the upland ecotype (Cuomo
et al. 1988).
Observations from Beaty et al. (1978) suggests that lowland (i.e., bunchforming; see Vogel 2004)
switchgrassmay not be as equally adapted to fire as the upland ecotypes. Beaty et al. (1978) observed that a
number of lowland switchgrassclones died following field burning; this was attributed by the authors to the
vulnerability of growing buds growing above the soil insulation zone in bunchtype switchgrass. Thus, lowland
switchgrass may not be as adapted to fire as upland ecotypes of switchgrassdue to differences in morphology.
The evidence regarding potential effects on fire regime by lowland switchgrass is conflicting. In
general, switchgrassis observed to be a fireadapted species possessing foliage that functions as a good source
of fuel and whose growth and development benefits from burning during the dormant season. However, there
is some evidence that lowland ecotypes of switchgrass may be susceptible to burning. Thus, the baseline risk is
rated as very high with decreased certainty.
(I07) Fire regime – Certainty documentation
GE:

GE certainty is rated as low; this is unchanged from the baseline certainty and is related to existing knowledge
of ABA and its role in biotic stress tolerance (and other plant processes), the known biology/ecology of
switchgrass, and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents three sources from the peerreviewed literature. The
GE certainty rating is decreased by one overall due to the absence of any quantitative data regarding GE
lowland switchgrass. The reliability and applicability of the source cited in the GE risk rating are listed below:
z
z
z

Beaty et al. 1978 (high and high);
Thompson et al. 2000 (high and low); and
Tung et al. 2008 (high and low) .


BASELINE:
Baseline certainty is rated as low.

z
z
z
z
z

Cornelius 1950 (high and moderate);
Beaty et al. 1978 (high and high);
Rice et al. 1978 (high and moderate);
Cuomo et al. 1988 (high and moderate);
Uchytil 1993 (high and high); and
Vogel 2004 (high and high).
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The references used to determine this rating represents one textbook, one government report, and four peer
reviewed journal articles. The applicability of the cited references was decreased as appropriate when the
lowland ecotype of switchgrasswas not directly assessed or discussed. Furthermore, the overall certainty was
decreased by one because the potential displacement of vegetation by any ecotype of switchgrasslikely requires
successful establishment first. The reliability and applicability of these sources are listed below:

(I08) Physical obstructions

Baseline risk

Baseline certainty

Negligible

GE risk

Negligible

Moderate

GE certainty

Moderate

(I08) Physical obstructions – Risk documentation
GE:
GE risk is rated as negligible; the GE risk remains unchanged from the baseline risk.
As detailed in the GE response to question (B04) Dense thickets and monospecific stands, there is no reason to
suspect that this GE trait would alter the capacity ofGE lowland switchgrassto form dense thickets and
monospecific stands. Given that information, there is little reason to suspect that any dense thicket or
monospecific stand resulting from this GE lowland switchgrasswould be impenetrable, just as it was observed
with nonGE lowland switchgrass.

BASELINE:

Baseline risk is rated as negligible.
As detailed in the response to question (B04) Dense thickets and monospecific stands, lowland switchgrassmay
form a dense thicket and monospecific stand in the absence of human intervention. However, there is no
evidence that this is likely to result in a physical obstruction.
(I08) Physical obstructions – Certainty documentation
GE:
GE certainty is rated as moderate; this is unchanged from the baseline certainty.
This GE certainty rating is determined by the certainty rating of the GE responses to question B04 Dense thickets
and monospecific stands.

Baseline certainty is rated as moderate.
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This certainty rating is determined by the applicability and reliability of the references used in answering of
question (B04) Dense thickets and monospecific stands (certainty was moderate).

(I09) Other impact weediness traits

Baseline risk
Baseline certainty

Low

GE risk

Low

High

GE certainty

Low

(I09) Other impact weediness traits – Risk documentation
GE:

D

GE risk is rated as low; the GE risk is unchanged from the baseline risk of low.

It is unlikely that the introduced GE trait in GE lowland switchgrass will alter the weediness/invasiveness of its
sexuallycompatible relatives within the United States (i.e., P. capillare L., P. dichotomiflorum Michx., and P.
miliaceum L; see USDANRCS 2015c; USDANRCS 2015b; USDANRCS 2015d) within the United States, primarily
because there is no credible evidence of interspecific hybridization between any switchgrass and any other
Panicum species (DiTomaso et al. 2013). A single reference of interspecific hybridization between switchgrass
and P. amarum is alluded to in Palmer (1975); however, the observation is speculative, as it is based on field
observation of plant morphological features without any critical followup assessment of taxonomic validity.
Additionally, the introduction of a transgenes into GE lowland switchgrass is unlikely to impact the potential
dilution or loss of allelic diversity described in the baseline response to this question, given the size of the
lowland switchgrass genome relative to the transgenes described in (18) earlier in this WRA. Furthermore,
while the movement of transgenes from GE lowland switchgrassinto nonGE lowland switchgrass is plausible
and likely (assuming the two populations are sympatric and sexually compatible with one another) due its open
pollinated, selfincompatible grass reproductive strategy (MartinezReyna and Vogel 2002; Vogel 2004), the
potential of GE lowland switchgrass to produce weedy hybrids with other sexuallycompatible switchgrass
plants is not likely based on existing data, but remains uncertain.
Greenhouse (Barney et al. 2009), computer simulation (Barney and DiTomaso 2010), and field studies (Barney et
al. 2012) demonstrated that soil moisture represents a limiting factor in lowland switchgrass

establishment (DiTomaso et al. 2013). Given the role of ABA in plant drought tolerance (Finkelstein 2013),
the GE trait may facilitate the establishment of hybrids (between GE lowland switchgrass and sexually
compatible switchgrass plants) in areas of limited moisture outside of cultivation. However, DiTomaso et al.
(2013) also demonstrated that lowland switchgrassremains a poor competitor in habitats that are not moisture
limited (i.e., riparian habitats) during its establishment. Thus, while GE lowland switchgrass may more readily
establish in certain habitats than nonGE lowland switchgrass, the magnitude of this introduced trait on
weediness/invasiveness is uncertain because of existing characterization of switchgrass as a poor competitor.
However, given the role of ABA in plant growth and development (Finkelstein 2013), GE lowland switchgrass
may exhibit negative effects on growth and development during nonstressed growth conditions. These
negative effects are based on observations of small and withered GE ABAaltered plants (Thompson et al. 2000;
Tung et al. 2008) in the literature, and may result in GE lowland switchgrass possessing substantiallyreduced
fitness in the environment. However, this potential negative effect is highly uncertain, given that GE ABA
altered plants with no negative effects on growth and development during nonstressed growth conditions are
also observed in the literature (Iuchi et al. 2001; Qin et al. 2002; Zhang et al. 2008; EstradaMelo et al. 2015).


BASELINE:
Baseline risk is rated as low.
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Taken in total, the presented evidence suggests that hybrids between GE lowland switchgrass and sexually
compatible switchgrass plants may more easily establish in some habitats than hybrid plants not containing the
GE trait; however, the weediness of these hybrids is uncertain given the characterization of switchgrass as a
poor plant competitor, and the absence of data surrounding the GE lowland switchgrassplant itself and its
performance in controlled/lesscontrolled conditions. Thus, the GE risk rating remains the same as the baseline
risk rating, but with decreased certainty.
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Lowland switchgrass is native to the United States (Vogel 2004). Furthermore, molecular data suggests that the
center of origin for lowland switchgrass is the Southern United States, specific to the Southern Great Plains and
the Eastern Gulf Coast (Zalapa et al. 2011).
Consistent with an openpollinated, selfincompatible grass reproductive strategy, switchgrass demonstrates
more genetic diversity within populations than between populations (Narasimhamoorthy et al. 2008; Parrish et
al. 2011). Thus, the frequency of different alleles is variable within individual populations or cultivars of
switchgrass, but the diversity of these same alleles is maintained on the species level.
The erosion of local plant genotypes through the frequent introduction/ introgression of nonlocal alleles is a
concern for any plant species (Ellstrand 1992; Hails and Morley 2005), particularly for a plant species within its
center of origin. However, given the limited breeding cycles of any switchgrass ecotype/cultivar and the
diversity of alleles shared between switchgrass ecotypes/cultivars (Narasimhamoorthy et al. 2008), the
substantial dilution or loss of local switchgrass allelic diversity through hybridization with cultivated lowland
switchgrass populations is not likely (Casler et al. 2007; Ecker et al. 2015). Thus, the erosion of local switchgrass
genotypes following the potential introduction of nonlocal GE lowland switchgrass is not likely.
(I09) Other impact weediness traits – Certainty documentation
GE:
GE certainty is rated as low; this is decreased from the baseline certainty and is related to existing knowledge

regarding lowland switchgrass and the absence of quantitative data regarding GE lowland switchgrass.
The references used to determine this rating represents one textbook and one source from the peerreviewed
literature. The applicability of the cited references was decreased as appropriate when the lowland ecotype of
switchgrasswas not directly assessed or discussed. The GE certainty rating is decreased by one overall due to
the absence of any quantitative data regarding GE lowland switchgrass. The reliability and applicability of the
source cited in the GE risk rating are listed below:

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

Palmer 1975 (high and moderate);
Thompson et al. 2000 (high and low);
MartinezReyna and Vogel 2002 (high and very high);
Qin et al. 2002 (high and low);
Vogel 2004 (high and high);
Tung et al. 2008 (high and low);
Zhang et al. 2008 (high and low);
Barney et al. 2009 (high and high);
Barney and DiTomosao 2010 (high and high);
Iuchi et al. 2011 (high and low);
Barney et al. 2012 (high and high);
DiTomaso et al. 2013 (high and high);
Finkelstein 2013 (high and high);
EstradaMelo et al. 2015 (high and low);
USDANRCS 2015b (high and high);
USDANRCS 2015c (high and high); and
USDANRCS 2015d (high and high).
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BASELINE:
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z

Baseline certainty is rated as high.

The references used to determine this rating represents two textbook and six peerreviewed journal articles.
The reliability and applicability of these sources are listed below:
z
z
z
z
z
z
z
z

Ellstrand 1992 (high and moderate);
Vogel 2004 (high and high);
Hails and Morley 2005 (high and moderate);
Casler 2007 (high and high);
Narasimhamoorthy et al. 2008 (high and high);
Parrish et al. 2011 (high and high);
Zalapa et al. 2011 (high and high); and
Ecker et al. 2015 (high and high).

Impact risk summary
GE:
Like nonGE lowland switchgrass, GE lowland switchgrass is unlikely to substantially affect agricultural yield and
quality. While the potential impact of the transgene on the production of toxic compounds in GE lowland

switchgrass is uncertain, this remains an issue that may be easily managed through the avoidance of specific
animals and GE lowland switchgrass.
GE lowland switchgrass may reduce positive impacts to soil and water quality that are generally associated with
nonGE lowland switchgrassdue to potential unintended impacts to GE lowland switchgrassroot growth.
However, this potential impact and reduction is uncertain, given the absence of functional/field characterization
of GE lowland switchgrass.
Both GE and nonGE lowland switchgrass may be able to reduce plant populations in nonagricultural areas
where it is able to establish. However, the potential area for this to occur is greater for GE lowland switchgrass,
due to its drought tolerant trait. However, this also is uncertain, given the general characterization of nonGE
lowland switchgrass as a noncompetitive plant and the absence of functional/field characterization of GE
lowland switchgrass.

BASELINE:

ra
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Additionally, the reproductive strategy in GE (and nonGE) lowland switchgrass ensures that its transgene is
likely to enter the broader population, potentially enabling offspring between GE lowland switchgrass and
sexuallycompatible switchgrass plants to establish in moisturelimited areas that would otherwise preclude
switchgrass seedlings that do not contain the GE trait. However, the potential impact of the GE trait on the
weediness/invasiveness of these offspring is uncertain, primarily due to data characterizing switchgrass plants
as poor plant competitors even when water is not limited.


Overall impact risk is rated as low.
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Lowland switchgrass is unlikely to substantially impact agricultural yield and quality because it is unlikely to
function as an agricultural weed. The production of toxic compounds may cause lethality in some types of
animals that consume it; however, this may be easily managed through avoidance of specific animals and
lowland switchgrass. In general, lowland switchgrass may improve some aspects of soil and water quality.
Within nonmanaged areas, lowland switchgrass may be able to successfully reduce other plant populations and
reduce the available water to other plant populations. However, this potential to reduce other plant
populations and potentially reduce the available water to other plants is dependent on the successful
establishment of switchgrassin these nonmanaged areas. The majority of evidence available suggests that
establishment of lowland switchgrassis not easy; establishment is even difficult with human intervention (within
an agricultural context).
Additionally, the switchgrass center of origin is within the United States. Knowledge from other plant systems
suggests a potential risk to overall allelic diversity when nonlocal genotypes are introduced/maintained near
local genotypes. However, recent studies suggest that this risk is low with GE lowland switchgrass, primarily due
to the limitedbreeding cycles common to all switchgrass cultivars and the reproductive system (i.e., open
pollinated and self incompatible) inherent to the species.

Impact certainty summary
GE:
The major source of decreased certainty in the GE impact responses is the absence of functional/field

characterization of GE lowland switchgrass. ABA is a plant hormone integral to growth and development;
accordingly, alteration of ABA homeostasis in the published literature leads to sometimes disparate
observations across different plant species and experimental conditions. Reconciling these sometimes disparate
outcomes with potentially unintended phenotypes in GE lowland switchgrass results in decreased certainty for
almost every GE impact response.

BASELINE:
Overall impact certainty is rated as moderate.
A substantial portion of the cited literature often does not discriminate between lowland and upland
ecotypes/or utilized upland ecotypes of switchgrass. Furthermore, some potential negative impacts of lowland
switchgrass is dependent on its successful establishment, an occurrence that is not at all certain in both
managed and nonmanaged areas.

Overall summary
GE:

ra
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Risk summary
Introducing drought tolerance into GE lowland switchgrass potentially expands the area where it can establish.
However, it is uncertain that the transgene would enable GE lowland switchgrass to better compete with plants
during establishment in managed or unmanaged environments; at present, nonGE lowland switchgrassis not
considered an effective plant competitor. Thus, despite potentially increasing the areas where it can grow, the
weediness of GE lowland switchgrass is not likely nor is it certain.
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Additionally, while the potential effect of the transgene on the capacity of GE lowland switchgrass to produce
toxic compounds is uncertain, this remains a management issue and avoidance is likely sufficient to deal with
this concern. Indeed, the previous use of nonGE lowland switchgrassas a forage crop indicate that this concern
of toxicity is relatively easy to manage.
In nonmanaged areas, assuming successful establishment, GE lowland switchgrassmay reduce plant
populations, reduce the amount of water available to other plants, and alter fire regimes. However, these
potential consequences are the same as those for nonGE lowland switchgrass. And like nonGE lowland
switchgrass, the establishment of GE lowland switchgrass in these nonmanaged areas is uncertain.
While loss of genetic diversity in disparate switchgrass populations (both low and upland ecotypes) does not
appear to be a significant issue, the movement of the transgenes from GE lowland switchgrassto other
populations of switchgrass is likely given its reproductive strategy. While offspring between GE lowland
switchgrass and sexuallycompatible switchgrass plants (that contain the GE trait) may successfully establish in
moisturelimited areas that would otherwise preclude switchgrass seedlings that do not contain the GE trait,
any potential effect on the weediness of these offspring is uncertain.
It is unlikely that GE lowland switchgrass would alter the weediness/invasiveness of any sexuallycompatible
relative within the United States, as lowland switchgrass is not reported to hybridize with any other Panicum
species.
Furthermore, public perception of the likely gene movement between GE lowland switchgrass and sexually

compatible switchgrass plants needs to be considered elsewhere (i.e., public perception is beyond the scope of
this WRA).

BASELINE:
Overall baseline risk is rated as moderate.
Lowland switchgrass is a nondomesticated grass species native to the United States, possessing a wide
distribution across the country. Accordingly, lowland switchgrass is broadly adapted, demonstrating a range of
tolerances to biotic and abiotic stresses. These attributes, among several others related to its non
domesticated status, contributes to its high biology risk.
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Despite this, lowland switchgrass possesses a low impact risk, as it is not frequently characterized as an
agricultural weed and has not been frequently reported to negatively affect agriculture yield and quality.
Overall, lowland switchgrassis not viewed as competitive with other vegetation prior to establishment. The
regular annual activities on agricultural fields makes it that much more difficult for lowland switchgrassto
establish as a weed within this context. Additionally, while lowland switchgrass may produce toxic compounds
that are lethal to some agriculturallyimportant animals, management and simple avoidance is likely sufficient
to deal with this potential issue. Indeed, its previous use as a forage crop indicate that this potential issue of
toxicity is relatively easy to manage.
In nonmanaged areas, lowland switchgrassmay successfully compete with other vegetation after
establishment. Lowland switchgrassmay also reduce the availability of water for other plants in nonmanaged
areas. As a result, it may alter other plant populations. However, establishment is not at all certain in non
managed areas.
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Certainty summary

GE:

The major source of decreased certainty in the GE biology and impact responses is the absence of
functional/field characterization of GE lowland switchgrass. ABA is a plant hormone integral to growth and
development; accordingly, alteration of ABA homeostasis in the published literature leads to sometimes
disparate observations across different plant species and experimental conditions. Reconciling these sometimes
disparate outcomes with potentially unintended phenotypes in GE lowland switchgrass results in decreased
certainty for almost every GE impact and biology response.

BASELINE:
Overall baseline certainty is rated as moderate.
The certainty of this WRA was influenced primarily by three things:
z

z

A substantial portion of the cited literature often did not discriminate between lowland and upland
ecotypes/or utilized upland ecotypes of switchgrass;
The vast majority of interest is in the leafy biomass of switchgrass (lowland and upland ecotypes);

z

consequently, relatively few studies reported on seed yield as a result of an experimental parameter; and
Some potential negative impacts of lowland switchgrass is dependent on its successful establishment, an
occurrence that is not at all certain in both managed and nonmanaged areas.

Bibliography
GE:

D

ra
ft

1. Achard P and Genschik P. 2009. Releasing the brakes of plant growth: how GAs shutdown DELLA proteins.
Journal of Experimental Botany 60, pp. 10851092. Retrieved from
http://jxb.oxfordjournals.org/content/60/4/1085.abstract Last accessed July, 2015.
2. Akula R and Ravishankar GA. 2011. Influence of abiotic stress signals on secondary metabolites in plants.
Plant Signaling & Behavior 6, pp. 17201731. Retrieved from http://dx.doi.org/10.4161/psb.6.11.17613
Last accessed November, 2015.
3. BaileySerres J and Voesenek LACJ. 2010. Life in the balance: a signaling network controlling survival of
flooding. Current Opinion in Plant Biology 13, pp. 489494. Retrieved from
http://www.sciencedirect.com/science/article/pii/S1369526610001044 Last accessed July, 2015.
4. Barney JN and DiTomaso JM. 2008. Nonnative species and bioenergy: Are we cultivating the next invader?
BioScience 58, pp. 6470.
5. Barney JN and DiTomaso JM. 2010. Bioclimatic predictions of habitat suitability for the biofuel switchgrass
in North America under current and future climate scenarios. Biomass and Bioenergy 34, pp. 124133.
6. Barney JN, Mann JJ, Kyser GB, and DiTomaso JM. 2012. Assessing habitat susceptibility and resistance to
invasion by the bioenergy crops switchgrass and Miscanthus × giganteus in California. Biomass and
Bioenergy 40, pp. 143154. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0961953412000852
7. Barney JN, Mann JJ, Kyser GB, Blumwald E, Van Deynze A, and DiTomaso JM. 2009. Tolerance of
switchgrass to extreme soil moisture stress: Ecological implications. Plant Science 177, pp. 724732.
8. Beaty ER, Engel JL, and Powell JD. 1978. Tiller development and growth in switchgrass. Journal of Range
Management 31, pp. 361365.
9. Beck E, Ludwig G, Auerswald EA, Reiss B, and Schaller H. 1982. Nucleotide sequence and exact localization
of the neomycin phosphotransferase gene from transposon Tn5. Gene 19, pp. 327336. Retrieved from
http://www.sciencedirect.com/science/article/pii/0378111982900233 Last accessed June, 2015.
10. Burson BL, Tischler CR, and Ocumpaugh WR. 2009. Breeding for reduced postharvest seed dormancy in
switchgrass: Registration of TEMLoDorm switchgrass germplasm. Journal of Plant Registrations 3, pp. 99
103.
11. Cao F, Yoshioka K, and Desveaux D. 2011. The roles of ABA in plant–pathogen interactions. J Plant Res 124,
pp. 489499. Retrieved from http://dx.doi.org/10.1007/s102650110409y Last accessed August, 2015.
12. Chapin III F, Autumn K, and Pugnaire F. 1993. Evolution of Suites of Traits in Response to Environmental
Stress. The American Naturalist 142, pp. S78S92.
13. Conti L, Galbiati M, and Tonelli C. 2014. ABA and the Floral Transition. In: Abscisic Acid: Metabolism,
Transport and Signaling (Springer Netherlands), pp. 365384. Retrieved from
http://dx.doi.org/10.1007/9789401794244_18 Last accessed November, 2015.
14. DiTomaso J, Barney J, Mann J, and Kyser G. 2013. For switchgrass cultivated as biofuel in California,
invasiveness limited by several steps. California Agriculture 67. Retrieved from
http://californiaagriculture.ucanr.edu/landingpage.cfm?article=ca.v067n02p96&fulltext=yes Last
accessed October, 2015.
15. Dolginow J. 2013. Switchgrass and Miscanthus: Economics of Perennial Grasses Grown for Bioenergy.
University of Missouri Extension. Retrieved from http://extension.missouri.edu/p/G4980 Last accessed
December, 2015.
16. Domagalska MA, Sarnowska E, Nagy F, and Davis SJ. 2010. Genetic Analyses of Interactions among
Gibberellin, Abscisic Acid, and Brassinosteroids in the Control of Flowering Time in <italic>Arabidopsis

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ra
ft

18.

D

17.

thaliana</italic>. PLoS ONE 5, pp. e14012. Retrieved from http://dx.doi.org/10.1371%
2Fjournal.pone.0014012 Last accessed August, 2015.
Duclos DV, Ray DT, Johnson DJ, and Taylor AG. 2013. Investigating seed dormancy in switchgrass (Panicum
virgatum L.): understanding the physiology and mechanisms of coatimposed seed dormancy. Industrial
Crops and Products 45, pp. 377387. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0926669013000228 Last accessed October, 2015.
Elgersma A, Leeuwangh JE, and Wilms HJ. 1988. Abscission and seed shattering in perennial ryegrass
(Lolium perenne L.). Euphytica 39, pp. 5157. Retrieved from http://dx.doi.org/10.1007/BF00043367 Last
accessed November, 2015.
EstradaMelo AC, Chao, Reid MS, and Jiang CZ. 2015. Overexpression of an ABA biosynthesis gene using a
stressinducible promoter enhances drought resistance in petunia. Horticulture Research 2, pp. 15013.
Retrieved from http://dx.doi.org/10.1038/hortres.2015.13 Last accessed August, 2015.
Finkelstein R. 2013. Abscisic Acid Synthesis and Response. The Arabidopsis Book / American Society of
Plant Biologists 11, pp. e0166. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3833200/
Last accessed July, 2015.
Finkelstein RR, Gampala SSL, and Rock CD. 2002. Abscisic Acid Signaling in Seeds and Seedlings. The Plant
Cell 14, pp. s15s45. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC151246/ Last
accessed August, 2015.
Fraley RT, Rogers SG, Horsch RB, Sanders PR, Flick JS, Adams SP, Bittner ML, Brand LA, Fink CL, Fry JS,
Galluppi GR, Goldberg SB, Hoffmann NL, and Woo SC. 1983. Expression of bacterial genes in plant cells.
Proceedings of the National Academy of Sciences of the United States of America 80, pp. 48034807.
Retrieved from http://www.pnas.org/content/80/15/4803.abstract Last accessed June, 2015.
Fukao T and BaileySerres J. 2008. Submergence tolerance conferred by Sub1A is mediated by SLR1 and
SLRL1 restriction of gibberellin responses in rice. Proceedings of the National Academy of Sciences 105, pp.
1681416819. Retrieved from http://www.pnas.org/content/105/43/16814.abstract Last accessed July,
2015.
Gommers CMM, Visser EJW, Onge KRS, Voesenek LACJ, and Pierik R. 2013. Shade tolerance: when
growing tall is not an option. Trends in Plant Science 18, pp. 6571. Retrieved from
http://www.sciencedirect.com/science/article/pii/S1360138512002154 Last accessed August, 2015.
Hattori Y, Nagai K, Furukawa S, Song XJ, Kawano R, Sakakibara H, Wu J, Matsumoto T, Yoshimura A,
Kitano H, Matsuoka M, Mori H, and Ashikari M. 2009. The ethylene response factors SNORKEL1 and
SNORKEL2 allow rice to adapt to deep water. Nature 460, pp. 10261030. Retrieved from
http://dx.doi.org/10.1038/nature08258 Last accessed July, 2015.
Holguin CM, ReayJones FPF, Frederick JR, Adler PH, Chong JH, and Savereno A. 2010. Insect Diversity in
Switchgrass Grown for Biofuel in South Carolina. Journal of Agricultural and Urban Entomology 27, pp. 1
19. Retrieved from http://dx.doi.org/10.3954/1523547527.1.1 Last accessed October, 2015.
Innes P, Blackwell RD, and Quarrie SA. 1984. Some effects of genetic variation in droughtinduced abscisic
acid accumulation on the yield and water use of spring wheat. The Journal of Agricultural Science 102, pp.
341351. Retrieved from http://dx.doi.org/10.1017/S0021859600042660 Last accessed December, 2015.
Iuchi S, Kobayashi M, Taji T, Naramoto M, Seki M, Kato T, Tabata S, Kakubari Y, YamaguchiShinozaki K,
and Shinozaki K. 2001. Regulation of drought tolerance by gene manipulation of 9cisepoxycarotenoid
dioxygenase, a key enzyme in abscisic acid biosynthesis in Arabidopsis. The Plant Journal 27, pp. 325333.
Retrieved from http://dx.doi.org/10.1046/j.1365313x.2001.01096.x Last accessed August, 2015.
Koornneef M, Hanhart CJ, Hilhorst HW, and Karssen CM. 1989. In Vivo Inhibition of Seed Development and
Reserve Protein Accumulation in Recombinants of Abscisic Acid Biosynthesis and Responsiveness Mutants
in Arabidopsis thaliana. Plant Physiol 90, pp. 463469. Last accessed August, 2015.
Koziol L, Rieseberg LH, Kane N, and Bever JD. 2012. Reduced drought tolerance during domestication and
theevolution of weediness results from tolerancegrowth tradeoffs. Evolution 66, pp. 38033814.
Retrieved from http://onlinelibrary.wiley.com/doi/10.1111/j.15585646.2012.01718.x/pdf Last accessed
December, 2015.

D

ra
ft

31. Kurup S, Jones HD, and Holdsworth MJ. 2000. Interactions of the developmental regulator ABI3 with
proteins identified from developing Arabidopsis seeds. Plant J 21, pp. 143155. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/10743655 Last accessed August, 2015.
32. Lanceras JC, Pantuwan G, Jongdee B, and Toojinda T. 2004. Quantitative Trait Loci Associated with
Drought Tolerance at Reproductive Stage in Rice. Plant Physiology 135, pp. 384399. Retrieved from
http://www.plantphysiol.org/content/135/1/384.abstract Last accessed December, 2015.
33. Levi M, Brusa P, Chiatante D, and Sparvoli E. 1993. Cell cycle reactivation in cultured pea embryo axes.
Effect of abscisic acid. In Vitro Cell Dev Biol  Plant 29, pp. 4750. Retrieved from
http://dx.doi.org/10.1007/BF02632250 Last accessed August, 2015.
34. Liu Y, Zhang X, Tran H, Shan L, Kim J, Childs K, Ervin E, Frazier T, and Zhao B. 2015. Assessment of drought
tolerance of 49 switchgrass (Panicum virgatum) genotypes using physiological and morphological
parameters. Biotechnol Biofuels 8, pp. 118. Retrieved from http://dx.doi.org/10.1186/s130680150342
8 Last accessed November, 2015.
35. Luo X, Chen Z, Gao J, and Gong Z. 2014. Abscisic acid inhibits root growth in Arabidopsis through ethylene
biosynthesis. Plant J 79, pp. 4455. Last accessed November, 2015.
36. MarionPoll A. 1997. ABA and seed development. Trends in Plant Science 2, pp. 447448. Retrieved from
http://ac.elscdn.com/S1360138597900327/1s2.0S1360138597900327main.pdf?_tid=77ae8d263af0
11e58aa200000aacb360&acdnat=1438724198_ceeb9a78f5e91ca3cf505c243e4a61a0 Last accessed
August, 2015.
37. MartinezReyna JM and Vogel KP. 2002. Incompatibility Systems in Switchgrass. Crop Science 42, pp. 1800
1805.
38. McErlich A and Boydston R. 2013. Current State of Weed Management in Organic and Conventional
Cropping Systems. In: Automation: The Future of Weed Control in Cropping Systems. Lincoln, NE. United
States Department of Agriculture, Agricultural Research Service.
39. Mitchell R, Vogel KP, and Sarath G. 2008. Managing and enhancing switchgrass as a bioenergy feedstock.
Biofuels, Bioproducts, Biorefineries 2, pp. 530539.
40. Moser LE and Vogel KP. 1995. Switchgrass, big bluestem, and indiangrass. In: Forages Vol1. An
Introduction to Grassland Agriculture (Ames, IA: Iowa State University Press), pp. 409420.
41. Nathan R. 2006. Longdistance dispersal of plants. Science 313, pp. 786788. Retrieved from
http://www.botany.wisc.edu/courses/botany_422/readings/Nathan%202006%20Science%20copy.pdf
Last accessed July, 2015.
42. Nathan R, Katul GG, Horn HS, Thomas SM, Oren R, Avissar R, Pacala SW, and Levin SA. 2002. Mechanisms
of longdistance dispersal of seeds by wind. Nature 418, pp. 409413. Retrieved from
http://dx.doi.org/10.1038/nature00844 Last accessed July, 2015.
43. Nonogaki M, Sall K, Nambara E, and Nonogaki H. 2014. Amplification of ABA biosynthesis and signaling
through a positive feedback mechanism in seeds. The Plant Journal 78, pp. 527539. Retrieved from
http://dx.doi.org/10.1111/tpj.12472 Last accessed August, 2015.
44. Okagami N and Tanno N. 1993. Gibberellic acidinduced prolongation of the dormancy in tubers or
rhizomes of several species of East Asian Dioscorea. Plant Growth Regul 12, pp. 119123. Retrieved from
http://dx.doi.org/10.1007/BF00144592 Last accessed July, 2015.
45. Okagami N, Tanno N, Kawai M, Hiratsuka A, Satoh Ki, and Terui K. 1997. Expansion of trait of gibberellin
induced dormancy in the Tertiary relict species of the genus Dioscorea (Dioscoreaceae). Plant Growth
Regul 22, pp. 137140. Retrieved from http://dx.doi.org/10.1023/A%3A1005816324097 Last accessed
July, 2015.
46. Ortuño A, Oncina R, Botia JM, and Del Rio JA. 1999. Regulation of the diosgenin expression in Trigonella
foenumgraecum plants by different plant growth regulators. Food Chemistry 65, pp. 227232. Retrieved
from http://www.sciencedirect.com/science/article/pii/S0308814698002118 Last accessed November,
2015.
47. Palmer N. 2015. Functional Genomic Analysis of Switchgrass Developmental Processes (PhD dissertation).
48. Palmer P. 1975. A biosystematic study of the panicum amarumP. amarulum complex. Brittonia 27, pp.

D

ra
ft

142150.
49. Parrish DJ and Fike JH. 2005. The biology and agronomy of switchgrass for biofuels. Critical Reviews in
Plant Science 24, pp. 423459.
50. Polko JK, Voesenek LACJ, Peeters AJM, and Pierik R. 2011. Petiole hyponasty: an ethylenedriven, adaptive
response to changes in the environment. AoB Plants 2011. Retrieved from
http://aobpla.oxfordjournals.org/content/2011/plr031.abstract Last accessed July, 2015.
51. Qin X and Zeevaart JAD. 2002. Overexpression of a 9cisEpoxycarotenoid Dioxygenase Gene in Nicotiana
plumbaginifolia Increases Abscisic Acid and Phaseic Acid Levels and Enhances Drought Tolerance. Plant
Physiology 128, pp. 544551. Retrieved from http://www.plantphysiol.org/content/128/2/544.abstract
Last accessed August, 2015.
52. Randall R. 2012. A Global Compendium of Weeds (Second Edition). South Perth, Western Australia:
Department of Food and Agriculture, Western Australia.
53. Ribaut JM, Hoisington DA, Deutsch JA, Jiang C, and GonzalezdeLeon D. 1996. Identification of
quantitative trait loci under drought conditions in tropical maize. 1. Flowering parameters and the
anthesissilking interval. Theor Appl Genet 92, pp. 905914. Retrieved from
http://dx.doi.org/10.1007/BF00221905 Last accessed December, 2015.
54. Ribaut JM, Jiang C, GonzalezdeLeon D, Edmeades GO, and Hoisington DA. 1997. Identification of
quantitative trait loci under drought conditions in tropical maize. 2. Yield components and markerassisted
selection strategies. Theor Appl Genet 94, pp. 887896. Retrieved from
http://dx.doi.org/10.1007/s001220050492 Last accessed December, 2015.
55. Rice EL and Parenti RL. 1978. Causes of Decreases in Productivity in Undisturbed Tall Grass Prairie.
American Journal of Botany 65, pp. 10911097. Retrieved from http://www.jstor.org/stable/2442326
Last accessed October, 2015.
56. Riefner RE and Boyd S. 2007. New records of wetland and riparian plants in southern California, with
recommendations and additions to the national list of plant species that occur in wetlands. Journal of
Botanical Institute, Texas 1, pp. 719740.
57. Ruggiero B, Koiwa H, Manabe Y, Quist TM, Inan G, Saccardo F, Joly RJ, Hasegawa PM, Bressan RA, and
Maggio A. 2004. Uncoupling the Effects of Abscisic Acid on Plant Growth and Water Relations. Analysis of
sto1/nced3, an Abscisic AcidDeficient but Salt StressTolerant Mutant in Arabidopsis. Plant Physiology
136, pp. 31343147. Retrieved from http://www.plantphysiol.org/content/136/2/3134.abstract Last
accessed August, 2015.
58. Sarath G, Hou G, Baird L, and Mitchell R. 2007. Reactive oxygen species, ABA and nitric oxide interactions
on the germination of warmseason C4grasses. Planta 226, pp. 697708. Retrieved from
http://dx.doi.org/10.1007/s004250070517z Last accessed November, 2015.
59. Sharp RE, LeNoble ME, Else MA, Thorne ET, and Gherardi F. 2000. Endogenous ABA maintains shoot
growth in tomato independently of effects on plant water balance: evidence for an interaction with
ethylene. Journal of Experimental Botany 51, pp. 15751584. Retrieved from
http://jxb.oxfordjournals.org/content/51/350/1575.abstract Last accessed August, 2015.
60. Shaw KJ, Rather PN, Hare RS, and Miller GH. 1993. Molecular genetics of aminoglycoside resistance genes
and familial relationships of the aminoglycosidemodifying enzymes. Microbiology Review 57, pp. 138
163. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC372903/pdf/microrev00024
0152.pdf Last accessed June, 2015.
61. Signora L, De Smet I, Foyer CH, and Zhang H. 2001. ABA plays a central role in mediating the regulatory
effects of nitrate on root branching in Arabidopsis. Plant J 28, pp. 655662. Last accessed August, 2015.
62. Subudhi PK, Singh PK, DeLeon T, Parco A, Karan R, Biradar H, Cohn MA, and Sasaki T. 2014. Mapping of
seed shattering loci provides insights into origin of weedy rice and rice domestication. J Hered 105, pp. 276
287. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/24336929 Last accessed November, 2015.
63. Thompson AJ, Jackson AC, Symonds RC, Mulholland BJ, Dadswell AR, Blake PS, Burbidge A, and Taylor IB.
2000. Ectopic expression of a tomato 9cisepoxycarotenoid dioxygenase gene causes overproduction of
abscisic acid. Plant J 23, pp. 363374. Last accessed August, 2015.



D

ra
ft

64. Ton J, Flors V, and MauchMani B. 2009. The multifaceted role of ABA in disease resistance. Trends in Plant
Science 14, pp. 310317. Retrieved from
http://www.sciencedirect.com/science/article/pii/S1360138509001198 Last accessed August, 2015.
65. Tung SA, Smeeton R, White CA, Black CR, Taylor IB, Hilton HW, and Thompson AJ. 2008. Overexpression
of LeNCED1 in tomato (Solanum lycopersicum L.) with the rbcS3C promoter allows recovery of lines that
accumulate very high levels of abscisic acid and exhibit severe phenotypes. Plant Cell Environ 31, pp. 968
981. Retrieved from http://europepmc.org/abstract/MED/18373621
66. http://dx.doi.org/10.1111/j.13653040.2008.01812.x Last accessed August, 2015.
67. Uchytil R. 1993. Species: Panicum virgatum. United States Department of Agriculture, Forest Service.
68. USDANRCS. 2015a. PLANTS Database: Panicum miliaceum L. Retrieved from
http://plants.usda.gov/core/profile?symbol=PAMI2 Last accessed October, 2015.
69. USDANRCS. 2015b. PLANTS Database: Panicum dichotomiflorum Michx. Retrieved from
http://plants.usda.gov/core/profile?symbol=PADI Last accessed October, 2015.
70. USDANRCS. 2015c. PLANTS Database: Panicum capillare L. Retrieved from
http://plants.usda.gov/core/profile?symbol=PACA6 Last accessed October, 2015.
71. Vogel KP. 2004. Switchgrass. In: Warm Season (C4) Grasses. ASACSSASSSA Monograph. (Madison, WI
(Monograph Chapter)).
72. Wang H, Qi Q, Schorr P, Cutler Adrian J, Crosby WL, and Fowke LC. 1998. ICK1, a cyclindependent protein
kinase inhibitor fromArabidopsis thalianainteracts with both Cdc2a and CycD3, and its expression is
induced by abscisic acid. The Plant Journal 15, pp. 501510. Retrieved from
http://dx.doi.org/10.1046/j.1365313X.1998.00231.x Last accessed August, 2015.
73. Weiss D and Ori N. 2007. Mechanisms of Cross Talk between Gibberellin and Other Hormones. Plant
Physiology 144, pp. 12401246. Retrieved from http://www.plantphysiol.org/content/144/3/1240.short
Last accessed August, 2015.
74. Wilmowicz E, Kęsy J, and Kopcewicz J. 2008. Ethylene and ABA interactions in the regulation of flower
induction in Pharbitis nil. Journal of Plant Physiology 165, pp. 19171928. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0176161708001302 Last accessed Novmber, 2015.
75. Yan H, Ma L, Wang Z, Lin Z, Su J, and Lu BR. 2015. Multiple tissuespecific expression of rice seed
shattering gene SH4 regulated by its promoter pSH4. Rice 8, pp. 12. Retrieved from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4384984/ Last accessed November, 2015.
76. Zhang Y, Yang J, Lu S, Cai J, and Guo Z. 2008. Overexpressing SgNCED1 in Tobacco Increases ABA Level,
Antioxidant Enzyme Activities, and Stress Tolerance. J Plant Growth Regul 27, pp. 151158. Retrieved from
http://dx.doi.org/10.1007/s003440089041z Last accessed August, 2015.

BASELINE:
1. Aiken GE and Springer TL. 1995. Seed size distribution, germination, and emergence of 6 switchgrass
cultivars. Journal of Range Management 48, pp. 455458. Retrieved from
http://www.jstor.org/stable/4002252 Last accessed October, 2015.
2. APHISBRS. 2015. Reports of Panicum virgatum in Randall (2012). United States Department of
Agriculture, Animal and Plant Health Inspection Service, Biotechnology Regulatory Services.
3. Barnett FL and Carver RF. 1967. Meiosis and pollen stainability in switchgrass, Panicum virgatum. Crop
Science 7, pp. 301304.
4. Barney JN and DiTomaso JM. 2008. Nonnative species and bioenergy: Are we cultivating the next invader?
BioScience 58, pp. 6470.
5. Barney JN and DiTomaso JM. 2010. Bioclimatic predictions of habitat suitability for the biofuel switchgrass
in North America under current and future climate scenarios. Biomass and Bioenergy 34, pp. 124133.
6. Barney JN, Mann JJ, Kyser GB, and DiTomaso JM. 2012. Assessing habitat susceptibility and resistance to

9.

10.

11.
12.
13.

14.

15.
16.
17.

18.
19.

20.

21.

22.

ra
ft

8.

D

7.

invasion by the bioenergy crops switchgrass and Miscanthus × giganteus in California. Biomass and
Bioenergy 40, pp. 143154. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0961953412000852
Barney JN, Mann JJ, Kyser GB, Blumwald E, Van Deynze A, and DiTomaso JM. 2009. Tolerance of
switchgrass to extreme soil moisture stress: Ecological implications. Plant Science 177, pp. 724732.
Beaty ER, Engel JL, and Powell JD. 1978. Tiller development and growth in switchgrass. Journal of Range
Management 31, pp. 361365.
BlancoCanqui H, Gantzer CJ, Anderson SH, Alberts EE, and Thompson AL. 2004. Grass barrier and
vegetative filter strip effectiveness in reducing runoff, sediment, nitrogen, and phosphorus loss. Soil
Science Society of America 68, pp. 16701678.
Bona L and Belesky DP. 1992. Evaluation of switchgrass entries for acid soil tolerance. Communications in
Soil Science and Plant Analysis 23, pp. 18271841. Retrieved from
http://dx.doi.org/10.1080/00103629209368707 Last accessed October, 2015.
BONAP. 2014. Panicum virgatum. Biota of North America Program. Retrieved from
http://bonap.net/MapGallery/County/Panicum%20virgatum.png Last accessed October, 2015.
Bouton J. 2007. Molecular breeding of switchgrass for use as a biofuel crop. Current Opinion in Genetics
and Development 17, pp. 553558.
Brejda JJ, Moser LE, and Vogel KP. 1998. Evaluation of Switchgrass Rhizosphere Microflora for Enhancing
Seedling Yield and Nutrient Uptake. Agronomy Journal 90, pp. 753758. Retrieved from
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1064&context=agronomyfacpub&sei
redir=1&referer=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fq%3DEvaluation%2Bor%
2Bswitchgrass%2Brhizosphere%2Bmicroflorafor%2Benhancing%2Byield%2Band%2Bnutrient%2Buptake%
26btnG%3D%26hl%3Den%26as_sdt%3D0%252C21#search=%22Evaluation%20or%20switchgrass%
20rhizosphere%20microflorafor%20enhancing%20yield%20nutrient%20uptake%22 Last accessed
October, 2015.
Burson BL, Tischler CR, and Ocumpaugh WR. 2009. Breeding for reduced postharvest seed dormancy in
switchgrass: Registration of TEMLoDorm switchgrass germplasm. Journal of Plant Registrations 3, pp. 99
103.
Casler MD. 2012. Switchgrass Breeding, Genetics, and Genomics. In: Switchgrass: A Valuable Biomass
Crop for Energy, pp. 29  53.
Casler MD, Stendal CA, Kapich L, and Vogel KP. 2007. Genetic diversity, plant adaptation regions, and
gene pools for switchgrass. Crop Science 47, pp. 22612273.
Casler MD, Tobias CM, Kaeppler SM, Buell CR, Wang ZY, Cao P, Schmutz J, and Ronald P. 2011. The
Switchgrass Genome: Tools and Strategies. The Plant Genome 4, pp. 273282. Retrieved from
http://dx.doi.org/10.3835/plantgenome2011.10.0026 Last accessed October, 2015.
Chang H. 2015. Assessing Gene Flow in Switchgrass (Panicum virgatum) and Miscanthus spp.: Implications
for Bioenergy Crops (Electronic Thesis or Dissertation).
Cornelius DR. 1950. Seed Production of Native Grasses under Cultivation in Eastern Kansas. Ecological
Monographs 20, pp. 129. Retrieved from http://www.jstor.org/stable/1943521 Last accessed October,
2015.
Cuomo GJ, Anderson BE, and Young LJ. 1998. Harvest Frequency and Burning Effects on Vigor of Native
Grasses. Journal of Range Management 51, pp. 3236. Retrieved from
http://www.jstor.org/stable/4003560
Dewald CL, Henry J, Bruckerhoff S, Ritchie J, Dabney S, Shepherd D, Douglas J, and Wolf D. 1996.
Guidelines for establishing warm season grass hedges for erosion control. Journal of Soil and Water
Conservation 51, pp. 1620. Retrieved from http://search.proquest.com/docview/220961904?
accountid=28147 Last accessed October, 2015.
DiTomaso J, Barney J, Mann J, and Kyser G. 2013. For switchgrass cultivated as biofuel in California,
invasiveness limited by several steps. California Agriculture 67. Retrieved from
http://californiaagriculture.ucanr.edu/landingpage.cfm?article=ca.v067n02p96&fulltext=yes Last

D

ra
ft

accessed October, 2015.
23. Dolginow J. 2013. Switchgrass and Miscanthus: Economics of Perennial Grasses Grown for Bioenergy.
University of Missouri Extension. Retrieved from http://extension.missouri.edu/p/G4980 Last accessed
December, 2015.
24. Dowd PF and Johnson ET. 2009. Differential resistance of switchgrass Panicum virgatum L. lines to fall
armywords Spodoptera frugiperda. Genetic Resource Crop Evolution 56, pp. 10771089.
25. Duclos DV, Ray DT, Johnson DJ, and Taylor AG. 2013. Investigating seed dormancy in switchgrass (Panicum
virgatum L.): understanding the physiology and mechanisms of coatimposed seed dormancy. Industrial
Crops and Products 45, pp. 377387. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0926669013000228 Last accessed October, 2015.
26. Ecker G, Zalapa J, and Auer C. 2015. Switchgrass (Panicum virgatum L.) Genotypes Differ between Coastal
Sites and Inland Road Corridors in the Northeastern US. PLoS One, pp. 115. Retrieved from
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130414 Last accessed October, 2015.
27. Ellstrand NC. 1992. Gene flow by pollen: implications for plant conservation genetics. OIKOS 63, pp. 7786.
Gravert CE, Tiffany LH, and Munkvold GP. 2000. Outbreak of Smut Caused by Tilletia maclaganii on
Cultivated Switchgrass in Iowa. Plant Disease 84, pp. 596596. Retrieved from
http://dx.doi.org/10.1094/PDIS.2000.84.5.596A Last accessed 2015/10/19.
28. Gunter LE, Tuskan GA, and Wullschleger SD. 1996. Diversity among populations of switchgrass based on
RAPD markers. Crop Science 36, pp. 10171022.
29. Hails RS and Morley K. 2005. Genes invading new populations: a risk assessment perspective. Trends Ecol
Evol 20, pp. 245252. Retrieved from http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?
cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16701376
30. Hashemi M and Sadeghpour A. 2013. Establishment and Production of Switchgrass Grown for Combusion:
A Review. International Journal of Plant Biology and Research 1, pp. 111. Retrieved from
http://www.jscimedcentral.com/PlantBiology/Articles/plantbiology11002.php Last accessed October,
2015.
31. Hegde S. 2015. Personal communication.
32. Holguin CM, ReayJones FPF, Frederick JR, Adler PH, Chong JH, and Savereno A. 2010. Insect Diversity in
Switchgrass Grown for Biofuel in South Carolina. Journal of Agricultural and Urban Entomology 27, pp. 1
19. Retrieved from http://dx.doi.org/10.3954/1523547527.1.1 Last accessed October, 2015.
33. Hsu FH, Nelson CJ, and Matches AG. 1985a. Temperature Effects on Seedling Development of Perennial
WarmSeason Forage Grasses. Crop Science 25, pp. 249255. Retrieved from
http://dx.doi.org/10.2135/cropsci1985.0011183X002500020012x
34. Hsu FH, Nelson CJ, and Matches AG. 1985b. Temperature Effects on Germination of Perennial Warm
Season Forage Grasses. Crop Science 25, pp. 215220. Retrieved from
http://dx.doi.org/10.2135/cropsci1985.0011183X002500020005x
35. Hultquist SJ, Vogel KP, Lee DJ, Arumuganathan K, and Kaeppler S. 1996. Chloroplast DNA and nuclear DNA
content variations among cultivars of switchgrass, Panicum virgatum L. Crop Science 36, pp. 10491052.
Retrieved from http://naldc.nal.usda.gov/download/27394/PDF Last accessed October, 2015.
36. ITIS. 2015. Integrated Taxonomic Information System: ITIS Advanced Search and Report. Retrieved from
http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=40913 Last accessed
October, 2015.
37. Jensen NK and Boe A. 1991. Germination of Mechanically Scarified Neoteric Switchgrass Seed. Journal of
Range Management 44, pp. 299301. Retrieved from http://www.jstor.org/stable/4002963 Last accessed
October, 2015.
38. Jung GA, Shaffer JA, and Stout WL. 1988. Switchgrass and Big Bluestem Responses to Amendments on
Strongly Acid Soil. Agronomy Journal 80, pp. 669676. Retrieved from
http://dx.doi.org/10.2134/agronj1988.00021962008000040023x Last accessed October, 2015.
39. Kemper D, Dabney S, Kramer L, Dominick D, and Keep T. 1992. Hedging against erosion. Journal of Soil
and Water Conservation 47, pp. 284288.

D

ra
ft

40. Kindler SD and Dalrymple RL. 1999. Relative susceptibility of cereals and pasture grasses to the yellow
sugarcane aphid (Homoptera: Aphididae). Journal of Agricultural and Urban Entomology 16, pp. 113122.
41. Le PVV, Kumar P, and Drewry DT. 2011. Implications for the hydrologic cycle under climate change due to
the expansion of bioenergy crops in the Midwestern United States. Proceedings of the National Academy
of Sciences of the United States of America 108, pp. 1508515090. Retrieved from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3174653/ Last accessed October, 2015.
42. Lee ST, Stegelmeier BL, Gardner DR, and Vogel KP. 2001. The isolation and identification of steroidal
sapogenins in switchgrass. J Nat Toxins 10, pp. 273281. Retrieved from
http://www.researchgate.net/profile/Bryan_Stegelmeier/publication/11658235_The_isolation_and_ident
ification_of_steroidal_sapogenins_in_switchgrass/links/54adb2470cf2828b29fcb2ad.pdf Last accessed
October, 2015.
43. Lemus R and Lal R. 2005. Bioenergy crops and carbon sequestration. Critical Reviews in Plant Science 24,
pp. 121.
44. Levy DB, Redente EF, and Uphoff GD. 1999. Evaluating The Phytotoxicity Of PbZn Tailings To Big Bluestem
(Andropogon Gerardii Vitman) And Switchgrass (Panicum Virgatum L.). Soil Science 164, pp. 363375.
Retrieved from
http://journals.lww.com/soilsci/Fulltext/1999/06000/EVALUATING_THE_PHYTOTOXICITY_OF_Pb_Zn_TAILI
NGS_TO.1.aspx Last accessed October, 2015.
45. Liebig MA, Schmer MR, Vogel KP, and Mitchell RB. 2008. Soil carbon storage by switchgrass grown for
bioenergy. Bioenergy Research 1, pp. 215222.
46. Lin CH, McGraw RL, George MF, and Garrett HE. 1998. Shade effects on forage crops with potential in
temperate agroforestry practices. Agroforestry Systems 44, pp. 109119. Retrieved from
http://dx.doi.org/10.1023/A%3A1006205116354 Last accessed October, 2015.
47. Ma Z, Wood CW, and Bransby DI. 2000a. Soil management impacts on soil carbon sequestration by
switchgrass. Biomass and Bioenergy 18, pp. 469477. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0961953400000131 Last accessed October, 2015.
48. Ma Z, Wood CW, and Bransby DI. 2000b. Impacts of soil management on root characteristics of
switchgrass. Biomass and Bioenergy 18, pp. 105112. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0961953499000768 Last accessed October, 2015.
49. MartinezReyna JM and Vogel KP. 2002. Incompatibility Systems in Switchgrass. Crop Science 42, pp. 1800
1805.
50. Masters RA, Nissen SJ, Gaussoin RE, Beran DD, and Stougaard RN. 1996. Imidazolinone Herbicides Improve
Restoration of Great Plains Grasslands. Weed Technology 10, pp. 392403. Retrieved from
http://www.jstor.org/stable/3988075 Last accessed October, 2015.
51. McIsaac GF, David MB, and Mitchell CA. 2010. Miscanthus and switchgrass production in central Illinois:
impacts on hydrology and inorganic nitrogen leaching. J Environ Qual 39, pp. 17901799. Retrieved from
http://biogeochemistry.nres.illinois.edu/Biogeochem_lab/pdfs/McIsaac%20et%20al%20JEQ%
202010.pdf Last accessed October, 2015.
52. McLaughlin S, Bouton J, Bransby D, Conger BV, Ocumpaugh WR, Parrish D, Taliaferro C, Vogel KP, and
Wullschleger S. 1999.
53. Developing switchgrass as a bioenergy crop. In: Perspectives on new crops and new uses (Alexandria: ASHS
Press), pp. 282299.
54. McLaughlin SB and Kszos LA. 2005. Development of switchgrass (Panicum virgatum) as a bioenergy
feedstock on the United States. Biomass and Bioenergy 28, pp. 515  535.
55. Michael PJ, Owen MJ, and Powles SB. 2010. HerbicideResistant Weed Seeds Contaminate Grain Sown in
the Western Australian Grainbelt. Weed Science 58, pp. 466472. Retrieved from
http://dx.doi.org/10.1614/WSD0900082.1 Last accessed September, 2015.
56. Missaoui AM, Paterson AH, and Bouton JH. 2006. Molecular markers for the classification of switchgrass
(Panicum virgatum L.) germplasm to assess genetic diversity in three synthetic populations. Genetic
Resource and Crop Evolution 53, pp. 12911302.

D

ra
ft

57. Mitchell R, Vogel KP, and Sarath G. 2008. Managing and enhancing switchgrass as a bioenergy feedstock.
Biofuels, Bioproducts, Biorefineries 2, pp. 530539.
58. Mitchell RB, Moore KJ, Moser LE, Fritz JO, and Redfearn DD. 1997. Predicting developmental morphology
in switchgrass and big blue stem. Agronomy Journal 89, pp. 827832.
59. Moser LE and Vogel KP. 1995. Switchgrass, big bluestem, and indiangrass. In: Forages Vol1. An
Introduction to Grassland Agriculture (Ames, IA: Iowa State University Press), pp. 409420.
60. Narasimhamoorthy B, Saha MC, Swaller T, and Bouton JH. 2008. Genetic diversity in switchgrass
collections assessed by ESTSSR markers. Bioenergy Research 1, pp. 136146.
61. Nickell G. 1972. The Physiological Ecology of Upland and Lowland Panicum virgatum (PhD Dissertation).
62. Ocumpaugh WR, Archer S, and Stuth JW. 1996. Switchgrass recruitment from broadcast seed vs. seed fed
to cattle. Journal of Range Management 49, pp. 368371.
63. Palmer P. 1975. A biosystematic study of the panicum amarumP. amarulum complex. Brittonia 27, pp.
142150.
64. Parajuli P and Duffy S. 2013. Quantifying Hydrologic and Water Quality Responses to Bioenergy Crops in
Town Creek Watershed in Mississippi. Journal of Sustainable Bioenergy Systems 3, pp. 202  208. Retrieved
from http://file.scirp.org/Html/36925.html Last accessed October, 2015.
65. Parrish DJ and Fike JH. 2005. The biology and agronomy of switchgrass for biofuels. Critical Reviews in
Plant Science 24, pp. 423459.
66. Porter CL. 1966. An analysis of variation between upland and lowland switchgrass, Panicum virgatum L., in
cental Oklahoma. Ecology 47, pp. 980992.
67. Prasifka JR, Bradshaw JD, Meagher RL, Nagoshi RN, Steffey KL, and Gray ME. 2009. Development and
feeding of fall armyworm on Miscanthus x giganteus and switchgrass. Journal of Economic Entomology
102, pp. 21542159. Retrieved from http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?
cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=20069844
68. Puoli JR, Reid RL, and Belesky DP. 1992. Photosensitization in Lambs Grazing Switchgrass. Agronomy
Journal 84, pp. 10771080. Retrieved from
http://dx.doi.org/10.2134/agronj1992.00021962008400060033x Last accessed October, 2015.
69. Ramamoorthy R and Kumar PP. 2012. A simplified protocol for genetic transformation of switchgrass
(Panicum virgatum L.). Plant Cell Rep 31, pp. 19231931. Last accessed October, 2015.
70. Randall R. 2012. A Global Compendium of Weeds (Second Edition). South Perth, Western Australia:
Department of Food and Agriculture, Western Australia.
71. Rice EL and Parenti RL. 1978. Causes of Decreases in Productivity in Undisturbed Tall Grass Prairie.
American Journal of Botany 65, pp. 10911097. Retrieved from http://www.jstor.org/stable/2442326
Last accessed October, 2015.
72. Riefner RE and Boyd S. 2007. New records of wetland and riparian plants in southern California, with
recommendations and additions to the national list of plant species that occur in wetlands. Journal of
Botanical Institute, Texas 1, pp. 719740.
73. Runia TJ and Hubbard DE. 2007. Use of switchgrass seed as wild bird feed. Proceedings of the South
Dakota Academy of Science 86, pp. 8388.
74. Sarath G and Mitchell RB. 2008. Aged Switchgrass Seed Lot's Response to Dormancybreaking Chemicals.
Seed Technology 30, pp. 716.
75. Saunders DK and Parrish JW. 1987. Assimilated energy of seeds consumed by scaled quail in Kansas.
Journal of Wildlife Management 51, pp. 787790.
76. Shaidaee G, Dahl BE, and Hansen RM. 1969. Germination and emergence of different age seeds of six
grasses. Journal of Range Management 22, pp. 240243.
77. Skeel VA and Gibson DJ. 1996. Physiological Performance of Andropogon gerardii, Panicum virgatum, and
Sorghastrum nutans on Reclaimed Mine Spoil. Restoration Ecology 4, pp. 355367. Retrieved from
http://dx.doi.org/10.1111/j.1526100X.1996.tb00188.x Last accessed October, 2015.
78. Somleva MN, Tomaszewski Z, and Conger BV. 2002. Agrobacteriummediated genetic transformation of
switchgrass. Crop Science 42, pp. 20802087.

D

ra
ft

79. Stegelmeier B, Elmore S, Lee S, James L, Gardner D, Panter K, Raphs M, and Pfister J. 2006. Switchgrass
(Panicum virgatum) toxicity in rodents, sheep, goats, and horses. In: Poisonous Plant Global Research and
Solutions, pp. 113  117. Retrieved from
http://www.ars.usda.gov/research/publications/Publications.htm?seq_no_115=186737 Last accessed
October, 2015.
80. Thomsen P, Brummer E, Shriver J, and Munkvold G. 2008. Biomass Yield Reductions in Switchgrass Due To
Smut Caused by Tilletia maclaganii. Plant Management Network. Retrieved from
http://www.plantmanagementnetwork.org/pub/php/research/2008/smut/ Last accessed October, 2015.
81. Uchytil R. 1993. Species: Panicum virgatum. United States Department of Agriculture, Forest Service.
82. USDANRCS. 2009. Planting and Managing Switchgrass as a Biomass Energy Crop. United States
Department of Agriculture, Natural Resources Conservation Service.
83. USDANRCS. 2011. Switchgrass. United States Department of Agriculture, Natural Resources Conservation
Service. Retrieved from http://plants.usda.gov/factsheet/pdf/fs_pavi2.pdf Last accessed October, 2015.
84. USDANRCS. 2015a. PLANTS Database: Panicum miliaceum L. Retrieved from
http://plants.usda.gov/core/profile?symbol=PAMI2 Last accessed October, 2015.
85. USDANRCS. 2015b. PLANTS Database: Panicum dichotomiflorum Michx. Retrieved from
http://plants.usda.gov/core/profile?symbol=PADI Last accessed October, 2015.
86. USDANRCS. 2015c. PLANTS Database: Panicum capillare L. Retrieved from
http://plants.usda.gov/core/profile?symbol=PACA6 Last accessed October, 2015.
87. USDANRCS. 2015d. PLANTS Database: Panicum virgatum L. . Retrieved from
http://plants.usda.gov/core/profile?symbol=PAVI2 Last accessed October, 2015.
88. USDANRCS. n.d. 'Alamo' Switchgrass United States Department of Agriculture, Natural Resources
Conversation Service.
89. Vogel KP. 2004. Switchgrass. In: Warm Season (C4) Grasses. ASACSSASSSA Monograph. (Madison, WI
(Monograph Chapter)).
90. Wright L. 2007. Historical perspective on how and why switchgrass was selected as a “model” high
potential energy crop. ORNL/TM2007/109. Submitted to the US Department of Energy. Oak Ridge
National Laboratory.
91. Wu Y. n.d. Seed Production. Oklahome State University, Department of Plant and Soil Sciences. Retrieved
from http://switchgrass.okstate.edu/seedproduction Last accessed October, 2015.
92. Xi Y, Ge Y, and Wang ZY. 2009. Genetic transformation of switchgrass. Methods Mol Biol 581, pp. 5359.
Last accessed October, 2015.
93. Zalapa JE, Price DL, Kaeppler SM, Tobias CM, Okada M, and Casler MD. 2011. Hierarchical classification of
switchgrass genotypes using SSR and chloroplast sequences: ecotypes, ploidies, gene pools, and cultivars.
Theor Appl Genet 122, pp. 805817. Last accessed October, 2015.

ra
ft

D

ft

ra

D

D
ra
ft

ft

ra

D

t

ra
f

D

