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Witchgrass (Panicum capillare L.) is a summer growing grass weed species and is

increasing its prevalence in southern Australia. A better understanding of the seed biology

is needed to effectively manage this weed. A series of field and laboratory studies

were conducted to determine seed germination factors, field emergence patterns,

and soil seedbank longevity. Witchgrass germination was stimulated by light and it

germinated better at temperature over 20◦C, with 93–100% germination at the two

constant temperatures of 20 and 30◦C, and the two alternating day/night temperatures

of 30/25 and 35/25◦C. It is highly tolerant to moisture stress at germination, with

2–7% germination even at −0.48 Mpa. Witchgrass seed lost 47–68% viability after

12 months of burial in the soil, however the seed persisted for more than 4 years if

buried at 10 cm in the soil. Witchgrass emergence in southern New South Wales (NSW)

commenced in mid spring (early October), with peak emergence of 63–83% in November

and then significantly reduced to 16–37% emergence in December. Little emergence

(<1%) occurred in the summer months from January to February. These results provide

useful information for designing effective management strategies and the optimum timing

of control. Climate change could favor the phenological development and the further

spread of this weed, which present new challenges for its effective management. Further

study is needed to investigate the impact of climate change on the biology, spread, and

management of witchgrass.
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INTRODUCTION

The genus Panicum is one of the largest genera in the Poaceae, with more than 500 species
worldwide, mostly occurring in the tropics (Crins, 1991; Aliscioni et al., 2003; Byng, 2014). Panicum
species are also widespread in Australia, with 24 indigenous and nine introduced species (CHAH
(Council of Heads of Australasian Herbaria), 2021). These Panicum species are among the key
summer weeds in Australia (Llewellyn et al., 2016). Due to the taxonomic confusions in the
genus Panicum (Darbyshire and Cayouette, 1995; Dirkse and Holverda, 2016), DNA barcoding
techniques have been employed to assist the species identification and the subsequent control
(Chen et al., 2018).
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Witchgrass (Panicum capillare L.) is an annual grass belongs to
the genus Panicum and it is indigenous to North America (Baskin
and Baskin, 1986). It is a summer active growing C4 grass weed
species and has invaded many non-native ranges throughout the
world, from subtropical to temperate areas. These include Asia,
South America (Argentina and Chile), New Zealand, Australia,
Morocco, Russia, and many European countries (Clements
et al., 2004). In Australia, the earliest herbarium record of
witchgrass was collected in South Australia in 1911, followed
by the second earliest report in Sydney in 1927 (AVH, 2021).
Witchgrass has increased in abundance in southern Australia in
recent years. Currently, it has widely distributed in the south
western states of Australia. A recent summer weed survey from
Western Plains through the Riverina districts of New South
Wales (NSW) showed that witchgrass was the second most
prevalent annual weed in the region (Weston et al., 2016).
The weed is commonly found in the cropping fields soon after
harvest, in fallows and pastures, waste land, along fence lines
and on roadsides. In Australia, it can be easily confused with
a native perennial grass, Hairy Panic (Panicum effusum R.Br.)
(Phillips, 2010).

Witchgrass is more problematic in no-till farming systems
than conventional tillage systems (Frick et al., 1990). It can
cause yield loss in crops, toxicity in animals and is a host to
several pests and diseases. It often infests summer crops in the
northern hemisphere such as corn, soybeans, sorghum, and in
winter wheat (Clements et al., 2004). If left uncontrolled, it can
cause 4–5% yield loss in corn and soybean at a weed density
of 5 plants/m2 (Ontario Weed Committee, 2021). In southern
NSW, witchgrass thrives in bare areas of winter crops and grows
rapidly to a thick mat soon after crop harvest due to the removal
of crop competition. It is also a competitive weed in degraded
pastures under drought conditions (Phillips, 2010). The vigorous
growth in the summer consumes valuable stored soil moisture
and nutrients which could otherwise be used by crops sown
in autumn.

Witchgrass can pose significant animal health issues. It
has been found to accumulate nitrate which could be toxic
to livestock under certain conditions (Kingsbury, 1964).
Additionally, hepatogenous photosensitization was reported
in Merino sheep grazing on witchgrass in Australia (Quinn
et al., 2014). Furthermore, witchgrass is an alternative host to
a range of pests and diseases, including cereal aphids such
as Rhopalosiphum padi L. and R. maidis Fiotch (Kieckhefer
and Lunden, 1983), western corn rootworm (Coleoptera:
Chrysomelidae) (Chege et al., 2005), and wheat streak mosaic
virus (Christian and Willis, 1993; Coutts et al., 2008).

The prevalence of witchgrass is associated with its high
seed production, unique spreading mechanism, and persistent
seedbank (Clements et al., 2004). Witchgrass is a prolific seed
producer, producing upto 56,400 seeds per plant in the absence of
competition (Stevens, 1932). It has an unusual tumbleweed-like
seed dispersal mechanism. The mature spherical inflorescence is
brittle, easily breaking off and is spread long distances by wind.
Large piles of grass inflorescence often engulf country roads
and streets, fenceline, yards, garages, sheds, and houses in wet
summers in southern Australia.

The seed of witchgrass has a hard seed coat and possesses
strong innate dormancy. Brecke (1974) found that witchgrass
seeds collected in autumn in Central New York State had broken
all dormancy after dry storage for 5 months in the dark at room
temperature. In the field, dormancy releases during late autumn
and winter and the seeds subsequently germinate in spring and
summer, while hot summer tends also to induce secondary
dormancy (Baskin and Baskin, 1986). The seed germinates better
under light and alternating temperatures (Cross, 1931; Brecke,
1974; Baskin and Baskin, 1986). Witchgrass germination is low
at temperatures below 20◦C and is greatest above 25◦C (Rivera
and Peters, 1971; Vengris and Damon, 1976; Baskin and Baskin,
1986).

Witchgrass is a poor competitor and does not grow well in
shaded environments (Vengris andDamon, 1976; Clements et al.,
2004). Shading delayed both the vegetative and reproductive
growth of witchgrass and reduced the number of tillers and
panicles (Vengris and Damon, 1976). Brecke (1974) found that
witchgrass mostly emerged from near or on the soil surface (0–
2.5 cm), with limited emergence occurring below 5 cm of burial.

Despite the increasing prevalence of witchgrass in pastures
and arable land, little is known of the seed germination biology,
persistence and emergence of this weed in Australia. Improved
understanding of the biology and ecology of witchgrass has
become increasingly important, particularly in relation to the
changing climate. The altered temperature and rainfall patterns
associated with global climate change will have direct effects
on seed dormancy, germination, emergence, persistence, and
reproduction (Walck et al., 2011). These characteristics will
subsequently affect the distribution, species shift, population
dynamics, life cycle, phenology, competitive potential, and
herbicide control efficacy (Peters et al., 2014; Varanasi et al.,
2016; Ramesh et al., 2017). Therefore, this study was conducted
to determine: (1) the factors that affect the seed germination
of witchgrass; (2) the emergence patterns and the longevity of
the seed in the soil seedbank. This information will help in
determining the population dynamics of this problematic species
and in identifying the suitable timing for its early control.

MATERIALS AND METHODS

Seed Collection and Preparation
Mature seeds of witchgrass were collected from a summer fallow
paddock (147.337207E, 35.029273S) in February 2007 (Source
A) and in March 2009 (Source B) in Wagga Wagga, New South
Wales (NSW), Australia. Both seed sources were highly dormant
at the time of collection. The freshly collected seed was stored
at room temperature for 1 year to break the dormancy. The
germination was 95 and 60% for the seed Sources A and B prior
to the following experiments, respectively. The seed Source A was
used in all the experiments except the light and moisture stress
experiments when the seed Source B was used.

Temperature on Germination
One hundred seeds of witchgrass (seed Source A) were placed
on a piece of filter paper (Whatman No.2) moistened with 5ml
of deionised water in a 9 cm petri dish. Petri dishes were sealed
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with parafilm and incubated at three constant temperatures of 10,
20, and 30◦C, and four fluctuating nigh day/night temperatures
of 20/15, 25/15, 30/25, 35/25◦C with a 12-h photoperiod. These
fluctuating temperature regimes were a good representation of
the wide emergence window of this weed from spring to summer
in southern NSW. The germinated seeds were recorded after 7 d
of incubation based on our preliminary studies.

Light on Germination
The influence of light on the germination of witchgrass was tested
at four sets of fluctuating temperatures (20/15, 25/15, 30/25, and
35/25◦C) in April 2010 by using the seed Source B as the viability
of seed Source A was low 3 years after collection. Two layers of
aluminum foil were used to wrap petri dishes to achieve complete
darkness during incubation. Germination recorded at 7 days after
incubation in a 12-h photoperiod at the respective temperature
regimes was compared.

Moisture Stress on Germination
The effect of drought stress was studied using the seed Source
B at three fluctuating day/night temperatures of 25/15, 30/25,
and 35/25◦C with a 12-h photoperiod. Solutions with osmotic
pressures of 0, −0.03, −0.06, −0.12, −0.24, −0.48, and −0.96
MPa were prepared by dissolving polyethylene glycol (PEG)
8000 in 80ml of distilled water using appropriate quantities for
each temperature as determined from Michel (1983). The PEG
8000 quantities were determined from the average for the two
fluctuating temperatures.

Seed Persistence in the Field
Seed burial experiments were commenced on 15 April 2008 on
the Research Farm (147.334958E, 35.029780S) of Wagga Wagga
Agricultural Institute, NSW. One hundred witchgrass seeds (seed
Source A) were placed in a 4× 6 cm mesh packet together with a
small quantity of sieved soil to improve soil and seed contact. The
packets were then placed at three soil depths (0, 5, and 10 cm) in a
minimum-tilled field free of vegetation under natural conditions.
The soil type was a duplex Red Kandosol. The packets were
recovered at six intervals [3, 6, 12, 24, 36, and 48 months (mo)]
in a randomized complete block design with three replicates.

Recovered seeds were counted and placed on moistened
Whatman No.2 filter paper in a 9-cm petri dish, which was then
sealed with parafilm and incubated for 7 d under the fluctuating
temperatures of 30/25◦C with a 12-h photoperiod. The number
of germinated seeds was recorded and viability of ungerminated
seeds determined by tetrazolium staining. Briefly, seeds were cut
in half and incubated in darkness at 30◦C for 5 h in a 0.5% 2,3,5-
triphenyltetrazolium chloride solution. Seeds were deemed to be
viable but dormant if the radical had stained red. Total viability of
the exhumed seeds included the germinated seeds and the viable
but dormant seeds.

Seed Emergence in the Field
Three trials were conducted to determine the emergence of
witchgrass under field conditions in the summer of 2008/2009
and 2012/2013 in southern NSW. In the 1st trial (Site A), four
permanent quadrats (1 × 1 m2) were randomly placed in a

cropping paddock (147.353080E, 35.049480S) on 17 April 2008.
The site was heavily infested with witchgrass in the summer of
2007. Two hundred additional seeds (seed Source A) were evenly
spread onto the surface in each quadrat and lightly harrowed to
increase the seedbank size for subsequent emergencemonitoring.
No further tillage or harrowing was imposed.

Two additional trials (Sites B and C) were conducted in the
summer of 2012/2013. Four permanent quadrats (1 × 1 m2)
were randomly placed in August in two fields (147.360067E,
35.032868S, Site B and 147.353080E, 35.049480S, Site C) with a
known history of witchgrass. No additional seeds were required
due to the heavy infestation in the previous season.

The trials were maintained under natural conditions without
additional irrigation. Emerged seedlings in each quadrat in the
three trials were assessed from September to February until
no further emergence. Seedlings were counted and removed by
spraying with glyphosate on fortnightly or monthly intervals,
dependent upon rainfall events.

Statistical Analysis
A randomized complete block design with three replications
was used in all experiments. The experiments of temperature
and light conditions on germination were repeated twice. Data
from repeated experiments were combined as there were no
significant differences over time. Homogeneity of variance
was not improved by transformation, therefore analysis was
performed on raw percentage germination. Data variance was
visually inspected by plotting residuals to confirm homogeneity
of variance before statistical analysis. Data were analyzed using
analysis of variance and post-hoc Fishers tests used to determine
statistically different means.

Results
Temperature
Temperatures significantly affected the germination of witchgrass
(Figure 1). It germinated poorly at the lower temperature
treatments, with no germination at 10◦C and only 10–20%
germination at the fluctuating temperatures of 20/15 and
25/15◦C. Germination did not significantly differ between
constant temperatures of 20 and 30◦C, and the alternating
temperatures of 30/25 and 35/25◦C. The highest germination was
achieved at temperatures over 20◦C, with 93–100% germination
at the two constant temperatures of 20 and 30◦C, and the
two alternating temperatures of 30/25 and 35/25◦C in a 12-h
light/dark cycle.

Light
The germination of witchgrass was significantly encouraged
by light (Figure 2). The germination was 56% under the
photoperiod of 12 h at 30/25 and 35/25◦C, while it was only 1–
8% in complete darkness under the same temperature conditions.
Light stimulation of the germination was also evidenced at the
lower day/night temperature regime 25/15◦C.

Moisture Stress
Osmotic potential significantly influenced the germination
of witchgrass (Figure 3). Without the osmotic stress, the
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FIGURE 1 | Impact of constant and alternating temperatures on the

germination of P. capillare. Vertical bars represent the standard error of the

mean.

FIGURE 2 | Impact of light on the germination of P. capillare. Vertical bars

represent the standard error of the mean.

germination of witchgrass was 12.7, 48.0, and 56.7% at
the temperatures of 25/15, 30/25, and 35/25◦C, respectively.
Increasing osmotic stress levels reduced germination under all
temperature regimes. At the fluctuating temperatures of 35/25◦C,
seed germination decreased from 56.7 to 2% as osmotic potentials
decreased from 0 to −0.48 MPa, and no germination was
observed at −0.96 MPa. Similarly, the germination at −0.48
MPa was very low (4–7%) at 25/15and 30/25◦C. Even at −0.96
MPa, limited germination (0.7%) occurred at the temperatures
of 30/25◦C.

Seed Persistence
Both duration and depth of burial significantly reduced (P <

0.01) germination and viability of witchgrass seed (Figure 4).
There was no interaction between duration and depth of burial.
The initial germination at the time of burial (0-mo) was 95% and
declined slightly after 3 months of burial at 0- and 5-cm depths,
which was then followed by a sharp decrease after 6 months of
burial at both depths (Figure 4A). However, at the burial depth
of 10 cm, the germination at 6-mo remained high at 88%, then

FIGURE 3 | Effect of osmotic potential on germination of P. capillare seeds

incubated at alternating temperature regimes with a 12-h photoperiod. Vertical

bars represent the standard error of the mean.

FIGURE 4 | Effect of burial duration and depth on P. capillare seed (A)

germination (total germinated seeds from the recovered seeds divided by the

buried seeds, %) and (B) viability (total viable seeds from the recovered seeds

divided by the buried seeds, %). Vertical bars represent the standard error of

the mean.

decreased rapidly to 53% at 12-mo. After 12 months of burial, the
germination at the three burial depths followed similar declining
trend, with 29–46, 0–10, and 0–5% germination after 2, 3, and 4
years of burial, respectively.

The viability of buried seeds remained little changed during
the first 3 months of burial, which was then followed by a steady
decline, irrespective to the burial depth (Figure 4B). Most of
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FIGURE 5 | Annual rainfall in years 2008, 2009, 2003, and 2013 as compared

with the long-term average (115 years).

the viability loss occurred within the first year after burial. The
viability was reduced from the initial 100% before burial (0-mo)
to 32–53% after burial for 12 months. The viability continued
to decline to 3–11 and 0–5% after 3 and 4 years of burial,
respectively, with seeds exhumed from deeper in the soil profile
having higher viability than the shallower depths. No viable seed
remained on the soil surface (0 cm) after 4 year, compared to
3–5% at the 5- and 10-cm burial depth during the same period.

Emergence in the Field
The average rainfall was 413.5, 389.2, 560.8, and 390.8mm
for the respective year 2008, 2009, 2012, and 2013, compared
to the long-term average of 528.7mm (115 years) (Figure 5).
The rainfall received during the active weed growth period
from September to February was 187.7mm in 2008/2009 and
176.9mm in 2012/2013, which was only about 68–73% of
the long-term average. Spring rainfall is critical to trigger the
emergence events as temperature is not a limiting factor during
this period. However, the total rainfall in September and October
in both 2008 and 2012 was only 24–45% of the long-term average,
which could restrict the emergence of witchgrass.

Despite of the significantly lower than long-term average
rainfall in spring, witchgrass still managed to emerge, with total
emerged seedlings of 428 plants/m2 at Site A in the summer
of 2008/2009, and 203 and 1,557 plants/m2 at Sites B and C
in 2012/2013, respectively (Figure 6). The emergence patterns
followed similar trends between the sites and years. Witchgrass
emergence initiated in late September, with 0–18% seedlings
counted in early October, followed by a major emergence of 63–
83% in November and 16–37% emergence in December. Little
emergence (<1%) was recorded from January to February across
the three sites.

DISCUSSION

Witchgrass is a warm season C4 grass and prefers higher
temperatures (over 20◦C) to improve germination, which is
consistent with previous studies (Cross, 1931; Brecke, 1974;
Baskin and Baskin, 1986). Higher constant temperatures of 20

FIGURE 6 | Emergence of P. capillare over time in the field. Emerged

seedlings were counted and removed by spraying glyphosate. Vertical bars

represent the standard error of the mean. Cumulative emergence (%) was

calculated from the cumulative number of emerged seedlings at the respective

month divided by the total number of emerged seedlings during the entire

experimental period.

and 30◦C achieved a high level of germination (97–100%), which
is not different to 93–94% germination achieved under the
alternating temperatures of 30/25 and 35/25◦C. However, better
germination under alternating temperatures have been reported
previously in witchgrass (Cross, 1931; Brecke, 1974).

The high sensitivity of witchgrass germination to light
reported in this study agrees with Baskin and Baskin (1986).
They found that high germination of witchgrass (76–100%) was
achieved in light at a wide range of alternating temperatures,
while the germination was only 1–24% under complete darkness.
These results indicate that inversion tillage and stubble cover
could be effective control options in suppressing the germination
and emergence in the field. However, shallow soil disturbance
could encourage the emergence as it will bring buried seed
to the surface where light becomes unlimiting (Baskin and
Baskin, 1986). We propose that response to light might be
an adaptation tactic to ensure the germination of this small-
seeded species, particularly when they are near or at the
soil surface.

Studies related to water stress tolerance in witchgrass are scant.
This study found that decreases in osmotic potential resulted
in reduced germination in witchgrass. Limited germination can
even occur at the water potential of −0.96 MPa under optimum
alternating temperatures of 30/25◦C, indicating that witchgrass
is drought tolerant at germination. It is incongruent with many
other annual grasses that require adequate soil moisture for
germination, with complete germination suppression at osmotic
potentials between −0.6 and −1.3 MPa (Masin et al., 2005;
Seepaul et al., 2012; Fernando et al., 2016). Seepaul et al. (2012)
reported that germination of switchgrass (Panicum virgatum L.)
was significantly suppressed at −0.8 MPa, with no germination
at the osmotic potential between −1.2 MPa. Wild proso millet
(Panicum miliaceum L.) also had low germination (2%) at
−1.0 and −1.4 MPa (Stump, 1984). These results indicate that
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witchgrass germination is tolerant to moisture stress, which is
supported by the high seedling numbers up to 1,560 plants/m2

emerged in the field during late spring and early summer of
2008/2009 and 2012/2013 even when the spring rainfall between
September and October (a critical period for emergence) was
only 24–45% of the long-term average. The success of witchgrass
under drought conditions could also be due to its unique seedling
root structure. Gross et al. (1992) reported that the root growth
of witchgrass exhibited a herringbone topology (i.e., magnitude=
altitude), which favors plants growing in water-limited habitats.

Viability of seeds in the soil decreases with the duration
of burial and increases with the depth of burial. The seed of
witchgrass persists well in the soil, possibly due to the presence
of a hard seed coat. Although majority of seed viability (47–68%)
was lost after 12months of burial, seed can survive after 4 years of
burial at the deeper burial depths of 5 and 10 cm. The rapid loss
of viability within 12 months of burial and the long persistence
after several years of burial have also been documented in other
Panicum species (Alex, 1980; Burnside et al., 1981; Stump, 1984).
After 21 months of burial, the seed viability of P. miliaceum was
only 23% at the burial depth of 5 cm, but it was 77 and 93% at 10
and 30 cm, respectively. Alex (1980) reported that loss of viability
of Panicum dichotomiflorum was influenced by soil type, depth
and duration of burial. Seeds in gravelly loam lost viability faster
than those in silt loam soil, and seeds at 1 and 2 cm lost viability
faster than those at deeper depths. After 54 mo of burial, seeds
buried at depths between 5 and 20 cm in silt loam remained 5–
14% viability. These results indicate that witchgrass seed could
persist well in the field and deeper burial would result in longer
persistence with a low but tenacious tail of more than 4 years.
Failure to stop seedset would mean the on-going battle of this
weed. Consistent control efforts over several years are required
to overcome the persistent nature of the seed and to effectively
manage this weed.

Better understanding the emergence patterns is important
to the effective management as better control timing can be
tailored to individual circumstances. Witchgrass has a staggered
emergence pattern in southern NSW. It started to emerge in mid
spring, with major emergences in late spring and early summer.
This emergence pattern is similar to a study in Tennessee (Baskin
and Baskin, 1986) who reported that witchgrass emerges over an
extended period during spring and summer. Earlier emergence
cohorts have taller plant height, tillers, more panicles per plant
as compared to later emergence cohorts (Vengris and Damon,
1976). Therefore, management efforts should be directed to
control the early and major emergence cohorts in late spring and
early summer before setting seeds. Controlling early cohorts can
stop seedset and reduce further infestation.

Witchgrass is predominantly a surface germinator. Most
emergence is likely to come from the seeds on or near the soil
surface due to the light requirements for germination. Seeds
buried in the soil are unlikely to emerge in summer (Baskin
and Baskin, 1986). Brecke (1974) reported 52–95% emergence
occurred at depths between 0 and 2.5 cm and no emergence at
depths over 5 cm. Also, optimum emergence at shallow burial
depths was documented in P. dichotomiflorum (Fausey and
Renner, 1997). However, another Panicum species, P. miliaceum,

was able to emerge from deeper depths, with a maximum depth
of emergence at 14 cm (Stump, 1984). Strategic tillage could be
an effective option to bury witchgrass seed into deeper soil layers
to suppress the emergence. However, prolonged persistence of
witchgrass seeds in the deeper soil means that care should be
taken not to re-introduce the buried but viable seeds back to the
soil surface through tillage operations.

Successful seed emergence is the most important phase of
plant establishment for weed to survive, thrive and proliferate,
which is strongly influenced by temperature and moisture.
However, these two important environmental clues are being
influenced by climate change.

Rising CO2, temperature and altered precipitation patterns
are three key indicators of climate change. Under the current
rates of CO2 emissions, the concentration of CO2 is predicted to
reach∼1000 ppm by the end of the twenty-first century, resulting
in an increase of 2–4◦C in the Earth’s annual surface temperature
(IPCC, 2007). However, the predictions for long-term rainfall
patterns are far less certain (Giannini et al., 2008; Varanasi et al.,
2016). In Australia, it is generally agreed that summer rainfall had
increased in eastern Australia over the past century, while winter
rainfall had decreased in the southwest, with large decadal-scale
variations and distinct changes in different regions (Liu et al.,
2020). They further reported an increasing trend in long-term
rainfall in Northern and Central Australia, and a decreasing trend
across Southern Australia.

The anticipated changes in temperature and moisture
projected under changing climates will directly affect seed
longevity, dormancy release, germination, and emergence
(Walck et al., 2011; Ooi et al., 2014; Jaganathan and Liu, 2015).
Indirectly, climate change will also affect seed predators and
soil microbial activities, which in turn could affect the fate of
seeds in the soil seedbank (Wu, 2015). The seed aging process
is accelerated under high temperature and moisture conditions
(Walck et al., 2011; Fenollosa et al., 2020). However, little research
is available in this emerging field in regard to climate change.

Temperature is the key driver for the onset of emergence,
flowering and other phenological traits (Menzel et al., 2006a,b;
Otto et al., 2007). The increasing temperature would accelerate
the accumulation of growing degree days required for the
growth and development of plants, which would result in the
changes in dormancy release, emergence timing and phenological
development. Therefore, weeds are likely to grow and develop
quicker, with earlier emergence and flowering and maturity (Lee,
2011; Singh et al., 2011; Pagare et al., 2017). Vengris and Damon
(1976) claimed that witchgrass normally completes its life cycle
between 80 and 105 days. However, later emerged plants only
require 35 days from seeding tomaturity under warm conditions.

Witchgrass exhibits substantial phenotypic variations and it is
well-suited to a broad range of soil types and climatic conditions
(Darbyshire and Cayouette, 1995), enabling witchgrass to
adapt well in the changing climate. Witchgrass is a C4 grass
(Hattersley, 1984). The lower water requirement of plants with
the C4 photosynthetic pathway, along with higher optimal
temperatures makes it more adaptable to changing climate as
compared to C3 plants (Tubiello et al., 2007; Pagare et al.,
2017; Ramesh et al., 2017). Increasing numbers of fall panicum
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(P. dichotomiflorum) have been observed in more northern
areas of Europe (Peters et al., 2014). Shahidul et al. (2014)
also reported that some tropical and subtropical C4 species
could shift northwards to temperate zones. The impact of
climate change on the distribution range of witchgrass deserves
further investigation.

Understanding weed biology and the timing of phenological
development is critical for determining the most effective
control timing. Future research on the impact of climate
change on weed phenology, morphology, physiology, and
reproduction through altered temperature and rainfall
patterns will assist in monitoring and adaptive management of
the weeds.
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