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and Ewa Kȩpczyńska
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Abstract: Sonchus asper and S. oleraceus are among the most problematic broadleaf weeds in eastern
cropping systems of Australia. This study investigated the seed germination ecology of S. asper
and S. oleraceus. The study hypothesized that S. asper may have greater ecological advantages
under adverse environmental conditions compared to S. oleraceus. Results showed that S. asper
consistently outperformed S. oleraceus across different light regimes and stress conditions. At a lower
temperature regime of 15/5 ◦C, seed germination of S. oleraceus decreased by 19% compared to S.
asper. Germination of S. oleraceus significantly declined under dark conditions, while over 90% of
S. asper seeds germinated under both light/dark and dark conditions. Under water stress (osmotic
potential of −0.4 MPa), S. oleraceus germination dropped by 74% compared to S. asper, indicating S.
asper’s superior drought tolerance. Both species exhibited moderate salinity tolerance (40 mM NaCl)
to germinate, highlighting their potential to invade saline cropping environments. The burial study
revealed that S. oleraceus had higher germination at the soil surface, but no germination occurred
from 4 cm, while 23% of S. asper seeds still emerged from that depth. The burial depth required to
inhibit 50% emergence of S. asper and S. oleraceus was 3.3 cm and 0.3 cm, respectively. These findings
highlight S. asper’s greater adaptability to low temperatures, burial depth, and stress conditions than
S. oleraceus. The insights from this study can inform agronomic strategies, including tillage depth and
mulching, to mitigate the impact of these invasive species on Australian cropping systems.

Keywords: burial depth; salt stress; temperature; water stress; weed ecology

1. Introduction

Sonchus asper L. (spiny sowthistle) and Sonchus oleraceus L. (annual sowthistle) are
two closely related species that have emerged as significant threats to cropping regions in
eastern Australia [1]. Sonchus oleraceus has softer, less spiny leaves compared to S. asper,
which has thick, spiny leaves with a more rigid structure [2]. Both species are highly
competitive, reducing crop yields by aggressively outcompeting crops for resources such as
water, nutrients, light, and space [1]. The rapid growth of S. oleraceus allows it to dominate
fields quickly, particularly in winter cropping systems [3] (Steinmaus et al. 2000). Sonchus
asper’s greater tolerance to environmental stresses enables it to persist in areas where other
weeds might fail, maintaining competitive pressure even under harsh conditions [4].

In Australian grain regions, infestations of Sonchus species can lead to wheat yield
losses of up to 50%, depending on their density and emergence timing [5]. The persistence
of Sonchus spp. in fallows can also interfere with subsequent crop planting, leading to in-
creased management costs and reduced farm profitability [6]. These yield losses are further
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exacerbated by the development of herbicide resistance, particularly to glyphosate, which
makes these species increasingly difficult to control [7–9]. As a result, controlling Sonchus
species has become more challenging in eastern Australia, necessitating the development
of ecological weed control solutions to mitigate their impact.

Understanding the germination ecology of S. asper and S. oleraceus in eastern Aus-
tralia is crucial for diving deeper into their biology and behavior under environmental
stresses, which can aid in developing integrated management strategies [10]. Given their
adaptability, competitive nature, and growing significance as invasive weeds, comparative
seed germination ecology studies can provide valuable insights for more effective and
sustainable weed management. Such knowledge may help reduce yield losses due to infes-
tation, preserve biodiversity, and ensure the long-term sustainability of eastern Australia’s
landscapes [11,12].

Understanding the germination behavior of both species in relation to temperature
and light is essential for managing these weeds. Both species are sensitive to environmental
conditions, which affect their germination, growth, and persistence [13]. Variations in
temperature may influence the germination rate and growth cycles of both weeds [14,15].
Sonchus oleraceus is capable of germinating over a broader temperature range (10–35 ◦C),
allowing it to thrive across various climatic conditions of eastern Australia [15]. However,
information on the ideal temperature for S. asper germination in the eastern cropping region
is limited. Knowledge of the temperature preferences of both species can guide the timing
of weed control measures in winter crops and fallows.

Previous studies have reported that S. oleraceus can germinate under a range of light
conditions, demonstrating its adaptability to disturbed environments with inconsistent light
availability [14]. However, there is limited information on the light and dark requirements
for S. asper germination in this region. This knowledge could inform management practices
such as mulching or adjusting planting densities to suppress weed growth. In the context
of climate change, understanding how these species respond to changes in temperature and
light will be critical for predicting weed emergence and optimizing control strategies [16].

Sonchus oleraceus, often found in wetter environments, may experience reduced germi-
nation and growth under low osmotic potential conditions, while S. asper, which tolerates
harsher environments, may exhibit greater resilience to drought and salinity [4]. Under-
standing the impact of osmotic stress on both species can help predict how they will behave
in diverse climates, from humid coastal areas to arid inland regions. This knowledge is
vital for developing targeted weed management strategies, especially in fields affected by
water scarcity or saline conditions.

Studying the germination behavior of S. asper and S. oleraceus under salt stress
is also important due to the increasing soil salinity impacting agriculture in eastern
Australia [17,18]. This information can guide the development of targeted weed control
strategies to prevent the spread of these species in saline soils, contributing to the creation
of effective, proactive management practices. Further, understanding how both species
respond to varying burial depths is essential for predicting their persistence in soil seed
banks and their potential to invade fields. This knowledge is vital for designing effective
weed management practices, such as tillage or seedbed preparation, to minimize weed
establishment and reduce their impact on crop yield losses [19].

It is hypothesized that the two Sonchus species may exhibit different germination
behaviors across a range of temperatures, light conditions, salt and water stress conditions,
and burial depths. This study aims to understand how both species respond to varying
environmental conditions, which is crucial for developing targeted and effective weed
management strategies.

2. Materials and Methods
2.1. Seed Description

A series of experiments was conducted twice in 2023 at the Weed Science Labora-
tory of the University of Queensland, Australia. Fresh seeds of both Sonchus spp. were
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collected from mature plants grown during the winter of 2022 under field conditions at
the Gatton Research Farms of the University of Queensland. After collection, the seeds
were cleaned, dried, and stored at room temperature (25 ◦C) in the laboratory until the
experiments commenced. The 100 seed weights of S. oleraceus and S. asper were 0.024 g and
0.031 g, respectively.

2.2. General Germination Test Protocol

For the petri dish experiments, 25 seeds were placed in 9 cm Petri dishes lined with a
double layer of filter paper (Whatman Grade 1, Global Life Sciences Solutions Operations
UK Ltd., Sheffield, UK). The petri dishes were sealed in plastic bags and incubated under
different treatments, each programmed with a 12 h dark/light cycle. Fluorescent lamps,
emitting 85 µmol m−2 s−1 of light, illuminated the incubators. The experiments ran for
three weeks, with each one repeated after the first trial was completed. In our preliminary
trials on Sonchus, which were conducted for five weeks, there was no further germination
after 3 weeks. Therefore, in this study, we decided on a three-week duration.

2.3. Effect of Temperature and Light

For the light/dark experiments, seeds of both Sonchus species were incubated under
a range of alternating day/night temperatures: 15/5 ◦C, 25/10 ◦C, 25/15 ◦C, 30/20 ◦C,
and 35/25 ◦C, all with a 12 h light/dark cycle. In the dark treatment, petri dishes were
wrapped in 3 layers of aluminum foil and placed in the incubators set to the same tem-
perature regimes. These temperature conditions were selected to simulate the environ-
mental variability found in Queensland, ensuring that the data would be applicable to
real-farming situations.

2.4. Effect of Osmotic Stress

Osmotic stress was assessed using five water potential levels (0, −0.1, −0.2, −0.4,
and −0.8 MPa). Each petri dish was moistened with 5 mL of polyethylene glycol (PEG)
solution according to treatment, after which the seeds of both species were placed in the
petri dishes. The germination study was conducted in an incubator set at 25/15 ◦C with a
12 h light/dark cycle.

2.5. Effect of Salt Stress

To evaluate the salinity stress, sodium chloride (NaCl, Sigma-Aldrich®, St. Louis,
MO, USA) solutions at five concentrations (0, 20, 40, 80, and 160 mM) were used in
place of water (5 mL) in the petri dishes. These concentrations were chosen to reflect the
typical salinity levels found in Australia’s major cropping regions. Like the water stress
trial, the germination study was conducted in an incubator set at 25/15 ◦C with a 12 h
light/dark cycle.

2.6. Effect of Burial Depth on Seedling Emergence

To evaluate seedling emergence, 25 seeds from each species were planted at six distinct
burial depths (0, 0.5, 1, 2, 4, and 8 cm) in plastic pots with a 10 cm diameter. The soil used
was clay loamy, with 2.7% organic matter and a pH value of 7.2. The soil was sterilized to
avoid the background seed bank. Seedling emergence was recorded 35 days after sowing.

2.7. Statistical Analyses

All experiments were arranged in a completely randomized design with three replica-
tions. Each experiment was repeated after the first run, and the data presented represent
the averages of both runs. No significant time-by-treatment interactions were detected, as
verified by ANOVA (using OPStat software: https://opstat.somee.com/opstat/, accessed
on 28 March 2024). ANOVA was utilized to identify significant treatment and interaction
effects at p ≤ 0.05. When treatments were significant, means were separated using Fisher’s
protected LSD test at p ≤ 0.05. Nonlinear regression analysis was used to examine the

https://opstat.somee.com/opstat/
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relationships between germination and salt concentration (a three-parametric sigmoid
model) and between emergence and burial depth (a three-parametric logistic model) using
SigmaPlot (v 15.0), described by the following equations:

y = ymax / [1 + exp(−(x − x50 ) / yrate))] (1)

y = ymax / ((1 + x) /x50 )
yrate (2)

where y represents the total germination or emergence percentage at a given salt concentra-
tion or burial depth (x), ymax is the maximum germination or emergence (%), x50 is the level
at which 50% inhibition of maximum germination/emergence occurs, and yrate denotes the
slope of the curve.

These models provided a strong fit (as indicated by their R2 value) to the data, offering
valuable insights into how salt concentration or burial depth affects the germination of
Sonchus spp. We tried to fit a regression model for osmotic potential, but the equation
did not fit. Therefore, we explained the results of the osmotic potential trial using the
LSD value.

3. Results and Discussion
3.1. Effect of Temperature and Light

A significant interaction (p ≤ 0.05) between temperature regimes and Sonchus spp.
was observed for seed germination (Figure 1). Both species exhibited similar germination
patterns across all temperature regimes except at 15/5 ◦C. At this temperature (15/5 ◦C), S.
oleraceus germination decreased by 19% compared to S. asper. These results indicate that
while S. asper is unaffected by lower temperatures, S. oleraceus may experience reduced
germination under severe winter conditions or in colder regions.
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Figure 1. Effect of alternating day/night temperatures (15/5 to 35/25 ◦C) on the germination of
Sonchus oleraceus and Sonchus asper. Seeds were incubated for 21 d. Error bars represent LSD values
at a 5% level of significance.

Previous studies have also observed reduced germination of S. oleraceus by 62–65% at a
temperature regime of 15/5 ◦C [13,19]. Our study supported these findings, demonstrating
reduced germination of S. oleraceus at 15/5 ◦C. Additionally, we found that, unlike S.
oleraceus, the germination of S. asper was not reduced at a low-temperature regime (15/5 ◦C)
compared with high-temperature regimes. As supported by current and earlier research,
S. oleraceus can germinate across a broad temperature range [15,19]. However, some
researchers [20] also noted that over 90% of S. oleraceus seeds germinated between 5 ◦C
and 35 ◦C, which differs from our observations at 15/5 ◦C, suggesting population-specific
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and environmental variability. While there is limited research comparing S. asper and S.
oleraceus, our results contribute valuable insights. Like S. oleraceus, S. asper exhibits similar
temperature preferences, though it demonstrates better germination under extreme cold
conditions (15/5 ◦C).

A significant interaction (p ≤ 0.05) between light conditions and Sonchus spp. was also
observed (Figure 2). While light regimes had no effect on S. asper germination, S. oleraceus
germination significantly decreased under dark conditions compared to the light/dark
cycle. These results are in agreement with previous studies in which it was reported that S.
oleraceus had reduced germination under complete darkness compared with a light/dark
regime [13,19].
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photoperiod) on Sonchus oleraceus and Sonchus asper germination. Seeds were incubated for 21 d at an
alternating temperature of 25/15 ◦C with a 12 h light/dark cycle. Error bars represent LSD values at
a 5% level of significance.

These findings suggest that S. oleraceus is less likely to germinate in dark conditions,
such as those created by crop residues in no-till systems. However, seeds exposed to
light through shallow tillage are more likely to germinate. This insight underscores the
importance of considering light exposure when developing weed management strategies.
Targeted practices, such as mulching, shading, or adjusting tillage depth, can suppress seed
germination of these species by controlling light availability.

Overall, our results suggest that S. oleraceus prefers light/dark conditions for optimal
germination. Therefore, strategic tillage that buries S. olearceus seeds deeper in the soil may
help reduce germination rates.

3.2. Effect of Osmotic Stress

Seed germination was influenced by the interaction between Sonchus species and
osmotic potential (Figure 3). As osmotic potential decreased from 0 to −0.8 MPa, germi-
nation of both species declined and was absent at −0.8 MPa. Both Sonchus spp. behaved
similarly for germination at each osmotic potential except at −0.4 MPa, where S. oleraceus
germination was reduced by 74% compared to S. asper.
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a 5% level of significance.

These observations suggest that S. asper is more tolerant to water stress of −0.4 MPa
than S. oleraceus. These findings have significant implications for the invasion and competi-
tion between these two species. With its higher drought tolerance, S. asper is likely to be
more resilient in water-stressed regions, giving it a competitive edge over S. oleraceus. This
could lead to increased invasiveness and spread of S. asper, particularly in environments
where water scarcity limits the establishment of other species. A previous study showed
that the germination rate of S. asper declined with increasing hydric pressure but retained a
higher germination capacity than S. oleraceus [4]. In another study, the germination rate
of S. oleraceus dropped significantly to 11% when osmotic pressure reached −0.6 MPa,
illustrating the species’ vulnerability to water stress [19].

3.3. Effect of Salt Stress

Seed germination of Sonchus species showed a sigmoid response to varying salt
concentrations (Figure 4). The NaCl concentration required to inhibit 50% germination of S.
oleraceus and S. asper was 53 mM and 40 mM, respectively. These results suggest that both
species responded differently to increasing NaCl concentrations. The notable germination
of both weeds at 40 mM NaCl suggests that under saline soil conditions in Australia, both
species can thrive and compete with crops.

Previous research has highlighted S. oleraceus’s salt tolerance [19]. Our findings build
on this by comparing both S. oleraceus and S. asper, revealing that while both species exhibit
similar responses to salinity stress, S. asper demonstrates a slight advantage in higher
salinity environments, with 16% germination at elevated salt concentrations (80 mM NaCl).

This differential tolerance between the two species has important agronomic implica-
tions, requiring alternative management tactics for identifying and controlling the species in
different landscapes [17]. A previous study found that moderate salinity stress (40–60 mM)
did not adversely affect the root growth of S. oleraceus, suggesting that root phenotypes
play a key role in salinity adaptation [21]. Although there is limited research on S. asper, the
similar responses of both species to salinity stress suggest they may share similar physio-
logical adaptations. Further investigation into the root structures and cellular mechanisms
of these species could provide insight into their ability to thrive in saline environments.
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Moreover, the high salinity tolerance of Sonchus species is not entirely disadvantageous
from an ecological perspective. Some researchers discussed how certain weed species,
including S. oleraceus, could contribute to environmental rehabilitation in saline soils due to
their adaptability [22]. This opens new possibilities for using these species in ecological
restoration projects, where their tolerance to harsh conditions could aid in the regeneration
of degraded lands. However, the dual role of Sonchus species as adaptable weeds and
potential ecological rehabilitators calls for careful management. In environments with
fluctuating salinity, the ability of S. asper and S. oleraceus to germinate and thrive may
increase their competitiveness, potentially leading to greater weed pressure in crops or
natural ecosystems. Consequently, these species could present challenges for management,
especially in saline-prone areas.

Overall, our findings provide valuable evidence of the salinity tolerance of S. asper and
S. oleraceus, highlighting their potential to germinate and persist under high salt stress. This
understanding can inform strategic weed management approaches, taking into account
the unique adaptability of these species. Further research should explore the physiological
and phenotypic responses of both species to salinity, as well as management strategies in
environments with varying salt concentrations.

3.4. Effect of Burial Depth on Seedling Emergence

Seedling emergence data for Sonchus spp. were fitted to a three-parametric logistic
model. On the soil surface, seed germination was greater for S. asper compared to S.
oleraceus (Figure 5). The model predicted that the maximum emergence of S. oleraceus and S.
asper was 67% and 82%, respectively. The burial depth required to inhibit 50% emergence of
S. oleraceus and S. asper was 0.3 cm and 3.3 cm, respectively. This research demonstrates that
S. oleraceus exhibited greater emergence from the soil surface than seeds placed at deeper
soil layers. Seedling emergence of S. oleraceus decreased as planting depth increased, with
no emergence from seeds placed at a 4 cm depth. Our results suggest that no-till farming
and shallow tillage could enhance the seedling emergence of both species, especially
S. oleraceus.
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Tillage is a widely used cultural practice to manage weed populations by disturbing
the soil and influencing the depth at which weed seeds are buried [23]. However, as
highlighted by our results and supported by other studies, not all weed species respond
similarly to tillage [24]. For S. asper, the ability to germinate from depths up to 5 cm means
that shallow tillage may promote its emergence, as seeds near the surface or within the top
few centimeters of soil remain viable and capable of germinating. In contrast, S. oleraceus’s
limited ability to germinate from deeper soil layers makes it more susceptible to burial at
greater depths, a factor that could be exploited in deep tillage systems.

These observations suggest that no-till or shallow tillage systems may inadvertently
favor S. asper by leaving seeds within their preferred germination range. Consequently,
strategic deep tillage could be a more effective method for controlling this species, as it
would bury seeds beyond their viable emergence depth. Conversely, shallow tillage might
be more beneficial for controlling S. oleraceus, as this species struggles to emerge from even
moderate depths.

The effectiveness of tillage also depends on other factors, such as water availability and
competition for growing space. Previous research emphasized that while a large seed bank
in appropriate soil depths can enhance weed establishment, factors like moisture and space
are equally critical for population expansion [19]. This is particularly relevant for S. asper,
which has demonstrated greater drought tolerance when seeds are closer to the surface [4].
In drier conditions, shallow-buried S. asper may gain a competitive advantage over other
species, further complicating weed management efforts in minimum tillage systems.

Given S. asper’s greater adaptability to different soil depths, darkness, and stress
conditions, an integrated management strategy combining strategic tillage and competitive
tactics, such as crop rotation and cover cropping, and timely herbicide application may
prove more effective. For instance, rotating tillage practices with other weed control
methods, like herbicide application and crop competition, could help prevent S. asper from
establishing dominance in no-till systems.

Overall, this burial study highlights the need for tailored tillage strategies based on
the biological characteristics of specific weed species. For S. asper, shallow tillage or no-till
systems may increase the risk of weed emergence, suggesting that effective control is
required in no-till systems. In contrast, S. oleraceus is more susceptible to burial, making
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shallow tillage a viable strategy for its management. Understanding these dynamics allows
for more effective weed control practices that minimize weed emergence while supporting
crop yields.

This study demonstrates the germination behavior of S. oleraceus and S. asper in
response to various environmental conditions. The findings highlight the significance of
temperature, light, osmotic stress, salt stress, and burial depth for developing integrated
management solutions for both invasive weeds, as supported by other researchers for
the management of different weeds [25–30]. Results demonstrated that S. oleraceus is
more sensitive to lower temperatures than S. asper, suggesting S. olerceus’s establishment
could be limited in colder regions. Sonchus oleraceus showed reduced germination under
dark conditions. Therefore, practices such as strategic tillage and mulching can reduce its
emergence. The higher drought resilience in S. asper suggests it may dominate in water-
limited environments, exacerbating its invasiveness. The response of both species to salt
stress may increase its invasiveness in saline soils. Burial depth study suggests that S.
asper can emerge from greater depths than S. oleraceus, which provides an opportunity
to control this weed through strategic tillage. Future research should investigate the
physiological mechanisms for the varying behavior of these weeds in relation to different
environmental conditions. Understanding these mechanisms could lead to innovative
management solutions tailored to specific agricultural landscapes of eastern Australia.
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