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Abstract: Background: Swallowwort (Cynanchum acutum subsp. sibiricum)
poses significant challenges in cotton fields and orchards across northwest
China. Objective: Laboratory and greenhouse experiments were conducted
to investigate the impact of various abiotic factors on seed germination of
swallowwort. Methods: Seed germination and seedling emergence of freshly
harvested seed (FS) and seed stored for six months (SS) were investigated
under different temperatures, osmotic potentials, saline stresses, and burial
depths. Results: The optimal germination temperature of FS was 30 to
35 °C, while that for SS was extended to 15 to 35 °C. Freshly harvested seeds
germinated under alternating temperature regimes from 20/10 to 45/35 °C,
but seed germination could reach to 60% at 15/5 °C after six months of

storage. No germination of FS was observed at < -1.0 MPa. However,
seed germination remained at 44.6% at -1.0 MPa after storage. Saline
stress reduced seed germination, with no germination observed at NaCl
concentrations of > 400 mM for the FS or > 500 mM for the SS. However, pH
values ranging from 5 to 10 had no significant impact on seed germination.
The maximum seedling emergence (71%) was observed at the soil surface
and no emergence at 10-cm burial depth. Conclusions: Six months of
storage enhanced seed tolerance to sub-optimal temperature, drought and
salt stress conditions, comparing with FS. This made swallowwort more
adaptable to harsh environments such as drought and salinity. Therefore,

timely weed control is necessary to prevent seed production.

Keywords: Burial Depth; Cynanchum Acutum Subsp. Sibiricum; Osmotic Potential; pH; Salt; Storage; Temperature

Journal Information:
ISSN - 2675-9462
Website: http://awsjournal.org

Journal of the Brazilian Weed
Science Society

How to cite: Ma X, Luo Y, Wu H, Ren

X, Hu H, Ma Y. Seed and germination
biology of swallowwort (Cynanchum
acutum subsp. sibiricum). Adv Weed
Sci. 2025;43:e020250095.

https://doi.org/10.51694/AdvWeedSci/2025;43:00007

Approved by:
Editor in Chief: Nome Sobrenome
Associate Editor: Nome Sobrenome

Conflict of Interest: The authors
declare that there is no conflict of
interest regarding the publication of
this manuscript.

Received: November 7, 2024
Approved: February 3, 2025

# Co-first authors
* Corresponding author:
<aymayan@126.com>

This is an open-access article
distributed under the terms of the
Creative Commons Attribution License,
which permits unrestricted use,
distribution, and reproduction in any
medium, provided that the original
author and source are credited.

Copyright: 2022

1. Introduction

Swallowwort (Cynanchum acutum subsp. sibiricum), a member of the Apocynaceae
family, is a perennial weed species with significant medicinal potential (Luo et al.,
2023; Yildiz et al., 2017). This species is prevalent in Asia, commonly found in diverse
habitats such as cultivated fields, orchards, fence lines, and roadsides (Li et al., 1995;
Figure 1). Over recent decades, swallowwort has emerged as a challenging weed in
cotton (Gossypium hirsutum L.) fields and orchards, particularly in northwest China
(Sun et al., 2020). The spread of the swallowwort is attributed to its unique twining
behavior, prolific seed production, vegetative propagation capabilities, and notable
resistance to drought and salt stress (El-Katony et al., 2018; Nosratti et al., 2020).

As a summer perennial weed, swallowwort propagates through both seed and
rhizome, demonstrating its epidemic spread and strong reproductive potential
(Golzardi et al., 2014). Generally, seeds play a vital role in weed distribution, population
establishment, and persistence within agroecosystems (Baskin, Baskin, 2014; Egley,
Chandler, 1978). As seeds of some members of the Apocynaceae family, such as Araujia
sericifera, Cionura erecta, C. acutum subsp. acutum, Gomphocarpus fruticosus, Periploca
gracilis, and P. graeca (Sarikaya, Guven, 2024), swallowwort is characterized by a pair
of dry follicles (sometimes reduced to one) and seeds are equipped with a silky pappus
(coma). This adaptation allows swallowwort seeds to be easily dispersed by wind and
water, leading to their rapid spread across the landscape through mechanisms such as
surface runoff, irrigation canals, and rivers.

Understanding seed germination and emergence in response to environmental
conditions is crucial for devising effective weed management strategies (Dong et al.,
2020; Xiong et al., 2018). Despite the increasing problem of swallowwort globally
(Meighani et al., 2021), our understanding of its seed biology and germination
ecology remains limited. Comparative studies with other Cynanchum (Apocynaceae)
genus species can provide valuable insights. For instance, seeds of C. acutum L. can
germinate across a broad spectrum of water potentials and salinity levels, with osmotic
potential up to -0.6 Mpa and salinity stress up to 300 mM having minimal impact
on seed germination (Golzardi et al., 2012). Optimum germination temperature for
C. acutum L. seed was 25 °C and germination did not occur at < 15 °C. Maximum
emergence occurred when the seeds were planted at 1.5 cm depth and seedlings did
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Figure 1- Geographic distribution of swallowwort (Cynanchum acutum subsp. sibiricum) obtained from the online Global Biodiversity
Information Facility (GBIF) database and the location of the study area (triangle)

not emerge when planted at 6.5 cm depth (Pahlevani et al.,
2008). In the case of C. rossicum [syn. Vincetoxicum rossicum
(Kleopow) Barbar.], cold storage (4 °C) for 18 weeks
reduced the germination of seeds harvested in August by
50-60%, but did not affect seeds harvested in November
(DiTommaso et al., 2005).

Swallowwort is one of the most dominant pioneer
species in Northwest China, particularly in Xinjiang
province, which is known for being one of the world’s most
characteristic cold deserts, characterized by temperature-
dominated drought (Yao et al.,, 2018; Yang et al., 2024)
and soil salinization (Chen et al., 2007). Therefore, we
inferred that swallowwort should possess strong adaptive
mechanisms to survive in such harsh environments.
The primary objectives of this study were to evaluate
swallowwort seed characteristics (viability and water
absorption) and the influence of various factors such as
submersion, temperature, osmotic and salinity stresses,
pH, and burial depth on seed germination and seedling
emergence. The insights gained from this research could
help to understand its potential spread and to develop
effective management strategies for its control.

2. Materials and Methods

21 Seed collection and seed characteristics

Mature follicles of swallowwort were randomly
harvested in November 2017 from a natural population
located along the edges of the cotton fields belonging
to Tarim University (40.55° N, 81.30° E, 1,100 m a.s.l;
Figure 1), Xinjiang Province, China. Local climate data
during 2017-2018 was obtained from the meteorological
station at the University (Figure 2). The collection site had
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an extreme dry climate, with a mean annual temperature of
11.2 °C, annual rainfall of 50.9 mm, and annual sunshine
hours of 2,900 h. Immediately after collection, the length
and stem diameter of 130 randomly selected lanceolate
follicles were measured with calipers to the nearest
0.1 mm. Seeds were extracted from the follicles, and the
viable (plump) and nonviable seeds (lacking an embryo)
per follicle was counted. The length and stem diameter of
oblong-ovate seed and the length of white pappus (coma)
were measured from 150 randomly selected plump seeds.
Thousand seed weight of freshly harvested seed was
estimated from four random samples of 100 plump seeds.
The freshly harvested plump seeds were subject to a range
of treatments outlined below. Moreover, some seeds were
stored at room temperature (25 = 1 °C) in paper bags for six
months until June 2018 and were also subject to a range of
treatments outlined below.

2.2 Seed viability

The viability of freshly harvested plump seeds was
evaluated using a tetrazolium stain. Four samples of 100
seeds each were placed in petri dishes and immersed in a
0.1% TTC (2,3,5-triphenyl tetrazolium chloride) solution
at 20 °C for 24 h in the dark (Baskin, Baskin, 2014). Prior
to staining, the seed coat of each seed was scarified with a
knife. Only seeds stained with a uniformly dark red embryo
were classified as viable.

2.3 Water uptake during seed imbibition

To evaluate the water absorption capacity, four replicates
of 50 seeds each were weighed to the nearest 0.0001 g.
These were then placed in 9-cm-diam Petri dishes lined with

https://doi.org/10.51694/AdvWeedSci/2025;43:00007
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air temperatures (°C) and precipitation (P, mm) of the study area
during 2017-2018

a piece of filter paper and moistened with 20 ml distilled
water at room temperature. After 1, 2, 4, 6, 8, 10, 12 and
24 hours of imbibition, seeds were immediately surface-
dried with filter paper and then reweighed. This process was
terminated after 48 hours of imbibition, at which time the
imbibed seeds began to germinate. The percentage of water
uptake was calculated as the amount of water adsorbed by
the seeds relative to the initial seed weight.

Percentage of water uptake = [(Wi - Wa) / Wd] x100% [1]

where W and W, are the mass of imbibed and dry seeds,
respectively.

2.4 General seed germination protocol

Four replicates of 25 seeds were uniformly arranged
in 9-cm-diam petri dishes on two layers of Whatman No.
1 filter paper, moistened with 4 ml of distilled water or
test solutions. All dishes were sealed with Parafilm to
minimize water loss and then incubated at a constant
temperature of 30 °C, unless otherwise specified. The
photoperiod was set at 14 hours to coincide with the
typical day length between July and August, and the
photosynthetic photon-flux density was maintained at
150 pmol m? s*. The number of germinated seeds were
counted daily for 14 days after sowing (DAS). Seeds with
a radicle length of > 2 mm were considered germinated.
The germination percentage was calculated based on the
number of germinated seeds.

2.5 Effect of submersion on seed germination

Freshly harvested seeds were submerged in 9-cm-diam
petri dishes with distilled water (20 ml) in the dark for 1 to
7 days at 30/20 °C. After the submersion treatments, the
number of in situ germinated seeds in water was counted.
The ungerminated seeds were then subject to the seed
germination test described above.

https://doi.org/10.51694/AdvWeedSci/2025;43:00007
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2.6 Effect of temperature on seed germination

Freshly harvested seeds (FS) and seeds stored for six
months (SS) atroom temperatures (20+ 5 °C) were incubated
at eight constant temperatures (10, 15, 20, 25, 30, 35, 40
and 45 °C) and eight fluctuating day/night temperatures
(15/5, 20/10, 25/15, 30/20, 35/25, 40/30, 45/35 and
50/40 °C). The temperature difference between minimum
and maximum in the region from March to November in
recent years was approximately 10 °C (Xiong et al., 2018).

2.7 Effect of pH on seed germination

Germination was tested using FS and SS under pHs
range 5, 6, 7, 8, 9, and 10, using buffered solutions prepared
as the method described by Chauhan and Johnson (2008a).
Unbuffered deionized water (pH 6.8) was used as a control.

2.8 Effect of osmotic stress on seed germination

To examine the effect of moisture stress on seed
germination, FS and SS were placed in aqueous solutions with
water potentials of 0, -0.1,-0.2,-0.4,-0.6, -0.8, and -1.0 MPa,
prepared by dissolving appropriate amounts of polyethylene
glycol (PEG) 8,000 in deionized water (Michel, 1983).

2.9 Effect of saline stress on seed germination

The influence of saline stress on swallowwort
germination was determined by incubating ES and SS in
Petri dishes containing sodium chloride (NaCl) solutions of

0,12.5, 25, 50, 100, 150, 200, 250, and 300 mM.

210 Effect of burial depth on seedling emergence

The effect of seed burial depth on seedling emergence
was investigated using previously published methodologies
(Zhou et al., 2005). The trial was conducted in a greenhouse
at 35/25 °C day/night temperature and with a 14-hour
photoperiod. Twenty SS were buried at seven different
depths (0 cm or surface, 1, 2, 3, 4, 6 and 8 cm) in plastic pots
(15-cm-diam by 15-cm-height), filled with a 0.5:1:2 mixture
of water, sandy loam and potting soil (N-P,0.-K,0 > 2%,
organic matter > 40%, pH = 6.5+0.5; Huaian Hongyang
Agricultural Science and Technology Development Co., Ltd.,
Jiangsu Province, China). Pots were manually subirrigated
as needed to maintain adequate soil moisture. Seedling
emergence was defined as when both coleoptiles were visible
at the soil surface. Seedlings were counted at 30 DAS.

211 Statistical analyses

All experiments employed a randomized complete-
block design with four replications. Each experiment
was conducted twice. Data from repeated experiments
were subjected to ANOVA and there was no significant
time-by-treatment interaction; therefore, data from two

Adv Weed Sci. 2025;43:e020250095

3



Advances in Weed Science

experiments were pooled for further analysis. Neither
arcsine square nor log transformation of the data
improved the homogeneity of variance; hence, ANOVA
and regression analysis were performed on the non-
transformed percentage of germination. Fisher’s protected
LSD test was used to identify significant differences among
treatment means.

Furthermore, regression analysis was utilized to assess
the impact of osmotic and salinity stresses on germination
percentage. Data were fitted to a functional three-parameter
logistic model (Asgarpour et al., 2015). The model applied
was as follows:

G=G_/{1+exp[-(x-x,)/G 1} [2]

rate’

where G is the total germination (%) at different
concentrations of osmotic or salt potential x, G__ is
the maximum germination (%), X, 18 the concentration
required for 50% inhibition of the maximum germination,
and G__ indicates the slope.

A three-parameter sigmoid model (Chauhan, Johnson,
2008a) was employed to describe the effects of time (days
after sowing) or burial depth on germination (%). The
model fitted was as followed:

E=E /{1+expl-(x-x,)/E_ 1} [3]

rate

where E is the total germination (%) at time or burial
depth x, E__ is the maximum germination (%), x,, is the
time or depth to reach 50% of maximum germination, and
E__ indicates the slope.

Coefficients of determination (R?) were calculated for
nonlinear regressions and used to determine the goodness
of fit of nonlinear models. All probabilities were two-tailed,
and the significance level was set at P = 0.05. Analysis was
conducted using the statistical software SPSS 22.0.

3. Results and Discussion

3.1 Seed production

Swallowwort, like most species in the Apocynaceae
family, produces comose seeds borne in lanceolate follicles
(Table 1). The first follicles mature and open in October
in Xinjiang province in northwest China and the plants
continue to release seeds through November. Each follicle
contained an average number of plump seeds 91.8 (N = 130,

Ma X, LuoY, Wu H, Ren X, HuH,MaY

SE = 2.23, range 21-139) and nonviable seeds (lacking an
embryo) 8.8 (SE = 0.97, range 0-62). Each seed had a silky,
white, 18-50 mm long pappus (coma) at one end (Table 1),
which played an important role in the dispersal of the seeds
(Vijverberg et al., 2021). The thousand seeds weight of
freshly harvested plump seed was 3.56 g (n = 4, SE = 0.16,
range 3.19-3.91).

3.2 Seed viability

In the tetrazolium tests, 85.5% of freshly collected
plump seeds were stained a dark red color and 5.2% were
lightly stained red indicating high viability of freshly
harvested swallowwort seeds and a maximum potential
germination percentage of 90.7%.

3.3 Water uptake during seed imbibition

The relationship between seed water uptake and
imbibition time (hours) was fitted with a logarithmic
regression model (R* = 0.99, P < 0.01; Figure 3). The rate
of imbibition increased rapidly during the first 12 hours,
with the seed mass increasing by more than 82.5%. The
mass then rose steadily, increasing to 91.7% at 24 hours
after imbibition. The rapid water absorption indicates the
absence of a water-impermeable seed coat of swallowwort
seeds. Seed imbibition dynamics have been used to
determine species-specific traits or the degree of seed
hardness (Abudureheman et al., 2014).
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Figure 3 - Seed mass of swallowwort (Cynanchum acutum

subsp. sibiricum) during imbibition at room temperature. Vertical

bars represent standard errors of the means

y=189+246In(x), R?=0.99

Percentage of water update (%)

Table 1 - Follicle and seed characteristics of swallowwort (Cynanchum acutum subsp. sibiricum)

Diameter (mm) Length (mm) N
Min Max Average SE Min Max Average SE
Follicle 49 78 6.6 0.05 726 157.3 18.0 141 130
Seed 1.8 29 2.2 0.02 58 81 6.8 0.05 150
Pappus Not applicable 176 498 343 047 150

Adv Weed Sci. 2025;43:e¢020250095
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3.4 Effect of submersion on seed germination

When swallowwort seeds were soaked in water for
more than 2 days, a portion of the seeds (6.9%) began
to germinate in situ during the submersion. As the
submersion duration extended, the in situ germination
rate of the seeds increased gradually, from 6.9% at 2 days
after submersion to 77.4% at 7 days after submersion.
Most of the remaining seeds that did not germinate in situ
did germinate when tested using the general germination
protocol. The total germination rate, including during and
post-submersion, ranged from 87.0% to 92.9%, with no
difference among submersion times (P = 0.60; Figure 4).
This result might indicate that O, is not critically required
for the initial germination of swallowwort seeds. For many
weed species, such as hairy beggarticks (Bidens pilosa;
Reddy, Singh, 1992), spotted spurge (Chamaesyce maculate;
Asgarpour et al.,, 2015), seeds could be transferred and
spread by water and submersion treatment consistently
reduced seed germination compared to non-submersed
conditions. In contrast, swallowwort seeds were able to
germinate in water even after 2 days, with seed germination
remaining unaffected by submersion. This resilience to
submersion may indicate an adaptive trait of swallowwort
in response to the arid climates of Northwest China. Once
the seeds come into contact with water, they will germinate
and establish themselves as quickly as possible.

3.5 Effect of temperature on seed germination

The germination of seeds was significantly influenced
by both constant and alternating temperature conditions.
Under constant temperatures, FS germinated across
a broad temperature range, 15 to 40 °C. Elevating the
temperature from 15 to 35 °C enhanced the germination
of FS. Optimal seed germination was observed at 30 to
35 °C, with a germination percentage reaching 95.7 to
97.9%. No seed germination was observed at 10 or 45 °C.
The seeds stored for six months at room temperature
had a broader range of optimal temperatures from 15 to
35 °C, compared to the FS (30 to 35 °C). The germination
percentage of the SS increased by 64.2%, 26.0%, and 17.1%
at 15 °C, 20 °C, and 25 °C, respectively, compared to the FS
(Figure 5A). Dry after-ripening at room temperature for six
months increased seed germination of Rhodiola crenulate
(Peng et al., 2023). Seeds of Silybum marianum germinated
over a wider range of temperatures after two months of dry
storage (Monemizadeh et al., 2021). This is a characteristic
of seeds with conditional non-deep physiological dormancy
(Baskin, Baskin, 2004).

Under alternating temperature conditions, freshly
harvested swallowwort seeds exhibited germination
from 20/10 °C to 45/35 °C (Figure 5B). Seed germination
exceeded 94.0% at 20/10 °C, 25/15 °C, and 30/20 °C, which
was greater than at correspondingly constant temperatures
15 °C, 20 °C, and 25 °C. It is well-documented that diurnal

https://doi.org/10.51694/AdvWeedSci/2025;43:00007
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Figure 4 - Effect of submersion on seed germination of
swallowwort (Cynanchum acutum subsp. sibiricum). Vertical
bars represent standard errors of the means
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temperature fluctuations may accelerate germination
in certain flowering plants, and the amplitude of these
fluctuations can influence the effectiveness of this stimulus
(Thompson et al., 1977). Previous studies have also
demonstrated that fluctuating day-night temperatures,
which mimic natural environmental temperature changes,
are more conducive to weed germination than constant
temperatures (Wuetal.,2015; Xiongetal., 2018). Compared
to FS, seeds stored at room temperature for six months
had higher germination at extreme temperature regimes
(15/5 °C) and 45/35 °C), with germination reaching 60% at
15/5 °C. In contrast, FS did not germinate at 15/5 °C.

In northwest China, swallowwort seeds mature
around October and November and subsequently endure
a cold winter period. After approximately five months of
overwintering, the environmental temperature becomes
conducive for seed germination and plant growth in
the spring. It is during this period that the seeds, under
favorable environmental conditions, can germinate and
potentially cause problems in agricultural or horticultural
systems. This study revealed that, under both constant
and alternating temperature conditions, seeds stored at
room temperature for six months demonstrated greater
temperature adaptability compared to FS. Further
research is required to determine the response of seeds to
temperature after overwintering under natural conditions.

3.6 Effect of osmotic stress on seed germination

Seed germination was significantly influenced by
varying osmotic potentials (P < 0.05), with a decrease
in osmotic potentials leading to a reduction in seed
germination (Figure 6). Germination of FS decreased
from 94.7% to 2.0% as water potentials changed from 0
to -0.8 MPa. Germination was completely inhibited at an
osmotic potential of -1.0 MPa, with -0.40 MPa being the
osmotic potential that caused 50% inhibition of maximum
germination. In contrast, SS demonstrated higher
tolerance to water stress than the FS. Germination of SS
could reach 84.1% at an osmotic potential of -0.8 MPa,
with only a 10.9% decrease in seed germination compared
to the water control. At an osmotic potential of -1.0 MPa,
56.6% germination was observed. An osmotic potential
of -1.06 MPa was required to inhibit 50% of maximum
germination, a value nearly close to that reported for
foxtail sophora (Sophora alopecuroides; -1.0 MPa), a species
that thrives under arid and semi-arid climatic conditions
(Nosratti et al., 2018). Fresh seeds are more sensitive
to water stress compared to stored seeds, which is
consistent with the results of research on Vicia angustifolia
(Zhang et al., 2014). The tolerance of a particular weed
species to water stress can enhance its growth potential
under dry climatic conditions (Gutterman, Gendler, 2005).
Our data suggest that swallowwort exhibits high tolerance
to water stress during germination and can withstand the
dry soil conditions prevalent in northwest China.

Adv Weed Sci. 2025;43:e¢020250095
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3.7 Effect of salinity stress on seed germination

Salinity reduced the germination of both FS and SS.
However, the extent of this impact varied based on the
treatment and salinity level. A three-parameter sigmoid
model best described the relationship between seed
germination and salt concentration (Figure 7). Germination
of ES exceeded 67.0% at 200 mM and declined to 23.1% at
250 mM. At a salinity level of 400 mM, germination was
completely inhibited. The salt concentration causing 50%
inhibition of maximum germination was 226.0 mM. Seed
germination of SS was higher than that of FS at all salinity
levels. The salt concentration causing 50% inhibition of
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Figure 6 - Effect of water potential on seed germination of
swallowwort (Cynanchum acutum subsp. sibiricum) seeds.
Seeds placed in an incubator at 30 °C with a 14-h photoperiod
for 14 days. Vertical bars represent standard errors of the means.
FS, freshly harvested seeds; SS, seeds stored for six months
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Figure 7 - The relationship between sodium chloride (NaCl)
concentrationand seed germination (mean + SE) of swallowwort
(Cynanchum acutum subsp. sibiricum). Seeds placed in an
incubator at 30°C with a 14-h photoperiod for 14 days. FS,

freshly harvested seeds; SS, seeds stored for six months
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maximum germination was 333.9 mM. A 9% germination
was achieved at the salinity level of 400 mM.

The results demonstrated that swallowwort seeds stored
for six months exhibited greater salt tolerance compared
to FS at the germination stage. This phenomenon may
be related to after-ripening and the loss of dormancy. In
dry conditions, the water content of swallowwort seeds
decreases after being stored for six months. This decrease
increases the permeability of the seed coat, facilitating
the infiltration of oxygen into the seeds and the exchange
of internal and external gases. This process enhances
respiration and energy metabolism, ultimately improving
seed vitality and stress resistance (Bair et al., 2006). These
seeds could germinate at a wide range of soil salinity
levels, suggesting that swallowwort is fairly tolerant of
salinity. Similar to swallowwort, Japanese brome (Bromus
japonicus, Li et al. 2015) and giant sensitive plant (Mimosa
invisa, Chauhan, Johnson, 2008b) germinated at high salt
concentrations. Soil salinization is relatively severe in
northwest China, especially in Xinjiang province (Yu et al.,
2022), where swallowwort is a serious weed species
and is widely distributed. Given its high salt tolerance,
swallowwort has the potential to spread into new areas,
necessitating preventive measures to control this weed.

3.8 Effect of pH on seed germination

The germination of both FS and SS was not impacted by
the tested pH levels. Germination exceeded 92.9% across a
broad pH range from 5 to 10 (Figure 8). This is consistent
with other species capable of germinating under awide range
of pH levels, such as African mustard (Brassica tournefortii,
Chauhan et al., 2006a), turnipweed (Rapistrum rugosum,
Chauhan et al., 2006b), and buffalobur (Solanum rostratum,
Wei et al., 2009). In northwest China, the typical soil pH
range is around 8 (Liu et al., 2010). Therefore, soil pH will
likely not restrict the germination process of swallowwort.
This trait could potentially facilitate the colonization of
various habitats by this weed species in the region.

3.9 Effect of burial depth on seed emergence

The emergence of swallowwort was found to be
significantly influenced by the depth of burial (P < 0.001;
Figure 9). The highest seedling emergence was 71.0% when
seeds were placed directly on the soil surface. Seedling
emergence declined as the seed depth increased from 0 to
6 cm, with an emergence rate of 34.0% at the burial depth
of 6 cm. It then dropped sharply to 2.0% at the burial depth
of 8 cm. No emergence was recorded at the burial depth of
10 cm. The fitted model estimated the depth required for 50%
inhibition of maximum seedling emergence to be 2.93 cm.
The study found an inverse relationship between swallowwort
seedling emergence and the burial depth. This pattern of
emergence in relation to soil burial depth aligns well with
previous studies (Rao et al, 2008, Schutte et al., 2014,
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Figure 8 - Effect of buffered pH solution on germination of
swallowwort (Cynanchum acutum subsp. sibiricum) seed

incubated at 30 °C and 14 h photoperiod for 14d. FS, freshly
harvested seeds; SS, seeds stored for six months
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Figure 9 - Effect of burial depth on seedling emergence of
swallowwort (Cynanchum acutum subsp. sibiricum). Vertical
bars represent standard errors of the means

Zhao et al.,, 2018), who have reported a decrease in seedling
emergence with increasing sowing depths, and the highest
emergence when seeds were sown on or near the soil surface.

The greatest rate of seedling emergence was observed
when seeds were placed directly on the soil surface. This
result suggests that swallowwort may thrive in no-till and
minimum-till farming systems, as these methods tend to
leave a majority of weed seeds on the soil surface post-harvest.
Moreover, the findings imply that if swallowwort seeds are
buried deeper than 8 cm, the weed’s establishment could be
more challenging due to reduced emergence. Therefore, a
potential management strategy for cultivating crops in fields
infested with swallowwort could involve a tillage operation
that buries the seeds to a minimum of 10 cm.

In summary, this study indicates that swallowwort
is capable of germinating under a wide range of
environmental conditions. The pH level, ranging broadly
from 5 to 10, did not affect germination. Despite a

Adv Weed Sci. 2025;43:e020250095
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decrease in germination under water stress and high salt
concentration, germination still occurred across a wide
spectrum of water potentials and salt concentrations. This
indicates that neither water stress nor salt concentration
are limiting factors for seed germination in agricultural
systems. Swallowwort germination commenced at
a constant temperature of 15 °C and an alternating
temperature of 15/5 °C. Moreover, SS had higher tolerance
to extreme environmental conditions, such as higher
temperature, water potential and salt stress, resulting in
better germination than the FS. Therefore, it is crucial to
implement control measures against this weed species in
autumn or the following spring when temperatures are
conducive to germination. Manual or mechanical mowing
before seed maturation in autumn is recommended
(Meighani et al., 2021), with the best approach being to
dig up the plants to remove roots and rhizomes. Once
the follicles have opened and seed dispersal has begun, it
is better to collect and incinerate the seeds. Herbicides,
such as glyphosate, glufosinate (Sun et al., 2020), and
triclopyr (Meighani et al., 2021), can effectively control
swallowwort at the seedling stage and/or on the vines
post-flowering. Seeds distributed on the soil surface are
most likely to germinate, with emergence decreasing as
burial depth increases. Thus, tillage operations could be

an effective method of managing swallowwort.
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