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Abstract

Background: Ambrosia trifida is a highly invasive annual plant, but effective control methods have not been
proposed. Among various eradication methods, cutting is a simple measure to control invasive plants, and sowing
seeds of native plants may effectively increase biotic resistance to invasion. In this study, we conducted a field
experiment with two treatments: cutting and sowing seeds of six native or naturalized plants.

Results: We found a significantly lower A. trifida abundance after cutting than in the control (77% decrease).
Sowing seeds of native species did not provide any additional benefit for the control of A. trifida, but increased the
importance values and diversity of other native vegetation. The abundance of A. trifida was negatively correlated
with that of other plant taxa based on plant cover, biomass, and density. However, biotic resistance of sown plants
was not effective to control invasion because A. trifida was so competitive.

Conclusions: We concluded that cutting is an effective measure to control Ambrosia trifida while sowing seeds of
native plants can increase native plant diversity.
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Introduction
Ambrosia trifida, commonly called giant ragweed, is a
troublesome weed species worldwide, which is native to
North America (Bassett and Crompton 1982). It is a
noxious weed for crop plants (Baysinger and Sims 1991;
Harrison et al. 2001; Brandes and Nitzsche 2006) and is
thus listed as one of the most ecologically destructive
weeds (Kong et al. 2007). In addition, it decreases plant
diversity by dominating communities, accounting for
most of the plant biomass (Abul-Fatih and Bazzaz 1979;
Washitani 2001). It is also harmful to humans, as it pro-
duces pollen with the potential to cause allergic reac-
tions (Gadermaier et al. 2004). It is considered as a very
noxious invasive plant in South Korea.

Conventionally, invasive plants are controlled by cut-
ting and herbicide application (Kettenring and Adams
2011). Controlling A. trifida is extremely difficult owing
to its strong resistance to herbicides (Vink et al. 2012).
The repeated application of herbicides may be required
to control such invasive plants (Derr 2008; Kaur et al.
2014), which is costly and may lead to other environ-
mental problems, such as bioaccumulation (Wolfaardt
et al. 1995). Cutting has not been evaluated as a control
method for A. trifida. A closely related species, the com-
mon ragweed Ambrosia artemisiifolia, is well controlled
by cutting (Simard and Benoit 2011; Milakovic et al.
2014). However, the natural recovery of native plants is
not guaranteed by the eradication of invasive plants
alone (Harms and Hiebert 2006; Reid et al. 2009).
Enhancing biotic resistance to invasion by sowing

seeds of native species is a promising way to decrease
the community invasibility (Kettenring and Adams 2011;
Byun et al. 2013; Byun et al. 2015; Byun and Lee 2017).
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Sowing of native seeds to control A. artemisiifolia (not
A. trifida) has been tested successfully (Gentili et al.
2015; Gentili et al. 2017; Skalova et al. 2019). However,
A. trifida did not respond well to biotic resistance to in-
vasion in our previous study (Byun and Lee 2018). The
species is highly competitive against other plants as a re-
sult of its early germination, rapid vertical growth, and
the formation of a tall and dense canopy (Abul-Fatih
et al. 1979). In our previous study, we concluded that
the restoration of native species to control A. trifida may
require very dense plant cover by sowing seeds at an ex-
tremely high density (Byun and Lee 2018). Furthermore,
the initial removal of A. trifida (by cutting or herbicide
application) may be required prior to the restoration of
native species to ensure success.
Accumulating evidence indicates that seed density reg-

ulates biotic resistance to invasion (Reinhardt Adams
and Galatowitsch 2008; Nemec et al. 2013; Byun et al.
2015; Adomako et al. 2019). Sowing a high number of
seeds of native species can create a dense and complex
canopy that blocks sunlight and efficiently uptakes soil
resources (Lindig-Cisneros and Zedler 2002b; Lindig-
Cisneros and Zedler 2002a). Recent evidence suggests
that seed density may be more important than limiting
similarity (Yannelli et al. 2018). Density is also related to
the cost of restoration, considering the need to purchase
seeds. Accordingly, precise analyses of the number of
seeds of native species required to control invasive
plants, such as A. trifida, are needed, beyond analyses of
the type of species required (limiting similarity) or the
number of species required (diversity effect).
In this study, we evaluated the effect of the seed dens-

ity of native species on biotic resistance to invasion by
A. trifida in addition to conventional control measures,
such as cutting. We hypothesized that (1) cutting will re-
duce the abundance of A. trifida compared with that in
the control, (2) the combination of sowing native seeds
and cutting will further reduce the abundance of A. tri-
fida, and (3) increasing the density of seeds sown will re-
duce invasion success, but there will be a threshold
effect (i.e., seed density will not increase biotic resistance
after the density exceeds a certain level).

Materials and methods
Species selection and functional classification
Six species (Zea mays, Secale cereale, Trifolium repens,
Pennisetum alopecuroides, Lespedeza juncea, and Lespe-
deza bicolor) were selected based on a previous study
(Byun and Lee 2018) in addition to the availability of seed
and ensuring high functional diversity. In a previous study
about a pot experiment, the six species showed the stron-
gest biotic resistance to invasion by A. trifida, in each
function group (annual, perennial herbaceous, and peren-
nial woody plant). Two species (Z. mays and S. cereale)

were annual plants, two species (T. repens and P. alope-
curoides) were perennial herbaceous plants, and two spe-
cies were perennial woody plants (L. juncea var. sericea
and L. bicolor). Although we want to test and restore all
native plants initially, many native species had weaker
competitiveness than A. trifida, and they showed very
weak biotic resistance to invasion by A. trifida in a previ-
ous pot study (Byun and Lee 2018). Particularly, some
non-native species (e.g., Zea mays or Secale cereal)
showed strong biotic resistance (30~40% reduction for the
abundance of A. trifida) in a previous pot study (Byun and
Lee 2018). Therefore, we had to use Zea mays, Secale
cereal, and Trifolium repens even though they are non-
native or crop species because they are naturalized species
in the study region and because of their cheap price of
seeds and easy accessibility to market for restoration.

Seed preparation
Most seeds of native plants were purchased from seed
suppliers. Seed viability was standardized by applying an
identical number of viable seeds per species to experi-
mental units. To determine pure live seeds, a germin-
ation test was conducted. All seeds were cold-stratified
(6 months) at 3 °C before the germination test, following
standard methods (Lindig-Cisneros and Zedler 2001).
Before the experiment, 100 seeds per species were
placed in each of three Petri dishes with filter paper
(Whatman® No. 1) moistened with 6mL of distilled
water under fluorescent light.

Experimental design
Experimental plots were installed in Jung-ri 507,
Gwanin-myeon, Pocheon City, Gyeonggi Province, South
Korea (latitude: 38° 5′ 11.08″ N, longitude: 127° 12′
29.76″ E) in May 2019 (Fig. 1). The site was an aban-
doned paddy field and was located in the floodplain of
Hantan River, dominated by A. trifida (> 90% cover).
Plots measuring 1 × 1m2 were prepared for seven

treatments including a control. Table 1 shows the de-
tailed experimental design of this study. In control plots,
nothing was applied. For the cutting treatment, all plant
species (including A. trifida) were cut by hand and left.
Cutting was occurred at the lowest stem part of all plant
(right above top of the belowground part) in early May.
In the five seed treatments, all plant species (including
A. trifida) were cut and seeds of native species were
sown. Five seed densities of native species were evalu-
ated (density 1, 300 viable seeds; density 2, 600 viable
seeds; density 3, 1200 viable seeds; density 4, 2400 viable
seeds; and density 5, 4800 viable seeds of six species per
plot). The total number of seeds was divided by six to
calculate the number of seeds of each species. All treat-
ments were applied in a randomized complete block de-
sign, with four replicates per treatment (four blocks).
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Fig. 1 Location of the study site in South Korea and experimental design diagram. The abbreviation of treatments is consistent with Table 1

Table 1 Experimental design of control, cutting, and species’ composition for seeding treatments

Treatments

Control Cutting Density
1

Density
2

Density
3

Density
4

Density
5

Cutting all plant species – ○ ○ ○ ○ ○ ○

Sowing seeds density (viable
seeds per plot)

Annual plant Zea mays – – 50 100 200 400 800

Secale cereale – – 50 100 200 400 800

Perennial
herbaceous plant

Trifolium repens – – 50 100 200 400 800

Pennisetum
alopecuroides

– – 50 100 200 400 800

Perennial woody
plant

Lespedeza juncea – – 50 100 200 400 800

Lespedeza bicolor – – 50 100 200 400 800
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Data measurement and analyses
When the experiment was set up in early May 2019 (ini-
tial of growing season), plant height and cover of A. tri-
fida were measured in all plots. Before the experiment,
plant cover and plant height of A. trifida did not differ
significantly among treatments and controls (P = 0.167
and P = 0.220). The average plant cover of A. trifida was
93.4% (n = 28), and height was 44.82 cm (n = 28). We
started the experiment in early May to maximize the ef-
fect of eradication methods on A. trifida. In late October
2019 (we measured the experiment this time because it
is the end of the growing season), the number of shoots,
aboveground biomass, plant height, and plant cover of
A. trifida in each treatment and control plot was mea-
sured to calculate the primary response variables (see
below). Additionally, the number of shoots, plant cover,
plant height, and aboveground biomass of all native
plants was measured to evaluate their correlations with
the response variables. For the number of shoots, we
counted all shoots of each species in each plot manually.
For the plant cover, the percentage of each species was
estimated using reference frames representing 50% and
25% of the total plot area. For aboveground biomass, the
aboveground portion of plants was harvested in late Oc-
tober and weighed after drying at 80 °C for 48 h.
The main response variable was the abundance of A.

trifida based on plant cover and biomass. Additional re-
sponse values included the abundance of other vegeta-
tion (all other plants except for A. trifida) and the
Shannon–Wiener diversity index (H′) of all plants. Im-
portance values were calculated by summing the relative
plant cover (%) and the relative shoot density (%).
ANOVA was used to evaluate the effects of cutting

and seed density. A generalized linear mixed model
(REML; F test) was used to account for the random
block design (Bolker et al. 2009). The normality of resid-
uals and homoscedasticity were evaluated, and the re-
sponse variables were transformed when necessary.
When treatment effects were detected, Tukey’s HSD
multiple comparison test was used to compare means of
treatments.
ANOVA and correlation analyses were conducted

using JMP (SAS Institute Inc., Cary, NC, USA).

Results
The abundance (in terms of biomass and plant cover) of
A. trifida differed significantly among treatments. Like-
wise, the biomass of A. trifida differed significantly
among treatments (F6, 18 = 10.24; P < 0.001). A. trifida
biomass was significantly lower in the cutting and seed
density treatments than in control, but no differences
among seed density treatments were detected (Fig. 2).
For A. trifida, plant cover differed significantly among
treatments (F6, 18 = 6.29; P = 0.001). A. trifida cover was

significantly lower in cutting and seed density treatments
than in the control, but there were no differences among
seed density treatments (Fig. 2).
We detected 25 species (other than A. trifida) in the

experimental plots (Table S1). Among them, 16 species
were annual or biennial plants, 8 were perennial herb-
aceous plants, and 1 was a perennial woody plant. The
dominant species (excluding A. trifida) were Setaria viri-
dis (importance value = 20.9%), Bidens frondosa (14.3%),
and Panicum bisulcatum (13.0%).
The abundance and diversity of other vegetation (the

sum of all native plants other than A. trifida) were sig-
nificantly different among treatments. Importance values
for other vegetation were significantly different among
treatments (log-transformed, F6, 18 = 5.99; P = 0.001).
Importance values for other vegetation in seed density
treatments were significantly greater than those of the
control, but importance values for other vegetation in
the cutting treatment were not significantly greater than
those in the control (Fig. 3). The diversity index H′ of
other vegetation differed significantly among treatments
(F6, 18 = 4.48; P = 0.006). The diversity index H′ of other
vegetation for some seed density treatments was signifi-
cantly greater than that of the control, but there was no
difference between the cutting treatment and the control
(Fig. 3).
The abundance of A. trifida was negatively correlated

with the abundance of other vegetation in terms of plant
cover, density (number of shoots in a plot), and biomass
(Fig. 4). A. trifida plant cover was significantly and nega-
tively correlated with the plant cover of other vegetation
(Pearson correlation coefficient, r = − 0.583; P = 0.001).
The number of shoots of A. trifida was significantly and
negatively correlated with the number of shoots of other
vegetation (r = − 0.673; P < 0.001). A. trifida biomass
was negatively correlated with the biomass of other
vegetation (r = − 0.314; P = 0.103).

Discussion
Our results suggest that cutting is an effective measure to
control A. trifida invasion, and sowing seeds of native
plants does not provide additional control benefits (Fig. 2).
Instead, the combination of sowing native seeds and cut-
ting improved the abundance and diversity of other vege-
tation, while cutting alone did not have such an effect
(Fig. 3). We also found a negative relationship between
other vegetation and A. trifida in terms of plant cover,
biomass, and density (Fig. 4).
This study is the analysis of cutting as a control meas-

ure against A. trifida. At seedling stages, (e.g., May), this
study indicated that cutting the bottom of stems of A.
trifida by hand is preferred and effective control meas-
ure against A. trifida invasion. After the seedling stage, it
was observed during the experiment that even if the
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main stem was cut, A. trifida can bloom and fruit by
giving out a new stem. Therefore, cutting at seedling
stage is critical to control A. trifida. Although we cut
plants by hand, we recommend cutting by a mower
for the larger area to save managemental cost. Previ-
ous studies of related species have reported similar
results, supporting the effectiveness of the approach.
For example, mowing significantly affects A. artemisii-
folia (common ragweed) reproduction, as the species
reacts to cutting by producing new shoots (Simard
and Benoit 2011; Milakovic et al. 2014), and Weber
(2017) recommended mowing twice a year for the
control of A. artemisiifolia.
Cutting and sowing seeds of other six plants in-

creased the diversity index of restored plant commu-
nities (except A. trifida). Although our results
indicated the diversity index in cutting or densities 2,
3, and 4 was not significantly different from that in
control (Fig. 3), the averaged means of diversity index
were higher in the treatments than in control. Because the
experiment was conducted in a field situation, unexpected
and uncontrolled environmental factors can influence the
results. If we increase replicates of treatments, it may lead
to significant difference in the results.

The lack of the effect of native vegetation on A.
trifida invasion has several potential explanations. First,
invasion and regrowth of A. trifida were so competitive
that other vegetation could not suppress them easily. It
is also possible that sown seeds did not establish well
because of field-specific situations. In our previous
microcosm experiment, seeds of most species estab-
lished well in pots with fertile soil. However, seed ger-
mination and establishment in the field require species-
specific conditions, and further consideration of envir-
onmental properties may be necessary. A. trifida is usu-
ally found in the floodplain, 60–79 cm above the water
table, and shares a niche with riverine species, such as
Phalaris arundinacea (another invasive plant), Impa-
tiens spp., and Symphyotrichum ontarionis (Menges and
Waller 1983). Considering these ecological factors, it is
necessary to carefully select species that can easily
adapt to the field environment where A. trifida occurs.
For instance, in the case of corn (Zea mays), crops sig-
nificantly reduce their ability to regenerate in their nat-
ural state. Because of this characteristic, Z. mays did
not establish well enough to control A. trifida in our
experiment. Although it was the best candidate for the
invasion-resistant plant species to control A. trifida in a

Fig. 2 Abundance of Ambrosia trifida based on biomass and plant cover in late October. Values are means ± SE. In the cut treatment, all plants
were subjected to cutting in early May. In density 1, all plants were cut and seeds of six species were sown at 300 viable seeds per plot. In
addition, density 2 included 600 viable seeds, density 3 included 1200 viable seeds, density 4 included 2400 viable seeds, and density 5 included
4800 viable seeds of six species per plot

Byun et al. Journal of Ecology and Environment           (2020) 44:28 Page 5 of 8



previous experiment (Byun and Lee 2018), it may not
be applicable to a field situation. In addition, advanced
restoration techniques to facilitate establishment after
sowing may be required. For example, the immediate
application of water on sown seeds may be important

for germination. Mixing seeds with special medium
types, such as peat moss, can be considered (Carley and
Watson 1968). Coating seeds with nutrients is also rec-
ommended to facilitate establishment in the field (Scott
1989).

Fig. 3 Abundance and diversity of other vegetation (sum of all plants except A. trifida) for the treatments in late October. Values are means ± SE.
For the cut treatment, all plants were cut in early May. In density 1, all plants were cut and seeds of six species were sown at 300 viable seeds
per plot. In addition, density 2 included 600 viable seeds, density 3 included 1200 viable seeds, density 4 included 2400 viable seeds, and density
5 included 4800 viable seeds of six species per plot

Fig. 4 Relationship between Ambrosia trifida and other vegetation in terms of plant cover, number of shoots (density), and biomass. r values are
Pearson correlation coefficients
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Another possible cause of unsuccessful establish-
ment would be the timing of seed sowing. We sowed
seeds right after cutting the A. trifida population in
early May. It is possible that the sown seeds of most
species could be outcompeted by A. trifida or previ-
ously established vegetation. We cut all plant species
together with A. trifida, but some of individuals
might regrow easily from underground parts, confer-
ring a competitive advantage. We recommend sowing
seeds earlier than early May, possibly early March to
maximize biotic resistance to invasion. Then, another
associated problem is that it may be very difficult to
identify population of A. trifida in early March, so we
recommend cutting A. trifida a year before sowing
seeds of native plants.
Only one study has reported the use of native

plant restoration to suppress A. trifida invasion (Lee
et al. 2010). The introduction of willow (Salix sp.)
significantly suppressed the growth of A. trifida after
3 years in a riparian site. In addition, the introduc-
tion of willow increased plant species diversity. How-
ever, it is difficult to compare these results with
those of the current study, as saplings were used in-
stead of seeds.
Another important finding of this study is that

increasing the seed density did not increase biotic re-
sistance to invasion, as treatment results did not dif-
fer significantly with respect to seed density (Figs. 2
and 3). In previous studies, invasive plants have ex-
hibited mixed responses to native seed density. For
example, sowing seeds of native wet meadow species
can successfully control the invasion of Phalaris arun-
dinacea and lead to a transition to a new native plant
community (Reinhardt Adams and Galatowitsch
2008). Seed density is a significant factor for the con-
trol of Solidago canadensis (Adomako et al. 2019). In-
creasing seed density clearly has a significant
inhibitory effect against the establishment of seedlings
of Phragmites australis (Byun et al. 2015) and Sicyos
angulatus (Byun et al. 2020). However, seedling dens-
ity does not influence invasion resistance in experi-
mental tallgrass prairie plots (Nemec et al. 2013).
In conclusion, our results showed that biotic resist-

ance of native species was not an effective measure to
control A. trifida and should be coupled with exten-
sive eradication methods. However, sowing seeds of
native plants may improve the abundance and diver-
sity of vegetation other than A. trifida. Restoration
goals can be broad and usually include increasing bio-
diversity in addition to the control of invasive plants.
When eradication methods are applied for invasive
plant management, the restoration of native vegeta-
tion by sowing seeds of native plants is recommended
to improve plant diversity.
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