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Abstract. The invasion mechanism of Solidago canadensis L., been extensively investigated as its one of
the most destructive exotic invasive plants. The present study showed that allelopathy is beneficial to the
successful invasion of invasive alien species (IAS). However, the main allelopathic part of S. canadensis L.
is less known to the researchers. Therefore, we experimented with the allelopathic effects of extracts
obtained from various parts of S. canadensis L. (root, litter, aboveground parts) at concentrations of 50 g L*
and 150 g L™ on seed germination and seedling growth of Zoysia japonica Steud. The results showed that
the extract from the S. canadensis L. aboveground parts had prominent inhibition effects on Zoysiagrass
seed germination rate, germination potential, vigour value, root length and plant height, and the suppression
increased significantly at high concentrations. With the treatment of aqueous extract from the aboveground
parts of S. canadensis L. (50 g L), the content of malondialdehyde (MDA) concentration and peroxidase
(POD) activity increased significantly. The root extract at the concentration of 50 g L™ did not affect the
parameters except POD activity, but the concentration of 150 g L™* inhibited all the parameters significantly
except catalase (CAT) activity. Litter aqueous extracts did not show any significant effect on any
parameters of Zoysia japonica Steud.
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Introduction

Allelopathy refers to the beneficial or harmful effects of one plant on another plant, in
both crop and weed species, caused by release of biochemicals, known as allelochemicals,
from plant parts by leaching, root exudation, volatilization, residue decomposition, and
other processes in both natural and agricultural systems. It can also be defined as the
phytotoxicity of a component or a series of components released from plant parts by root
exudation, volatilization, leaching or residue decomposition of susceptible plants
(Ferguson et al., 2013; Wang et al., 2019; Anzlovar and AnZlovar, 2019). The
phenomenon of allelopathy has been used to explain how some invasive species harm to
native ones or even produce specific biochemicals (Callaway, 2002; Hu and Zhang, 2013;
Sun et al., 2017). Furthermore, the allelopathy has been involved in the success of certain
widespread plant invaders. According to novel weapons hypothesis, invasive species
exude unique biochemical constituents may contribute to their successful invasion
(Callaway and Aschehoug, 2000; Zhang et al., 2017).
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Allelochemicals are a subset of secondary metabolites not required for metabolism
(growth and development) of the allelopathic organism. Allelochemicals with negative
allelopathic effects are an important part of plant defense against herbivory (i.e., animals
eat plants as their primary food) (Lorenzo et al., 2011; Ullah et al., 2021). More
specifically, it was explained in the novel weapons hypothesis that through the production
of biochemicals some invasive plants regenerate successfully in the invaded range. Thus
these biochemicals may have the potential to cause negative effects on native plants.
Moreover, the novel biochemical effects widely used in competing plants, soil biota and
generalist herbivores (Wang et al., 2017a; Zhang et al., 2017; Qi et al., 2020). The basic
approach used in allelopathic research for agricultural crops has been to screen for both
crops and natural vegetation for their capacity to suppress weeds. To demonstrate
allelopathy, plant origin, production, and identification of allelochemicals must be
established as well as persistence in the environment over time in concentrations
sufficient to affect plant species (Lorenzo et al., 2011; Wang et al., 2017b, 2020c).

S. canadensis L. is a perennial rhizomatic plant and belongs to Compositae (Zhang
and Wan, 2017; Anzlovar and Anzlovar, 2019). In the 1930s, it introduced into China as
an ornamental plants from North America and originally cultivated in Shanghai and
Nanjing area, and later spread to the wild. In the 1980s it began to spread to Jiangsu and
Zhejiang area. The spread of S. canadensis L. causes serious damage to the ecological
environment of China and considered as an invasive malignant weeds (Wang et al.,
2020b). At present, there are many studies found about the allelopathy of S. canadensis L.
(Yuan et al., 2013; Wang et al., 2019) found that the extracts of S. canadensis L. showed
greater allelopathic effects on seedlings of native plants in the new location than in the
original location, and the allelopathy enhance the competitive ability of S. canadensis L.
in the invaded range (Yuan et al., 2013). Also, they reported that the secondary
metabolites of S. canadensis L. may increase its competitiveness through enhancing the
AMF symbionts (Abhilasha et al., 2008; Wang et al., 2020a) demonstrated that root
exudates of S. canadensis L. significantly inhibited Arabidopsis growth and it was
concentration-dependent. What’s more, the addition of activated carbon can relieve the
inhibitory of tested plants under more realistic conditions in soil (Wang et al., 2018). Sun
et al. (2006a) investigated the effects of ethanolic and aqueous extracts from leaves, stems
and rhizomes of S. canadensis L. to mulberry, morning glory, wheat and rape seed
germination and seedling growth. They found higher concentration of this extracts can
both significantly inhibit seed germination and seedling growth of the four species (Wu
etal., 2019).

However, these studies mainly focus on the competitiveness between different plant
species or the organic solvent of the whole plant or an organization tissue to evaluate the
allelopathic effect, but whether these so-called allelochemical can release to the soil
environment through the leaching and decomposition of litter and have a real ecological
effect also deserves further research. Some researches already demonstrated the aqueous
extracts allelopathy in different parts of invasive plants (Gao et al., 2009; Li and Jin, 2010;
Wei et al., 2020), but rarely the allelopathy of S. canadensis L. has been noticed
Therefore, our study use aqueous extracts of different parts of S. canadensis L. applied to
Zoysia japonica Steud. (Zoysiagrass) seeds germination and seedling inhibition
experiments to clarify its allelopathic inhibition mechanism and provide a basis to the
assessment of actual ecological effect of allelochemical from S. canadensis L. to the soil
environment.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



Sun et al.: Allelopathic effects of aqueous extracts from different plant parts of Canada goldenrod (Solidago canadensis L.) on seed
germination and seedling growth of Korean lawngrass (Zoysia japonica Steud.)
-1011 -

Materials and methods
Plant materials

There were two species used in this experiment i.e. S. canadensis L. and Zoysia
japonica Steud. (Zoysiagrass). The Zoysiagrass seeds was used in the experiment bought
from seeds market in Zhenjiang of Jiangsu Province, China. In December 2013, root,
litter, aboveground parts of S. canadensis L. were collected from wild in Zhenjiang of
Jiangsu Province, China (32.171058° N, 119.540535° E).

Preparation of S. canadensis L. extracts

The plant samples of S. canadensis L. were separated into root, litter and aboveground
parts; each plant part was cut into 2-3cm pieces, which were soaked for 48 h with 1L
distilled water and then filtered. The final concentration of the root, litter, and
aboveground parts aqueous extracts of S. canadensis L. was 400 g L?, 150 g L%,
180 g L%, respectively. All the aqueous extracts stored at 4°C.

Effects of aqueous extracts on seed germination and seedling growth of Zoysiagrass

Thirty seeds of Zoysiagrass were sown in Petri dishes (9 cm in diameter) containing
10 mL aqueous extracts (the root, litter, aboveground parts aqueous extracts of
S. canadensis L.) or 10 mL distilled water (control). Two concentrations were set for each
aqueous extract i.e. 50 g L™t and 150 g L™ with five replicates per treatment. The Petri
dishes were cultivated at room temperature (20°C) and the germination rate was measured
daily for 5 days.

Lipid peroxidation and enzyme analyses

Growth parameters, content of malondialdehyde (MDA) as well as catalase (CAT) and
peroxidase (POD) activity were assayed to evaluate the effects of allelochemicals and
aqueous extracts from different parts of S. canadensis L. Lipid peroxidation was
determined in 0.5 g fresh whole plants by measuring the content of MDA, a production
of lipid peroxidation, by the thiobarbituric acid reaction (Gossett et al., 1994). 0.5 g whole
plants were collected and ground with mortar with pestle on the ice immediately,
suspended in 2 ml 50 mM phosphate buffer (PBS) at pH 7.8. Extracts were centrifuged
at 12,000 x g for 20 min (4°C) and the supernatant was used for the determination of
enzyme activity. CAT activity was assayed in a reaction solution (3 ml) containing 0.3%
H20: and distilled water. The reaction was started by adding 100 pl crude extracts to the
reaction solution and the activity was followed by monitoring the decrease in absorbance
at 240 nm as a consequence of H>O2 consumption. POD activity was assayed in a reaction
solution (3 ml) including 50 mM PBS at pH 7.0, 0.2% guaiacol, 0.3% H>O2 and 100 pl
crude extracts. The increasing absorbance on account of oxidation of guaiacol was
measured at 420 nm (Xu et al., 2015).

Determination of indexes and methods

In accordance with the rules of the international seed germination (We considered
radicle length is half of the seed as germination). Determination of germination index
formula is (Gao et al., 2009):
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Germination rate (%)
= (no.of germinated seeds (Eq.1)
+ total no.of seeds) x 100

Germination potential (%)
= (4th day no.of germinated seed (Eq.2)
+ total no. seeds) x 100

Daily germination number in the 4" day was the maximal (Jing, 2006).
a b ¢ d x 100

. Y T T T —— Eq.3

Vigour value (V) (1+2+3+4+ n)X[S] (Eq.3)

where a, b, c... respectively, represent the number of seeds germinated after 1, 2, 3 days
of inhibition, x is the number after (n) days and (S) is total number of germinated seeds
(El-Soud et al., 2013).

In addition, selected 10 seedlings randomly from each Petri dishes in the 6™ day and
measured the root length and plant height. Aboveground parts extracts at the
concentration of 150 g L absolutely inhibited the growth of Zoysiagrass seedlings. Thus
we cannot get the data of MDA, CAT and POD in Zoysiagrass seedlings.

Statistical analysis

Measurements were performed by using five replicates randomly. All measurements
were examined statistically through SPSS 17.0 software (SPSS Inc., Chicago, IL, USA)
and Origin Pro 9.0. Variance analysis with two crossed fixed factors was applied to
discriminate the effects of agueous extracts of S. canadensis L. on the seed germination
of Zoysiagrass varied with different types and concentrations of the extracts. Data were
presented in means + SE. All the parameters in the control and treatments were compared
for each aqueous extract using an ANOVA and (Newman-Keuls or Student—-Newman—
Keuls) tests to determine the significant differences (P < 0.05). The graphs were produced
in origin pro9.

Results
Effect of the extracts on the seed germination of Zoysiagrass

The effect of the aqueous extracts of S. canadensis L. on the seed germination of
Zoysiagrass varied with different types and concentrations of the extracts. As compared
with the control, the aqueous extract from the S. canadensis L. litter (50 g L™ and
150 g L) showed no significant influence to the germination rate, germination potential
and vigour value of Zoysiagrass seeds (P > 0.05; Figs. 1,2,3). The 50 g L extract from
the root had no obvious effect to Zoysiagrass seeds germination rate, germination
potential and vigour value (P > 0.05), but the effects of 150 g Lt extract were significantly
inhibitory (P <0.05; Figs. 1,2,3). The extract from the aboveground parts of S. canadensis
L. showed significant inhibitory effect (P < 0.05), and the suppression strengthened with
the increasing of the extract concentration (Figs. 1,2,3). The allelopathic effects of
aboveground parts extract on Zoysiagrass seeds were the strongest, followed by the root
extract, and smallest for the litter extract. At the concentration of 50 g L™, only

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



Sun et al.: Allelopathic effects of aqueous extracts from different plant parts of Canada goldenrod (Solidago canadensis L.) on seed
germination and seedling growth of Korean lawngrass (Zoysia japonica Steud.)
-1013 -

aboveground parts extract significantly decreased the germination rate, germination
potential and vigour index of Zoysiagrass (P < 0.05). Root extract and aboveground parts
extract inhibited germination rate, germination potential and vigour index obviously at
150 g L (P < 0.05), and aboveground parts extract showed stronger inhibitory effect
(Table 1).

I 8 EI Ea
a

w- 2 a a a a

Germination rate (100%)

d

Root Litter Above ground

Figure 1. Effects of the aqueous extracts of S. canadensis L. on the germination rate of
Zoysiagrass seeds. Data with different superscript letters indicate a significant difference (P <
0.05). The concentrations of aqueous extract are given in g L™
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Root Litter Above ground

Figure 2. Effects of the aqueous extracts of S. canadensis L. on the germination potential of
Zoysiagrass seeds. Data with different superscript letters indicate a significant difference (P <
0.05). The concentrations of aqueous extract are given in g L™
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Figure 3. Effects of the aqueous extracts of S. canadensis L. on the vigour value of Zoysiagrass
seeds. Data with different superscript letters indicate a significant difference (P < 0.05). The
concentrations of aqueous extract are given in g L™

Table 1. Summary of S-N-K tests of effect of treatment with different parts of S. canadensis L.
indifferent concentrations

ck

Root

Litter

Aboveground part

50gLt  150gL*t

50gL?

150gL?

50gLt 150gL*!

GR
GP
VI
PH
RL
MDA
CAT
POD

96.0+1.633a
82.7+£2.867a
64.2+1.916a
2.44+0.097a
2.240.085a
2.0+0.113ab
9.2+0.467bc
34.7+1.000b

95.3+0.816a 74.7+4.546b
76.7£3.944a 49.3+1.944b
59.1+£2.270a 50.3+1.461b
2.4+0.116a 1.4+0.130b
2.2+0.075a 1.7+0.099b
1.4+0.085ab 1.7+0.177ab
8.0+0.686c  8.2+0.410c
24.6+1.060c 25.0+1.046¢

96.7+1.491a
84.7+£1.333a
64.9+1.652a
2.3+0.113a
2.1+0.076a
2.1+£0.131ab
10.3+0.787ab

99.3+0.667a
86.0£2.449a
60.9+2.364a
2.6+0.117a
2.2+0.088a
1.9+0.294ab
11.0+0.338a

32.2+2.439b 29.6+1.034bc

60.0+4.346¢ 0.7+0.667d
30.0£2.981c 0d
42.4+2.019c 5.0+5.000d
0.8+0.100c  0.0+0.020d
0.4+0.064c 0.0+0.013d
2.7£0.304a
8.7+0.266bc
55.143.483a

All the data present in mean + SE, and data with different superscript letters behind indicate a significant
difference (P < 0.05). Independent samples S-N-K tests were performed using SPSS version 17.0 (SPSS
Inc., Chicaogo, IL). GR is germination rate, GP is germination potential, VI is vigour index, PH is plant
height, RL is root length. The control treatment was conducted for each plant extracts

Effect of the extracts on the growth of the Zoysiagrass seedlings

Aqueous extract of S. canadensis L. litter (50 g L™t and 150 g L) and the 50 g L™
extract from the root had no obvious impacts on the root length and plant height of
Zoysiagrass seedlings (P > 0.05), but the aqueous extracts from root (150 g L™?) and
aboveground parts (50 g L and 150 g L) had significant inhibition on Zoysiagrass
seedlings (P < 0.05), and the degree of suppression increased at a high concentration
(150 g L) (Figs. 4,5). Aboveground parts extract with the concentration of 50 g L*
decreased the plant height and root length of Zoysiagrass while root extract and litter
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extract have no effects on them (P < 0.05). At the concentration of 150 g L™, root extract
and aboveground parts extract significantly inhibited plant height and root length
(P <0.05), and aboveground parts extract had more negative effects (Table 1).

. 3 E1 [

Root length (cm)

Root Litter Above ground

Figure 4. Effects of the aqueous extracts of S. canadensis L. on the root length of Zoysiagrass
seedlings. Data with different superscript letters indicate a significant difference (P < 0.05).
The concentrations of aqueous extract are given in g L™

[ I S0 100 |

Plant helght (em)

Root Litter Above ground

Figure 5. Effects of the aqueous extracts of S. canadensis L. on the plant height of Zoysiagrass
seedlings. Data with different superscript letters indicate a significant difference (P < 0.05).
The concentrations of aqueous extract are given in g L™
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Effect of the extracts on the MDA concentration of the Zoysiagrass seedlings

MDA content was a measurement of lipid peroxidation. The effect of the aqueous
extracts of S. canadensis L. on the MDA concentration of the Zoysiagrass seedlings
varied with different types of the extracts (Fig. 6). At 50 g L%, the root aqueous extract
significantly decreased the MDA concentration of the Zoysiagrass seedlings (P < 0.05),
but at 150 g L™ the suppression was not significant compared with the control (P > 0.05).
The aqueous extract of S. canadensis L. litters (50 g L™t and 150 g L) showed no obvious
effects (P > 0.05). The 50 g L* aboveground extracts increased the MDA concentration
obviously (P < 0.05).

I Cx< I so [ 100 |

MDA concentration (umol/L)
- - ing
e n e

&
|

Reoot Litter Abaove ground

Figure 6. Effects of the aqueous extracts of S. canadensis L. on the MDA concentration of
Zoysiagrass seedlings. Data with different superscript letters indicate a significant difference (P
< 0.05). The concentrations of aqueous extract are given in g L™

Effect of the extracts on CAT and POD activity of the Zoysiagrass seedlings

The aqueous extracts of root, litter and aboveground parts from S. canadensis L. had
no significant difference to the CAT activity of the Zoysiagrass seedlings (P > 0.05;
Fig. 7). The extract of S. canadensis L. root (50 g L™t and 150 g L™%) significantly inhibited
the activity of POD, while aboveground parts extract (50 g L) obviously increased it
(Fig. 8; P < 0.05). The litter extract of S. canadensis L. did not affect the POD activity
(P > 0.05).

Relationship between different parameters of Zoysiagrass

Table 2 showed the pearson correlation analysis of all the parameters present in the
experiment. MDA did not have any relationship with all the parameters, and POD had no
obvious relationship with germination potential, plant height and as well as with root
length. But beyond of this, the other parameters have significantly correlation with others.
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CAT activity
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Figure 7. Effects of the aqueous extracts of S. canadensis L. on the CAT activity of Zoysiagrass
seedlings. Data with different superscript letters indicate a significant difference (P < 0.05).
The concentrations of aqueous extract are given ing L™

| Y EX KX
a

POD activity
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Figure 8. Effects of the aqueous extracts of S. canadensis L. on the POD activity of Zoysiagrass
seedlings. Data with different superscript letters indicate a significant difference (P < 0.05).
The concentrations of aqueous extract is given in g L™
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Table 2. Pearson correlation analysis of all the parameters present in the experiment

GR GP \ PH RL MDA CAT POD
GR 1 .946™ .945™ .931™ 897 .267 .890™ 522"
GP 1 .925™ 973" 931" .298 795" 324
VI 1 .899™ 852" 311 .858™ 518"
PH 1 956" 321 745" 279
RL 1 .036 .699™ .159
MDA 1 .265 458"
CAT 1 .709™
POD 1

Behind each data, asterisks (*) show significant differences (P < 0.05) between each parameter. The
analysis was performed using SPSS version 17.0 (SPSS Inc., Chicaogo, IL). GR is germination rate, GP
is germination potential, VI is vigour index, PH is plant height, RL is root length

Discussion

The success of some of the worst plant invaders depend on the mechanism of
allelopathy (Callaway and Aschehoug, 2000), including Mikania micrantha (Chen et al.,
2009), Ageratina adenophora (Zhou et al., 2013) and Fallopia japonica (Dommanget et
al., 2014). The significant inhibition that the aqueous extracts from the S. canadensis L.
root and aboveground parts imposed on the germination rate, germination potential,
vigour value, root length and plant height of Zoysiagrass seedlings indicated the existence
of allelopathic water-soluble substances in the extracts. These results in accordance with
the previous findings that aqueous extracts of S. canadensis L. suppress seed germination
and seedling growth of some plants (Sun, 2006; Ledger et al., 2015). Moreover, some
studies represented that the effects of different parts extracts of S. canadensis L were
varied, and low concentrations of the extracts always showed positive effects on seed
germination and seedling growth of native plants, and high concentration demonstrated
negative effects on native seed germination and seedling growth (Sun et al., 2006b; Huang
et al., 2009; Megenhardt, 2015). To some extent, our result in accordance with it, root
extract and litter extract had no effect on Zoysiagrass seed germination, plant height and
root length at low concentration (50 g L) and inhibited these parameters at high
concentration (150 g L). Aboveground parts extract inhibited these parameters of
Zoysiagrass at both 50 g L™ and 150 g L, and the inhibition strengthened with the
increasing concentration (Table 2). In one of proceedings studies it was noted that growth
rate reduced of target species in the presence of both aqueous and ethanolic extract of
S. canadensis L. at different concentrations (Mozdzen et al., 2020). Similarly, in another
study, leaf extracts with high concentration significantly decreased root length, leaf shape
index, germination percentage, germination potential, germination index, germination
vigor index, and germination rate index of lettuce (Wang et al., 2019).

Besides the reduction in growth of Zoysiagrass seedlings, the membranes were
affected by S. canadensis L. aqueous extracts. Allelochemicals can impair the cell
membranes through direct interaction with membrane constituents or due to impairment
of some metabolic functions necessary to maintain the membrane functions (Bertin et al.,
2003). Higher concentrations of aboveground part aqueous extracts of S. canadensis L.
caused more serious lipid peroxidation damage, and the result was consistent with some
other research (Han et al., 2012). But the root extract of S. canadensis L. caused obvious
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reduction of MDA, and it showed that the root extract can relieve the lipid peroxidation
of the Zoysiagrass seedlings. Through the results, we speculated that there were some
allelochemicals in aqueous extracts of root, litter and aboveground parts of
S. canadensis L. These alllelochemicals could harm to cell membrances of the
Zoysiagrass seedlings through direct interaction with a constituent of the menbrance or
as a result of an impairment of some metabolic function necessary to the maintenance of
membrane function.

As previous researches showed, CAT can be induced in plant species and CAT can
produce and metabolise H.O>. What’s more, CAT activity is directly regulated by the
concentration of H>O, and the accumulation of H.O; can stimulate the CAT activity
(Fornazier et al., 2002). Both the aqueous extracts of S. canadensis L. had no significant
effects on CAT activity of Zoysiagrass seedlings, suggesting that the aqueous extracts
could not induce and promote the metabolise of H.O> in Zoysiagrass seedlings.

Aqueous extracts of S. canadensis L. strongly affects the activity of peroxidases in
both root and aboveground parts. But it showed pronounced increase of POD activity in
aboveground parts and decrease in root. Previous studies in Eucalyptus extracts and other
allelochemicals on plant seedling illustrated that allelochemicals absorbed by plant cells
should be antidotal and the antidotal action and other responses of plant cells caused the
increase of POD activity. The decrease of POD activity of S. canadensis L. root extract,
indicating the allelochemicals in the root injury the POD enzyme by toxicity. But some
other researches gained the opposite results, higher concentration levels of Pogostemon
cablin aqueous extracts might have exceeded the rate of detoxification which then result
in inhibitory effect on plant growth and dramatically decreasing on POD activity (Xu et
al., 2015; Meiners et al., 2017).

Conclusion

In conclusion, the aqueous extracts of S. canadensis L. could influence the Zoysiagrass
seeds germination and seedlings growth through water-soluble allelopathic substances.
And the regulation of the anti-oxidase activity of CAT and POD and the oxidization of
the cell membranes may make a contribution to the effects. Our demonstration of
suppression of Zoysiagrass by aqueous extracts of S. canadensis L. suggest that
allelopathy plays a more important role than other mechanisms do in the out-competition
of S. canadensis over other plants, and make it invasive in new habitats and offered an
approach to explain the invasive of S. canadensis L. but the invasive mechanism still
needs further study.

Acknowledgements. This work was partially supported by the National Natural Science Foundation of
China (NSFC-31971427, 32071521, 31770446), by the Priority Academic Program Development of
Jiangsu Higher Education Institutions (PAPD), Jiangsu Collabrative Innovation Center of Technology and
Material of Water Treatment, the Key Laboratory of Tropical Medicinal Resource Chemistry of Ministry
of Education (RDZH2019003).

REFERENCES

[1] Abhilasha, D., Quintana, N., Vivanco, J., Joshi, J. (2008): Do allelopathic compounds in
invasive Solidago canadensis sl restrain the native European flora? — Journal of Ecology
96: 993-1001.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



Sun et al.: Allelopathic effects of aqueous extracts from different plant parts of Canada goldenrod (Solidago canadensis L.) on seed

(2]
3]
[4]
[5]
(6]

[7]

(8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

germination and seedling growth of Korean lawngrass (Zoysia japonica Steud.)
- 1020 -

Anzlovar, A. L., AnZlovar, S. (2019): Allelopathic effect of aqueous extracts of Canadian
goldenrod on germination and growth of radish. — Acta Biologica Slovenica 62: 27-34.
Bertin, C., Yang, X., Weston, L. A. (2003): The role of root exudates and allelochemicals
in the rhizosphere. — Plant and Soil 256: 67-83.

Callaway, R. M. (2002): The detection of neighbors by plants. — Trends in Ecology &
Evolution 17: 104-105.

Callaway, R. M., Aschehoug, E. T. (2000): Invasive plants versus their new and old
neighbors: a mechanism for exotic invasion. — Science 290: 521-523.

Chen, B.-M., Peng, S.-L., Ni, G.-Y. (2009): Effects of the invasive plant Mikania micrantha
HBK on soil nitrogen availability through allelopathy in South China. — Biological
Invasions 11: 1291-1299.

Dommanget, F., Evette, A., Spiegelberger, T., Gallet, C., Pace, M., Imbert, M., Navas, M.-
L. (2014): Differential allelopathic effects of Japanese knotweed on willow and
cottonwood cuttings used in riverbank restoration techniques. — Journal of Environmental
Management 132: 71-78.

El-Soud, W. A., Hegab, M. M., Abdelgawad, H., Zinta, G., Asard, H. (2013): Ability of
ellagic acid to alleviate osmotic stress on chickpea seedlings. — Plant Physiology and
Biochemistry 71: 173-183.

Ferguson, J. J., Rathinasabapathi, B., Chase, C. A. (2013): Allelopathy: How plants
suppress other plants. — EDIS 2013.

Fornazier, R. F., Ferreira, R. R., Pereira, G. J., Molina, S. M., Smith, R. J., Lea, P. J.,
Azevedo, R. A. (2002): Cadmium stress in sugar cane callus cultures: effect on antioxidant
enzymes. — Plant Cell, Tissue and Organ Culture 71: 125-131.

Gao, X,, Li, M., Gao, Z., Li, C., Sun, Z. (2009): Allelopathic effects of Hemistepta lyrata
on the germination and growth of wheat, sorghum, cucumber, rape, and radish seeds. —
Weed Biology and Management 9: 243-249.

Gossett, D. R., Millhollon, E. P., Lucas, M. (1994): Antioxidant response to NaCl stress in
salt-tolerant and salt-sensitive cultivars of cotton. — Crop Science 34: 706-714.

Han, C., Li, C,, Ye, S., Wang, H., Pan, K., Wu, N., Wang, Y., Li, W., Zhang, L. (2012):
Autotoxic effects of aqueous extracts of ginger on growth of ginger seedings and on
antioxidant enzymes, membrane permeability and lipid peroxidation in leaves. —
Allelopathy Journal 30(2): 259-270.

Hu, G., Zhang, Z. (2013): Aqueous tissue extracts of Conyza canadensis inhibit the
germination and shoot growth of three native herbs with no autotoxic effects. — Planta
Daninha 31: 805-811.

Huang, H.-W., Li, J., Dong, L.-Y., Zhang, H.-J. (2009): The study on allelopathy of
Solidago canadensis L. to several plants. — Journal of Nanjing Agricultural University 1:
011.

Jing, L. (2006): Eco-toxicity of Cd on the Seed Germination and Seedling Growth of Rape.
— Chinese Journal of Soil Science 37: 1218-1223.

Ledger, K. J., Pal, R. W., Murphy, P., Nagy, D. U., Filep, R., Callaway, R. M. (2015):
Impact of an invader on species diversity is stronger in the non-native range than in the
native range. — Plant Ecology 216: 1285-1295.

Li, J., Jin, Z. (2010): Potential allelopathic effects of Mikania micrantha on the seed
germination and seedling growth of Coix lacryma-jobi. — Weed Biology and Management
10: 194-201.

Lorenzo, P., Palomera-Pérez, A., Reigosa, M. J., Gonzalez, L. (2011): Allelopathic
interference of invasive Acacia dealbata Link on the physiological parameters of native
understory species. — Plant Ecology 212: 403-412.

Megenhardt, J. D. (2015): Allelopathic Effects of S. canadensis on the Germination of
Native Prairie Plants. — Masters Thesis.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



Sun et al.: Allelopathic effects of aqueous extracts from different plant parts of Canada goldenrod (Solidago canadensis L.) on seed

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

germination and seedling growth of Korean lawngrass (Zoysia japonica Steud.)
-1021 -

Meiners, S. J., Phipps, K. K., Pendergast, T. H., Canam, T., Carson, W. P. (2017): Soil
microbial communities alter leaf chemistry and influence allelopathic potential among
coexisting plant species. — Oecologia 183: 1155-1165.

Mozdzen, K., Barabasz-Krasny, B., Zandi, P., Kliszcz, A., Puta, J. (2020): Effect of
Aqueous Extracts from Solidago Canadensis L. Leaves on Germination and Early Growth
Stages of Three Cultivars of Raphanus Sativus L. Var. Radicula Pers. — Plants 9(11): 1549.
Oracz, K., Bailly, C., Gniazdowska, A., Come, D., Corbineau, F., Bogatek, R. (2007):
Induction of oxidative stress by sunflower phytotoxins in germinating mustard seeds. —
Journal of chemical ecology 33: 251-264.

Qi, S.-S,, Liu, Y.-J,, Dai, Z.-C., Wan, L.-Y., Du, D.-L., Ju, R.-T., Wan, J. S., Bonser, S. P.
(2020): Allelopathy confers an invasive Wedelia higher resistance to generalist herbivore
and pathogen enemies over its native congener. — Oecologia 192: 415-423.

Sun, B.-Y., Tan, J.-Z., Wan, Z.-G., Gu, F.-G., Zhu, M.-D. (2006a): Allelopathic effects of
extracts from Solidago canadensis L. against seed germination and seedling growth of
some plants. — Journal of Environmental Sciences 18: 304-309.

Sun, B.-Y., Tan, J.-Z., Wan, Z.-G., Gu, F.-G., Zhu, M.-D. (2006b): Allelopathic effects of
extracts from Solidago canadensis L. against seed germination and seedling growth of
some plants. — Journal of Environmental Sciences 18: 304-3009.

Sun, J., Liao, Y., Zhang, W., Zhang, H., Wang, X., Chen, J., Huang, P., Dai, Z., Du, D.
(2017): Allelopathic effects of Solidago canadensis L. between the leaf litter and green
leaf. — Allelopathy Journal 41: 189-200.

Ullah, M. S., Sun, J., Rutherford, S., Ullah, 1., Javed, Q., Rasool, G., Ajmal, M., Du, D.
(2021): Evaluation of the allelopathic effects of leachate from an invasive species (Wedelia
triobata) on its own growth and performance and those of a native congener (W. chinensis).
— Biological Invasions 23(10).

Wang, C., Liu, J., Xiao, H., Zhou, J., Du, D. (2017a): Nitrogen deposition influences the
allelopathic effect of an invasive plant on the reproduction of a native plant: Solidago
canadensis versus Pterocypsela laciniata. — Polish Journal of Ecology 65: 87-96.

Wang, C., Zhou, J., Jiang, K., Liu, J. (2017b): Differences in leaf functional traits and
allelopathic effects on seed germination and growth of Lactuca sativa between red and
green leaves of Rhus typhina. — South African Journal of Botany 111: 17-22.

Wang, C., Jiang, K., Zhou, J., Liu, J., Wu, B. (2018): Responses of soil N-fixing bacterial
communities to redroot pigweed (Amaranthus retroflexus L.) invasion under Cu and Cd
heavy metal soil pollution. — Agriculture, Ecosystems & Environment 267: 15-22.

Wang, C., Wu, B., Jiang, K. (2019): Allelopathic effects of Canada goldenrod leaf extracts
on the seed germination and seedling growth of lettuce reinforced under salt stress. —
Ecotoxicology 28: 103-116.

Wang, C., Wei, M., Wang, S., Wu, B., Du, D. (2020a): Cadmium influences the litter
decomposition of Solidago canadensis L. and soil N-fixing bacterial communities. —
Chemosphere 246: 125717.

Wang, S., Wei, M., Cheng, H., Wu, B., Du, D., Wang, C. (2020b): Indigenous plant species
and invasive alien species tend to diverge functionally under heavy metal pollution and
drought stress. — Ecotoxicology and Environmental Safety 205: 111160.

Wang, S., Wei, M., Wu, B., Cheng, H., Wang, C. (2020c): Combined nitrogen deposition
and Cd stress antagonistically affect the allelopathy of invasive alien species Canada
goldenrod on the cultivated crop lettuce. — Scientia Horticulturae 261: 108955.

Wei, M., Wang, S., Cheng, H., Wu, B., Wang, C. (2020): The mixed silicon and cadmium
synergistically impact the allelopathy of Solidago canadensis L. on native plant species
Lactuca sativa L. — Ecotoxicology 29: 1095-1104.

Wu, B., Wang, S., Wei, M., Zhou, J., Jiang, K., Du, D., Wang, C. (2019): The invasive tree
staghorn sumac affects soil N2-fixing bacterial communities in north China. — Plant
Biology 21: 951-960.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



Sun et al.: Allelopathic effects of aqueous extracts from different plant parts of Canada goldenrod (Solidago canadensis L.) on seed

[38]

[39]

[40]

[41]

[42]

germination and seedling growth of Korean lawngrass (Zoysia japonica Steud.)
-1022 -

Xu, Y., Wu, Y.-G., Chen, Y., Zhang, J.-F., Song, X.-Q., Zhu, G.-P., Hu, X.-W. (2015):
Autotoxicity in Pogostemon cablin and their allelochemicals. — Revista Brasileira de
Farmacognosia 25: 117-123.

Yuan, Y., Wang, B., Zhang, S., Tang, J., Tu, C., Hu, S., Yong, J. W., Chen, X. (2013):
Enhanced allelopathy and competitive ability of invasive plant Solidago canadensis in its
introduced range. — Journal of Plant Ecology 6: 253-263.

Zhang, F., Wan, F. (2017): Canada Goldenrod Solidago canadensis L. Biological Invasions
and Its Management in China. — Springer.

Zhang, H., Qi, S., Dai, Z., Zhang, M., Sun, J., Du, D. (2017): Allelopathic potential of
flavonoids identified from invasive plant Conyza canadensis on Agrostis stolonifera and
Lactuca sativa. — Allelopathy Journal 41: 223-238.

Zhou, Z.-Y., Liu, W.-X,, Pei, G., Ren, H., Wang, J., Xu, Q.-L., Xie, H.-H., Wan, F.-H.,
Tan, J.-W. (2013): Phenolics from Ageratina adenophora Roots and Their Phytotoxic
Effects on Arabidopsis thaliana Seed Germination and Seedling Growth. — Journal of
Agricultural and Food Chemistry 61: 11792-11799.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1009-1022.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_10091022
© 2022, ALOKI Kft., Budapest, Hungary



