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Allelopathic suppression by Conyza canadensis depends
on the interaction between latitude and the degree of the
plant’s invasion
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ABSTRACT

Allelopathic suppression of the growth of co-occurring plant species in invaded ecosystems is an important factor
in some plant invasions. This study uses leaf extracts of the invasive plant species Conyza canadensis to determine
its allelopathic effects along a latitudinal gradient, and under different cover classes and degrees of invasion, on
seed germination and growth of Lactuca sativa, a sensitive bioindicator of allelochemicals. The allelopathic effects
of C. canadensis on seedling height, root length, seedling biomass, germination percentage, germination potential,
germination index, germination rate index, and vigor index of L. sativa increased significantly with increasing
latitude. A possible explanation is that the leaves of plants growing in high latitudes secrete a higher concentration of
allelochemicals than do leaves of plants growing in low latitudes. The allelopathic effects of C. canadensis on seedling
height, seedling biomass, germination potential, germination index, germination rate index, and vigor index of L.
sativa decreased with increasing degree of invasion. The more intense allelopathic effects of C. canadensis at lower
degrees of invasion may enable it to establish populations in ecosystems by inhibiting the seed germination and
growth of co-occurring species.
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|nl: ro d U Ctl on 2017). Meanwhile, the invasion of some plant species (such

as Conyza canadensis) can occur across a latitudinal gradient

Plant invasions have inflicted serious damage on the (Yan et al. 2014). At present, the invasive plant species C.

structure and function of native ecosystems (Wang et
al. 2016; 2017). Some plants successfully invade certain
environments because they can release toxic chemicals and
thereby pose an allelopathic effect on seed germination and
growth of co-occurring species (Djurdjevi¢ et al. 2011; Hu &

canadensis has spread into most regions of China (Weber et
al. 2008; Hao et al. 2011; Yan et al. 2014). Seed germination
and growth are highly important for plant recruitment and
resource competition (Weiner et al. 1997; Turk & Tawaha
2003). The allelopathic effects of invasive plant species can

Zhang 2013; Wang et al. 2016). Plant invasions can occur in
different degrees (i.e., different quantitative cover classes)
in colonized ecosystems (Seastedt & Pysek 2011; Wang et al.

decrease the competitiveness of co-occurring species. Thus,
understanding the allelopathic effects of C. canadensis across
its different invasion degrees along a latitudinal gradient on
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seed germination and growth of co-occurring species may
help us understand the mechanism of its successful invasion.

This study aims to understand the allelopathic effects of
the invasive plant species C. canadensis on seed germination
and growth of Lactuca sativa, taking into account invasion
degree and latitude. The two plant species occur in the
same ecosystem. The invasion degree of C. canadensis was
evaluated based on its cover classes in the invaded sites.
Conyza canadensis is a herbaceous annual invasive weed
native to North America (mainly Canada) (Weaver 2001;
Hao et al. 2011; Shah et al. 2014). It was first recorded in
Yantai, Shandong Province of China in 1862 (Xie et al.
2001; Hao et al. 2011). Conyza canadensis has been listed
as one of the most destructive and widespread invasive
plant species in China because it poses a serious threat
to the diversity and/or abundance of co-occurring plants
(Weber et al. 2008; Hao et al. 2011). At present, this species
has become a global invader (Zaplata 2011; Djurdjevic et al.
2012; Shah etal. 2014). It thrives in many habitats, such as
meadows, edges of forests, clearings, orchards, farmland,
pond surroundings, stream-banks, and roadsides (Main et al.
2006). Allelopathic effects are hypothesized to explain the
successful invasion of C. canadensis (Djurdjevi¢ et al. 2011,
Hu & Zhang 2013). The seedlings of L. sativa, one of the
most common crops in the region invaded by C. canadensis,
are sensitive to allelochemicals and the species is widely
used as a bioindicator in this type of allelopathy study (Dai
et al. 2016; Wang et al. 2016). The results of the present
study can provide a platform for better understanding of
the mechanisms of successful invasion of C. canadensis and
provide an important theoretical foundation and practical
significance for effective invasion prevention and control.

This study tested the following hypotheses: First, the
allelopathic effects of C. canadensis leaf extracts on seed
germination and growth of L. sativa will increase with
increasing latitudinal gradient. This pattern may arise
because the leaves of plants that grow in high latitudes
secrete higher concentration of allelochemicals compared
with those growing in low latitudes due to the lower
temperature in high latitudes (Einhellig 1996; Hu & Kong
2002; Erhard & Gross 2005). Second, the allelopathic effects
of C. canadensis leaf extracts on seed germination and growth
of L. sativa will increase with increasing invasion degree (i.e.,
cover of C. canadensis), because, for a given land area, the
quantity of leaves of the invasive plant species at higher
degrees of invasion will be higher than the quantity of leaves
at low degrees of invasion, and as a result can release more
chemical substances.

Materials and methods

Approach

From mid-August 2014 to mid-September 2014, samples
of C. canadensis (L.) Cronq. were obtained from three
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sampling sites along a latitudinal gradient in China. The
high latitude site was Shenyang, with alatitude of 41.82°N,
123.46°E and a cold temperate climate. The annual mean
temperature of this site is approximately 8.0°C, and the
temperature reaches a maximum of 38.0 °C and decreases
to a minimum of -33.0 °C. The annual precipitation at this
site is approximately 721.9 mm. The middle latitude site
was Jinan, with a latitude of 36.68°N, 116.90°E and a warm
temperate climate. The annual mean temperature of this
site is approximately 13.8 °C, and the temperature reaches a
maximum of 42.5 °C and decreases to a minimum of -19.0 °C.
The annual precipitation at this site is approximately 614.0
mm. The low latitude site was Zhenjiang, with a latitude
of 32.20°N, 119.51°E and a subtropical monsoon climate.
The annual mean temperature of this site is approximately
15.6 °C, and the temperature reaches a maximum of 40.2 °C
and decreases to a minimum of -10.1 °C. The annual
precipitation at this site is approximately 1088.0 mm. (Site
climate summaries are derived from local climatological
data.) Figure 1 shows the geographic location of the three
sampling sites. Samples were taken from weed communities.
The invasion degree of C. canadensis was determined to be
low (< 35 %), moderate (35 % to 75 %), or high (> 75 %) on
the basis of its cover classes in each sampling site. Three
plant individuals of C. canadensis were collected randomly
from each of three quadrats (1 m x 1 m) in each of three
sampling sites at a given invasion degree (3 plant individuals
x 3 quadrat repeats x 3 invasion degrees x 3 sampling sites
=81 plant individuals). The seeds of Lactuca sativa L., native
to East Asia, were purchased from a local vegetable market.
Lactuca sativa, one of the most popular vegetables in China,
is widely used as both a vegetable and a traditional medicine
(Han et al. 2010).

After collection, the samples were processed to derive
chemical extracts from the leaves. The leaf extract was
obtained by placing 10 g of air-dried leaf tissue of C.
canadensis in flasks containing 500 mL of distilled water
and soaked for 48 h at room temperature. The resulting
extract was strained through cheesecloth and then through
two layers of filter paper to remove solid material. The stock
solution was stored at 4°C for no more than one week for
further study and diluted with distilled water prior to use.
The concentration of leaf extracts was set at 20 g L™ with
distilled water as control (CK).

Seed germination experiment

The seed germination treatments included three
latitudinal gradient and three invasion degrees. A total of
ten treatment combinations were devised as follows: Control
(fertilized with sterile distilled water only, CK), SY-L (the
extracts of C. canadensis leaves collected from Shenyang
from locations displaying a low invasion degree), SY-M (the
extracts of C. canadensis leaves collected from Shenyang from
locations displaying a moderate invasion degree), SY-H (the
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Figure 1. The local geographic location of the three sampling sites. The triangles represent the geographic location of the three

sampling sites.

extracts of C. canadensis leaves collected from Shenyang
from locations displaying a high invasion degree), JN-L
(the extracts of C. canadensis leaves collected from Jinan
from locations displaying a low invasion degree), JN-M (the
extracts of C. canadensis leaves collected from Jinan from
locations displaying a moderate invasion degree), JN-H
(the extracts of C. canadensis leaves collected from Jinan
from locations displaying a high invasion degree), ZJ-L (the
extracts of C. canadensis leaves collected from Zhenjiang
from locations displaying a low invasion degree), ZJ-M (the
extracts of C. canadensis leaves collected from Zhenjiang
from locations displaying a moderate invasion degree), and
ZJ-H (the extracts of C. canadensis leaves collected from
Zhenjiang from locations displaying a high invasion degree).
Seed germination experiments were conducted through
incubation in Petri dishes (Wang et al. 2016). Lactuca sativa
seeds were surface sterilized (soaked in 1 % NaClO for
approximately 15 min) and then washed thoroughly three
times with deionized water. Thirty visibly full seeds were
placed in a Petri dish of 9 cm diameter and covered with
two layers of filter paper. The seeds were treated with 10
mL of C. canadensis leaf extracts or sterile deionized water
(control, CK). The Petri dishes were placed in a climate-
controlled incubator at 27 °C (Thompson et al. 1979) for 7d
with 10 h light per day (light intensity was set at 27.5 pmol
m~s™). Five replicate dishes were prepared per treatment.
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The number of germinated seeds was counted every day
during incubation time, and the seeds were considered
germinated when the radicle had emerged from the seed
(Wang et al. 2016).

Seedling growth experiment

The same treatments as described above for the seed
germination experiment were used for the seedling
growth experiment. Ten uniformly sized and strongly
growing seedlings per Petri dish were randomly selected
for seedling growth measurement at the end of the
germination experiment. Seedling height (indicative of
the seedling’s competitive ability for light; Moles et al.
2009), root length (indicative of the seedling’s competitive
ability for nutrition; James 2008), seedling biomass (fresh
weight) (indicative of growth competitiveness; Burns 2004),
germination percentage (indicative of the germination
ability of seeds), germination potential (indicative of the
germination speed and uniformity of seeds), germination
index, germination rate index, and vigor index (indicative
of the germination speed and vitality of seeds) of L. sativa
L. were determined. Seedling height and root length
were measured using a ruler (Wang et al. 2016). Seedling
biomass was determined using an electronic balance with
an accuracy of 0.001 g (Gong et al. 2001; Wang et al. 2016).



Allelopathic suppression by Conyza canadensis depends on the interaction
between latitude and the degree of the plant’s invasion

Germination percentage was calculated using the ratio of
the final number of germinated seeds to the total number of
the test seeds when no new germination occurred after 7 d
of incubation (Wang et al. 2016). Germination potential was
determined by dividing the number of germinated seeds on
the third day by the total number of the test seeds (Wang
et al. 2016). Germination index was calculated using the
following equation: Germination index = }'G, / I, where G,
represents the number of germinated seeds, and I represents
the number of days after initial seed cultivation (Schmer
et al. 2012; Hou et al. 2014). Germination rate index was
calculated using the following equation: GRI = Germination
percentage x Germination index (Steinmaus et al. 2000).
Vigor index was determined using the following equation:
Vigor index = Seedling biomass x Germination index (Lin
et al. 2000).

Statistical analyses

Differences among dependent variables were assessed
using analysis of variance between treatment groups
followed by the Student-Newman-Keuls test for multiple
comparisons. Two-way ANOVAs were applied to evaluate
the effects of latitudinal gradient and invasion degree
on seed germination and growth of L. sativa using SPSS
Statistics (version 22.0; IBM, Armonk, NY, USA). Statistical
significance was set at P values equal to or lower than 0.05.

Results

The effects of C. canadensis leaf extracts derived from
weed populations in the three sampling sites exerted
negative effects on root length of L. sativa (P < 0.05; Tab. 1).
The effects of C. canadensis leaf extracts from populations
in Shenyang exerted negative effects on seedling biomass,
germination potential, and germination potential of L. sativa
(P < 0.05; Tab. 1). The effects of C. canadensis leaf extracts
from populations in Jinan and Shenyang also exerted
negative effects on germination percentage, germination
index, germination rate index, and vigor index of L. sativa (P
< 0.05; Tab. 1). Meanwhile, the effects of C. canadensis leaf
extracts from all invasion degrees samples exerted negative
effects on root length, germination index, and germination
rate index of L. sativa (P < 0.05; Tab. 2). The effects of C.
canadensis leaf extracts from low invasion-degree samples
also exerted negative effects on vigor index of L. sativa
(P < 0.05; Tab. 2).

The effects of C. canadensis leaf extracts on all indices
of L. sativa increased significantly with increasing latitude
across Zhenjiang, Jinan, and Shenyang (P < 0.05; Tab. 1).
Meanwhile, the effects of C. canadensis leaf extracts on root
length, germination index, germination rate index and vigor
index of L. sativa decreased with the different invasion
degree (P < 0.05; Tab. 2). No significant effect of invasion
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degree was observed for seedling height, seedling biomass,
germination percentage, and germination potential of L.
sativa (P > 0.05; Tab. 2).

The effects of C. canadensis leaf extracts from low and
moderate invasion degrees samples in Shenyang on seedling
height, root length, seedling biomass, germination potential,
germination index, germination rate index, and vigor index
of L. sativa were significantly higher than those from the
same invasion degrees in Zhenjiang and Jinan (P < 0.05; Fig.
2). Meanwhile, the effects of C. canadensis leaf extracts from
low invasion-degree samples in Shenyang on the germination
percentage of L. sativa were significantly higher than those
from the same invasion degree in Zhenjiang and Jinan (P <
0.05; Fig. 2). The effects of C. canadensis leaf extracts from
low invasion-degree samples in the three sampling sites
on rootlength and vigor index of L. sativa decreased in the
following order: Shenyang > Jinan > Zhenjiang (P < 0.05; Fig.
2). Meanwhile, the effects of C. canadensis leaf extracts from
moderate invasion-degree samples in the three sampling
sites on seedling height, root length, seedling biomass,
germination potential, germination index, germination
rate index, and vigor index of L. sativa decreased in the
following order: Shenyang > Jinan > Zhenjiang (P < 0.05;
Fig. 2). However, there was no significant difference in the
effects of C. canadensis leaf extracts from high invasion-
degree samples on all indices of L. sativa among the three
sampling sites (P < 0.05; Fig. 2).

In Shenyang the effects of C. canadensis leaf extracts
from low and moderate invasion degrees on seedling height,
root length, seedling biomass, germination potential,
germination index, germination rate index, and vigor index
of L. sativa were significantly higher than those from the
high invasion degree (P < 0.05; Fig. 2). However, there was
no significant difference among the three invasion degrees
in the effects of C. canadensis leaf extracts from populations
in Jinan on all indices of L. sativa performance (P < 0.05;
Fig. 2). Meanwhile, for the samples from Zhenjiang, the
effects of C. canadensis leaf extracts from low and moderate
invasion degrees on germination potential and germination
index of L. sativa were significantly lower than those from
the high invasion degree (P < 0.05; Fig. 2). In Zhenjiang
the effects of C. canadensis leaf extracts from low invasion
degree on seedling height of L. sativa were significantly lower
than those from the high invasion degree (P < 0.05; Fig. 2).
The effects of C. canadensis leaf extracts from populations
in Zhenjiang on root length of L. sativa decreased in the
following order: moderate invasion degree > low invasion
degree > high invasion degree (P < 0.05; Fig. 2).

The results of the ANOVAs revealed that latitude and
the interaction between latitude and invasion degree exert
significant effects on all indices of L. sativa growth and
germination, while invasion degree significantly affected
only seedling height, seedling biomass, and the germination
potential of L. sativa (Tab. 3, P < 0.05).
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Table 1. Differences in the indices of L. sativa under the addition of C. canadensis leaf exacts with different latitudinal gradients.
Data with different letters in a vertical row indicate a significant difference (P < 0.05). Abbreviations: H, seedling height (cm); RL,
rootlength (cm); BM, seedling biomass (g); GPe, germination percentage (%); GPo, germination potential (%); GI, germination index;

GRI, germination rate index; VI, vigor index.

I T ™ O S B T B TR

Control 2.14+0.11b 3.10+0.49a 0.20+0.01a 90.00+2.79a 76.00+1.63a 52.58+1.40a 47.29+1.77a 10.71£0.58a
la;irde 3.09+0.07a 1.97+0.08b 0.22+0.01a  86.67+1.22ab 76.67+2.16a  44.49+1.83ab  38.71+1.94ab  9.70+0.55ab
llﬁlifil; 2.64+0.04a 1.47+0.04c 0.20+0.00a  80.00+1.53bc 74.22+1.47a 39.41+0.77c 31.60+1.06b 7.84+0.28b
laI;Iilt%l};e 2.08+0.25b 0.99+0.14d 0.13+0.02b 75.13+4.11c 34.36+8.75b 23.96+4.44d 19.80+4.31c 3.93+1.04c

Table 2. Differences in the indices of L. sativa under the addition of C. canadensis leaf exacts with different invasion degrees. Data
with different letters in a vertical row indicate a significant difference (P < 0.05). “ns” means no significant difference (P > 0.05).
Abbreviations: H, seedling height (cm); RL, root length (cm); BM, seedling biomass (g); GPe, germination percentage (%); GPo,
germination potential (%); GI, germination index; GRI, germination rate index; VI, vigor index.

S O S N O O A R R TR

Control 2.14+0.11ns 3.10+0.49a 0.20+0.01ns  90.00+2.79ns  76.00+1.63ns  52.58+1.40a 47.29+1.77a 10.71+0.58a
Low degree 2.47+0.24ns  1.35:0.17b 0.17+0.02ns  78.22+3.33ns  55.78+9.03ns  33.49:4.32b  27.86+3.97b  6.65+1.11b
Moderate degree  2.52+0.16ns  1.71:0.15b  0.18+0.01ns 79.49+2.77ns  60.77+7.39ns  36.73+£3.92b  30.11+3.79b  7.26+1.06ab
High degree 2.88+0.06ns 1.47+0.06b  0.20+0.01ns 84.67+1.55ns 72.22+2.15ns 39.34+1.47b  33.52+1.77b 8.00+0.44ab
. . into leaf construction (Wright et al. 2005; Reef & Lovelock
Discussion

Allelopathy is any beneficial or deleterious effects of
plant species on the growth or development of another
biological system, through the release of chemicals into
the environment. These chemical compounds, known
as allelochemicals, are secondary metabolites produced
naturally by plant species (Ma et al. 2012; Gomaa et al.
2014). Previous studies have revealed that the allelopathic
effects of invasive plant species, including C. canadensis
(Djurdjevi¢ et al. 2011; 2012), on co-occurring species are
mainly due to secondary metabolites (Svensson et al. 2013;
Macel et al. 2014).

Consistent with previous reports (Djurdjevié et al. 2011;
Hu & Zhang 2013), our results indicated that C. canadensis
exerts significant allelopathic effects on seed germination
and growth of L. sativa. Our findings are consistent with
the Novel Weapons Hypothesis, i.e., that some invaders are
successful because they possess novel biochemical weapons
that function as unusually powerful allelopathic agents,
or as mediators of new plant-soil microbial interactions
(Callaway & Ridenour 2004).

The invasion of C. canadensis currently occurs across a
latitudinal gradient in China. The allelopathic effects of C.
canadensis on the growth of co-occurring species vary across
latitudinal gradients due to differences in precipitation,
temperature, and sunlight. Latitudinal gradients may affect
biomass production and resource allocation (Wright et al.
2005; Frenne et al. 2013), and these patterns may influence
the secretion of allelochemicals (SéZiené et al. 2012; Gatti
etal. 2014). Previous investigations have found that plants
that grow in high latitudes pay more allocation of biomass
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2014). Based on this, the leaves of plants that grow in high
latitudes are likely to contain higher concentrations of
secondary metabolites compared with those growing in low
latitudes (Wright et al. 2004; Macel et al. 2014).

The increase in allelopathic effects of C. canadensis leaf
extracts on all indices of L. sativa with increasing latitudinal
gradient (Tab. 1) was consistent with the study’s hypothesis.
Previous studies also showed that climatic conditions (such
as precipitation and temperature) can affect plant secondary
metabolism and change plant allelopathic activity by altering
the production of allelochemicals (Sézieneé et al. 2012; Gatti
etal. 2014). Meanwhile, as environmental conditions become
stressful for plant growth, the allelochemical contents of a
plant dramatically increases due to the increase production
of carbon-based defensive substances, which are secondary
metabolism derivatives (An 2005; Gatti et al. 2014). Previous
studies also revealed that the concentration of allelochemicals
of plant species under low temperature was higher than
the concentration under high temperature (Einhellig 1996;
Hu & Kong 2002; Erhard & Gross 2005). The phenomenon
may also be attributed to the fact that C. canadensis is
native to Canada (Weaver 2001), which has similar climatic
conditions as Shenyang (the high latitude site) due to their
similar latitudes. This outcome suggestes that the inhibitory
allelopathic effects of C. canadensis on seed germination and
growth of co-occurring species may play an important role in
its successful invasion, especially in high latitudes.

Meanwhile, C. canadensis displays different invasion
degrees in its invaded ecosystems. The allelopathic effects
of C. canadensis on the growth of co-occurring species
may be significantly affected by its invasion degree due
to intraspecific competition (Sheppard & Burns 2014).



Allelopathic suppression by Conyza canadensis depends on the interaction
between latitude and the degree of the plant’s invasion
C 2.0 A T c

a
Aa
' o Ba Ba
25 - L5 | Aa D2 Aa
: Cb
0 1Bb Cb
. Y 1cCo

SY-L SY-M SY-H JN-L JN-M IN-H ZJ-L ZJ-M ZJ-H SY-L SY-M SY-H IN-L JN-M IN-H ZJ-L ZJ-M ZJ-H

w s

wn O
)
(S8
W
)

A ab A

Seedling height (cm)
S O = =N W
S W O Wn O (=]
>
o
>
o
P >
Root length (cm)
o o —_ b
(=) w (=)
>
o
>
I
:

03 - 100.0 -
Aa Aa Aa A
Aa Aa 4 Aa 900 - Az, Aa Aa A2 Aa
02 A A? = Ba £ 800 {pa P =
8 % 700 {1 T
202 - £ 600 -
.S Bb Cb S 500
FINE = 400 -
= E 30.0 -
&0.1 - £ 200 -
5 100
0.0 A - - © 00 : L AL
SY-L SY-M SY-H IN-L IN-M JN-H ZI-L ZJ-M ZJ-H SY-L SY-M SY-H IN-L IN-M IN-H ZJ-L ZI-M ZI-H
90.0 - 60.0 -
Aa Aa ﬁ_a Aa
80.0 Aa Ab Aa Aa
- Ba 50.0 A Aa a
T 700 1 Aa I Ab
F 60.0 - £ 400 A T Ba Aa
= =
§ 500 | 2 oo
2 400 g
€ 300 £ 200
£ g 7 7Bp Cb
£ 200 A Chb £
z Bb O 100 A
5 100 -
© 00 - . . . ; 0.0 . . . . ;
SY-L SY-M SY-H IN-L JN-M JN-H ZJ-L ZJ-M ZJ-H SY-L SY-M SY-H JN-L JN-M JN-H ZJ-L ZJ-M ZJ-H

50.0 - Aa 14.0 -
| A
45.0 Aa 3 120 - Aa A2
% 40.0 A Aa Aa 100 1
= p 01 B
E 350 T ga Aa ’ Aa Ba N Aa
g 30.0 A < 80 Ba
= 250 £
£ 200 & 00 1
£ 150 {g, Cb ” 40 |
g |
5 10.0 e Chb
S 50 A :
0.0 A : : : : 0.0 4 : :
SY-L SY-M SY-H IN-L JN-M JN-H ZJ-L ZJ-M ZJ-H SY-L SY-M SY-H JN-L JN-M IJN-H ZJ-L ZJ-M ZJ-H

Figure 2. The indices of L. sativa under the addition of C. canadensis leaf exacts with different invasion degrees (L, low; M, moderate;
H, high) along a latitudinal gradient (SY, Shenyang; JN, Jinan; ZJ, Zhenjiang). Data with different capital letters indicate a significant
difference between the three sampling sites at the same invasion degree and data with different lower case letters indicate a significant
difference between the three invasion degrees in the same sampling site (P < 0.05). Note: white bar, low invasion degree; grey bar,
medium invasion degree; black bar, high invasion degree.
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Table 3. Two-way ANOVAs on the effects of latitude gradient and invasion stage on the indices of L. sativa. Abbreviations: H, seedling
height (cm); RL, root length (cm); BM, seedling biomass (g); GPe, germination percentage (%); GPo, germination potential (%); GI,

germination index; GRI, germination rate index; VI, vigor index.

I O O S T O T I R

. . F 26.97 38.13 33.04
Latitude gradient
P <0.0001 <0.0001 <0.0001
. F 4.09 1.52 4.05
Invasion stage
P 0.0232 0.2298 0.0240
Latitude gradient * £ 12.81 7.28 9.26
Invasion stage P <0.0001 <0.0001 <0.0001

Generally, intraspecific competition increases with
increasing invasion degree. As a result, invasive plant
species must achieve a higher growth rate to obtain more
resources (including space resources and nutrient resources)
and achieve as large of a fitness advantage as possible
under the changing conditions. As a result, invasive plant
species at higher invasion degrees invest low biomass in
leaf structures per unit area to gain a higher growth rate
compared with plants growing at lower invasion degrees.
Previous investigations have also found that the biomass
investment per unit of leaf area was correlated positively
with population density (Liu et al. 2009; Tobin et al.
2011). Hence, plants growing at higher invasion degrees
may allocate less biomass to leaf construction in order to
yield high resource acquisition and use efficiency (James
& Drenovsky 2007; Shen et al. 2011). Accordingly, the
leaves of plants that grow at higher invasion degrees may
contain lower concentrations of secondary metabolites
compared with plants growing at lower invasion degrees.
This is consistent with the finding that the allelopathic
effects of C. canadensis leaf extracts on seed germination
and growth (seedling height, seedling biomass, germination
potential, germination index, germination rate index, and
vigor index) of L. sativa decreased with increasing invasion
degree (Tab. 2). The result was inconsistent with the study’s
hypothesis. It indicates that the inhibitory allelopathic
effects of C. canadensis on the seed germination and growth
of co-occurring species may be attenuated at higher invasion
degrees. More importantly, the intensified allelopathic
effects of invasive plant species at lower invasion degrees can
enable the invader to establish rapidly-growing populations
ininvaded ecosystems via inhibition of the seed germination
and growth of co-occurring species.

Conclusion

Conyza canadensis exhibits negative allelopathic effects
on the seed germination and growth of L. sativa. This
effect increases with increasing latitudinal gradient but
decreases with increasing invasion degree. The inhibitory
allelopathic effects of C. canadensis on the seed germination
and the growth of co-occurring species may be crucial to its
successful invasion, especially when this species occurs at
lower invasion degrees as well as in high latitudes.
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6.06 96.82 51.46 29.38 44.08
0.0014 <0.0001 <0.0001 <0.0001 <0.0001
1.60 12.84 1.29 1.17 0.89
0.2121 <0.0001 0.2845 0.3196 0.4163
2.90 30.34 24.52 15.28 16.15
0.0174 <0.0001 <0.0001 <0.0001 <0.0001
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