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Abstract This paper reviews the biological characteristics of Sphagneticola trilobata and the current research progress on its heavy metal accu-

mulation. The species exhibits strong tolerance and accumulation abilities for heavy metals, including Cd, Hg, and Zn. Cd mainly accumulates

in the leaf veins, thereby mitigating damage to the photosynthetic organs. Although its heavy metal accumulation capacity is inferior to that of

hyperaccumulator plants, effective remediation can be achieved through a strategy emphasizing " quantity compensating for quality" combined

with multiple mowing. Meanwhile, the risk of invasion by S. trilobata can be managed through approaches including engineering isolation,

community configuration, and hybrid breeding. This paper seeks to establish a theoretical foundation for the use of S. trilobata in the remedia-

tion of soils contaminated with heavy metals. Its objective is to advance the development and application of phytoremediation technologies and

to enrich the existing phytoremediation system for soils contaminated with heavy metals. Furthermore, the study identifies directions for future

in-depth research on strategies for " treating pollution with harmful substances" .
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0 Introduction

Soil heavy metal pollution refers to contamination resulting
from the excessive accumulation of heavy metals in the soil, pri-
marily due to waste generated during industrial and agricultural ac-
tivities as well as urbanization. The sources of these heavy metals
can be categorized into natural and anthropogenic origins. Natural
sources include atmospheric deposition, soil parent materials, and
soil formation processes. In contrast, anthropogenic sources con-
sist of industrial and agricultural activities such as mining, the ap-
plication of pesticides and fertilizers, vehicle exhaust emissions,
and urbanization processes. Research indicates that the extent of
heavy metal pollution in soil has been continuously intensifying
along with industrialization and urbanization, with the affected ar-
eas expanding annually''’. Heavy metal pollutants are resistant to
microbial degradation once introduced into the soil. Their high ac-
cumulation can alter the soil’s physical and chemical properties,
resulting in significant soil degradation, environmental deteriora-
tion, adverse impacts on agricultural productivity, and potential
risks to human health. Studies have shown that heavy metals in
soil can disrupt the activities of protease and amylase, thereby in-
hibiting the germination of plant seeds”’. Heavy metal ions adsorb
onto the cell walls of plant roots, affecting the transmembrane

transport of Ca ions. This disruption prevents the activation of
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calmodulin and Ca-ATPase, adversely affecting mitosis in root tip
cells and consequently inhibiting plant growth”*’. High concentra-
tions of heavy metals in soil can inhibit the enzymatic activities
within plant leaves, thereby suppressing the photosynthesis of

leaves™ .

These effects together contribute to a decline in crop
yields.

Soil heavy metal remediation technologies mainly include
physical remediation methods (such as soil replacement and ther-
mal desorption ), chemical remediation techniques ( including
chemical leaching, chemical fixation, and electrokinetic remedia-
tion) , and biological remediation approaches ( comprising micro-
bial, animal, and plant-based methods). Although conventional
physical and chemical remediation methods have high remediation
efficiency””’, they are often associated with drawbacks such as
high costs, operational complexity, potential secondary pollution,
and limited applicability'®’. In contrast, phytoremediation has
garnered considerable attention owing to its distinct advantages,
including low cost and environmental friendliness. However, the
hyperaccumulator plants that have been identified generally have
limitations, including limited species diversity, low biomass, slow
growth rates, and excessive selectivity for specific heavy metals,
which hinder their large-scale engineering application. Hence, the
potential to utilize the robust environmental adaptability and rapid
reproductive capacity of invasive plants to compensate for the
shortcomings of traditional hyperaccumulators has emerged as a

prominent research focus in this field.

1 Phytoremediation technology and application po-
tential of invasive plants
1.1 Enrichment mechanism of heavy metals in plants In

1983, the American scientist Chaney first introduced the concept
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of phytoremediation'”’. This technology lowers the concentration of
environmental pollutants by utilizing the ability of plants to ab-
sorb, transform, accumulate, or degrade pollutions. The accumu-
lation of heavy metals by plants is a complex physiological
process, primarily involving mechanisms such as rhizosphere
effect, transmembrane transport mediated by metal transporters,
complexation with plant chelating peptides, vacuolar compartmen-

talization, and cell wall binding and fixation'®

. In recent years,
researchers have employed various plant species, including flow-
ers, herbaceous plants, crops, and woody plants, as experimental
materials to study their capacities for accumulating heavy metals in
soil. Hou Dandi'’ suggested that Sedum alfredii, a plant known
for its hyperaccumulation of Zn and Cd as well as its high Pb con-
tent, had strong tolerance and accumulation abilities for multiple
heavy metals, making it a good candidate for the phytoremediation
of contaminated soils. Tang Yetao et al. "' reported that Arabis
paniculata had the capacity to accumulate excessive amounts of
Pb, Zn, and Cd, thereby offering novel germplasm resources for
the phytoremediation of soils contaminated with complex heavy
metals. He Mengke et al. /""" showed that Amaranthus hypochon-
driacus, Brassica napus ‘ Zhongyou 1000’ , and Helianthus annuus
£S606° exhibited significant potential for the extraction and reme-
diation of the heavy metals Cd and Pb, with Cd removal rates ex-
ceeding 1.90% in the soil.

The fundamental approach to remediating heavy metal pollu-
tion in soil through phytoremediation involves the identification of
hyperaccumulator plant species. However, the number of hyperac-
cumulator plants identified to date remains limited, and many ex-
hibit challenges such as prolonged remediation durations, specific-
ity to certain heavy metals, and limited tolerance to contaminated
environments. Meantime, the use of edible hyperaccumulator
plants has the potential to enter the food chain, thereby posing
health and ecological risks. Therefore, few hyperaccumulator spe-
cies are currently viable for practical application in remediation ef-
forts. It is therefore worth investigating whether the advantageous
traits of invasive plant species, including their robust reproductive
and adaptive capacities, can be used to identify varieties capable
of accumulating heavy metals for effective soil remediation.

1.2 Feasibility of invasive plants as restorative materials
Although hyperaccumulator plants have considerable benefits,
their limited species diversity and prolonged restoration periods
have constrained their practical engineering applications. Con-
versely , invasive plants, characterized by robust adaptability, rap-
id reproductive rates, and high biomass production, have emerged
as potential alternative resources. These invasive species primarily
reproduce asexually, facilitating rapid growth and proliferation,
and frequently display pronounced allelopathic effects. The allelo-
pathic compounds they release inhibit the growth of neighboring
plants, thereby enabling the rapid spread and establishment of

. . - (12
monocultures dominated by a single species'” .

Some scholars
have confirmed that invasive plant species can develop various

mechanisms to withstand adverse environmental conditions over ex-

tended periods, thereby enhancing their tolerance. Zhou Qiwu

et al. "

reported that Ageratina adenophora exhibited significant
accumulation of heavy metals such as Cr, Mn, Hg, Ni, As and
Sr, indicating its potential value in the remediation of heavy metal
pollution. Zu Yuangang et al. "' investigated Cyclachaena xanthi-
ifolia and confirmed its strong tolerance and accumulation capacity
for Cu and Pb, suggesting considerable application potential in the
phytoremediation of Cu and Pb contamination. Lin Maozi et al. '
found that Alternanthera philoxeroides showed good tolerance and
enrichment abilities for Mn, Ni, Cr, Pb, Cu, and Zn. These
studies provide a critical theoretical foundation and practical guid-
ance for employing invasive plants in the remediation of heavy
metal-contaminated soils through the strategy of " treating pollution

with harmful substances" .

2 Biological characteristics and restoration potential
of Sphagneticola trilobata

2.1 Biological characteristics and adaptability to adversity
S. trilobata, a member of the Compositae family, is indigenous to
Central and South America. Originally introduced as an ornamen-
tal plant, it produces naturally occurring volatile terpenoids that
exhibit allelopathic effects, inhibiting the growth of neighboring
plants and contributing to its extensive invasion in South
China"®". The stem of S. trilobata is creeping, with the upper
portion nearly erect. The leaves are opposite, shallowly trifid, ser-
rated, and predominantly elliptical, elongated, or linear in shape.
The leaf surface is glossy, with both sides covered with bristles,
and the petioles are nearly absent. The stem is slender, smooth,
and either glabrous or slightly pubescent. The capitulum is medi-
um-sized, featuring yellow petals. This species has an extended
flowering period, blooming year-round, with peak abundance dur-

. [17]
ing summer and autumn

. The population primarily reproduces
asexually, demonstrating rapid growth and reproduction, strong vi-
tality, and considerable environmental adaptability. The local spe-
cies S. calendulacea, belonging to the same genus, is also a pe-
rennial herbaceous clone and is widely distributed in southern
China. These two species often coexist in the field. The primary
distinction between them is that the leaves of S. trilobata are tri-
fid, whereas those of S. calendulacea are predominantly lanceolate
or oblong.

Li Wujun et al. "™ reported that, compared to native spe-
cies, S. trilobata exhibited greater survival competitiveness and
broader adaptability to varying soil nutrient conditions. A reduc-
tion in soil nutrients did not significantly affect its biomass or root-
to-crown ratio. Yuan Weiying et al. ""*' found that under homoge-
neous nutrient conditions, the root biomass of S. trilobata was di-
rectly proportional to soil nutrient levels, offering a competitive
advantage that facilitates its large-scale invasion. Under heteroge-
neous nutrient conditions, the species can adjust its growth strate-
gy based on the spatial distribution of nutrient patches, thereby
enhancing its competitiveness and promoting growth. This pro-

nounced phenotypic plasticity and efficient resource utilization lay
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the foundation for its survival and remediation capabilities in infer-
tile, heavy metal-contaminated soils.

2.2 Characteristics and evidence of heavy metal accumula-
tion In recent years, significant advancements have been made
in understanding heavy metal accumulation of S. irilobata. Lin
Maozi et al. ™' reported that S. calendulacea exhibited a strong
absorption capacity for Ni, Cu and Cd. In addition, the concen-
tration of heavy metals was found to be higher in the leaves com-
pared to the roots and stems, suggesting that the accumulation of
heavy metals in S. calendulacea mainly occurs in the foliar tis-
sues. In addition, studies have showed that Cu pollution stress
does not significantly reduce the aboveground biomass of S. trilo-
bata, which is attributed to the maintenance of root activity and
chlorophyll content under Cu stress. This can be inferred to be the
physiological basis underlying the adaptability of S. irilobata to
Cu-induced stress'™"

Aveiga et al. ! confirmed that the invasive species S. trilo-
bata had the capacity to accumulate Hg and Zn, exhibiting adsorp-
tion rates ranging from 43.49% to 59.22% for Hg and from
32.68% to 64.37% for Zn. Shi Heping et al. "> investigated the
physiological responses of S. trilobata hairy roots under Cd stress
and found that Cd exposure significantly increased the soluble pro-
tein content as well as POD and SOD activities in the hairy roots,
thereby mitigating the inhibitory effects and toxicity of Cd on root
growth. Moreover, their study revealed that S. trilobata hairy
roots exhibited a strong adsorption capacity for Cd, with the high-
est Cd ion adsorption observed at a culture concentration of 300
pwmol/T, Cd**. Huang Jundong et al. 24 exposed S. trilobata,
S. calendulacea, and their hybrids to 200 wmol/L Cd and ob-
served distinct Cd distribution patterns among the three plant
types. The Cd transport capacities varied, suggesting the presence
of different transport mechanisms in these plants. In general, Cd
is initially absorbed by the roots, transported upward through the
stems, and ultimately accumulated in the leaves. The Cd absorbed
by S. trilobata was mainly concentrated in the photosynthetic or-
gans (leaves), with the highest accumulation observed in the
veins, reaching up to 2 766.3 pg/kg. In contrast, the Cd ab-
sorbed by S. calendulacea and its hybrids was primarily concen-
trated in the stems. The Cd content in the leaves of all three plants
exhibited a similar pattern of distribution, with concentrations fol-
lowing the order: veins > vein spaces > vein edges. Cd accumula-
tion in plant leaves can cause damage to mitochondria and chloro-
plasts, affect ATP synthesis, and degrade photosynthetic pig-
ments. Notably, the light reaction center is particularly suscepti-
ble to Cd-induced stress, which is closely associated with reduc-
tions in leaf photosynthetic efficiency as well as the efficiency of

%21 " Sudies have demon-

light energy conversion and utilization
strated that the localized accumulation of Cd in leaf veins can re-
duce its inhibitory effects on the photosynthetic capacity of other
leaf regions. In consequent, the large accumulation of Cd in the
veins of S. trilobata may alleviate the toxic impact of Cd on its

metabolically active tissues ™ . In summary, S. trilobata exhibits

potential for use in the remediation of heavy metal pollution.

3 Advantages, challenges and regulatory strategies of
the restoration application of S. trilobata

3.1 Advantages and bottlenecks as a repair material The
identification criterion for hyperaccumulator plants requires
that both the enrichment coefficient and the transport coefficient
exceed one'™ . Although S. trilobata does not satisfy the criteria

!, its rapid reproduction rate and

for hyperaccumulator plants™
large biomass compensate for its relatively low accumulation ca-
pacity per unit mass. Meanwhile, the stem segments of S. triloba-
ta exhibit high malleability and can continuously extract heavy
metals through repeated mowing, thereby enhancing remediation
efficiency. As a result, employing S. trilobata as a pioneer spe-
cies for the remediation of soil heavy metal pollution offers a novel
approach for soil heavy metal treatment.

However, the application of this species faces two significant
challenges. First, its pronounced allelopathic effects can inhibit
the growth of neighboring species, resulting in insane invasion,
which makes it unsuitable for large-scale cultivation. In compari-
son to S. trilobata, S. calendulacea exhibits a lower reproductive
capacity. Therefore, it is worth investigating whether the repro-
ductive capacity of S. trilobata can be reduced through hybridiza-
tion, thereby enhancing its potential for use in soil heavy metal re-
mediation and facilitating the development of new cultivars charac-
terized by "low invasiveness and high accumulation" through hy-
brid breeding. Some studies indicate that the growth potential of
the S. trilobata hybrid is slightly lower than or comparable to that
of the invasive species, but the hybrid exhibits significantly higher
energy utilization efficiency than its parent species . Further-
more, there remains a lack of systematic evaluation regarding the
tolerance and accumulation capacity of individual species in re-
sponse to complex heavy metal pollution, despite the fact that
contaminated sites are frequently affected by multiple heavy metals
simultaneously. Besides, for the disposal of heavy metals in re-
stored plants, it is necessary to address issues related to minimi-
zing secondary pollution and enhancing the value of resource
utilization.

3.2 Risk control and enhanced restoration strategies The
invasion risk of S. trilobata can be managed through two primary
approaches ; engineering control and biological improvement. At
the engineering control level, its growth can be confined to the soil
areas requiring remediation by constructing physical barriers such
as fences, sidewalks, or grass and stone isolation belts, thereby
preventing the proliferation and spread of S. trilobata. S. trilobata
should be removed prior to its peak growing period and rainy
seasons to inhibit excessive growth and reproduction”’. At the
same time, S. trilobata can be cultivated alongside other species
characterized by high biomass, strong adaptability, and heavy
metal tolerance to inhibit its excessive proliferation”™ . When the
concentration of heavy metals in the restored area drops to a

certain extent, other hyperaccumulator species of heavy metals



20 Asian Agricultural Research 2026

may be introduced to replace S. trilobata, to control its spread and
reduce its adverse effects on the ecological environment. At the
level of product disposal, in order to reduce hazard risks and en-
hance resource utilization value, techniques such as pyrolysis,
phytometallurgy, and hydrothermal modification can be employed
to convert S. trilobata into materials like biochar, facilitating re-
source recovery .

At the genetic improvement level, S. calendulacea displays a
lower reproductive capacity compared to S. trilobata. The devel-
opment of new cultivars characterized by " low invasiveness and
high accumulation" through hybrid breeding is a highly promising
approach. Research indicates that the growth potential of S. #rilo-
bata hybrids is slightly lower than or comparable to that of the in-
vasive species, but their energy utilization efficiency is significant-
ly greater than that of the parent species. Huang Jundong et al. '**
have also reported that these hybrids demonstrate enhanced affinity
for Cd migration. Thus, reducing the reproductive and dispersal
capacity of S. trilobata via hybridization, while maintaining or im-
proving its heavy metal accumulation capabilities, has considera-
ble potential for applications in soil remediation. Currently, there
are few studies examining the adaptability of hybrids and their pa-
rental species across diverse growth environments, as well as com-
parative analysis of their tolerance to various heavy metals, which
is worthy of further in-depth investigation.

3.3 New technological means and application prospects At
present, scholars at home and abroad often employ hydroponic or
soil cultivation methods to study S. trilobata. However, these ap-
proaches are susceptible to external environmental influences and
pose potential risks related to plant dispersal and ecological dam-
age. In contrast, plant tissue culture, conducted under sterile
conditions, mitigates the impact of external factors on plant
growth, thereby allowing for the isolation of single variables during
experimental investigations. This technique offers advantages such
as rapid propagation, land conservation, controllable cultivation
conditions, and shortened growth cycles. Utilizing tissue culture
technology for in-depth studies on the heavy metal accumulation of
S. trilobata enables large-scale propagation while preserving its
genetic integrity and simultaneously minimizing the risks associat-

ed with species proliferation and ecological harm.

4 Conclusions and prospects

Based on the above analysis, S. trilobata shows significant poten-
tial for application in the remediation of soil contaminated with
heavy metals, attributable to its high biomass, strong tolerance,
and distinctive heavy metal compartmentalization and accumulation
strategy. Although its accumulation capacity is inferior to that of
typical hyperaccumulator plants, effective pollution remediation
can be achieved through a strategy emphasizing " quantity compen-
sating for quality" combined with multiple mowing. Concurrently,
the risk of its invasiveness must not be ignored and should be miti-
gated through comprehensive measures, including engineering iso-

lation, community configuration, and genetic improvement.

Future research should focus on the following areas: (i) the
development of an efficient tissue culture and genetic transforma-
tion system for S. trilobata; (ii) the identification and analysis of
key genes and regulatory networks involved in heavy metal toler-
ance and accumulation, alongside the implementation of molecu-
lar-assisted breeding; (iii) a systematic evaluation of the species’
response and accumulation characteristics under complex heavy
metal pollution; and (iv) the exploration of restoration models
that integrate local species to promote ecological recovery concur-
rently with pollution remediation. Pursuing these research direc-
tions will provide a robust scientific foundation for utilizing inva-
sive plants in the remediation of heavy metal pollution, advance
the practical application of the " treating pollution with harmful
substances" strategy, enhance ecosystem stability, support the in-
tegrated management of mountains, rivers, forests, farmlands,
lakes, grasslands, and deserts, foster ecological restoration, and

contribute to the comprehensive revitalization of rural areas.

References

[1] GAO XY, TANG ZY, LI JH, et al. Current situation of soil environmen-

tal pollution and countermeasures of prevention and control in China[ J].

Jiangsu Environmental Science and Technology, 2006(2) : 52 =55. (in

Chinese ) .

SINGH RS, MADHU G, SINGH RS, et al. Lead stress effects on physio-

biochemical activities of higher plants [ J].

Contamination and Toxicology, 2008 ; 19673 —19693.

XU J. Mechanisms of lead uptake/accumulation and tolerance in tea plant

( Camellia sinensis 1. ) [ D]. Hangzhou: Zhejiang University, 2011. (in

Chinese) .

LIANG Y, JIANG XL, YANG FT, et al. Effects of lead stress on net

photosynthetic rate, SPAD value and ginsenoside production in Ginseng

(Panax ginseng)[J]. China Journal of Chinese Materia Medica, 2014,

39(16) : 3054 —3059. (in Chinese).

WANG HH, XUN HF, LUO Y, et al. Soil contaminated by heavy metals

and its phytoremediation technology [ J ]. Chinese Agricultural Science

Bulletin, 2009, 25(11): 210 —214. (in Chinese).

CHEN GX, ZHOU HM, CHEN HJ, et al. Technical analysis and pros-

pect of ornamental plant remediation of urban lead-contaminated soil[ J].

Journal of Plant Resources and Environment, 2025, 34(1) ; 82 -93. (in

Chinese) .

CHANEY RL, MALIK M, LI YM, et al. Phytoremediation of soil metals

[J]. Current opinion in Biotechnology, 1997, 8(3): 279 —284.

[8] CHEN YK, GE DW, LU DN. Phytoremediation for soil contaminated
cadmium[ J ]. Environmental Ecology, 2020, 2(9): 92 -98. (in Chi-

nese) .

[2

[h

Reviews of Environmental

(3

[

(4

[l

—
W
[

[6

[

[7

[

[9] HOU DD. Root uptake and accumulation of heavy metals and rhizosphere
bacteria community of hyperaccumulator Sedum alfredii Hance[ D]. Han-
gzhou; Zhejiang University, 2017. (in Chinese).

[10] TANG YT, QIU RL, ZENG XW, et al. A new found Pb/Zn/Cd hyper-
accumulator; Arabis paniculata L. [ J]. Acta Scientiarum Naturalium
Universitatis Sunyatseni, 2005(4) : 135 —=136. (in Chinese).

[11] HE MK, GUO JM, YANG JX, et al. Screening of accumulating plants
in farmland surrounding typical lead and zinc smelting enterprises| J ].
Chinese Journal of Eco-Agriculture, 2023, 31(6) : 954 -966. (in Chi-
nese) .

[12

[

SHI GR, MA CC. Biological characteristics of alien plants successful in-
vasion[ J ]. Chinese Journal of Applied Ecology, 2006 (4). 4727 -



Xiaokun MU et al. Discussion on the Application of Sphagneticola trilobata in Soil Heavy Metal Remediation 21

4732. (in Chinese).

[13] ZHOU QW, YANG GQ, ZHANG GC, et al. Study on the bioaccumula-
tion ability of Eupatorium adenophorum to heavy metal ions in its rhizo-
sphere soil[ J]. Journal of Anhui Agricultural Sciences, 2020, 48(24) .
87 -90. (in Chinese).

[14] ZU YG, ZHANG XN, REN ZG, et al. Cu, Pb accumulation of invasive
plant fva xanthifolia[ J]. Bulletin of Botanical Research, 2010, 30(5) .
612 —616. (in Chinese).

[15] LIN MZ, QIU XF, LIN NW, et al. Response of Alternanthera philoxe-
roides to heavy metals and its sorption effectiveness for heavy metals[ J].
Pratacultural Science, 2012, 29(5) : 681 —686. (in Chinese).

[16] NIE CR, ZENG RS, LUO SM, et al. Allelopathic potentials of Wedelia
trilobata L. on rice[ J]. Acta Agronomica Sinica, 2004 (9) ; 942 —946.
(in Chinese).

[17] WAGNER WL, HERBST DR, SOHMER SH. Manual of the flowering
plants of Hawai [ M]. Honolulu: University of Hawai Press, 1999.
373 —374. (in Chinese).

[18] LI WJ, LIANG KM, HE JL, et al. Influences of different soils on the
growths of invasive plants and native plants[ J]. Journal of Anhui Agri-
cultural Sciences, 2008 (6) ; 2465 —2467. (in Chinese).

[19] YUAN WY, FENG J, ZHANG XY, et al. Responses of growth of Wede-
lia trilobata and W. chinensis to soil nutrients| J|. Chinese Journal of
Ecology, 2017, 36(4): 962 —970. (in Chinese).

[20] LIN MZ, LIN NW, QIU XF, et al. Wedelia trilobata’s response to heavy
metals and heavy metal absorption and enrichment in its body with
sludge as a part of growth substrate[ J]. Journal of Anhui Agricultural
University, 2012, 39(2) : 286 —=291. (in Chinese).

[21] LIN MZ, JIN MF, CHEN YA, et al. Hotosynthetic traits of Wedelia tri-
lobata growing in Cu-contaminated soil and its resistance mechanism on
Cu-contamination[ J]. Journal of Anhui Agricultural University, 2018,
45(4): 657 —663. (in Chinese).

[22] AVEIGA A, PINARGOTE C, PENARRIETA F, et al. Adsorption of
mercury and zinc in agricultural soils by Sphagneticola trilobata [ J].
Journal of Ecological Engineering, 2022, 23(3).

[23] SHI HP, WANG YL, ZENG BQ, et al. Alleviated affect of exogenous
CaCl, on the growth, antioxidative enzyme activities and cadmium ab-

sorption efficiency of Wedelia trilobata hairy roots under cadmium stress

[J]. Chinese Journal of Biotechnology, 2012, 28(6); 747 —=762. (in
Chinese) .

[24] HUANG JD, HE WQ, CHEN GX, et al. Migration and distribution
characteristics of cadmium in Sphagneticola trilobata, S. calendulacea
and their hybrid[ J]. Journal of Tropical and Subtropical Botany, 2022,
30(2): 224 ~232. (in Chinese).

[25] JING HM, ZHENG HL, ZHAO ZQ, et al. Progresses of plants response
to cadmium[ J]. Acta Ecologica Sinica, 2001 (12); 2125 -2130. (in
Chinese) .

[26] ZHU JL, XU ZF, CAO HL, et al. Effect of cadmium on photosynthetic
traits in Wedelia trilobata[J]. Ecology and Environmnet, 2008 (2) :
657 —660. (in Chinese).

[27] MA QJ, SUN MH, LU J, et al. Phosphorylation of a malate transporter
promotes malate excretion and reduces cadmium uptake in apple[]].
Journal of Experimental Botany, 2020, 71(12) : 3437 —3449.

[28] PIETRINI F, ZACCHINI M, IORI V, et al. Spatial distribution of cad-
mium in leaves and its impact on photosynthesis: Examples of different
strategies in willow and poplar clones[ J]. Plant biology ( Stuttgart, Ger-
many) , 2010, 12(2) . 355 -63.

[29] CAO XD, LIN GR, XU WB, et al. Accumulation characteristics of 3
ornamental plants on cadmium in soil[ J]. Subtropical Plant Science,
2011, 40(2): 4 —=6. (in Chinese).

[30] WU W, ZHOU R, NI G, et al. Is a new invasive herb emerging? Mo-
lecular confirmation and preliminary evaluation of natural hybridization
between the invasive Sphagneticola trilobata ( Asteraceae) and its native
congener S. calendulacea in South China[ J]. Biological Invasions,
2013, 15(1): 75 -88.

[31] WU YQ, HU YJ, LIAO FL. Wedelia trilobata: A species from intro-
duced to potential invasive[ J]. Guihaia, 2005 (5): 413 —418. (in
Chinese) .

[32] LIAO FL, LI LK, XUE GW. Research and application of Wedelia trilo-
bata planted in the abandoned land of rare earth mine[ J]. Journal of
Anhui Agricultural Sciences, 2014, 42(10) : 3014 —=3015. (in Chinese).

[33] WANG MJ, SHENG GY, WANG R. Progress in disposal technologies
for plants polluted with heavy metals after phytoextraction[ J]. Journal of
Agricultural Resources and Environment, 2021, 38(2) . 151 —159. (in
Chinese) .

. .
. International Renowned Databases and Institutions Indexing Asian Agricultural Research .
. .
Astan Agricultural Research (ISSN 1943 —9903) , founded in 2009, is a monthly comprehensive agricultural academic journal pub- 3
* lished and approved by the Library of Congress of the United States of America. f
S + CNKI ( China National Knowledge Infrastructure), China ;
. + CSA Tllumina ( Cambridge Scientific Abstracts) , USA .
* - EBSCO database, USA
: -+ CABI (Center for Agriculture and Biosciences International ) , UK f
. + AgEcon Search (Research in Agricultural and Applied Economics) , USA .
‘ - Naresuan University Library, Thailand f
: + Agricultural Development Foundation (ADF) , India f
(. + KIT Royal Tropical Institute ( Amsterdam, the Netherlands) .

.




