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Abstract The farmland weed Youngia erythrocarpa
has been found to have the basic characteristics of a
cadmium (Cd) hyperaccumulator. This study carried out
preliminary and further Cd concentration gradient ex-
periments and field experiment using Y. erythrocarpa to
confirm this fact. The results showed that the biomass
and resistance coefficient of Y. erythrocarpa decreased,
but the root/shoot ratio and the Cd content in roots and
shoots increased with the increase in soil Cd concentra-
tion. The Cd content in shoots of Y. erythrocarpa
exceeded 100 mg/kg when the soil Cd concentration
was 25 mg/kg in the two concentration gradient exper-
iments, up to the maxima of 293.25 and 317.87mg/kg at
100 mg/kg soil Cd. Both the bioconcentration factor of
the shoots and the translocation factor exceeded 1 in all
Cd treatments. In the field experiment, the total Cd
extraction by shoots was 0.934–0.996 mg/m2 at soil
Cd leve ls of 2 .04–2.89 mg/kg . Therefore ,
Y. erythrocarpa is a Cd hyperaccumulator that could
be used to remediate Cd-contaminated farmland soil
efficiently.
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Introduction

The development of industry and agriculture has in-
creased heavy metal contamination of soil and has se-
verely damaged soil quality (Yang 2007; Nriagu and
Pacyna 1988). Heavy metals can enter the human body
through the food chain via edible crops, and this causes
a potential threat to human health and raises a series of
food quality and safety issues (Zhao and Lu 2010;
Peralta-Videa et al. 2009). According to statistics, the
heavy metal pollution of grain reaches 12,000,000 t
every year in China (Wang 2005), and the “cadmium
rice grain event” in China was the result of cadmium
(Cd)-contaminated soil (Chang 2013). Cadmium enters
soil through four main pathways: direct discharge of
industrial waste without treatment, the discharge of solid
waste (e.g., sludge, garbage) directly into soil, the mis-
use of heavy metal-containing pesticides and fertilizers,
and atmospheric deposition (Zhang et al. 2010b). The
problem of grain production safety needs to be solved
urgently in Cd-contaminated soil because of an increase
in urbanization, which simultaneously increases the
population requiring grain and decreases the land avail-
able for grain production.

The main methods of heavy-metal-contaminated soil
remediation are the physical method, chemical method,
and bioremediation method (Xia and Chen 1997).
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Phytoremediation is a bioremediation method that is
generally considered to be of low cost, non-destructive
to soil structure, and have no secondary pollution. It is
receiving much attention in heavy metal contamination
remediation research (McGrath et al. 2002).
Phytoremediation is a technology where a screened
hyperaccumulator is planted on heavy-metal-
contaminated soil; the plant roots then take up the metal
and it is accumulated in the plant. Harvesting the plant
then eliminates the heavy metal from the soil. Hundreds
of hyperaccumulators have been found (Maestri et al.
2010), but most of them grow slowly and have a low
shoot biomass and weak adaptive ability to farmland
soil (Wu et al. 2004), especially those from mine areas
(Reeves and Baker 2000), which have a very limited
application to farmland soil. Therefore, screening new
hyperaccumulators with good adaptation to the farm-
land environment, fast growth, and a strong reproduc-
tive capacity is becoming urgent. At present, the
screened Cd hyperaccumulators for Cd-contaminated
soil remediation cannot be applied to different regions
or in different soil types; the available resources need
further screening. Farmland weeds generally have a
large biomass, fast growth, and strong resistance (Zhao
2004; Wei et al. 2005a); therefore, screening Cd
hyperaccumulators from farmland weeds not only over-
comes the problems of low biomass, slow growth, and a
narrow growing area, but also avoids the potential prob-
lems of introduction to the farmland environment.

Youngia erythrocarpa is a farmlandweedwith a large
biomass, fast growth, strong reproductive capacity, and
wide distribution. A previous study showed that it had a
strong capability for Cd accumulation and had the basic
characteristics of a Cd hyperaccumulator. Therefore,
this experiment was conducted to further identify the
Cd hype r a c cumu l a t i o n cha r a c t e r i s t i c s o f
Y. erythrocarpa to discover a new Cd hyperaccumulator
and provide new phytoremediation material for Cd-
contaminated farmland soil.

Materials and methods

Y. erythrocarpa screening experiment

Y. erythrocarpa had been found to grow well in soil
polluted with 60 mg/kg Cd in March 2012. The roots
and shoots of these plants were harvested at the bloom-
ing stage and washed with tap water and then deionized

water. The roots and shoots were then dried at 110 °C for
15 min to de-enzyme, oven dried at 75 °C to constant
weight, and sieved to 0.149 mm. Samples of 0.5 g were
then digested in HNO3/HClO4 (4:1v/v) until transparent
and filtered into a volumetric flask to 50 mL by deion-
ized water. The Cd content was determined by an iCAP
6300 ICP spectrometer (Thermo Scientific, USA). The
bioconcentration factor (BCF) was calculated as the Cd
content in shoot (root)/Cd concentration in soil (Zhang
et al. 2011), and the transfer factor (TF) was calculated
as the Cd content in shoot/Cd content in roots
(Rastmanesh et al. 2010). The Cd contents in roots and
shoots of Y. erythrocarpa reached 151.52 and
188.64 mg/kg, respectively, and the BCFs of roots and
shoots reached 2.52 and 3.14, respectively, and the IF
reached 1.24. These resul t s ind ica ted that
Y. erythrocarpa might be a Cd hyperaccumulator
(Brooks et al. 1977; Brooks 1998).

Preliminary concentration gradient experiment

The preliminary concentration gradient experiment was
conducted at the Ya’an Campus Farm of Sichuan Agri-
cultural University (29° 59′ N, 102° 59′ E) from Sep-
tember to December 2012, using the inceptisol soil (the
purple soil in the Genetic Soil Classification of China)
samples from the same farm. The basic properties of the
soil were as follows: pH, 7.02; organic matter,
41.38 g/kg; total nitrogen (N), 3.05 g/kg; total phospho-
rus (P), 0.31 g/kg; total potassium (K), 15.22 g/kg; alkali
solution N, 165.30 mg/kg; available P, 5.87 mg/kg; and
available K, 187.03 mg/kg. The total Cd content was
0.101 mg/kg, and the available Cd content was
0.021 mg/kg. The physical and chemical properties of
soil and its heavy metal content were determined ac-
cording to Bao (2000).

The soil samples were air dried and sieved to 5mm in
September 2012, then 3.0 kg of the air-dried soil was
weighed into polyethylene pots (15 cm tall, 18 cm di-
ameter), and Cd was added to the soils as CdCl2·2.5H2O
at 0, 25, 50, 75, and 100 mg/kg. The pots were soaked in
the Cd solutions for 4 weeks, and then the soil in each
pot was mixed. Plant samples were collected from the
Ya’an Campus Farm of SichuanAgricultural University.
Five uniform seedlings with two euphyllas were
transplanted into each pot in October 2012. Each treat-
ment was repeated three times, making a total of 15 pots,
and put in a completely randomized design with 10-cm
spacing between pots. The soil moisture content was
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maintained at 80% of field capacity until the plants were
harvested.

After 60 days of cultivation, all plants were dug up
and processed as described above. The biomasses of
roots and leaves were measured, and their Cd contents
were determined. The BCF and TF were calculated, and
the root/shoot ratio was calculated as the root biomass/
shoot biomass (Lukačová Kuliková and Lux 2010), the
resistance coefficient was calculated as the total biomass
in the experimental group/the total biomass in the con-
trol group (Zhao et al. 2012), and the amount of extract-
ed Cd was calculated as the Cd content in plant×the
biomass of plant (Zhang et al. 2010a).

Further concentration gradient experiment

The further concentration gradient experiment was con-
ducted in the same place as the preliminary concentra-
tion gradient experiment from January to April 2013.
The soil was the same as in the screening experiment.
Dried soil (12.0 kg) was put into 20-cm-tall, 27-cm-
diameter plastic pots, and Cd was added to the soils as
CdCl2·2.5H2O at 0, 25, 50, 75, and 100 mg/kg. The pots
were soaked in the Cd solutions for 4 weeks, and then
the soil in each pot was mixed. Seedlings were
transplanted into each pot in February 2013, and each
treatment was repeated three times. The source of plant
seedlings and their cultivation and management were as
described in the preliminary concentration gradient
experiment.

After 60 days of cultivation, all plants were dug up
and processed as described above. The biomasses of
roots and leaves were measured and their Cd contents
were determined. The BCF, TF, root/shoot ratio, resis-
tance coefficient, and amount of Cd extracted were
calculated.

Field experiment

The field experiment was conducted at the Ya’an Cam-
pus Farm of Sichuan Agricultural University from Oc-
tober 2013 to February 2014. The inceptisol soil sam-
ples came from the Cd-contaminated soils of the earlier
experiment on the Ya’an Campus Farm (Cd-contami-
nated area). The basic properties of the soil were as
follows (Lin et al. 2014): pH, 6.98; organic matter,
35.01 g/kg; total N, 1.19 g/kg; total P, 0.63 g/kg; total
K, 20.64 g/kg; alkali solution N, 80.63 mg/kg; available
P, 31.78 mg/kg; and available K, 115.97 mg/kg. The

plots were divided into three treatments based on their
distances from an irrigation canal—near (I), middle (II),
and far (III)—and the distances from the canal were 1, 2,
and 3 m, respectively. The total Cd concentrations in the
soils of the three treatments were 2.89, 2.55, and
2.04 mg/kg, respectively. Each plot was 1.0 m2 (1.0×
1.0 m), and seedlings of Y. erythrocarpa were planted
directly in the soil at a density of 100 plants/m2 (in a
10×10 cm grid) in October 2013. Each treatment was
repeated three times (three plots). The source of
Y. erythrocarpa seedlings and their cultivation and man-
agement were as in the pot experiment. After
Y. erythrocarpa had matured (after 120 days), the shoots
were harvested to determine biomasses and Cd content
as in the pot experiment.

Results and discussion

Biomass of Y. erythrocarpa

Cadmium is a non-essential plant element, and high Cd
contents are toxic to plants (Zhang et al. 2010b). The
biomass and the resistance coefficient of Cd
hyperaccumulators decreased with an increase in soil
Cd concentration, suggesting that Cd hyperaccumulators
could be harmed by high concentrations of Cd as can
common plants (Wei et al. 2005b; Zhang et al. 2013). In
the preliminary concentration gradient experiment, be-
cause of the high soil Cd concentration, the roots, shoots,
and total biomasses of Y. erythrocarpa decreased with
increasing Cd concentration in soil (P<0.05, Table 1),
but there were no obvious toxic symptoms in any treat-
ments during the observation period. These results were
the same as other Cd hyperaccumulators (Wei et al. 2013;
Adki et al. 2013) and was found to be because the root
system of the hyperaccumulator was damaged by heavy
metal stress, which decreased the uptake of water and
nutrients, eventually leading to biomass decrease
(Šottníková et al. 2003; Zhou and Qiu 2005). The total
biomass of Y. erythrocarpa decreased by 9.51, 28.89,
54.66, and 81.84 % at 25, 50, 75, and 100 mg/kg Cd in
soil, respectively, compared with the control in the pre-
liminary concentration gradient experiment. The resis-
tance coefficient of Y. erythrocarpa also decreased with
the increase in soil Cd concentration, suggesting the
growth of Y. erythrocarpa was inhibited by a high con-
centration of Cd. The root/shoot ratio increased with
increasing Cd concentration in soil; Y. erythrocarpa
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appeared to enhance its resistance by increasing the root/
shoot ratio (Table 1). The biomass and resistance coeffi-
cient decreased while the root/shoot ratio increased with
increasing Cd concentration in the further concentration
gradient experiment, which provided further reference of
resistance and tolerance to Y. erythrocarpa. The total
biomass of Y. erythrocarpa decreased by 14.83, 30.43,
57.11, and 78.79 % at 25, 50, 75, and 100 mg/kg Cd in
soil, respectively, compared with the control in the further
concentration gradient experiment (Table 1).

Plants were cultured in soil containing up to
100 mg/kg Cd for 60 days in two pot experiments.

Values are means (±SE) of three replicate pots. Different
lowercase letters within a column indicate significant
differences (P<0.05). The resistance coefficient was
calculated as the total biomass in the experimental
group/the total biomass in the control group.

Cadmium accumulation characteristics
of Y. erythrocarpa

According to the identification of hyperaccumulators by
Brooks (Brooks et al. 1977; Brooks 1998), plants that
can grow well in Cd-contaminated soil and the Cd
content in shoots reached the critical value (100 mg/kg),
and the BCF and the TF were >1 at the same time, are
Cd hyperaccumulators. In the preliminary concentration
gradient experiment, Y. erythrocarpa plants grew nor-
mally and the Cd content in shoots reached
119.37 mg/kg at the dose of 25 mg/kg soil Cd, while
the BCF was 4.77 and the TF was 1.99 (Table 2). All of
these match the basic characteristics of a Cd
hyperaccumulator. Cadmium contents in roots and
shoots of Y. erythrocarpa and the BCF of roots (2.40–
2.56) increased with the increase in soil Cd concentra-
tion, while the BCF of shoots (4.77–2.93) and the TF
(1.99–1.15) decreased (Table 2). This experiment found
that the ratio of root Cd content in Y. erythrocarpa
increased as the soil Cd concentration increased, which
weakened the toxicity of the rapidly increased shoot Cd
content.

Plants were cultured in soil containing up to
100 mg/kg Cd for 60 days in two pot experiments.
Values are means (±SE) of three replicate pots. Different

Table 1 Biomass of Y. erythrocarpa in the two concentration gradient experiments

Treatments (mg/kg) Roots (g/pot) Shoot (g/pot) Total biomass (g/pot) Resistance coefficient Root/shoot ratio

Preliminary concentration gradient experiment

0 0.504±0.007e 2.535±0.085e 3.039±0.092e 1.000 0.199

25 0.472±0.011d 2.278±0.122d 2.750±0.133d 0.905 0.207

50 0.372±0.006c 1.789±0.139c 2.161±0.134c 0.711 0.208

75 0.248±0.005b 1.130±0.120b 1.378±0.115b 0.453 0.219

100 0.142±0.008a 0.410±0.048a 0.552±0.056a 0.182 0.346

Further concentration gradient experiment

0 0.614±0.009e 3.135±0.076e 3.749±0.085e 1.000 0.196

25 0.528±0.007d 2.665±0.096d 3.193±0.088d 0.852 0.198

50 0.443±0.008c 2.165±0.110c 2.608±0.102c 0.696 0.205

75 0.280±0.042b 1.328±0.010b 1.608±0.052b 0.429 0.211

100 0.150±0.009a 0.645±0.020a 0.795±0.011a 0.212 0.233

Table 2 Cadmium accumulat ion character is t ics of
Y. erythrocarpa

Treatments
(mg/kg)

Root (mg/kg) Shoot (mg/kg) BCF
of
root

BCF
of
shoot

TF

Preliminary concentration gradient experiment

0 5.21±0.21e 0.99±0.24e – – 0.19

25 59.90±3.90d 119.37±1.93d 2.40 4.77 1.99

50 123.87±5.17c 157.76±7.96c 2.48 3.16 1.27

75 189.27±3.23b 234.54±11.04b 2.52 3.13 1.24

100 255.99±6.51a 293.25±9.35a 2.56 2.93 1.15

Further concentration gradient experiment

0 11.88±0.47e 1.59±0.09e – – 0.13

25 65.51±2.94d 121.90±11.30d 2.62 4.88 1.86

50 135.30±7.90c 178.93±6.47c 2.71 3.58 1.32

75 215.75±4.55b 261.36±11.26b 2.88 3.48 1.21

100 292.31±6.91a 317.87±16.37a 2.92 3.18 1.09
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lowercase letters within a column represent significant
differences (P<0.05). The bioconcentration factor
(BCF) is defined as Cd content in shoot or root/Cd
concentration in soil. The translocation factor (TF) is
defined as Cd content in shoot/Cd content in roots.

In the further concentration gradient experiment, the
shoot Cd content in Y. erythrocarpa also reached the
critical value of a Cd hyperaccumulator at the same dose
of Cd in soil, and the BCF of shoots was 4.77 while the
TF was 1.99. The study proved that Y. erythrocarpa is a
hyperaccumulator. With increasing soil Cd concentra-
tion, the Cd contents in shoots and roots of
Y. erythrocarpa and the BCF (2.62–2.92) of roots in-
creased while the BCF of shoots (4.88–3.18) and TF
(1.86–1.09) decreased. The shoot Cd content of
Y. erythrocarpa reached 317.87 mg/kg at 100 mg/kg
soil Cd (Table 2), which was close to the shoot Cd
content of Solanum photeinocarpum (Zhang et al.
2011).

Amount extraction of cadmium of Y. erythrocarpa

The efficiency of hyperaccumulators for phytoremediation
is related to their heavy metal extraction amount on con-
taminated soil. If the extraction amount is bigger, the
phytoremediation effect is better. In this study, both the
preliminary concentration gradient and the further

concentration gradient experiments showed that the Cd
extraction amount of Y. erythrocarpa was maximum at
50mg/kgCd in soil, which reached 328.31 and 447.32μg/
pot, respectively, and the Cd extraction amount at
75 mg/kg Cd in soil was second (Table 3). Therefore,
Y. erythrocarpa would perform better at phytoremediation
below the dose of 75 mg/kg Cd in soil, especially 0–
75 mg/kg Cd stress.

Plants were cultured in soil containing up to
100 mg/kg Cd for 60 days in two pot experiments.
Values are means (±SE) of three replicate pots. Different
lowercase letters within a column represent significant
differences (P<0.05). The amount of extracted Cd is
defined as the Cd content in plant×plant biomass.

Field experiment

The biomass of shoots after 60 days was 223.5–228.9 g/
m2, and the Cd content in shoots was 4.11–4.35 mg/kg
(Table 4). The total extraction of Cd in shoots was
0.934–0.996 mg/m2, indicating that Y. erythrocarpa
had a very good remedial effect at low concentrations
of Cd contamination. Additionally, the plant used for
phytoremediation should have the characteristics of fast
growth, a deep rooting system, and easy propagation
(Ghosh and Singh 2005). Y. erythrocarpa is an annual
herb that grows to heights of 15–35 cm and lives on

Table 3 Extraction amount of cadmium of Y. erythrocarpa

Treatments
(mg/kg)

Preliminary concentration gradient experiment Further concentration gradient experiment

Cd extraction of
root (μg/pot)

Cd extraction of
shoot (μg/pot)

Amount extraction
of Cd (μg/pot)

Cd extraction of
root (μg/pot)

Cd extraction of
shoot (μg/pot)

Amount extraction
of Cd (μg/pot)

0 2.63±0.07d 2.51±0.69c 5.14±0.63c 7.29±0.39d 4.98±0.40a 12.27±0.79e

25 28.27±2.50c 271.92±18.96a 300.19±21.46a 34.59±2.07c 324.86±18.42b 359.45±20.49d

50 46.08±1.18a 282.23±36.17a 328.31±37.35a 59.94±4.58a 387.38±5.69a 447.32±1.16c

75 46.94±1.74a 265.03±40.62a 311.97±38.88a 60.41±7.79a 347.09±17.57b 407.50±25.36b

100 36.35±1.12b 120.23±10.25b 156.58±11.36b 43.85±1.59b 205.03±16.92c 248.88±15.32a

Table 4 Biomass and Cd accu-
mulation of Y. erythrocarpa in the
field experiment

Treatment Cd concentration
in soil (mg/kg)

Biomass of
shoot (g/m2)

Cd content in
shoot (mg/kg)

Total extraction of Cd
in shoot (mg/m2)

I 2.89 228.9±4.14a 4.35±0.02a 0.996±0.03a

II 2.55 223.5±1.52a 4.24±0.07ab 0.948±0.08b

III 2.04 227.2±2.81a 4.11±0.08b 0.934±0.04b
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grass slopes, ditches, and plain wasteland between 460-
and 1850-m elevations. It is widely distributed in China
(Shi 1997). At the same time, Y. erythrocarpa is a weed
species with a deep root system, rapid growth, and
strong adaptation; it can grow almost all year round.
Therefore, Y. erythrocarpa, as a Cd hyperaccumulator,
can effectively remediate Cd-contaminated farmland
soil.tgroup

Plants were cultured in soil containing 2.04–
2.89 mg/kg Cd for 60 days in a field experiment. Values
are means (±SE) of three replicate plots. The plots were
divided into three treatments based on their distances
from an irrigation canal: near (I), middle (II), and far
(III). Different lowercase letters in a column represent
significant differences (P<0.05).

Conclusions

Y. erythrocarpa is a weed with a wide distribution, rapid
growth, and strong adaptation. It has a strong tolerance
to Cd stress and is a Cd hyperaccumulator that will
effectively remediate Cd-contaminated farmland soil.
In future work, investigations will focus on Cd uptake
and tolerance mechanisms of Y. erythrocarpa.

Acknowledgments L. Lin and B. Ning contributed equally to
this work. The authors thank Jinyang Li, Jinlong Huang, Huanjie
Lan, Huan Liang, and Qiang Liu at the College of Resource and
Environment, Sichuan Agricultural University, for helping with
cadmium measurements in plant tissue.

References

Adki, V. S., Jadhav, J. P., & Bapat, V. A. (2013). Nopalea
cochenillifera, a potential chromium (VI) hyperaccumulator
plant. Environmental Science and Pollution Research, 20,
1173–1180.

Bao, S. D. (2000). Soil agrochemical analysis. Beijing: China
Agriculture Press [in Chinese].

Brooks, R. R. (1998). Plants that hyperaccumulate heavy metals:
their role in phytoremediation, microbiology, archaeology,
mineral exploration and phytomining. Oxford: CAB
International.

Brooks, R. R., Lee, J., Reeves, R. D., & Jaffre, T. (1977).
Detection of nickeliferous rocks by analysis of herbarium
specimens of indicator plants. Journal of Geochemical
Exploration, 7, 49–57.

Chang, Q. (2013). “Cadmium rice” as a warning to mankind.
China Food, 11, 56–56 [in Chinese with English summary].

Ghosh, M., & Singh, S. P. (2005). A comparative study of cadmi-
um phytoextraction by accumulator and weed species.
Environmental Pollution, 133, 365–371.

Lin, L. J., Jin, Q., Liu, Y. J., Ning, B., Liao, M. A., & Luo, L.
(2014). Screening of a new cadmium hyperaccumulator,
Galinsoga parviflora, from winter farmland weeds using
the artificially-high soil cadmium concentration method.
Environmental Toxicology and Chemistry, 33(11), 2422–
2428.

Lukačová Kuliková, Z., & Lux, A. (2010). Silicon influence on
maize, Zea mays L., hybrids exposed to cadmium treatment.
Bulletin of Environmental Contamination and Toxicology,
85(3), 243–250.

Maestri, E., Marmiroli, M., Visioli, G., & Marmiroli, N. (2010).
Metal tolerance and hyperaccumulation: costs and trade-offs
between traits and environment. Environmental and
Experimental Botany, 68(1), 1–13.

McGrath, S. P., Zhao, F. J., & Lombi, E. (2002). Phytoremediation
of metals, metalloids, and radionuclides. Advances in
Agronomy, 75, l–56.

Nriagu, J. O., & Pacyna, J. M. (1988). Quantitative assessment of
worldwide contamination of air, water and soils by trace-
metals. Nature, 333, 134–139.

Peralta-Videa, J. R., Lopez, M. L., Narayan, M., Saupe, G., &
Gardea-Torresdey, J. (2009). The biochemistry of environ-
mental heavy metal uptake by plants: implications for the
food chain. International Journal of Biochemistry and Cell
Biology, 41(8–9), 1665–1677.

Rastmanesh, F., Moore, F., & Keshavarzi, B. (2010). Speciation and
phytoavailability of heavy metals in contaminated soils in
Sarcheshmeh area, Kerman Province, Iran. Bulletin of
Environmental Contamination and Toxicology, 85(5), 515–519.

Reeves, R. D., & Baker, A. J. M. (2000). Metal accumulating
plants. In I. Raskin & B. D. Ensley (Eds.), Phytoremediation
of toxic metals: using plant to clean up the environment. New
York: Wiley.

Shi, Z. (1997). Compositae. In X. X. Hu, C. S. Qian, & H. Y. Chen
(Eds.), Flora republicae popularis sinicae 80(1) (pp. 158–
159). Beijing: Science Press of China [in Chinese].

Šottníková, A., Lunáčková, L., Masarovičová, E., Lux, A., &
Streško, V. (2003). Changes in the rooting and growth of
willows and poplars induced by cadmium. Biologia
Plantarum, 46, 129–131.

Wang, Y.M. (2005). Soil heavy metal pollution and control. Anhui
Agricultural Science Bulletin, 1(7), 46–47 [in Chinese with
English summary].

Wei, S. H., Zhou, Q. X., & Liu, R. (2005a). Utilization of weed
resource in the remediation of soils contaminated by heavy
metals. Journal of Natural Resources, 20(3), 432–440 [in
Chinese with English summary].

Wei, S. H., Zhou, Q. X., Wang, X., Zhang, K. S., Guo, G. L., & Ma
Lena, Q. Y. (2005b). A newly-discovered Cd-hyperaccumulator
Solanum nigrum L. Chinese Science Bulletin, 50(1), 33–38.

Wei, S., Clark, G., Doronila, A. I., Jin, J., & Monsant, A. C.
(2013). Cd hyperaccumulative characteristics of Australia
ecotype Solanum Nigrum L. and its implication in screening
hype r a c cumu l a t o r. I n t e r na t i o na l J ou rna l o f
Phytoremediation, 15, 199–205.

Wu, L. H., Li, H., Luo, Y. M., & Christie, P. (2004). Nutrients can
enhance phytoremediation by Indianmustard.Environmental
Geochemistry and Health, 26, 31–335.

4205, Page 6 of 7 Environ Monit Assess (2015) 187:4205



Xia, X. H., & Chen, J. S. (1997). Advances in the study of
remediation methods of heavy metal-contaminated soil.
Environmental Science, 18(3), 73–77 [in Chinese with
English summary].

Yang, K. B. (2007). Chinese farmland soil heavy metal pollution
and its phytoremediation. World Agriculture, 340(8), 58–61
[in Chinese with English summary].

Zhang, X. F., Xia, H. P., Li, Z. A., Zhuang, P., & Gao, B. (2010a).
Potential of four forage grasses in remediation of Cd and Zn
contaminated soils. Bioresource Technology, 101, 2063–
2066.

Zhang, X. M., Yang, Q. W., & Li, Y. (2010b). Progress of status
and remediation of soil cadmium pollution. Journal of Hebei
Agricultural Science, 14(3), 79–81 [in Chinese with English
summary].

Zhang, X. F., Xia, H. P., Li, Z. A., Zhuang, P., & Gao, B. (2011).
Identification of a new potential Cd-hyperaccumulator
Solanum photeinocarpum by soil seed bank-metal concen-
tration gradient method. Journal of Hazardous Materials,
189, 414–419.

Zhang, S. R., Lin, H. C., Deng, L. J., Gong, G. S., Jia, Y. X., Xu, X.
X., Li, T., Li, Y., & Chen, H. (2013). Cadmium tolerance and
accumulation characteristics of Siegesbeckia orientalis L.
Ecological Engineering, 51, 133–139.

Zhao, L. X. (2004). Study on the bioaccumulation character of
weeds for heavy metals in polluted soil. Environmental
Protection Science, 30(5), 43–45 [in Chinese with English
summary].

Zhao, Q. L., & Lu, W. R. (2010). Research review and prospect of
soil heavy metals pollution: bibliometric analysis based on
web of science. Environmental Science and Technology,
33(6), 105–111 [in Chinese with English summary].

Zhao, Y. D., Pan, Y. Z., Liu, B. Y., Yang, H., Hou, Y., Zhang, J. F.,
& Cai, L. (2012). Pilea cadierei Gagnep. et Guill’s growth
and accumulation under single and combined pollution of Cd
and Pb. Journal of Agro-Environment Science, 31(1), 48–53
[in Chinese with English summary].

Zhou, W. B., & Qiu, B. S. (2005). Effects of cadmium
hyperaccumulation on physiological characteristics of Sedum
alfredii Hance (Crassulaceae). Plant Science, 169, 737–745.

Environ Monit Assess (2015) 187:4205 Page 7 of 7, 4205


	Youngia erythrocarpa, a newly discovered cadmium hyperaccumulator plant
	Abstract
	Introduction
	Materials and methods
	Y.�erythrocarpa screening experiment
	Preliminary concentration gradient experiment
	Further concentration gradient experiment
	Field experiment

	Results and discussion
	Biomass of Y.�erythrocarpa
	Cadmium accumulation characteristics of Y.�erythrocarpa
	Amount extraction of cadmium of Y.�erythrocarpa
	Field experiment

	Conclusions
	References


