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Abstract
Purpose The aim of this study was to evaluate the effective-
ness of soil amendments and foliar fertilizer on Cd and Pb
immobilization in contaminated soils.
Materials and methods A field experiment was conducted in
contaminated soils, wherein four amendments (sepiolite (SE),
single superphosphate (SSP), triple super phosphate (TSP),
calcium magnesium phosphate (CMP)) in combination with
one foliar fertilizer (ZnSO4) were investigated to reduce Cd
and Pb bioavailability in calcareous soils. Total Cd and Pb
concentrations in wheat, soil, and amendments were deter-
mined using inductively coupled plasma mass spectrometry.
Available concentrations of Cd and Pb in soils were extracted
using diethylenetriamine pentaacetic acid.
Results and discussion The results indicated that application
of these amendments and foliar fertilizer significantly de-
creased Cd availability in soils and Cd accumulation in wheat
(P < 0.05); however, the soil amendments plus Zn fertilizer
did not significantly decrease Cd and Pb concentrations in
wheat. Compared with the control, application of soil amend-
ments effectively reduced the available Cd and Pb in soils by
25.69~54.13% and 9.86~42.14%, respectively. Accordingly,
the reduction of Cd and Pb concentrations in wheat grain by
the soil amendments was 20.68~41.38% and 23.68~55.26%,
respectively.

Conclusions Among all the treatments, the addition of SE +
SSP and SE + CMP exhibited the most efficiency in reducing
Cd and Pb availability, respectively, in the soil.

Keywords Amendments . Contaminated soils . Foliar
fertilizer . Heavymetals . Immobilization

1 Introduction

Increasing anthropogenic activities, such as mining, smelting,
irrigation using waste water, application of sewage sludge,
and atmospheric deposition, have caused severe heavy metal
contamination around the world (Wong et al. 2002). Soil can
act as a source and as a sink for heavy metals. Accumulation
of heavymetals in soils and subsequently in the food chain is a
potential threat to human health (Foucault et al. 2013).
Moreover, heavy metal uptake by crops is one of the major
pathways for food-chain contamination and human exposure.

During recent decades, different remediation techniques
have been developed to reduce total or bioavailable concen-
trations of heavy metals in soils and thus minimize their accu-
mulation in the food chain (Shahid et al. 2012; Clemente et al.
2012). However, several soil remediation techniques, such as
ex situ excavation (Li et al. 2011), verification (Boisson et al.
1999), and electrokinetics (Fan et al. 2010), have not been
widely utilized because of their relatively high costs or level
of soil disruption. Accordingly, practical application of these
remediation techniques to arable soils is seriously limited,
especially in China where low or moderate levels of heavy
metal contamination are widespread and there is an increasing
demand for food safety. As an alternative technique, in situ
metal immobilization using soil amendments has been pro-
moted as a rapid, cost-effective, and low disruption technique
(Keller et al. 2005; Lee et al. 2009). Many amendments, such
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as organic additives (Beesley et al. 2014), phosphate minerals
(Brown et al. 2004), clay minerals (Sun et al. 2013; Liang
et al. 2014), and industrial and agricultural by-products
(Bose and Bhattacharyya 2008; Wang et al. 2014) have been
developed for immobilization of heavy metals in soils. These
amendments decrease the availability of heavy metals in con-
taminated soils based on changes in physicochemical proper-
ties of the soil, like soil pH and organic matter content (Adams
et al. 2004; Sauve et al. 2003). Several studies have demon-
strated that in situ heavy metal immobilization, using phos-
phate minerals (Cao et al. 2009; Mignardi et al. 2012), clay
minerals (Sun et al. 2013; Liang et al. 2014), lime (Geeblen
et al. 2003), or organic matter (Karer et al. 2015), is a cost-
effective and environmentally sustainable remediation tech-
nology. In addition, application of Zn fertilizer has been re-
ported to decrease the accumulation of Cd in crops or vegeta-
bles. Yang et al. (2011) reported that application of foliar Zn or
seed-soaking Zn fertilizers decreased Cd concentrations in
cucumbers by 12–36%. Similarly, Zn fertilizers could de-
crease Cd concentrations in the shoots of bread and durum
wheat (Green et al. 2003; Koleli et al. 2004). Therefore, the
addition of amendments or extra fertilizers is a promising and
sustainable strategy for remediation of heavy metal-
contaminated soils, which can not only effectively immobilize
Cd and Pb in soils but also improve soil properties.

Although several soil amendments have been extensively
examined, most previous studies were limited to pot experi-
ments. The effectiveness of soil amendments might not be
comprehensively evaluated from the results of pot experi-
ments. Consequently, in this study, a field experiment was
carried out to examine the implementation of soil amendments
combined with foliar fertilizer in arable soils. The main objec-
tive was to evaluate the effectiveness of soil amendments and
foliar fertilizer on immobilization of Cd and Pb in contami-
nated soils.

2 Materials and methods

2.1 Experiment site

The field experiment was carried out in arable soil of
Jiyuan City (112°31′21.319″E, 35°08′24.918″N), north-
western Henan Province, China. It has a typical temper-
ate and monsoonal climate with average parameters as
follows: temperature 14.9 °C, annual rainfall 600.3 mm,
and relative humidity 68%. The frostless duration is
233 days per year.

There are several smelters, such as Yuguang, Wanyang,
and Jilin smelters in Jiyuan City. The soils were contaminated
by Cd and Pb because of atmospheric depositions from these
smelters.

2.2 Soil amendments

Four soil amendments and one foliar fertilizer were selected
because they were inexpensive and locally available. Four soil
amendments included sepiolite (SE), single superphosphate
(SSP), triple super phosphate (TSP), and calcium magnesium
phosphate (CMP). One foliar fertilizer of Zn was supplied as
ZnSO4. The main elemental composition of the soil amend-
ments are given in Table 1.

2.3 Experimental design

A randomized complete block split-plot design was employed
in this study. Each plot consisted of an area of 50 m2 (25 m
long by 2 m wide); the plots were separated from each other
by 20 cm to avoid possible inter-plot contamination. The field
experiment arranged in Yiyuan City was showed in Table 2.
The treatments in the experiments included (1) control (CON),
(2) 0.5% SE (W/W), (3) 0.5% SSP (W/W), (4) 0.5% TSP (W/
W), (5) 0.5% CMP (W/W), (6) 0.5% SE + 0.5% SSP, (7) 0.5%
SE + 0.5% TSP, (8) 0.5% SE + 0.5% CMP, (9) 0.5% SE +
300 mg/L Zn, (10) 0.5% SSP + 300 mg/L Zn, (11) 0.5%
TSP + 300 mg/L Zn, (12) 0.5% CMP + 300 mg/L Zn, (13)
0.5% SE + 0.5% SSP + 300 mg/L Zn, (14) 0.5% SE + 0.5%
TSP + 300 mg/L Zn, (15) 0.5% SE + 0.5% CMP + 300 mg/L
Zn. The level of 0.5% of soil amendments, i.e., 15 t/ha of soil
amendments, on the basis of the recommendation level (1.5 t/
ha) of phosphate for wheat, was applied before planting. A
total of 45 plots were prepared with three replicates for
each treatment. Soil amendments were spread on the soil
surface and then plowed into the soil 30 days prior to
sowing. The foliar fertilizer of Zn was sprayed at the grain
filling stage.

2.4 Wheat cultivation

A common wheat cultivar was selected as a representative
crop in this experiment. Wheat seeds (1.5 kg per plot) were
sown on 24 Oct 2015, and then harvested on 3 June 2016.

The field was managed according to conventional operat-
ing practices. Irrigation was applied three times during the
experiment.

2.5 Plant sampling and chemical analysis

Five subsamples of plants were collected from each plot, and
then separated into roots, stem, leaves, and grains. The plant
samples were packed in clean plastic bags and then
transported to the laboratory.

The plant samples were washed thoroughly with tap water,
followed by several washes with deionized water, and then
oven-dried at 50–60 °C to a constant weight. The dried sam-
ples were ground with a stainless-steel grinder chamber
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(MM400, Retsch, Germany). Plant samples (0.5 g) were
weighed and then digested using concentrated nitric acid
(HNO3)–perchloric acid (HClO4). Total Cd and Pb concentra-
tions in plant samples were determined using an inductively
coupled plasma mass spectrometer (ICP-MS) (ELANDRC-e,
Perkin Elmer SCIEX).

2.6 Soil sampling and chemical analysis

For the analysis of the physicochemical properties of the test-
ed soils, five subsamples of soils (0–20 cm) were collected
from each plot at the time of sowing. The soil pH was deter-
mined in 1:2.5 soil/water suspensions after 0.5 h with a com-
bination pH electrode. The total N, K, and P of the soils were
analyzed using standard methods of agricultural chemicals
and soils (Lu 1999). The total N, K, and P in the soils were
determined by kjeldahl nitrogen distillation,Mo-Sb colorimet-
ric method, and atomic absorption spectrometry, respectively.
Soil organic matter was determined by wet digestion with
K2Cr2O7/H2SO4, and the conversion factor for organic carbon
into organic matter was taken as 1.724. Cation exchange ca-
pacity (CEC) was determined using the 1 mol/L ammonium
acetate method at pH 7.0. All the soil samples were air-dried
and passed through a 1-mm sieve, followed by the nitric acid
(HNO3) and hydrogen peroxide (H2O2) hot block digestion
procedure using Method 3050a of the USEPA. The total con-
centrations of Cd and Pb were determined using ICP-MS.

In addition, the soils adhering to the roots of wheat were
collected in the process of plant sampling to determine the
available Cd and Pb in soils. Available Cd and Pb concentra-
tions in the soils were extracted using diethylene triamine
pentaacetic acid (DTPA), and then determined using ICP-MS.

2.7 Quality control

Blank, replicates, and certified reference material (soil:
GBW07406; wheat: GBW10035) obtained from China
Standard Materials Research Center, Beijing, PR China, were
used for quality control. Satisfactory precision and accuracy

were required to be within ±20% and between 85 and 120%,
respectively.

2.8 Statistical analysis

All the data were analyzed with SPSS 17.0 and Origin 8.0 for
Windows. Differences between treatment means were tested
with one-way analysis of variance (ANOVA) followed by
Duncan’s multiple range test.

3 Results and discussion

3.1 Physicochemical properties of soils in the field
experiment

The soil had a high pH value of 8.21 (alkaline soil) and a
moderate cation exchange capacity of 9.08 cmol/kg (+). The
soil in the experiment area belongs to Ustic Cambosoil ac-
cording to Chinese soil taxonomy. The organic matter and
CaCO3 content of the soils were 17.8 and 37.8 g/kg, respec-
tively. Total N, P, and K concentrations were 1.46, 0.80, and
18.9 g/kg, respectively. The geometric mean values of Fe,Mn,
Al, and Cawere 27,290 ± 1.03, 554 ± 1.05, 39,910 ± 1.05, and
24,644 ± 1.13 mg/kg, respectively.

The total and DTPA-extractable Cd and Pb concentrations
are shown in Table 3. Total Cd and Pb concentrations ranged
from 0.21 to 2.89 mg/kg and from 142.6 to 212.2 mg/kg, with
average values of 2.00 and 157.7 mg/kg, respectively. Cd
concentration in the soils was three times higher than the limit
value of 0.6 mg/kg (soil pH >7.5) (GB15618-1995). Although
the concentration of Pb in the soils was lower than the limit
value of 350 mg/kg (soil pH >7.5) (GB15618–1995), Pb ac-
cumulation in wheat grains was slightly higher than the max-
imum permissible concentration (MPC) recommended by the
National Standard (GB 2762-2012) (Xing et al. 2016). The
concentrations of DTPA-extractable Cd and Pb ranged be-
tween 0.87 and 1.15 mg/kg and between 39.50 and
69.32 mg/kg, respectively, with the average concentration of
1.09 and 60.73 mg/kg, respectively.

Table 1 The physicochemical properties of the soil amendments

Soil amendments SE SSP TSP CMP

Main components Mg8[Si2O30](OH)4·12H2O Ca(H2PO4)2·H2O Ca(H2PO4)2·H2O Ca3(PO4)2, CaSiO3, MgSiO3

Form Farinose Farinose Farinose Farinose

Size <1 mm <1 mm <1 mm <1 mm

Available P – 14~20% 38~45% 12~18%

Total Pb (mg/kg) 24.36 12.47 32.91 3.2

Total Cd (mg/kg) 0.14 0.16 0.28 0.12

Total Zn (mg/kg) 64.39 19.27 25.39 18.26

SE sepiolite, SSP single superphosphate, TSP triple super phosphate, CMP calcium magnesium phosphate
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3.2 Changes in available heavy metals in the soil

The effect of soil amendments combined with foliar fertilizer on
Cd and Pb availability in soils was shown in Fig. 1a, b, respec-
tively. Compared with the control, application of soil amend-
ments effectively reduced the available Cd and Pb in soils by
25.69~54.13% and 9.86~42.14%, respectively (P < 0.05). The
lowest available Cd and Pb concentrations were found in the
SE + SSP and SE + CMP treatments, respectively. The combi-
nation of sepiolite and SSP appeared significantly efficient than
the single treatments in reducing availability of Cd and Pb in this
study (P < 0.05), which was in agreement with the results report-
ed by Wang et al. (2010). However, the reduction of availability
Cd and Pb in the soils treated by the combination of sepiolite and
other P materials were not significantly higher than the single
treatment (P > 0.05). The results in this study demonstrated that
addition of phosphates and clay materials caused immobilization
of Cd and Pb in the rhizosphere soil.

Various mechanisms have been advanced to explain the im-
mobilization of Cd and Pb by phosphate amendments. A disso-
lution–precipitation mechanism via the formation of
pyromorphite-like mineral was used to explain the decrease in
Pb availability in previous studies (Ma et al. 1995; Chen et al.
2007; Debela et al. 2013). Da Rocha et al. (2002) suggested that
Cd immobilization could be associated with the ion exchange
and complexation mechanisms. Surface adsorption or fixation
mechanisms involving the formation of Cd-phosphate on the
surface of the amendment were also reported in several studies
(Marchat et al. 2007; Matusik et al. 2008; Corami et al. 2008).
However, Ma et al. (1994) reported Cd-phosphate minerals were
not detected via X-ray diffraction (XRD) but Cd-Ca-phosphate
might have been formed in the experiment.

Clay minerals are reported to decrease metal mobility in
contaminated soil by changing soil properties such as soil pH
(van Hervijnen et al. 2007). In this study, sepiolite contained a
significant percentage of calcium carbonate (CaCO3) and had
a high pH of 10.1. pH-dependent exchange sites on organic
matter and oxide clay minerals can be ionized with increasing
soil pH, which can increase the adsorption of Cd to soil col-
loids or soil clay particles (Tapia et al. 2010). Liang et al.
(2014) also reported that precipitation of Cd as carbonates or
hydroxides and surface complexation were the main immobi-
lization mechanisms for sepiolite.

3.3 Cd and Pb concentrations in different parts
of the wheat plant

Cd concentrations in different parts of wheat after addition of
different amendments and foliar fertilizer are shown in Fig. 2a,
b. As seen in Fig. 2a,b, Cd in wheat plant parts decreased in
the order of root Cd > leaf Cd > stem Cd > grain Cd; the
concentrations of Cd in each plant part differed from each
other significantly (P < 0.05), which indicated the slightT

ab
le
2

E
xp
er
im

en
ta
ld

es
ig
n
of

th
is
st
ud
y

C
on
tr
ol

S
E

S
SP

T
SP

+
Z
n
SE

+
C
M
P
+
Z
n
S
E
+
S
S
P
+
Z
n
S
SP

C
M
P

C
on
tr
ol

S
E
+
S
S
P
SE

+
Z
n

T
S
P

SE
+
T
S
P
SE

S
S
P
+
Z
n

S
SP

S
E
+ T
S
P

S
E
+
T
SP

+
Z
n

C
M
P

SS
P
+
Z
n

T
SP

S
E
+
C
M
P

S
E

S
E
+ S
S
P

S
E
+ C
M
P

SE
+ SS
P

S
E
+
T
S
P
+

Z
n

T
S
P
+
Z
n
SE

+ T
S
P

SE
+
C
M
P
+

Z
n

S
E
+
S
S
P
+

Z
n

S
E
+ C
M
P

T
S
P

C
M
P
+

Z
n

C
on
tr
ol

S
E
+
Z
n

SE
+
C
M
P
+

Z
n

S
E
+
T
SP

+
Z
n

C
M
P

S
S
P
+
Z
n
C
M
P
+

Z
n

SE
+
Z
n

T
SP

+
Z
n
C
M
P
+

Z
n

S
E
+
SS

P
+

Z
n

242 J Soils Sediments (2018) 18:239–247



ability of wheat to transport Cd within the plant. Compared
with the control, Cd in the wheat roots treated with different
amendments were significantly different (P < 0.05), except for
those treated with CMP and CMP + Zn. Cd concentrations in
the stems and leaves of wheat plants treated with different
amendments were lower than those in the control. The addi-
tion of SE, SE + Zn, SSP, SSP + Zn, SE + SSP, and SE + TSP
to the soils significantly decreased Cd concentrations in wheat
grains compared with the control (Fig. 2b). The addition of
SE, SSP, TSP, and CMP to the soils decreased the Cd concen-
tration in wheat grains by 24.14, 34.48, 27.58, and 20.68%,
respectively, when compared with the control. The combina-
tion amendment treatments SE + SSP, SE + TSP, and SE +
CMP to the soils decreased the Cd concentration in wheat
grains by 41.38, 34.48, and 31.72%, respectively, when com-
pared with the control. Among all the treatments, the addition
of SE + SSP to the soils effectively decreased the Cd accumu-
lation in the wheat. Similar results were reported by Wang
et al. (2008), who found that cabbage shoot Cd decreased by
16.5~66.9% after addition of phosphate amendments.

Pb concentrations in different parts of wheat under different
treatments are shown in Fig. 3a, b. As seen in Fig. 3a, b, most
of Pb was sequestered in wheat roots rather than the above-
ground parts under the different treatments, which was in
agreement with Shahid et al. (2014) who found that the pres-
ence of phosphate amendments increased Pb sequestration in
roots of both pea and tomato. Compared with the control
treatment, the addition of SE, SSP, TSP, and CMP to the soils
significantly decreased the Pb concentration in the wheat
grains by 34.21, 36.84, 28.94, and 50% (Fig. 3b) (P < 0.05),
respectively. Among the soil amendments, the addition of
SE + CMP to the soils mostly decreased the Pb accumulation
in wheat grains by 55% (P < 0.05). Application of amend-
ments significantly affected metal partitioning between roots
and aboveground parts. Cao et al. (2002) reported that shoot
tissue Pb concentrations in St. Augustine grass were reduced
by 20 to 71% after application of phosphate materials to Pb-
contamina ted so i l because of the fo rmat ion of
chloropyromorphite on the cell walls of roots, within the root
rhizosphere and in the bulk soils. In addition, the formation of

Pb–Ca-phosphates in the soils or on the root cell of cabbage
might be responsible for decreasing Pb translocation from
roots to shoots (Wang et al. 2008).
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Fig. 1 DTPA extractable a Cd and b Pb concentrations in rhizosphere
soils. DTPA diethylenetriamine pentaacetic acid, CON control, SE
sepiolite, SSP single superphosphate, TSP triple super phosphate, CMP
calcium magnesium phosphate

Table 3 Total and diethylene
triamine pentaacetic acid
(DTPA)-extractable heavy metal
concentrations in the soils (mg/
kg)

Heavy metals Total concentrations DTPA-extractable concentrations

Cd Pb Cd Pb

Minimum 0.21 142.6 0.87 39.50

Maximum 2.89 212.2 1.15 69.32

Median 1.94 155.3 0.98 52.50

Average 2.00 157.7 1.09 60.73

Standard deviation 0.47 13.14 0.09 8.09

MPC (GB2762-2012) 0.1 0.2 – –

MPC: maximum permissible concentration
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The addition of soil amendments combined with foliar fer-
tilizer did not consistently decrease the Cd and Pb concentra-
tions in wheat grains. Pb concentration in the wheat grains
under the treatment with SE + Zn, SE + TSP + Zn, and
SE + CMP + Zn were higher than those treated by SE,
SE + TSP, and SE + CMP, respectively. Compared with the
control, Cd concentrations in grains were reduced by 20.69,
31.04, 27.58, 24.14, 37.93, 24.14, and 31.03% for SE + Zn,
SSP + Zn, TSP + Zn, CMP + Zn, SE + SSP + Zn, SE + TSP +
Zn, and SE + CMP + Zn, respectively. Compared with the
control, the addition of SE + Zn, SSP + Zn, TSP + Zn, CMP +
Zn, SE + SSP + Zn, SE + TSP + Zn, and SE + CMP + Zn
decreased the Pb concentrations in wheat grains by 31.58,
34.21, 31.58, 39.47%, 23.68, and 47.38%, respectively.

Previous studies have demonstrated that the uptake of Cd
seems to occur mainly via certain transporters responsible for
the uptake of essential elements like Zn2+ and Ca2+ (Clemens

2006; Verbruggen et al. 2009). Accordingly, Zn or Ca was
used as an antagonist to decrease Cd uptake in the plant. In
this study, the addition of foliar fertilizer (Zn) did not consis-
tently decrease the Cd uptake of wheat, which was in accord
with Feng et al. (2013) who suggested that the spray of foliar
fertilizer to additive-treated pakchoi (Brassica rapa L.
chinensis) showed positive effects only under given condi-
tions. However, Li et al. (2014) reported that the amendments
combined with Zn fertilization further decreased water ex-
tractable Cd concentration from 34 to 84% in vegetables, such
as spinach, radish, cabbage, and tomato.

3.4 Wheat yield

Biomass can be used as a useful indicator for the overall health
of plant growing on the Cd- and Pb-contaminated soil. During
the whole growing season, no wheat plants showed obvious
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symptoms of Cd toxicity. In addition, the positive effect of
nutrient availability and reduction in the bioavailability of
Pb and Cd in the soils had an effect on the yield of wheat
under different treatments compared to the control. Wheat
grown in artificial fertilizer-treated soils, while wheat grown
in SE- and SE + Zn-treated soils showed minimum increment
in the yield (Fig. 4). The wheat in the soils added by SE + SSP
had the largest increase of yield with 35.5% increase over the
control, while the wheat yield in the soils applied by SE had
the least increase at 4.28%.

3.5 Translocation factor and bioconcentration factor

The translocation factor (TF) and bioconcentration factor
(BCF) of Cd and Pb in wheat under different amendments
are shown in Table 4. TF was calculated by the ratio of the
concentration of heavy metals in wheat grains and the concen-
tration of heavy metals in root. BCFwas defined as the ratio of
the heavy metals in the edible plant parts to the concentrations
of heavy metals in soils.

Translocation ratio of heavy metals varied among all the
treatments that may be because the translocation of metals is a
metabolic process controlled by the physicochemical condi-
tion of the soil. As seen in Table 4, application of all the
amendments and foliar fertilizer decreased the TF of Pb in
wheat, while the TF of Cd increased when treated with SE,
SE + Zn, TSP + Zn, SE + TSP, and SE + TSP + Zn compared
with the control. The TFs were less than 1 for Cd and Pb
treated with different amendments, suggesting slight ability
of wheat to transport heavy metals. The lowest TFs of Cd
and Pb were found in wheat with the addition of SE + SSP
and SE + CMP, respectively. The translocation ratio of Cd and
Pb varied among all the treatments because of the metabolic
processes controlled by the physicochemical properties of the
soils. The translocation of heavy metals in wheat followed the

order Cd > Pb, which indicated that heavy metals in soils were
not evenly absorbed by plants and that translocation was not
only related to the concentrations of heavy metals in soils.
Similar results were reported by Castaldi et al. (2009) who
found that translocation for wheat and pea followed the order
Cd > Pb. High Cd translocation was found in plants because of
its similar properties to Zn (Liphadzi and Krikham 2006), and
Cd translocation in wheat (Triticum aestivum L.) was regulat-
ed by Zn (Green et al. 2003). Low translocation of Pb was
found in plants because Pb was sequestered in the vacuole or
cell walls in the root (Castaldi et al. 2009), which was related
to stability property of Pb in soil-plant system. Sanita di Toppi
and Gabbrielli (1999) also reported that Pb was early recog-
nized by the plant roots as a toxic compound, and sequestrated
in the vacuole or in the cell walls, thus leading to low trans-
location in the shoots.

BCF represents the transfer potential of heavy metals from
the soil to the plants, which depends on the properties of the
metals and soils (Singh et al. 2010). The trend in the BCF
showed low transfer of Cd and Pb in wheat treated with dif-
ferent amendments, which indicated low availability of heavy
metals in the amended soils compared with the control. BCF
was the lowest in SE + SSP-treated soils for Cd, while the
lowest BCF of Pb was found in SE + CMP-treated soils.

4 Conclusions

Results from this field experiment indicated that addition of
sepiolite and phosphates to contaminated soil decreased the
Cd and Pb availability in the soils, which in turn promoted

aaa a a
ab abab ab abb ab
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cd

d

Fig. 4 Wheat yield with different soil amendments (d.w)

Table 4 Translocation factor (TF) and bioconcentration factor (BCF)
of heavy metals in wheat treated with different amendments

Treatments Cd Pb

TF BCF TF BCF

Control 0.064 0.131 0.0045 0.172
SE 0.071 0.098 0.0031 0.111
SE + Zn 0.076 0.103 0.0032 0.112
SSP 0.055 0.088 0.0030 0.115
SSP + Zn 0.058 0.092 0.0031 0.114
TSP 0.064 0.095 0.0036 0.122
TSP + Zn 0.065 0.090 0.0033 0.113
CMP 0.058 0.101 0.0023 0.083
CMP + Zn 0.055 0.096 0.0022 0.078
SE + SSP 0.052 0.076 0.0036 0.128
SE + SSP + Zn 0.058 0.080 0.0029 0.102
SE + TSP 0.068 0.094 0.0031 0.123
SE + TSP + Zn 0.071 0.106 0.0035 0.139
SE + CMP 0.058 0.092 0.0020 0.078
SE + CMP + Zn 0.061 0.093 0.0024 0.095

SE sepiolite, SSP single superphosphate, TSP triple super phosphate,
CMP calcium magnesium phosphate
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plant growth, and thus decreased the Cd and Pb accumulation
in wheat. Amendments of SE + SSP and SE + CMP were the
most effective in reducing Cd and Pb availability, respectively,
in soils. Compared with the control, application of soil amend-
ments effectively reduced the available Cd and Pb in soils by
25.69~54.13% and 9.86~42.14%, respectively. The addition
of SE + SSP mostly decreased the Cd concentration in wheat
by 41.38%, while the addition of SE + CMP significantly
decreased the Pb accumulation in the wheat grains by 55%.
Unexpectedly, the addition of Zn fertilizer did not promote the
reduction of Cd and Pb availability in soils and accumulation
in wheat. The TFs were less than 1 for Cd and Pb treated with
different amendments, which indicated low translocation of
wheat. BCFs of wheat for Cd and Pb were lowest in SE +
SSP- and SE + CMP-treated soils, respectively. The results
from this study showed that the use of soil amendments may
represent a key factor to remediation of soils.
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