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Rice-wheat rotation has long been the most typical cropping system along the mid-lower
reaches of the Yangtse River in China, and the full amount returning of wheat straw before
rice season is widely practiced in the rotation system. However, massive incorporation of
fresh wheat strawmay activate Cd in the soil solid phase and causemore labile Cd entering
soil solution in Cd-contaminated soil during the flooded rice season. An incubation
experiment was conducted under flooded conditions to investigate the solubility and
speciation of Cd and its variation and driving factors with an ongoing decomposition phase
in simulated Cd-contaminated paddy soil treated with wheat straw addition. The results
indicated that wheat straw addition enhanced Cd solubility, and soluble Cd concentration
increased with the ongoing decomposition phase. The observed significant positive
correlation (r = 0.648, p < 0.01, n = 77) between soluble Cd concentration and DOC
content in soil leachate was gradually strengthened with ongoing decomposition. Wheat
straw addition decreased the exchangeable fraction of Cd and increased the residual
fraction during the first 5 days of decomposition, while the exchangeable Cd increased and
the residual Cd decreased after 10 days of decomposition. The exchangeable Cd
increased and the residual Cd decreased gradually with ongoing decomposition.
Correlation analysis showed that the exchangeable and residual fractions were
sensitive to DOC content. Nitrogen fertilizer input further activated Cd by promoting
wheat straw decomposition. In summary, wheat straw addition would activate Cd by
increasing Cd solubility and promoting the translation from immobile fraction to labile
fraction in Cd-contaminated paddy soil under flooded conditions.
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INTRODUCTION

Soil heavy metal contamination can deteriorate the quality of water bodies and crop products and has
become a great threat to the health of animals and human beings (Nabulo et al., 2010; Li et al., 2014;
Kumar et al., 2019). In China, fast industrialization, urbanization, and intensive agriculture over the
past several decades have caused wide and serious heavy metal pollution in agricultural soil (Dong
et al., 2010; Yang et al., 2018). According to the National Soil Pollution Survey Bulletin (2014), the
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exceedance rate of sample points surveyed on a national scale was
16.1%, among which cadmium (Cd) was the prominent
contaminant, and the exceedance rate of sample points
reached 7.0% (Sun et al., 2021). Compared with other heavy
metals, Cd can transfer and accumulate in the soil-plant system
more easily, and its hazard in contaminated soil mainly depends
on its mobility and availability (Khodaverdiloo et al., 2020; Yuan
et al., 2021), which in turn is significantly influenced by organic
matter (Antoniadis and Alloway, 2002; Strobel et al., 2005).
Organic matter itself can effectively adsorb Cd due to its
strong sorption ability of functional groups on heavy metals
(Weng et al., 2002; Gao et al., 2018) or be regarded as a
carrier for Cd, thereby enhancing its migration and
transformation in soil (Richard et al., 2008; Spaccini et al.,
2008). Moreover, organic matter addition can indirectly
influence Cd activity by altering soil pH and DOC (Yuan
et al., 2019; Yuan et al., 2021).

High-yielding crop production has led to an enormous
generation of crop straw in China (Xia et al., 2014). In order
to recycle the straw resources and reduce its adverse effects (e.g.,
open-field burning of crop straw) on the environment, the
Ministry of Agriculture and Rural Affairs of China proposed
the “Fertilizer Use Zero-Growth Action Plan by 2020” in 2015, in
which further increase of the nationwide proportion of crop straw
incorporation to 60% by 2020 was required. Currently, the full
amount returning of crop straw is practiced in the areas with a
higher level of mechanization. Straw returning can elevate soil
fertility by improving soil structure, returning considerable
nutrients to the soil, and increasing soil organic matter (Yan
and Gong, 2010; Sharma and Garg, 2018). Nevertheless, straw
returning in large amounts would inevitably affect the mobility
and availability of Cd in Cd-contaminated soil. Although there
have been many studies that provided general information on the
mobility and availability of Cd in straw-treated contaminated soil,
their results are inconsistent or even contrasting. For example,
some studies show that crop straw addition can reduce Cd
mobility and availability via enhancing the Cd adsorption in
the soil solid phase by the organicmatter ligands (Mohamed et al.,
2010; Yuan et al., 2019). In contrast, some studies reported that
the mobility and availability of Cd increased in straw-treated soil
owing to the release of low-molecular-weight organic matter
(mainly DOC), as it can complex metals previously bound to
soil particles (Khan et al., 2006; Bai et al., 2013;Wang et al., 2015).
In addition, some studies show that straw incorporation has an
insignificant influence on Cd mobility or availability (Feng et al.,
2018; Nie et al., 2019). The inconsistent results were mainly
attributed to the difference in crop straw materials and straw
decomposing environment.

Rice-wheat rotation has long been the most typical cropping
system along the mid-lower reaches of the Yangtse River in
China, and the full amount returning of wheat straw before
rice season is widely practiced in the rotation system. The area
under rice cultivation in this region accounts for about half of the
total in China. Nearly 1/3 of the surveyed 187 administrative
regions with rice cultivation in China had Cd contamination (Liu
et al., 2016). More importantly, the hazard of Cd might be more
prominent in paddy soil as rice can accumulate Cd from

contaminated soil more efficiently than other crops (Maret
and Moulis, 2013). Studies carried out in 2008 and 2018
showed that 10% of the rice samples collected from Chinese
rice markets contained >200 μg kg−1 Cd (Zhen et al., 2008; Chen
et al., 2018). In addition, long-term flooding and nitrogen
fertilizer input in rice season will inevitably affect the
decomposition of preceding wheat straw and further
complicate the migration and transformation of Cd in Cd-
contaminated paddy soil. However, the temporal variation of
mobility, availability, and speciation of Cd influenced by wheat
straw incorporation and its driving factors during the wheat straw
decomposition phase remains unclear in Cd-contaminated
paddy soil.

In this study, simulated Cd-contaminated paddy soil was
treated with different wheat straw addition rates that were
cultured under different decomposition periods. The main
objectives of this study were to 1) evaluate the mobility and
speciation distribution of Cd under different straw addition rates
in Cd-contaminated soil under flooded conditions; 2) investigate
the variation of the above Cd properties during the straw
decomposition phase; and 3) explore the driving factors
closely related to the migration and transformation of Cd in
Cd-contaminated soil treated with wheat straw.

MATERIALS AND METHODS

Experimental Materials
The soil used was sampled from the upper layer of the soil
(0–20 cm) in the experimental field of Yangzhou University
(32°20′33″ N, 119°23′43″ E), Jiangsu Province, China, and
belongs to Xiashu Loess. The soil was crushed and sieved
(2 mm) after naturally air-dried. The straw used was collected
from the wheat plant experimental field of Yangzhou University.
The fresh wheat plant was dried at 105 C for 15 min and then
oven-dried at 80 C. The oven-dried wheat plant was comminuted
and then passed through 2 mm mesh. The initial pH, total Cd
concentration of soil, and Cd concentration of wheat straw are
7.50, 4.74 mg kg−1, and 0.24 mg kg−1, respectively.

Experimental Design
The sieved soil was evenly mixed with CdCl2 solution and aged
stably at room temperature (about 25°C) for 3 months to simulate
Cd-contaminated soil. Deionized water was replenished by
weighing every 3 days during the aging stabilization period to
maintain a 40% field saturation in the soil. Total and available Cd
concentrations in this Cd-contaminated soil were 78.63 mg kg−1

and 31.12 mg kg−1. Then, one hundred grams of Cd-
contaminated soil was put into a 300-ml plastic cup. The
treatments of wheat straw addition were conducted by mixing
the sieved wheat straw uniformly with soils in plastic cups at the
dry weight rates of 0, 2.5, 5, 10, and 20 g kg−1 (defined as S0, S1,
S2, S3, and S4), respectively. In order to investigate the effect of
nitrogen fertilizer input on Cd dissolution in Cd-contaminated
soil treated with wheat straw, additional treatment with 10 g kg−1

wheat straw addition rate and 0.06 g ammonium nitrate was set
and defined as SN. Eighteen plastic cups were set up for each
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treatment to ensure three replicates per sampling period. Then
150 ml deionized water was added to the plastic cup to simulate
the flooding condition of paddy soil. The plastic cups were
incubated in a constant temperature incubator with
temperature controlled at 25–28°C. During the incubation
period, the mixture of Cd-contaminated soil and wheat straw
was stirred irregularly, and the lost water was replenished
according to the change in the weight of the plastic cup.

Soil Analysis
The mixture in the plastic cup was collected by destructive
sampling and placed in a centrifuge tube at 5, 10, 20, 40, 60, and
80 days, respectively and centrifuged for 10 min (3,000 rpm).
The supernatant in the centrifuge tube passed through a 0.45 μm
filter membrane for soluble Cd, pH, and DOC analysis. The
remaining soil in the centrifuge tube was naturally air-dried,
crushed, and sieved (1 mm) for Cd fraction analysis. Soluble Cd,
pH, and DOC in soil leachate were detected by ICP-AES (Model
iCAP 6300, Thermo Fisher Scientific Inc., United States), pH
meter (Model IQ150, Spectrum, United States), and total
organic carbon (TOC) analyzer (Model TOC-L, Shimadzu,
Japan), respectively. Soil available Cd concentration was
analyzed by the DTPA extraction method (Bao 2000).
Geochemical fractions of Cd in the remaining soil were
divided into four parts: exchangeable fraction (EX), reducible
fraction (RG), oxidizable fraction (OXI), and residual fraction
(RES). Sequential extraction for Cd fractions was described in
our previous study (Bai et al., 2016). Furthermore, certified
reference materials (CRMs) were used to ensure the reliability
and accuracy of test results.

Statistical Analysis
SPSS 13.0 software (SPSS Inc., United States) was used to analyze
the data using analysis of variance (ANOVA). The differences
between treatments were detected by the least significant
difference (LSD) method at the 5% level. The relationships
between pH, DOC, and soluble Cd and geochemical fractions
of Cd were established through regression analysis, and the
significance of the regression was judged according to the
probability (p) value for the corresponding linear model.

RESULTS

pH and DOC in Soil Leachate
Wheat straw addition significantly increased pH in soil leachate in all
treatments (Figure 1). With increasing wheat straw addition rates,
the pH in soil leachate increased during the initial 60 days of
decomposition, followed by a gradual decrease during the
subsequent 20 days of decomposition (at 80 days). Compared
with S0 (without wheat straw addition), the average increase of
pH units in 20 g kg−1 treatment (S4) was 0.64, 0.55, 0.94, 0.96, 0.44,
and 0.35 at 5, 10, 20, 40, 60, and 80 days, respectively. The pH in soil
leachate collected from soils treated with high straw inputs (S3 and
S4) remained relatively stable during the first 40 days and then
slightly decreased during the subsequent 40 days of decomposition.
There was no significant change in pH under nitrogen addition.

Additions of wheat straw significantly increased DOC content in
soil leachate and its concentration increased with increasing wheat
straw addition rates (Figure 1). The maximum increments in DOC
contents were 283.0% (5 days), 150.3% (10 days), 134.2% (20 days),

FIGURE 1 | pH and DOC content in soil leachate in response to wheat straw addition. The vertical bars denote standard errors. Columns with different letters
represent significant difference (p < 0.05).
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251.9% (40 days), 197.0% (60 days), and 178.1% (80 days),
respectively, compared with S0. DOC contents in all treatments
increased substantially to the maximum value after flooding for 40
days, followed by a gradual decrease during the subsequent 40 days
of decomposition. DOC contents at 40 days decomposition were
135.9% (for S0), 141.3% (for S1), 165.5% (for S2), 160.3% (for S3),
and 116.7% (for S4) higher than those at the first 5 days of
decomposition phase. Wheat straw addition combined with
nitrogen fertilizer (SN) further elevated DOC content in soil
leachate. Compared with S3, the average increment in DOC
content in SN reached 33.2% during wheat straw decomposition.

Distribution of Available Cd in Soil Leachate
and Remaining Soil
With increasing rates of wheat straw added, Cd concentrations in
soil leachate increased as a whole (Figure 2). Soluble Cd in
treatments with wheat straw added was significantly higher than
those in soil without wheat straw addition except for S1 and S3
treatments at the first 5 days of the decomposition phase. Soluble Cd
concentration in S4 were 124.1% (5 days), 187.6% (10 days), 140.8%
(20 days), 94.8% (40 days), 135.2% (60 days), and 209.1% (80 days)
higher than those in S0. Soluble Cd concentrations in S0 rose

FIGURE 2 | Soluble Cd concentration in soil leachate in response to wheat straw addition. The vertical bars denote standard errors. Columns with different letters
represent significant difference (p < 0.05).

FIGURE 3 | Effect of wheat straw addition on the distribution of available Cd in soil leachate and remaining soil.
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gradually to the maximum value after flooding for 59 days (at
60 days) and then decreased during the subsequent 20 days of
decomposition. While soluble Cd concentrations in straw-treated
treatments increased substantially with ongoing decomposition, the
maximum values in soluble Cd concentration after 80 days of
decomposition for S1, S2, S3, and S4 reached 51.5, 62.5, 62.2,
and 81.28 μg L−1, respectively. Compared with S3, SN further
elevated soluble Cd concentration in soil leachate, and the
increases were 32.4%, 7.5%, 57.3%, 70.0%, 35.2%, and 22.2% at 5,
10, 20, 40, 60, and 80 days, respectively.

Figure 3 shows soluble Cd in soil leachate in S0 accounted for
only 0.05%, 0.13%, 0.18%, 0.37%, 0.43%, and 0.38% of available Cd
in the mixture at 5, 10, 20, 40, 60, and 80 days, respectively. While
wheat straw addition significantly increased the proportion of
soluble Cd in soil leachate, the proportion increased substantially
with ongoing decomposition (Figure 3). Themaximum proportions
of soluble Cd reached 0.12% (5 days), 0.64% (10 days), 0.66%
(20 days), 1.18% (40 days), 2.07% (60 days), and 2.82% (80 days),
respectively. Compared with S3, the average increment in the
proportion of soluble Cd in soil leachate in SN reached 70.0%
during wheat straw decomposition.

Cd Speciation in Remaining Soil
Wheat straw addition initially decreased the exchangeable
fraction during the first 5 days of decomposition and then
increased the exchangeable fraction after 10 days of

decomposition compared to S0 (Figure 4). The proportion of
exchangeable fraction at 10, 20, 40, 60, and 80 days increased
from 28.0%, 30.8%, 29.5%, 37.6%, and 44.4% in S0 to 30.1%,
33.3%, 41.0%, 46.0%, and 54.8% in S4, respectively. In contrast to
exchangeable fraction, wheat straw addition initially increased
the residual fraction during the early decomposition phase (5 and
10 days) and then decreased the residual fraction after 20 days of
decomposition. Compared with S0, the proportion of residual
fraction in S4 decreased by 9.7% (20 days), 26.6% (40 days),
30.9% (60 days), and 32.5% (80 days), respectively. The
fractions of reducible and oxidizable showed no significant
change in response to wheat straw addition. Compared with
S3, SN further increased the proportions of exchangeable,
reducible, and oxidizable fractions by 11.7%, 26.1%, and 19.7%
and decreased the proportion of residual fraction by 21.0%
throughout the decomposition phase, respectively.

The exchangeable fraction increased gradually with ongoing
decomposition (Figure 4). Compared with the first 5 days of
decomposition, the proportion of exchangeable fraction at
80 days increased by 91.8% (S0), 109.9% (S1), 150.2% (S2),
231.6% (S3), and 273.4% (S4), respectively. By contrast, the
residual Cd decreased gradually with ongoing decomposition.
The decrements in the proportion of residual fraction for S1, S2,
S3, and S4 reached 35.5%, 46.7%, 59.8%, and 63.7% from 5 days to
80 days of decomposition, respectively, which were higher than
26.2% in control soil. The reducible fraction decreased markedly
during the first 10 days of decomposition and then remained

FIGURE 4 | Effect of wheat straw addition on geochemical fractions of Cd in remaining soil. EX, exchangeable fraction; RG, reducible fraction; OXI, oxidizable
fraction; RES, residual fraction.
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relatively stable. The oxidizable fraction decreased over the first
20 days of decomposition and then rose gradually to the initial
values during the subsequent 60 days of decomposition.

DISCUSSIONS

Wheat straw addition increased DOC in soil leachate, and its
content increased with increasing straw addition rates. This result
indicated the dissolution and decomposition of organic matter in
wheat straw (Bai et al., 2013). A similar result was reported that
straw addition led to an increase in DOC content (Kalbitz et al.,
2000; Kalbitz, 2003). In this study, DOC content increased
substantially after flooding for 40 days, followed by a gradual
decrease during the subsequent 40 days of decomposition, which
is consistent with the study that DOC content in wheat straw-
treated soil nearly linearly increased (0–30 days) and decreased
during the subsequent decomposition phase (30–90 days) (Gao
et al., 2018). This result is mainly because the rapid
decomposition of wheat straw released a large amount of
DOC in the early and middle stages, which was consumed by
microorganisms as a preferential substrate with ongoing
decomposition (Chen et al., 2010). The pH in soil leachate
increased after wheat straw addition, which might be
attributed to the degradation and ammonification of organic
nitrogen and the proton consumption caused by the
decarboxylation of organic anions during straw decomposition
(Yan et al., 1996). With ongoing decomposition, the
accumulation of various organic acids released by cellulose
degradation under flooded conditions and the nitrification
might result in a pH decrease in soil leachate (Yan et al.,
1996; Shan et al., 2008).

The addition of wheat straw in Cd-contaminated soil elevated
soluble Cd concentration in soil leachate, and its concentration
increased with ongoing decomposition. Although organic matter
itself can directly influence Cd mobility through its higher
adsorption capacity for heavy metals (Yuan et al., 2021), the
adsorption capacity of fresh wheat straw which is mainly
composed of cellulose is very weak for metals (Bai et al.,
2013). Therefore, the increase in soluble Cd concentration in
soil leachate might be attributed to the indirect effects of wheat
straw addition on DOC content and soil pH (Gao et al., 2018;
Yuan et al., 2019). In this study, the soluble Cd concentration
correlated positively with DOC content (Table 1), with a linear

equation of y = 0.065x + 6.7178 (r = 0.537, p < 0.01), which
indicated that soluble Cd concentration could be increased by
about 6.5 μg L−1 for each 100 mg L−1 increase in DOC content.
Correlation between soluble Cd concentration and DOC content
in soil leachate were all significant and positive in each
decomposition period and were gradually strengthened with
ongoing decomposition (Figure 5). The previous results
indicated that DOC might be the driving factor influencing Cd
solubility in Cd-contaminated soil treated with wheat straw under
flooded conditions. Some studies also reported that DOC plays a
significant role in mediating metal’s solubility andmobility due to
its stronger complexation ability (Weng et al., 2002; Gao et al.,
2018). The release of low-molecular-weight organic matter (a
major constituent of DOC) from biodegradation of wheat straw
increased DOC content in soil leachate, which combined Cd and
reduced the previously adsorption of Cd on soil surfaces, thus
enhancing Cd solubility (Antoniadis and Alloway, 2002; Bai et al.,
2018). This conclusion was further supported by the data
obtained in which the proportion of available Cd decreased in
the remaining soil treated with wheat straw in this study.
Although there was no significant correlation between pH and
soluble Cd concentration in this study mainly because pH
remained relatively stable during the first 40 days (Figure 1),
pH is still an important factor affecting Cd activity in Cd-
contaminated soil. Some studies reported that one unit
increase of soil pH can lead to 3–5 times elevation of Cd
adsorption by soils (Sauvé et al., 2000; Degryse et al., 2009). In
contrast, the decrease in pH will activate the insoluble Cd in soil,
resulting in an increase in Cdmobility and availability (Alvarenga
et al., 2009; Laird et al., 2010). Therefore, facing the decreasing
trend of DOC after 40 days of decomposition, the continuous
increase in soluble Cd concentration in soil leachate might be
partly due to the decrease in pH during this period.

The distribution of Cd speciation can reflect its mobility and
availability more effectively (Kidd et al., 2007). In this study,
wheat straw addition led to the redistribution of exchangeable,
reducible, oxidizable, and residual fractions in soil. Studies have
found that crop straw incorporation reduced metals’ mobility by
transforming them from the easily accessible fraction into less
mobile fractions (Ok et al., 2011; Xu et al., 2016). For example,
Xiao et al. (2019) reported that crop straw reduced the proportion
of metals in acid-soluble and reducible fractions and increased
their persistence in oxidizable fraction. Similar results were found
in this study that wheat straw addition decreased the

TABLE 1 | Correlations between pH, DOC, and soluble Cd concentrations in soil leachate and Cd speciation in remaining soil.

pH DOC
(mg L−1)

Soluble Cd
(μg L−1)

Exchangeable Cd
(%)

Reducible Cd
(%)

Oxidizable Cd
(%)

Residual Cd
(%)

pH 1 0.537** 0.217ns -0.081ns 0.081ns -0.042ns 0.067ns

DOC (mg L−1) 1 0.643** 0.464** -0.215ns 0.109ns -0.421*
Soluble Cd (μg L−1) 1 0.892** -0.393* 0.319ns -0.838**
Exchangeable Cd (%) 1 -0.473** 0.378* -0.935**
Reducible Cd (%) 1 0.257ns 0.165ns

Oxidizable Cd (%) 1 -0.635**
Residual Cd (%) 1

ns p > 0.05; *p < 0.05; **p < 0.01.
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exchangeable and reducible fractions of Cd, while increasing the
residual fraction during the beginning of the decomposition
phase (5 days). Crop straw incorporation rapidly reduces soil
redox potential under flooded soil, which leads to the rapid
dissolution and activation of iron oxide closely related to Cd
activity (Mukwaturi and Lin, 2015), resulting in stronger
adsorption of exchangeable Cd on the soil surface (Hu et al.,
2004). Therefore, the weakly adsorbed Cd rapidly transformed
into strongly adsorbed Cd through reabsorption or co-
precipitation at the early decomposition phase of straw
incorporation (Chefetz et al., 1998; Kashem and Singh, 2006).
However, the soluble organic matter (mainly DOC) released with
the ongoing decomposition of wheat straw has more active sites
than soil and solid organic matter (Chefetz et al., 1998; Lu et al.,
2000). The hydrophilic component or low molecular weight
component of soluble organic matter in flooded soil has a
strong complexation ability with Cd, which can form a chelate
with Cd and lead to the increase of Cd solubility, and also reduce
the adsorption of Cd (Hesterberg et al., 1993; Maes et al., 2003).
Therefore, the exchangeable fraction increased and the residual
fraction decreased in Cd-contaminated soil after 10 days of
decomposition in this study. Furthermore, the increase in
exchangeable fraction and the decrease in residual fraction
were observed with ongoing decomposition in this study, and
the highest increment or decrement in corresponding fractions
were all observed in the highest wheat straw addition rate.

Correlation analysis shows that DOC content correlated
positively with exchangeable Cd (r = 0.464, p < 0.01) and
negatively with residual Cd (r = -0.421, p < 0.05) and had no
significant correlation with reducible and oxidizable fractions
(Table 1). This result further indicates that the redistribution of
Cd fractions was mainly attributed to the increase in DOC
content, which activates Cd through promoting the release of
strongly adsorbed Cd (residual fraction of Cd) in Cd-
contaminated soil. However, further experimental studies are
required to explore the interaction mechanism between DOC
and a residual fraction of Cd in Cd-contaminated soil.

Wheat straw addition combined with nitrogen fertilizer
further elevated soluble Cd concentration in soil leachate and
promoted the transformation from residual fraction to
exchangeable fraction in Cd-contaminated soil under flooded
conditions. This result indicates that nitrogen fertilizer input
might further amplify the environmental hazard of Cd by
promoting the decomposition of returned wheat straw to
release more DOC in Cd-contaminated soil, which further
confirmed the significant role of DOC in mediating Cd
solubility and mobility. Therefore, the current measures of the
full amount returning of wheat straw in the mid-lower reaches of
the Yangtse River in China should be adjusted to appropriately
reduce the proportion of wheat straw incorporation in order to
reduce Cd hazard in Cd-contaminated paddy soil. In addition,
either wheat straw addition or nitrogen fertilizer input can

FIGURE 5 | Correlations between soluble Cd concentration and DOC content in soil leachate at different decomposition phases of wheat straw (5, 10, 20, 40, 60,
and 80 days).
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promote the solubility of Cd and increase soluble Cd
concentration in soil leachate, thus increasing the Cd hazard
in Cd-contaminated soil under flooded conditions. Therefore,
appropriate water management measures, such as intermittent
irrigation and shallow irrigation, can be considered in the early
stage of the rice growth season to prevent the dissolution of Cd in
the soil solid phase from affecting the surrounding environment
of Cd-contaminated paddy soil with wheat straw incorporation.

CONCLUSION

Wheat straw addition increased pH and DOC content in soil
leachate. With the ongoing decomposition of wheat straw, pH
remained relatively stable and DOC content increased
substantially during the first 40 days, and then pH and DOC
all decreased during the subsequent 40 days of decomposition.
The soluble Cd concentration in soil leachate was elevated by
wheat straw addition, and its concentration was correlated
positively with DOC content. The exchangeable fraction of Cd
decreased during the first 5 days of decomposition and increased
after 10 days of decomposition in Cd-contaminated soil treated
with wheat straw. By contrast, wheat straw addition increased the
residual fraction of Cd at the first 5 days of decomposition and
decreased its proportion after 10 days of decomposition. The
exchangeable fraction increased gradually and the residual
fraction decreased gradually with ongoing decomposition, and
these two fractions were significantly positively correlated and
negatively correlated with DOC content, respectively. Wheat

straw addition combined with nitrogen fertilizer further
elevated soluble Cd concentration and promoted the
transformation from residual fraction to exchangeable fraction
(National Soil Pollution Survey Bulletin, 2014).
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