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Abstract: Recent studies have shown that the combined application of ethylenediaminetetraacetic
acid (EDTA) and degradable chelating agents can enhance EDTA’s affinity for heavy metals and
reduce its toxicity, but the effect of this combination on the phytoremediation remains largely un-
known. This study evaluated and compared the effects of EDTA, nitrilotriacetic acid (NTA), and
glutamic acid-N,N-diacetic acid (GLDA) alone (E, N, G treatment), and in combination (EN and EG
treatment), on the growth of dwarf bamboo (Indocalamus decorus Q. H. Dai), their phytoremediation
efficiency, and the soil environment in Pb-contaminated soil. The results showed that treatment E
significantly reduced the biomass, while treatments N and EN were more conducive to the distri-
bution of aerial plant biomass. Except for treatment E, the total Pb accumulation in all treatments
increased significantly, with the highest increase in treatment EN. For double chelating agents, the
acid-soluble Pb concentrations in rhizosphere and non-rhizosphere soils of treatments EN and EG
were lower than those of treatment E, and the soil water-soluble Pb content after 20 days of treatment
EN was significantly lower than that of treatment EG. Furthermore, chelating agents generally in-
creased soil-enzyme activity in rhizosphere soil, indicating that chelating agents may promote plant
heavy-metal uptake by changing the rhizosphere environment. In conclusion, treatment EN had the
highest phytoremediation efficiency and significantly lower environmental risk than treatments E
and EG, highlighting its massive potential for application in phytoremediation of Pb-contaminated
soil when combined with I. decorus.

Keywords: EDTA; GLDA; Indocalamus decorus Q. H. Dai; NTA; Pb availability; rhizosphere

1. Introduction

Accumulation of heavy metals in soil poses a serious threat to the entire biosphere [1].
It can be caused by various human activities, including mining, pesticides and fertilizers, in-
dustrial production, irrigation using wastewater, and electronic-waste disposal [2,3]. Lead
(Pb) is one of the most widely distributed heavy metals in soil [4]. It is not biodegradable
and adversely affects the microorganisms and plants in the soil environment. It accu-
mulates in different parts of the plant and enters the food chain, causing serious harm
to human health [5]. Phytoremediation has many merits, such as low cost and green
environmental protection, compared to the traditional soil remediation technologies [6,7].
Currently, hyperaccumulators are considered the ideal plant species for phytoremediation.
However, these species are scarce, with most of them characterized by slow growth and low
biomass [8]. In contrast, some non-hyperaccumulators, such as bamboo, are fast-growing
species with higher total biomass but with lower heavy-metal accumulation capacity than
hyperaccumulators [9]. Studies postulate that some bamboo species have good tolerance
and Pb-accumulation ability under Pb stress [10]. Our previous study showed dwarf bam-
boo, such as Sasa fortunei (Van Houtte) Fiori, Sasa agrenteostriata (Regel) E. G. Gamus, and
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Indocalamus decorus Q. H. Dai have strong tolerance, a reasonable detoxification mechanism,
and high lead-accumulation ability under Pb stress [11–13].

In recent years, chelating agents have been widely used to assist phytoremediation by
improving the availability of heavy metals in the soil and enhancing the accumulation ca-
pacity of plants [14–16]. Ethylenediaminetetraacetic acid (EDTA) is one of the most effective
chelating agents for enhancing Pb accumulation in plants [17,18]. However, EDTA remains
in the soil for a long time, causing toxicity, thus leading to secondary pollution [19,20].
Some studies suggest that the combined application of EDTA and degradable chelating
agents to assist phytoremediation enhances EDTA’s affinity for heavy metals and reduces
its toxicity [21]. In recent years, nitrilotriacetic acid (NTA) has been widely used in phytore-
mediation experiments because of its strong chelating ability and ease of biodegradation
which improve the ability of plants to extract heavy metals from the soil [22–24]. A new
biodegradable chelating agent, glutamic acid-N,N-diacetic acid (GLDA), has also gradually
attracted the attention of researchers. It has a good chelating ability with various metal
ions and excellent biodegradability, with a significantly smaller ecological footprint than
traditional chelating agents. GLDA has been used to wash soils contaminated with heavy
metals as a phytoremediation strategy [25–27]. However, the effect of the combined ap-
plication of EDTA and NTA/GLDA on the phytoremediation of lead-contaminated soils
remains largely unknown.

This study evaluated and compared the effects of EDTA, NTA, and GLDA, alone
and in combination, on the growth of dwarf bamboo (I. decorus), their phytoremediation
efficiency, and soil environment in Pb-contaminated soil.

2. Materials and Methods
2.1. Soil Preparation and Experimental Materials

The experiment was conducted in pots in Sichuan Agricultural University (Chengdu,
Sichuan Province, Southwest China). The soils were topsoil (0–20 cm) collected from a
field near the school. The soil was air-dried and then passed through a 5 mm sieve be-
fore use. The properties of the soil are as follows: pH of 6.81, organic matter of 2.64%,
available nitrogen of 100.08 mg/kg, available phosphorus of 87.74 mg/kg, available potas-
sium of 151.45 mg/kg, and total Pb of 28.45 mg/kg. The soil was adequately mixed with
(CH3COOH)2Pb·3H2O (Sigma-Aldrich Co., Ltd., St. Louis, MI, USA) to obtain contami-
nated soil with a Pb concentration of 1500 mg/kg (1500 mg/kg was determined based on
our previous study [11]) before the experimental setup.

I. decorus seedlings were sourced from a nursery near the university. EDTA and NTA
were purchased from Sigma-Aldrich Co., Ltd. GLDA was purchased from Akzo Nobel
Chemicals Co., Ltd. (Singapore).

2.2. Experimental Setup

The experiment was set up in July 2019. I. decorus seedlings were transplanted into
pots 16.5 cm in diameter and 26.5 cm high with holes in the bottom. The pots were held in
plastic trays and contained 3 kg (dry weight) of Pb-contaminated soil. Thirty seedlings were
planted in each pot, with every treatment replicated thrice. The soils attached to the root-
rhizome systems were carefully removed before transplanting to avoid damaging the root,
and the plants were subsequently pruned to obtain consistent biomass among replicates.
The field water-holding capacity of the soil was maintained at 75% using deionized water.
Chelating agents were added to each treatment after 40 days, as outlined in Table 1. The
chelating agents used in each treatment were dissolved in 200 mL of deionized water and
then slowly and evenly poured into the potted soil. The control experiment was treated
with an equal volume of deionized water.
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Table 1. Soil treatment with chelating agents.

Treatment Soil Pb Concentration
(mg/kg)

Type and Concentration of
Chelating Agent (mg/kg)

CK 1500 -
E 1500 EDTA 1500
N 1500 NTA 1500
G 1500 GLDA 1500

EN 1500 EDTA 750 + NTA 750
EG 1500 EDTA 750 + GLDA 750

Soil samples were collected on days 45, 50, 55, 60, 65, and 70 to determine the water-
soluble Pb content in the soil. All bamboo plants were harvested after 70 days, and
the rhizosphere soil (soil about 1 mm thick attached to the roots [28]) was subsequently
collected. The harvested plants were separated into roots, stems, leaves, and rhizomes and
then soaked in 20 mM EDTA-2Na solution for 15 min to remove the attached metal ions
on the surface. All plant organs were subsequently washed thoroughly with deionized
water and processed for analysis. Soil samples from each pot were also collected, mixed,
air-dried, and sieved for analysis.

2.3. Plant Analysis
2.3.1. Plant Biomass

The harvested bamboo organs were oven-dried at 105 ◦C for 15 min, followed by
drying at 80 ◦C until a constant weight was attained, to determine the biomass of each
organ. The tissue samples were then ground, sieved through a 0.15 mm mesh, and stored
in air-tight plastic bags before analysis of the Pb level.

2.3.2. Pb Level in Plant Organs

The Pb concentration in the plant organs was determined using a method described
by Cai et al. (2021) [12]. Plant samples (0.2 g) were digested with HNO3 and HClO4
(v:v, 5:1), followed by determination of the Pb concentrations using an atomic absorption
spectrophotometer (Shimadzu AA-7000, Kyoto, Japan). Pb accumulation in the bamboo
was calculated by multiplying the Pb concentration of each organ with its biomass.

2.3.3. BCF and TF Analysis

The biological concentration factor (BCF) and translocation factor (TF) were calculated
according to the following formulae [29]:

BCF = Cplant/Csoil

TF = Caerial part/Cunderground part

where Cplant (mg/kg) is the Pb concentration in the plant and Csoil (mg/kg) is 1500 (initial
Pb concentration in soil).

2.4. Soil Analysis
2.4.1. Water-Soluble Pb

The water-soluble Pb content in the soil was determined using a method described
by Wang et al. (2009) [30]. The soil was first mixed with deionized water in a ratio of
2.5:1, followed by mixing of the mixture for 30 min through shaking. The mixture was
then centrifuged and filtered through a 0.45 µm filter membrane to obtain the filtrate. The
filtrate was acidified with HNO3, and its Pb content was subsequently analyzed using an
atomic absorption spectrophotometer.
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2.4.2. Morphological Pb Analysis

Pb distribution forms in the soil were determined using the Community Bureau
of Reference (BCR) sequential extraction method [31]. A half gram of soil from each
treatment was used for continuous extraction experiments. Table S1 outlines the specific
steps and chemical fractions of Pb. The supernatant was collected after each extraction step
through centrifugation and subsequent filtration, followed by its acidification using HNO3
determination of its Pb level using an atomic absorption spectrophotometer.

2.4.3. Determination of Soil-Enzyme Activities

Soil urease, invertase, and catalase activities were determined using the sodium
phenate–sodium hypochlorite colorimetric method [32], the 3,5-dinitrosalicylic acid colori-
metric method [33], and the enzyme-linked colorimetric assay [34], respectively.

2.5. Statistical Analysis

Statistical analyses were performed using the SPSS 20.0 software and expressed as
means of three replicates. Differences between treatments were determined using one-way
ANOVA at a significance threshold of p < 0.05. The resultant data were then analyzed with
Excel 2010 and graphed.

3. Results
3.1. Plant Biomass

Figure 1 presents the effects of different treatments on the biomass of I. decorus. The
biomass of the underground plant organs in each treatment was not significantly different
from that of CK. However, the biomass of the underground organs in the EG treatment was
significantly higher than that of CK. Notably, the E treatment was the only treatment with
significantly lower aerial-part biomass than CK. Moreover, it was the only treatment whose
total plant biomass decreased significantly (0.92 times that of CK). The growth of plants
in other treatments was not inhibited. N and EN treatments were the most conducive in
the distribution of biomass of the aerial plant parts, with an increase of 3.78% and 3.08%,
respectively, compared to that in the CK treatment.

3.2. Pb Level in Plants

Figure 2 shows the effect of different treatments on the Pb level in plants. There was
no significant increase in the Pb content in the plant roots in all treatments as compared
with CK (Figure 2a). The Pb content of the rhizomes in all treatments increased significantly
except for plants in the E treatment, with the EN treatment having the highest increase
(2.09 times that of CK, Figure 2b). Plants in the N and G treatments did not have any further
increase in the Pb content in the aerial plant parts. The Pb content in their stems and leaves
was not significantly different from those of CK. Plants in the E, EN, and EG treatments
had a significant increase in the Pb content in the stems, with those in the EN treatment
having the highest increase (8.24 times that of CK, Figure 2c). Of note, only the E treatment
significantly increased the Pb content in plant leaves (Figure 2d).
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Figure 1. Effects of the different treatments on the (a) root, (b) rhizome, (c) stem, (d) leaf, (e) under-
ground part, (f) aerial part, (g) total dry weight, and (h) biomass allocation ratio of dwarf bamboo.
Error bars represent the standard deviations (SDs) of the means (n = 3). According to Duncan’s
multiple range test, different letters above the bars indicate significant differences (p < 0.05).
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Figure 2. Effects of the different treatments on the (a) root, (b) rhizome, (c) stem, (d) leaf, (e) aerial-
part, and (f) underground-part Pb concentrations; (g) total Pb accumulation; and (h) Pb distribution
patterns in different tissues of dwarf bamboo. Error bars represent the standard deviations (SDs) of
the means (n = 3). According to Duncan’s multiple range test, different letters above the bars indicate
significant differences (p < 0.05).
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The underground parts of plants in the N, G, and EN treatments had a significant
increase in the Pb content, with those in the EN treatment having the highest increase
(1.53 times that of CK, Figure 2e). The aerial parts of plants in the E, EN, and EG treatments
had a significant increase in the Pb content, with those in the EN treatment having the
highest increase (6.98 times that of CK, Figure 2f). Generally, the total Pb accumulation of
plants in all treatments increased compared to CK, with EN having the maximum increase
(1.53 times that of CK, Figure 2g). The distribution ratio of Pb in plants suggested that
all treatments could reduce the proportion of Pb accumulation in roots and promote the
transfer of Pb to rhizomes or stems. However, the proportion of Pb accumulation in the
plant leaves in all treatments was very low, indicating that Pb transportation into the leaves
of I. decorus was limited even with the assistance of chelating agents (Figure 2h).

3.3. Bioaccumulation and Transfer of Pb in Plants

Table 2 shows the BCF and TF values of I. decorus under different treatments. The BCF
value of the underground parts in each treatment did not significantly decrease compared
to that of CK, with the EN treatment having the maximum value (1.5 times that of CK). In
contrast, there was a significant increase in the BCF value of the aerial parts in E, EN, and
EG treatments compared to CK, with the EN treatment having a maximum value (6.0 times
that of CK). These results suggested that the EN treatment caused a plant-growth and
lead-absorption balance. Its TF value was lower than that of the E treatment (84.85% of E
treatment) but significantly higher than that of other treatments.

Table 2. Effects of different treatments on BCF and TF values of dwarf bamboo. All data are shown
as the means ± SDs (n = 3). Different lowercase letters indicate that the mean values are significantly
different among the treatments according to Duncan’s multiple range test (p < 0.05).

Treatment
BCF

TF
Underground Part Aerial Part

CK 0.28 ± 0.01 c 0.02 ± 0.00 d 0.06 ± 0.00 d
E 0.28 ± 0.01 c 0.09 ± 0.00 b 0.33 ± 0.01 a
N 0.34 ± 0.01 b 0.02 ± 0.00 d 0.05 ± 0.00 d
G 0.34 ± 0.01 b 0.02 ± 0.00 d 0.05 ± 0.00 d

EN 0.42 ± 0.01 a 0.12 ± 0.00 a 0.28 ± 0.01 b
EG 0.27 ± 0.01 c 0.06 ± 0.01 c 0.21 ± 0.02 c

3.4. Water-Soluble Pb in Soil

Figure 3 shows the changes in the water-soluble Pb content over the 30 days of apply-
ing the chelating agents in the different treatments. The water-soluble Pb content in the N
and G treatments exhibited a decreasing trend with time, while the E, EN, and EG treat-
ments exhibited an increase first and then a decrease. Notably, the water-soluble Pb content
in the E treatment was higher than in other treatments over the 30 days (46.41–117.89 times
that of CK). The water-soluble Pb content in EN treatment after 20 days was lower than
that of E and EG treatments.

3.5. Morphological Distribution of Pb in the Soil

Figure 4 shows the morphological distribution of Pb in the rhizosphere and non-
rhizosphere soils under different treatments. The proportion of acid-soluble Pb in the
rhizosphere and non-rhizosphere soils in all treatments increased except in the N and
G treatments. The E treatment had the highest increase, with an increase of 7.34% (rhi-
zosphere) and 9.91% (non-rhizosphere) compared to the proportion of acid-soluble Pb
in CK. Of note, the proportion of acid-soluble Pb and reducible Pb in the rhizosphere
soil of each treatment was higher than that of non-rhizosphere soil (1.48–4.21 times and
1.19–1.42 times that of non-rhizosphere soil, respectively). In contrast, the oxidizable Pb
and residual Pb proportion in the rhizosphere soil of each treatment were lower than that
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of the non-rhizosphere soil (0.14–0.29 times and 0.02–0.20 times that of non-rhizosphere
soil, respectively).

Figure 3. Changes in the soil water-soluble Pb content over 30 days.

Figure 4. Effects of different treatments on the morphological distribution of Pb in (a) rhizosphere
soil and (b) non-rhizosphere soil.

3.6. Soil-Enzyme Activity

Table 3 outlines the effects of different treatments on soil-enzyme activities of plant
rhizosphere and non-rhizosphere soils. The enzyme activity of rhizosphere soil in all
treatments was higher than that of non-rhizosphere soil (1.07–4.52 times that of non-
rhizosphere soil). However, each treatment had different soil-enzyme-activity changes
in the two soil zones. Generally, the chelating agents increased soil-enzyme activity in
rhizosphere soil but inhibited these activities in non-rhizosphere soil. This phenomenon
was attributed to the positive effect of combining the chelating agent and root exudates,
which changed the soil activity. In contrast, the non-rhizosphere zone had no root system,
and thus the chelating agent had a negative effect in changing the soil activity.
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Table 3. Effects of different treatments on the enzyme activity of rhizosphere and non-rhizosphere
soil. All data are shown as the means ± SDs (n = 3). Different lowercase letters indicate that the mean
values are significantly different among the treatments according to Duncan’s multiple range test
(p < 0.05).

Treatment
Soil-Enzyme Species (Rhizosphere) Soil-Enzyme Species (Non-Rhizosphere)

Urease (mg/g) Catalase (mg/g) Invertase (mg/g) Urease (mg/g) Catalase (mg/g) Invertase (mg/g)

CK 0.67 ± 0.05 b 5.15 ± 0.27 c 45.61 ± 0.94 ab 0.25 ± 0.01 ab 4.52 ± 0.12 a 39.01 ± 1.38 b
E 0.85 ± 0.04 a 4.14 ± 0.12 d 42.15 ± 0.89 bc 0.26 ± 0.01 a 1.65 ± 0.25 d 33.21 ± 1.26 d
N 0.87 ± 0.04 a 6.17 ± 0.32 b 44.60 ± 2.89 ab 0.19 ± 0.01 c 4.79 ± 0.33 a 36.91 ± 2.01 bc
G 0.71 ± 0.07 b 5.78 ± 0.19 b 46.62 ± 2.03 a 0.18 ± 0.02 cd 4.86 ± 0.22 a 43.47 ± 1.28 a

EN 0.86 ± 0.03 a 5.85 ± 0.12 b 39.61 ± 1.44 c 0.23 ± 0.01 b 3.94 ± 0.25 b 35.31 ± 0.41 cd
EG 0.67 ± 0.03 b 7.64 ± 0.23 a 42.11 ± 3.80 bc 0.17 ± 0.01 d 3.51 ± 0.06 c 36.24 ± 2.54 bc

4. Discussion
4.1. Effects of Applying Chelating Agents on Plant Growth

Adding chelating agents enhances Pb availability in the soil, thus negatively affecting
plant growth [21,30]. In this study, plant growth in the E treatment was significantly
inhibited, a finding consistent with those of Han et al. (2018) [35]. This phenomenon is
attributed to the high affinity of EDTA for heavy metals, which has a negative impact on
the mineral balance in the soil, leading to cell-metabolism disorder and destabilization
of biofilm [36]. Plant growth in the remaining treatments was not inhibited, possibly
because of the fast degradation rate of NTA and GLDA [37]. Their impact on the soil
environment was limited because of their short half-life. NH3 is their major by-product
and is required for plant growth [38]. Interestingly, combining the two chelating agents
exhibited contrasting results. Plants in the EN treatment had the lowest biomass among
all treatments except those in the E treatment, possibly because its high Pb accumulation
resulted in a stronger Pb toxic effect. In contrast, plants in the EG treatment had the highest
biomass among all treatments, attributed to the low Pb content in the roots, which exerted
minimal toxic effects on the plants, thus promoting growth.

4.2. Effects of Chelating Agents on Pb Uptake in Plants and Phytoremediation Efficiency

Pb absorbed by plants accumulates mainly in roots and is difficult to transfer to
the aerial parts of plants [39–42]. Studies postulate that chelating agents increase the
translocation of Pb from the underground to the aerial parts of plants [43–46]. The reason
for this effect is still unclear and varies depending on the types of chelating agents, plants,
and heavy metals [47]. In this study, the Pb content in the roots of plants in each treatment
decreased because of the addition of chelating agents, which promoted the transportation of
Pb from the roots to other plant parts. Interestingly, different chelating agents had different
effects on Pb transport in I. decorus. E treatment significantly increased Pb transport to the
aerial plant parts (stems and leaves), while N and G treatments only increased Pb transport
to the rhizomes. However, the application of NTA or GLDA in combination with EDTA
increased Pb transport to the aerial parts of the plants. This phenomenon was attributed to
the Pb–chelator complex reducing the binding of Pb to the extracellular cation exchange
sites, thereby increasing the Pb flux through the apoplast [48,49]. The destruction of the
Casparian band by EDTA may have also led to an increase in the transport of Pb to the
aerial part of the plant [50].

Phytoremediation efficiency depends on the plant’s biomass production and the con-
centration of heavy metals in the plant. Accumulation of heavy metals in plants is thus
more important than their concentration in plants [51]. Studies postulate that applying
EDTA, NTA, or GLDA increases the accumulation of heavy metals in plants [11,38,52]. In
this study, total Pb accumulation in plants treated with chelating agents was significantly
higher than in those in the CK treatment. However, there was no significant difference
between Pb accumulation in plants in E and CK treatments, possibly because of the de-
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creased biomass in plants in the E treatment. The maximum Pb accumulation in plants was
observed in the EN treatment. These findings were consistent with those of Wang et al.
(2019) [38]. This study suggested that combining chelating agents favored the accumulation
of heavy metals in plants more than a single chelating agent because of the additive effect
between two chelating agents. The combined application also makes the concentration
of the two chelating agents reach a more suitable level. Cui et al. (2007) demonstrated
that Pb accumulation in Zinnia elegans seedlings decreased with the addition of EDTA in a
concentration-dependent manner [53].

4.3. Effect of Chelating Agents on the Soil Environment

Chelating agents mobilize the metal ions by enhancing their desorption from the soil,
thereby promoting their uptake by plants [54]. In this study, the water-soluble Pb content
in the soil increased significantly in all treatments after applying the chelating agent. This
phenomenon is attributed to the combining of the chelating agent with the free Pb ions in
the soil solution to form complexes that release the Pb bound to the soil components/cation
exchange sites and reduce the adsorption/precipitation of Pb from the soil solution. Many
factors affect the Pb chelation process. The metal-chelating agent’s stability constant is
the most important factor in this process [55]. The stability constant of Pb chelation with
EDTA is higher than that of GLDA and NTA [56]. The water-soluble and acid-soluble Pb
content in the soil under E treatment was thus higher than in other treatments. Moreover,
the content of the above two forms of Pb in the soil under E treatment remained at a very
high level after 30 days because of the non-biodegradability of EDTA, thereby posing a
high environmental risk. Notably, the water-soluble and acid-soluble Pb content in the soil
treated with biodegradable chelator alone had dropped to an extremely low level at 30 days,
findings consistent with the previously reported degradation time of NTA and GLDA [37].
The water-soluble Pb content in the soils treated with combined chelating agents was lower
than that of soil under E treatment. This finding suggests that the combined application of
the chelating agents can reduce the environmental risks caused by EDTA.

Herein, the acid-soluble Pb content of non-rhizosphere soil was lower than that of
rhizosphere soil in the same treatment. In contrast, the content of oxidizable Pb and residual
Pb in non-rhizosphere soil was higher than that of rhizosphere soil. This phenomenon was
attributed to the plant roots changing the rhizosphere environment by secreting organic
acids, thus improving the mobility of Pb in the environment [57]. Studies postulate that
EDTA can release lead from soil particles, especially from iron-manganese oxides and
organic matter [58]. This assertion is consistent with our findings that the proportion of
reducible Pb in the two soils was lower after E, EN, and EG treatment than in CK.

Changes in the soil-enzyme activity are among the most direct responses to the soil
micro-ecological environment [59]. Some studies indicate that the enzyme activity of
rhizosphere soil is 1.3–2 times that of non-rhizosphere soil and decreases as the distance
from the root increases [60]. These reports are consistent with the results of this study in
which the soil-enzyme activities were higher in the rhizosphere than in the non-rhizosphere
under the same treatment. Furthermore, in this study, chelating agents generally increased
soil-enzyme activity in rhizosphere soil, indicating that chelating agents may promote plant
heavy-metal uptake by changing the rhizosphere environment. Nonetheless, there were
certain differences in the activity changes of different soil enzymes, possibly dependent on
the Pb availability in the soil and the nature of the chelating agent. The specific reasons for
these differences should thus be further studied.

5. Conclusions

This study focused on evaluating the effects of chelating agents on I. decorus growth,
phytoremediation efficiency, and the soil environment in Pb-contaminated soil. All the
chelating agents except E did not inhibit plant growth, with N and EN treatments being
the most conducive in enhancing biomass increase in the aerial plant parts. Moreover, the
application of chelating agents effectively improved Pb accumulation and transport capac-
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ity of plants, especially the EN treatment. There was a greater decrease in the water-soluble
and acid-soluble Pb content in the soils under EN and EG treatment than in soil under
E treatment. Notably, the water-soluble Pb content in the soil under EN treatment was
lower than that under EG treatment after 20 days, indicating that the environmental risk of
EN treatment was lower than that of E and EG treatment. Furthermore, chelating agents
generally increased soil-enzyme activity in rhizosphere soil, indicating that chelating agents
may promote plant heavy-metal uptake by changing the rhizosphere environment. EN
treatment combined with planting I. decorus is the most promising strategy for phytoreme-
diation of Pb-contaminated soil. However, the reproducibility of these results and their
utility for practical application should be verified using field trials.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/toxics10120713/s1, Table S1: Chemical reagents and analytical
conditions for the modified BCR sequential extraction method.
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