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Highlights

Co-recycling of biochar & sewage sludge boosts plant growth & soil remediation.

Ficus altissima biochar enhances Monstera deliciosa growth & nutrient uptake.

3% biochar treatment shows optimal results for landscape plant cultivation.

Sustainable urban waste disposal: biochar & sewage sludge as soil amendments.

Abstract. Urban greening produces a large amount of garden waste, and the pyrolysis of garden waste into biochar is an effective
waste management technology. Biochar has a large specific surface area and soil remediation ability. However, the knowledge
about the co-recycling of sewage sludge and garden waste biochar to improve the growth of Monstera deliciosa needs to be high-
lighted. Therefore, we conducted a pot experiment by applying Ficus altissima litter-derived biochar (FB) at rates of 0, 1.5, and
3.0% (w/w, CK, FB1.5, and FB3) in soil amended with sewage sludge at 50% (w/w), to improve the soil properties, and further
analyzed the effects of FB on growth and heavy metals (HMs) uptake of landscape plant M. deliciosa. Results showed in com-
parison with control setups, the addition of 3% FB treatment in sewage sludge amended soil improved the soil properties and
significantly increased M. deliciosa dry weight (86.75%), root: shoot ratio (73.23%), N (99.44%), P (116.13%), K (124.40%), Pb
(78.81%), and Cu (159.01%) accumulation respectively. In summary, FB3 treatment achieved the best effects in promoting plant
growth and soil remediation. These findings revealed that sewage sludge and garden waste biochar could be recycled as amend-

ments for poor acid soils under restoration, a sustainable development path for urban waste disposal.
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Introduction

As global warming continues to increase, carbon emis-
sion reduction has become a common concern for scien-
tists and governments worldwide (Zhang et al., 2021). To
mitigate climate change and combat carbon emissions, it
is imperative to implement strategies that effectively re-
duce greenhouse gas emissions while actively sequestering
and removing CO, from the atmosphere (Lehmann et al.,
2021). With the increasing area of urban greening in Chi-
na, the garden waste of landscaping increased, which gen-
erated concern about litter material resourcefulness and

low-cost disposal. In recent years, biochar has received
wide attention as a soil amendment. Its rich pore struc-
ture and large specific surface area can effectively absorb
heavy metals (HMs) from the soil. Due to its high car-
bon content and stability, biochar will reduce CO, emis-
sions when it replaces renewable energy sources (Hagenbo
et al,, 2022). Pyrolyzing garden waste into biochar and in-
corporating it into contaminated soil is an effective carbon
capture and storage technology (Hagenbo et al., 2022). A
study showed that gardening waste biochar could reduce
the soil’s effective cadmium (Cd) content by 26%, 16%,
and 9%, respectively (Houssou et al., 2022).
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Biochar pyrolyzed from garden waste could provide
soil nutrients and promote plant growth. Pyrolyzing gar-
den waste into biochar is a green biochar compared to other
types of biochar. Related studies showed that biochar had
positive effects on soil carbon sinks. Hagenbo et al. (2022)
estimated that biochar produced from forest harvest resi-
dues in Norway could remove 0.41 to 0.78 Tg CO, equiva-
lents yr~!, of which 79% could be attributed to increased soil
C stock. These values correspond to 9-17% of the emissions
of the Norwegian agricultural sector. The remediation ac-
tivities of different charcoal-based materials for heavy met-
al-contaminated soils differed. A study found that biochar
and peat were beneficial for the sustainable remediation of
soil HMs contamination. Interestingly, biochar remediation
activities resulted in twice as much soil carbon sink as peat
(Yu et al., 2021), and biochar was more stable for long-term
carbon sink (Liu et al., 2022a). Besides, the physicochemical
characteristics of biochar prepared from different materials
differed (Yu et al., 2021; Liu et al., 2022b).

With the development of cities, the amount of urban
sewage sludge produced increases yearly. Using sewage
sludge as a soil conditioner for landscaping not only solves
the problem of sludge stockpiling but also effectively im-
proves soil quality, increases soil fertility, and promotes
plant growth (Ibrahim et al., 2022; Liu et al., 2022c¢), which
provides more possibilities for sludge resource utilization.
However, HMs in sludge are a key limiting factor for land-
scape use, and reducing the HMs risk in sludge has be-
come an effective way to improve sludge resource utiliza-
tion (Chu et al., 2018; Wu et al., 2021). Studies have shown
that application of biochar to sludge has significant posi-
tive effects on HMs (Erdem, 2021; Sarmah et al., 2023),
which can significantly reduce the bioavailable HMs con-
tents and help alleviate their toxic effects and realize the
resource utilization of sludge (Gong et al., 2018; Irshad
et al., 2020). For example, in a pot experiment, Pandey
et al. (2022) recorded a 49.29-78.11% reduction in metal
uptake bioavailability to the wheat (Triticum aestivum) at-
ter applying 3% biochar compared to control setups.

Several studies found that sludge compost is an accept-
able growing medium because it improves soil fertility (Wu
et al., 2022). In addition, waste can be used as a source of
biochar in growing media (Tombarkiewicz et al., 2022),
such as tea pruning litter biochar (Sarmah et al., 2023), rice
straw and sugarcane bagasse (Farid et al., 2022), and cow
manure & reed straw (Yin et al.,, 2022). Currently, biological
strategies for carbon sequestration in soils are widely con-
sidered. Garden waste biochar combined with vermicom-
post may play an innovative role in the container produc-
tion of decorative plants, and their combination may play
an interesting role in partially replacing peat as a growing
medium (Alvarez et al., 2018). Increased recycling of gar-
den waste biochar reduces the carbon footprint by replacing
peat-based substrates (Liu et al., 2022a).

Due to natural landing and garden pruning every
year, South China has a humid climate, rich plant foliage,
high rainfall, and abundant reserves of withered material.

Ficus altissima is a native tree species in southern China,
with a long history and a large planting area in landscap-
ing, and its foliage is highly productive and contains many
nutrients required for plant growth. The preparation of
E altissima litter into biochar for addition to sludge-
amended soil is expected to effectively mitigate environ-
mental pollution problems caused by piling or burning
litters, weakening the activity of HMs in sludge and reduc-
ing the risk of environmental pollution while increasing
soil carbon sequestration and improving soil fertility.

Phytoremediation techniques have the advantages of
low cost, low soil disturbance, and no secondary pollu-
tion and are widely used in the remediation of sludge-
amended soil (Wu et al., 2021). Monstera deliciosa is an
herbaceous plant of the genus Monstera in the family Ar-
aceae, which is highly resistant to stress, grows rapidly, has
high ornamental value, is drought and moisture-resistant,
tolerates light salinity and has a strong ability to absorb
HMs, and is an excellent material for soil HMs remedia-
tion. However, previous studies have yet to explore the
co-recycling potential of sewage sludge and garden waste
biochar to enhance the growth of landscape plants, such as
M. deliciosa. Additionally, there is a significant knowledge
gap regarding the phytoremediation potential of M. deli-
ciosa, which needs to be adequately addressed in prior
research. Therefore, a pot experiment was conducted to
explore the potential of co-recycling of sewage sludge and
garden waste biochar in improving the morpho-physio-
logical traits and essential nutrients uptake M. deliciosa
grown under sewage sludge soil. Hence, it was assumed
that (1) applying biochar under sewage sludge amended
urban soil would improve phytoremediation efficiency in
M. deliciosa and (2) identify the main soil property pre-
dictors, such as pH, bulk density and total porosity, for
the growth changes of landscape plant when biochar was
used in sewage sludge amended urban soil. To test this
hypothesis, this study analyzed the effects of E altissima
litter-derived biochar (FB) at different rates, i.e., 0, 1.5, and
3.0%, respectively, on growth and heavy metal accumula-
tion of M. deliciosa grown by potting experiments. These
findings were evaluated to decide whether to apply sewage
sludge compost as a viable option as a soil supplement,
especially for landscape areas, as those plants are not con-
sumed by humans and animals, which aims to provide a
reference for urban greening waste utilization and sludge
resource treatment.

1. Materials and methods

1.1. Soil and sewage sludge

The soil (20-60 cm) samples (ultisols, pH 5.77) were col-
lected from Foshan Botanical Garden in Foshan City,
Guangdong Province, China (23°6'18.32" N, 113°0'5.43" E).
The sewage sludge (pH 7.52) was collected from the Lvy-
ou Sludge Treatment Plant in Qingyuan City, Guangdong
Province, China. They were air-dried at 25-30 °C, ground,
and sieved (2 mm). Soil organic matter, pH, bulk density,
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capillary water holding capacity, and total porosity were
further determined according to the procedure mentioned
by Wu et al. (2022). The properties of soil and sludge are
presented in Table S1.

1.2. Biochar preparation and characterizations

E altissima litter-derived biochar (pH 12.53) was used in
the experiment, prepared from F altissima leaf litter (sup-
plied by Foshan Institute of Forestry). Feedstock materials
were air-dried and pyrolyzed at 500 °C under oxygen-lim-
ited conditions in a pyrolysis unit (BCP-05, Liaoning In-
stitute of Energy Research Co., Ltd). The average conver-
sion rate of E altissima leaf litter into biochar was 26.8%.
After pyrolysis, FB samples were passed through a 2-mm
sieve before use. The basic properties of FB are listed in
Table S2. The scanning electron microscopy image of FB
is listed in Figure 1.

2um EHT = 20.00 kV
| — WD = 8.0 mm

Signal A = SE1
Mag = 20.00 KX

Date :4 Jan 2021
Time :15:24:22
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Figure 1. Scanning electron microscopy image of Ficus
altissima litter-derived biochar (FB) which was produced at
500 °C temperature (scale for measuring scanning electron

microscopy was 2.0 um)

1.3. Pot experiment

Soil and sludge were thoroughly mixed at a ratio of 1:1
(w/w) in plastic pots (3 kg sludge-amended soil/pot). FB
was added to the substrate at 0% (w/w), 1.5% (w/w), and
3.0% (w/w), labeled CK, FB1.5, and FB3, respectively.
The substrate was watered with deionized water to ap-
proximately 70% of field capacity (dynamic monitored by
MiniTrase Kit) and left for four weeks for equilibration.
Substrate samples were collected from each pot for phys-
icochemical property analysis, and digested by H,SO,-
HCIO,, and then total nitrogen, total phosphorus, total
potassium, available phosphorus, and available potassium
were further determined according to the procedure
mentioned by Wu et al. (2022) (Table 1). The contents of
total potassium, available potassium, and available HMs
[Cd, lead (Pb), copper (Cu), and zinc (Zn)] content were
further determined using atomic absorption spectrom-
etry (AAS, HITACHI JACO6-25, Hitachi Ltd., Japan)
(Wu et al.,, 2022; Pueyo et al., 2008). Standard reference

material (GBW07406a) was used to ensure the accuracy
of the analytical methods (Liu et al., 2023).

Then, the landscape plant M. deliciosa, which has high
ornamental value, was selected as the test plant. Healthy
and uniform seedlings of M. deliciosa were obtained from
the Fangcun flower production base in Guangzhou City,
Guangdong Province. In March 2020, one seedling of
M. deliciosa was transplanted into each pot. Three rep-
licates were established for each treatment, and all pots
were rinsed with deionized water to maintain approxi-
mately 70% of field capacity, which was dynamically mon-
itored using the MiniTrase Kit. The pots were randomly
positioned in a greenhouse with a temperature range of
20-30 °C.

1.4. Observations and measurements

In November 2020, we harvested the seedlings of M. de-
liciosa. We measured plant height at harvest of the seed-
lings. After that, seedlings were separated into shoots
and roots, placed in a blast drying oven, and dried to a
constant weight to determine plant dry weight (g plant™!)
and root: shoot ratio [root weight (g plant™!): shoot weight
(g plant™!)]. Plant N and K contents (g kg™!) were analyzed
by the Kjeldahl method (Bremner & Mulvaney, 1982) and
AAS (HITACHI JACO6-25, Hitachi Ltd., Japan), respec-
tively. Plant P content (g kg™!) was measured photometri-
cally after the samples were digested with H,SO,-H,0,.
Plant HMs (Cd, Pb, Cu, and Zn) contents (mg kg™!) were
determined quantitatively by the digestion of samples in a
microwave digestion system followed by AAS (HITACHI
JACO6-25, Hitachi Ltd., Japan) (Alhar et al., 2021) accord-
ing to the procedure mentioned by Wu et al. (2022).

Plant nutrients accumulation (mg plant™!) = Plant nu-
trients content (mg g~!) x plant biomass (g plant™).

Plant HMs accumulation (pg plant™!) = Plant HMs
content (mg kg™!) x plant biomass (g plant™).

1.5. Data analysis

One-way ANOVA and Tukey’s multiple range test (using
a = 0.05 as the significance level) were further used. The
ANOVA analyses were performed using the software IBM
SPSS Statistics 23.0 (SPSS Inc., New York, USA), and the
bar figures were plotted with GraphPad Prism 8 (Systat
Software Inc., San Jose, CA, USA). All data are expressed
as mean + standard error (n = 3). Then, we tested the
statistical associations using the “ggplot2”, “vegan’, and
“plspm” packages in R 4.2.1 (R Core Team, 2022).

2. Results

2.1. Soil properties and available heavy metals
content

All FB treatments increased the soil capillary capacity, to-
tal porosity, pH, soil organic matter, total N, total P, total
K, available P, and available K content (Table 1). Among
all the treatments, FB3 treatment has better-improved soil



Journal of Environmental Engineering and Landscape Management, 2023, 31(4): 266-274

physicochemical properties. Besides, FB3 treatment sig-
nificantly minimized soil available Cu content by 14.84%
over control (P < 0.05) (Figure 2).

2.2. Plant growth and nutrients accumulation

Application of FB at the rate of 3% significantly increased
dry weight and root: shoot ratio of M. deliciosa seedlings
by 86.75 and 73.23%, respectively, over control (P < 0.05)
(Figures 3, 4). Compared to CK, applying FB at the rate
of 3% significantly increased N, P, and K accumulation of
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M. deliciosa by 99.44, 116.13, and 124.40%, respectively
(P < 0.05).

2.3. Plant heavy metals accumulation

Compared to the control, the application of FB at the rate
of 3% increased the Cd, Pb, Cu, and Zn accumulation of
M. deliciosa by 51.97, 78.81, 159.01, and 103.87%, respec-
tively (Figure 5). Besides, FB1.5 treatment significantly
promoted the Zn accumulation of M. deliciosa by 170.23%
(P < 0.05).
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Figure 2. Effects of Ficus altissima litter-derived biochar (FB) at different rates i.e., 0, 1.5, and 3.0% (w/w, CK, FB1.5, and FB3),
respectively, on soil available Cd content (A), available Pb content (B), available Cu content (C) and available Zn content (D) of
Monstera deliciosa grown under sewage sludge amended soil. Values are mean + standard error (n = 3). Different lowercase letters
show significant differences between the means (P < 0.05)
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Figure 3. Effects of Ficus altissima litter-derived biochar (FB) at different rates i.e., 0, 1.5, and 3.0% (w/w, CK, FB1.5, and FB3),
respectively, on plant height (A), plant dry weight (B), root: shoot ratio (C), and mean root diameter (D) of Monstera deliciosa
grown under sewage sludge amended soil. Values are mean + standard error (n = 3). Different lowercase letters show significant
differences between the means (P < 0.05)
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Figure 4. Effects of Ficus altissima litter-derived biochar (FB) at different rates i.e., 0, 1.5, and 3.0% (w/w, CK, FB1.5, and FB3),
respectively, on plant N accumulation (A), plant P accumulation (B), and plant K accumulation (C) of Monstera deliciosa grown
under sewage sludge amended soil. Values are mean + standard error (n = 3). Different lowercase letters show
significant differences between the means (P < 0.05)
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Figure 5. Effects of Ficus altissima litter-derived biochar (FB) at different rates i.e., 0, 1.5, and 3.0% (w/w, CK, FB1.5, and FB3),
respectively, on plant Cd accumulation (A), plant Pb accumulation (B), plant Cu accumulation (C), and plant Zn accumulation (D)
of Monstera deliciosa grown under sewage sludge amended soil. Values are mean + standard error (n = 3). Different lowercase letters
show significant differences between the means (P < 0.05)

2.4. The partial least squares path model

The partial least squares path model of FB application
on soil chemical properties (soil organic matter, total N,
total P, total K, available P, and available K), soil avail-
able HMs (Cu, Zn, Cd, and Pb) content, plant HMs (Cu,
Zn, Cd, and Pb) accumulation, plant nutrients (N, P, and
K) accumulation, and M. deliciosa biomass (dry weight)
was shown in Figure 6. There was a high association be-
tween soil chemical properties and soil available HMs
content (P < 0.01). Also, plant HMs accumulation was
significantly and positively correlated with plant nutrients

R2=0.972
Plant biomass
4
0.744%* T
R2=10.893 .
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accumulation K
0.340." 0.640% .
-, R2=0.558
Soil chemical | | 0.866......p]  Plant HMs
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—0.801** R2=0.642 . 0.156
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Goodness of fit = 0.694

Note: **P < 0.01; *P < 0.05. Numbers near the lines represent the
standard path coefficients. R? indicates the variance of the de-
pendent variable explained by the model. Solid red and blue ar-
rows indicate positive and negative flows of causality (P < 0.05),
respectively; dashed lines indicate non-significant (P > 0.05)
pathways; arrow widths denote the magnitude of these effects.

Figure 6. The partial least squares path model of soil chemical
properties (soil organic matter, total N, total P, total K, available
P, and available K), soil available HMs (Cd, Zn, Pb, and Cu)
content, plant HMs (Cd, Zn, Pb, and Cu) accumulation, plant
nutrients (N, P, and K) accumulation, and biomass of Monstera
deliciosa under the application rate of Ficus altissima litter-
derived biochar (0, 1.5, and 3.0%)

accumulation (P < 0.05), and plant nutrients accumula-
tion was significantly and positively correlated with plant
biomass (P < 0.05). Application of FB at a higher rate, i.e.,
3.0%, released more nutrient materials to the soil (Table 1)
and promoted the nutrient uptake by M. deliciosa while
increasing the adsorption capacity for HMs. Our study re-
vealed that FB3 treatment promoted M. deliciosa’s better
ability of HMs and nutrients (N, P, and K) uptake.

3. Discussion

3.1. Effects of FB on soil properties and soil-plant
heavy metals bioavailability

Biochar, with a large specific surface area and rich pore
structure (Haider et al., 2021), can improve soil perme-
ability and increase plant nutrient accumulation (Saluz
et al., 2022; Sifton et al., 2022). Application of appropri-
ate type and dosage of biochar can improve the physico-
chemical properties of soil, such as bulk density, capillary
porosity, total porosity, capillary water capacity, pH, soil
organic matter, total N, total P, total K, available P, and
available K content (Shaaban et al., 2018), which may help
to stabilize HMs in sewage sludge amended soil. In our
study, after biochar addition, the sludge-amended soil was
also analyzed for residual available heavy metal loads in
different treatments before planting the M. deliciosa seed-
lings (Figure 2). Results demonstrated that FB3 treatment
minimized soil available Pb, Cu, and Zn contents. This
finding is consistent with previous results that HMs mo-
bility were reduced after biochar addition (Pandey et al.,
2022).

Several studies showed that biochar could adsorb and
fix HMs in soil and reduce the proportion of exchange-
able HMs in soil (Haider et al., 2021), thus achieving the
effect of soil remediation and reducing the accumula-
tion of HMs by plants (Jun et al., 2020; Pescatore et al.,
2022). The HMs adsorption of biochar was related to plant
HMs accumulation, but this effect varies according to the
heavy metal species (Haider et al., 2022a, 2022b). In the
present study, among all the treatments, FB3 treatment
promoted plant growth, and HMs (Cd, Pb, Cu, and Zn)
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accumulation of M. deliciosa, and FB1.5 significantly pro-
moted the Zn accumulation (P < 0.05), primarily owing
to the application of FB have significant contribution to
changing soil porosity and aggregate structure, regulating
soil pH, and absorbing HMs in M. deliciosa from sewage
sludge-amended soil (Gong et al., 2018; Irshad et al., 2020;
Pandey et al., 2022). Besides, the plant Cd, Pb, and Cu
accumulation were highest in FB3, indicating FB3 treat-
ment had better HMs accumulation in M. deliciosa under
sludge-amended soil (Mohamed et al., 2021).

3.2. Effects of FB on M. deliciosa growth and
nutrients accumulation

Biochar improves the soil environment and increases the
effectiveness of nutrients, promoting nutrient accumula-
tion and plant utilization. the addition rate of biochar is
related to plant nutrient accumulation, and excessive bio-
char addition may also absorb nutrients, such as C, N, and
P, from the soil, creating a competitive effect with plants
and inhibiting their growth (Teodoro et al., 2020; Xu et al.,
2022). Therefore, in the application of biochar, CNP fer-
tilizer can be applied with biochar to reduce the negative
effects of biochar (Kononchuk et al., 2022).

In this experiment, we added sludge and biochar to
the soil simultaneously, and the sludge is similar to a fer-
tilizer that can provide nutrients for soil and plant. Results
revealed that compared with CK, FB3 treatment promoted
the root: shoot ratio of M. deliciosa and significantly in-
creased its biomass. This is consistent with previous stud-
ies in which biochar stimulated the growth of zucchini
(Farid et al., 2022). Also, FBL.5 significantly promoted the
root: shoot ratio of M. deliciosa (P < 0.05). These results
revealed that the application of biochar promoted nutrient
accumulation of M. deliciosa under sludge-amended soil
(Wu et al., 2022). Meanwhile, FB3 treatment significantly
increased the N, P, and K accumulation of M. deliciosa

(P < 0.05). This result may be due to the rich soluble min-
eral nutrients of sewage sludge and the sorption capac-
ity of biochar, which increases the content of fast-acting
nutrients in the soil and improves the utilization of plant
nutrient accumulation (Ahmad et al., 2022).

3.3. Association between soil properties,
plant nutrients accumulation, heavy metals
bioavailability, and biomass

This study explores the relationship between soil physico-
chemical properties, soil HMs content, plant HMs accu-
mulation, plant nutrient accumulation, and plant biomass.
Our findings suggest that the soil pH likewise increased
over control setups after applying FB (pH 12.53). Apart
from that, the pH in sludge could also cause increased pH
in substrates. Applying FB improved the pH and nutri-
ent availability in sewage sludge-amended soil and posi-
tively influenced plant HMs uptake and biomass growth
(Table 1, Figure 6).

Plant nutrients accumulation was positively associ-
ated with plant HMs accumulation. When amended with
sludge, the soil pH improved compared with CK, which
may enhance plant and biomass growth. Our findings
revealed that adding biochar to sewage sludge amended
soil improved HMs accumulation in plant tissue. There-
fore, improving the physicochemical properties of the
substrate is crucial for plant growth and nutrient ac-
cumulation. The E altissima litter-derived biochar used
in this study has a small pore size (average pore diam-
eter = 34.7216 nm), and its adsorption capacity for HMs
may be less than ideal. However, the garden waste bio-
char in our study was low in HMs but rich in nutrients
and high in pH, suggesting that biochar can improve soil
pH and be added to urban greening substrates as a ferti-
lizer. In addition, using urban greening waste as biochar
allows for waste utilization.

Table 1. Physicochemical properties in the sewage sludge-amended soil under Ficus altissima litter-derived biochar (FB) applied at
rates of 0, 1.5, and 3.0% (w/w, CK, FB1.5, and FB3). Values are mean + standard error (n = 3)

Treatments
Paremeters
CK FB1.5 FB3
Bulk density (g cm3) 0.97+0.032 0.92+0.012 0.92+0.012
Capillary capacity (g kg™!) 528.78+26.16* 564.11+98.94* 640.2+35.69*
Total porosity (%) 59.65+1.26° 63.48+1.00* 65.42+0.43%
Capillary porosity (%) 56.41+1.94% 54.08+8.00% 58.67+3.422
pH 7.48+0.07% 7.6%0.022 7.62+0.01*
Soil organic matter (g kg™!) 67.43+6.70% 80.48+2.62% 79.94+6.86%
Total N (g kg™!) 4.03+0.07 4.95+0.132 5.4240.29%
Total P (g kg™!) 2.60+0.04b 2.98+0.072 3.07+0.03
Total K (g kg™) 4.58+0.41b 4.88+0.26%0 5.63+0.022
Available P (mg kg™!) 313.13+17.23P 385.29+11.18% 364.80+6.272
Available K (mg kg!) 239.25+6.29° 523.35+15.18P 819.93+8.12°

Note: N = nitrogen; P = phosphorous; K = potassium. Different lowercase letters show significant differences between the means

(P < 0.05).
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3.4. Prospects for biochar combined with landscape
plant in soil remediation

Application of FB increased HMs bioavailability for M. de-
liciosa. A large amount of garden waste is produced yearly
in urban greening in China. Disposal of garden waste is
expensive while pyrolyzing garden waste into biochar is
a low-cost disposal method (Hagenbo et al., 2022). Mu-
nicipalities can collect, dispose of, and reuse garden waste,
which helps to achieve carbon sequestration. Furthermore,
built-up urban green spaces are still at risk of heavy metal
contamination, and applying biochar prepared from waste
to contaminated urban soils, combined with phytoreme-
diation, can lead to comprehensive soil remediation (Ka-
sak et al., 2018).

Compared to other heavy metal remediation methods
(bioremediation and physical remediation), phytoreme-
diation has irreplaceable advantages, such as being green
and environmentally friendly and reducing the ecological
risk of secondary pollution. Besides, phytoremediation
can create an urban landscape and improve the green
space environment. In the future, native plants with strong
heavy metal bioavailability should be further screened.
Meanwhile, plant selection criteria, configuration model,
and plant landscape with multiple functions of ecological
remediation should be established.

Conclusions

The addition of 3% biochar prepared from E altissima lit-
ter in sewage sludge-amended soil resulted in significant
improvements in substrate properties, growth of M. deli-
ciosa, nutrient accumulation, and biomass. Notably, the
plant’s uptake of HMs (Pb and Cu) increased significantly
after adding biochar. These findings highlight the potential
of co-recycling sewage sludge and garden waste as a sus-
tainable growing medium for landscape plants, facilitating
the resourceful utilization of municipal waste. However,
further research is required to determine the optimal bio-
char addition rate for sludge horticulture and to assess
the long-term effects of the biochar aging process. This
economically viable approach reduces waste management
costs and contributes to long-term waste management
strategies.
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Notations

Abbreviations

FB = Ficus altissima litter-derived biochar;
N = nitrogen;

P = phosphorous;

K = potassium;

AN = available nitrogen;

OP = olsen phosphorus;

HMs = heavy metals;

Cd = cadmiumy;

Pb = lead;
Cu = copper;
Zn = zinc.
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