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Extended abstract

Introduction

Soil contamination by heavy metals represents a critical threat to ecological sustainability, impairing soil
quality while accelerating structural degradation and erosion processes. Cadmium (Cd), lead (Pb), and
nickel (Ni) pose severe risks to food security and human health due to their high toxicity, environmental
persistence, and potential for bioaccumulation in food chains. Biochar has emerged as a sustainable soil
amendment capable of reducing heavy metal bioavailability through its porous architecture, abundant
surface functional groups, enhanced cation exchange capacity, pH modulation, and chemical
immobilization mechanisms. Nevertheless, the efficacy of aquaculture-derived biochars, particularly
those produced from shrimp shells, in combination with native halophytic species adapted to coastal
ecosystems, remains insufficiently explored. This study was designed to evaluate the capacity of shrimp
waste-derived biochar to immobilize Cd, Pb, and Ni in contaminated soil and modulate the physiological
responses of the Sporobolus arabicus.

Materials and Methods

A factorial experiment was conducted under controlled conditions at the Hormozgan Natural Resources
Nursery Station (Baghu Village, southern Iran) using a completely randomized design with three
replications. Shrimp shell biochar was produced via slow pyrolysis at 450°C for 3 h under oxygen-limited
conditions, followed by grinding and sieving through a 0.25-mm mesh. Surface soil (0-30 cm depth)
collected from agricultural land near Bandar Abbas was artificially contaminated with cadmium nitrate
at concentrations of 40 and 80 mg kg . Following a two-week stabilization period, biochar suspensions
were uniformly incorporated into the soil at rates of 4 and 8 g L™'. After a 60-day incubation period,
Sporobolus arabicus seedlings were transplanted into treated pots and maintained for 90 days under
controlled environmental conditions (18-25°C, 50% field capacity). At harvest, the plant's dry biomass
was recorded. Heavy metal concentrations (Cd, Pb, Ni) in soil and plant tissues were quantified using
atomic absorption spectrometry following acid digestion. Soil chemical parameters (pH and electrical
conductivity) were determined via saturated paste extract, and the bioconcentration factor (BCF) was
calculated. Statistical analysis was performed using SPSS software with analysis of variance and
Duncan's multiple range test at p < 0.01.

Results

Analysis of variance revealed that cadmium contamination levels significantly influenced (p < 0.01) Cd
content in plant and soil, electrical conductivity (EC), and soil Pb concentration. Biochar application
exerted significant effects (p < 0.01) on all measured parameters except plant biomass. A significant
interaction (p < 0.01) between contamination levels and biochar treatments was observed for BCF, Ni
concentration, and soil pH. The minimum plant Cd concentration (4.74 mg kg™') occurred in the 8 g L™
biochar treatment, compared to 13.08 mg kg™ in the control. Maximum plant biomass (44.12 g) was
recorded at 8 g L ™! biochar, while the control yielded the lowest biomass (36.24 g). BCF decreased from
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0.292 (control) to 0.137 (8 g L), indicating restricted metal translocation to aerial plant parts. Soil heavy
metal concentrations declined substantially: Cd from 45.69 to 34.54 mg kg™', Pb from 15.94 to 6.72 mg
kg (at4 g L"), and Ni from 18.03 to 8.33 mg kg™'. EC decreased from 2.808 (control) to 1.667 dS m™*
(8 g L™), while soil pH was moderated from 8.35 to 8.14. Notably, 4 g L' biochar demonstrated optimal
efficacy for Pb and Ni immobilization, whereas 8 g L™ proved superior for reducing plant Cd uptake and
enhancing biomass production.

Discussion and Conclusion

The observed reduction in heavy metal bioavailability aligns with established biochar immobilization
mechanisms, including surface adsorption, organic—metal complexation, and enhanced cation exchange
capacity. The significant decline in BCF confirms restricted metal translocation to aboveground tissues—
a critical attribute for phytostabilization strategies aimed at minimizing entry into food chains. Sporobolus
arabicus exhibited remarkable resilience under elevated Cd stress (80 mg kg '), maintaining substantial
biomass even in untreated controls, thereby confirming its suitability as a native species for
phytoremediation of coastal soils in southern Iran. The reduction in soil EC likely reflects improved soil
structure, enhanced permeability, and facilitated leaching of soluble salts. The modest pH decrease (8.35
to 8.14)—contrary to the typical alkalizing effect of biochar suggests context-dependent interactions
between biochar properties and native soil chemistry; shrimp shell biochar apparently exerted a
moderating influence in inherently alkaline coastal soils.

In conclusion, shrimp shell-derived biochar significantly reduced Cd uptake by Sporobolus arabicus and
enhanced immobilization of Cd, Pb, and Ni in contaminated soil. Under elevated Cd contamination, the
4 ¢ L' application rate demonstrated optimal efficacy for improving soil properties and reducing Pb and
Ni bioavailability. We therefore recommend application of shrimp waste-derived biochar at 4 g L' for
remediation of heavy metal-contaminated soils in southern coastal Iran. Furthermore, Sporobolus
arabicus is strongly recommended for phytoremediation applications in this region owing to its ecological
adaptability, robust growth under metal stress, and inherent capacity to extract heavy metals even without
amendment. This integrated approach, simultaneously converting aquacultural waste into a functional
soil amendment while deploying regionally adapted vegetation, offers a novel circular-economy
framework for sustainable restoration of contaminated coastal ecosystems.
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