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Article Info ABSTRACT

Contamination of calcareous soils with selenium (Se) significantly enhances its
bioavailability, resulting in growth inhibition and the disruption of essential nutrient balance
within plant tissues. Therefore, implementing effective immobilization strategies is crucial to
mitigate Se toxicity and its adverse impacts on crop production. This study aimed to evaluate
the remediation efficiency of carboxymethyl chitosan (CMCh), magnetite (Fe304), and a
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. assessing their effects on growth performance, nutrient uptake, and distribution in maize (Zea
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Subsequently, plant growth parameters and concentrations of Se, phosphorus (P), potassium
(K), iron (Fe), and zinc (Zn) were determined in roots and shoots. Results indicated that
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Magnetite (Fes0.), effectively reduced Se bioavailability; however, the Fe304/CMCh composite showed the
Magnetite/Carboxymethyl highest efficiency by immobilizing approximately 90% of bioavailable Se. While
Chitosan (Fe;0/CMCh), Fe304/CMCh is an effective amendment for contaminated soils, its application in
Selenium Immobilization, uncontaminated soils requires careful management to avoid excessive immobilization of
Maize (Zea mays L.) essential micronutrients.
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EXTENDED ABSTRACT

Introduction

Selenium (Se) is an essential micronutrient for humans and animals; however, excessive selenium
concentrations in soils can induce phytotoxicity and severely impair plant growth and nutrient homeostasis. In
calcareous soils, high pH and carbonate content often enhance selenium mobility and bioavailability, thereby
increasing its uptake by plants and posing risks to crop productivity and food safety. Elevated selenium levels
are known to interfere with the uptake, translocation, and internal distribution of essential nutrients, particularly
phosphorus (P), iron (Fe), potassium (K), and zinc (Zn). In recent years, soil amendment strategies based on
highly sorptive materials have gained attention as effective approaches for reducing selenium bioavailability.
Biopolymer-derived sorbents and iron oxides, alone or in composite forms, have shown considerable potential
for immobilizing trace elements in contaminated soils. Accordingly, this study aimed to evaluate the
effectiveness of carboxymethyl chitosan (CMCh), magnetite (FesO4), and a magnetite—carboxymethyl chitosan
composite (FesO4/CMCh) in immobilizing selenium in contaminated calcareous soils and to assess their
impacts on plant growth, nutrient uptake, and nutrient distribution in maize (Zea mays L.).

Methods

A greenhouse experiment was conducted using a factorial arrangement within a completely randomized
design. Calcareous soil samples were artificially contaminated with selenium at six levels (0, 2, 4, 8, 16, and
32 mg Se kg! soil). Following an initial equilibration period, the soils were amended with CMCh, FesOs, or
FesO4/CMCh at application rates of 0, 0.25, 0.50, and 1% (w/w). The treated soils were incubated again to
allow sufficient interaction between selenium and the applied amendments. Maize seedlings were then
transplanted into the amended soils and grown under controlled greenhouse conditions for 60 days. At harvest,
plant growth parameters were recorded, and the concentrations of selenium, phosphorus, potassium, iron, and
zinc were determined separately in roots and shoots using standard analytical procedures. Selenium
immobilization efficiency was evaluated based on reductions in soil bioavailable selenium and plant selenium
uptake.

Results

Increasing selenium concentrations in soil caused a significant decline in maize growth and biomass
production. Elevated selenium levels also disrupted nutrient balance, particularly by reducing the concentration
and translocation of phosphorus and iron to aboveground tissues. In contrast, plant growth as well as potassium
and zinc concentrations reached their maximum at the lowest contamination level (2 mg Se kg™ soil) and
declined with further increases in selenium concentration. Application of all amendments significantly reduced
selenium bioavailability in soil and its accumulation in plant tissues, leading to marked improvements in plant
growth and nutrient status. Among the tested materials, the Fes;O«/CMCh composite exhibited the highest
immobilization efficiency, reducing bioavailable selenium by approximately 90% at the highest contamination
level. This composite outperformed magnetite and CMCh applied individually and also exceeded the intrinsic
immobilization capacity of the calcareous soil. Moreover, FesOo/CMCh application improved nutrient
distribution between roots and shoots, indicating a partial restoration of nutrient homeostasis under selenium
stress.

Conclusions

Selenium contamination substantially impairs maize growth and disrupts the uptake and internal
distribution of essential nutrients in calcareous soils. The application of sorptive soil amendments effectively
reduced selenium bioavailability and alleviated its phytotoxic effects. Among the evaluated materials, the
magnetite—carboxymethyl chitosan composite demonstrated superior performance in selenium immobilization
and in improving plant growth and nutrient balance. Therefore, Fes0/CMCh can be considered a promising
amendment for the remediation and management of selenium-contaminated calcareous soils. Nevertheless, its
application in uncontaminated soils should be carefully controlled to prevent excessive immobilization of
essential micronutrients.
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