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Ensuring food security is essential for human survival. Rice (Oryza sativa L.) is a globally
significant food crop and serves as the staple diet for more than half of the world's population.
According to statistics from the Food and Agriculture Organization (FAO), rice consumption
per capita in Iran is 60% higher than the global average. Therefore, addressing challenges that
threaten this strategic crop is of paramount importance. In this context, numerous studies have
identified cadmium as one of the common and critical contaminants of rice. Cadmium is toxic
to plants, animals, and humans and does not play any role in biological processes. Due to its
high water solubility, rapid accumulation in the food chain, severe toxicity to living organisms,
and mutagenic nature, cadmium is considered one of the most hazardous heavy metal
pollutants. Several reports highlight the ease with which cadmium is absorbed by rice plants
and transferred to their stems and grains. Given the cadmium contamination in some paddy
fields in Iran and its implications for food security, this review aims to investigate the factors
influencing cadmium accumulation in rice plants and examine various physical, chemical, and
especially biological methods for mitigating cadmium toxicity in rice. The findings suggest
that remediation strategies such as inoculating soil with cadmium-resistant microorganisms
and plant growth-promoting rhizobacteria (PGPR), using plant growth stimulants, signaling
molecules, organic and inorganic amendments like biochar, compost, nitrogen, iron, zinc,
animal manure, plant residues, cultivating rice varieties with low cadmium uptake capacity,
and proper water management can effectively reduce cadmium accumulation in rice.
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EXTENDED ABSTRACT

Introduction

Achieving food security is critical to human survival. Rice (Oryza sativa L.), a globally important food
crop, is a staple food for more than half of the world's population. According to the Food and Agriculture
Organization of the United Nations (FAO), per capita rice consumption in Iran is 60% higher than the world
average, underscoring its vital role in providing food and energy for the Iranian population. A major
environmental concern is the contamination of rice with heavy metals. Heavy metals can transfer and
accumulate in rice under certain conditions, such as water and soil pollution, proximity of rice fields to
industrial centers and wastewater, and use of chemical fertilizers and pesticides.Unlike organic pollutants,
which can be broken down by microorganisms, heavy metals tend to persist and accumulate in the soil. Among
these contaminants, cadmium is particularly noteworthy because of its toxicity to plants, animals, and humans.
Cadmium does not play a role in biological processes. It is considered one of the most important heavy metal
pollutants due to its high solubility in water, rapid accumulation in the food chain, and severe toxic effects.
Cadmium is classified as a Group 1 carcinogen. It poses serious health risks, including kidney dysfunction,
osteoporosis, cancer and cardiovascular disease. Studies have reported the easy uptake of cadmium by rice
plants, leading to its transfer to stems and grains. In view of the cadmium contamination in rice fields as well
as its impact on food security, the aim of this review article is to examine the factors influencing cadmium
accumulation in rice. It also evaluates various physical, chemical, and especially biological methods to reduce
cadmium toxicity in rice, based on reputable studies and publications from national and international journals.

Materials and Methods

This article has been compiled from a variety of sources. These include reputable natioal and international
articles and books between 1998 and 2024. The writing of this review article involved the use of internationally
renowned publishers, including Nature, Springer, Elsevier, Taylor & Francis, Wiley, and American Chemical
Society, among others.

Results and Discussion

Investigations across the country have shown that cadmium levels in some rice fields and rice plants in
Fars, Isfahan and Khuzestan provinces were higher than the permissible limit. This was also the case for rice
imported from some countries, such as India. Research has proven that cadmium stress causes reduced growth,
biomass production, photosynthesis, water use efficiency, grain quality and yield, release of reactive oxygen
species (malondialdehyde), and protein and genetic disorders in rice plants. Findings suggest that various
remediation strategies such as inoculating soil with cadmium-resistant microorganisms and plant growth-
promoting rhizobacteria, using plant growth stimulants and signaling molecules, applying organic and
inorganic amendments, cultivating rice varieties with low cadmium uptake, and managing water—can be
employed to reduce cadmium accumulation in rice. Biological methods are often more cost-effective, efficient,
and environmentally friendly compared to other approaches. For instance, microorganisms can stabilize
cadmium in non-toxic forms by altering gene expression and the soil bacterial community, thereby reducing
cadmium uptake in rice. Microbial cell walls, composed of polysaccharides, lipids, and proteins, provide
carboxylate, hydroxyl, amino, and phosphate groups that stabilize cadmium within the cell wall structure.
Recent studies have identified various cadmium-resistant bacterial genera, such as Aeromonas, Bacillus,
Brevundimonas,  Geobacillus, Ochrobactrum, Pseudomonas, Enterobacter, Stenotrophomonas,
Sphingomonas, Burkholderia, and Comamonas. Some species can tolerate multiple metalloids, enhancing rice
seedling growth under cadmium stress and mitigating oxidative stress caused by cadmium, thereby promoting
plant growth. Microbes not only help decrease cadmium concentrations in rice roots and grains but also
increase the availability of essential nutrients such as iron and manganese, competitively limiting cadmium
transport through cation channels.

Conclusion

Cadmium leaching into rice fields and rice plants not only reduces the quality and yield of the crop, but
also threatens food security and human health. Reducing the use of chemical fertilizers, especially phosphorus
fertilizers, and increasing the use of organic and biological fertilizers are the main ways to reduce cadmium
inputs to rice fields. Meanwhile, choosing the right rice variety, modifying cropping patterns and soil pH, and
managing water use, along with the use of organic and mineral amendments and plant growth stimulants,
reduce plant stress to cadmium. In addition, cadmium-resistant bacteria resist cadmium toxicity by prolonging
the lag phase, transforming cadmium into less toxic forms, active current system, and forming complexes with
thiol-containing molecules, and can protect the plant from the toxic effects of heavy metals. Through these
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mechanisms, cadmium-binding bacteria can reduce the bioavailability of cadmium and limit the entry of this
element into the roots, stems and seeds of rice plants, thereby improving the quality of rice consumed and
playing a very important role in ensuring human food security.
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1 Passivation
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