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Abstract: Iron (Fe) is an essential micronutrient for plant growth and 

development. However, increased absorption of iron leads to iron toxicity. This 

leads to damage to plant cell membranes, decreased growth, productivity, and 

thus general health. The presence of free iron in cells can lead to an imbalance 

Redox in cells Pro-oxidant state, thus generating oxidative stress. In plants, iron 

is involved in chlorophyll synthesis, and is therefore essential for maintaining 

the structure and function of chloroplasts. Micronutrients in the soil can limit 

plant growth, even if all other nutrients are available in sufficient quantities. 

Micronutrient deficiencies are widespread due to the nature of the soil, high pH, 

low organic matter, salt stress, and persistent drought. High levels of bicarbonate 

in irrigation water, as well as unbalanced use of fertilizers. Iron (Fe) toxicity is a 

widespread nutritional disorder. It grows in acidic, sulphurous soils, as well as 

low sandy soils (i.e. iron is easily reducible) that contain a high percentage of 

organic matter. Iron toxicity can be reduced by using rice that is tolerant to high 

levels of iron.  
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INTRODUCTION 
Essential micronutrients when absorbed in 

excess These elements produce toxic effects on plants 

[1]. These elements are present in trace or very trace 

amounts (1 µg/kg-1 or µg L-1) in environmental matrices 

[2]. Iron (Fe) is considered one of the essential 

micronutrients for plant growth and development, and it 

plays a major role in various physiological processes, 

such as photosynthesis and respiration, in addition to 

nitrogen metabolism [3]. Plants need iron (Fe) at a 

concentration of 10-4 to 10-9 M for optimal growth [4]. 

Any increase in iron absorption leads to iron poisoning, 

which in turn leads to damage to plant cell membranes, 

thus affecting growth and production and affecting 

health [5]. The general symptoms of the plant [6]. The 

most important symptoms that appear due to iron toxicity 

are: The color of the lower leaves changes to reddish 

brown, purple bronzing, yellow, or orange [7]. 

Symptoms of iron toxicity generally appear in the form 

of small brown spots that start from the tips of the leaves 

and spread to the bases of the leaves [8]. Bottom. These 

spots collect on the entrances of the leaves as the toxicity 

of the iron increases [9]. Therefore, as the increase in  

iron concentration continues, the entire leaf appears 

purple-brown, as well as dryness in the leaves, as the 

plant appears burned. Soils that have a low pH, or are 

Low iron levels are not usually associated with iron 

poisoning [10]. These conditions likely lead to iron 

deficiency rather than iron toxicity in plants [11]. 

Waterlogging may increase Fe2+ in the soil, thus leading 

to iron toxicity in dry crops such as wheat [12]. There are 

reports of varying degrees of reduced wheat productivity 

[13]. This is due to iron toxicity that occurs worldwide 

[14]. There are predictions in future climate conditions 

that extreme weather events will become more common 

[15]. Heavy rains in major areas of West Africa are 

expected to grow by 10-25% [16], and the risk of iron 

toxicity resulting from waterlogging in such areas will 

increase significantly [17]. If floods occur in acidic soil 

environments in wheat growing areas, wheat will be at 

risk of iron toxicity [18]. It is possible for iron toxicity to 

occur in different types of soil, that is, those that contain 

a high pH, or high levels of high organic matter, or high 

levels of available iron [15].   

 

 Iron toxicity occurs in acidic ultisols and 

oxisols, as well as in acidic sulphurous soils saturated 

with reducible iron [19]. In 1955, [4] iron toxicity was 

detected in many countries including India, Indonesia, 

Thailand, Malaysia, Sri Lanka, Vietnam, Brazil and 

other countries. The nutritional disorder known as akajari 

rice is due to iron toxicity [20]. Likewise, the eating 

disorder known as Akyouchi in Korea [21] is associated 

with iron toxicity. These conditions lead to an increase 

in the concentration of free iron ions, which can bind to 
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cellular components [22]. This leads to disruption of 

cellular function and thus to plant stress. This problem is 

common in many parts of the world, as it affects 

agricultural crops such as rice, soybeans, wheat, and 

corn, as well as vegetables. Areas with high iron toxicity 

in plants are Southeast Asia, Brazil, Africa, Australia, 

and the United States [20]. United Iron toxicity can occur 

in both soil and hydroponic systems, and is particularly 

common in calcareous soils, which have high pH levels 

[23]. Plants adopt different strategies to reduce the 

uptake of free iron into the cell from reaction with O2 

[24]. Iron toxicity can result from environmental 

disasters promoted by human activities associated with 

iron processing as excess iron is an environmental proble 

[25]. 

 

Standard iron in growth media 

The level of iron concentration in the culture 

solution that causes poisoning ranges from 10 mg Fe L1 

to 500 mg Fe L1 or may be higher [15]. This poisoning 

occurs due to differences in the shape and origin of iron, 

cultivar allowancer, nutrient concentration, temperature, 

and solar radiation. [16] Bremen and Moorman [9] 

pointed out that the Fe(II) of ferric hydroxides is 

insoluble, and the actual concentration of Fe(II) may be 

less than the stated percentage. Iron source such as iron 

chelates [Fe(III) EDTA]. Which works to preserve the 

iron in the solution against the radical action of iron 

precipitation by affecting possible changes in pH and 

oxidation and reduction [20]. Symptoms of iron toxicity 

may be caused by decreased concentrations compared to 

non-chelated iron sources (ferrous sulfate and ferrous 

bicarbonate). One problem that may occur in pot 

experiments on flooded soil is that the iron (Il) 

concentration may not be uniformly covered. The 

concentration of iron (II) is low in the upper surface, as 

most of the roots are generally concentrated in narrow 

vessels.[9] When using the same soil, the toxicity of iron 

in rice species will decrease, that is, it will be less in 

warm pots compared to field conditions. [16] The 

increase in the proportion of iron (II) in the soil 

components, which causes symptoms of iron poisoning 

in rice, will vary depending on the pH of the soil solution. 

 

The effect of iron deficiency on plant growth and 

development 

 Iron toxicity in plants is related to the 

regulation of iron absorption and transport [24]. Iron is 

absorbed into plants by specific transporters, and these 

transporters are regulated by the concentration of iron in 

the soil [25]. This negatively affects plants because it 

affects their growth and development and can lead to the 

cessation of plant growth [26]. This, in turn, will lead to 

a reduction in the absorption of water and elements and 

a decrease in photosynthesis activity [27].This may also 

lead to a decrease in chlorophyll content, and this will 

negatively affect the plant’s ability to complete the 

photosynthesis process, leading to decreased growth and 

thus reducing the productivity rate [28]. In severe cases, 

holes may occur in the leaves, leading to the death of the 

plant [25]. Yellowing of the leaves is a common 

symptom of iron toxicity. In addition, iron toxicity can 

cause seed drop [29].  

 

 
Figure 1: Reducing the concentration of iron in flooded soil. The pH in this type of soil is low. In this type of soil 

with anaerobic conditions and low PH, the ferric ion (Fe3+) is reduced to more soluble ferrous ion (Fe2+) 
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SOIL Depletion AND IRON TOXICITY 

The soil in which rice is grown can undergo a 

variety of (reduction +oxidation) processes [30]. Soil 

subsidence is a process in flooded soils that has a 

significant impact on the toxicity of iron in marshes rice 

[31]. Soil subsidence mass iron (II) in the soil solution 

[32]. The increase in the percentage of iron (ll) is 

negligible in non-reducing soils [30]. Some reduction 

products, such as melted sulphides, increase the 

capability of rice plants to iron toxicity [33]. When the 

concentration of reduced organic matter productivity 

increases with iron toxicity, an interaction occurs 

between the organic matter and the element Iron, and this 

in turn affects the growth of rice plant roots[34].One of 

the effects of floods is that the soil decreases and the 

production of iron (II) occurs on a large scale.[35] 

Together, these factors work to reduce soil stress, which 

affects the occurrence of iron toxicity through its effect 

on soil mobility[30]. 

 

Mechanism for alleviating iron toxicity 

When the concentration of iron in the soil 

solution increases, the stage of iron toxicity begins due 

to the plant’s inability to tolerate this percentage and its 

inability to absorb the iron present in the soil solution and 

thus its inability to transfer it to the roots [36]. The iron 

that plants absorb is in the form of Fe2+ (ferrous iron) 

[67]. As for Fe3+ (ferric iron), it is the most common 

form of iron in soil types that are aerobic, but this form 

of iron cannot be easily absorbed by plant roots because 

it works to form deposits that are insoluble [38]. As for 

soils that are anaerobic, Fe2+ It is more widespread 

because it is formed through the reduction of Fe3+ by 

microorganisms, and thus this type of iron can be 

absorbed easily through the roots of plants [34]. Plants 

have mechanisms through which they are able to absorb 

iron, and among those mechanisms that enable iron to be 

absorbed are transport proteins [39]. Responsible for 

transporting Fe2 through the plasma membrane located 

in root cells [32]. Plants secrete compounds called 

siderophores, which in turn bind to Fe3+ and help 

dissolve it, thus absorbing iron through the plant roots 

[40]. When iron enters the plant, it is used in many 

processes, including the formation of chlorophyll, which 

is used for photosynthesis, as well as the production of 

enzymes that are used in respiration and nitrogen fixation 

[37]. Excess iron ions cause damage to the root cells and 

the plasma membrane, which leads to damage to the root 

cells through stress [41]. Oxidative stress and increased 

production of reactive oxygen species (ROS) [42]. 

Reactive oxygen species cause damage to cellular 

components, such as lipids, proteins, and nucleic acids, 

and this leads to the death of root cells [22]. 

 

Increasing the percentage of iron also affects 

the absorption of other essential elements, such as 

phosphorus and zinc, through their competition with 

transporters that facilitate their absorption through the 

roots [29]. This intervention can lead to an imbalance of 

nutrients, as well as a decrease in plant growth, and thus 

overall plant health [18]. Recent studies have shown that 

iron overload can lead to changes in the expression of 

genes involved in iron absorption and transport [31]. 

These changes in gene expression lead to an increase in 

physiological and biochemical changes that are 

associated with iron toxicity [39]. 

 

STRATEGIES FOR MITIGATING IRON 

TOXICITY 

Mechanism for alleviating iron toxicity. Iron 

toxicity in plants is a major problem, especially in areas 

where iron levels are high in the soil [41]. To reduce this 

problem, the soil can be mitigated, thus lowering the soil 

pH and reducing iron absorption [21]. Raising the soil 

pH by reducing the concentration of free hydrogen ions, 

it binds iron ions to negative sites in the soil, and this 

reduces free iron and thus reduces its bioavailability to 

plants [39]. One of the methods used to reduce iron 

toxicity is to choose types of plants that tolerate an 

increase in the percentage of iron [37]. Some types of 

plants are It has the ability to withstand iron toxicity and 

can be used in areas where iron levels are high in the soil 

[29]. Chelation can also be used to reduce the toxicity of 

excess iron [40]. Chelation is the process that binds metal 

ions to chelating agents, an example of which are organic 

molecules[19].Which are called chelators or chelating 

agents [22]. The complex formed between the chelate 

and the metal ion is called the chelator [42]. In biological 

systems, chelation is involved in the transport and 

storage of metal ions, such as iron, copper and zinc, 

which are essential for the proper functioning of enzymes 

and other proteins that require these metals to act as 

cofactors [40]. In addition, it is possible to use chelation 

to remove excess metal ions [23]. 

 

CONCLUSION 
Increased iron concentration is a extensive 

problem that seriously affects the growth and 

development of plants in soil that contains a high 

percentage of iron. This condition reduces the 

productivity of plants and increases their susceptibility to 

diseases. Many studies have shown the harmful effects 

of iron toxicity, especially on the photosynthesis process. 

And the antioxidant defense systems that contain 

chlorophyll, and the absorption of nutrients as well as 

balance in plants. To reduce or mitigate iron toxicity, 

work has been done to reduce this toxicity by modifying 

soil conditions by adjusting the pH as well as adding 

organic matter, such as natural fertilizer to Soil. The 

process of adding organic matter and adjusting pH 

depends on the bioavailability of iron to the conditions 

as well as the biogeochemical compounds present in the 

soil. Several factors, such as soil composition, iron 

forms, and nutrient interactions, must be considered 

when implementing pH adjustments or incorporating 

these organic materials to control Iron toxicity. One of 

the important factors is testing the soil and evaluating its 

specific conditions, which is important to work on 

determining appropriate remedial measures to mitigate 

iron toxicity. There are other ways to reduce iron 
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toxicity, which is to use iron-tolerant plant species, 

which have developed mechanisms to tolerate these high 

levels. Of iron in its environment. These methods include 

the process of removing heavy metals, preventing them 

from being saturated with water, and also using effective 

types of iron. In addition to these factors, it is possible to 

conduct more research to find the best ways to reduce 

iron toxicity in plants and to devise new and more 

effective methods to reduce high iron concentrations and 

eliminate the negative effects resulting from high iron 

concentrations. 
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