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ABSTRACT
Yield and quality of agricultural products increased with micronutrients application,
therefore human and animal health is protected with feed of enrichment plant materials.
Each essential element only when can perform its role in plant nutrition properly that other
necessary elements are available in balanced ratios for plant. Iron is an necessary element
for enzyme system which brings about oxidation reduction reactions and electron transport
chain in the plant, synthesize chlorophyll, maintain the structure of chloroplasts, and
enzyme activity, also it regulates respiration, photosynthesis, reduction of nitrates and
sulphates, that these reactions are essential to plant development and reproduction.
Different plants have two strategies to uptake iron in aerobic conditions. In first strategy
trivalent iron (Fe3+) will be converting to solution iron (Fe2+) with phytosiderophores
secreted by plant roots. In iron deficiency conditions some disorders occur in plants, such
as increasing in formation and activity carrier cells in the plant roots and reducing the
lateral roots. Iron deficiency symptoms appear on the youngest leaves, and area between
the leaf veins becomes pale yellow or white (interveinal chlorosis).
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INTRODUCTION
The first and most important need of every human is needs to food, and food supply for humans
associated with agriculture directly and indirectly. Micronutrients in addition to its role in increasing quality and
quantity yield of agricultural products have a significant effect on human and animal health that feed of plant
materials. Deficiency of micronutrients such as iron (Fe), zinc (Zn) and manganese (Mn), has an expansion
global, and about a third of the world's agricultural soils, are facing with these elements deficiency due to being
calcareous and uncontrolled use of phosphate fertilizers (Mousavi et al., 2007; Mousavi, 2011). Each essential
element only when can perform its role in plant nutrition properly that other necessary elements are available in
balanced ratios for plant. Use of fertilizers containing micronutrients increased extensively with progress
science and technology on the role of micronutrients in crops (Alloway, 2008).
In most of the Iran’s soils pH is high and they are also calcareous, in this type of soils solvability of
micronutrient is less and cause decline uptake these elements and finally requirement of plants to this elements
is increasing (Mousavi et al., 2011; Alloway, 2008; Malakouti and Tehrani, 1999). Also irregular use of
phosphate fertilizers in the poor soils of micronutrients such as iron (Fe), zinc (Zn) and manganese (Mn) causes
an imposed deficiency of these elements; therefore concentration of micronutrients will decline in crop products
and its dry matter (Abdou et al., 2011; Salimpour et al., 2010; Ibrahim and Ali, 2009; Khorgamy and Farnia,
2009). With increasing utilization of chemical fertilizer and on the other hand increasing fertilizer prices due to
their dependence on fossil fuels, water, air and soil pollution and ignorance in the use of chemical fertilizers are
problems that must be solved with appropriate methods (Mousavi, 2011; Alloway, 2008).
Iron in the soil is the fourth abundant element on earth, but its amount was low or not available for the
plants and microorganisms needs, due to low solubility of minerals containing iron in many places the world,
especially in arid region with alkaline soils. Iron is an importance element in crops, because it is essential for
many important enzymes, including cytochrome that is involved in electron transport chain, synthesize
chlorophyll, maintain the structure of chloroplasts, and enzyme activity (Mamatha, 2007; Ziaeian and
Malakouti, 2006; Zaharieva and Abadia, 2003; Welch, 2002).
Often iron is found in the form of trivalent (Fe3+) in aerobic soils, which has low solubility, and in most
cases this is not enough iron to meet the needs of plants. Considering the effect of pH on the solubility of Iron
(Fe), in the pH = 7 amount of water soluble iron is about 10-18 mol L (moles per liter); while the required
concentrations for normal growth of plants is about 10-8 mol L. Generally solubility of trivalent iron decreases
by increasing pH (Briat, 2005; Schulte, 2004).
Iron deficiency has a powerful effect on chloroplast protein, so that chloroplast protein is reduced
significantly by iron deficiency. In conditions of severe iron deficiency, cell division stops and therefore leaf
growth decreases (Mohamed and Aly, 2004; Manthey and Crowley, 1997). Iron is needed to produce
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chlorophyll; hence its deficiency causes chlorosis. For example, iron is used in the active site of glutamyl-tRNA
reductase, an enzyme needed for the formation of 5-Aminolevulinic acid which is a precursor of chlorophyll
(Kumar and Soll, 2000). Iron-deficient fields, when viewed from a distance, exhibit irregularly-shaped yellow
areas. Because iron is not translocated in the plant, deficiency symptoms appear on the new growth first. Iron
deficiency on individual plants is characterized by yellow leaves with dark green veins (interveinal chlorosis).
On corn and sorghum, this gives the plants a definite striped appearance. If the condition is severe, the whole
plant may be affected and turn a very light yellow or even white. In many cases where moderate deficiencies
occur early in the season, plants tend to recover later (Follett and Westfall, 2008).
Iron solution concentrations in flooding soils to may be increased several-fold due to low redox potential.
In these conditions large amounts of iron may available for plant, and can be toxic to plants. Brown plant
tissues, black and soft roots are the iron toxicity symptoms. In addition, at these higher iron (Fe) solution
concentrations plants exhibited visual symptoms of possible iron toxicity, including root flaccidity, reduced root
branching, increased shoot die‐back and mottling of leaves. Plant species in wet regions have mechanisms to
oxidize iron in roots area to limit the excessive absorption of iron (Batty and Younger, 2003; Schmidt, 1994).
Plants in soils aerobic conditions have two strategy-oriented for access to the iron compounds: first
siderophore secretion (non-protein amino acid) (This strategy is found in Gramineae family); and second
separation iron of soil chelate or restore trivalent iron (Fe3+) to bivalent that occurs through the proton leakage
(This strategy can be found in other monocotyledon and dicotyledons plants) (Romheld, 1997; Romheld and
Marschner, 1996).
First strategy of plants for iron uptake
The first strategy is a complex substance secreted as a phytosiderophores, which combine it with iron
surrounding roots produces solution iron compounds. Gramineae (grasses) including agriculturally important
species such as barley and wheat are able to efficiently sequester iron by releasing phytosiderophores via their
root into the surrounding soil rhizosphere (Kraemer et al., 2006). Chemical compounds produced by
microorganisms in the rhizosphere can also increase the availability and uptake of iron. Plants such as oats are
able to assimilate iron via these microbial siderophores. It has been demonstrated that plants are able to use the
hydroxamate-type siderophores ferrichrome, rodotorulic acid and ferrioxamine B; the catechol-type
siderophores, agrobactin; and the mixed ligand catechol-hydroxamate-hydroxy acid siderophores biosynthesized
by saprophytic root-colonizing bacteria. All of these compounds are produced by rhizospheric bacterial strains,
which have simple nutritional requirements, and are found in nature in soils, foliage, fresh water, sediments, and
seawater (Carrillo-Castanedaa et al., 2002). Inorganic iron is a poor substrate for uptake by roots system.
Trivalent iron ions are fewer uptakes than trivalent iron (Fe3+) chelate due to low reductase enzyme activity. In
addition to root secretions, iron chelate can arise of organic matter decomposition by microorganisms naturally
(Schmidt, 1999; Romheld, 1997).
Second strategy of plants for iron uptake
The second strategy is done with proton leakage and revival material by plant which trivalent iron (Fe3+)
(with very low solubility) is converted to divalent iron (Fe2+) (with more solubility). This method exists in other
monocotyledon and dicotyledons plants. In higher plants the ability to convert the extracellular Fe3+ to Fe2+ is
due to physiological and morphological changes; that is done in accordance with intracellular iron levels. This
structural change, will determine the efficiency of iron uptake by the plants species. After the complex
fragmentation and metal ions release, divalent ions (Fe2+) are uptake by the plant roots. A part or all revival of
iron is caused by the chelate reductase enzyme activity that is located in root plasma membrane (Schmidt, 1999;
Romheld, 1997).
Rhizosphere pH has an important ecological impact on nutrient mobility and activity of organisms.
According to nutritional status of plants, soil buffering capacity and age of plant rhizosphere pH may be
difference more than two units of soil mass. Acidic reaction in root area may be result of changes in uptake
cation and anion and nitrogen metabolism, which increases the leakage of protons through the ATPase proton
pump in iron or phosphorus deficiency. This proton can affect on amount of iron oxide solution through the
weaken band of iron and oxygen. In addition to stimulating proton leakage, other role of iron stress, is
stimulating Fe 3+ reductase enzyme activity (Fig. 1) (Buchanan et al., 2000; Marschner et al., 1999; Schmidt et
al., 1997; Toulon et al., 1992; Schwertmann, 1991). ATPase pump activity in root membrane of cucumber
increased two times for proton leakage in iron deficiency conditions (Rabotti and Zocchi, 1994).
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Fig. 1: Model of iron (Fe) uptake by dicotyledons and non grass monocotyledon (Buchanan et al., 2000).

Release of organic compounds with low molecular weight is one of the plants mechanisms to iron
uptake. Types of organic compounds are released from plants roots as activate or deactivate that are included
revival sugars, amino acids, phenols and organic acids. Although the cause of leakage is genetic, but
environmental factors may have a greater influence on its amount and composition than the genetic factors
(Cieslinski et al., 1997). The amount and composition of leakage materials are depends on the soil pH, light
intensity, temperature, nutritional status of plant, plant age and the presence of microorganisms such as
mycorrhizae. Phenols and organic acids leakage may be increased in food deficiency (especially iron and
phosphorus) conditions. Root leakage, has directly impact on the micronutrients availability for plant roots
through acidify the rhizosphere, and Fe3+ revival. Riboflavin released in some plant species helps to iron uptake
(Jones et al., 1996; Susin et al., 1993; Pedersen et al., 1991).
Iron (Fe) is transported to the leaves through the xylem as chelate with citrate, but iron in leaves should
be revival same the roots, which this is done by enzyme. In leaves, high pH of apoplast may affect on the
activity of plasma membrane reductase or ATPase hydrogen pumps, and therefore iron uptake will be
incomplete (Schmidt, 1999).
Iron (Fe) deficiency
If an adequate amount of iron is not available to plants, iron deficiency (iron chlorosis) will result.
Symptoms of iron deficiency appear on the youngest, newest leaves. The area between the leaf veins becomes
pale yellow or white (this is called interveinal chlorosis). No noticeable physical deformity occurs, but in severe
cases the youngest leaves may be entirely white and stunted. Note that it may be difficult to distinguish iron
deficiency symptoms from those of other nutrients, particularly zinc, on some plants. Susceptibility to iron
deficiency varies greatly between plants. Desert plants are less susceptible to iron deficiency because they have
mechanisms that enable them to solubilize and uptake iron from high pH soils. Plants from regions with acidic
soils do not have this ability. Most humid tropical and subtropical regions fall into this category and therefore
many of the ornamental and crop plants we have imported from these areas are susceptible to iron deficiency
(Follett and Westfall, 2008; Walworth, 2006).
In plants, many morphological and physiological changes occur in response to iron deficiency. Formation
carrier cells can be seen in response to iron deficiency. Formation carrier cells are as a mechanism for increased
nutrient transport in the apoplast-symplast band. Carrier cells are cells with significant growth in the secondary
wall and come forward to within the lamina cells and their level is higher than volume. Carrier cells are
responsible for increase in proton release and revival activity in iron-deficient roots. Citrate increasing is the
first effect in iron deficiency, which is affects by increasing in glyco citrates and then PEPS carboxylation
(Schmidt, 1999; Romheld, 1997; Pich et al., 1994).
Reduce the length of lateral roots is one of the most important morphology changes in iron deficiency
conditions. Stop growing often is associated with reduction length of lateral roots and increasing relative
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number to roots. Formation filaments root and root tip swelling occurs before the root growth reduction,
however the root filaments increasing is observed in hypoxia and phosphate deficiency (Li et al., 2008).
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