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Abstract

Legumes are important sources of nitrogen and, therefore, the nitrogen fixing ability of the legume-
rhizobia symbiosis has great potential to improve crop yields or reduce nitrogen fertilizer use.
Unfortunately, legumes face serious and increasing threats of both biotic and abiotic stresses among
which Fe-deficiency has been increased from past years. Fe nutrient deficiency limits pulse production
and nitrogen fixation by specifically affecting any one of the four phases of legume-rhizobium symbiosis.
Although Fe in soil is often present in adequate quantities, it is mainly present in insoluble Fe-(III)
precipitates, limiting its uptake and utilization. The present review has focused on the iron nutrition and

deficiency and probable uptake, transport and metabolism in legumes.
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1. Introduction

Pulses may be defined as the dried edible seeds of cultivated legumes. The nutritive properties of the
pulses resemble in many respects those of the whole cereal grains; but there are important differences.
First, the pulse protein is low in sulphur containing amino acids, but rich in lysine in which many cereals
are deficient. A combination of pulses and cereal proteins may, therefore, have nutritive value as good
as animal proteins [1-2]. Secondly, pulses as a class are good sources of the B group of vitamins except
riboflavin. More important, the greater part of these vitamins present in the harvested seeds is actually
consumed. There are no losses comparable with those that may arise in the milling and cooking of
cereals. Pulses are therefore, an excellent preventive against beriberi. Thirdly, although pulses, like
cereal grains, are devoid of vitamin C, large amount of ascorbic acid are found on germination. Sprouted

pulses are, therefore, an important food which will protect against scurvy.

Mineral nutrient deficiencies may limit pulse production and nitrogen fixation by specifically
affecting any one of the four phases of legume-Rhizobium symbiosis [3-5]. Apart from effects on host
plant growth and metabolism, nutrient deficiencies may also limit survival and growth of Rhizobia in
the soil and rhizosphere, nodule initiation and development, and nodule function. The iron is an essential
element required by both the legume host and Rhizobium for range of physiological and biochemical
processes of particular importance in iron nutrition of the symbiosis is the specific involvement of iron

in several key proteins for nitrogen fixation e.g. Nitrogenase, leghemoglobin, ferredoxin, etc.

Fe deficiency is a major abiotic stress that affects many crop species, especially those grown
in alkaline and calcareous soils [6-9]. Although these soils has abundant Fe but is not soluble thus often
unavailable for plants inhibiting growth rates and crop yield [10]. Further, during Fe-deficient conditions
plants may be susceptible to the stresses introduced into the environment by anthropogenic activities.
Putting extensive threat to environment, the sources of such pollutants include industrial effluents and
wastes, urban runoff, sewage treated plants, agricultural fungicide runoff, domestic garbage dumps, slow
leaching rocks etc. Which are progressively affecting different ecosystems [11]. Fe is an essential
element required by both legume and Rhizobium for a number of physiological and biochemical process
of particular importance includes Fe nutrition of the symbiosis where there is specific association of Fe
with several proteins for efficient nitrogen fixation etc. Being the fourth most abundant element in the
lithosphere, Fe is generally present at high quantities in soil, but despite this, its bioavailability in aerobic
and neutral pH environments is limited. In anaerobic soils, Fe is predominantly in the form of Fe (I1I),
mainly as a constituent of oxyhydroxide polymers with extremely low solubility; in most cases this is
insufficient to meet plant needs. An adequate supply of Fe is therefore required for the establishment

and function of an effective symbiosis [12]. As with other mineral nutrients the symbiotic rhizobia are
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totally dependent upon the host plant for provision of supplies of Fe once root infection has occurred.
As a component of many vital enzymes including the cytochrome of electron transport chain, it is
required for wide range of biological function. In plants, Fe is involved in the synthesis of chloroplast
structure and function [5, 13]. The visual symptoms of inadequate Fe nutrition in higher plants are
interveinal chlorosis of young leaves and stunted root growth. On the other hand, in water logged soils
the concentration of soluble Fe may increase by several orders of magnitude because of low redox
potentials. Under such conditions, Fe may be taken up in excess quantities and is potentially toxic as it
promotes the formation of reactive oxygen based radicals, able to damage vital cellular constituents,

notably membranes, by lipid peroxidation reaction.

2. Iron uptake by legumes
Iron is thought to be transported across the root plasma membrane as free Fe?" via separate transporter
acting downstream of the Fe (II) chelate reductase (Figure 1). The capacity of uptake and translocation
of Fe is greatly enhanced upon Fe starvation [14-17]. Although changes in the uptake are correlated with
changes in reductase activity. Young and Terry [18], showed that Fe deficiency induced an increase in
both uptake rates and leaf concentration of Fe was supplied as Fe*" via the nutrient solution, pointing to
enhanced activity of plasma lemma Fe?* transport protein. By contrast, Grusak et al., [19] found similar
ratios of Fe*" absorbed Fe (III) reduced in Fe replete and Fe deficient pea roots. They concluded that the
activity of the root cell Fe*" uptake system is not altered by Fe deficiency. This view was challenged by
results of Fox et al., [20]. Using chelators buffered Fe labeled Fe*+ solutions the authors demonstrated
and Fe deficiency induced increase in ferrous influx suggesting enhanced synthesis or activation of the
transporter. Although this approach allows uncoupling of Fe?* uptake from Fe (III) reduction,
stimulatory effects of ferric reductase activity on the Fe?" transporter cannot be excluded. It has further
to be clarified whether the nascent Fe*" generated by the reductase and the ferrous ions provided by the
incubation medium enters the cell via the same route. Insights into the molecular basis of Fe** transport
have been provided by Eide et al., [21]. Complementation of yeast mutant defective in Fe uptake with a
cDNA library from Arabidopsis has led to the identification of a gene encoding a putative Fe**
transporter that is expressed in Arabidopsis roots. The /RTI (Fe regulated transporter) gene was shown
to confer Fe limited growth to yeast strain that has disruption in both the high affinity (FET3, ferrous Fe
transport) and the low affinity (FET4) Fe transport system. The expression pattern of /RT7 exclusively
in Fe deficient plants no mRNA was detected under Fe replete conditions. Examination of amino acid
sequence predicted from the cDNA insert suggests that /R7/ is an integral protein comprising eight
putative membrane spanning domains. Analysis of the functional properties of JART revealed hallmark

properties of plant Fe uptake. These observations suggest that JART is responsible for Fe*+ uptake from
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soil solution after reductase but not for the transport of Fe across the plasma membrane of leaf cells.
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Fig 1: Diagrammatic representation of Fe-uptake and Fe*" transport in plants

3. Iron uptake by leaves and other aerial plant parts
In the xylem iron is transported to the leaves in ferric form, chelated by citrate [22-23]. The exact
mechanisms by which Fe enters leaf cells are only partially understood studies’ using labelled Fe citrate
and Fe citrate suggests that uptake of Fe by mesophyll cells depends on an obligatory reduction of ferric
ions similar to the situation in roots [24-25]. It is not clear whether the ferric chelate reductase expressed
in leaf cells is identical with that in root epidermis. The expression of Frohc, which encodes a putative
Fe reductase, is enhanced in both roots and leaves of Arabidopsis, suggesting that this might well be the
case, but as already mentioned, the role of Froh product is Fe uptake needs further clarification. Although
some properties of leaf plasma membrane reductase reassembled those of redox system in roots.
Reduction of Fe chelate in leaves is stimulated by light. The combination between these processes has
been attributed to an increase in NAD(P)H: NAD(P)+ ratio through photosynthesis. Besides an increase
in photosynthesis, light may play a significant role in Fe in leaves [26-27]. The importance of light is
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further indicated by the fact that, unlike in roots, the physiological effectiveness of Fe chelate during
foliar nutrition is determined rather by photochemical features of chelate as compared to those of the

carboxylic type [28], suggesting different mechanism underlying the reduction by the different organs.

Several reports underline the importance of the apoplasmic pH for mobility and availability of
Fe in leaves which is strongly affected by bicarbonate in the soil and the form of N nutrition [28],
chlorotic leaves often contain more Fe than green leaves (on the basis of dry weight), a phenomenon
that has been referred to as “chlorosis paradox”. A high pH of the leaf apoplast might affect the activity
of H+ ATpase and /or reductase system on the plasma membrane, but this may not be only cause for
impaired Fe uptake. As shown by Bienfait and Scheffers [29], photo-reduction of ferric carboxylates
may cause the formation of inactive Fe species in leaves via photo reduction of citrate. A subsequent
increase in pH results in the formation of large non diffusible polymer of ferric citrate [30]. This may be
the cause of the restricted availability of Fe. Fe stress induced reduction activity has been observed in
Lemaa gaba fronds [31], but no effect of the Fe nutritional status was observed in leaf disks of Sunflower
[32], and Actinidia deliciora [33]. At the level of isolated plasma membrane, reduction activity was
found to be 1.5 fold higher in Fe deficient sugar beet leaves [34-35], but no effect of Fe deficiency has
been observed in plasma membrane from leaves of Vigna. It was observed that photosynthetic organelle
were severely damaged under Fe-deficiency in Brassica napus [5] and Vigna radiata [36] thus reducing

thylakoid proteins which in turn reduced photosynthetic activity.

4. Iron sequestration

The Fe present in antioxidant enzymes is obviously inactive for Fenton reactions, but this may be also
true for other Fe proteins. There has been considerable controversy about whether certain Fe proteins
from mammals, including hemoglobin, myoglobin, trans-ferritin and ferritin, can act as Fenton catalysis.
It is now widely accepted that the Fe in those proteins in Fenton inactive but can become available for
Fenton reaction if Fe is released from proteins following oxidative attack [37-40]. Soybean nodule
leghemoglobin can release Fe when exposed to excess H,O» but in this case a highly oxidized species

not identical to OH radical is generated [41].

Ferritin is a protein especially suitable for Fe sequestration and storage, so playing a critical
role in Fe homeostasis. Animal and plant ferritin are encoded by nuclear genes, having similar three
dimensional structures and are induced by Fe overload [42]. However there are important differences
between animal and plant ferritin. The gene of plant ferritin contains seven introns but that of animal
ferritin contain only three introns. Animal ferritins are localized in the cytosol but plant ferritins are in

the plastids. Control of animal ferritin synthesis by Fe occurs at the translational level and entails binding
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of Fe responsive proteins to Fe responsive elements located within the 5" unsaturated region of the
ferritin mRNA. Control of plant ferritin synthesis by Fe takes place at transcriptional level. The Fe
released from ferritin is catalytic it will have to be incorporated rapidly in other proteins and chloroplasts
will have to avoid any build up H,O» which is formed continuously during photosynthesis. This may be
good reason why chloroplasts have high levels of ascorbate peroxidase and other enzymes of ascorbate
glutathione cycle. Similarly young legume nodules contain abundant ascorbate, protein and non-protein

Fe and ferritin [43-44] because in nodules ferritin expression is developmentally regulated.

Fe deficiency has been reported worldwide in a number of agriculturally important crops, with
deficiency usually occurring in alkaline soils and being attributed to the lowered availability of soil at
high pH in calcareous soils [45-50]. Serious yield reductions and crop failures can result of Fe deficiency
in several areas including Indonesia [51], Israel [52]), Taiwan [53] and Thailand [54]. The black
calcareous soils of Thailand occupy over 500000 ha in the high lands of central and northern regions of
country. Although these soils are considered quite fertile for most crops, Fe deficiency severely restricts
growth and yield of peanut cultivars currently recommended for use in Thailand [54]. In some studies
carried out on Fe requirements of the symbiosis [3, 55], Fe has received considerable attention due to
the dramatic effects observed when nodulated common bean is subjected to low iron availability. This
element is frequently one of most limiting nutrients for plant growth in calcareous soils, and solution Fe

does not cover more than 0.1-10% of plants Fe requirement.

Fe is known to be essential for many physiological and biochemical processes such as
photosynthesis, respiration, DNA synthesis and N2 fixation. The legume rhizobia symbiosis is
particularly sensitive to Fe deficiency [56]. The latter can limit root nodule bacterial survival and
multiplication, as well as host plant growth, nodule initiation, development [57-58], and function [59].
In particular Fe is required for some key proteins involved in N fixation like nitrogenase, nitrogenase
reductase and leghemoglobin [60-61], and nitrogen assimilation like glutamate reductase [62-63], and

nitrate reductase [64].

Differences among species and genotypes in plant response to Fe deficiency have been reported
for symbiotic legume, nodule initiation is less sensitive to Fe deficiency in Arachis hypogea than in
Lupinus angustifolius [65]. Some genotypes of Lens culimaris and Cicer arietinum different in their
ability to nodulate and to fix N, on calcareous soil. Tolerant genotypes showed better uptake efficiency
and a preferential allocation of this nutrient towards the nodules [65]. It is clear from these considerations
that low nutrient availability can constrain plant growth in many environments of the world, especially

the tropics where soils are extremely deficient in nutrients. Yet, the tendency in modern agriculture has
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been to select crop species for high soil fertility. This has resulted in the wide use of crops species for
high soil fertility. This has resulted in the wide use of crop varieties that requires high doses of applied
fertilizer in order varieties optimal plant growth and grain yield. Plant species growing in naturally fertile
soil also tend to respond to nutrient supply in a manner similar to agricultural cultivars. Because of the
high concentrations of plant available nutrients in fertilized or naturally fertile soils, root uptake rates
are high. This is in sharp contrast to nutrient poor sites where root uptakes are usually low due to low or

poor nutrient availability.

Plant uptake of nutrients from soil is more marked in the rhizosphere surrounding the root than
outside this zone. Root exudation of various chemical molecules into the rhizosphere is largely
dependent on the nutritional status of the plant, with some species exuding organic acid anions in
response to P and Fe deficiency or phytosiderophores [7, 50, 57, 66-67] due to Fe and Zn deficiency.
Consequently, the released compounds can cause some nutrient elements to be relatively more available
for nutrient uptake by plants. The rate of exudation itself is increased by the presence of microbes in the
rhizosphere, and promoted by the uptake and assimilation of certain nutrient elements. As a result, the
composition of root exudates can be complex, and often ranges from mucilage, root border cells,
extracellular enzymes, simple and complex sugars, phenols amino acids, vitamins, organic acids,
nitrogenous macromolecules such as purines and nucleosides to inorganic or gaseous molecules such as
HCO3-, OH-, H+, CO; and H» [68]. Many of these organic substrates excreted into the rhizosphere,
particularly amino acids, organic acids, proteins, carbohydrates and vitamins, promote microbial
biosynthesis of ethylene, a powerful plant signal controlling development that apart, these compounds

all play a different role that ultimately affect nutrient acquisition by plants.

5. Summary and conclusion remarks

Alkaline soil forms a major area of crop production is mainly deficient in iron. Besides other crops, Fe-
deficiency also limits the pulse production. Iron is known to be essential for many physiological and
biochemical processes such as photosynthesis, respiration, DNA synthesis and N2 fixation. The legume
rhizobia symbiosis is particularly sensitive to Fe deficiency. Iron deficiency mainly affects the growth
and development of plants and causes severe distress to various metabolic activities such as
photosynthesis, respiration, DNA and RNA metabolism. It can limit root nodule bacterial survival and
multiplication, as well as host plant growth, nodule initiation, development and function. Therefore,
with advancement of scientific techniques, scientists are equipped with tools to understand plant
metabolism and identify genes and proteins playing key roles during Fe deficiency which will greatly
help in identification of stress-responsive protein and understand SNF (symbiotic nitrogen fixation)

under stress. A novel strategy of proteins for the development of plants tolerant to abiotic stress,
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pathogens and disease resistant plants can be improved. It can enable us to understand the actual
symbiotic relationship between host and pathogens. Different putative marker genes and proteins can

be identified for the development of transgenic plants.
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