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6- Ferredoxins

7- Leghemoglobin
8- Hem-proteins
9- Chlorosis
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Table 1- Elemental analysis of micaceous minerals used in the experiment using XRF (%)

"
Total LOI* TiO, P,0s MnO Fe,0; CaO0 K,0 SiO, ALO; MgO Na,0 < &

Mineral type
99.54 45 006 0.03 0.06 177 017 998 4834 3399 0.08 0.64 s ”
Muscovite
99.63 0.9 056 0037 011 4.21 412 929 4224 146 2254 045 S8 ’b
Phlogopite

YU o j3 i ialstLOI*
LOI: Loss on Lgnition
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Table 2- Analysis of variance based on mean squares of dry weight, iron concentration and uptake
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<l e %) <l e %) <l e ), st‘}i S il
shoot root shoot root shoot root
daft S.0.V
I
0.20%* 0.063 144.30 3420.1* 23.34%* 0.02 1 s Jobxe .
Nutrient solution
(Y
1.65%* 2.65** 4187.31** 192873** 71.3** 2.02** 1 _‘f
Mineral
LS
1.72%* 0.77** 926.90* 59351.8** 129.69** 0.49 1 o
Plant
ol x olie Jobo
0.02 0.15** 1878.50** 19751.34** 11.11** 0.11 1 Nutrient solutionx
Plant
0.31** 0.42** 396.3 38440.01** 4.76* 0.02 o S
’ ’ ’ ’ ) ' Mineralx Plant
lise x S
0.52+* 0.001 1804.92** 2137.60 26.27%* 0.64 1 e e
Mineral x Nutrient
oS X@‘J& J9l>u X @K
0.009 0.36** 29.60 33115.5%* 0.13 0.0.1 1 Mineral x Nutrient x
Plant
s
0.01 0.015 116.9 739.05 0.76 0.21 16
Error
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Figure 1- shoot (a) and root (b) dry weight in media containing phlogopite and muscovite, affected by two nutrient solutions
treatments. Means with the same letters are not significantly different at P<0.05. A+F: alfalfa fed with complete nutrient
solution; A-Fe: alfalfa fed withiron-free nutrient solution;B+Fe: barley fed with complete nutrient solution; B-Fe: barley fed
withiron-free nutrient solution;Ph: phlogopite. M: moscovite
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2-1soflavonoidphytoalexin [2-(3,5-dihydroxyphenyl)-
5,6-dihydroxyben zofuran]

3- Caffeic acid
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Figure 2- mean of iron concentration in shoot (a) and root (b) in media containing phlogopite and muscovite, affected by two
nutrient solution treatments. Means with the same letters are not significantly different at P<0.05.A+F: alfalfa fed with
complete nutrient solution; A-Fe: alfalfa fed with iron-free nutrient solution; B+Fe: barley fed with complete nutrient
solution; B-Fe: barley fed with iron-free nutrient solution; Ph: phlogopite. M: muscovite
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Figure 3- mean of iron uptake in shoot (a) and root (b) in media containing phlogopite and muscovite, affected by two
nutrient solution treatments. Means with the same letters are not significantly different at P<0.05.A+F: alfalfa fed with
complete nutrient solution; A-Fe: alfalfa fed with iron-free nutrient solution; B+Fe: barley fed with complete nutrient
solution; B-Fe: barley fed with iron-free nutrient solution; Ph: phlogopite. M: moscovite

(395 97+ 971+) LSPH (ko ¥ Jgo
Table 3- mean of pH of the pots (mean of two times extraction)

B Y PYE s (S g
Nutrient solutions Media B Shdags
odT O Jol” Plant species
Iron-free Complete
6.98 7.04 s s -
Phlogopite Barley
7.03 7.01 S >
Muscovite
6.67 6.88 a8 o
Phlogopite Alfalfa
6.85 6.92 S

Muscovite
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Introduction: Iron is one of the essential micronutrients for plant growth. The total amount of iron in soil is
often more than plant iron requirement, but the low solubility of iron compounds in many of soils leads to low
uptake of this element by plant and eventually, resultsin iron deficiency symptomsin plant. Iron is the structural
component of cytochromes, leghemoglobines and ferredoxins. This element participates in many vital activities
of plants, such as photosynthesis, respiration and fixation of molecular nitrogen. Some of micaceous minerals
including muscovite and phlogopite which contain significant amounts of iron are plentiful in soils of arid and
semiarid regions of Iran. The purpose of this study was to evaluate the ability of two plant species (afalfa and
barley) to uptake structural iron from muscovite and phlogopite.

Materials and Methods: The greenhouse experiment was conducted as factorial arrangement based on
completely randomized design with three replicates. Treatments consisted of two plant species (alfalfa and
barley), two types of micaceous minerals (phlogopite and muscovite) and two nutrient solutions (complete and
iron-free).The experiment was done in 700 g pots containing a mixture of quartz sand (as the filling material),
cocopeat and micaceous minerals (phlogopite and muscovite). Quartz sand and micaceous mineral were obtained
from amine near Hamadan City in Iran. For this purpose, X-ray elemental analysis fluorescence (XRF) was used
to investigate the possibility of using quartz sand and micaceous mineral. Micaceous minerals were passed
through a 140 mesh sieve and then, samples were saturated with Causing a0.5 M CaCl, solution. To remove the
excess Cl, saturated minerals were washed with distilled water several times and then samples were oven dried at
105 °C. Pots were filled with a mixture of 600 g quartz sand, micaceous mineral and cocopeat. The amount of
mineral was added until there was 0.35% K0 in all pots. Two barley and alfalfa seeds were planted in each pot.
During the growth period (150days), plants were irrigated and fed with distilled water and nutrient solutions,
respectively. At the end of the growth period, shoots and roots of plants were harvested andiron contents of
plants extracts were measured by atomic absorption.

Results and Discussion: For two plant species, the results showed that iron concentration in the pots
containing phlogopite and fed with iron-free nutrient solution was in a sufficient range for both barley and
afafa The amount of iron uptake by afalfa in both substrates and nutrition solutions was more than barely. It
seems that alfalfais able to uptake more amount of iron due to the abundant root exudates. The highest amount
of iron uptake by root is related to alfalfa cultivated in substrates containing phlogopite and fed with iron-free
nutrient solution. The highest barley shoots weight is related to substrates containing phlogopite and muscovite
fed with complete (with iron) nutrient solution, whereas in alfalfa, the highest shoot weight is related to
phlogopite-containing substrates fed with iron-free nutrient solution. Plants cultivated in two substrates
containing phlogopite and muscovite did not show deficiency symptoms until late growth period and appearance
of plants fed with iron-free nutrient solution was completely similar to those fed with complete nutrient solution.
The amount of iron uptake by rootsis several times higher than that of shoots. High uptake of iron by plant roots
are affected by phytosiderophores produced by plant roots. Phytosiderophores produce chelate Fe (l11) in the
rhizosphere. These chelates are absorbed into the apoplast of roots and Fe (111) is separated from them as a result
of certain reactions, and takes the path to xylem.

Conclusion: The results of this study indicate that iron structural phlogopite and muscovite minerals can
provide iron requirement for plant during the growth season. Since phlogopiteis a tri-octahedral mineral, it has
more Fe (I1) and its structure is weaker than muscovite, and hence, is able to provide more iron for the plant
during growth season. But muscovite is di-octahedral and its structure contains Al*3, so octahedral may not

easily release its elements into the rhizosphere for the plants utilization. The factors influence the release of

elements from micaceous minerals are structure and type of mineral. Alfafais able to release more iron from
micaceous minerals thanks to its root systems and ability to produce more shoot. Since micaceous minerals have
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considerable amount of iron and are able to provide iron requirement for plant during growth season, it is
recommended to investigate whether micaceous minerals are able to supply this element for longer growth
periods.
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