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Table 1- Elemental analysis of micaceous minerals used in the experiment using XRF (%)
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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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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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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
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Table 3- mean of pH of the pots (mean of two times extraction)
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Nutrient solutions Media B Shdags
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Iron-free Complete
6.98 7.04 s s -
Phlogopite Barley
7.03 7.01 e
Muscovite
6.67 6.88 a8 o
Phlogopite Alfalfa
6.85 6.92 e

Muscovite




WWAF 15— 18,5 ¥ oyled MY il (S g T 4y pis YOF

orl e sl e sl SIS aShl 4 4o b cpionen D948 o Febar (2lom il adgi g 063 (glady) s & 495 b aoDgy ol
o=l 4o olS s cusS 0y93 Jobo 3 wilgi e g iwd a3 B Aol Sl SLSke (sla SLS 51 oy ol jlade ol atuslys
)—‘u"y?‘" dba)sb 0 u,zb] ‘_y.nl.s Ol&ol = IS ‘_y.nl.s l) s 9 oS o J_a.c WKA J)b d‘)_g 8y Slalao L’ﬁl).gl.;.g
sl (63938 (2Se0 sl S 5l A, i oLSee Lo SLS )3 39 290 bl Gla o] ol 3

&l

1- Brown J. C., and Jolley V.D. 1989. Plant metabolic responses to iron-deficiency stress. BioScience, 39: 546-551.
2- Bar-NessE., Hadar Y., Chen Y., Romheld V., and Marschner H. 1992. Short-term effects of rhizosphere
microorganisms on Fe uptake from microbial siderophores by maize and oat. Plant Physiology, 100: 451-456.

3- Cakmak 1., Pfeiffer W.H., and McClafferty B. 2010. Biofortification of durum wheat with zinc and iron. Cereal

Chemistry, 87: 10-20.
4- Calvaruso C., Mareschal L., Turpault M.P., and Leclerc E. 2009. Rapid clay weathering in the rhizosphere of Norway

spruce and oak in an acid forest ecosystem. Soil Science Society of America Journal, 73: 331-338.
5- Farpoor M.H. 2002. Relationship between geomorphology and evolution of Rafsanjan soils. Soil sciences Ph.D
thesis, college of agriculture, Isfahan University of Technology, 226p.

6- Fernandez V., and Ebert G. 2005. Foliar iron fertilization: acritical review. Journa of Plant Nutrition,28: 2113-2124,

7- Haynes R.J. 1990. Active ion uptake and maintenance of cationanion balance: A critical examination of their rolein
regulating rhizosphere pH. Plant and Soil, 126: 247-264.

8- Hopf J, Langenhorst F.,Pollok K., Merten D., and Kothe E. 2009. Influence of microorganisms on biotite

dissolution: an experimental approach. Chemie Der Erde Geochemistry, 69: 45-56.
9- Jaillard B., Ruiz L., and Arvieu J. C. 1996. pH mapping in transparent gel using color indicator videodensitometry.

Plant and Soil, 183:85-95.
10- Jalai M. 2005. Release kinetics of nonexchangeable potassium in calcareous soils. Communicationsin Soil Science
and Plant Analysis, 36: 1903-1917.

11- Kabata-Pendias A. 2011. Trace Elements in Soils andPlants. 3™ Ed. CRC Press, Boca Raton, FL.

12- Khayamim F., and Khademi H. 2010. The ability of three plant species to take up potassium from phlogopite.
Journa of Plant Production, 17(4):91-109. (in Persian with English abstract)

13- Khoshgoftarmanesh A.H. 2007. Principles of Plant Nutrition. Isfahan University of Technology press, 461p. (in
Persian)

14- Marschner H. 2008. Mineral Nutrition of Higher Plants. 2"Ed.,Acadmic Press. Landan. UK.

15- Marschner P., Crowley D., and Rengel Z. 2011. Rhizosphere interactions betweenmicroorganisms and plants
govern iron and phosphorus acquisition along the root axis-model and research methods. Soil Biology and
Biochemistry, 43: 883-894.

16- Masaoka Y., Kgjima M., Sugihara S., Yoshihara T., Koshino M., and Ichihara A. 1993. Dissolution of ferric
phosphate by alfalfa (Medicago sativaL.) root exudates. Plantand Soil, 155: 75-78.

17- Naderizadeh Z. 2009. Effect of organic matter on potassium uptake ability from micaceous minerals by alfalfa and
possibility minera transformation. Soil Sciences Master Thesis, college of agriculture, Isfahan University of
Technology, 113p. (in Persian)

18- Neilands JB., Leong S.A. 1986. Siderophores in relation to plant growth and disease. Annual Review Plant
Physiology, 37:187-208

19- Norouzi S., and Khademi H. 2010. Ability of alfalfa (Medicago sativa L.) to take up potassium from different

micaceous minerals and conseguent vermiculitization. Plant and Soil, 328: 83-93.

20- Olsen R.A., Bennett J. H., Blume D., and Brown J. C. 1981. Chemical aspects of the Fe stress response mechanism
in tomatoes. Journal of Plant Nutrition, 3: 905-921.

21- Powdll P.E., Staniszlo P.J., Cline G.R., Reid C.P.P. 1982. Hydroxamate siderophores in the iron nutrition of plants.
Journal of Plant Nutrition,5:653-673

22- Romheld V. 1987. Different strategies for iron acquisition in higher plants. Physiologia Plantarum, 70: 231-234.

23- Sanchez A.S., Juarez M., Sanchez-Andreu J., Jorda J., and Bermadez D. 2005. Use of humic substances and amino
acids to enhance iron availability for tomato plants from applications of the chelate FeEEDDHA. Journal of Plant



YOV cugfugo 9 ConsFald (53l (5o i I (0T i )0 (BLS 4igS 90 (il

Nutrition, 28: 1877-1886.

24- Stegner R. 2002. plant Nutrition Studies. Lamotte Company, Maryland, USA. P. 76.

25- Styriakoval., Bhatti T.M., Bigham JM., tyriak |., Vuorinen A., and Tuovinen O.H. 2004. Weathering of phlogopite
by Bacillus cereus and Acidithiobacillusferrooxidans. Canadian Journal of Microbiology, 50: 213-219.

26- Wiren N.V., Romheld V., Shioiri T., and Marschner H. 1995. Competition between microorganisms and roots of
barley and sorghum for iron accumulated in the root apoplasm. New Phytologist, 130: 511-521.



Journal of Water and Soil (6329LiS galio 9 psle) S g O @ i
Vol. 31, No. 2, May.-Jun. 2017, p. 449-459 i FPA-FAA .o TS 1 — 0105 oY oled ¥ uls

The Ability of two Plant Species to Uptake of Iron from Substrates Containing
Muscovite and Phlogopite

M. Soleimanzadeh'- H. Khademi’- M. Sepehri®®
Received: 16-07-2015
Accepted: 11-09-2016

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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