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Table 1. Chemical composition (%) of phlogopite mineral used in the experiment.
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Table 2.Treatments and their constituents.
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Figure 1. X-ray diffractograms of the clay fraction of phlogopite mineral used in the experiment.
(Mg): Mg- saturated, (Mg-Eg): Mg-saturated and ethylene glycol-solvated, (K): K- saturated, and (K-550°):

K-saturated and heated at 550 °C treatments.
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Figure 2. X-ray diffractograms of the clay-sized particles present in the cow manure.
(Mg): Mg- saturated, (Mg-Eg): Mg-saturated and ethylene glycol-solvated, (K): K- saturated and (K-550°):

K-saturated and heated at 550 °C treatments.
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Figure 3. X-ray diffractograms of clay-sized particles of Ph 20 treatment before the experiment.
(Mg): Mg- saturated, (Mg-Eg): Mg-saturated and ethylene glycol-solvated, (K): K- saturated and (K-550°):

K-saturated and heated at 550 °C treatments.
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Figure 4. X-ray diffractograms of Mg-saturated clay fraction of cow manure during the composting process

(45, 90, 135 and 180 days) as compared to the control.
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Figure 5. X-ray diffractograms of Mg-saturated clay-sized particles of the mixture of cow manure and 20%
phlogopite during the composting process as compared to that of the control.
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Figure 6. X-ray diffractograms of Mg-saturated (Mg), Mg-saturated and ethylene glycol-solvated (Mg-Eg),
(K): K- saturated, and (K-550°): K-saturated and heated at 550 °C treatments of clay-sized particles in a
mixture of cow manure and 20% phlogopite during the composting process for 45, 90, 135 and 180 days.
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Figure 7. X-ray diffractograms of Mg-saturated, Mg-saturated and ethylene glycol-solvated, K-saturation and
K-saturated and heated at 550 °C of clay-sized particles of cow manure during the composting process for

45,90, 135 and 180 days.
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Figure 8. Changes in peak intensity ratio of 1.4 to 1.0 nm during the composting process in phlogopite-

containing treatment.
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Figure 9. Changes of C/N ratio during the composting process in phlogopite-containing treatment.

Foe S Slhas s Sns S S

slel 4 0as sy 5 0l CllS L oS Cnl ox g

Sslse Co o (10 = C/N) Kz gaS il 3
sl ey ol Ol e S

S Shlsn £l s SRas 0

2 ey Sl S by g S

Sladlles 4 a5 b Ll ol ol astls 5 o s s

A4 U5 L Sy S IS Sl wslS

ey

& 5 4ol

oSl O Sl s ol @b

e ;ﬂ): 34 g k;:.iﬁ‘}lﬁ S8 «&.::Mﬁé .A.ujjs
oLl o.,\.ib\}h Q,_ll.“\gmd\ J,lS E) C"i‘y‘)s;;‘)) v_,lS
ol 5 e Obey il b Sslea ool 5 ool
)_HS,\,LGMLQCJ@)@}:;«:Q@M;?J\@M\
T L C W PWC RN JERP R
Sl Co o (7 = C/N) 58 555 0o

BYR-T P R VUL POV SR T R S po



1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

8 5l Pl
5 O Kkass 5l Culem Gadio 51 abesinds
P Sl sl e iSOl
S oremen 5 (AVTYVA olad O pne Slides
Cartagena oKl 5 Olghol o oKl
Losed Ok L b Shash cul pll 5o & (L)
el 1508 e

1.Adamtey, N., Cofie, O., Ofosu-Budu,
G.K., Danso, S.K., and Forster, D.
2009. Production and storage of N-
enriched co-compost. Waste Management.
29:9. 2429-2436.

2.Alef, K., and Nannipieri, P. 1995.
Methods in applied soil microbiology and
biochemistry. Academic Press, 576p.
3.Badr, M.A. 2006. Efficiency of
K-feldspar combined with organic
materials and silicate dissolving bacteria

on tomato yield. J. Appl. Sci. Res.
2:1191-1198.
4.Bailey, S.W. 1984, C(lassification
and structures of the micas. Reviews
in  Mineralogy and Geochemistry.
13:1. 1-12.

5.Barker, W.W., Welch, S.A., and Banfield,
J.F. 1997. Biogeochemical weathering of
silicate minerals. Reviews in Mineralogy
and Geochemistry. 35: 1. 391-428.

6.Basak, B.B. 2018. Recycling of
waste biomass and mineral powder
for preparation of potassium-enriched
compost. J. Mater. Cycle Waste Manage.
20: 3. 1409-1415.

7.Basak, B.B., and Biswas, D.R. 2009.
Influence of potassium solubilizing
microorganism (Bacillus mucilaginosus)
and waste mica on potassium uptake
dynamics by Sudan grass (Sorghum
vulgare Pers.) grown under two Alfisols.
Plant and Soil. 317: 1-2. 235-255.

8.Bigham, J.M., Bhatti, T.M., Vuorinen, A.,
and Tuovinen, O.H. 2001. Dissolution and
structural  alteration of  phlogopite

YEA

S sl s b S s Se plr glacls
I PRGNWRITLINN S RN PR WA QPP EIEPLY
role Sl aS sl QL 750 4 sl o)
ol g8 slaw saS o V.ML:J” O oslazal L1
S e Gl sS4 Lol e L
OF 5 Ol 5 il S sl SIS Suslse
bt OLS 5 0ok s cmbe IS Olgea

23 as o3l

mediated by proton attack and bacterial
oxidation of ferrous iron. Hydrometallurgy.
59:2-3.301-3009.

9.Biswas, D.R. 2011. Nutrient recycling
potential of rock phosphate and waste
mica enriched compost on crop
productivity and changes in soil fertility
under potato—soybean cropping sequence
in an Inceptisol of Indo-Gangetic
Plains of India. Nutrient Cycling in
Agroecosystems. 89: 1. 15-30.

10.Bremner, J.M. 1996. Nitrogen-total.
P 1085-1121. In: D.L. Sparks, (ed.)
Methods of Soil Analysis. Part 3:
Chemical Methods. Soil Science Society
of America, American Society of
Agronomy, Madison, WI.

11.Brown, K.W. 1977. Shrinking and swelling
of clay, clay strength and other properties
of clay soils and clays. P 689-707. In:
J.B. Dixon and S.B. Weed (eds.,)
Minerals in Soil Environments. Soil
Science Society of America. Madison.

12.Fanning, D.S., Keramidas, V.Z., and El-
Desoky, M.A. 1989. Micas, P 551-634.
In: J.B. Dixon and S.B. Weed (eds.)
Minerals in Soil Environments. Soil
Science Society of America, Madison,
WI.

13.Harley, A.D., and Gilkes, R.J. 2000.
Factors influencing the release of
plant nutrient elements from silicate
rock powders: a geochemical overview.
Nutrient Cycling in Agroecosystems.
56: 1. 11-36.



B s 9 (6 Ly )

14.Jackson, M.L. 1979. Soil chemical
analysis: advanced course (2™ edition).
University of Wisconsin, Madison, WI,
895p.

15.Jafari, F., Khademi, H., Shariatmadari,
H., and Ayoubi, S. 2020. Temporal
variations of important features of
phlogopite enriched manure during
composting and vermicomposting. J.
Water Soil Sci. 23: 4. 43-54. (In Persian)

16.Kaur, A., Singh, J., Vig, A.P., Dhaliwal,
S.S., and Rup, P.J. 2010. Cocomposting
with and without Eisenia fetida for
conversion of toxic paper mill sludge
to a soil conditioner. Bioresource
Technology. 101: 21. 8192-8198.

17. Khayamim, F., Khademi, H., and
Sabzalian, M.R. 2011. Effect of
Neotyphodium endophyte-tall fescue
symbiosis on mineralogical changes in
clay-sized phlogopite and muscovite.
Plant and Soil. 341: 1-2. 473-484.

18.Manley, E.P., and Evans, L.J. 1986.
Dissolution of feldspars by low-
molecular-weight aliphatic and aromatic
acids. Soil Science. 141: 2. 106-112.

19.Meena, M.D., and Biswas, D.R. 2013.
Residual effect of rock phosphate and
waste mica enriched compost on yield
and nutrient uptake by soybean. Legume
Research. 36: 5. 406-413.

20.Meena, M.D., and Biswas, D.R.
2014. Phosphorus and potassium
transformations in soil amended with
enriched compost and chemical
fertilizers in a wheat—soybean cropping
system. Communications in Soil Science
and Plant Analysis. 45: 5. 624-652.

21.Metzger, J. 1998. Growing plants with
worm poop: Vermicompost as an
amendment for soilless media. Ohio
State University Floriculture Research

Update.  Ohio  State  University,
Columbus, 227p.
22.Mosleh, Z., Salehi, M.H.,

Rafieiolhossaini, M., and Mehnatkesh,

A. 2014. Formation of hydroxy-
interlayer ~ vermiculite  (HIV) in
rhizosphere  soils under German
camomile cultivation and manure

application. Clay Minerals. 49: 1. 63-73.

1£4

23.Naderizadeh, Z., Khademi, H., and
Arocena, J.M. 2010. Organic matter
induced mineralogical changes in
clay-sized phlogopite and muscovite
in alfalfa rhizosphere. Geoderma,
159: 3-4. 296-303.

24 Nelson, D.W., and Sommers, L.E. 1996.
Total carbon, organic carbon, and
organic matter. P 961-1010. In: D.L.
Sparks (ed.) Methods of Soil Analysis.
Part 3. Chemical Methods. Soil Science
Society of America, Madison, WI.

25.Nishanth, D., and Biswas, D.R. 2008.
Kinetics of phosphorus and potassium
release from rock phosphate and waste
mica enriched compost and their
effect on yield and nutrient uptake by
wheat (Triticum aestivum). Bioresource
Technology. 99: 9. 3342-3353.

26.Pinzari, F., Cuadros, J., Napoli, R.,
Canfora, L., and Bardaji, D.B. 2016.
Routes of phlogopite weathering by
three fungal strains. Fungal Biology.
120: 12. 1582-1599.

27.Schulze, D.G. 2002. An introduction to
soil mineralogy. P 1-35. In: J. B. Dixon
and D.G. Schulze (eds.) Soil Mineralogy
with Environmental Applications, Soil
Science Society of America, Madison,
WI.

28.Senapati, B.K., Dash, M.C., Rana, A.K.,
and Panda, B.K. 1980. Observation on
the effect of earthworm in the
decomposition process in soil under
laboratory  conditions. = Comparative
Physiology and Ecology. 5: 3. 140-142.

29.Sollins, P., Homann, P., and Caldwell,
B.A., 1996. Stabilization and
destabilization of soil organic matter:
mechanisms and controls. Geoderma.
74: 1-2. 65-105.

30.Sparks, D.L., and Huang, P.M. 1985.
Physical chemistry of soil potassium.
P 201-276. In. R.D. Munson (ed.),
Potassium in Agriculture. Soil Science
Society of America. Madison, WI.

31.Weed, S.B., Davey, C.B. and Cook,
M.G., 1969. Weathering of mica by
fungi. Soil Science Society of America
Proceedings. 33: 5. 702-706.



J. of Soil Management and Sustainable
Production, Vol. 10(1), 2020
http://ejsms.gau.ac.ir

DOI: 10.22069/ejsms.2020.16394.1879 Sorgan University of Agricuura

Mineralogical changes of phlogopite during the process
of enriched compost production

*F, Jafari' and H. Khademi’
'Ph.D. Student, Dept. of Soil Science, Isfahan University of Technology,
*Professor, Dept. of Soil Science, Isfahan University of Technology
Received: 03.12.2019; Accepted: 09.29.2019

Abstract

Background and Objectives: Soil is the thin layer of materials covering the Earth’s surface
and forms from the interaction of the atmosphere, lithosphere, biosphere and hydrosphere. Soil
formation, development and functions influence the sustainability of ecosystem. The unique
characteristics of soil have made it one of the key subjects of the Earth Science. Minerals are
important components of the soil environment. They influence on the water-holding capacity of
soils and affect their cation exchange capacity. Mineral weathering is an important process in
soils, during which available forms of important nutrient elements are released from minerals
structure into the soil system for root uptake. Micaceous minerals are common components of
soils, sediments and minerals. Several studies have examined the characteristics of compost
enriched with mineral compounds. While the mineralogical changes during the process of
compost production have not yet been investigated. Therefore, the objective of this research was
to evaluate the rate of biological weathering of phlogopite with time in phlogopite-enriched
compost.

Materials and methods: An experiment was run in petri dishes under laboratory conditions
using 2 levels of phlogopite mineral (0 and 20% by weight) and four time periods (45, 90, 135
and 180 days) in 3 replications. Each petri dish contained 20 g of a mixture of cow manure and
phlogopite mineral. In each period, 6 petri dishes were separated and their contents were oven
dried at 30 °C, powdered and passed through a 2 mm sieve. After preparing the contents of petri
dishes, organic carbon content of the samples was measured by wet oxidation method and their
total nitrogen by Kjeldahl method. The mineralogical changes were evaluated using X-ray
diffraction analysis.

Results: XRD patterns showed that during the composting process, phlogopite was partially
weathered to vermiculite and smectite. The rate of weathering was higher at the early stages.
The weathering of phlogopite was influenced considerably by the activity of microbial
communities during organic matter decomposition process. At the end of the composting
process, the weathering rate decreased and continued at a stable rate. Mineralogical changes
occurred in phologopite during the composting were in line with the reduction of C/N ratio with
time. The C/N ratio rapidly changes at the early stages of the composting process and gradually
becomes constant.

Conclusions: In general, the results indicate that the increase of availability of elements such as
potassium in mica-enriched compost is in fact due to the weathering of micaceous minerals

added. The weathering rate was influenced by the activities of microbial communities.
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