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Abstract: Ferromanganese concretions (or Fe-Mn nodules), as a specific type of soil neoformations, are formed during pedogenic
processes. The structure of concentric rings in soil Fe-Mn nodules can be used to reconstruct paleoclimatic conditions and
soil-forming environments. The constituents of soil Fe-Mn nodules can provide nutrients and energy for microbial metabolism
that in turn affect the transformation, fixation and mobilization of soil nutrients and heavy metals. This article reviewed the

research progresses on soil Fe-Mn nodules during the past several decades, including (i) the formation mechanism and process of
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Fe-Mn nodules and the associated influencing factors; (ii) differences in the microstructure and constituents of Fe-Mn nodules in
different regions; and (iii) effects of Fe-Mn nodules on nutrient transformation and heavy metal sorption. Future research
priorities include (a) study of the formation rates and environmental thresholds of Fe-Mn nodules during different stages of soil
development; (b) establishment of the evolution models of Fe-Mn nodules in different soil-forming environments; and (c)
elucidation of the mechanisms of stabilization and release of soil nutrients and heavy metals by Fe-Mn nodules. This will

facilitate understanding of the pedogenic processes and elemental biogeochemical cycling in the Earth’s Critical Zone and provide

a basis for quantitative evaluation of soil quality and function under changing environments.

Key words: Soil genesis; Neoformation; Ferromanganese concretions; Redox reactions; Element geochemistry
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Fig. 1 Schematic diagram of the formation mechanism of Fe-Mn nodules
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Fig. 5 Schematic diagram of the formation process of Fe-Mn nodules and its relationship with element cycling

(1) 7n AR R B Be AR 45 AT 1 4R 5 30
SEBIE o i R ARG PO [R] 3 X 3 o B0 BRAR 25 4
PEATHRASXTELOTTE, S 23 A B RS [R) A  A 4 T
BERZOTR SR RO BIPR E S A P AR 2E
SBUE TR, EIX SR T ME LA [ A B B
PARLE D U AR G IR B, A5 2k — 2 B A
BRARZA% T B Sl 2 1 (A AR S BB LB
B RIEE o LS [R] Fe 81 S W AR R | T
i) 2 R - S o P By 278 AR AR R PR B RS 11 T
AT B ARk, AR X A B AN R 26
T L SRS [R] PP 9 B EE ST, 9] A ST Ay s XA [ B Jot
FE RPN A bk a3 41450ty o X R R
B g g T ST L DX R L e
HIONE: gt ST 3 AR o R R
PRI TR Sy o PRI i i ORI A 7 i A
TS, SRAEA R A A AR RS 8 P A Bk AR 4
AT oA AT S, Al Ry 48 75 AN [ B B kA 45

B B A G A B (E P BT B [, DAk
WEAE T “HROUE R R RO A A A ER
SR A AR A 45 R R B i ) NUEE

(2) FFEAN [ B - PRI v R A 45 A T AR R
BRER S5 R B R LR P 2 W e
AR R AT AT RN CTERT, XL
323 H AR R A VE RT3 . 7R K
Mt e, AMUA RN R KB, AN
PEFH I T ORISR BE At 22 e AR AT 2192 /g, T
PATOLBRERZSAZ 0 A% TR AR
RS H A REAAAE 2 ER (. RRT HE— P 5T i
T3l DX AR e SR E] SR e 8, fE A
71N B 45 A T A R AR (B A Al b, R S [ R
TIBEPERRR A AR, AN, R B R AR
il S5 T RALUAS [ S Al - 8 rh R 45 % T 1l 2
S #e, O AU AN AR AR AL S i B
FRZIR T b Bk A6 A% U R SR A

http://pedologica.issas.ac.cn



328 + b1

e 60 %:

(3) B BIBRER A5 2 %0 L v 37 o0 I 2 114 [
BHLEE . o BZROFTERY, BRER AT AL RE SR &
bRk AL BRI ML, T EL AR A I R
4 A R R A LT RS O, T S 0 M T
FIZHRE. SR, T BRARE XS L3 35 70 Rl e
& B EREPLER H A AN R, X — T R T
AR PR A S AR T HRK” dE, J—
J5 T2 B T - S b SR A3 R e 1 T AN T e A AR
o, PRMARME BEAT IS LI o AR o Rl aed = P 42 il
SR AN F L R B G HT7 i, WEFE A AL A
Rl SRR A T R S5 0 FR 0 L R M 2w &
I S AT BPE BRI, R FHE 7R BR AR 25 A0 e
Fr43 MV 45 Ja i A REAIL AL

S %Wk ( References )

[1] ZhuYG, LiG, Zhang G L, et al. Soil security: From
Earth’s critical zone to ecosystem services[J]. Acta
Geographica Sinica, 2015, 70 (12): 1859—1869. [k
AKE, 2N, RHERE, . BEEE e AHBROCHE B
HERRGRSS D). HBE2AR, 2015, 70( 12): 1859—1869.]
Zhang G L, Shi X Z, Gong Z T. Retrospect and prospect
of soil geography in China[J]. Acta Pedologica Sinica,
2008, 45(5): 792—801. [FKH %k, L2FIE, BT [H.
[ - et 2 R B iy Il ot 5 g B (D). Lol 2008,
45 (5): 792—801.]

Zhang G L, Zhu A X, Shi Z, et al. Progress and future
prospect of soil geography[J]. Progress in Geography,
2018, 37 (1): 57—65. [BKH%%, RPN, A, 5. &
P kR S ). B AL, 2018, 37
(1): 57—65.]

Zhang G L, Shi Z, Zhu A X, et al. Progress and
perspective of studies on soils in space and time[J]. Acta
Pedologica Sinica, 2020, 57 (5): 1060—1070. [ H
B, SO, ORBTNG, SF MRS AR AT A HE e S R
SK[I]. 2, 2020, 57 (5): 1060—1070.]
Simonson R W. Outline of a generalized theory of soil
genesis[J]. Soil Science Society of America Journal,
1959, 23 (2): 152—156.

Simonson R W. A multiple-process model of soil
genesis[J]// Mahaney W C. Quaternary soils, 1978:
1—25.

Schaetzl R J, Anderson S. SoilsfM]. Cambridge :
Cambridge University Press, 2005.

Gong Z T, Zhang G L, Chen Z C. Pedogenesis and soil
taxonomy[M]. Beijing: Science Press, 2007. [#£F[A],
KRR, BRSu RERES RS EM]. deat: B
22 AR, 2007.]

[ 10 ]

[ 21 ]

[ 22 ]

Weil R R, Brady N C. The nature and properties of
soils[M]. 15th ed. New Jersey: Person Education, Inc.,
2017.

Jarvis N J. A review of non-equilibrium water flow and
solute transport in soil macropores : Principles ,
controlling factors and consequences for water quality[J].
European Journal of Soil Science, 2007, 58 (3 ):
523—546.
Kogel-Knabner I, Amelung W, Cao Z H, et al
Biogeochemistry of paddy soils[J]. Geoderma, 2010, 157
(1/2): 1—14.

Magaritz M, Kaufman A, Yaalon D H. Calcium carbonate
nodules in soils: '*0/'°0 and "C/"*C ratios and "C
contents[J]. Geoderma, 1981, 25 (3/4): 157—172.
Yu X L, Wang Y F, Zhou G Z, et al. Paleoclimatic
fingerprints of ferromanganese nodules in subtropical
Chinese soils identified by synchrotron radiation-based
microprobes[J]. Chemical Geology, 2020, 531: 119357.
Tan WF, Liu F, Li Y H, et al. Elemental composition and
geochemical characteristics of iron-manganese nodules in
main soils of China[J]. Pedosphere, 2006, 16( 1 ): 72—8]1.
Zhang GY, HeJ Z, Liu F, et al. Iron-manganese nodules
harbor lower bacterial diversity and greater proportions
of proteobacteria compared to bulk soils in four locations
spanning from North to South China[J]. Geomicrobiology
Journal, 2014, 31 (7): 562—577.
Timofeeva Y O , Golov V 1
microelements in iron nodules in concretions in soils: A
review[J]. Eurasian Soil Science,2010,43( 4 ):401—407.

Kaiser K, Guggenberger G. The role of DOM sorption to

Accumulation of

mineral surfaces in the preservation of organic matter in
soils[J]. Organic Geochemistry, 2000, 31 ( 7/8 ): 711—725.
Fink J R, Inda AV, Tiecher T, et al. Iron oxides and
organic matter on soil phosphorus availability[J]. Ciéncia
e Agrotecnologia, 2016, 40 (4): 369—379.

Queiroz H M, Ferreira T O, Barcellos D, et al. From sinks
to sources: The role of Fe oxyhydroxide transformations
on phosphorus dynamics in estuarine soils[J]. Journal of
Environmental Management, 2021, 278: 111575.
Gasparatos D, Tarenidis D, Haidouti C, et al. Microscopic
structure of soil Fe-Mn nodules : Environmental
implication[J]. Environmental Chemistry Letters, 2005,
2 (4): 175—178

Yang L H, Zheng X M, Ye W. Microbeam X-Ray
fluorescence spectrometry analysis of tiny areas of inner
iron-manganese nodules in red earth, Southern China[J].
Spectroscopy and spectral analysis, 2017, 1955—1959.
M P, Tyner E H, R S IIL

Ferromanganiferous soil concretions: A scanning electron

Cescas Harmer
microscope study of their micropore structures[J]. Soil
Science Society of America Journal, 1970, 34 (4):
641—644.

http://pedologica.issas.ac.cn



2 3

EER TR i L AR TRat A e RS 1 P 329

[ 26 ]

[ 30 ]

[ 34 ]

[ 36 ]

Huang L, Hong J, Tan W F, et al. Characteristics of
micromorphology and element distribution of iron-
manganese cutans in typical soils of subtropical China[J].
Geoderma, 2008, 146 ( 1/2): 40—47.

Latrille C, Elsass F, van Oort F, et al. Physical speciation
of trace metals in Fe-Mn concretions from a rendzic
lithosol developed on Sinemurian limestones ( France ) [J].
Geoderma, 2001, 100 (1/2): 127—146.

Cornu S, Deschatrettes V, Salvador-Blanes S, et al. Trace
element accumulation in Mn—Fe—oxide nodules of a
planosolic horizon[J]. Geoderma, 2005, 125 (1/2):
11—24.

Gasparatos D. Sequestration of heavy metals from soil
with Fe-Mn concretions and nodules[J]. Environmental
Chemistry Letters, 2013, 11 (1): 1—9.

Aide M, Smith-Aide C. Assessing soil genesis by
rare-earth elemental analysis[J]. Soil Science Society of
America Journal, 2003, 67 (5): 1470—1476.
Neaman A, Mouélé F, Trolard F, et al. Improved methods
for selective dissolution of Mn oxides: Applications for
studying trace element Applied
Geochemistry, 2004, 19 (6): 973—979.

Dymond J, Lyle M, Finney B, et al. Ferromanganese
nodules from MANOP Sites H, S, and R—Control of

mineralogical and chemical composition by multiple

associations[J].

accretionary processes[J]. Geochimica et Cosmochimica
Acta, 1984, 48 (5): 931—949.

Bakker AP D, Tokashiki Y, Arachchi L P V. Mineralogy
of okinawan terrestrial Fe/Mn nodules and their
surrounding soils[J]. Clay Science, 2011, 12 (3 ):
121—130.

Szymanski W, Skiba M, Btachowski A. Mineralogy of
Fe-Mn nodules in albeluvisols in the Carpathian
foothills , Poland[J]. Geoderma , 2014, 217/218:
102—110.

Sidhu P S, Sehgal J L, Sinha M K, et al. Composition and
mineralogy of iron-manganese concretions from some
soils of the Indo-Gangetic plain in Northwest India[J].
Geoderma, 1977, 18 (4): 241-—249.

Singh B, Gilkes R J. Nature and properties of iron rich
glaebules and mottles from some south-west Australian
soils[J]. Geoderma, 1996, 71 (1/2): 95—120.

Yu X L, Fu YN, Brookes P C, et al. Insights into the
formation process and environmental fingerprints of
iron-manganese nodules in subtropical soils of Chinal[J].
Soil Science Society of America Journal, 2015, 79 (4 ).
1101—1114.

Gasparatos D, Massas I, Godelitsas A. Fe-Mn concretions
and nodules formation in redoximorphic soils and their
role on soil phosphorus dynamics: Current knowledge
and gaps[J]. Catena, 2019, 182: 104106.
Yli-Hemminki P, Sara-Aho T, Jergensen K S, et al.

37

38

39

40

41

42

43

44

45

46

47

Iron-manganese concretions contribute to benthic release
of phosphorus and arsenic in anoxic conditions in the
Baltic Sea[J]. Journal of Soils and Sediments, 2016, 16
(8): 2138—2152.

Manceau A, Tamura N, Celestre R S, et al
Molecular-scale speciation of Zn and Ni in soil
ferromanganese nodules from loess soils of the
Mississippi  basin[J].
Technology, 2003, 37 (1): 75—80.

Neaman A, Martinez C E, Trolard F, et al. Trace element

Environmental Science &

associations with Fe- and Mn-oxides in soil nodules:
Comparison of selective dissolution with electron probe
microanalysis[J]. Applied Geochemistry, 2008, 23 (4 ):
778—782.

Schwertmann U, Taylor R M. Iron oxides[M]// Dixon J
B, Weed S B. Minerals in soil environments. SSSA Book
Ser. 1. SSSA, Madison, WI, USA, Amer Society of
Agronomy, 1989: 379—438.

Tipping E, Thompson D W, Davison W. Oxidation
products of Mn( II )in lake waters[J]. Chemical Geology,
1984, 44 (4): 359—383.

Zhang M, Karathanasis A D. Characterization of
iron-manganese concretions in Kentucky alfisols with
perched water tables[J]. Clays and Clay Minerals, 1997,
45 (3): 428—439.

Vepraskas M J, Lindbo D L. Redoximorphic features as
related to soil hydrology and hydric soils Schwertmann
U, Taylor R M. Iron oxides[M]// Vepraskas M J, Lindbo
D L. Redoximorphic features as related to soil hydrology
and hydric soils Schwertmann U, Taylor R M. Iron
oxides//Lin H. Hydropedology: Synergistic integration of
soil science and hydrology. Elsevier BV, London,
Amsterdam: Cademic Press, 2012: 143—172.

Yu T R, Chen Z C. Chemical Processes in soil genesis|[M].
Beijing: Science Press, 1990: 67—264. [T R{~, Bk
W BRI E R M. JEaT: BRI A,
1990: 67—264.]

Tan W F, Liu F, Li X Y. Characteristics of band structure
in iron-manganese nodules from yellow-brown soil in
Wuhan[J]. Quaternary Sciences, 2004, 24( 2 ): 198—202,
246. [E3CWE, XL, ZE5E. ROUE AR P ER AR 45 %
R R TR S R R S AR B I SR
9T, 2004, 24 (2): 198—202, 246.]

Sun Z X, Jiang YY, Wang Q B, et al. Fe-Mn nodules in
a southern Indiana loess with a fragipan and their soil
forming significance[J]. Geoderma, 2018, 313: 92—111.
Phillippe W R, Blevins R L, Barnhisel R I, et al.
Distribution of concretions from selected soils of the
inner bluegrass region of Kentucky[J]. Soil Science
Society of America Journal, 1972, 36 (1): 171—173.
Sullivan L A, Koppi A J. Manganese oxide accumulations
structural

associated  with some  soil pores.I.

http://pedologica.issas.ac.cn



330 + o IR 60 &
Morphology, composition and genesis[J]. Soil Research, cruz, California[J]. Soil Science Society of America
1992, 30 (4): 409. Journal, 2010, 74 (2): 550—564.

[ 48 ] Wang X H, Gan L, Wiens M, et al. Distribution of [ 60 ] LiuF, Colombo C, Adamo P, et al. Trace elements in
microfossils within polymetallic nodules : Biogenic manganese-iron nodules from a Chinese Alfisol[J]. Soil
clusters  within  manganese  layers[J]. = Marine Science Society of America Journal, 2002, 66 (2):
Biotechnology, 2012, 14 (1): 96—105. 661—670.

[ 49 ] Jien S H, Hseu Z Y, Chen Z S. Hydropedological [ 61 ] TanWF, LiuF, Feng X H, etal. Adsorption and redox
implications of ferromanganiferous nodules in reactions of heavy metals on Fe-Mn nodules from
rice-growing plinthitic ultisols under different moisture Chinese soils[J]. Journal of Colloid and Interface
regimes[J]. Soil Science Society of America Journal, Science, 2005, 284 (2): 600—605.

2010, 74 (3): 880—891. [ 62 ] Liu L W, Zhang M. Element enrichment of iron

[ 50 ] RamH, Singh R P, Prasad J. Chemical and mineralogical manganese oxide nodules and calcareous nodules in
composition of Fe-Mn concretions and calcretes vertisols and their environmental significance[J]. Soils,
occurring in sodic soils of Eastern Uttar Pradesh, India[J]. 1995, 27 (5): 262—268. [X| RA&, kR, A8tk -84
Australian Journal of Soil Research, 2001, 39 (3 ): 641. AL AL S AT RS A T 2 A MRS ).

[ 51 ] Liu YJ, Wang H N, Cao L M, et al. Element + 4, 1995, 27 (5): 262—268.]
geochemistry[M]. Beijing : Science Press, 1984 : [ 63 ] Szymanski W, Skiba M. Distribution, morphology and
210—211. [RIFAR, T4, EHIW, 5. TRk chemical composition of Fe-Mn nodules in albeluvisols
M) dbnt: Bl i, 1984: 210—211.] of the Carpathian foothills, Poland[J]. Pedosphere, 2013,

[ 52 ] Stiles C A, Mora C I, Driese S G. Pedogenic 23 (4): 445—454.
iron-manganese nodules in Vertisols: A new proxy for [64] SuCT, Tang J S, Shan H P, et al. Study on the
paleoprecipitation?[J]. Geology , 2001, 29 ( 10 ): geochemical properties of Fe-Mn nodule in Litang Karst
943—946. area[J]. Carsologica Sinica, 2008, 27 (1): 43—49. [}

[ 53] YeW, Zheng W X, LiFQ, etal. The composition and FH, A, T, & BIEAT X Bk s
dipositing condition of Ferro-manganese nodules B b ER L 2 REAE IR ST [J]. T EAH, 2008, 27 (1):
developed in quaternary red earth and paddy soil in 43—49.]
mid-subtropica zonie, China[J]. Journal of Mountain [ 65 ] Aide M. Elemental composition of soil nodules from two
Science, 2008, 26 (3): 293—299. [, TS, alfisols on an alluvial terrace in Missouri[J]. Soil
A, AL T 2T 4 5 KRS 1 ek a5 e R Science, 2005, 170 (12): 1022—1033.

598 A A B e (0], M 2E i, 2008, 26 (3): [ 66 ] Sanz A, Garcia-Gonzalez M T, Vizcayno C, et al.
293—299.] Iron-manganese nodules in a semi-arid environment[J].
[ 54 ] Timofeeva Y O, Karabtsov A A, Semal' V A, et al. Soil Research, 1996, 34 (5): 623.
Iron-manganese nodules in udepts: The dependence of [ 67 ] Pan G X. Enrichment of transition metal elements in soil
the accumulation of trace elements on nodule size[J]. Soil Fe-Mn nodules in Huaibei and its environmental
Science Society of America Journal, 2014, 78 (3): geochemical significance[J]. Chinese Science Bulletin,
767—1778. 1989, 34 (19): 1505—1507. [WHH%. 7&Jtii§£%

[ 55 ] White G N, Dixon J B. Iron and manganese distribution gER ot U 4 R O R ) A S LR Bk A2 0 (D).
in nodules from a young texas vertisol[J]. Soil Science BlefmdR, 1989, 34 (19): 1505—1507.]

Society of America Journal, 1996, 60 (4 ): 1254—1262. [68] Li Y H, Wang W Y, Tan W F, et al. The

[ 56 ] Timofeeva Y O. Accumulation and fractionation of trace chemicogeographic characteristics of life-relative elements
elements in soil ferromanganese nodules of different in soil iron-manganese nodules[J]. Geographical Research,
size[J]. Geochemistry International, 2008, 46 (3 ): 2001, 20 (5): 609—615. [Z=ktE, FH—, W,
260—267. S RHUBER A5 A% R A A SRTT R A AL M BRRAE (]

[ 57 ] Gile LH, Peterson F F, Grossman R B. Morphological HHEAFSY, 2001, 20 (5): 609—615.]
and genetic sequences of carbonate accumulation in [ 69 ] Zhang F R. Soil geography[M]. Beijing : China
desert soils[J]. Soil Science, 1966, 101 ( 5): 347—360. Agriculture Press, 2002. [5k X5, THEMPEI2A[M]. db

[ 58 ] Zauyah S, Bisdom E B A. SEM-EDXRA investigation of 5 P ELO MR, 2002.]
tubular features and iron nodules in lateritic soils from [ 70 ] Gasparatos D, Haidouti C, Tarenidis D. Characterization
Malaysia[J]. Developments in Soil Science, 1983, 12: of iron oxides in Fe-rich concretions from an imperfectly-
219—232. drained Greek soil : A study by selective-dissolution

[ 59 ] SchulzM S, Vivit D, Schulz C, et al. Biologic origin of techniques and X-ray diffraction[J]. Archives of Agronomy

iron nodules in a marine terrace chronosequence, santa

and Soil Science, 2004, 50 (4/5): 485—493.

http://pedologica.issas.ac.cn



EER TR i L AR TRat A e RS 1 P 331

[ 72 ]

[ 73]

[ 74 ]

[ 75 ]

[ 78 ]

[ 79 ]

[ 81 ]

[ 82 ]

Vidhana Arachchi L P, Tokashiki Y, Baba S. Mineralogical
characteristics and micromorphological observations of
brittle/soft Fe/Mn concretions from Okinawan soils[J].
Clays and Clay Minerals, 2004, 52 (4): 462—472.

o BRI R R S A R, P
H LIRS KRBT MEE. hE LRG3
KR M]. bt BHA o, 1991

Cornu S, Cattle J A, Samouélian A, et al. Impact of redox
cycles on manganese, iron, cobalt, and lead in nodules[J].
Soil Science Society of America Journal, 2009, 73 (4 ).
1231—1241.

Rhoton F E, Bigham J M, Schulze D G. Properties of
iron—manganese nodules from a sequence of eroded
fragipan soils[J].
Journal, 1993, 57 (5): 1386—1392.

Palumbo B, Bellanca A, Neri R, et al. Trace metal

Soil Science Society of America

partitioning in Fe-Mn nodules from Sicilian soils, Italy[J].

Chemical Geology, 2001, 173 (4): 257—269.

Wang Q B, Jiang Z D, Sun Z X. Distribution and
formation environment of Fe-Mn nodules in soils derived
from quaternary loess in North China[J]. Acta Pedologica
Sinica, 2019, 56 (2): 288—297. [EFKIE, ¥ HA,
MR, R EAC TSR A R H IR S O
IR R zs (A )], B3E2EdE, 2019, 56 (2): 288—297.]
Lalonde K, Mucci A, Ouellet A, et al. Preservation of
organic matter in sediments promoted by iron[J]. Nature,
2012, 483 (7388): 198—200.

Roberts K L, Kessler AJ, Grace M R, et al. Increased
rates of dissimilatory nitrate reduction to ammonium
( DNRA ) under oxic conditions in a periodically hypoxic
estuary[J]. Geochimica et Cosmochimica Acta, 2014,
133: 313—324.

Robertson E K, Roberts K L, Burdorf L D W, et al.
Dissimilatory nitrate reduction to ammonium coupled to
Fe (1I) oxidation in sediments of a periodically hypoxic
estuary[J]. Limnology and Oceanography, 2016, 61( 1 ):
365—381.

Robertson E K, Thamdrup B. The fate of nitrogen is linked
to iron (II) availability in a freshwater lake sediment[J].
Geochimica et Cosmochimica Acta, 2017, 205: 84—99.
Eglinton T I. Geochemistry: A rusty carbon sink[J].
Nature, 2012, 483 (7388): 165—166.

Chen L M, Zhang G L. Soil chronosequences and their

significance in the study of pedogenesis[J]. Acta Pedologica

83 ]

84 |

85 ]

86 |

87 ]

88 |

89 |

90 |

92 |

Sinica, 2011, 48 (2): 419—428. [[E® %, skHH. +
e a3 3 1 b e A & MR A I b i R LT
+ A, 2011, 48 (2): 419—428.]

Huang L M, Thompson A, Zhang G L, et al. The use of
chronosequences in studies of paddy soil evolution: A
review[J]. Geoderma, 2015, 237/238: 199—210.
Zhang G L,Gong Z T. Pedogenic evolution of paddy soils
in different soil landscapes[J]. Geoderma, 2003, 115
(1/2): 15—29.

Han G Z, Zhang G L. Changes in magnetic properties and
their pedogenetic implications for paddy soil chronosequences
from different parent materials in South China[J].
European Journal of Soil Science, 2013, 64 (4):
435—444.

Huang L M, Zhang GL, Thompson A, et al. Pedogenic
transformation of phosphorus during paddy soil
development on calcareous and acid parent materials[J].
Soil Science Society of America Journal, 2013, 77 (6 ):
2078—2088.

He Y, Li D C, Velde B, et al. Clay minerals in a soil
chronosequence derived from basalt on Hainan Island,
China and its implication for pedogenesis[J]. Geoderma,
2008, 148 (2): 206—212.

LiJW, Zhang GL, Ruan L, etal. Sr-Nd elements and
isotopes as tracers of dust input in a tropical soil
chronosequence[J]. Geoderma, 2016, 262: 227—234.
Wu Y H, Zhou J, Bing H J, et al. Rapid loss of
phosphorus during early pedogenesis along a glacier
retreat choronosequence, Gongga Mountain ( SW China )
[J]. PeerJ, 2015, 3: e1377. https: //doi.org/10.7717/peer;.
1377.

Zhou J, Bing H, Wu Y, et al. Weathering of primary
mineral phosphate in the early stages of ecosystem
development in the Hailuogou Glacier foreland
chronosequence[J]. European Journal of Soil Science,
2018, 69 (3): 450—461.

Gong Z T. Soil geography of China[M]. Beijing: Science
Press, 2014. [ZEF[E. HELHEHIEM]. Jbnt. Bl
WAL, 2014.]

Gong Z T, Zhang G L. Anthropedogenesis and its
significance in modern pedology[J].
Environment, 2003, 12 (2): 184—191. [Z&F[[, 3k
HE. AN 80P g R S AR IR 02 1 ias X
[7]. EZSEE, 2003, 12 (2): 184—191.]

Ecology and

(RERE: AAH)

http://pedologica.issas.ac.cn



