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Chemical transformation of soil nitrogen under the influence
of iron: A review
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Abstract Nitrogen transformations in soil, closely related to cascades of ecological environment issues, have been
regarded as the key compartment in nitrogen biogeochemical cycle. Most current researches have addressed the
significance of microbial processes,while increasing evidences have shown that chemical processes also play important
roles in soil nitrogen transformations. Chemical nitrogen transformations are widely presumed to be coupled with the
redox of iron (Fe) ,and classified as chemical denitrification,chemical nitrification and chemical immobilization according
to the electron transportation and nitrogen fates. In this paper, a review of recent literatures on chemical nitrogen
transformations is carried out, based on the redox coupling between the iron and nitrogen cycles. Major influencing

factors,such as soil pH, soil interface, organic matter and nitrogen level, are discussed in details. Some prospects are
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also proposed and highlighted for the related studies in the future.
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Concentration of dissolved iron is assumed as 1. 0X 107 % mol/L.
Thermodynamic parameters are adapted from[ 19].
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Fig. 1 Stability field diagram for soluble and solid forms
of Fe under a range of redox potential and

pH conditions

2 tEHPRFEAFELTE

2.1 HERWEIE

b2 R Ak 2 48 £ 5 /) NO; -N 8¢ NO; -N
WAk (Fe'™) 259 5 0 J A A% 4 0 o AL 3
PP LA SR NON,O fl N, 2 2 NH, . &F
b 2% B Al A ad A2 B 28 T LAGE 3 21 20 22 60 4FEAR
B R EMEF MR IAR T/, TR, B
A TAEE2E pH BA A ALY LR A E KT
it Ak 27 B2 Ak 19 52 i 16 R TR AE 5
2.1.1 pH

FHOCHEFE R iR 2 pH 2 52 W Ak 2“7 S il 1k it
EZKNER. Bk pH 2% m NO;, il NO, {1k
SRR AR R . 22 RO 9T 2 B A R T T A
R EK R 250 R B 1 pH A R T A0 2 B Al i)
f7#) ) Buresh % FE R TR pH 4&F F#F58 NO;
5 Fe'' b2z 8 AL F s N . R BLRE S pH T =
NO; 138 J5E 5 5 F M 7= 1) 48 % 0 3 n . % &
ZUUHE 121 CR X M T RMEARMR LT 2 h &
5 KB M Robot R4 rMr AR pH &4
b2 BB A B AR 7 g B B W L BIF 9 % B A
B PE IR NO; b5 S i fb = 2E ) N, O B & & T
R Pk NG R v PR 8 . A ST N R, i pH &R
NO, (153 fife 45 Fp 28 18 Rt R R F 260 38 1) S ALK A 25
BeAR ) R, pH R R AR 2 BB AR ) M
Ytk . HWFFRRWLBEE pH AL &S & &K
FEYICNO F N, O) [ L B A5 36 i i) i e rememssd
van Cleemput 221 3%f T )2 + 84k 2% F il 4k i 75 Y
ZiaR & AL RO AR SR P N O/ N, LA Bl
pH FEALTI ., Kampschreur M 25 R [6) pH &
TER 1 Fet 5 NO, A2 0 i S =4 . 45 3
RIS NO/ N,O Btk 2 pH 4 T & i 14
M. P 2 Co® -y B 2 O T 1 4 3 v
A NO; , #lFH§ Robot RG/rHi AN [H pH 44 T k2%
T AE A SR = 8 B b R AR R Ak
SARFEY R NO/ N, O B 458 pH R B & 3m
2.1.2 EBMRaieksT

B 5T 2 WA, A B o S T R 2 0t U 4 R
B B A AE W] DR b 2 RS AL R BEAT . AE A K
WP Fe'" 55 NO, (NO, FAN 2K A R 8
IR =Y N (K | B A e | N9
ALY EE ALY B R £ | AR 4 Bk R £k 4 A



5% 2 3

FREER A BART e R AL B (i R O BT 5 i S 97

Yy I SR T R A R g e ) T AR
PUAE T IR A R KW 1 NO, 5 Fe'' Bt A
AR A BB AR A K A AR BR S AT DL A AR
NO #1 N, O, #F& = 7 & i e e K &4 T 1
R gEFF2 0, gl Fed R R LI JE NO, L i A
o B E AL (FeOOHD) Ji N, O fiy 7= A i i 2% 3
Ji. BEAh B S i 4 JE B (an Co® ) A AT
UMK Fe*™ 5 NO; 1 fk2% B R . 6 H 2 77 7 [F 4
ST B
2.1.3 An

MIRA B 58 25 Sk A HLY XAk 2% A Ak 1
AU S Y T 2 O I vk L B YR e SR IR
AL ROKE =Mk (Fe™) i J A B A 2k (Fe™) 30, I
AR HE Ak 2 SRS A i R AT . Rk A LAY AT LA 2
F B 143 i R B RS R R Y pH-pE M85, A
77 [) 2 52 Ak 2 R s ALl . 38 = A ML AT AR
SR B AR WA 2 RS Ak ek B R E] A (NO,
NO) o BT B AR AR B 7= 2B (HE DL 2.3 fh 2% [
o).
2.1.4 HEKE

EA MR AR AE A KR ) R FE 23 X% 4k
RS R AW, T AR KSR
A 7= 1y 1 A B K, Samarkin 2809 58 35 X B o £
P 5 Bt (2 2 A 1 AR AR IR CIR 250 1 F 5% K B
AMFEY N, O 14 G % 590 16 NO; Al NO, i
B IE . Kampschreur 2202957 % 31 NO, 19 30
AL DA A2 SO Ak FE o NO FNL O 1 7= A 5
FOR R FIKOF 23 52 i Ak 2% RS AR 1 SR = 9 e
van Cleemput 285 X4 M SEMF 58 AT T 2538 . & 4
w NO; #NO, ¥ B AT LU i Ak 2# B2 il £k <k ™=
P N, O/N, Al . A HEHEES X 2 1k 2% bR+ 398 ik
11 Co® -y JFL K Ja Wh 58 fb 2% R g Ak ik 7 85 SR &
Wk B NOy Bt <R ™ 9 b NO/N, O B g 4%
.
2.2 HEmEAERE

fbF A48 £ b i) NH st NH, 8% =
BR(Fe") 45 & A0 Ak il o 200 ik A M= mT LA
5 NON.O AN, 45, F7E 20 {40 60 41k
B A 52 1 A o] A7 PR ik L e g 4R R (BB H AT R
1EAH SIS IF SR IHAR 2 ARG 1, A 72 34K
M8 A N B AR A T LE N T2 kS
o2zt A B DRt — A Ry iz ik B A 7R K AR TIE

Ry sliok i L AR kA, 2R E K
ZF R X KRS - BRI SEUE B T G s AL BT AR R
BN NHY A7 32 4k, JF 48 1 NHT 14k
FiE T EEBH AR AN ERZRE, KE
U E IO AT AR LR 5 R AR T
ToE A AL BT LI NH 4k ik N, O, T B2 1
FAFF NLO 7= A i W3 w1 b P R0 RB M 45 1
Yang % % B 1) Rk AR AR A 1 HR R in G a2 L AR Ak
BRI L AR NH ) N, %4, i B N, g4
Ji 2k B - pH Y TR S R A

2.3 hEEEER

2 1 5 4 1 (1 T AL R i Ak 2 R B
oA ML S R 3 A1 SR Ok B 22 i F S IR S T
- e rp b A R AR 0 R R R D ]
S R WL 4 A7 7E I . 2003 4F Davidson 20
P TR B BT AR RE NO, [ 3 i A HL
A DON) b iyt i #E . % B ZE A 3 4
PR — R YA LYK Fe' B R R
B Fe ™ 5, b2 RN A R Fe o6 £ b iy
NO; & J54E B NO, 5 NO, [} Fe? ™ ¥ & # % 1k
B Fe ™ 355 = A i NO, 5 NO 59 fif A BLs
(DOC) % A= I il 1 Ak S ;2B B i Ve A PLA
(DOND ., H Hir“ 2k P B 7 B 215 2 A £ 22 & 1A
A B D il e A 4 v R0 R I bR S ] o 0 A A
BLA BT B L RN A — 224 25 ) F R 8 4 s
Xof R B R U T B T R,

A X Ak 2 [ e 5 N R B 9T E B e 3
AT . HB—, HIEA PR SRR, RN,
Tt NO, MAEA Y e & 5 HHEA LY R B 2
IEARER™ . FEE & A HUAK B AR AR 1 8 K 4 Ak
U5 NO; 38 3 £k 2% 7E H 52 4 i DON 7247 BLBk 75 it
B I FRAR P A A B NO; AT DL i k2
YERE 2 204 ALY i, 58—+ AU A
FEW R . BIF9E 3 A L 7E UM N B R AR R Ak
[ VR PR3 78 0 A AR S A M A Y + 4
Tl 2 1 M A s e ER A — BB AF 5 & Bt
M NO; &, Mok 2% [ vy 8t B mi 4 B k&
ik, 5 =, 5 pE-pH FE 9 % M. Zhang
SEUVAE ST FAS ) BRobk - 8 rh U Ak 2 T e B
HI T8 0 pE IRy pH, 3 [ 40 A1 A0 2R
PR AL 2 1 B AE AN B



98 I I

%

2014 4 55 19 &

3 HREE

Wi o R A B R b R A A R G H 25 %
W R A W b BR AR A 08 38 R A S B R 2R
S AIFSE S8R, T Bk (Fe'-Fe™) 2 5 T A LR 10
A -AE A YIRS A B SR % S B SR ATV . A
P SR i — 2B BRI M A A 2 E AR AL
Xt 4 T AT A 48 b I B o R R R SR RN A
WIS RIS L., T e R G, BT
B2 GO+ R AL 2 5 AT R A AR R A BR
W A7 1 22 0] BTG LA DA R A58 vh 3 DA A

D) FEAR2 BCE A6 7 T - A 2 38 550 &0
BN PSS A IS ESEY X /N SE U R s
W FmRF N,O, X 3 Z AR ™9 (NO.N,O #i
N Z B R ADH KT, S REREHR
2 R 2Rk 2 B Ak i B RN AR PR ) L Y S i AL
il LLZULPT A AN 5] 5 5% 2% 10 b 2 S il Ak ik 72 1
T B S X A AR PR R 5

TR A AT 1H - H AT AH S5 4 B = iR
T AE KR ML 7= 9 20 B R 5 i R 26 A T R &R
SR TAE. B AT E APk E =ik
I RRAE R b T A B A WA AL U R
FET K R

3) TE A2 [ Jy T . H A 3R Ak 2 A AL
il W A7 1L T B E— 2L 5 TR T LA A
WM A1 Ak 2 [ %o 9 2% - HE R R 40K 0 BT R AS AR R
F 0 ] ) B RO R AR A LA R R E
PRI BH 8 8 A A AL A7 78 TR 28 RAR e M XTI M
27 1 R A S IR D R B A E B

WA R B A R AR A R (R
JEEY it B 5 A ) 2 ik AR ) 0 A7 AE EOA A A
FEMLHI 7 0 S Ak L, B A Ak 2 o AR 04 A 6 B
Xof B 1 SRR BRI A B AL LA B S B S
SC o AR A 05 b 4 A ) 5 Ak el B B BT ke iR AT A
FEFF AN AT I ) 58 E 3 B R AR B 5 TR X
AT B 0] fE S A R AH SRR ST I T AT IR AR

2 £ X #

[1] Vitousek P M, Aber ] D, Howarth R W, et al. Human

alternation of the global cycle: Sources and
consequences| ] ]. Ecol Appl,1997,7(3):737-750
[2] Xing G X, Zhu Z L. Regional nitrogen budgets for China and its

major watersheds[ ] ]. Biogeochemistry,2002,57/58(1) ;405-427

nitrogen

(3]

[4]

[5]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Galloway ] N, Townsend A R, Erisman ] W, et al
Transformation of the nitrogen cycle:Recent trends,questions,
and potential solutions[J]. Science,2008,320(5878) :889-892
Schlesinger W H. On the fate of anthropogenic nitrogen[ ] ].
Proc Natl Acad Sci USA,2009,106(1) :203-208

Davidson E A, Chorover J, Dail D B. A mechanism of abiotic
immobilization of nitrate in forest ecosystems: the ferrous
wheel hypothesis[]J]. Global Change Biol,2003,9(2):228-236
FRTE L 5l A U . ZEAH IR, 1 3 P O ML A W TR AR Rl A
FEAVE W gT k)], H 42, 2012,49(5) :1030-1036
Matocha C J, Dhakal P, Pyzola S M. The Role of abiotic and
coupled biotic/abiotic mineral controlled redox processes in nitrate
reduction[ J]. Advances in Agronomy,2012,115;181-214

Picardal F. Abiotic and microbial interactions during anaerobic
transformations of Fe(II) and NOx [J]. Front Microbio, 2012
(3):1-7

Li Y C,Yu S,Strong J,et al. Are the biogeochemical cycles of
carbon, nitrogen, sulfur,and phosphorus driven by the “Felll —
Fe!l redox wheel” in dynamic redox environments[]J]]J Soil
Sediment,2012,12(5) :683-693

Zhu X,Silva L. C,Doane T A,et al. Iron: The forgotten driver
of nitrous oxide production in agricultural soil[ J]. PLoS ONE,
2013,8(3):1-6

Yang W H, Weber K A, Silver W L. Nitrogen loss from soil
anaerobic ammonium oxidation coupled to iron
reduction[ J]. Nat Geosci,2012,5(8) :538-541

Kampschreur M ], Kleerebezem R, Vet W M, et al. Reduced

through

iron induced nitric oxide and nitrous oxide emission[ J]. Water
Res,2011,45(18) :5945-5952

Samarkin V' A, Madigan M T, Bowles M W, et al. Abiotic
nitrous oxide emission from the hypersaline Don Juan Pond in
Antarctical ] ]. Nat Geosci,2010,3(5):341-344

Hansen H B,Koch C B,Nancke-Krogh H,et al. Abiotic nitrate
reduction to ammonium: Key role of green rust[J]. Environ Sci
Technol,1996,30(6):2053-2056

Hansen H B, Guldberg S, Erbs M, et al. Kinetics of nitrate
reduction by green rusts-effects of interlayer anion and Fe(ID) :
Fe(IID) ratio[J]. Appl Clay Sci,2001,18(1-2):81-91

Rakshit S, Matocha C ], Haszler G R. Nitrate reduction in the
presence of wiistite[ J]. ] Environ Qual,2005,34(4) :1286-1292
Rakshit S, Matocha C J, Coyne M S. Nitrite reduction by
siderite[ J]. Soil Sci Soc Am J,2008,72(4):1070-1077

Choi J, Batchelor B. Nitrate reduction by fluoride green rust
modified with copper[ J]. Chemosphere,2008,70(6) :1108-1116
Mcbride M B. Environmental Chemistry of Soils [ M ]. New
York: Oxford University Press,1994:260-264

Sgrensen J, Thorling L. Stimulation by lepidocrocite ( y-
FeOOH) of Fe(II)-dependent nitrite reduction[ ] ]. Geochim
Cosmochim Acta,1991,55(5):1289-1294

van Hecke K,van Cleemput O, Baert. Chemo-denitrification of

nitrate-polluted water[ ] ]. Environ Pollut,1990,63(3):261-274



5% 2 3

FREER A BART e R AL B (i R O BT 5 i S 99

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

van Cleemput O. Subsoils: chemo-and biological denitrification,
N;O and N, emissions[J ]. Nutr Cycl Agroecosys,1998,52(2-
3):187-194

W& w. THLAE (NOy  NH) JE A W 7% fb i B2 i 90 25 BF 52
[D]. dtxt . E Al K%, 2011

Buresh R J, Moraghan J T. Chemical reduction of nitrate by
ferrous iron[J]. ] Environ Qual,1976,5(3):320-325

Tyler K B,Broadbent F E. Nitrite transformations in California
soils[J]. Soil Sci Soc Am J,1960,24(4):279-282

Reuss ] O, Smith R L. Chemical reactions of nitrites in acid
soils[J]. Soil Sci Soc Am J,1965,29(3):267-270

Nelson D W, Bremner J M. Factors affecting chemical
transformations of nitrite in soils[ J]. Soil Biol Biochem,1969,1
(3):229-239

FEE . B pH XAk A B AL AR W R A S L 5 R
[D]. dtxt: hE AR K%, 2012

Ottley C J, Davison W, Edmunds W M. Chemical catalysis of
nitrate reduction by iron (1) [J]. Geochim Cosmochim Acta,
1997,61(9):1819-1828

Postma D. Kinetics of nitrate reduction by detrital Fe (1I)-
silicates[ J]. Geochim Cosmochim Acta,1990,54(3):903-908
Alowitz M J, Scherer M M. Kinetics of nitrate, nitrite, and Cr
(VD reduction by iron metal[ J]. Environ Sci Technol,2002,36
(3):299-306

Tai Y L, Dempsey B A. Nitrite reduction with hydrous ferric
oxide and Fe (II): Stoichiometry., rate, and mechanism [ ] ].
Water Res,2009,43(2) :546-552

ARATAN. T SRR Y A BIL I D A 2 0 A L. B T A
4R ,1994,3(2) . 71-76

Chorover J, Amistadi M K. Reaction of forest floor organic
matter at goethite, birnessite and smectite surfaces [ ] J.
Geochim Cosmochim Acta,2001,65(1):95-109

TEBE AR F A HUE R RS b SR AR BT T AR 43
FiRA VLR FE Y TR B L], 43R, 2010,47(3) .
451-457

T BB ARG F A AL JE L Y 5 b R AR T AR 43
TFRAYE Y S AR A R[] L R,
2011,48(5):957-963

Kampschreur M J, Temmink H,Kleerebezem R, et al. Nitrous
oxide emission during wastewater treatment[ ]J]. Water Res,
2009,43(17):4093-4103

SR TR AR AR A b Al S A kT R R 2B B e (DL b
B E Ak KA, 2012

Chao T T, Kroontje W. Inorganic nitrogen transformations
through the oxidation and reduction of iron[J]. Soil Sci Soc Am
J,1966,30(2):193-196

KIERCRZE. P ELEARIM]. B a0 TR R 5 R 1R
#£,1992:162-164

2 RBEL VR WA (TN O AFL T B AL AR D KR NHY

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

AL I T 2 AR AT T . AR, 1988,25(2) :184-190

Davidson E A, Hart S C, Shanks C A, et al. Measuring gross
nitrogen mineralization and nitrification by "N isotopic pool
dilution in intact soil cores[J]. ] Soil Sci,1991,42(3):335-349
Dail D B, Davidson E A, J. Rapid
soil [ J .

Chorover abiotic

transformation of nitrate in an acid forest
Biogeochemistry,2001,54(2) :131-146

Perakis S S, Hedin L O. Fluxes and fates of nitrogen in soil of
an unpolluted old-growth temperate forest,Southern Chile[]].
Ecology,2001,82(8) :2245-2260

Fitzhugh R D. Lovett G M, Venterea R T. Biotic and abiotic
in soils
developed under Catskill
Mountains, New York, USA[]]. Global Change Biol, 2003, 9
(11):1591-1601.

immobilization of ammonium, nitrite, and nitrate

different tree species in the

Corre M D, Brumme R, Veldkamp E,et al. Changes in nitrogen
cycling and retention processes in soils under spruce forests
along a nitrogen enrichment gradient in Germany[]]. Global
Change Biol,2007,13(7) :1509-1527

Sotta E D,Corre M D, Veldkamp E. Differing N status and N
retention processes of soils under old-growth lowland forest in
Eastern Amazonia, Caxiuana, Brazil [ J]. Soil Biol Biochem,
2008,40(3) :740-750

Torres-Canabate P, Davidson E A, Bulygina E, et al. Abiotic
immobilization of nitrate in two soils of relic Abies pinsapo-fir
forests under Mediterranean Climate [ J]. Biogeochemistry,
2008,91(1):1-11

Fang Y T,Zhu W X,Gundersen P,et al. Large loss of dissolved
organic nitrogen from nitrogen-saturated forests in subtropical
Chinal J]. Ecosystems,2009,12(1) :33-45

Lewis D B,Kaye J P. Inorganic nitrogen immobilization in live
and sterile soil of old-growth conifer and hardwood forests:
LT

implications  for retention

Biogeochemistry,2012,111(1-3):169-186

ecosystem  nitrogen

Zhang ] B, Cai Z C,Cheng Y, et al. Nitrate immobilization in
anaerobic forest soils along a North-South Transect in East
ChinalJ]. Soil Sci Soc Am J,2010,74(4):1193-1200

B P, Fierer N, Schimel J P. Abiotic

Colman nitrate

incorporation in soil:Is it real? [J]. Biogeochemistry, 2007, 84
(2):161-169
Colman B P, Fierer N, Schimel ] P. Abiotic

nitrate
incorporation, anaerobic microsites,and the ferrous wheel[ J].
Biogeochemistry,2008,91(2/3) :223-227

Schmidt B H, Matzner E. Abiotic reaction of nitrite with
Testing the Ferrous Wheel

dissolved carbon?

Hypothesis[ ] ]. Biogeochemistry,2009,93(3):291-296

organic

Berntson G M, Aber J D. Fast nitrate immobilization in N
saturated temperate forest soils[ J]. Soil Biol Biochem,2000,32
(2):151-156

ﬁ—'fjt—éﬁléff}: i,"&‘iii)g



