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Abstract: [ Objective] Tron redox processes under anaerobic conditions are closely correlated to nitrogen cycling in soils. Both
nitrate-dependent ferrous oxidation (NDFO) and photosynthetic ferrous oxidation (PFO) are crucial pathways of biological

ferrous iron oxidation. However, whether NDFO occurs in calcareous paddy soils and its relation to PFO is still ambiguous.
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[Method] We collected soil samples from Mengjin County, Henan Province, within the middle and lower reaches of the Yellow
River. The soil samples were made into slurries using 10 mmol-L™ NO;/NH;, solution or water at the very beginning. Then the
slurries were anaerobically incubated under darkness or illuminated. On the 7th day of the incubation, we injected 0.5 mL
70 mmol-L™" NO; or NH] into a part of those slurries made with water to adjust their external NO; or NH] content to
10 mmol L™'. To assess the iron reduction, and ferrous oxidation, Fe(Il) in the slurries was measured dynamically using the
phenanthroline colorimetric method. To evaluate the nitrogen transformation, NO; and NO, were analyzed dynamically using
an ion chromatograph equipped with an electrical conductivity detector, and NH; was measured after the incubation by
1 mol'L ™! KCI extraction-Kjeldahl method. To fractionate the PFO, O, in the headspaces was determined dynamically using a
portable fiber-optic trace oxygen meter. [Result] The results showed that, though no apparent ferrous oxidation was observed,
iron reduction rate decreased by 0.28 mg-g '*d”' and 0.33 mg-g'-d”'". Also, the iron reduction rate constant was decreased by
0.15d™", and 0.17 d”" in slurries under darkness with NO; or NH amended at the very beginning. Ferrous iron was oxidized
by 2.21 mg-g™* and 0.68 mg-g™" in slurries with NO; or NH; injected on the 7th day of the dark incubation and by 1.99 mg-g™*
in slurries incubated under light. In addition, Fe(II) in the slurries was negatively correlated to O, in the headspace. Importantly,
the reduction of NO;to NH, occurred in the slurries with NO; injected on the 7th day of dark incubation. [ Conclusion]
Ferrous oxidation caused by NDFO was observed in the calcareous paddy soil amended with 10 mmol-L™' NO; and incubated
anaerobically under darkness. However, the oxidation could be inhibited since the ferric iron resulting from NDFO would be
reduced rapidly when the NO; becomes depleted. Both NDFO and PFO occurred in the calcareous paddy soil incubated under
illumination and the PFO resulted in 1.99 mg'g™' ferrous iron oxidized. Ferrous oxidation in soils under illumination was

increased by 0.57 mg-g! when NO; was injected. These results help to further understand the redox processes and the coupled

nitrogen transformation in wetland soils.

Key words: Paddy soil; Ferrous oxidation; Oxygenic photosynthesis; Nitrate reduction; Nitrogen transformation
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TE: FIiRZEL APRMEZ s DS, DN, DA, 7DN Fil 7DA AbHLS AR FBOE A T AUMA 8 T oK . i FRIFBETIMA 10 mmol-L™'
NaNO; % . B = FFARTA 10 mmol-L™' NH,CL. 7 d JSMIA 10 mmol-L™' NaNO; 1 7 d J§ A 10 mmol-L™' NH,Cl. F[. Note:
Error bars represent standard deviation; the treatments of DS, DN, DA, 7DN and 7DA under dark represented only added deionized water,
10 mmol-L ™! NaNO; added to the soil before incubation, 10 mmol-L~' NH,C1 added to the soil before incubation, 10 mmol-L™' NaNO; added

to soil at 7 d and 10 mmol-L™' NH,CI added to soil at 7 d, respectively. The same below.

Bl BEAME KRS 0.5 mol-L™' HCI AT4EHUA Fe (1) &EIA (a KiFFAIMA NO;/NH; , b. 3% 7 dBHMA
NO;/NH; )

Fig. 1

Dynamics of 0.5 mol-L "' HCl extractable Fe (II) in the paddy soil incubated under dark ( a. with NO; /NH} added before the

incubation, b. with NO; /NHj injected after 7 days’ incubation )
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Fz 1 NO;/NH, MBHEHTRBLHERERXESHIZM

Table 1 Effect of NO;/NH, amendment on key parameters of iron reduction in the paddy soil incubated under dark

PR S5 it S ‘ » o
fb 3 AR R PUE R Gl
Iron reduction capacity/ Max iron reduction rate/
Treatment Reduction rate constant/ d ' R P
(mgg™) (mgg'd")

DS 7.42+0.22a 0.75+0.20b 0.40+0.12a 0.84 <0.01
DN 7.52+0.19a 0.47+0.07¢ 0.25+0.04b 0.94 <0.01
DA 7.42+0.09a 0.42+0.04cd 0.23+0.02b 0.98 <0.01
7TDN* 6.78+0.16¢ 0.40+0.10d 0.24+0.07b 0.87 <0.01
TDA* 7.25+0.03b 0.81£0.09a 0.45+0.06a 0.98 <0.01

TE: R bR 2E s RIFIA R P RERR 22 78 8] B %K (P<0.05); ARic*BVAb RS 9 d IR logistic J5

X Fe (11) A fbilA . TMH. Note: Mean = Std; Different letters in the same column mean significant difference at 0.05 level;

The treatments of labeled with * respond fitting the changes of Fe (II) with logistic after 9 d. The same below.
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T T T T T

0.5 mol-L™ HC1 A $2 B Fe(Il)
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[E: LS. LN, LA, 7LN il 7LA 43053 5 FC B T AUMA L8 57K . HEFRFFIRTTIA 10 mmol-L™' NaNOs ¥ . 57 FF
FARITINA 10 mmol-L ™! NH,Cl. 7 d JEHMA 10 mmol-L ™' NaNO; #il 7 d J5 A 10 mmol-L ™! NH4Cl, F[d. Note: the treatments of LS,
LN, LA, 7LN and 7LA under illumination represented only added deionized water, 10 mmol-L ™! NaNOj; added to the soil before incubation,
10 mmol-L ! NH,CI added to the soil before incubation, 10 mmol-L ' NaNO; added to soil at 7 d and 10 mmol-L ' NH,CI1 added to soil at 7 d,

respectively. The same below.

Bl 2 GRS 435 0.5 mol' L™ HCI A #2HUA Fe (11)

AL (a. BHFRATINA NO;/NH; , b. 3% 7 d BHIMA

NO;/NH; )
Fig. 2 Content of 0.5 mol-L ' HCI extractable Fe (1) in paddy soil under illuminated incubation ( a. with NO; /NH; added before the

incubation, b. with NO; /NHj injected after 7 days’ incubation )
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Fz2 ARETIANO;/NH; 37K £ B 8kiF JH S LS ERY S0
Table 2 Effect of NO;/NH, amendment on iron redox characteristics in the paddy soil under illumination
. Fe (1) fi Kk #H Fe (1) & & Fe (1) Afbi Fe (1) FHAEfLHE AR
o Max cumulative Fe (I1) / Final Fe (II) content/ Fe (II) oxidation/ Fe (II) oxidation rate/
Treatments
(mgg") (mg-g') (mgg") (pgg'd")
LS 5.15+0.10a 3.16+0.16a 1.99+0.16¢ 62.11+5.08d
LN 4.73+0.07b 2.7240.10bc 2.02+0.11¢ 63.04+3.29¢d
LA 5.17+0.12a 2.85+0.01b 2.31+0.10b 66.06+2.93bc
7LN 5.15£0.10a 2.59+0.10c 2.56+0.13a 73.03£3.65a
TLA 5.15£0.10a 2.78+0.06bc 2.374+0.10b 67.64+2.98b
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Fig. 3 Dynamic changes of O, content in the headspace of paddy soil with  NO; / NH; amendment ( a. amended before the incubation, b.

amended after 7 days’ incubation )
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Fig. 4 Content of water-soluble NOj in paddy soil during incubation ( a. content change of NOJ ,

140 -

120 ®

100 -

NO, /(mg-kg™)
o ®
(=] (=)
LI

401

L L 1 " | " " " "
0 5 10 15 20 25 30 35 40
15720} 8] Incubation time/d
ik (a. NO, #7481k, b. NO, F&481k)

b. content change of NO; )

250 250 -
| @) L b)
a
200 F 200
~ b —_~
T I c T
2150k d d = &L 150k
on on
E £
= 100 = 100
“ 4t b ab b ab a
S0 50 N
0 . : 0 : . .
DS DN DA 7DN  7DA LS LN LA 7N TLA
Bl5 KB NH, &8 (a. #8%, b OGE)

Fig. 5 Content of NH; in paddy soil ( a. incubated under dark, b. incubated under illuminated )

KR RS 7 dJE A NOy , RO N ASR
R B[R4 2.21 mgg A Fe (1), 1 Th6
AR Oy ERFFEMAR K (<5 pmol'L™), Hik
i3t 7 d AMIMAEIRER S T O, R A3 (K 3),

Hi 7DN AL BEAE A NO3 J5 ) Fe (11) AL % £ 5
S NDFO i BT 8. BEFRmrmA B NO; FE35 77 1
d J51U4x 24.6 mgkg!, 2 dJFC 5 RMNAYHRER X IE
TREZES (B 4a). PREHER 74 FMA
10 mmol-L™" NOj, 3 d J5{AFR "+ NO; HRMEF
(Kl 4a), H Fe (I1) FXRIFHER (K 1b), FEIt,
B IR A 10 mmol- L™ NO3 KWL Fe (1) “AfL3H
L) JE A AT BE S NDFO A 7E NOj IHFEFR R i 1k,

AL A2 ) Fe (1ID) AT REARUGA R, X AT RE 2
B FERIINA NO3 7RG IR 4514 T IR W L iF Fe( 11)
A EBREAE , Ah, 7d A 10 mmol-L™' NO3
J&, RZE TR A NO, BRI Fe (11) [RIm
REARIY S, BEUAR R hAETE R IR Ehid 5™ ) NO,

Xt Fe (11) & ki #e, 5 Li FPOBFE 45 R —50

KGRI A KRG L Fe (1) 76 5 d A2
fikElRK, 5dERI M IEREL. CAFED Y
KB, BT Fe (1) A #f5% & /= A @ W
Cyanobacteria .Chlorobium strain N1 7= ) O, & 1k,
AR AT 3 dJ5 O, FFin i BBLH 51K R Fe
(I1) Z[AIFEFER i 3 ARG C &R (P<0.01), PE &
AT 052 ~ 0.92 ZH (E 6), WHAKRNE Fe
(I1) EAB R EZ A MBI A=A,
HER TLN ARG SR T Fe (1) A L AHXT T LS
A E PR 0.57 mgrg ' (F2), HAKR I
WHINO, FERE (K 4b), BB T A KMHAKR L4
NDFO 7% B4 T IR AE7E

Melton Z51°1% BIR KBTI T VTR fol & A 2k
AALE T 3.4x 107 g, HFRERIAJE Fe (11) Afk
B 6.3 x10% g ' AL, #EERT NDFO Al ik
2.21 mg-g ' HJE PFO, ifi & i} PFO 4 1.99 mg-g ',

http://pedologica.issas.ac.cn



134 + b1 2 e 60 %

Ton 7 o 7 .
=1
2o g "
S=E 6 S5 6r
L= | S
2Z | - @ X2 gl @
220 POl Ul 22 B
i - :
2 4r = SE 4r -
s — = ~
%0 = Eoor B~
D=3 o =5 3t Eé\g:}
TE | FeD= 000405031 EX | Fe(l)=-0.006x0,+5.153 o
0 Ly 2| R=0.557, P=0.005 o= 2 0923, P<0.001
[ L ) L
g 1 PR IR N I S I S I ST E 1 PR ISR I T TS AN N T I
2 =50 0 50 100 150 200 250 300 350 400 450 S 50 0 50 100 150 200 250 300 350 400 450

O,/(umol-L™) O,/(umol-L™)
oo 7 Ton 7 .
5 o
2 19 =2 ¢
=X 6 S or
o= =
=y % }S’?—_% Lqr_: +
phalie> < T8 T~ ,@
08 4r " S8 4r Se o
_% 5 = - TER_| 3
s s -
== 3t -5 3r
S8 | _ o 2 7|
E - 5 Fe()=—0.0070,+5.369 Ex 5 | Fe(ll=—0.007x0,+5.197
gjo [ R=0.770, P<0.001 o.% " R=0.685, P<0.001
El.I.I.I.I.I.I.I.I.I.I ‘EI.I.I.I.I.I.I.I.I.I.I
S =50 0 50 100 150 200 250 300 350 400 450 S =50 0 50 100 150 200 250 300 350 400 450
O,/(umol-L™") O,/(umol-L™")
oo 7
~E 9
S5 ot
| L
=g
m o S |J_;1
22 °0 po.. @ &
LB @%ﬂ:ﬂg
_ O B
2E | Fe(IlD=-0.006x0,+4.996
02 21 R=0.524, P=0.001
] L
ﬁ].l.l.l.l.l.l.l.l.l.l
S =50 0 50 100 150 200 250 300 350 400 450

O,/(umol-L™")

H: Kla.b.c.dFl e K LS. LN, LA, 7LN Fl 7LA b #, Note: the serial numbers a, b, ¢, d, and e in the figure represent
treatments of LS, LN, LA, 7LN and 7LA, respectively.

Fe6 RESEFSFED Fe (1) 5Tz 0, %K

Fig. 6 Relationship between Fe (11 ) and O, during anaerobic incubation

NDFO K 0.57 mg-g ', ULHAYEIBRIBEMTR e A MoKRE o ml R R 40 i A0 0 2k S Ak v il 32 B 2 am it
BREALBH S NDFO. 7 d B finA NO3 YERE R = NO; X% Fe (I1) MYEALIELAY o R0 45 5 st i
30 d JE R R IKARAT 18 mgkg ' U NOS 7778, Tl BHIRADEE 4 T K& 0, ([ 3), HFfENET
FRIMANO; 7 2 d RIS R L BE LR ZWE O, W FMMRHRGLE WA IR b
(I 4a). Ak, SEREHAZR 1 NO, SRR T#OE. 0, 5 NOj X HLF 19 55 4+ I AT G J& A B 52 ol iR
FEI O BE T R R AR SR BRI . X AR A K IR KA KA 1 NDFO 19 £ A

http://pedologica.issas.ac.cn



13] WRAGEWAE A MRS L rh AR ER MBI 15 D' & 0 W B S A e 135

NH A B4 A AR SR> 45
&, JGHRET NH 0 ARA A X B34 i 22 30 13 412 ik
YERL, RO Fe (11) R MAMER (£2),
T T XA SR ME T . SR, in NHE &b
PR ZR O, B IEMK T 41.1~43.2 pmol-L (& 3 ),
BEHL A NH %) Fe (11) AL AfE 1 H nT REAS J&
Wit O, FE AT e UE PFO, M2 NI TR R
PR RBUR 0, (& 3) fi2ffi NHj & ikl NO; B4,
ifii NO; il 25 NDFO T1fifie i Fe (11) & fk.

ARSLYS 3R NOS fE43d 37 d 359 W IR
ik (F 4a), SHONHL M, JLHEROEHESRE 7 d
B NO; J5 48 NHy W38 (& 5), Uil TR R
T 7775 NO; iR J5 ok NH B3 A%t T NOj , NHj &
Sy E T L Erh B NDFO 3 F il i 534 J5 7] fig
FEAR NO3 51 B KA & B =L T ZE RS . AR Z ISR
0, NDFO i+ NO3 I L E A NO, (2Fe (11)
+NO; +2H" — 2Fe (III) + NO, +H,0) P37,
NO; i 1] 3 — A 1 S8 Ak 3 4k A ] s 38 Dy iR 28 <
& N,O (4Fe (11) + 2NO, +5H,0— 4FeOOH +
N,O+6H") P, 844 T NDFO FI PFO 1] 3LA7,
BRI A T4 NO, Z 5 AEAY) Fe (11) &
B4  (HIG B4 F T NO; i 552 BH( €] 4a ), NDFO
BAMER o BTG R AT BRI 2= SR NLO By HERUX
o mEAh, JEBETT PFO Al NDFO A7 e T
Fe( I AL (£ 2), 23 T A% T 0.5 mol- L™ HCI
ek () SAMmIE . Mgk (&) Ayl
T 9 T B 8 s 2o R 1 R [ 4 cd 4§
He)E, WINBEIELAY A, hEE LIERES
JE TG YR T A S

4 %5 i

B PR R MM R 2k 42k (NDFO ) 54 73l
BAEfE (PFO ) B Y mIHE s K 1A MK RE = rp
171 . BOERHEL P AR Fe (TI1) Al @ AR,
3 NDFO i B 5. Jel T LI WAk AL LG
AR AR AR A T2, G HERT 0 S i TR 38 D 0 7]
NDFO. NDFO #11 PFO ¥ fit i Fe (11) & ALALH",
3 SR W S ST E R e AR, O R
&8 1B 2 R AT K

S %Wk ( References )

[ 1] Chen CM, Hall SJ, Coward E, et al. Iron-mediated
organic matter decomposition in humid soils can
counteract protection[J]. Nature Communications, 2020,
11 (1): 2255.

[ 2] Zhang XF, LiuTX, LiF B, etal. Multiple effects of
nitrate amendment on the transport, transformation and
bioavailability of antimony in a paddy soil-rice plant
system[J]. Journal of Environmental Sciences, 2021,
100: 90—98

[3] YuHY,LiFB,LiuCS,etal. Iron redox cycling coupled
to transformation and immobilization of heavy metals:
implications for paddy rice safety in the red soil of South
China[J]. Advances in Agronomy, 2016, 137: 279—317.

[ 4] WangJ B, Zhu Z K, Lin S, et al. Mineralization of
goethite-adsorbed and -encapsulated organic carbon and
its priming effect in paddy soil[J]. Acta Pedologica
Sinica, 2021, 58 (6): 1530—1539. [{LE M, Lk},
MAR, S BT B A RS S WL ARG L R
FI 4 J FL ok s i [T]. B HE2A IR, 2021, 58 (6):
1530—1539.]

[ 5] Shelobolina E, Konishi H, Xu H F, et al. Isolation of
phyllosilicate-iron redox cycling microorganisms from an
illite-smectite rich hydromorphic soil[J]. Frontiers in
Microbiology, 2012, 3: 134.

[ 6 ] Melton ED, Schmidt C, Kappler A. Microbial iron (II)
oxidation in littoral freshwater lake sediment : the
potential for competition between phototrophic vs.
nitrate-reducing iron ( Il ) -oxidizers[J]. Frontiers in
Microbiology, 2012, 3: 197.

[ 7] Weber KA, Achenbach L A, Coates J D. Microorganisms
pumping iron: Anaerobic microbial iron oxidation and
reduction[J]. Nature Reviews Microbiology, 2006, 4
(10): 752—764.

[ 81 Bryce C, Blackwell N, Schmidt C, et al. Microbial
anaerobic Fe (1) oxidation—Ecology, mechanisms and
environmental implications[J]. Environmental
Microbiology, 2018, 20 (10): 3462—3483.

[ 9] Laufer K, Nordhoff M, Rey H, et al. Coexistence of
microaerophilic, nitrate-reducing, and phototrophic Fe
(1) oxidizers and Fe (II1) reducers in coastal marine
sediment [J]. Applied and Environmental Microbiology,
2015, 82 (5): 1433—1447.

[ 10 ] LiuTX, ChenD D, Li XM, et al. Microbially mediated
coupling of nitrate reduction and Fe (II) oxidation under
anoxic conditions[J]. FEMS Microbiology Ecology ,
2019, 95 (4): fiz030.

[ 11 ] LiuT X, Cheng K, Chen D D, et al. Formation of Fe
(III) -minerals by microbially mediated coupling of
nitrate reduction and Fe (1) oxidation: A review [J].

Ecology and Environmental Sciences, 2019, 28 (3):

http://pedologica.issas.ac.cn



136 + o IR 60 &
620-628. [XIFJE, 9, BRFHF, & WAEMAN T Journal of Microbiology, 2020, 58 (5): 350—356.
i B2 & 3 5 A5 U A AN S T ﬁlﬁﬁ'[]] LS [ 23 ] Wang R, Zheng P, Zhang M, et al. Nitrate-dependent
2R, 2019, 28 (3): 620—628.] anaerobic ferrous/iron oxidation microorganism: Review
[ 12 ] LiuTX, Chen D D, Luo X B, et al. Microbially mediated on its species , distribution and characteristics[J].
nitrate-reducing Fe (II) oxidation: Quantification of Microbiology China. 2015, 42 (12): 2448—2456. [+
chemodenitrification ~and  biological  reactions[J]. A, AT, Tk, . REER 3h Y PR A Bk A AL R R
Geochimica et Cosmochimica Acta, 2019, 256: 97—115. Sy RURE R (0], RCAE W AR R, 2015, 42 (12):
[ 13 ] Benaiges-Fernandez R, Offeddu F G, Margalef-Marti R, 2448—2456.]
et al. Geochemical and isotopic study of abiotic nitrite [ 24 ] SunLR, Wang X G, XuXF, etal. Anaerobic redox of
reduction coupled to biologically produced Fe (II) iron oxides and photosynthetic oxidation of ferrous iron
oxidation in marine environments[J]. Chemosphere , in upland cinnamon soils[J]. Acta Pedologica Sinica,
2020, 260: 127554. 2015, 52 (6): 1291—1300. [FhEN A, EJLAI, 1RIElE,
[ 14 ] ChengBY, WangY, HuaYM, etal. The performance S AR b SR I IR R R D A R B AL
of nitrate-reducing Fe (II) oxidation processes under FRAE[I]. L3254k, 2015, 52 (6): 1291—1300.]
variable initial Fe/N ratios: The fate of nitrogen and iron [ 25 ] Wang X G, Sun L R, Ma L J, et al. Temperature
species[J]. Frontiers of Environmental Science & sensitivity of iron redox processes in wetland soil in the
Engineering, 2020, 15 (4): 73. Middle and Lower Reaches of the Yellow River[J]. Acta
[ 15] HuSW, LiuTX, LiFB, etal. The Abiotic and biotic Pedologica Sinica, 2018, 55 (2): 380—389. [ JENI,
transformation processes of soil iron-bearing minerals AU AE, ThARAE, &, BN R g L SR A b
and its interfacial reaction mechanisms of heavy metals: T FR L R[] AR, 2018, 55 (2):
A review[J].Acta Pedologica Sinica, 2022, 59 (1): . [#] 380—389.]
e, xFEE, 5, % HIEST KA y-3EE [ 26 ] Wang X G, Guo D Y, Zhang P, et al. Effect of
Wy b i R e L ST 4 S N AL R 1 A Tk R (0], illumination and water condition on iron redox cycle in
Herdl, 2022, 59 (1): ] paddy soil[J]. Acta Pedologica Sinica, 2014, 51 (4):
[ 16 ] Swanner ED, Wu W F, Hao LK, et al. Physiology, 853—859. [EJOR, FERF, 3P, 5. KL hERE
Fe (II) oxidation, and Fe mineral formation by a marine A JEAE B0 11 56 JROK 2 30N (3], 3224k, 2014, 51
planktonic cyanobacterium grown under ferruginous (4): 853—859.]
conditions[J]. Frontiers in Earth Science, 2015, 3: 60. [ 27 ] Sun L R, Wang X G, Guo D Y, et al. Dynamics of
[ 17 ] Posth NR, Konhauser K O, Kappler A. Microbiological anaerobic reduction of iron oxides in upland cinnamon
processes in banded iron formation deposition[J]. soils[J]. Acta Pedologica Sinica, 2013, 50(1): 106—112.
Sedimentology, 2013, 60 (7): 1733—1754. [FhEN%E, FJENI, ZRH, 5. BAEE L h gAY
[ 18 ] Thompson K J, Kenward P A, Bauer K W, et al I R AR SR 5h Jy 22 0[], B 3E2E9R, 2013, 50 (1):
Photoferrotrophy, deposition of banded iron formations, 106—112]
and methane production in Archean oceans[J]. Science [ 28 ] Lu R K. Analytical method for soil and agricultural
Advances, 2019, 5 (11): eaav2869. chemistry[M]. Beijing: China Agricultural Science and
[ 19 ] Wang X G, Sun LR, Chen Z H, et al. Light inhibition of Technology Press, 2000. [&-dnhh. L3Rl k2= 87 7
carbon mineralization associated with iron redox VEM]. At RO RS R R, 2000]
processes in calcareous paddy soil[J]. Journal of Soils [ 29 ] WangXG, Sun LR, Zhang Y L, et al. Characterization
and Sediments, 2020, 20 (8): 3171—3180. of reduction of iron oxide and oxidation of ferrous iron in
[ 20 ] Bothe H, Schmitz O, Yates M G, et al. Nitrogen fixation upland cinnamon soil profiles in west Henan, China[J].
and hydrogen metabolism in  cyanobacteria[J]. Acta Pedologica Sinica, 2018, 55 (5): 1199—1211. [+
Microbiology and Molecular Biology Reviews, 2010, 74 JENI, PhIEAE, TRAIE, & BT R R L R
(4): 529—551. AL R 5 WA AR IE[J]. iR dR, 2018, 55
[21 ] Chen P C, Li X M, Li F B. Shifts of microbial (5): 1199—1211.]
communities during Fe (II) oxidation coupled to nitrate [ 30 ] Li X M, Zhang W, Liu T X, et al. Changes in the
reduction in paddy soil[J]. China Environmental Science. composition and diversity of microbial communities
2017, 37 (1): 358—366. [MRMGFE, 4=Wefi, 420541, /K during anaerobic nitrate reduction and Fe (1) oxidation at
L Fe (1) % AL#E NOS & JR I AW AL [T]. circumneutral pH in paddy soil[J]. Soil Biology and
EREERISE, 2017, 37 (1): 358—366.] Biochemistry, 2016, 94: 70—79.
[ 22 ] Deng T C, Qian Y F, Chen X J, et al. Ciceribacter [ 31 ] Kappler A, Bryce C, Mansor M, et al. An evolving view

ferrooxidans sp. nov., a nitrate-reducing Fe(I)-oxidizing

bacterium isolated from ferrous ion-rich sediment[J].

on biogeochemical cycling of iron[J]. Nature Reviews
Microbiology, 2021, 19 (6): 360—374.

http://pedologica.issas.ac.cn



WRAGEWAE A MRS L rh AR ER MBI 15 D' & 0 W B S A e 137

[ 33 ]

[ 34 ]

[ 35]

[ 36 ]

Clément J, ShresthaJ, Ehrenfeld J G, etal. Ammonium
oxidation coupled to dissimilatory reduction of iron
under anaerobic conditions in wetland soils[J]. Soil
Biology and Biochemistry, 2005, 37 (12): 2323—2328.
Shuai W, Jaffé P R. Anaerobic ammonium oxidation
coupled to iron reduction in constructed wetland
mesocosms[J]. Science of the Total Environment, 2019,
648: 984—992.

Kuypers M M M, Marchant H K, Kartal B. The microbial
nitrogen-cycling network[J]. Nature Reviews
Microbiology, 2018, 16 (5): 263—276.

Kraft B, Strous M, Tegetmeyer H E. Microbial nitrate
respiration—Genes environmental
distribution[J]. Journal of Biotechnology, 2011, 155(1):
104—117.

Dang Y A, Li S Q, Wang G D, et al. The different

enzymes and

[ 37 ]

[ 38 ]

characteristics of soil fixed ammonium from south to
north on the Loess Plateau[J]. Journal of Plant Nutrition
and Fertilizers, 2007, 13 (5): 831—837. [t L5, Z=
T, ERE, A5 2 b R A IR I e AR
P AL 2 3 0], A IR 5 LRI, 2007, 13 (5):
831—837]
Jamieson J, Prommer H, Kaksonen A H, et al
Identifying and quantifying the intermediate processes
during nitrate-dependent iron ( II ) oxidation[J].
Environmental Science & Technology, 2018, 52(10):
5771—5781.

Klueglein N, Kappler A. Abiotic oxidation of Fe (1I) by
reactive nitrogen species in cultures of the nitrate-
reducing Fe (II) oxidizer Acidovorax sp. BoFeNI1-
questioning the existence of enzymatic Fe ( 11)

oxidation[J]. Geobiology, 2013, 11 (2): 180—190.

(REHE: BRA)

http://pedologica.issas.ac.cn



