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Key processes and microbial mechanisms of
soil nitrogen transformation

HE Ji-Zheng”~ ZHANG Li-Mei

(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Microorganisms are the engines driving the biogeochemical cycles of soil elements.
The nitrogen cycle is one of the central processes of terrestrial ecosystems, and contains four
main steps, i.e. nitrogen fixation, ammonification, nitrification, denitrification, all of which are
driven by microorganisms. In the last decade, with the rapid development of cul-
ture-independent molecular techniques and high-throughput sequencing technologies, break-
through progress has been made on the diversity and mechanisms of nitrifying microorgan-
isms, and anaerobic ammonia oxidation (anammox) process and mechanisms. Here we review
the available knowledge concerning the research progress in ammonia oxidation studies in
China, and briefly introduce the researches on denitrifying microorganisms, anammox, and
dissimilatory nitrate reduction to ammonium (DNRA), and then present the future perspectives
on this research field. Novel techniques and methods will be applied to the future microbial
ecology studies of soil nitrogen transformation. It needs to hold the frontiers of microbial
ecology, in combination with significant demands for China’s sustainable agriculture, re-
sources and environment protection, and global change research, primarily focusing on the
following several areas: (1) to carry on investigations on the large-scale biogeographical pat-
terns of soil nitrification processes and nitrifying microorganisms, and to elucidate the under-
lying mechanisms of spatial-temporal variations and their driving factors. (2) To explore the
key microbe-meditated processes and mechanisms of nitrogen transformation, and link them to
the relevant observations on gas flux (e.g. ammonia volatilization, N,O emissions) and reac-
tion rates (e.g. the rates of mineralization and nitrification). (3) To elucidate the coupling be-
tween different nitrogen transformation processes in certain ecosystems, and to estimate the
nitrogen balance and build models to predict nitrogen transformation and balance. These stud-
ies are expected to provide scientific basis for adjustment of nitrogen transformation processes,
improvement of nitrogen utilization efficiency and elimination of its negative effects.

Keywords: N cycle, Ammonia oxidisers, Nitrification/Denitrification, Anammox, DNRA, Soil
ecosystem
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Fig. 1 Schematic processes of microbial nitrogen cycle in soil ecosystems™
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1 HREER R AR LD
SRR R AT

iz R | AR TPEAR BB FRLUK . SER A
JEiE i PCR A5 FAERHR, 4G+ +
AR, BN E R E A R
SRR IR AL FR R MELTIE | Bt 1 . A
Tl - IEAUK RS + B AOA Tl AOB L HEMESSE
J 5+ e A BOC R IEAT T RGN
G o IR A0S BH- A AT o K BB K 10 67 3
K5 2T HE(pH 3.7-5.8) RIS 45 5 R, K3t A
AL B FRAR -3 pH (B, 7E 8 PRI
JEAEAL B, AOA HYECE 4 8 % & T AOB, AN
Jiti HE X6 - 458 v S 20 P K (LA 16S rRNA JE A1 4% D
Bota, TR)FmAK, [HXF AOA Il AOB Y%L
A B, Hh, AOA Fl AOB (%R 75
R EE A ML (NPK+OM) By 4 38 i e g, 7F
it Ak 2 FUIE T A AL BRGEZZUIE N it 0 e
NK Jiti Z BN NP)H 5 Ik FEA [T A b 3 ], 2
AU REE A 5 25 5, (AaE b
RS R 22 S B, R A R
JEE RIVRE 7 2 ket S0 i FER Ak L % 5 | 1) - 45
PR N L s A A R B R T H, &
SECA 200 TR R TR Y o B S R A AR T A
[ AATERR 0 B M IEAI DGO R, FIUR & X LR TE +
356 v 2 SE Ak 20 R RN 22 ST TR AT R AR T - A
AR A DTk o X g 3 e 0 A
PR 1 (pH 8.3-8.7) A 45 AR, ST AR
AL T T A AT R AR Y B T
SAALANTE, (AN Rt A A B 5 | Jbe 2 S P 20 o
YA AR, T A TR BT AR
AW, H G2 A A F RS L
TR AR 0 2 IEAR DGO R, 3R I S P ]
o R AR AN T X R LR Tk

e A 48 v U Ry R R AR A A R 1Y) B
b TONFIE KR A I, LU E A il B
W 22 5, R EAM TR KR T AR BRI L34
REMAEY), HAiE RIS & 5 5 32 KA 1
ARPER P, X 3 RS E R R IT R
A R A RIS, AGIESE T Leininger
A R A WTE g KA e Zs R, Ot
YA N T 2 A AT B SR 20 R R R
B - SFE R BT S5 AR A i i g 58 A AN [, itk —
AN T I S T AR 1 1) A B A 2SR S T RE TR
PEERML THEL R,

B J5 FF R — R R S5 R R, 78 REE
2 O N T S B DA B K5y i M = )
Fn O g Ly g e R e VAR A R R AR
A2 TR A PR A 2 A S B X LA L
LA BRI AT, TRAEZS T IRE
SR - 3 X B2 B W R AR AR, R AR
XIE [, AOA il AOB HI%UE S + A PR
TR REEACCR, 544 pH, NH N Al
NO; N FHt¥ T BAHC KR, Mtk
A AN B ) L 3 B R R I A AL B2 T (Nitrosospira)
Cluster10, 11 #1112, HE Ktk -3 rh 28K 1
4L B2 B Cluster3a.l, 3a.2 F137 i £k B j B
(Nitrosomonas) Cluster 6 1 7., 2 % fk iy i 3% th
Groupl.la associated F1 Groupl.lb P RIS,
H:i Groupl.la associated =245 TPk 14,
HARXTFE R HE pH TR, —#F =z A
AW BRI F; Groupd. 1b W) FE 5045 Frp
PERRE 3%, 53 pH A — & IEFHCKR,
T pH S50 2 A Ak T RN A B A R0 A 1Y
PR R F 2 — (K] 2)0 ik $e45 5 5 E PR R &
RVF 2 EEMR G A T EIE, iRz A fk
A= 0 1 A 1R 3 A A B LS B B 3 B 1 4 it
T EEANE,
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Fig. 2 Relative abundance of the bacterial (A) and archaeal (B) ammonia-oxidizer group in selected Chinese soils
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21 BRI A PRI IR AG Rl SRR — A, R R
HIEAREILIEEM S AOA B A TFHE KR,
5 AOB Jok, HA&k#MZAkd+ 5+ ACA 5 AOB
() LA E 39 pH BEACTIHG i, —2& AOA ZEHE{Y
IR R R R . W HZET DNA 3
Fa R 1 [ 2 2R PRI B AR (DNA-SIP), ATt — 2
HESE T 2 A A R R M 3R S E M
AR, R A A L Y R
FIH CO, MRRIESEAT A S KX — R, L °C
FRiCH) CO, X 3 (pH 3.7)iF TR v 5,
PRI ERUEY) DNA IFIEF 723 BEERREE B0, 3R
57T BC HRiC BRG] DNA, JExFH A
RQEAMAEY TS, K A i [
BCOo, A1, HH: amoA JE R 42 AR 1k 5 1% BRI
AR R W IEAOCOCR, MitE = LA
AR MEE SIS, RUDEE Al T A2 %
AN 35 T X e e RS E R . B
A4 135 AU (Dicyandiamide, DCD) B & 41l
A B AR K IR s o, XS R
FIHBAESE T g A A TR TR R P S A i A
3= AR,

SIARR, FEH P S - g b, i G
e AN A, B O A A TR
IR AR, (R E R A B
37> 8 T ok L L = = K ki1 e =3 R e
BRo Zefbidth, Di 2P L BAEH PG 22 R
bt AN AOB BRI A - SRR AL TR, 1
LA DCD I A fl AP hn, {HxF AOA
TR, R SIP H0A,  Xia ZPARF5E & B
FEEF FEA I 4, OISR B S A A B 1T AN
FEMEHES ST ®Co, FEMmA A i, 2
Z A E I B 2R sh ¥ . X SERFsE S IR S
PR - S v AR A T 3 S ST A R
FHEANE, SCHE T A PR S B A W
A SRR HE A I PR, R S A

pH R AR, AOB ZhEfb/EH I &
TORANH, 1 AOA T EAERHTZI ISR
R RERPEF SRR Th R DI ReTE . ok
NHE [ s 2 R Mk - 3 b i D s AR R SR B ) —
FRIER 2 AL 5 T Nitrosotalea devanaterra (Fr[{A
T WA ANAT ), HaE HAYER pH
4.0-5.0, 4 pH>5.5 A AZ I P, Bt —
ST LA EE A R X SRR IR B R
FEShBEAE T B9 AT BEHLELE ) (1) AOA X NH;
Oy FEAHEE SRR P R AOA HEE J T
FEARHE NHa R EE AR K b 30k T
1) pH, HAEZ N BT NHAAE, NHs iR
e BEBEAIR, AOA Xt NH3 431 i 3 A1 ) (A5 H
Aeid N R tE 11 (2) ZEMFR R AOA A K
W oz AHLEMAE LA R, JFFER L
AU LT R A EE NH; 2517
HIRAK, Kk, AOA FIRES HiErh m fbimd:
WA, T 258 5 FRAFHR S I IR 4
UEAh, AOA tHfREMHTIR A B IR K, HEA]
FAHURERD i1 AOA I AOB M HZE5 )
. (3) 5 AOB i, AOA EA MR A B4k,
FEALAAE. LR Al B e s ab L 4l
R, ACA Mz E ki rl i AOB
FEAF, JH AOA Mz E At Ak [ 5 i) 72
WD T REE I THEE, A BT HAE SRR IR T
KNP,

3 RS

S E AR, S E PR e sk A
RS SRR . FEZMEY NS
5F, fHfRERE S DU RN, TR R ER A
fitf(Nar) . PRSI JEEF(Nir) . — S b7
(Nor) LA} — &4k — & E i B (Nos) AE R, #x
LA E AR, TEE R ] BB R AN, 1Y I
FAMR NO, EGEIE FUCNH I AEALVER R 24
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TR AR A, {H 20 g 80 AR EL T
Z ALY A SR BB S R 4 ) B (Nap), Nap 17
TARRRE T, XA o N URE, (Hi45 il e
FWBBETELF A T kA, I sl e /E
) FZHA AR, MRV S &

W R SO AR BRI, i Ak- SO Ak AR
WEMG KA, VR A A R
FERAE(A AR 40%)2 %0 HAR
HE =4 NLO J2 (KT CO, Al CH, Y B =
SR, AR N2O BT i Ay NoO S HECEE
1) 70%LL 1, HEZRGAEYERR Y. SH
A — B2 22 0 . JE Tl W A
ARG PRI A, [ N A 52 s s AR
FEAA R L R R IR G A ARV R AR
5 EE ST NoO AUAHERI Y DTk <5 2 A Kbt
BV (AT R R E AR, S5 R
HRE MRS L, BEBA 80 21N E 4l
AR o . AR AR Al S 5 Ak
VEH B 2B o OV A BR, 2808 YT RElw
& —Fh e Z RO Re LA, (45 X0 S il Akt
YIRS  RE AR R G TR AR
SRR, XANFEE RN 2 5 R R OC
FESHRERLN AN narG . napA. nirK. nirS. norB.
NosZ 1) Z A8k K S i) PR 7S B F e 17—
L RN (=95 D e 2 S 01w ) S8
W b Ty i 56 PN 1 5 A 38 A SO A A O,
R FEE AR, WMELAFI SIP BARXS R Al kiU
Y TARIC, BRI SORS AR SR P i e M T
PEWFSEARXT I I, ARG iR iR

4 REAEA KRR L AL JF R
BAEH

IR %A & % {1k (Anaerobic ammonium oxida-
tion, Anammox)Je 4l I# 7£ IR S8 55 14 T DA Al R
Bl FRAEER A AR, W
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NH,"+NO, =N+2H,0, F % 1 % & R W H
(Planctomycetales) i 24 B T 4k 58 i, H AT 2 A
IR A A AN 5 4 JE: Candidatus “Bro-
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“Anammoxoglobus”, ¥JJE TIFEREH . RAE
FACTEHI IR T 1995 AF AL T /K AR W) I o
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Br. 2EIFAI 2RSS (FISH) b 16S rRNA FE[A 7y
SEJTVE, UESE T PR A A AN TR TE K P 55 A0
L DU . Z0RRR, IRAKIBNAE )z a0 A, HE
IXBEPRE 1) FARER R A R AL
R RIS Z A TR R, B2
I H AR BIEAVE h N R E R, (HE
A PR AR A A E I B e iaE R D, 3
SR W ST B AR TR — 28 v AU A B KR
a0 1) DR AR 2 AR Ak A T B v T R ) R AR AR AL
VEHIPA, (04 56 - Herh R A b B & A 1
i P R iR BEIRANTE AE .

TERESRAET, SR ER W FEAE M E T
Ak I8 5% #% (Dissimilatory nitrate reduction to
ammonium, DNRA), tFr R & BRI RIIA)R,
EZ Gty Ak A dIPNE ! N PN I
SAUEH TR F L B AF AT REEAT DNRA [FIREZ LAIS IR
MR A L #E, 5 DNRA SN
NO; i 52 NH, BT i F b fil Lo s i A rE s
NO; i85 N,O 1 N, (1 H Hifigrm, 280 T
I AARAE 2R 5 S A= 0%, i L B4 A 0k e
P45 DNRA By & £, L DNRA B —J
P2 SRR B B R AR I,
DNRA 4 NO; i J5 oy AT A A I NH,, A
FITARELIERER . 75 NO; MR EEMALAN
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R A EE, RIS C:NO; b 4&/4 F, DNRA
OISR AAE F B 25 5 2 R0 oAb, i & B —
SUIRAR S AL 4ETE AN K. stuttgartiensis HLREZET
DNRAEH, DNRA BEfE IR A 2 A AL 11 NH, ",
il NH, 547575 5 N i 2, DNRA 5 R4 2 4R
T REAR A VR S BUN R = 2 N,
DNRA 7EREH T IV E AT 240, B RTK 24K
5 55 14 TR A5 28 71 B S 50 M LI S i A A T v X
431 DNRA-Anammox #& KN, 75 B 4b A F
B2 TG 2% I 7 B R R R RIT () A AE J [R F
Al HAE A AR EREE o 0 B A

5 RE

i LRng, ek RILAFM], RN H 501
Bk B FARFR IR A Ay R 2 ORI, 3
FAME HA IR, IS RIEIRI TR
SRR BRI R IR ALARIC 3 B 05 1% S I T ST 4
R EANTE . ENIE, EFEER TS 5
FERCHEMCE Y ZHREPE . AR BIA SRR . OfE
W B A AL, B w7 A TR R
L ARAMLELAIAR, e R T e Y 7E
BRALS A OCRFAL T BB RS T ) AR SR Y
IR S A E AT, B AT AR
NFBe, b PR A A 25 A JR AR R AR
M, B REAO ATRFLE AR . BRSO A
ERREABIIERE R TOR, HA T RLLCT L5 i
BT

(1) RNE B ARV EH X b A Al
TR A Y I 25 R AE S ARSI B9 . R
RO AR A KT AU S a1
a8 AN A AT T AR A LR AE
HAEARIREL S0 TR P22 57, (HIX L6t
R HIAE RO R E AL IV . T4
ARG ARNE L AR TR
BRI AR 22 5, XA R R 3

H RS ALV B LA W R A T T e A,
A TR T AR ) — o i TR R EOR,
MRFE, HREKE . BRI A SRR
8.4 5 F I3 % ] (Euryarchaeota) A1 ¢ 1y B 1)
(Crenarchaeota), #% 1 At B Sl () 2% = A~ 2k
B, B K] 4 S — > 19 '] —Thaumarchaeota
(CREE 1) RN E N 1Y N b= iy R g |
P RA F A RE T o 75— (s U A
B 1 A 4 ) RS R 2 R A 1 R A T
amoA FEM, TiAEALAE H 32t A b A e T,
XX amoA BEA & AL R AE IR R
A AT A AR ) A BT R ol AR A 2
B HANERE . FIL, BriE—25 e & 8 e
M5 B REFRpt g oh, RIS Rl R ik, &
FEH— AR W, JFEE AR A R R 40T
FBE(SIP AU BB FUH A Bk {7
WE5E I, FER R Xt BEas e S
P EALME I ZREE | TR I A U RRIE
TR RGVENTR, N A S
Az B REAE K AR T B PR 4 S R R IR
BT, PG A E A RUE Y SR A i
WV A T B 2R ST AR, SEim 4 miAR
RSO A R S R E Y2 LB, S H R
W e — Bt [ P (g F 5 s

(2) i A R F A A Y R S LB
WF5E, JESAH I K3l e (I K . N.O B
B AEERAR I I 56 ) RN S B R (A AR L il
fEH% | SR . IRIE RS LS &
R FR A RE PSR S AR . BRI A IR
FHIS R R NLO A, 3ok ok 1 22 I TiE 4 26
AT AT RS NLO A 25 B L 1) i
FEAEFH NLO 174 1T BB PR AS [ I BL], —
SRR AL E L NH; 2 NH,O0H (it i,
NoO YERRI= WL i — s e A bl
B IIVERT NO, #GA8JFN NLO, XN gk by
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fird AL 0 A B B9 B i AR A H (Nitrifier denitrifica-
tion), FEAEMLESFMT &L WIEHT NO
F 7= T BB NoO A pyix EEHLE], RE7ER
SEACANE P AR EESE o 38 5 ) 2 U AR
BT N SERRTE NLO 43 F I 4Bt i, Santoro
VO T th & A AL T R IR RS NL,O HiE
B EE TR, (AT R IZGRERT NLO HE
T BTER DA SRR AN I NS AE o eAh, — 2853
R ISR I 20 1 SR st R A IR AR A SRk
Y& F (Anammox) FI il iR £ 57 1Lk Ji i % (DNRA)
AR L, UK KA 1 b R A ) il
P o AR B STk AN (T AN 2, AR S B F
SEARH D, BYITFEINR . X ik L S i by i A
FAILH ) DA UR: 1T R0 228 JHLR il R0 A
WA HE R

(3) BRI FEZ 0] (1 S BRAIF 5 . i
ARG LR T, A AR b i 22 A 4
A AP A AV E B Rl 22,
SRR R A AR A RBIC AR I IR) s 25 + 45
HEBRGE AR, 1 HBTR 2 H
EF X — Sy PR, A —R R P E A HA.
FEAl . IR A A R IRk S A i et 46 ek
TR U] 58 5 & AR U R ARl 52 i) 2 15 30 2 1ok i A
TRBI A W00 R E B ARG, RIS RE ., 1
FEE AR A R G (N —A~ 39 3 R (R 56 3 w0/
TR L) H RGEWIE &R R RS G
R, USGXFHA LR Z P 2 et 5H
HEATIRE RGP ZE &, REGUEY RS
FBRARE R, WEHCE R ME T
BRI B R R B b i R R R H i e 1T
NELIAT R B AR, R m Al A R L
SRIFREAR LA S IABE SO AR A0 3
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