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Abstract: Nitrous oxide (N,0O), a potent greenhouse gas, is produced and reduced mainly under the mediation of
functional microorganisms in soil. In terrestrial ecosystems, soil is an important source of N,O emission. Soil
aggregates, a key structural component of the soil, consist of sand, silt, clay (primary particles), organic matter
(binding agents) and pore spaces. According to the hierarchy theory, soil aggregates can be divided into four
fractions by size, that is, large macroaggregates (>2 mm), small macroaggregates (2-0.25 mm), microaggregates
(0.25-0.053 mm) and silt plus clay-sized particles (<0.053 mm). Large macroaggregates are high in pore
connectivity and oxygen diffusion rate, fast in turnover, and rich in organic matter, and microaggregates high in
water retention capacity and stable carbon content, and capable of protecting microorganisms from being predated.
Hence, soil aggregates different in size may offer heterogeneous microhabitats for fungi and bacteria. And each
independent microhabitat could be regarded as a biogeochemical reactor producing greenhouse gas. Nitrifiers and
denitrifiers, which carry functional genes amod, narG/napA, nirK/nirS, are identified as the major contributors to
N2O production. However, N>O reduction is primarily a single process catalyzed by N»O reductase, encoded by
nosZI and nosZII genes, which are present in bacteria and archaea capable of complete denitrification and acting
as non-denitrifiers in N>O reduction to N». These microorganisms are distributed separately in polymerized
reactors different in size, driving N,O production and transportation as affected by soil moisture status, substrate
availability, and porous connectivity. However, so far little is known about community structure of the nitrifiers
and denitrifiers in aggregates relative to particle size and its influences on N>O emission. Nowadays, a numerous
of studies have been reportedly devoted to soil NoO emission characteristics in different ecosystems, but limited
knowledge was achieved on N>O emission and relative contribution of soil aggregates relative to size fraction.
Therefore, with the clarification of functional microbial distribution at the aggregate scale, hot-spots of N>O
production and reduction in soil microhabitats could be specified. In this review, advances in the recent research
are summarized on divergence of N>O emission from soil aggregates. Large macroaggregates and small
macroaggregates were found emitting more N,O than microaggregates did. However, studies were also found
reporting conversely that microaggregates emitted N.O more vigerously. Papers in the literature also reported
relationships between aggregate turnover (the formation, stabilization and disintegration of soil aggregates) and
microbial structure dynamics. Bacteria contribute strongly to the formation of both macro- and microaggregates,
while fungi play an important role in the formation of large macroaggregates. Hence, the mechanisms of soil
microbes producing and reducing N>O in soil microhabitats could be summed up. A large number of studies have
shown that ammonium oxiders are abundant in macroaggregates (>0.25 mm) and a dominant denitrifier
community in microaggregates (<0.25 mm), and environmental factors affect NoO emission via redistributing
these functional microorganisms. Based on the current results, discussions are done of some perspectives for future
investigations: potential hot-spots for soil N,O production at the aggregate scale as heterogenetic living niches
existing in soil aggregates different in size, critical values of key environmental parameters impacting soil N>O
production and reduction, and holistic research on functional gene groups and enzymes instead of some individual
gene due to the complex participation of soil microbes in N>O production and reduction. It is expected that this
study will provide a reference for modeling and parameter optimization and a solid theoretical basis for mitigation
of N>O emissions.
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I, UM NSRRI R 5 A AP NoO HOSRIEAT 138 . MgV e R, BARA A AR BESE, T
T 1R N2O T EHERR, 205 SHFBCR 60%0R1. 1358 NoO HE e T 52 5 7= A R J5 X0 LA F 15
Mt He A4 11, 25 2030 4, [EE AR FH AR A9 RONMAE IEAE A A 19 T, N2O HETCER RS 1 i 35%~60%11.

FIRPIIAR A FAERORL (D KRR RGP AN FLETZ AR, 52 SR A5 (Y B AS PR TT A
AR A S MO, AN R AR ) S P R AR R R OB SRR, R R AR LR R v, T
ARG R AHUREET, MIRIRARKRE 9. RE RS e, HRERSTMEDA
S, J, AR FERATE R T ORI A ALE, MR N2O 7 A AL SR )
RETAE AT, AR E T A FRLAR BIEEAR N.O HEBCR AT FT, BEG Hr H A RAFAE I 800 B
A3 ] 3 48 NoO 7 A R JER (R ol W 2 S RE AT 3 A AN [RDREAR - 358 R SRR Sl E M K s o A B 30 85
BRI, R BAFAE R R s BE— D PRI R PA Dh RERE PRIAE IR PR AR h A, 1P
A FERAR BT AR NoO 7 A AL R A X T AT 1

1 ARIkLAR L35 FIER AR ) N2O HET

TR B RAR R VIR AE AR RN AL W, HESEA SR NAEYUR S ik
T4 & TN Z ROBRL . R B R B, R 3% B R AR 4 i K 3] ZE & ( Large
macroaggregates, >2 mm) . /N S 4A& (Small macroaggregates, 2 ~ 0.25 mm)- 1 [#] % /& (Microaggregates,
0.25~0.053 mm) FUHr-ZEFik; (Silt- plus Clay-size Particles, <0.053 mm) M, AN[EPR 12 438 R R B
AAFE R U AFLRRE R, T S AR B~ 3 FLARBOR BIER AR D o 3P0 22 e BRI R R B 97
W IR RS AR A LR B B ARG Tk A 3R A, K AT SR AR Aol SR LT, 2 B8 2 ARG PR Bk,
LR e MR EE (CIND W7, A7 0] 184 s 072Ut ROV o EL2 DR T SR AR PN 400 11 B 28 A Al
FERRIKAIRAS  Cln A st 18] P PRI R A I I TR SRR D 25 BRI AE Wiz s A A= W g i, AR T
e AR, I, TBIER AR RE B8 K 2 5 K I HLIRAI ) B4 40 T Re g /e 3 rh OREF R I RS E
Py RIS BAT BRI IR0 R0 PGB SRS i (B 1) Bl R, BAT R RMSIAL 7 5 AN
RIS LA R AR, AT AN TP = A FE SR NoO AR e R4 1314, H AT FEAS Rk A% 1
R RARR N.O HERU S RAFERRZESR (R D, TEAEREFREREET, KBRK. DNEE
A RO 4] 5 A B HE TBGHE 2 R840 331 A 0.044~5 607 pg-kgt hl. 0.016~7 637 pg-kg™ ht. 0.009~4.03
ngkgtht.

BRI T R IR T R A S Ak [ 2Rk LA B v 1) N2O HETCRE 004, Khallil S50k SRR T 58 A
1) N2O HE e T/ BIER AR, A IR i T BIUR AR N B S SR R BUIRIE B« Diba 28 B 7T & K L
IR NERE, KEZRAE (4.5mm) BhAZRAE (<2mm) HE7ECE 2 (1) N2O. Kimura S 1615R ] 5
I SIS B 7T A L R 2R TR AN [EDRLAR R AR NoO HETBG R BIFGHT AR AR b 357 LK [ S A
N20O HFiUR % .« Drury 0@ 75, KI N2O £ KA RE HHEUEZ (2~4mm. 4~8mm) A
7.0mg kgt, TE/N AR TR (0.25~0.5mm. <0.25mm) HHEBGE R K 0.04 mg kgt. [FI,
WA W T2 I AN B SR A v () SO A T 22 A0 N2O HEIS i T K AT R AR RO, MuPbz 251081 S it FH A R
JG, B FIRAERERIE R, N2O PIHES D . Uchidal™'Fl Robinson%5 kL, ftiHIRALE, +
Fer /N BRI B TR NoO HEEE 2 . Sey RPUAIE T B L& 5t 45 H -t 58 BH 1 338 [ TR A f /)
FiA2 R N2O HEBCE AR T 5. I AT DAE H,  ASFEPRAR 138 A1 5406 N2O HETs ) e Bk AE A — Bl
TAFAEIX P73 03 ) 3 2 S PR 7= AR IR 5 N2O I Al A W 3 v A AN [F] 121,
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Fig. 1 A conception map of structural characteristics and turnover processes of soil aggregates
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Table 1 N2O emission rate in different sizes of soil aggregates

Hergos =
i AR R Ak 5y FE IR ) N,O HEf: SCHR
Emission rate/
Aggregate size Classification Culture time Flux data Reference
(pg-kg'-h'h)
<2mm NP 3N 9d 12 mg-kg -9 d! 56 [8]
4.5 mm KH T 40.7 mg-kg!'-9 d-! 188.4
<1 mm INAR A 96 h 7.637 pg-gt-h! 7637 [10]
2~4 mm KH T 5.607 pg-g'-h-! 5607
2~8 mm PNCIE LN 21d 23.5 mg-kg! 46.6 [16]
0.25~0.5 mm NP 3N 96 h 0.04 mg-kg! 0.42 [17]
2~4 mm KH T — 7.0 mg-kg! 72.9
<0.25 mm (P3N — 4.03 pg-kg'-h! 4.03 [21]
2~0.25 mm NP 3N — 0.18 pg-kg'-h™! 0.18
2~6 mm PNEIPIN — 0.96 pg-kg'-h! 0.96
<0.053 mm - R 28d 14.3 pg-kg! 0.021 [22]
0.25~0.053 mm T A SR A — 6.2 pg-kg! 0.009
2~0.25 mm NP 3N — 10.47 pg-kg! 0.016
>2 mm NEIPIN — 29.83 pg-kg! 0.044
1~2 mm NP 3N — 1.2 ng-g'h! 1.2 [23]
2~4 mm PNEIPIN — 1.8 ng-g!h! 1.8
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2 LIEAIER N0 HE I E Y S i e

TIEFIRAE N2O HEEZE NO AL JFEA K. T3 N,O = Bl i i A= W i s Ak A
(Nitrification) . A4 H (Denitrification) DL & AR #h 574438 J57 B ( Dissimilatory nitrate reduction
to ammonium, DNRA) . fiffb-isfL#&1EM (Nitrification-Coupled denitrification) 3t bAE
Fl (Co-denitrification) FIAEAWo fRA5EEFEr= AR 24, i 58 45 SO AL ANl SR A6 AR A= s s F S8 AL
24 JE G (Nitrous oxide reductase, N2OR) & H B ME— BRI N2O T A0IE g 128, AL HE fiv)
WIEDIN NLO P2 AEFEJR 2 (- 2)
2.1 NoO =B 4 HLE

TAEPIEAAE 32 B2 NHs 28 NOy, R 24 il NOs R FR 1281, H = EA A a0 4,
A4 (Ammonia oxidizing bacteria, AOB) . &% {L 7 (Ammonia oxidizing archaea, AOA) .
WA RS L (Nitrite oxidizing bacteria, NOB) M5 &% A L4 (Complete ammonia oxidizers,
comammox) . AOA Fl AOB 77 amoA J:[K, 1ZFE K 4wfidZ il (Ammonia monooxygenase,
AMO) , ¥ NHs AR B2 E (NH0HD |, 4liffi (i3 P460 LA NO Al fAts NHLOH #1464 N0,
o, NHOH ZAb2E00 A i NoORT . R d%4b i) NH.0H N4l ¥ 8B 5B (Hydroxylamine
oxidoreductase, HAO) %4k A NOy . ZAEAL4NE (AOB) &1 LLFIH NOAE NHL 7524k, BETHETL
Y1 B S A A AE A (Nitrifier denitrification) 281, H A 70458 2 BIAHAL 40 3 RAEAGAE B N. europaea &
A F R R A S B AN — 2 AL ZUA 5B (Nitric oxide reductase, NOR), # NOZif 54 N,O27-281,
VA R 2840 B (Nitrite oxidizing bacteria, NOB) #5717 V. AiH IR #h %8044 14 J5 B (Nitrite oxidoreductase, NXR)
¥ NO2 A NOs, nxrB /& NXR HgmfidEkRe, e EMAE & H AMO. HAO FI NXR, W]
— S AE PR NHs 54k NOg™ B, H i 5E A2 A AL 40 B N. inopinata #E1T B BEE FR00F 78 K
P, FH T2 A Y B 8 NO B4 NoO 11— S8 A RUE S, 48 1T 38 1 9E2E 7 NH.0H 3446772 NLO .
RIE 5t — W2 1 A 2 2 A UAEY) & — SRR R B,

FOREAAE FHZE Y NOs R VGEJE N NO2« NO. NoO, fJmif i No B F2e. e httb 4
HrE NoO IR, B RS PRICJE R (Nitrate reductase, NAR) . VAHERIE RS (Nitrite
reductase, NIR) . —% 4L &L E 28], NAR 2K NOs i JE N NOy, 3 NAESE & g iE 5l (NAR)
A R RRIE S5 B (NAP) R H)ZhREFE R 73 70 9. narG 1 napA, NAR {XFEREIM G T AR 3%EME
FHPl, NIR 2% NOiEJFE A NO, Z%Hg 5 & BV AHER #hid )5l (Cu-NiR) FIZ4HAE A E cdy TEAHER
EhiILEEE (cdi-NiR) , 435 i nirk A1 nirS %ifith. 2002 £F 1 V& BHLIET 25 45 33 19 ol 356 A1 70 18 0k AT
ARG ANIX PP L PR LE [R]— 2B P A 9 AN Re SR AZ 2381, 5 4l A PR 03 SR g ) A A ) — AR AR AE
ICEEIEE . NOR 4 NO &2 N2O, FEANTEA & R =28 NOR, % —Ff (cNOR) , fXUIFEE
Mg, PNTEHEESr 052 NorB Al NorC, BN 7E AH AN B A7 AE,  ELAS A ml v PR 2 s o e 7t
&, A 2 cBY, 5 354 quinol-dependent NOR (gNOR) , & —FheA VLR, CH=4uith
#c, KHBRAE N T, TEAEMAEUR B SO A B TR 35 R B 28 =952 qCuaNOR,
M NO it J5i 1% Bacillus azotoformans o143 B3R, H R /KIEEA XURAL i, X180 st 7T H fi L
[36],

13 N2O B2 AR I AR AE HA AR A i £, G0 IR 26 AR I Rl e . AN IR A AR & /E F AR 3t
RAFEERY, DNRA ¥ NOs 46 A NHs*, 5 NOs [ AAE I B A RYSE 4 L R, DNRA G
B ta & ¢ WANRZEhiLJAEE (Cytochrome c nitrite reductase, NrfA) , ‘B RES (L NO B JE N
NH4* B8 6 NOs It J5 A NHA AT H I RERR AL /E - NOs ik Ji v N2O i N2 BT H R
s BIR 2 BUE LT, DNRA TR HMER AR, (HZ AN T RAEAIER, Em C:NOs 444 T, DNRA
WA G RAE, BRIP4 N2O, (HEHED, TTEkHRMRE, WMik- RS2 A AR
HEAAE =42 NOg Al NOy, 28 S5 1E RIR ) B AT AE T PR BUR A ISR, e S i A A= R
T3 BT - RS T N2O HER R, S A 2 7E R S A 251, RFB Bk J) 1 (Fusarium
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oxysporum) K AEEER BRI AEER Eh B MY (E IR K. SBEMY. KHBRAEE) N N.O
B N A AR, (R A — T3 B R TR AR LS NLO P28,  DAJZIX BEiR A% 1 IX 20 5 AH R BTk )
WL T RN T
2.2 +1E N.O B[R ZEHLH

13 NoO mJ it Z AN S A=, H NO I8 J5 H 17 &A1 A2 A nosZ 2 (R 4w 5 1) 44
1R RS (Nitrous oxide reductase, N2OR)D #5 N2O & J5 ok No 12431, nosz J5 R 776 T4 B8 A0 o 1
B, TER = %8, AR BRI R A B B E = PO, R, HEARRHIT A
SOREAAE ¥ N2O B JR NoM41, nosZ FEPKIAELE nosZI A1 nosZIl P Ah KR RIS, A TR, Ja&
Gt B N2O A1 DB s [FIRY, BUE(SE 5 MCRA Sec /rilbigts, FEMEHMRESARITE, FHEN
& Tat &%, MREHPIRS ML, @R T, 139 noszZIl # noszl /A HE), FER I noszll
FEESUEAL N2O 3 R FE At g 45 /E ), nosZ LMK 5 nirS JEPA BRI 5= T nirkK, nosZ
A nirS AR MSL R L. X EIALE RGPS ZAE T, nirS B RAEAGISAEY A v g kA=
SEAAEWAEA, RIS NoO HEBUH ok v /N T nirk Y s fil A6 40 e 1251,

RNH,
TN _HGT :
|1 NH," 22 NH,0H——HNO——NO, ———NO—N,0——N,
B | : AN R L
A R e U
' 1 :
! Ll N0 O : T'é ik
: : B =l
1 NOB’ : P
RPN DS I NNO 1k,
(Faps)E
NO, 1 T lpaeﬁ
NH, —gi—NO, ———~NO———N,0—=N,
| J'
R SR
SRR

2 3 N2O J7 A BE S A L
Fig. 2 Biotic processes of nitrous oxide (N20) production in soil

3 HHPIRART N.O HERHI 2 i LA

IR S A R, AT DO AR 6 45 B Il g, T ROn) oA A A
BEuol, [EIF, BEAE SN AR R TR, AT A S PRI R, — P, E R
AR BB R A T 2 (AT AR PR AL T IR IR R AR 2 RN B R AR R AL TARIRRES
B IR HIE & AR BOE B Bn 5 S B T, 54— R T2, IR Rk kA
J A A I A B A P S BRI TR AN, R0 B A A AT S, B SR A P A SR A
BEI S B MR S5 IR FRUE B IR0, FIR R4 AT e S 8 4% NLO 7748 5k JR 1 ThRE
AR EEA FRLAR B SR AR T 4 S 534k, 3EM 2 NoO HE
3.1 HIEFARKSHEDEE LS

Tisdall 1 OadesP% 2 H ) ] 5 & T2 BB &L 5 0.0002 mm—0.0002~0.002 mm—0.002~0.02
mm—0.02~0.250 mm—2 mm, MEBIEAE (<0.25 mm) AN T L Fr-F5BUR A 2 4 BHES TR R
HHERT, WIAREFEAN LSRR RAE N 1. 3RS 7 R R I s fa e
IR AR A AR O E AR TG 1521, G B K [ SR A AR SR AR BT R AR ORI DTk T SRR AR K
I RARTE b R A% 25 BB Y, BB R T T 22 RO 2 1 B A Rt R 25 - 33 R 5359, b4l (i
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Nitrospirae) H1-T-Hs A0 AN S il ALt R 982D 1438 50% n] R %G B> KIASRARTE B, T 3588 AR LB
#5581 H (Sordariales) N2 KA SAATE AR € () S SEAMAE P05 o 0 B ) T 22 308 3 T2 K AT SR AT
(A3 NoO HIHETSS e Gl A=t 73 Wl M A1 22 W ARG 45 - 3B R0kE, 1 DN ROAE ) F) 828 7[RI el -
JL 4 22 ik TR K 1t A BT 38 0 K A1 SR A A R P ik [ SR Ak ) T DL ik A ML B R SR A e 7)o
HRAINFAGI S OKAE BHE. TRV SIAR R 405D W, IR EIERAR A SR RS E 1
SER T RE R AR AR, B BEAE I TR RS, AR B A IR R IR G, FEORBIE
A 5 AR SRR TS (2] SR AR RIS A RIORE 3 1717 g i A SRR FR) T IR AR Rt ) 6 581,

TR P s RN 435 ) 52 L S A SRAARORLAR (R R, 200 T P L B ARV 7 AS [ KA BT SR AR v A AE W] i 25
P22 5 o AT AN B S A A A0S T AT SR AR, — D7 T Re i LIRS BB Oy R N R A
PITIA A  TE AL AR AR LR /D, 5 5 TAERU N AEBE 5%, Mummey S50V 3L o- A8 TEAT R 24X

( Alphaproteobacteria) Uk 4 (Actinobacteria). ZLfiFF 14X (Rubrobacteriaceae) F1%f AU
44 (Gemmatimonadetes) Z&7E il I 54 T BAT B ) F )2, MERFT BT (Acidobacteria) 78 KA1 544k
) AR BE AN B . Yang SELON A I A0 TR 78 ok (41 SR A vh 32 BELLZF AT IR (Bacillaceae) FIAR B R

(Clostridiaceaea) NE, MHEFRITE AL (Oxalobacteraceae). #fig AU E Al (Sphingomonadaceae)
Wi 2T 441 E F} - (Cytophagaceae) fl 2 LB AL (Gemmatimonadaceae) [RIARX 3= B I7E K S A H |5
T AL B 3B AT AE K SRR BRSO, b LLBERFEHR! (Lasiosphaeriaceae) Al
B EHE R Rhizophlyctidaceae ) Ay 59600, Liao S50 FL 5 tH 22 - o B TR+ 2 1 49 ( Sordariomycetes )
I ] SR AR A2 P k2 T i 35 B T B 18 7 2 N0 (5 LT 1 90%, HL U A 4H 714 ] (Basidiomycota)
& T W] (Zygomycota), 735l d5 7% 3% 104, A B FEUESL HIERA KR (<0.02mm) AN %
FEMERNSVE R, AMCEYSRAE T R AOHG S 3hi05], Bach 25 10O1E I [ [a] S0t & 30 4H 1 A1 B 18 75 34 2
R EAEFEE NN,

FIEFRE AT e AE AL A RIRAS B R AR B 7 A B L an =8 1 Fros . 0 50 R LI 003 o6 R

(Azospirillum) {EFy-FE 1R (<0.002 mm) 3= e mo7) e A AGAE T REAEAS RIRLAR ) [ B8 A4 v
A, BRI RS A R A VR A5 A A R B8 RN AR AE RIS O, AOA fE KRR )
F R TR RART0, TR INAERHES, AOB FI AOA FEZETEMMAIRMAE (<0.25 mm) HE T
FoAtoRiAE BIERAA (0.25~2mm. >2mm) U0, FEAN[RIRLAR A A4 b A 20 1 FH B R AL A i 4R 2 A 58
B, (HRE AN KRR (>0.25 mm) B i e, SO A B R VA R R R (<0.25
mm) S AR, BT E SN AR IAE<] mm BRI R AT, AL E R E R E S T
KiA% 2~4 mm [ BIERAR . A B F0 R0 SO AL 40 6 £E<0.002 mm [ S84 b AR )i f KU1, Kong 4%
9% J& 1 AN [F) 2 3 B 2 Ao IR A AR . ST A B A AE M B S e 7T, R IR
AR (0.053~0.25 mm) AL TE « SR A A TR DS B M I KT R R A (>0.25 mm)
A -FE A1 584K (<0.053 mm) 72,

3.2 IMEERXEARAEFIhEEMEEE LK N2O HEAIF2 0T

IAEE AR S 358 [ SRAR T Re Gl A= 0 I BB 0 A, RIS NoO RS A . 3

KE L ARG LR J7 NS5 2 MR R 5 3% NoO FEuB E & UG, (1) IRk e

Canfik S A 52 NoO HEl. 33 K BSR4 th A WL AL IR T 22 v TRk, B )
TR, WEFRERM, LA R S E SHME A EE amod FERFFE DL ZR 2 )
FHZE00, G HLBRA NOs V2 S AL AR TG PE A NoO FEI R S B i R = U6, 3% M WLRR BEs
PRBEV SR, TR SRR A R R AT . G LR T3S 05 BUE A E H s 270N
NoU8L, A FEA AL, B3RS No/NO B, NOs &ML /E R =4, HikE T mmT
Re A A AL A A AT AR E e, DT SS AR AL SR04 NOs & v, S BT R ik
T S BT ZR AN BIER AR BEAZ U0, JEPREEIAEE 5T T, =) NOs 4] NoO 38 J5oh No8l. (2) 3
TKEYUE TR R, iR, BAtn e, L ALR AR KE (Water-filled
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pore space, WFPS) 41T 35%~60%M}, FHALAEAE NoO P2 AE R £ it #E; WFPS it 70%HEf, N,O
FEE A P24 WEPS>90% % % 1 N2O I8 5N N384, [H15VE 2, RNRFLR F A
o325 NoO P AR AT SO AL R ) 3 S K EBE A I 2 57 KIFIZRARALE 80%WEFPS 154k T-4F
ASRAE: T Y RIS K ERE I 60%WFPS, 521 54 Hh A A #2772 AR B 22 1) NLO 1 SX HIE 5 60%
WEFPS JERECAN B 1R BIIG S BE, KHEER AR AR T AP A0IRES, (HR R3K 3 %4 O 38 B
WAERRA . AT KRR, IR R AR AR E A, KA T REIRE, 75 N0 A fE
SRR SRR, (3) 3@ AR 1) NoO FEAE St A2 sz gl S PE I B 35 52
M. SEEAHL, mhErh NoO SRR, WU LR ALBR S5 A SR HR R A I mIE R 23 KA
SRR A AR O A LB BE R TS B, BRI A R 2, BRIREAIR B, AT 98/ 4 B 1) 2 4
PEUA, A TR AR D, BRI ES (U< N R AR< KB RO, A SR 4
SYECZANE], ATRERICE 2 1 NoORL, 7E 0.5%A1 3%(MRFR LE) IAIRE R, ZEME (AOB)
TEAGAE RIS NoO =28 L SR, MIE S RA I, NoO 584 1 57 97 I i AL AR F = A= 185
8ol IRAEURIREE NOs 2 T, 138 NoO HEBGH 2 /5 T AR IRAA iR B NOs- 2 A4F0S), 1i B - 43838 A< 1
U T RS EXT NoO HERURI S 38R o A, AR A6 Cln bR 7 20, AR 03 13 n D
FELE AT R B FRIRYD . KA B S AR T R R IR R AR NoO P AEFIE R RE T
(4) LRI An SEETI0 AR S - 388 P R AR RS oe ME SR ML & B SR B, AR+
MR 5 3R I SR AR AR e R I . RSB S PCEH,  E BT A R R 2R B A K R R
PUBR & BB S, T Ak (A1 SR A4 ik 0 LR B SR ARG, i B 38 ML AE Bl A SR A v AR 141 B
RTEFAE . Zhu SEESHE IR 25 28, Bt A LB & f A0 T S R R e e M3 B T H .
MRS AR AR B, TR ARIR S K E s, ORI (0.5 mm) SRS EYRACT
oAty 3R FH RO AR LR A D7, RIERRIRA RS E T R B R DRSO KBS ER,
HBETRZIE N2O HEFS. Vilain 5B Fida i, NoO HECER R 2 W2 R H, HICNFHL, MR HE® &
o At SO IR T AR K 2 B RS, AHER T RN AE M, 7EAR FH NLO i E R % -
(5) HMEEE BN FAINRe 0% 8 oo 35 B AR AR E YA . S B2 NoO HFl. IR
INREEE 2 & LI K HTIR AR (>0.25 mm) ALK 2E S &, JGLL 0.25~2 mm Fifs A R ik oh B30,
FAN AT LRSI R A SR AR 72 A2 NoO Y LR Ht 1021, [R) Iy 15 Nl 1A 58 Ak v SRd A 40 1 DA S K (81 3R A
R AL AT B (1) 3 PO, b RT DL, A SR AR A RT DA e - 458 A SRR N AR ) BT S R RN ) A
i3 1T R 138 NLO [HET.

4 TR EH R N2 HE I A 45 1

BAGIA TR R AT — Bida bk i & NoO HE. HET A 7ER, 1% NoO =43 1R M
amoAnarG FEF FAE, NoO IE J5 5 & w] il 1d nosZ JE K+ 2 S 193941, Rasche 4191 Ui vt 411 B amoA.
nirS Al nosz LR B2 5 3% NoO HECE IEAH G . AL DIRERE napA. narG. nirK. nirS~ nosZ %
R BEVEAE NoO HERGE 115 722 NoO ThAEJEN (nirS/nirk) K ILIBJFRINREIER (nosz) 2 A2 S E
ATFN NLO HEO (R, @I e S nosZ IEIER L, FRR 128 (nirK+nirS) /nosZ HAE, W
i NoO B JFR T 724, A8 NoO HEK 76971,

ANFREAE 3 B AR TP E R AT AR, DI Re R AR —E 2R (R 2), SEUH
NoO FRAERGE SR IX WA —F . Xin SFPSHEKIAHIMRIKREAES KRG H K AOA 1 AOB 1] amoA
LR FE A 1R TRAR N (0.25~2 mm); Blaud S8 5T R I, MRHWFIELH A nifH . amoA bacteria-
narG-~ nirS Fl nosZ 1E/NARARF (0.25~0.5 mm) 734 %, TIXLE Ty eI PR 7E A H -39 e 3 2250 A
F<0.25 mm KT FEE K . Kong ZE72F 58 % B amoA F1 nosZ FERAEMIA TR (0.053~0.25 mm) H14y
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%, [FIRE>0.25 mm [FKEIRAEH, amod 2R FEHE nosZ . JET B SEIORH 5 N 55 771050
BT T BAEPA B D e R AEAS [FRAS L3 B R AR () 0 A, K BI<1 mm (1) B3R ETIRAE S narG A
nosZ R FFE) T 4~8 mm BIRAR, HFEHE BIERAERARIG IR, narG F1 nosZ 3R FFE 5 N,O
AR IEAR R R . KEWFFLE R, FAGH BRI REIE DR 73 A1 74 X AE 3 A1 2R 4 (0.053~0.25 mm)
AN (0.25~2.0 mmD, H NoO P2 AHME R ) DREIE R nirS F nosZ 43 Aikads—8. BRI LA
B, TEIRARFNFIRAR TR NoO F2A L JF B # X, 1T N2O 72 AR FHIE SR (R AR X DTk H AT iz
=, B AREEN nirS M1 nosZ = FEER TR AN [FRLAR ] 2844 NoO HEBGE R . 141 Sk Dy e
IRy, n e A2 R o ik A S LK A SR AR ngs e, AT A0/ RS AU P R 2 S5 3 AR
EARERNZ, WA R IR 76 SEREY, TR ] Re 2 ik 8 50 R IR SRR it Bk .
ANE R R 720 IR K & DL AR B 252 NoO 7= A A Ji (1) Ty e Js DI A - 438 A SRk
()53 AT o

{H2 Lin MR FRERN: AR ESJCRERT, WER R MR R AR F 6] NLO HE
e FIREH T B TAR AT 1 IREEAAH SR D RERE DR R B2, FF ORI S A NoO 72 A HEOL AR 0001, [A]
I, JE Dy RE R N R H A A NoO HEBGEFEAFE — @ I E I, 75 78 7 75 i a3 R A i Al
R

%2 FREKIZEFEE NoO HERIRE K& AL R E 57

Table 2 Distribution of functional genes and N2O emission rate in different sizes of soil aggregates

B F MR AT N20 HEBC#H % N2O flux/ FEIIREAEY) BT R SR (9-10,72, 981
Aggregate size (pg'kg'-h!) [3.10.21,23] Microorganism Key functional gene
et nifH. amoA archaea. narG.
<0.25 mm 0.044~5607 " .
SAH A4 nirS~ nosZ
0.25~2 mm 0.016~7637 nifH. amod. narG. nosZ
AN
>2 mm 0.009~4.03 amoA archaea
AOA

4 RgE 5w

TR R A AT R A S AT E I A A SN A o ANRDREAR 3R 1 B A rp SLERAFAE | 3
AR TR LA B OK I3 & B AR ) 7 BE R S E R S M R 1, AT S B0 RDRE AR [T 2R
b NoO HEIRZERBOR . HRTDIRERA P00 No2O HEBURIIE 7E B0 a0 M 42 = RUBE 678 31 [ 2R A R
&, AT REVIRER S5 AN 2 FEVE UL SRS E 5 B SRR (K A M0 B ORI R N2O HERUIT 7T

4 Ja IR 78 3 s AR J LA 5 1

1) FIEFRAR N2O P AEFIIE JF AN X AR T o IR AR Py A0 A [ SLRSU 2 S AE Al A 5,
PUTL SV IREE . Ko 26 A AR R 3 S5 22 5 W] e 2 T B AE MR 22 7 IO R B IRA A 3. 3R
PRI, AIRIAYUR S ER, (HREDPINTF AR KIS, 03] 5 A Py ml R
TE VA R MR A S 3. SR R BAT IR E OB, RENS REBON AL/ IS AL A= P 52
PRI, I H AT BRSO . ARk oR BRI I8 2R AR 3R A W A7 AE B s R TR
FRE, BT ReEE FABAE R SRR T R 0T o E H AR 498 A1 5 Ak b BB 3 T R R 49 A
AERT T, HASRE W B DD RE LA o0t IR RARRAR B o 4 5 7 2245 1 3 A F i 1R A
EERTHEE, B NoO 7 AL AIIE B (T AR INIX, 3t — PR R PR R R AR N2O HERU BT
ik -

2) ISR T RMEVE A 52 o KR AR AN SR AR BT m] e WA AL/ S A S A E B A A A 558
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AN FEPRLAR T B AR NoO HERUE AAFAEZE S, W RESE HRAIIREE . 8RR DL K o & 2 55 e i vk
g, —HANRIAE R BEVE L, W2 5 A SRAE G R R AE A A7 AR i, AT ek
REA A FE H NLO HEC. 80t 0 e AR R 7 B S L, ] i — 20 BB A [ R A2 338 A
AR NLO F2AERGE JF BT &7 1 Ee g, T 47020 2 NoO HERCE AL, AT 58 45 2 #r il Ao/ S i AL NLO
DT HREE DL AE D IR S AL o

3) XIRVIDReEE (B R TT, TAMGE A F I (B . i/ A 2 Be
BEAEUAE AN R A, FEHP NoO, 22— RVIDhae R R MBI Ia s, MaAERE—ANDhRe R AR R 4%
YEF . . HETH nosZi(nirS + nirkK)83& (nirS+nirk) /nosZ Kfii g NoO HEAL, AXR3E T RAHLLE
N2O FF R B, 1 20 1 e ARAE FH B D REZE RN NoO HETR TTlik . ERARER XNl = T
RefE R RERE R NPT B A, (R P eI BRI DI RE R GRIN B X, ER2RX . Hik, 454
HA PRI DI ReRE R (B RAWITE, WAARIBTE G ER - RS A plc . S s il
YEFHEE) X NoO HETBURIAHX DTRR o 41X 6 Dy g R 2 75 BB A1 NoO HEBSCEE L AH .96 8 DA S IR B ik
(Ml 2 18] ELAH B ML o Th R 2 PR AN 15 VEAR 45 6 1T Be 2 BN = NoO HERUGE 35 Hfnig& 12 .
DR R AR 58 A F R AL NoO HERGE S, NLO PP AEAMY A E v e, fEf/ AL FE
R TS A2 NoO PP AE IR E MR 25 . R, K DhREEE R ANERZE S 78, T RERZ Efk NLO HEHUE 3
1A BOBAE -
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