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SR RARN, OB A W1 2= AL D A B9 . A9 SR b+ 38 v 43 0t RLA2 <1 mm .y 2 ~ 4 mm Al
4 ~ 8 mm P A BARIFIF e R 5 R 50, g 52T 9¢ 5 E 7 PCR ( Quantitative Polymerase Chain Reaction,
qPCR ) 5K um BRI M Bt K JE L2 BT ( Terminal-Restricted Fragment Length Polymorphism,

T-RFLP) HiRMZEE,

WFFE T AN [RDRLAR A SRR S g A A Py b s e 5 2 U 8 PR S LS N, O

WA R ZR o SRR, RRDRAR A RN OB AR R BN - RiAR/NT 1 mmPIRA>2 ~ 4 mmA]
RiE > 4~ 8 mmPA R, ERRIEIEHFEF (narG) MAME R IFEEEHER (nosZ) i EEW R I/
RiAR SR Ay, BT SR ACRLAR G NI 25 T R o AR, AN [RDRLAR AT SR A 8] & nar G Rnos ZEE K B RE 7
HBOF R R 25 . P, ASFEDRAR MR PRN,O R 0 3 22 5 5 KO A6 2 RE ol A Wy = B2 5 DT AH

K, MSENREREA BFEMACNE.

XK5EA FIEFRAR; narGREH; nosZIEH ; N,O; i F/Ka
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b A HEN, O Y RS ik 32 20k B Al A i 72 5 B A
{0, Bateman#1Baggs 0 SE e A K B
JERE TR R B, RO AV E IR N0 E
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WFPS) EFFET0% LA LIN,OM BESE 40k H X
fiifbEF . WangHlCai LRI T Y K R
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PIFR R, KA RIEFVNARIE A B 54
B SN TR, (R 25 a5 AT SR AR =2 8] A= 4 3
P22 5, XFh2 AT ARk B T HFEE B0 1A 2R
PRESHIRZ IR 12 I, R [RDREAR SR AR B o B
A2 BRI A ) 2 e 25 R T e S BUR AN AL AR
PR S FREMIIGE Fi 25,

SR, 3T 4F R & F L RAAN,O B il 5 1A SR 14
AR IR RIEAR T3, Diba%e " A it
FEALJE B KL K - K AR RN, O B i i 2% v T /N A
B, KhalilF W 38 oK P B A SRR T/
AR, P-4 8 ZN,0, 52 M), Uchida
N N e L I (L & SR DAV K 7 95N OR - RV
Tt FH R 3R B /N AT SRR N, O R Tl i 40 v TR A 2R
&, {2, Robinson%s ') FHZE 1 #17 HE F2 ik 1075
HNLO 1) B2 FRURE il 8 AN 32 = 398 AT SR AR /N5 i) 119 245
W REANFFRE IR —ERNTE, AR
LA A BRAR N, O 1Y 77 A 55 R AN 380 47 A W1 I 1) 22
S, MO T X — G A D AR AL A RERA
T

A BE B Rg Ty SR ] g vp AR A R 1 S M
+, S ESASRDRAR 1) 1 e SRR I AT 35 5 10
PhnarGHlnosZ3E K 0 it A58 A [ A2 I 58 A B2 i
AT A I T O A RN 2 B 5 N ORI R S B

1 MRS Ik

1.1 sl

A 1 3R A B T R AR K A S L 1Y B
FH (0~15 cm) , NP BERA TR (3
B ) T oy 25, b KI23.88% . Hikid8.24%
FRi27.88% ) , RAEWTEIN20134E8 1, HEAEY
NERE . B W Drary VT I ST 2 AR, 5
S BIAR T4 ~ 8 mm. 2 ~4 mmAl<l mmZ35
+HE16.69% . 7.529%M6.11%., HEik+ A4 HLT &
2111 g kg™, 2% 1.95 g kg, &W1.46 g kg ',
2596 gkg', pH5.34, HHEAFEI32gem™,
1.2 EFAESHERE

Pt 3 A5 R A% P ARG R WEE0.125 mol L7
NH,NO W, it 438 57 5 3 /K 5 35 2135 % (1) [7] i
i AN 700 wg g T4, HAPEEMESAL
350 weg g T, FREL67.5 ohbBIAT iy A B 44k A
500 ml A9) HE R, AR HTRAK 3 5 o e &
204N HfE Y, s ASFHTAURRE R IR AR, 15

AT R ECRSE B O B A T/NLY
PReERE 35, IR IR R UK UK o KR
IR DS T30 °C TR,

Y RIERE R AN 12, 24, 36, 48, 60,
72, 84196 hRAEM B UCR AT N AN UK
T scH G, FERA =l R ZE B R T,
W = i JH R HIRAS, 4kSe R IE2 hg BT A
K30 mU N A, R SRAESA 5 = 2 S4E
RARTERE G . R ARSI (Agilent 78904,
USA ) KIIN,OMREE . 43l 7EREFR0. 24, 48, 72
96 hoR A TP IRARFE o, B> ) ] s B AL 3
AN . BRERTK T DS Lr, RS, s
FHICTE BURE 2R 25 oA ARAE S B A AR big Js
AR ZR, —80 CHRAF . I P 4% AT R 44
ANFEHA, 4 CHAFEHTNH-NFINO;-N 7 & f3
E (GELER S5 HTY Flastar 5000 Analyze )

1.3 REUBELEUINSIEEEREENE

A RIRDNASR BT S H AT S B
5%, 18 Nanodrop ND-10004% 82 4374 %E DN A
WRERLEEE, B F-20 CHRAT

narGHEHKPCREEF J: 95 C5 minEHE;
95 €30 s, 63 €45 s. 72 C1 min, 2PEH;
95 C30 s, 60 C45s. 72 C1 min, 2MEH; 95
C30 s, 58 C45 s, 72 C1 min, 30PDEH; 72 C
FEMT min, [ FHESI9535 M narG-145F HlnarG-
773R, 1 BEKBE R629bp Y L nosZHEEPCR
BFEH: 95 C3 minZBPE; 95 C30 s, 60 C30 s,
72 C40 s, 40MEFR; 72 CHEMHT min, b 5]
W5y B R nosZ-2002F MinosZ-2002R, ¥ 34 B K
JER707bp L HonarG-145F flnosZ-2002F )
5 MR IEVIEEFAMIRIC . narG5nosZJPCR
RMAEZR R : ETFHEGI940.5 pl, PCRmix 25
wl, DNAEHRZ100 ng, JHddH,0%%E50 wl; PCR
XM Eppendorf-6321. Z81.0% ) Byt g i 5E 2 FL ik
SYEPCR&YIG , @it DNABE alifbikH & (K
) gtk B 09 R Br, narGMnosZ3E N 43 5l ik
FHhal M CloGHATREY), BEVI=YIH iR e £
FHE A BRA B 4T T-RFLPZM BT, I X %% 4 ABI
Prism3100 Genetic Analyzer,

narGHHqPCREFH : 95 C30 sTAEE;
95 °C15s, 63 C20s, 72 C20s, 2EFR; 95 C15s,
60 C20 s. 72 C20 s, 2MEFH; 95 C15 s,
58 C20 s, 72 C20 s, 300G . b FiFs1¥hn
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256bp "L nosZHEPF qPCRIEF K : 95 C30 sTii
APk 95 C15s . 60 C20s . 72 C20 s, 404~
i3, ERUE5I ¥ 0 HnosZ-1126F flnosZ-
1381R, ¥ # HBEK B H203bp ). narGY
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1.4 HIBEALER

K HISAS 8.0GE T HERAF X B i 4T SR 3R 07 2243
Br CANOVA) , 25 W& i i/ B 3 2 50k
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2 4 R
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Ammonia and nitrate contents in soil aggregates relative to particle size

Fig.1

2.2 TERZEEBIKN,OR MR ZE

2P UL, 553212 hi, k4R HI R K HIN,0
T T R ) Ik B e W, A [ AR A R AR ) £7
TEREXES, Hrh<l mmA 3 09 B il 8 % 5
(7.637 pgg' h™') , 2 ~4 mmPI R HE L
HR (5607 wgg'h') B36.19 %; 4~8 mmlAl
BIRPIN,OHE I H R MK (1.965 pgeg' h') , &
<1 mmMA BAEF2 ~ 4 mm A B> 115288.6 %Fl
185.4 %; 355724 hif &R A2 A RAAN, O B 2 55
12 h#HL, HE4~8 mmARIKL TFIE14.68 %,
Bl R R B T A ZE A, 25 AR AR B N, O B i 5 3
08 TR, <1 mmPATRRE12 h NORE T H AR 28
/N0.765T g g by ZpIJE2 ~ 4 mmA R IRFI4 ~ 8

mmﬂﬁu%dzt%ﬁ*”ﬁiéa\ | }y444.2, 428271
4422 pgg', WMHHRAGFEREER (K1) o K
FRIFUR 5 AR AR A R IR I B S R BB T BT
TE48 W ZEHAL, <lmm. 2 ~4 mmAfl4 ~ 8§ mmA R
Y90 h AR T 42.45% . 29.70%H120.45% ,
I GRAREACH B K3R48 hiG & ki A
RIS A G RIFR BT, T““‘%W{zﬁfﬁﬁﬁa‘é
BRIBEPHESASTESHERSESA

AR —F, in?%%ﬂﬁ“%ﬁ l%\zwmm*ﬁﬁi
FHIN643.8 g g , HIRIKB BB RESS, B
FIMRIG , 25 RAR AR AR A 0 i 1 i R
Hrp<l mmPATRENREIRE R, 48 hiTHASAR
SRR FEAR47.40 %, HIR M2 ~ 4 mmPIE
K, T4 ~8 mmARKMMER T MRS, K
MG B H29.86 %, {E48 hJ5 A A1k 4R A B A4 Al 2
REoRAETE, Ho<l mmA R B - 0E E
XFEER, 96 h#48 h3 i 147.66 %, 1fi4 ~ 8 mmA]
RAEAEIN13.09 %,

800
PR Ay . E<lmm m2~4 mm 4~8 mm
o 600 T
=
@5 400 - i o
%8
A o
=3
£ 200}
z.
0
0
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SRR
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Fig.2 Emission rate of N,O of soil aggregates relative to particle size
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mm A (AR LA B[] N, O o 0 23 9 /N 2t 1) 1. 445 1
6.31% 5 NLOHE i 5 15 P IR AR AR K /N B2 47 AH DG OG
RN EHAEEANRE R LB P R, BRI
PSR i) 1) 22 S B R 4 /0N, K5 9784 s HLHR %
IRFRARIK T, HLARAR P IR AR IRIN, OHEGH %6 2 572
IR 2 ~ 4 mmPABRIEE <] mmPARIAEK13.88 %,
4 ~ 8 mmPI BAEEL2 ~ 4 mm P BAKAE 60.16 %.
23 RBUIMGEEREETL

PRI RSN (narG ) 19 AR AR
AR A AEE R (E3) , KRB IR E
HnarGIENFEHE<] mmPBAIRAK PR, BF
BT AT R AR, HLAE S 5R48 hink ik B s,
H}3.799x 109 ¢7', 430l K2 ~4 mm A4 ~ 8 mmA]

o0

S

i(, i = <] mm
g " a m2~4 mm
g 4~8 mm
g

g

g3

Q

s a

3 a

2

G b b p b b
By b

=

i

it 48 72 9%

jf K5 3EmF ) Incubation time (h)

N

3

N

RAKM3. A5 T5. 505 TEREFR SRR P nar GEEH
PEUUETE2 ~ 4 mm B R P R RRE , HEFEAE
1.118x 10° ¢7'%28.826 x 10° g '[i], 7£4 ~ 8 mmMl
BAKT, narGEETE24 h 148 h4E R K -,
396287 x 10° ¢7'H16.860 x 10° ¢, K T M
<1 mmABIKR]4 ~ 8 mm A B4 8] 19 B 3 3 B
JE, S5N,0HFGH R 2 B IEA G 7EREFRT2 hA
96 hif, 4 ~8 mmMI RIKF narGEEH 5 D)1
IME52 ~ 4 mmPAI BIEMHENT, 4~8 mmHAIRIKY
2 ~ 4 mmM BR8] 22 PR EE R, H<l mmlAl
BiknarGEEHE DUEUS 2% 5 T4 ~ 8 mmHA Rk
2~ 4 mmP R, 7E72 hH196 hitf 23 51 & 1 £450.51%
FIL.0f% .

o
5
X5 = <|mm
3 = 2~4 mm
E a 48
% 4]- . mm
2
S 3| a g
N
3 b b
= 9l- c b c
(>3 T .[
5 c
O T
1l-
&
=
®r
il 0 24 48 72
?ﬁ K5 3EmF ) Incubation time (h)
3
)
=

K3 RER R R narGIE AN SnosZ7 N £ )5

Fig.3 Abundance of narG and nosZ in soil aggregates relative to particle size

25 B RAR T E AL AR R RN (nosZ) F
JE B A3 AT B AE 24 b LLA R B[R] 24 0 A 3R R
BERAMIK, 724 hiF, 2 ~4 mmARMEHFE
$92.365 x 10° 7', #4 ~ 8 mm P BAKE 1 £939.96
%, H5 <1 mmPREIFAFEREZR, 7648 h
Bf <1 mm AR F nosZFE K45 DR KO 145,
A2 ~ 4 mm 14 ~ 8 mmPA AR FEHIE24 h~96 h
R, XS <1 mm A1 RIATEIS hF:fEfE:
2 ~ 4 mmPARRIIE2AE . 4 ~ 8 mmPBIRIKM3FE

P 2R A4 B N, O B 0S8 38 AE B 1 5 o R P R 4%
B A SRR AR BRI N I S narGHRinos Z3E H )
Py i S TEAR DG, A G R AT 0.520%
F10.676%%

nosZ/narG{E j& 5 K LAVE HA =YL S5 D)
R — A 8hn, FEEAFEEnosZ/narGlES + 1

0.4 <] mm
% m2~4 mm
N
mN 0.3 ? 4~8 mm
S
g b
a
s T PR
(2502 b a I
b b
2 c ?
32 :
S £0.1
<8
<
2
=0
24 96

48 72
32} H] Incubation time (h)
K4 R[EPRARE R K nosZinar G H(H

Fig.4 Abundance rate of nosZ/narG in soil aggregates relative to

particle size

S AE AN, O B R L M NL/NL,OA4: ) He 22 8] Y 17 1
ek 10 HE4RT WL, 7648 Wi, nosZ/narGiE
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nosZ/narGIE T EZWNN . 24 hi2A B H RG] nosZ/
narGfH 25 SRR, 2 ~ 4 mmPIREE <] mm A
BIKF96.72%, TMi4 ~ 8 mmMI BAKHK2 ~ 4 mmMA]
WiE24.13% ., EHFEMH T4 ~ 8 mmPI Rk
nosZ/marGE RIMEW /D, 872 hilf<1 mm A A
4 ~ 8 mmAN BAKA I nosZ/narGEAY, M2 ~4 mm
SRR S AT W e P nosZ/nar GlE e i o T
96 hif4 ~ 8 mm K ARHRAK Y nosZ/nar GIH 1 E X
T<l mmPA AR, 7555 720 72 oK [FRL A2 A 2R AR
nosZ/marGIHM B A AR AL, Hor<l mmMARIK
nosZ/narG{H48 hij4E £ A KF, 2490.12, B
JE R, 596 hif kB KM, #0205 5Z
AR E, 4~8 mmHAIRIE T nosZ/narGERELE24

=285
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w274
N 199
= 141
® 136
=131
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< Imm 2~4mm 4~8mm|<< Imm 2~4mm 4~8mm

bR LA e

&
Original sample 24h 24h-Incubated
narG 3£H narG

T-RFs # %} & The relative abundance of T-RFs

hEE B e KB 0.26, Bl 3% 55 0[] 1 HEF% 52 366 Ul
B SR, nosZ/narGIHTE2 ~ 4 mm AR KL EE
AHRSEEAE o
24 REWIhEEEEBERTL

AN AR AR AT R AR i IS AL B K nar GMlnosZ
[JT-RFs ( Terminal—-Restricted Fragments) VEEROES
JEIF TR 25, RUHARSEH R 25 (&
5) . BR<l mmMP RIK P 1 narGHinos Zi 20 1l 45
)52 ~ 4 mmAl4 ~ 8 mmM BT —E 250, HE
A B A TR A8 A SR AR T) AT AR ) DL AR R 54
1 H 235 3R AEN, ORI R e ] (24 h) , = FlokE
T RAIE P I narGHnosZ 3 K 1) 4 % 45 ¥4 s T —
B, BAMRMESR, RIS A H AL IR A

Fean b R (45040 .

stz pobns  Soonid 25553
& 9094 4% 555%; 5555 =471
el E e b "
g 70% i e # 248
g 60% %220
S 50%- 5201
= 40%+ w110
2309 =107
£ 20%- # 76
%( 10% 573
w7 0% == e B —— 55
= <Imm 2~4mm 4~8mm|< Imm 2~4mm 4~8mm| 49
v it A K3 =
& Original sample 24h 24h-Incubated 47
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K5  narGHnosZE N T-RFstH X = B

Fig.5 T-RFs relative abundance of narG and nosZ
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A ST A BN, O 488 T 38 4 o DAL 3R Aok A 48 R
M/, Uchida® W) 3RS SR, SR 1K
A TR) R AR P SRR B R ) TR 5 28 48— 7 H S B SR
KA BN, O RO A i o Ul W AT R AR 1 451 5
NLORY P LE R A AE VIR ZR, /AR IR EE R
PSR PR R AT B ARG B9 AR 8] FLBR E S0 U, AT
T WU VR (9 DRAEFREE L NI S A TN, 04 1
FIHET o

TE TS RAKTE TR AT 24 hr, 2607 A R A
R A U T R R R T R TSR, LV
A0 PR SR AR ) T 285 L B A e i ST R T ok A
R, RUIAEAAE T 502, Hoh<1l mm PR
PRRBIC AT o X — ] ]2 N, O R ey e

Wi B B2 A Ak B3k A 4 T B R NLOHE IO AY B 2 5Tk o
B 25 55 IR T AR, N O RSO SR 0, 17 24 25 8L
FA A RS R Bl Ty, — 5 T S5 /N A L
YT AAERA G, 5 —Jr vl GBS 85 FR e FE K 43
P B AL VE AR 3 AT

AR T) R/ P 58 4 T 2 B HE A9 N O HE T3k 2R 114 22
57T R VR 25 A OC Ty B B2k 4 b R A e A B 2
S, H B RTZ T T A AT . AT R
F Al A AR A RS PR A IR B SE N (narG ) FIAAL I
R AL (nosz) =F 34 Bl AR RRL AR /N
MR, <1 mm B RR M RS0 GUE Y BCR B
T4~ 8 mmbi AR, WTE48 hif<1 mmM R IK
narGHinosZ 5453 5l &4 ~ 8 mmP R A1 545 H
3455 T 7 TSR A it A 0 KGR 40 43 A 7E 1A SR Ak R
N R R LR WA K, AT AR SR SR Ak i
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YR ZMEERN . A, A FER/NA R &K
WA DL AL . Bl f2s B A 22 SRl a2 &
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FFEH10 ~ 48 h PN Sl TV 4 i 28 R0 %) ik /0> i o 14
RURAR RGN R R, RN AR AR S S A
FI A TRHATR AR, X AT B2 K KA R AR S
Wy B TR B [H) A RE Y RCHG S 2 U Bl R Y X
BT BOLR AR T/ AT R A, i K A R
TR BT W BT 1 R B T/ R AR 24 L
BT UL, AR AR AT i e E R £
D7 TS, A SRS AR B F B S R AR B TAAH
X, HBEENE, 0~48 hNEEA MW Ed
R R MG, X 3 R AR X Ak i A 4t vl B
FETEZERAIRY S o AR T RE I A W8 /N IE A iE
SE4 OGP, AR D REfCAE W 3 B T I (R AE AR
BEEMHELR 7 ARBLERBR, ARk
B RAK T narGHnos ZH R =F FE 4 5 N, O B il 3 %
BB EIEA SR, UL R b s il Ak i A 3=
JE T g B N, O H BT o

SRR, A TR AR P AR PN S 119 O i o T
AE 2SN, OB 7 — AN EEHEE ., BT &nosZ
WAEZ 0,06 & T & narGHUED (471, ABER
PR W24 h nosZ/narG - JE AR 5 A B AR #2
BRI, BWREA AN KB Rk 58
AT EnosZH K AW . T & narGEEH K
AR IR R SR RS R £, E T HIN,O 1Y A4
B B nos ZEE AR P WK NLO 38 JFE BN, [ F HL
AIHFEN,OMEBE S, nosZ/narG+JF AR A N
N, O 7 A 5 AR 56 R s b 00 L Kokl
BT BAG S nosZ/narGEFE A, T REE K
FAEZ N, O AL RIN,, 1 7INREAE A B A (1
nosZ/narG ¥+ WAH 28 T R AR, AT Rg iR
HH 7 AEN,OR I IMIHAEN,0fE 155, SEEZ
FIN,OBL . A X <1 mm I RAKE4 ~ 8 mm
PAT SR AARIN, O R T 38 23 0T o ) i PR 22—

B T B AL, AR W R v A R 22
SR EIEENEES R, AR AN,

nar G Finos ZHE K W ¥ 2H 145 14 78 AN [A] 41 3R
KRN A W3 22 5, U0 WITE AN [) R A2 AT SR A4 (] 1Y
N, OB Tl 26 22 57 5 Sl Ak D e U2k 1 ) 4 ey
G, 2 N AT R R AEBE . R)Z
TSR E T, TR RRGARRE R Y, N
M-S BCE nar GMnos ZiUA W) 4 IAEAS [RDRLAR AT 5§
INEPRTE > -3

4 4

St b, - HE P SR AN, O e k0 4 i 25 7 A 1 185 o
MR, AERAORAR KNG B2 A MLk . A
A OFIREE 75 RO AL A Py 42 fik, 45708
AR 1A SRR HLA T v ) B A AR B A B AR A
nosZ/narG WAH ; M- 30/ A SR A4 1 B il 1k 3
AL R, H RS AR L™ W i N, O 1Y L 51,
1R, T AN, O F TR I 23 I R R A 44 R T i
NI R o SRS [R]RE AR A SR AR [] S il A A= P e
AR 25, RIS AT A P 0 2 A
FEAS SRS 00 A R ARN, O BT % 25 S Y L &R

5 % 3 #f

[ 1] Waibel A E, Peter T, Carslaw K S, et al. Arctic

ozone loss due to denitrification. Science, 1999, 283
(5410) : 2064—2069

[ 2] Smith P, Martino D, Cai Z, et al. Greenhouse gas
mitigation in agriculture. Philosophical Transactions of
the Royal Society B: Biological Sciences, 2008, 363

(1492) : 789—813

[3] ZRBL KRR, SUSF. PEEEAR. fat: 1095
BRI AL, 1992, LiLM , ZhuZ L, Wen Q X.
Chinese soil nitrogen (In Chinese ) . Nanjing: Jiangsu
Science and Technology Press, 1992

[ 4] Conrad R. Soil microorganisms as controllers of
atmospheric trace gases (H,, CO, CH,, OCS, N,0,
and NO ) . Microbiological Reviews, 1996, 60 (4) :
609—640

[ 5] BatemanE J, Baggs E M. Contributions of nitrification
and denitrification to N,O emissions from soils at
different water-filled pore space. Biology and Fertility of
Soils, 2005, 41 (6) : 379—388

[ 6] Wang L, Cai Z. Nitrous oxide production at different
soil moisture contents in an arable soil in China. Soil
Science and Plant Nutrition, 2008, 54 (5) : 786—
793

[ 7] Sexstone A J, Parkin T B, Tiedje J M. Denitrification

http: //pedologica. issas. ac. cn



1150

+

fi 52 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

response to soil wetting in aggregated and unaggregated
soil. Soil Biology & Biochemistry, 1988, 20 (5) :
767—769

Jastrow J D. Soil aggregate formation and the accrual of
particulate and mineral-associated organic matter. Soil
Biology and Biochemistry, 1996, 28 (4) : 665—676
Elliott E T. Aggregate structure and carbon, nitrogen,
and phosphorus in native and cultivated soils. Soil
Science Society of America Journal, 1986, 50 (3) :
627—633

Leffelaar P A. Water movement, oxygen supply and
biological processes on the aggregate scale. Geoderma,
1993, 57 (1) : 143—165

Gupta V, Germida J J. Distribution of microbial biomass
and its activity in different soil aggregate size classes as
affected by cultivation. Soil Biology & Biochemistry,
1988, 20 (6) : 777—786

Miller M N, Zebarth B J, Dandie C E, et al.
Denitrifier community dynamics in soil aggregates under
permanent grassland and arable cropping systems. Soil
Science Society of America Journal, 2009, 73 (6) :
1843—1851

Diba F, Shimizu M, Hatano R. Effects of soil aggregate
size, moisture content and fertilizer management on
nitrous oxide production in a volcanic ash soil. Soil Science
and Plant Nutrition, 2011, 57 (5) : 733—747

Khalil K, Renault P, Mary B. Effects of transient
anaerobic conditions in the presence of acetylene on
subsequent aerobic respiration and N,O emission by soil
aggregates. Soil Biology & Biochemistry, 2005, 37
(7) : 1333—1342

Uchida Y, Clough T J, Kelliher F M, et al. Effects
of aggregate size, soil compaction, and bovine urine
on N,O emissions from a pasture soil. Soil Biology &
Biochemistry, 2008, 40 (4) : 924—931

Robinson A, Di HJ, Cameron K C, et al. Effect of soil
aggregate size and dicyandiamide on N,0 emissions and
ammonia oxidizer abundance in a grazed pasture soil.
Soil Use and Management, 2014, 30 (2) : 231—240
Drury C F, Yang X M, Reynolds W D, et al.
Influence of crop rotation and aggregate size on carbon
dioxide production and denitrification. Soil and Tillage
Research, 2004, 79 (1) . 87—100

WRAT . K 400 i I o 7K e S A A 4 T 0 s A 1 2 i B
AP ALEE. Vb o ERL A B T B Al A 2

[19]

[20]

[21]

[22]

[25]

[27]

[28]

W95 HT, 2010. Chen Z. Effect of long-term fertilization
on denitrification and denitrifying microbial community
(In Chinese ) . Changsha: Institution of Subtropical
Agriculture, Chinese Academy of Sciences, 2010
Rosch C, Mergel A, Bothe H. Biodiversity of
denitrifying and dinitrogen-fixing bacteria in an acid
forest soil. Applied and Environmental Microbiology,
2002, 68 (8) : 3818—3829

Chon K, Chang J S, Lee E, et al. Abundance of
denitrifying genes coding for nitrate ( narG ) , nitrite
(nirS) , and nitrous oxide (nosZ) reductases in
estuarine versus wastewater effluent-fed constructed
wetlands. Ecological Engineering, 2011, 37 (1) :
64—69

Greenwood D J. Measurement of soil aeration//Soil
physical conditions and crop production. HMSO
London, 1975: 261—272

Semenov VM, Ivannikova L. A, Semenova N A, et al.
Organic matter mineralization in different soil aggregate
fractions. Eurasian Soil Science, 2010, 43 (2) .
141—148

David C G, Germdn T, David B, et al. Spatial
distribution of N-cycling microbial communities showed
complex patterns in constructed wetland sediments. FEMS
Microbiology Ecology, 2013, 83 (2) : 340—351
Kremen A, Bear J, Shavit U, et al. Model
demonstrating the potential for coupled nitrification
denitrification in soil aggregates. Environmental Science
& Technology, 2005, 39 (11) : 4180—4188
Baudoin E, Philippot L, Cheneby D, et al. Direct
seeding mulch-based cropping increases both the
activity and the abundance of denitrifier communities in
a tropical soil. Soil Biology & Biochemistry, 2009, 41
(8) : 1703—1709

Davinic M, Fultz L M, Acosta-Martinez V, et al.
Pyrosequencing and mid-infrared spectroscopy reveal
distinct aggregate stratification of soil bacterial
communities and organic matter composition. Soil
Biology and Biochemistry, 2012, 46 (1) : 63—72
Bollmann A, Conrad R. Influence of O, availability on NO
and N,O release by nitrification and denitrification in soils.
Global Change Biology, 1998, 4 (4) : 387—396
Bronick C J, Lal R. Soil structure and management: A

review. Geoderma, 2005, 124 (1) . 3—22

http: //pedologica. issas. ac. cn



5 1] JABUE S T IRATRAIRN, OB 5 S i AL Sl A= 4 BE AL AR C 2 1151

RELATIONSHIPS OF N, 0 EMISSION WITH ABUNDANCE AND COMPOSITION OF
DENITRIFYING MICROORGANISMS IN SOIL AGGREGATES

Zhou Hanchang" > Zhang Wenzhao' Liu Yi' Sheng Rong' Qin Hongling' Wei Wenxue''
(1 Institution of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract Nitrous oxide ( N,0 ) is a major greenhouse gas, which is not only an important contributor to
global warming, but also a damager of the stratospheric ozone layer. Upland is an important source of N,O,
of which the emission activity has been widely reported to be related to soil structure, and denitrification is a
major pathway of N,O production in upland soil. Soil aggregates are an important component in soil structure
and a factor affecting soil N,O emission. However, little has been reported on mechanisms of soil microbes
explaining differences in N,O emission rate between different fractions of soil aggregate. In this study, soil
aggregates, <l mm, 2~4 mm, and 4 ~8 mm in diameter, separated from the soil of a vegetable field, over
15 years in cultivation history, were sprayed with NH,NO; solution to add N 700 wg g”' soil and regulate soil
water content up to 35%. Afterwards, 50 g of aggregates on a dry weight basis was taken from each fraction
and transferred into a 500 ml jar for soil incubation under 30 °C for a 96 h, and each had 3 replicates. Gas
samples were collected once every 12 h after during the incubation and N,0 concentrations in the samples were
determined with a Gas-chromatograph. Soil samples for molecular analysis were collected once every 24 h and
quick-frozen in liquid nitrogen, and stored at —80 °C. Quantitative Polymerase Chain Reaction ( PCR ) and
Terminal-Restricted Fragment Length Polymorphism ( T-RFLP ) were used to determine changes in abundance
and composition of denitrifying genes, narG and nosZ. Results show that N,O emission rate was closely
related to abundance of narG- and nosZ-containing soil microbes, while the fraction of <1 mm aggregates
was significantly higher in N,O emission rate than the fractions of 2 ~4 mm and 4 ~8 mm, and the fraction
of 4 ~8 mm was the lowest. N,O emission peaked at 12 h and 24 h of incubation. At 12 h, N,O emission rate
of <Imm aggregates reached 7.637 wg g”' h™, about 36% higher than that of 2 ~4 mm aggregates, while
the N,O emission rate of 2 ~4 mm aggregates was about 2 times higher than that of 4 ~8 mm aggregates,
reaching 1.965 wg g h™'. The differences between the fractions of aggregates were gradually narrowed with
the incubation going on, and to the least after 96 h of incubation. Interestingly, the relationships between
abundances of narG and particle size of soil aggregates were very similar to those between N,0 emission rates
and particle size of soil aggregates. The fraction of <1 mm aggregates was the highest in abundance of narG-
containing bacteria, much higher than the fraction of 2 ~4 mm aggregates, while the latter was much higher
than the fraction of 4 ~8 mm aggregates in all the soil samples. The abundance of nosZ in soil aggregates
demonstrated a similar trend that the fraction smallest in particle size was the highest in copy numbers of
nosZ after 48 h of incubation, while the fraction the largest in particle size the lowest. The 2 ~4 mm and
4 ~ 8 mm fractions of aggregates were relatively stable in nosZ abundance, lingering around 2.5 x 10° g™ and
1.6 x 10° g™ during the whole incubation process, while the <I mm fraction of aggregates leveled off around
3.6 x 10° g™ after 48 h of incubation. N,0 emission rates of the three fractions of aggregates were significantly
and positively related to narG gene abundance and to nosZ gene abundance as well at 48 h, 72 h and 96 h of

the incubation. However, T—-RFLP shows that at most of the time points during the incubation, the fractions
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differed in number of strips low in content of narG and nosZ, but did not in number of major strips containing
narG and nosZ. When narG and nosZ were used as biomarkers characterizing structure and composition of
the soil microbial community, no difference was found in structure of soil microbial community between the
fractions of soil aggregates, and moreover, the main tendency won’ t change with the incubation going on.
To sum up, soil aggregates different in diameter vary in N,O emission rate, displaying a negative relationship
between N,O emission rate and particle size of the aggregates, and the difference in N,O emission rate is
attributed mainly to the difference in abundance of denitrifying microorganisms, rather than in composition of
their community.

Key words Soil aggregate; narG; nosZ; N,0; Water content
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