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of microbial denitrification rate and its ratios of products is the key step for obtaining insights into nitrogen cycling
processes, though it is very difficult. To enable precise quantification of the rates of the entire process, as well as
individual products, a system of gas-flow-soil-core technique with helium-environment incubation was recently
established and a three-period incubation method was set up by the Karlsruhe Institute of Technology and the Institute of
Atmospheric Physics, Chinese Academy of Sciences. Using this system, dynamic emission rates of dinitrogen (N,),
nitrous oxide (N,0O), nitric oxide (NO) and carbon dioxide (CO,), which are the gaseous products of microbial
denitrification, can be simultaneously and directly measured. In this study, we conducted the first soil incubation
experiment to test the reliability of the measurements by this system in association with the newly proposed incubation
method. Our experiment included two levels of initial soil nitrate (NO; ) content, which were around 10 and 100
mgN kg 'd.s. (dry soil), respectively (hereinafter referred to as 10N and 100N). For either nitrate level, sufficient
dissolved organic carbon (DOC) was initially supplied (glucose was added to establish an initial DOC content of around
300 mgC kg 'd.s.). The incubated fresh soil was a silty clay loam of the northern China. It was sampled from a typical
cropland rotationally cultivated with a double cropping system of summer maize and winter wheat and a single cropping
system of cotton. Our results show that the microbial denitrification rate was significantly higher for the 100N than 10N
treatments (p<<0.01), and N, was the main product in both treatments (with mass fractions of 77% and 75%,
respectively). The molar ratios were 1.2 (10N) to 1.5 (100N) for NO/N,O and were 0.19 (both treatments) for N,O/N,.
The measurements of individual denitrification gases recovered 81%—-87% of disappeared nitrate during incubation. The
direct dynamic detection of individual denitrification gases and the measurements of DOC, ammonium, nitrate, microbial
biomass carbon, and microbial biomass nitrogen at the beginning and end of incubation gave mass balance rates of
92%-95% for nitrogen. These results suggest that the tested system, in association with the proposed incubation method,
could precisely determine the dynamical rate of microbial denitrification. The molar ratios of NO/N,O given by our data
were greater than 1. This differs from previous knowledge of much lower ratios yielded by denitrifiers. This difference
implicates that the NO/N,O ratio of 1 may not be used as the threshold to indicate nitrification or denitrification processes.

Keywords Gas-flow-soil-core technique with helium-environment incubation, Denitrification, Dynamics of N,, N,O,

NO, and CO, emissions, NO/N,O, N,O/N,, Recovery rate
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Fig. 1 Schematic diagram of the gas-flow-soil-core system (P: pump; FC: flow controller; ><I 34: magnetic valves)
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2.3 iRt

AR VB A IIE NOs —N W K F[ RS R
B (KNO3) 1151, 4314 K49 10 I 100 mgN kg 'd.s.
CLUR % 10N AT 100N, &4 NOs -N 7K -+
SR AT AP ER B (DOC) & B A 4776 K4 300
mgC kg 'ds. U e RALKMt T
B FRAI E SAHAL AR (N, NLO R NOD I CO, HE
UK ZEN A, TR NOs -N & =42 fx} 25 C
St N B AL TR (N, N,O R NO) Fll CO,
HEB 5

B FAEAS NOy -N IR EEKFAREE, ANV ENER
J] (N2 5.6cm, 4ME6cm, i 4cem) B 12 4+
FE, BATHRE 130g A4, BENL 3 41, 4
SET 3 AMIEFRAERA, B EIRERICE 4 MR
JI ke EHOA ] EAEZ R, SE SR & e 3
PSR (NH-N). NO; -N fil DOC &, 1F
N R R ARG BTAM DOC & &S K
Wi o AEHUIR ) AR RN, PR B s e
f) NH; -N. NO; -N. DOC. AW (SMBC).
AEP A (SMBN) S FIFKE, 1E e e
Brge HREIIIATE . B KSR . 75 %5 R
TR A LT AR E S 2 0, WA )] LA
AT N 5 mL KNOs 3] 25 5 (VR A Vi, A Hak 2]
+ YU NO; N R DOC 25 5 15 & i o TN »

TR 25%3E 04 30% (4 53% WFPS). X
PACHETHCH 2 W 5 25 R T, 7 RN 52 R i R
NH;-N. NO; -N. DOC. SMBC. SMBN #I# 7K
T, DUE I AR B R I S i R P AR Ak
24 EFHE

AHFFOR AR B 4, B AE $EAS B il A rp A
TR R AE 2 (CAE A o AR A E AT DLIRE i
REFR R A SN T T FERT 4R NH, AT DOC %5, 7
RIRAM TR iR He-0, IRA M TE
e, A7k sk B v ok A OB AR AR T T AR A
NOs o 4 THllE AR, 7RSS G I, 75
¥ Oy YETIWr, A AE R GE B REAIRES . B
SRR, B IR RO R 25 C, BT A
WASAERT CO, HEBOE Z BN A I E o B IR A TR
JIAER) BRI SRR AT I 2 B =B Bk
Ny A ARARRA ARSI B (P RIEIR A E
BB (P2) Rl AR E M B (P3).
25 SIRFEEREDN

76 P1 BB, FH 80% He Fil 20% O, ¥R &
AR, LL 250 mL min! SR AR E R AR B
B GEE 508 5. 100 8 h), JIlE—IK N,O.
NO Fl CO, [MHEBGHE R o W58 I 1 506 B e fs 1,
Pl 30 min 2oy, ARJERHATIE, W E W)Y
60 min, 5 WIAIEEAIRE 15 min & — XSS A )

BEFERE 0 25 50 75 100 125 150 175 200 225 250
(h) . N
BEFEM B P1 P2 P3
HFRmE | 2°C 2 BT
s 20% O, + 100% H
Eﬁj 80% He (200 mLe 100% He
AV @50mL | min (20 mL min-1)
min!)
B fHE Eﬁ@ﬁ?ﬁl
e |BOEERW [ WEATHERUE 2
% (N,O |(N» N,O. (N,» N,0. NO. CO,)
NO. CO,)|NO. CO,)

K2 HigRIa] % B B A RSB A E HE 08 AR 1 U2

Fig.2 Setting conditions and gas species to measure in each incubation period
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R HEBOE 2, B HE R I 25 )5 B b B
[BR% 12 h 824 hllE—IK, HRSEE AR
TCRBT AT N 1E o LRI SRR 200 52 7]
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HMAFE TR LEMSE Now NoOy NO 8 CO,
WE (N, ¥ 20 pmol mol™', N,O. NO F1 CO,
WPEE D 0 pmol mol ™), Vi KA BT IR A A
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AR IE G IS SR R R AR AR
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0.23. 0.02. 0.08 pgN h'kg 'd.s.f1 1.9 pgC h' kg™
ds..
27 TIEGEENSENE

RS KR (SWC) I E R T AR E
5 NH N 9352 K H] 2 M KCLIZHR OK AL 5:1)
— ey tb a3k, NO; -N Al DOC FIl s R A
CO, EB KR UKL 5:1) BEWH 0.45 pm
TR L g, O (Bt )7 38 Hp AT PR
AFE R 790 D WlE NOs -N, HITRED
B Cf R EE A 7] HE L 1 Multi N/C 3000 72D i
2 DOC (5| H (EHERMAPTER =) (Bt H,
2000). SMBC F1 SMBN ({3l 5& K F] G 47 2 7% 3%
(Sparling and West, 1988), KA TN &R
MDA PR (TOC) FIRZA (TN) &&=, JH

1200

SMBC #1 SMBN % &
28 HitHthAE

GRS I6 R Excel £ 70 M L H A R0 A
LT AR, Gt WEEKE RIS

3 4R

31 RAELSMR (Now NLO #1NO) 5 CO, BYHER

REHA

10N 1 100N #Aab B iS4k (Naw N,O Al
NO) HI CO, MHEBENZS WKl 3 iR,

P1 B BHAG IS B0 PR, 3R R A FH ik
55, PIACHE CO, MHBBOERIIZHTAMTE 100 (10N)
~130 (100N) pgCh'kg'ds.. PIALFEIHILE CO,
HE B e vy PR A - A R B — T f s Tk
BB EM (2 CEAD TR AR IR R e
ST R B R AR B B A, WPIRAE F R
WS, JHARREIRE. BRAPHE 0, FE
T RAEAGAE R, RIS T ARAGERT, DR
B Bl 451 N,O Fl NO HEBUd R ARG, B2l &40
RIIIBR o B B A1) TON ALBE() N, HEBOE
%% 0.5 pgN h™' kg'd.s., 100N % 0.8 ugN h'kg™
d.s., 100N 25T 10N (G5 & /K p<
0.05), HMAH N, HlcH AL EE T N,O F
NO HEBGE R 2 F (p<0.01).

10001 @

800 -
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200-

0]
25001
20001
1500 -
1000 -
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0

N,, N,0, and NO emission rate (ugN h! kg‘ld,s)

CO, emission rate (ug ch’! kg'ld.s)

—u—N,
% —4-N,0

Time (h)

K3 AR (Noy N0 NOD H CO, RIFERENZA: (a) 10N &P (b) 100N Ab3H
Fig.3 Emission dynamics of denitrification gases (N,, N>O, and NO) and CO, from incubated soils: (a) 10N; (b) 100N
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P2 [ B B 4E He J5, HARKT IR
FEARSR A 2 Chidi, AHRASAAE R & 2 E O, 1
I8, BUE Now NL,O Fil NO HEC#H % H Pl
BrBERH 3 (p<0.01). ZiZMTBUG M, 10N 4b
FH[) Nov NoO FIINO HEgC# Za 43 A 3G 2 37, 6 A
6 ugN h'kg'd.s., 100N AbELZy B N3] 61, 26 Al
17 ugN b kg 'dis., Ja—40BE 3 B4R FHERGHE %
MR LERT— B K 1 F5 (p<0.0D). 4 % (p<
0.01) Al 3 f% (p<0.01). B ILM B EHSL
Oy, HIALEL) CO, HEUH R 4% b —B Bt R 52
TR, GRAYERRZE 120 (1O0ND ~170 (100N)
ngC h' kg''ds.Zidr. %W B CO, HEek B Tk
WITCANER, T P1 BB CO HEBCR B T 14
HANPI, R P2 BB CO, HEMGE R P1 B BOR
(1) CO, HERUIE 123 % 5, {5 CO, Hosk T ANIFI
THAEYT IR R o

P3 [T Bt: 7670 O 6 MR FRIE T+ 22 25 C
Ja, RASAER I ZUR A, Nav N,OL NO Fil CO,
Hed R ¥ P2 B BURIE N, BEBY B 4 Ak
) 58— U 5 {84 3 b b — B B s Jm — vk
/5 300~552 pgN h' kg 'd.s. (p<<0.01). 143~492
ngN h' kg 'd.s. (p<<0.01). 60~195 ugN h ™' kg 'd.s.

(p<<0.01) 1 495~855 pugC h' kg'ds. (p<
0.01), B3 Ny (IHEBOHE %38 i & 2 10N KT 100N
Hh, HiAth 3 B A SE 100N KT 10N 4b#., 10N
AEFE[P) NLO Fl NO HEBCHZR AL G 2 h AT [R] I
KB NAE (425 14945 F1 6745 pugN h' kg
d.s.), 100N AZEE[F) N,O Fl NO HEBGH R AETHE
9 h A& A FN A B RE (A3 637420 A
412411 pgN h' kg'ds.), JEHAHIEE 10N %
KAE®E 3 4% (p<<0.01) M5 4% (p<<0.01). 10N 4b
Y N, HEBGE R I (590427 pgN h' kg
d.s.) 5 N,O #1 NO JLF[FI, {H53 7 EE N>O F1 NO
HEOHE I = 4 1% (p<<0.01) 1 8 % (p<<0.01).
100N AEEE 1) N, HEHGHE S04 (2226 £77 ugN h ' kg™
d.s.) Z L N,O Fl NO WA 5 R4y 26 h, HA4H
t N,O Fil NO AR IEE = 3 £5 (p<<0.01) F1 5 fi

(p<0.01)o ZJEPALFR Now NLO Fl NO HEG#H
BB WAG, 10N AP 3 R RK AR THE S
107, 30 F1 30 h ZeAv B30I PR BT, 100N 4k
T U RAE THIR S5 12470 170 h A2 A B 3046 0 B
LERA B A L) CO, HETBOR 2 B 453 S LA 8,
S R LI TH] 3 5 NLO AT NO — 3, HLUgA(i

* 2 BRNBENEBEBEUERSE (NEN,+N0+
NO). BRI ULBESIE (N,» N,O. NO) #1CO, IR
AWM E

Table 2 Cumulative emissions of all nitrogen gases
(N&=N,+N,O+NO), individual nitrogen gases (N,, N,O, NO)
and CO, in each incubation period

B
FirBL postil 10N 100N

Pl NO 0 0
N0 0.0006+0.0003*  0.0016+0.0002
N, 0.0030+0.0009*  0.0062+0.0015*
N, 0.0036+0.0011*  0.0078+0.0017°
COo, 4.4+0.06" 6.2+0.2°
NLO/N, BE/R L 0.2+0.01° 0.3+0.02°
CO,~C/Ni-N BE/REL 1420+357° 922+161°

P2 NO 0.16+0.003" 0.4+0.1°
N0 0.16+0.004" 0.6+0.1°
N, 1.3+0.05" 2.9+0.03"
N, 1.6£0.1% 4.0+0.1%
CO, 7.0+024 10.4+0.1°
NO/N,O JE/RLE 2.0+0.1% 1.3+0.1°
NLO/N, BE/R L 0.12:0.002" 0.21+0.01°
CO,~C/Ni-N BE/REL 5.0+£04° 3.10.1°

P3 NO 0.8+0.15* 9.3+0.23"
N0 1.4+0.17% 12.0+£1.98
N, 6.6+0.5* 62.9+0.9°
N, 8.8+0.9* 84.3+1.0°
CO, 59.145.0° 81.6+6.0°
NO/N,O FE/RLE 1.1120.09° 1.5540.02°
NoON, /R L 0.20+0.01° 0.19+0.01°
CO,~C/Ni-N BE/REL 794124 1.10.1®
S B: CO-CINEN JBE/R L 1.6£0.1% 0.8+0.1%
e AL BE CO-C/N-N BE/REL 31175° 58+17°

pt NO* 09402 (8%)"  9.7+0.3(11%)"
N0 15502 (15%)"  12.6+1.9(14%)°
N, 8.0£0.5 (77%)"  65.9+0.9(75%)°
N, 10.4+0.6* 88.3+2.25
CO, 70.6+5.3 98.2+6.0
NO/N,O PE/RLE 1.2+0.08" 1.5+0.03°
NoON, /R LY 0.19+0.01° 0.19+0.01°
CO,~C/Ni-N EE/REL 7.9+1.24 1.1+0.18

A 10N F1 100N 73 H 7R AN IR A B & AL B, HoAl
FEFRRNE & AF e M) s R s 3 AT T B + ARkt e
P1. P2 I P3 IR 3 MREFRIEL (LI 2), Pt IR 3 MM BUHEA;
RHEEREM CO, #20 BB, A5 meN kg 'ds.fl
mgC kg 'ds.s “FE5 I E B R BRI AR 3 R AR BEHEL
BT A7 A AR RS 5 BER R PN Ak B0 ) A7 A A Y 2 22
(p<0.01), AF/NEFRRRHAAILAELEWFE %R (p<0.05),
AR RN AR EE I AT B 22 5, R,

Hesos 2 43 51 4 594 F11060 ugC h' kg 'd.s., 25—
YRWBART HE B 243591 850 H11 1368 pgC h' kg 'ds.,
HILE ] NLO F1 NO 435l 5 28 h (10N) Al
24 h (100N). 100N 43 CO, HEMUE 2 =T 10N
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AEE,  SASHETEDIRIF DOC A A WP i HL -t
7, MR DOC 7o /20T, = SO A Z 0] iy B
ZIWH AR, WM 2K DOC, =AM 21
CO, (Swertsetal., 1996a).

3.2 AEHEFMELHT Now N,OL NO 1 CO, HERLE

E5tE

AR R AU FEE X Ny N,O Al
NO Z R HE &2 M (Bl N-N=N,~N+N,O-N+
NO-N, HLI4i N i) . CO~C/N-N EER LX) T
UOAE S A o FE IR A S A PR /R = L (Swerts et al.,
1996a). I REW], i PR) FH 25 A
N TFAAAFIREIEIS, A=) L NO-Ny N,O-N
B NN B ER, CO,-C/N-N HEJBUEE /K B4 51 A
0.75. 1.0 F11.25 (Reddy and DeLaune 2008; Swerts
etal.,, 1996a, 1996b). 4§ CO,~C/N-N EE/K L KT
1.25 I, Wk COp Sk H T HAbIFE, AEAfE
s IFAEREE & B AEHEEG % CO-C/NEN
PEIREG/INT 0.75 B, DAk SRS AG IS A= P00 FH LAt Fr
Wi, WU TR, AR AR A A v A 3 ) AR
feE (Swertsetal., 1996a).

76 P1 Y EL, PHAREERT Ny N,O FINO RARHE
TR IS RAG, RTUE WA ) U e R T
AR (R 30 3 T A= DA AL S SO A R, ORAF SR A
R L BAR, FADEEME AR, A
ANKIZBY B SRR R LU AT 1 18

7 P2 MrBL, WALFEMY No. N,O. NO il CO,
SRR R RN R #E 2SR (p<0.001), 100N
b 1ON #2390 2,20 3.8+ 2.5 Fll 1.5 % (K 2).
10N Al 100N ] NO/N,O JEE/RELAr 20 2.0 FI
13, ZRWEE (p<0.01); N,O/N, FER L5
29 0.12 fi10.21, Z5WE (p<0.01); CO,-
C/N-N EEIREL A HIZh 5.0 il 3.1, WEZEREE
(p<<0.05).

76 P3 I BE, PIALFLI Nyy NL,O. NO HEUR &
e S R IR AL N 2= A, B 100N 1) =
RS AAEHEBUS B4 I HE 10N & 9.5, 8.6 FI1 12.3 1%
(p<<0.0001), fH CO, HEH & 2 FHA B E
(% 2). 10N F1 100N 7E b Bt ) NO/N,O JBE/K L
SYMZI 111 A1 1.55, N,O/N, BEIR HL2» 41
0.20 F1 0.19, P NALBHE) ) 2 oA W% o X T3
A~ P3 BB, 10N AT 100N [ CO,-C/N-N JFE/REL
S 7.9 FOLL, PRARERA ZE R (p<
0.01). MK 3 AT, 7 P3 MrELWRTH, LA

FAEHEBOH B A, AR X — [ Y B BERR A
RASI B B S, RAS R E A HA TR,
fH CO, HEBMAR LL AR, FRAT TR IX — s I i B R
AR SEALBT B (Swerts et al., 1996a). REHIUA
NO; Fa/KPAHZE 9 52 2, HWR 2 P, WA
ALFAE ABAEIY BE) CO,~C/NN E R LU HIE BUE
AL, 10N £ 1.6, 100N Z14 0.8, Aid
PRSI EE ) (1) 22 AT R 3% (p<<0.01). fEZ A
R AAEY B, PN L) CO,-C/NEN IR L
Ay KR LRGN B K2y 311 A1 58, HN# =503
(p<<0.05),

10 N N1 100 N P43 A0 21 1) SOl A A HE s b 3= 2
RAAE P3 IR AHABY B, P AR BEAE I BE 1 43
RO R R AR B E N 2090 dr =B B AT
85%711 92%. 10N AbBE7EFEAN LIRS FE 1K) CO, F
B EAT 16% M1 68% 73 7l K AEAE RAHAL B Be A H 5
RS AEALBY B, 100N AbHE CO, HEBUR B 60%
FT 21%53 3R HEAE ALY BERN R ROAL Y B, i
BERT UL, PASALER ) CO, HERUR FEAEIZ A R MY
BRIR 43 T Ao S A0 s e #se (13D,

AN IR R S, 10N A 100N P9 AL BE ()
RASHR R AL, N, %, BRI A
10£1 F1 8842 mgN kg 'dss., & A E MK
B 77%8 75%, A 10N B2 5T 100N (p
<0.05). #JUh NO; /KX N,O Bf & T R/ &A1k
HECUR B HEM AL, 10N 4 15%, 100N
N 14%. NO S AR AR HE ORS00 Tt
10N fik 100N & (p<<0.05), 4354 8%l 11%. ¥
ANEEFRIE R CO,~C/N-N JEE/R ELAE PN AL B2 7]
MR (p<<0.01), 10N 4 7.9, 100N K 1.1

(£ 2.
33 ENMERIENENK. AT

PN R IRk R WG 0Bk ST AT FH 85 5% 45 AN ()
+3% DOC. SMBC %Yy CO, ZR AR Z MY
R FENITT AR 1) 1+ 3% DOC. SMBC & &2 R 1 43
PEoRBAE . MBI, HEANBE IR I R B S (0 2074
RS N+ 3 NH, N, NO; -N. SMBN 7 &
HRFAEHIURE N Z S REF2RITTE 1+
% NH, -N. NO; -N. SMBN & &2 i o btk
RAE . R FRdREd, +3E C RREMEH CO, BRI
i SR A LS = (DOC 5 SMBC 7 &
ZRD AR E o ok R R B3N R CR A
REAMBRHS R (NENAN,ONO) 55 5%
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R3 EFAEIRETEBAMA RN TERR

Table 3 Carbon and nitrogen balance before and after the incubation

Sk R RO -
AR AR A BRE N AR A (mgCkg'ds B BEFRHIEM R A
(mgC kg'd.s B, mgN kg'd.s.) (mgC kg'd.s B, mgN kg'd.s.) mgN kg 'd.s.) A1 (B
W4 poc SMBC NOy NH,7 SMBN DOC SMBC NO; NH,” SMBN N, CO, c N& c’ N$

10N 303+3 184+5
100N 293+4 256+13 103+£0.5 0.6+0.1 48+2

12.9+0.6 0.2+0.1 31+l

13141 196+6 0.1+0.1 5.2+0.3 26+l
110£5 290+37 0.2+0.1 6.4+0.4 45+3

10.4+0.6* 70.6+5.3* 82+£2% 95+4% 44+4%  81+£7%
88.32.2% 98.2+6.0° 91+7% 92+3% 66:19% 87+2%

F: SMBC #l SMBN 73547 H3EREA S0 Fb pran il 3 N EERPFIME + bRrfEbiE;

" RORE LSRN ) 13 DOC. SMBC Frit b

CO, SR 2 P S 53 NIFFAAIN ¥ 124 DOC. SMBC #r B2 MK 43 bl € Rk g A5 (1) 14 NH,'-N. NO; -N. SMBN & & 5A(# 1k
FERUS B N 2 RS 53 I FAA IR ) 4 NHL N, NOs -N. SMBN £ i FIH 43 bl " FoRBRE IR N COp BB b 15 97 3 5 3B 5 ke
(DOC 5 SMBC & it MD AREHEM E A bes > SR AR IR R R U AR (ND BRI 124 NOs -N B 4 LE.

G 13 NO; -N AR E oy b BEIRAT A
% DOC. NH;-N. NO; -N. SMBN. SMBC &
ARG TR R P ) COL M R A HESUE N 3R
3 fis. HedWlEa ) DOC Al NOs -N & 510k 115
BRI R,

XPT 10N Ab3, 157%J5 DOC & i i 5 1~
F##) 131 mgC kg 'd.s. (p<<0.0001), SMBC &+
Frin (197 mgC kg 'ds.), HAEZ, SMBN Al
NO; -N 735l 3] 26 mgN kg'd.s. (p=0.05) Fl
0.1 mgN kg 'd.s. (p<<0.0001), NH, N %3514 fp 3|
5.2 mgN kg 'ds. (p<<0.001). 100N &bBE, $53:)5
ff] DOC % # FARE 111 mgC kg''ds. (p<
0.0001), SMBC # B A0 (290 mgC kg 'd.s.),
SMBN g £ /b (45 mgN kg 'd.s.), WFHALEBA
B3, NO; -N B A 2 25 PR E) 0.2 mgN kg 'd.s.
(p<<0.0001), NH, -N 7 &) @ % b i) 6.4
mgN kg 'd.s. (p<<0.001).

M 3 F L, 10N AP IR AT 0. RO1
A 82%F1 95%, 100N AbHE4» 54 91%Fl
92%; 10N FI 100N AbHEIAEREAN IR FEF 1 CO,
SARHE I X SRR G LA R (DOC 5
SMBC 75 52 2 FDARAY 1 [FIECER 53 51l Dk 44% K1 66%
RS B X B FR TG 3 NOs -N
B A BR300k 81%F1 87% .

4 g

41 MNERZSHENBHE

MNBA b gl By WL, B R0 5 ) e
RV 45 LU (82%~95% )5 Tl W 5 S A
AR AARHEBOT DRSO 70T J5 1) 48 NOy -N
AR 81%~87%; ARG RIS R b 1) T3 S A

R TR COLHFBOE A BN 28 PT AR L M 38 UE S A
R FEEE AR . X — AT U R R 7R
A ) 2 42 I 5k R 0 LG A v 1 1 o 3
WA AHEBOE R K L= L
42 IEFEEPEENRELEEMEREIDRE
Z A B G0N 5 VEAE AN B 37 i rp oA I 1
BEE (N,. N,O AENO) Fll CO, HEBGHE R 524
5 A FESREA R LA ) &
IR0 S A 0 v, A S 0 s A A A
(Knowles, 1982), XM P1 i Billf5 iR AR
N,O. NO FI CO, HEBUH #1592 T ARG A, 78
X—rBL WITATRERY (DOC) # AR HE O #E
1%~3%, MPIAEIEY) (NO; -N) I FER A
171000, XKW 7E2IE R T RIHMKIRA O B ST
(I E ), B B B e R R PR . A
SEER AT R R A A A P I S ) HE o
h T e A RE, 00 3 AT S R
IR ORI TR RS, R, e Rkt T
P2 B, fE P2 (B, LHESASH O BRI
D (CGEAEIR Oy K21 5 h 2 A7), ROALAE I,
M) Now NoO I NO HEBGE 34 1 Be e B 1
i, EETZIERE (2 °C) KIME, XA
AR, X B EHFET 2%~4%11
WIATRIEYIA 4% (100N) ~12% C10N) [RHILAE
VIR RE . X BIEAER R, X —B B A
AR TSRS (AN R SR 28, TR
WKL IR LA T4 N KPR s 46
DOC-C/NO; -N Jitie b4 (ln 10N, #)46 N
K 13.6 mgN kg 'd.s., DOC-C/NO; -N Jiifg Lt
h22), MIZE P3 (ALY B, =R AR
TCRIEA LT L, e LSS — A CO, #
TR IEA, 25 AN COp HEUH R UG W i 5 T
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N> 2926 h, 1 BRI AR B (K 3a), X
5 Swerts et al. (1996a) HIHFFT4E RAH—2L, & ak
P — B R R AT BEER 3] 4G DOC-C/NOy-N it
HILKR—8H K [AWU5 10N LB+ EEWI 4G
DOC-C/NO; -N Jit & b 29 5 22, Swerts et al.
(1996a) M%)k 10]. 10N AbBRAE [ AlEALBY BEH)
CO,~C/N-N FE/RH N 1.6, CO~C/N-N FE/RH K
T 1.25 R AEE TR P HE ) CO, v] REACUE T~ HoAth
WAV OFAERE & N AURRIHEEO, g
A% 51f Fe 1 SO~ L5 (Yao et al., 1999),
W RE RIS FE (Swerts et al., 1996a), i IR
AL FE (Bridgham et al., 1998). JAhiA:4)
HFETTHR CO, HERCAT A 10N AbBEA N A 4ART CO,
HOssh A3 RS, BRI CO, Hi G 7 vk H B
I N AR IR CB0E RGN T o b 18
tNO; 75 SRAFAGIE R P AR, 5557 T e AR
LB B, XIS, 4 DOC MAET-TAEMRI K
P s WA B T 28 A COx HElE . 2 5, Bl 145
Hi) DOC EW P FE, KIFEAEHIEWIHSS, CO,
Hes b bl 2 & kb, It e —e K (E
3a), IXANEEE AKCEAEAR KRR BE b T R el i A 4 4t
FF TR 588 52 BT UUE

IR IR LA T mIa N KB AR UG
DOC-C/NOs -N Jii&s 4~ (filn 100N, #I4h
N /K3F- 103 mgN kg 'd.s., DOC-C/NO; -N ittt
h2.8), WI{E P3 (M AHEHT B, N,O 5 NO HEil
WEAE AT ES —A CO, HEBUEAE [FII HII, N, HE s
R, (HESSE A CO, HEUEE D (K
3b). 7£ 100N ALEE[F) N,O Fl NO HEHUA AL 2
A A ) =) 5 B 2 7= W) it L NLO/N,
Al (N;OHNO) /N, 43514 1.2 Fl 1.9, IXUFSE TH
KA EER IR . 7E NO; -N fE Lh i 78 AL 1
LT, SAE PSRRI A NOy -N A/ L F 52 4%,
B IR K N,O A NO ZEHp R =4, AT & N,O
F1NO R 2 (Nommik, 1956; Swerts et al., 1996¢).
B AEALEY BE) CO.-C/N-N EEIR LN 0.8, 55 il
b PR S B SE L 0.80~1.25 f N PR ELAS—
H. B NO; B#i#AER, N,O Fl NO 18 NO;
A SRR IR HL 75244, a5 838 )5 0 No, AT
TEIE N, HEBe, 5 bR, SO R~ 4 1) CO,
L PEOLE —AHBUEE . 25, BERIEYEE
WIAEIR,  RAHAAE & 1, A3 AR HEBoE %
AR 210G ) PR BT

43 1EFHIEHE T

AR LS R PR, LI NO; -N &
HAL TR I A2 mKE, B S SRR HE
A RIS FR A S 3 NOy N AR ALY 81%~87%,
N R[S R 4 MR, FIE AR
AEAENE R ZE, I BICR A R LA N A
I FR AT FEAE RS IR S5 T 1) NOs -N 5 12 FRAI 2
FEIUBR BT, ) NH, N 5 555 77 45 o5 ) i 5]
F1<<1 mgN kg 'd.s. 3% 6 mgN kg 'ds./ifi. 1
FERFE R NH, N S &8l fe g U 4igfe: —2
NO; 5Lt )5 NH," (DNRA). A %EEHIEW, &
(4N R 7E TSRS T REfE NOs LI IR NH,
(Caskey and Tiedje, 1979; McCready et al., 1983;
Tiedje, 1988; Z=fEm%E, 1989); —RRALM N
A HIEN L (Bridgham et al., 1998). i
TP AR R B SRR B AL S B R AL, 4t
B O, B HUERR G, XA
A 0] B R A LT R I 2Rk, AL RAR
WA= NH, s = A0 TS AE Y Al MO i R st DY
RS TR A% (Rice and Paul, 1972;
Swerts et al., 1996a, 1996b),

AL, 100N 4bBEAR ) SMBN Z24k & H NH, N
HhnaE, WAREHERR S e R ZE TS AW
i SMBN &, A% SMBN & 45 R k17
BCRREIE, PO AS R - 8 0 S B0 AE A 2 7
1M H ATERATT AN BERf E M T3 e AR IR .
PE AT BEAT 25t (1 25 LU SEBR{E /)y, SMBN 7 28k
i, e T REOR .

44 REELFEHEE R EE[NO/N,O+ NO/(N,O+Ny)

#1 N,O/N,]

NO/N,O JE/RILZEM KT 1, —HAEN TIER
HEIBNO 1 NLO Sk B TAE A FHIE 2 A AAE
HPE. — K, W NO/NO EERIE<1, &X
AeE 5 =5 (Anderson and Levine, 1986). A<
WEFEr, 10N F1 100N P 4b BEFEFEAN 5 F2 1 A2 v R
A AL 8] P= R UE B NO/NLO JBE R L4303
1.2 F1 1.5, WHELREER, HHMEEST 1.0
(p<<0.001), iX 5 LR T A AL ] =4 LE IR IA
A3, H T PRASAM R AR TR 75 SO AL
SR A BE AL AN PR TR G 45 K, Anderson and Levine
(19860 KIN, Hifbanw/EH TR NO/NO JE
IREERT 1, i A AT R E Y NO/NO
PEIRLCEIIE N T 1o ABFREEREH, X TE TR
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B R IR K o0 5 84070 53% WEPS (1) 1488, H
BAFAL =1 NO/NLO FE K LU T 7K 43 WL R (1) i
JU CAnBUARE IR L) ) A1k NO/NLO EIRLE .
SEUNEZE R R AT R, AR A RS T
CUNAHF T 72 LIRS ), A4k ™ 421 NO
P TR 7RI ) R K A4 R
WARERFRRE R K I TE) P32, DRI Bk S s ik
a1 B 4 HE FEHE— 218 i N,O (Robertson and
Groffman, 2007) Wbt/ MEZ, MiFEE
T 1.0 [F) NO/N,O BE/R L o IX M, AN NO/N,O
JEE IR B KT 1 5 A5k A 0 - 88U NLO R NO A&
F BRI T AE FH I A2 A AGAE R AR

FETG Oy Z51F T R LRI 32 7K 53 AN
A1 A A AR, Bl £ 1K) NoO HE s 5L B
R AL ) NL,O F N, 2 F. AF5EH, 10N
FT 100N P Ak BEAE AN B F B2 b HE UK NO/
(N,O +Np) Jit te a5l 0.09 #10.12, a3 W3
mTAE (p<0.05). XEMFH, WRGLRKZH
W —REANFE A NO HE, WITE 0, 4614 R /K
3 ANV - 38 1) s i A 2R T g 2 Bl SR
Al 9% ~12%, ARAGFEEE R - IEWI 4G NOs & it
Z /DIl

X NoO/N, IR B AR 58 2 Ak A5 1438 N HE ik
PR (Groffman et al., 2006). HHI5TIRH,
SAHAG =1 NoO/N, BEZR LU BE T3] 4 NOy 75 5
HI3E T 3% K (Focht, 1985; Sahrawat and Keeney,
1986; JEBEREFIZRIK K, 2002). KAHHEI) N2O/N,
PR/ MR EE EHO T AR (NOs ) FE J5 7]
CHR) AR A R 245807 NO; {1 it
S I B A 28000 () 75 SRR, S A gk 5 ATk
DT AIE, AEBERZ TP NO A
N,O, MIMFE NL,O/N, LB, k2, sl Fe
AT RWIR, ERIRZ MNP Ny, S5
N,O/N, tt R % (Hutchinso and Davidson, 1993),
AWFFTH 10N Al 100N PR ALEE ) NoO/N, BEZR L
H0.19, WHILZER. RE 100N LH NOs 7 &
WEmET 10N &3, HPLHEP) DOC-C/NOs N
[P EER LG8 >1.25, AL R IR P05 LY. 78 A2
SAEAGE AT, =4 LA Ny O 3o BRSH NO;-
M DOC #b, HABPEER 1 Can H A ORGL, i
JEREE . pH {H. Fihe) o im sl th =4
i) N,O/N, . (Weier et al., 1993; Dannenmann et al.,
2008; Cuhel et al., 2010), FECA[FETEH T N2O/N,

bl 22 4k, U Scheer et al. (2009) Wil 21 1)
N,O/N, A AT ZE 0.005~0.2 2 87454k,

5 Zig

AW MARZE KL WP 5E SO R
AfE—50 AR —E R HEBOE # 5)
A, Wangetal. (2011) B 277K
I E RGN 7 Rl s IR R R
NO; 1) 81%~87%; &5t HIBTLHL AN AEYA S
FHWGE, ZITE TR S AP R IE 92%~
95%:; FERRYILLE A, KA B BCHESU —
At S RO R R R =R LS A AL
BN A B A B I — 3k . XA R,
2B 2R 48 R S 7 V20T 9 A Ak T R R
HARGF T sEtE, hE mit s il #21e
P8 TR BB e T B

BUt A TR AR R SRR B 04 b R K S EE S
FIRAT 5RO, B, Bk BRI, DRRES, !
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