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Characteristics of N,, N,O, NO, CO, and CH, Emissions in Anaerobic

Condition from Sandy Loam Paddy Soil
CAO Na'?, WANG Rui**, LIAO Ting-ting’, CHEN Nuo’, ZHENG Xun-hua®, YAO Zhi-sheng’, ZHANG Hai',

Klaus Butterbach-Bahl®

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of
Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029, China; 3. Karlsruhe Institute of Technology, Institute for Meteorology and Climate Research (IMK-IFU) , Garmisch-
Partenkirchen 82467, Germany)

Abstract: Understanding the characteristics of the production of nitrogen gases (N,, N,0 and NO), CO, and CH, in anaerobic paddy

soils is not only a prerequisite for an improved mechanistic understanding of key microbial processes involved in the production of
atmospheric greenhouse gases (GHG) , but might also provide the basis for designing greenhouse gas mitigation strategies. Moreover,
quantifying the composition fractions of denitrification gaseous products is of key importance for improving parameterization schemes of
microbial processes in process-oriented models which are increasingly used for assessing soil GHG emissions at site and national scales.
In our experiments we investigated two sandy loam soils from two paddy fields. The initial concentrations of soil nitrate and dissolved
organic carbon (DOC) were set at ~50 mg-kg ™' and ~300 mg-kg ™", respectively, by adding a mixture solution of KNO, and glucose.
The emissions of N,, N,0 NO, CO,and CH,, as well as concentrations of carbon and nitrogen substrates for each soil sample were
measured simultaneously, using a gas-flow-soil-core technique and a paralleling substrate monitoring system. The results showed that
the accumulative emissions of N, , N,O and NO of the two soil samples for the entire incubation period were 6-8, 20, and 15-18
mg-kg ™", respectively. By measuring the cumulative emissions of denitrification gases (N, =N, + N,0 + NO) we were able to explain
95% to 98% of observed changes in soil nitrate concentrations. The mass fractions of N,, N,0 and NO emissions to N, were
approximately 15% -19% , 47% -49% , and 34% -36% , respectively. Thus, in our experiments N,O and NO were the main products
of denitrification for the entire incubation period. However, as the temporal courses of hourly or daily production of the denitrification
gases showed, NO production dominated and peaked firstly, and then N, O, before finally N, became the dominant product. Our results

show the high temporal dynamic of denitrification end products and this knowledge is of crucial importance for model development,
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since so far existing models assume a fixed fraction of denitrification end products.

Key words: paddy soil; denitrification; N,; N,0; NO; DOC concentration; NO; concentration
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Table 1  Physical and chemical properties of the investigated soils
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Fig. 1 Emission rates of nitrogenous gases (N,, N,O and NO), CO, and CH, and concentrations of nitrogen

and carbon substrates (NO; , NO, , NH," and DOC) of two sandy loam paddy soils
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K.

AR IR AR NO TN, i HERE,
Soil- 1 Wil 2 i ¥k CO, %5 v i HE i, 40 51 K
(1396.6 +28.0) ug-(h-kg) ' (78 h i, FHiEJ5 8
h) F1(1779.6 £26.9) pg- (h-kg) ' (94 h i, FHE
J5 24 h). N, EHERSE R 2 )5 ,C0, F 110 h i X
OB TS =Wk R B (1888.0 = 52.4)
nee (hekg) "' (FHEJG 40 h). Soil-2 1Y CO, HEMC
BHOGLUAE Y 55— Y CHE e ) BAE T3S 0 5 — v
FE 5 URCHE W 1 BAE N, HEOE(E IS Y 14
h, I 0 {6 40 51 28 (1402.7 £ 24.3)
pe+ (hekg) ' F1(3354.2 £65.9) pg- (h-kg) ".
KA N, HERC A WE(E AR 24200 R G Ae D BRI, F

AL CH, HERL, JE IR 45 CH, HFCE RN 19
pgs (h-kg) ' (Soil-2) ~24 pg- (h-kg) ' (Soil-1).
£2 P3MBRSUHEIERIEE R KA A"
Table 2 Magnitude and appearance time of peak

emissions during P3 phase

W H Soil- lA i Soil—g i
VB /B[R] U/ 15 A]
NO 1216.6%/78 779. 4% /74
N,0 1 809. 5%/90 669.9"/90
N, 942.2%/94 370.6"/110
CO,-1 1396.6"/78 1402.7%/70
CO,-2 1779. 6°/94 3354.2"/124
€0,-3 1888.0/110 —
CH, 23.5%/134 18.8%/130

1) F P EHEFR A SR HE AR R ng- (hokg) '], WEAH 0
WA (h) 3 CO,-1., CO,-2., CO,-3 S3HIFR CO, SARTE P3 BrBerfihy
BUAGERE 1, 2 F1 3 WRIEAE Fe it a] 5 «“— " FOR KA E]; a, b FRH
THRETA P <0.05 KFAYBEZER (FRAHRZOR A BE 2

5t)

2.2 KW

B AR IR KRS 19 NO; | NO, | NH,
F1 DOC ¥ EEShA 4 1(b) A1 (d) iz,

BB BL(PL) WK LI Y 2 J5 B
FE) NO, WIUR MR EE 43 51 R (47.9 £2.0) mg-kg ™'
(Soil-1) F1(44.3 0. 4) mg-kg ' (Soil-2) , H:rfr Soil-
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1 5 NO; 55k BRI A NO; MR FE TR 28
WG FE (47.0 £0.2) mg-kg ' L5, Soil-2 1Y
DE(EAR T HIS W a5 MR BE (49.1 £0.6) mg - kg ™.
DOC ¥R EETC2 5. B B, WO 580 IS ik J3 A8 Ak
AR 3 Hoh NH, A RERESR 1 No; A1y
hnEaE NO, E2ERMIFR , DOC 4 5k 2 P

IR B (P2) o X} F Soil-1,NO, 1 NH,
e BE A, T W0 2 R Al sk B2 A )74 NO, /Y
72 DOC e 52 058 34 0 5 /N a3 (0 22 5
AW, M Soil-2 H NO; FIl NH, ¥ B 45 38 i iy
AEH TR A L 2 NO, VR BN, DOC ik B 7
PANEZER <k

WA B (P3) . P 310 NO, W D
FW D, Soil-1 1) NO, WREEFTHESG 24 h FER 0, 1M
LR Soil-2 9 NO; ¥4 10 mg-kg™'. B
NO; WREEREAS, Rl ™9 NO; W BEXG I, v Ab 1
NO, T TG 8 h Zedy i Bl R, Soil-1 1Y
NO, (28 mg-kg™") W3 & T Soil-2 (14 mg-kg™'),
Z IR B IFEAR. Soil-1 B9 NH, #5351 i sk
A T Soil-2 (Y NH, W8 JCH A fk. P3 By
B g 45 R, W R HE ) DOC R BE 43 il B = 88

mg-kg ' (Soil-1) F1 79 mg-kg ' (Soil-2).
2.3 SRR E ., BRI LA R FOR

PIHLA - IEAE P2 | P3 BB S BN B SR R
S BB, A BB R B R L R B
B UL B 45 B Be R R BN 3R 3 .

7E P2 BB, Wb 3 00 45 SO AL S AR
MR (P <0.05) ,HF=Y 2L NO Ry, H &
FRHECR 23 5914 (4.29 £0.08) mg-kg ™' (Soil-1) Fl
(1.15£0.03) mg-kg ™' (Soil-2) , 4 5 N, 1 68%
(Soil-1) F1 55% (Soil-2) ; Xt T A R T4 B FLHEfi
T EE IR I NO/N,O ., N,0/N, Hl CO,/N, i It
Soil-1 43 B 5.3, 4.3 2.2, S0il-2 530 W21 K
2.5, 68.8 FI5. 8. %M BeP H M A R MR iR
H105% ~120% .

P3 BB, W 3 R AL S i R AR
ERANEE, 4N 13.7 ~14.1(NO) |, 18.5 ~
19.2(N,0) fi15.9 ~7.5(N,) mg-kg™",N,. N,0 Al
NO P4 W A 535053 3R 15% ~19% | 47% ~
49% M 34% ~36% (£ 3). W HEM NO/N,O,
N,O/N, HIEE/R L K CO,/N, JiH Hoth Fe g,
Soil-1 235} 1.5, 2.5 Fl 4.6, S0il-2 235 K 1.5,
3.3 F13.0. AERAUAEWFEH 66% ~85%.

#z3 P2, P3FNEANESR(Pt) HMEEESE(N,, N,O #1NO) & CO, 1 CH, EFHHE.
BEMBER/REL,EFIETERY NO; . NO; . NH; #1 DOC &ETHREEMEYgE"

Table 3 Cumulative emissions of nitrogenous gases, carbon dioxide (CO,) and methane (CH, ), molar/mass ratios

of gaseous products, changes of substrates concentrations, and the nitrogen recovery rate during different incubation periods

TH P2 P3 Pt
Soil-1 Soil-2 Soil-1 Soil-2 Soil-1 Soil-2
N, 0.4 +0.01° 0.01 £0.01" 7.5£0.4° 5.9 £0.03° 7.8 +0.4° 5.9+0.03"
N,0 1.6 £0.03* 0.9 +0.01" 18.5 £0.9* 19.4 +0.1¢ 20.1£0.9° 20.3 £0.1°
NO 4.3+0.1° 1.2 +£0.03" 13.7 £0.4° 14.1 £0.5° 18.0 +0.5° 15.3 £0.5°
N, 6.3+0.1° 2.1+0.04" 39.5£0.1° 39.4 £0.6° 45.9 £0.1° 41.5£0.6"
€O, 13.7 +0.6° 12.0+1.5° 180.3 +3.1° 118.7 =4.0" 194.4 +3.28 131.1 +4.2"
CH, — — 3.0 £0.02° 0.5+0.01" 3.0 £0.02° 0.5+0.01"
NO/N, 0 5.3+0.2 2.5+0.1 1.5£0.1 1.5+0.1 1.8+1.0 1.5+0.5
N, 0/N, 4.3+0.1 68.8 +7.8 2.5+0.3 3.3+0.01 2.6+0.9 3.5£0.1
CO,/N, 2.2+0.1 5.8+0.8 4.6+0.1 3.020.1 4.2+3.2 3.2+4.3
N,/N, 6.0+0.1 0.7 0.1 18.8 +1.0 14.9 0.2 17.1£1.0 14.2 £0.2
N,O/N, 25.9£0.6 44.1£0.5 46.6 £2.0 49.3 0.6 43.8 2.1 49.0+0.8
NO/N, 68.1+0.7 55.2£0.6 34.6 1.0 35.8 0.8 39.1+1.2 36.8 £0.9
ANO; 7.8+1.1 5.3+0.4 -7.81.1 -5.3+0.4 0 0.1+0.07
ANO; —11.7 £4.0 7.1£2.0 -38.9+2.7 —54.7£2.0 -48.8 0.3 -49.6 0.2
ANH; -3.6%1.9 4.3%1.1 3.1+2.9 -1.20.9 -8.4£2.9 -1.7+1.2
ADOC -13.3 £18.1 -10.7 £21.1 -128.1%17.9  -141.3=17.8 -199.1%2.3 -224.2%1.9
Ry 120.1 0.6 104.9 0.5 84.8 £0.3 66.3£1.0 97.4 £2.0 96.1£0.9

1)N, . N,O, NO F1 CO, 43314 P2, P3 il Pt B Be4- R SRR, B0 ymg kg ™!, CH, REHEACE NN pe-keg ™' 5 R P8R e
EHME + AREIRZE (n=3) ; PURBEAMNEIRNEL; “—" FR REARRISAIN; ANO, . ANO; . ANH, 1 ADOC 433 4 45 W B 455 75 il S 1 ¥k
2% BN Hmg-kg ™15 CO,/N, A=Y FE R H (mg-mg ') ; N,0/N, Fl NO/N,O R P2 EE /K H (mol-mol =) ; Ry WA Z R (% ), ik

1.5



3378 AN 5%

Bt 2% 36 #&

B R A RED, W EKRE L N, N,0 Fl
NO ) 2R HE & .59 ~7.8, 20.1 ~20.3 Fl
15.3 ~18.0 mg-kg ™", A A6 7= 90 21 1 B 43 4053 i)
}37% ~39% (NO) . 44% ~49% (N,0) Fl 14% ~
17% (N,) , AL~ ¥4 N,0 F1 NO F . AEX
IR Z R 96. 1% ~97. 4% , 111 38 1 ) 5 + HE R &
Sk EBHERE (N, =N, + N,0 + NO) aJ [a] i -+ 35
NO; Z-fb 1) 94. 6% ~98.2%.
2.4 /NI RCH RBER) SRS AR 2H

B P3 By B BRI A2 9 NO, Al NO, R
B KO Iy A AR BB HE I ) BHE  RT D AS
4. 8 F124 h( H) R SAE A7 ) 40 B H 5328
A (R 4). ZE/DEERE I b + 1 I Al 1k

FEYA R L NO S s P 2 DL N,0 SR
WG LAN, A E. Hi Soil-1 K AH L4 NO Fr
SR E BRI 71 1% FBIKE 0.4% ,N,0
I fi B A G R RS 0 FS e ) A BV R
25.8% HINZE 68.5% , i XFEMKE ~21.6% ,N,
A Y 3% B BN 2 121 % 5 Soil-2 JZ il fk ;=
PINO Jir 5 09 H 3 B B WY 56.2% KRR &
8.6% ,N,0 ¢ 3 I = 65.3%, Ja X &K =
40.5% N, W0 1. 8% B fin = 50.9% .
76 H REE b AR R, 0 g 0RO 9 5 il
e Yy e 22 S WK, 45 1 d i Al Ak ) DA
N,O0 FINO Jy 3, % 2 d LA N, (Soil-1) 5 N, Al
N,0(Soil-2) H .

x4 PIMEBEAHRLEIENBRERBUEDTHLRAKELD

Table 4  Hourly or daily composition of denitrification gas products during P3 phase

SH A ANO; ANO; ZRHEUR/mg kg ™! R, P i He Al 9%

N, N,0 NO N, N, N,0 NO
70~74h  -18.9:2.8 14224 0.2:0.01 1.3:0.01 3.7+0.4 5204 102640 3.0£0.1 25.8%1.8 71.2%L9
74~78h  -9.4:0.3 5610 0.2:0.01 1.4x0.01 3.7:0.2 54203 1166129 3.7:0.1 265:1.2 69.7+1.1

silg 8-82h  —4.9:l5 -1.0£0.9 0.4x0.02 24x0.1 3.0:0.1 5801 98.0xd5 64:04 418:0.6 51808
82~94h  -6.5:1.0 -19.31.5 470.2 12.90.7 1.2:0.3 18.8+0.7 72975 249x1.8 68.5:1.7 66%15
dayl  -39.7£27 -0.4:0.4 54202 180£0.7 11.6x0.4 351£0.1 87.3%7.5 1540.6 5.4%1.8 33.2z1.2
day 2 0.8£0.9 -7.4x15 1.920.3 -0.3£0.2 0.01£0.0 1.6+0.1 70.1+8.6121.2+11.0 -21.6=11.1  0.4+0.1
70~74h  -13.922.4 41:0.8 0.1:0.01 2.1:0.03 2.8%0.2 49202 647+3.9 18x0.1 420204 56.2£0.5
74~78h  -85:13 15:0.7 0.1x0.01 2.2:0.04 3.00.1 53%0.1 80.2+83 1.9:0.2 41.3x1.4 56.8%1.5

Lo 7882h -7.2:L5 LI1xll 0.120.02 232005 25:0.2 4.9:0.2 821:21 1.9:0.1 46917 51.2:L7
82~94h -12922.1 -48x1.2 0.4:0.02 7.6+0.1 3.6x0.5 11.7£0.5 65.9£7.2 3.820.2 65317 30.9:1.9
dayl  -42.5:2.4 1.80.6 0.7+0.01 142+0.1 11.920.5 26.8+0.5 67.323.7 2.70.1 52.921.0 444=l.1
day2  -10.1x1.4 -9.7+0.5 502004 4.0:0.1 09207 9.9%0.7 50047 50.9:0.3 40.5:0.6 8.60.3

1) day 1 2570 ~94 h,day 2 2 94 ~ 118 h; ANO, 1 ANO; 230l 45 B B S F2 0I5 R B 25, B rmg kg =15 R PR il - 3416 + brife
R (n=3)

I JE B R A U NO; < Fef <S03 < €O, 24
+IERAELE NO; B, NO,; Se bl I mi Ak i A= 4k
HLF A2 PR 1 2 #ii8 J7 o NO . N,O Al N, 44
NO; IHFEZ )G, HIA nl R Fey #1503~ B,
PR H, )5 COo, M4k CH, st 2
ik & B4z CH,™' . NO; %5 Fe'* F1 SO~ B H i
R TR R R TR NOS BRI R L
IRE =, 07 B BE B A H, R CO, 77 A R fiE e B
K2 @BAEAE R4 (NO, . NO Al N,0) X7
CH, B Y40 i 7E Y™ 5 B S Al ik 2 72 & 2 B,
NO; |, NO, FIN,O0 £ %% H, 953, BUfif H,
O AR R A JE DL 7= A B 1 7K S22 S 4R U
I FH i 7 - 49 b as in i A A B R — e R
s 3 CH, BYHERC, 7638 s £e 3 i 70 i £
e, CH, B9AE R TR R, R A

3 g

3.1 APHOKFRE ik BARHECRIE

ARTIFFE WL 1) 5 K e = 1) SR 3R AR HE R 0%
AR YR NO . N,O FI N, , 3% 55 28 8 2 il
Pl = R N 2 B v 3 B AR Y AR BT 5 4 —
TN, HEIERE ST NO R N, O T A
JE 2 R A AR Y N, O 16 J5L & i S T NO;
NO, 1 NO i J5 ) A o7

FiRb et CH, HE AR iKY NO, B9t 4
HFEZ G, X S AT A MR Z I 25 R —3. 41 Dong
ZEE LA R T 6 R 00 324) it i RCAE X CH, HEJCA
HIVEFS 3 Roy 451" 7 PR 42045 3% 52 56 wb 0L I 21 7% i
NO, ##il7KFE 13 CH, MHEIL. NO, mT4iHl CH,
PR FER A . ONO, 5 TAE R B F 2 Ak
FERE IR 5 RSN W BAE Ry 52 A T8 7 B
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A [ i o 75 7% S - 3% b CH,, YRR

PIRD KR+ A AL B B 2L N, O A NO
R o RO TR B R 1Y 44% ~49% F
37% ~39% ,ifi N, {05 14% ~17%. X PHZP 4%
T WHGH FR AR 138 (pH =4. 6, H3EWIHA NO, 2
9100 mg-kg ") RA§FL P LA N,0 R F, N,0/N,
28 85% . — Mok A At #2774 NO ., N,0 Al
N, FRREOT M0 T 3 i kb . pH . TT¥PE A ALk
IR R 3 o B 25192 Bouwman ™ A DR A B
B TUHBERARL ) - A0 1) RS £ 1 N, O T
b EE (A5 o B] P g — 20 AR TR A AL S
TN, HECE . R 205 I 2] 5 2 — B 4
U0 De Wever 2570 %2 B 396 1 %5 3¢ £ B il )
N,O SR, HHEBOE AT 5 5 Pihlatie 55 X
MZILE 80% ~100% WEFPS Y S0 B 4 F K, 4
JETb A3 L HERCE £ N,0. iRl AT
FE XN B HE KRG + SOk LA v (8] 7= 4 Sy 32 4
HESZH. 3 pH F2 20 A 52w - A 00 T 1
B ) R A B2 JETfT 20 N, . N,0 #l NO
MIHER. — BN, FERR M 3, =9 2L NO F
NO, b3 FErbpEAms P 3 LA N, O #I N, HEik
N, NO AR AP0 S Bl T N, 0 i U L
NO; I s BT R M 55 1 T B0, & pH fE AR 3 N, O
W RG4S SO A FEA TR, P2 A N, Ry
F, X AT DA E AR A R ) ARk RUR VR A F T,
Wang 4517 R B +HE(pH 245 8. 7) ML 2] I A1k
FEILAA ) N, S 3 AR5 R ) £ 48 (pH
455 ~6) HHEK#H Z NO 1 N,0.

RUEBEA SR BOH +HE N, 0 Fl NO Uik R
Heif it I 25 5, E PR 0 398 S Ak AR 1 e HE Ts e
B R HE RS ] Y AR 7E 3 25 . T M KA
FARHE R B A 22 T E BRI AR Y NO;
o DOC AR KW H3EVETR (pH ) 22 5%, ABFSE
L 2] P3 By B H ARG ) 24 h Z N, Soil- 1 1Y
NO; WeFESR T Soil-2 (CFIMKZY 10 mg-kg™") ,{H
Soil-1 Y NO, 4 (8 ~28 mg-kg ™) W& T Soil-
2(5 ~ 14 mg-kg "), ULHR A LM T Soil-1 BIIEH
NO; HRK—#a Tk NO, . NO, 1E R A
Pad FE A P R P2, IR NO 7= AR AR
IR BE Y NO, ATV A 5T Soil- 1 #4119
NO Fll N, O W AE HE Bl 5 1) — A JE AL i 5, i it
BBl & Y, Soil-2 HHERE YA FHIRY) NO; Y
REES . EHEOTER AR A R AR 0] G857 1 4%

AR FRARE AR ). Lan %50 4R3E T P bk (pH
=6.2) FIHEPE (pH =8. 3) KAE -8 0 F il b R 4%
ek (pH =5) K Fd 4051 2. 6 Fil16. 6 £, B
Soil-2 # Soil-1 Y14 pH HfIK (5. 4 <6.2) , T3
PR T BB 1 A Soil-2 1) SO AL S A HE RO SR B AR
HO)AES

ZE L RSN IRIRYE | B i KRG I
S AL AR HE R LA )4 NO FTN,O R 3.
3.2 /NI R H RUEE RS AR =

AWFFEPK RS AR BISCR R 96% ~97%
25 R BN A Ak I R 22 Fh 2 43I0 5 A 22, i Tl
REER A N, Z AT R Z 058 I+ %A X 3
Pl A AL SR (NO L N,O AT N, ) 2047 R 2600 22 | i
HXF—F(N,0) B AP (N,0 1 N, HEi =z ) 2
A AR A T 220 DRIk, %ot 52 il A 7= ) 2
M RAAERRA R, HA B TR RISCE, K
AT Py BB A B ] 5. ARG A5 21 M 7K A
d /N ROBE B HORUEE 9 S AF Ak = 20 it sh 2578 Ak
(). RSB BE IR AR v - S RS AE = LA NO Al
N,O HJ 3= (A e /N ROBE b S A Ak 7= 4 4 A 449 Fh LA
NO K EZHHTIEEI LA N,0 I E, &JFLLN, AE.
[FIRER, H ORI RS A = 4, 765 TR S o B
B — RIS P LA N,0 A1 NO k3,55 KDL
N, Al N,O 4 F (LA Soil-2 R fil). %45 5 2 00 S il
AT 2 RS2 i A T A AR A R I A
DL P2 1 b e S S RO 4 P R R AL
AR A e ml HE TR B R AR A b B X
5
3.3 AU
3.3.1 N,0/(N,0+N,)EE/RIL

ENTHERSURIES IPRE= - S U Tl e ¥ & e
N,0/(N,0 + N,) EE/R L}y 0.72 ~ 0.78; Ciarlo
2R A5 AR S 5 A (] A 48 (P4 pH =
6, 914H NO; &4 80 kg-ha™', ¥ 100% WFPS)
I E] N,0/(N,0 + N,) BE/R L FHE N 1.12;
Senbayram 55" A1 R FH i R 14 ) B39 1 (pH = 6, 1)
IH NO; &84 10 ~20 mmol - L =" ) WL 5] PR 48 &5 1
T N,0/(N,0 +N,) BRI 0. 65; Wang 457 R
FHBBEZH 58 76 AH R0 46 I A L A5 0 00 21 7
N,0/(N,0 + N,) BE/R Ry 0.35. Liu 27 (i 5%
WESm R T 30 N,0/(N,0 + N,) BEIR HeAemai it
IR, Qu AT BB IS B A A R R AR
P N,0/ (N, O + N, ) H#5 ey 1) 32 22 J PRt ook i



3380 AN 5%

B 36 %

JHENE S8+ HERR 1k, Schlesinger ™ ik SC 3 rh 45
el 3 Ak 2 N,0/(N,0 + N,) BE/R -
BB R 0. 375 , A [ A B 58 35 R AN F 0 38 0 AR
A0 & 15559 N,0/(N,0 + N,) FE/R L2846 3E
FIEEW K, X2l T N,0/(N,0 + N, ) A2 3 1
IR ER ) & B 328 2 R (3R |
AR | R R 434 ) fsEE e R, AR
AR A LI Y N, O HE & A% P 8 5% S5 RS
[ N,O/N, BEIR L, RAG B RO N, HEB A A 7EAR
KA PRI
3.3.2 NO/N,O FEE/RIL

A 58 LI ) IR AR 2% 1 T T D S K R Y
NO/N,O FE/R M50 1.5 ~ 1.8, AR Z Kk iR
HAE Y NO/N,O BE/R g i /T 1, U Scheer 25
LI 1) >4 VEE SRR AR T 1K 43 5 5 70% (I [] 467K
) I, NO/N,0 K 0. 67, 247K 77 48 & 130% A,
A < 1% . 3 B E AR S 25 AR — B0 32 22
PRE NO 7E7K H iy 4 338 R A [P AR ik 5 A4
B, I TPOKAAAEBLES T NO B9 B, M NO B
SAEAE B E— 2 10 JF A N0 L2880 | A i
X 1 e 1 - SO £ ) NO/N, O JBEUR LAt
/. Skiba ZEV R HE NO EE R M EZ LM
HErh PR R Y NO A 13% i % 2 3 HE 3 K
AR F o IR B KRB R S (blow through
systems ) LI 2145 =1 (9 NO HEC &b T
A NO 23957 Bl iR 35 395 R A TR I, [l
AWFFEIE] ) NO/N,O > 1, ] et 2 i T2 5
BHE . ARG R 2 sh A I R A Ak AR
Heil, B2l He LISFRR AL (20 mLemin ~") Jiad
T, B R A A R N A AR AR I 2%
AT R 2 7 A ) NO 38 Bk 45 Bl it —
AR R SR R R R g, BRI E Y NO HE K
3.3.3 CO,/N ikt

TR AR BB N, 5 Co, HEOCR
YL YY) OUR A R VR i A R R T
B, At # =48 NO, N,0 8% N, iX 3 fji it —5
R, CO/N, Ji & 4y 9 Ch 0.64. 0.86,
107" ARBFZE P KRS 1 CO,/N, i Fb Bl ]
A Z N E 2 s, Y RGP o R A,
Soil-1 131y CO,/N, it AR ELE 0. 67 ~0.99,1H
Soil-2 +3E CO,/N, it i 2.0 Bk Fa e
FE 0. 81 ~ 1. 04 AYTE I, FEARFFA Swerts 5140 45
HB B BB A SR A B A R 3 3 BH I s ik

1) CO, FIRZE M EZRE TR Z
J&5 B E K NOy BYIH #E, CO,/N, JoT &t Lb 35 .
Soil-1 % NO; FEJSHFE] (90 h) F-F Soil-2(120 h)
PR Soil-1 WM E] CO,/N, Jii& H e fin T Soil-2.
= CO,/N, B bR EAEE 32 FE v R CO, ok
8T HABG A Y L A OF AR S & N SR HE
), A EYI S 56 Fe' Fl SO, ™ i J M IR 48 % %
RN MR A A H, R CO, A CH,
A (120 h), 2EEHERE CO, WA (K 1), b i
CO,/N, it LA REMRA s (& 2). 25 L, AT AR 4ig
CO,/N, BTt It FIRIPRAASAE T A it B A5
SRR AUy

108 L_P1 | P2 | P3
| | —0— Soil-1
I (A | | —&— Soil-2
2 | |
g 10° L
g | |
2 10t | |
- | |
=T
z | |
2 10 i i
S 005, 00ROV
_ [ |
107! | |
10-3 | L L | ' n N
0 30 60 90 120 150 180
HEFEnt )/m

B2 WATEL CO,/N, RELLFERTEI L th £k
Fig. 2 Dynamics of carbon to nitrogen mass ratio of CO, and N,

emission rates with time for two paddy soils
LV
4 it

PRAECZRATT , W1 HR Bk B ) 78 12 04 P i 2 e
WPSEEKAR b TR RS 15 3% I B i S Al AL 4™ 4 LU
N,O F1 NO 3,1 N, Fr i el i 20% . B 52 i
AP 2 H S S AR B L NO Oy 32
HERILLN,O b E  Ba K EBILIN, hF, KR
A A 7= 1 20 WG S B I 2 B 5 i b A T 2
4 3K — BAE LA 7 0 20 1 L A D DG S 40T
SRS ol SR AL SR A AR BRSO A B AL R AR A
BB Ao AL
BOHE AT S HE R R SRS By A X
(N 1t 77N i S NN 7 € Y W 2.2 N AR i
SE AR
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