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Effect of Carbon Substrate Concentration on N,, N,0, NO, CO, and CH,

Emissions from a Paddy Soil in Anaerobic Condition

CHEN Nuo'?, LIAO Ting-ting", WANG Rui’, ZHENG Xun-hua®, HU Rong-gui', Klaus Butterbach-Bahl’
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Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences,
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of Technology, Garmisch-Partenkirchen 82467, Germany)

Abstract: Understanding the effects of carbon and nitrogen substrates concentrations on the emissions of denitrification gases including
nitrogen (N, ), nitrous oxide (N,0) and nitric oxide (NO) , carbon dioxide (CO,) and methane (CH, ) from anaerobic paddy soils is
believed to be helpful for development of greenhouse gas mitigation strategies. Moreover, understanding the quantitative dependence of
denitrification products compositions on carbon substrate concentration could provide some key parameters or parameterization scheme
for developing process-oriented model(s) of nitrogen transformation. Using a silt loam soil collected from a paddy field, we investigated
the influence of carbon substrate concentration on the emissions of the denitrification gases, CO, and CH, from anaerobically incubated
soils by setting two treatments; control ( CK) with initial soil nitrate and dissolved organic carbon (DOC) concentrations of ~ 50
mg-kg™' and ~28 mg-kg™', respectively; and DOC added (C* ) with initial soil nitrate and DOC concentrations of ~ 50 mg-kg ™'
and ~300 mg-kg™', respectively. The emissions of denitrification gases, CO, and CH,, as well as concentrations of carbon and
nitrogen substrates for each treatment were dynamically measured, using the gas-flow-soil-core technique and a paralleling substrate
monitoring system. The results showed that CH, emission was not observed in CK treatment while observed in C* treatment. Aggregate
emission of greenhouse gases for C ¥ treatment was significantly higher comparing with the CK treatment ( P <0.01). The mass fractions
of NO, N, O and N, emissions in total nitrogen gases emissions were approximately 9% , 35% and 56% for CK treatment, respectively;
and approximately 31% , 50% and 19% for C " treatment, respectively, with significant differences between these two treatments ( P <
0.01). The results indicated that carbon substrate concentrations can significantly change the composition of nitrogen gas emissions.
The results also implicated that organic fertilizer should not be applied to nitrate-rich paddy soils prior to or during flooding so as to
mitigate greenhouse gases emissions.
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Table 1 ~ Some physical and chemical properties of the investigated soil

o AN AR A% Ao 5 B % PERTIR/3 £
¥ ﬂ IR /¢ H
. SRR e h Wk R P /gkg! Jgekg!
KAEL 0~20 5.2 33.7 61.1 6.2 10.3 1.18

1) ki, <0.002 mm; #34i,0. 002 ~0. 02 mm; #547,0. 02 ~2. 00 mm
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TR 5 E PRI AR A 6 R (CK) A U IR 3 T
ICCT ) PSR, CK ABFE E A — & & 4 il iR A1
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KR
Vi * (Ac,/At — Ac/At) - M

b= My =V (1>
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ANREFRFER R ST AN B A2 65 mm, T 65 mm, N 1]
BCE 1 AT A, )RS S GFSC i) —
), AT S B IR ek AR v R RS A B U B M E £
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XPRFRECH 7 3 AN E G A SRR AR Uy
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) I 7E .

DOC'™" ;30 mL K,S0, (0.05 mol-L~")#242, /K
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UEMEE (0.45 pm HREBEAX, 75 ) o8 U8, fk & o X
(multi NC 3000, 742 = {22 ) 2.

1.5 BG5S 50T

% H Microsoft Office Excel 2010 ( {4k /A #], 35
Y PEAT B AL SPSS 16. 0( SPSS Inc. , SEEZ N
) HEAT P <0.05 /K1 3 35 4 A5 55 Fl Sigmaplot
12. 2( Systat Software Inc, EfEEHEINE /R) 2 K.

TCESFAMET, i b B A Iom Ak i 72,
NO; (906 0 55 T Sl A S B FRHE R &= =2 il
(N, =NO +N,0 +N,) HZFR [y I 15 22 A H:
Ml AR (a0 NO; SeAkid sk 82 ) I FETE , fiA3 R 40
REFCRAFELE] 100% . [l & E =P HEik
(AR ) AN 25 S X AR BRI B LR (R)
SEVEO DU 2 J7 325 P S ME 1 B A4S A, LM B O
100% #hf. Y3558 Ry NO; WREEAL T 5B
Bt (B ANO, =0) i, R = (N, + IANO, 1)/1ANO; |
x100; JeZ W R =N/(1ANO; | + | ANO, |) x
100. =, N, Ry i Ak MR B HE il i 2 A
(mg-kg™"), TANO, | Fl1 ANO; | 4351 Jg i 85 55 B B
48 v T i S R A RO A Ak Y 48 X B
(mg-kg™).

ZEA HAIR B # (aggregate emission of greenhouse
gases, AE) , IR FAE HERCR B ) 3 Fll = A4k
(CO,, CH, FIN,O) X 4> BR i 28 24 W S5 e (14 — >
FEbR, 238 bn DL 45 8 i TR RBE /Y CO, Ji it i it
(CO,-eq). ZAEMFAIRE (20 a 57 100 a) F—Fif
FARMBEHCRI CO, it AR Y52 T B RUBE - 35 Ff
2= AR BRI H (GWP, T WS 5 #

Mifs. M4E IPCC(2007),CO, . CH, FIN,O7F 100 4F

R B GWP 435112 1, 25 #1298, Hiltt, 100

IFRIRUEE B AE H 2 (2) TR TS

AE =Fg, « (44/12) + Fgy, -+ (16/12) =25 +

Fyo - (44/28) - 298 (2)

A, AE B4 Fmg-kg ™' (LA CO,-eq 1T 5 Feo, N

CO, M HE AL & (mg-kg™' )5 Fyo 0 N,O [ 4 i

(mg-kg™"); Fey, b CH, MOHERCE (mg-kg ™).

2 HRESM

2.1 AZESM(N,, N,OFI NO) 5 CO,. CH, 4k
i GE STIEN

CK Fl C* b B NIEFR T BRI N, . N,O, NO |
CO, 5 CH, HEH RS A 1(a) T 1(h) FiR.

1E P, B, KR IR BE IR AR 28 2°C I, CO, HETiL
BRI, 4 ~ 300 pg- (h-kg) =", {HN,O0HI NO
HERT AR (F200 005 2R 2 AR I B ), 346 0 A 2]
CH, HEjik.

1E P, BY B, B LB O, > R
Bi R A 2°C  (H S4B A R = R B3 O, i
HEBR . AL FEE] A N, AN, OHEHGHE R AR T2 5|
B CT 4L FEAY NO F1 CO, HE i R 4B W % (P <
0.01) /& T CK A3, W AbFEAY NO HE ik 3 32 43
WA 118 ~ 192 pg-(h-kg) ~' F 79 ~ 112
pege (hekg) ~',CO, HEHH R4 K 114 ~ 161
pge (h-kg) ~'Hl 44 ~ 85 wg-(h-kg) ~'. BB B
WA A E] CH, HERL.

1E P, BB, MK THE Z 25°C 5, AL BEAY
PRI B HERL, 3% R B RS AL B % A N, |
N,O. NO Fl CO, HEul i 4 p, BrBei EH K (P
<0.001) , A 4b 2 [A] 7y 20 28 MR HE R 04
/N BB [RIER AR AN AR (2 2) . C T AR FEAY NO |
N, OF N, WAt BLA MR A FHR S /9 7, 19 Fl
23 h, 1 CK AbFEEHUK A 4, 11 F127 h. C* b
3 i AR R HE R R AE 4 5 (1216 +£50)
(2258 +90) F1(891 +110) pg- (h-kg) ", 43 5l &2
CK #Zb3Hf 4.8 3.0 Ff12. 1 f%5(P <0.01). £ C* At
Y N, EEHE R (R S, O8I ) 67 A N, O HE ik
HR[(-343 £22) pg- (h-kg) 7', & 1(b) ], %W
N, SR HE R R A A E P RN, 07 It
A T VI FE.

CK AbHY CO, HERL, Fe i BN, OHE RS i i 1
5, FEN, OHE G J5 , 5 N, HERUE fL i $45— 2L
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5 CK AbHEE) CO, HERAE P, B B Bl— N H

HAE N, HERCWE GBS 89 40 h Ze A7, O 46 WL 5]

RIF, CHAbFEE CO, HEZELL T B (LBl T 24N CH, HE i, e KOHE i 3 % R (22.4 = 0.04)
{8, Horb s — AN B AT B R 5 NO g — 3, 55 — pge (hekg) =", M CK AbHEHIE A W 2] CH, HE
AN B S N, E—80(F£2). FEH e b [El 1(a)f1(b)].
i
= 3000 [ ]| P2 ! P - ! P2 ! ! 30 -
x o | —*—C0 ® | | £
R @ e CH, | | | 2
3_';;5 2000 | | | 5
L= 1000 F | A =
3 | | %
i | :E
z:' 04 ©
=
&2 £
S s
I’ 5
=) fat
s
|
_ e '
IC-D |
510 :
E
G U l
o) |
RO (L i
]U_I Jll L 1 L n 1 L I
0 30 60 90 120 150 0 30 60 90 120 150
Bt igm BeFentigm

(a), (¢). (e) AXFHEAREE(CK) , AR AHZS A (NO; ) Fa] %78 HLAR ( DOC) i 40 B~ ~ 50 mg-kg =" Al ~28 mg-kg™'; (b) .

(d) . (F) FEIN DOC(C* ) &3, H 41w 4G NO; F1 DOC

TN ~50 mg-kg !

H ~300 mg-kg ' ZERIBEGIENTHRE. e, (4

BRI B i F m IO Ak R Y €O, /N, LETEH 0. 64 ~ 1. 07 (BREUCE i L) N, RIS REHEL (N, =N, +N,0 + NO)
E1 EFIEFHTERESE(N,, N,0f1 NO), CO, #1 CH, HifiEZE, CO, HiMER
N HEEENRATEREL (CO,/N,) MBREKY (NO; . NO, . NH; #1 DOC) iREHE

Fig. 1 Emission rates of nitrogenous gases (N,, N,O and NO), CO, and CH,, carbon to nitrogen mass

ratio of CO, and N, emission rates, and concentrations of nitrogen and carbon substrates (NO; , NO,

R2 FHREF(H P, BiER) BT SEHRER

IEER RN R EHBAFEY

Table 2 Magnitude and appearance time of peak emissions during P,
Stk CIE}LI‘IEE (O KLI‘IE

U {EL/ Bk [i) U {EL/ ) i)
NO 254 +30/74 1216 £50/77
N,0 748 £41/81 2258 +90/89
N, 411 £22/97 891 +110/93
CO,-1 990 +37/89 1330 £31/77
C0,-2 ND 1803 +24/93
C0,-3 ND 1798 £59/109
CH, ND 22.4 +0.04/133

1) 2 v i HE HCH 20 (H AR S 3 AT M T I « An IR 2
[mge (hekg) =" ], WfE 1 A I I ( BRACHRBAR T 4R )5 19 /N 450
3IAEENTFHME(R) 5 CO,-1, CO,-2 Fl CO,-3 435 1,2 713
K CO, HERIE ; ND 278 R A ]

,, NH," and DOC)

2.2 +3ENO; . NO, . NH, il DOC ¥ J&Fzh

CK il C* b3+ e 3k F2 a # v i NO; | NO, |
NH,” F1 DOC ¥ FEShAME 1 () F11(d) FiR.

16 P, BYBE, CF AR FRAY NO, e A BE s #,
B3R N3, W NH, W E AR T (2.8 £0.7)
mg-kg ™' (P <0.05),DOC ¥ ML T (38.7 £9.4)
mg-kg ™' (P <0.05); CK AbFLMY NO; ¥ i i &[4
fR(P <0.01) ,1fi NH,” F1 DOC ¥ FEAS LA i 25 (£
3). P ERAE B B2 R UL 2] NO,

16 P, BrBt, CK #1 C* 4bHE Y NO; éa\jﬂJfDa/'\
(5.7 +0.2) mg-kg”" (P <0.01) f(11.7 £0.1)
mg-kg ™' (P <0.01) (% 3),C" Ab B I G Ak v fa) 7=



3600 2N 5% Bl 2 35 %

PINO, TEMBTEII RIS T ~7.8 mg-kg ' (P < R (16.7 £0.2) mg-kg™' (CK) F1(27.7 +
0.01),NO I N, S fkthA D aHek. SR, A 0.3)mg-kg ' (C*) , ZJFBWiFEA. C*ALFER) NH,
ARFREY CO, HERTEIEE P, BB E SR (P <0.01), e SEBUAEHIN R D /D i R % T CK AL B (4 NH,
H C*BYGIERE I CK IR (P <0.01). CTAbFL YR BARfbRaH. 78 P, B BERG Ffad R 45 oA,
FrBef) NH, W0 T (2.7 £0.2) mg-kg ™' (P < CK Al C* A3 DOC W JE 43 Bl 2 (7.5 £0.4)
0.05) 1M CK ZbHEfY NH, WREEAECA 2. WAL mg-keg 'F1(66.0 £1.3)mg-kg ',

[ DOC e BEAEIZ B Bt o i 72 1k 2.3 SRR ROHER R L, LU E R AL
PEA P, BrBea, AL B NO; W EERRER I 2 IS AR AU 10 [ i %
A, CTARHE) NOS W TIHES 15 h 24 0, Mtk HHrB AR A CO,. CH, RFEHRE

W, CK 4b H ) NO; W LA (14.2 = 0.3) SR EE IR LG, I AE N2 77 X6 T A RIS 4 1 [
mg-kg ™', FfiFE NO, WRPERAR, a =8 NO, e WOR(P, BRAM) LR 255 i % A0 (AGE) Tk 3
B, B NO; FIHEJG 7 h 24 s am PR,
®3 BRBEFREEFMBRAESHE. ZHWLH(CO,) FRAK(CH, ) W RREME,
PR, KRMELR, REUONENHRERRYNEIRE (R), MREEBERN(AGE)"
Table 3 Cumulative emissions of nitrogenous gases, carbon dioxide (CO,) and methane (CH, ), molar ratios of gaseous products,
changes of substrates’ concentrations, recovery rate of measured nitrogen reduction products toward consumed nitrogen substrates,

and the aggregate emissions of greenhouse gases during different incubation periods

l)1 P2 P3

WiH

CK c* CK c* CK c*
NO ND ND 2.8 £0.01* 4.2 +0.05" 3.2+0.3° 13.1£0.4°
N,O0 ND ND 1.3 £0.04* 1.6 £0.03" 12.9 +1.3° 21.1+0.9"
N, — — 0.5 +0.01* 0.4+0.01" 20.3 +0.4* 7.9 £0. 4"
N, — — 4.6 +0.07" 6.2 +0.04" 36.4+1.1° 42.1%0.9"
CO, 0.2+0.1a 0.4 0. 1a 8.0x1.3° 13.1£0.2" 66.5+1.1° 105 +2. 3>
CH, ND ND ND ND ND 0.6 0. 006
NO/N, 0 ND ND 4.3£0.2° 5.3+0.1" 0.5 +0.01° 1.2 +0.03"
N,/N,0 — — 0.3 £0.1° 0.2+0.1" 1.6 £0.05° 0.4 +0.03"
CO,/N, — — 2.0 0. 3" 2.5+£0.3" 2.1 0. 03" 2.90.1"
ANO; -0.1%0.1 0.4+0.1" 0.10.01 7.8+1.1% -1.0£0.01"* -7.9%1.1*
ANO; -5.5+0.7* ~1.74+1.0* -5.7+0.2* —11.7+0.1* -30.7 0.3 ™ -38.9%2.6™
ANH, 0.1x0.01 - 2.8+0.7" 0.1+0.01 -2.7+0.2" -0.8+0.1* 5.0+0.9*
ADOC -5.1+0.2" -38.7+9.4 0.2 £0.01 13.0+4.2 -7.5+0.6" -98.3+9.7*
R — — 84 +6 110 £7 112 +3 91 £7
AGE — — 29.9 48.8 249.9 414.9

1Py P, Fl Py 43 AR AR A 4eUE A | IR I AU B R TR 5 3 3 ARG 3R v B (P MLIE SO) 5 3 vP S SRR it sl U ik JEE A8
Bln o 3 AN EIZHFIIE + FRUERPE, (mg-kg™') ; ND FoR REARMM D, —" LR REARRBN; N, FRERTERBUFREE (N, =
N, +N,0 +NO,mg-kg™") 5 A FIREEIRHBAR (4 IRPIVR BE 55 55 35 B B 0 IRC AV BE 2 2% 3 R 3R IS A A 7 0 5 % 3 8 RV 40 139 T fig 8
(%) ,AGE NEZFE IR RN (Lh CO,-eq i1, mg-kg™") , HATBEAXIEI 1.5 717+ FoR AL B E KT P <0.05, + * LR 35K
F-P<0.01; a, b FRFIAMEIELR A P <0. 05 KV .35 2% 5 (MR F R 0R el B 25 )

TE P, BB CK Fl C AR BRA R Z ML BH(48.8 mg-kg ' f129.9 mg-kg™',P <0.01).
NO 2 &, H ZBUHE &= 4 1 2 (2.8 £0.01) FE Py BB C A3 R R AR BRI
mg-kg 'F1(4.2£0.05)mg kg™ K EN B61% 1 wUUN, Fx/( ~8.0 mg-kg™' ), N,0HRF ( ~21
67% ; Xt T AS[E S Ak BEHECE W BER L NO/ mg-kg™), %5 N, i ~19% Hl ~50% , 1ii CK 4b 3
N,O. N,/N,OF CO,/N, , i NAE B ACHEE ,CK 78 WL N, S ( ~20 mg-kg™' ), NO £ ( ~ 3
MPH4.3,0.3 f12.0,C" R4 N53,0.2H8  mgkg"), BN, B ~56% F ~9% ; C* AP
2.5; CK A C* L3R & i SR AL AR A AR BB HE R 19 BE 7R [ NO/N,O, N,/N,0 Al
FURPI RT3 50 K 84% 1 110% ( PIALFESE CO,/N, 439298 1.2, 0.4 F12.9, CK &b B 1) X i
$197% ). CTAFRMZEEIRZEMN B E = T CK & BE/REEMIS29 0.5, 1.6 F12.1; CK F1 C* b3
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I 1 S A B P R T AR AU 0 1 [Tl 2 433
20 112% 1 91% ( A B34 29 102% ). C* 4k
P 25 4 1R 2 200 (414.9 mg-kg™") S CK Ab ¥
(249.9 mg-kg ") 1.7 f5(P <0.01).

3 it

3.1 BESMT=Y ORI K i R

A% 3 BB T g0, S0 BRAR B, ZE IR 9
MR AR Py B BN, 0 BB HE & FIN, 0/
(N,O +N,) b3y 318 K, — & #5382y 64% Fi
87% (P <0.01) ,iX 518 £ 27 F Rk HIH AWM 52 J5 1k
S fr 5 S ELAT — BOME. AN, BT 2 e i
5% 7 90 XL 251 7] e 7 T 2 0 R TR 8 T s o
ZIN,0, 3 HN,0/(N,0 + N,) F B H AL 7R hnhs iz
B Ak R A G 0K R U B A AL AR
(g e, R ) 5 1k IR e i 4 & 35 3% i N, 0 HE
BN BRI NOS L NH, e 56 08 1 7
AP TSR Ak R AT N, O A= b 1
)| R N 31 S VR I A 1R i 7/ R T A
N,/N,OLL (P <0.01) , 215 Fii A AYAFFE WL 20 AH [
(25 F. N, Wang 25" 5% 1] GFSC #ARTESE 4 IR
FARE R XA MR D A 1 (pH 2l 8.7) L
ZER TR P B AR RHEBHILL N, &
(52950% ) ,N,/N,OFE/RILZ) 0 1.7, 5R0F5E CK
LB P, + P, BYERIOLLIE 1. 6 e —3 (% 3) R4
HA R R & S FIAAE SR C T AbBE. X an, 7
WFFEIRIE | 769 7K B 300 0 35 P 38 I 5 43 i )
RIS A BT N, 08 3 — 2538 J5, fili N,/N,0 tb 3
Jn2et e it FH /INZE RS FEREAR T N, 0 A9 HET, HN, 0
HE IR 5 /N 22 A FF 00 i B B EE Lk S AN [
(R 285 SR IR 7K S Bk 3 52 i) - 398 S i Ak s R
R =20 i, B An ] 5% w38 1T B 5 4 3 (
HHETHL  pH) SRR

Senbayram %% I\ Ky | 3R Y8R 7T I, KR
et BEHEAT G, RAE AL = I LA =W (N, ) ol &,
N,/N, O FLAE R . AELAHIT 58 E0 08I0 1) 5 H U A5 4
REER (R 3), X e 5IREA A AL 4™
F& IR H il A 2 B IR A AL A T 2 5 RO Ak
NP T G IR, U C/N HUAR T 2 ABREE S A4 ) F
PREGEAH A7 kA RE R AL
BF,NH, 288 DOC Boh Lt R T 5 NO, (F
NO, i) EE SO2™ (J& NO, i) % A ALk U W,
AN, , [ AT R B NO') L ARFfF g v, U

IR AL B P, B B R R AR LA NO FIN, O
J9FE N, AL 19% ,N,/N,OBE /R HAL J9 0. 4. AL
ZF XA Py BB R R ARSI N, R
F,1556% , H N,/N,OFE/RIb ik 1. 6( %K 3). WA
b PR 3 B 2 S W RE R PR 5 TR VR FH BT B, — 2
GFSC ¥ a8 an i B3 rh = AR i SR A W g it 1
M B D7 AR A AR O e s ) S
P U T RIS, R AR B v RS
774 NO FIN, Ot AN RER i — 2038 JF B2 74
TTAE e B 2 PF T AT LA 1) A i 114 2 i A ok A T
NO FIN,0; —J& CK A3 a JiE P AH X ik = [ Py By
BTG iZ A B DOC/(NH, + NO; +NO, )-N
Frit bRy 0.5 ], X BRI T s s (A Bk
IR SA R A FE R T R N, 724,

De Wever 250 FHE 4 FAbHE + JF R 4T ik 56
KRB, JE LR TR TR S A UA, O L
WEEHEBR S . — Ay I bk e T AL
B REARAE , E T 52 N, OFF 38 P i 7 B % I b
FREG TR, AR TN, O, i F — 25 16 R A Bl 2538
i, AT N, HEBCE . 35 AU s, FT LA A2 g b fie
BEATFSE A Wang 25120 43 51 A 00 Jo 38 4 Fnps 00
JE R A BT A A [l 0030 55 SR B e A ] B SR B
(DOC 1 NO; ) W bR e BE 24510 T, M b JoT 2 - 1 &
A=Y LL N, by 3=, TR AP B3 + 21 20 NO Al
N,ON F. AR LN, & pH (EIEHEN, O J5 i
TG, SRS AL AT IR, P LA N, S 5 sXm]
A2 S B R AR ZUR P 45 1F T, Wang 2561 iF
KF -4 (pH 29 8.7) FEHERL N, , 1M A 55 % H
3 (pH 249 6.2) HIHEMK ZN,0 1 7y — H %

g5 F Pk DA T EHE N AR AR AN,
TR ELIN, O N,0F1 NO Ny &, 5 i sb . AR ma bk
85+ VR BRI IS ) S B = A G
3.2 N, HEMCEAE LN, OHE B0 (8 i Jo 1 BsF ) X6 sk
JEEHI 7K (18 i by

ABIF ST LI 21 3R S AAHE A 1 3 A
Y& NO ., N,OFN N, ,iX 5 3 F S Are s fh % =
o7 3 A P A A I 5 4 — 3 B [ 5 U
2 A AR HE A [T B A TR 0 FIEAS ) 2 AR
T N, WE(EH R TN,0 4(C*) ~16(CK) h,iX
55 Mathieu %5 WL E A9 6 ~ 12 h e —3K, (B
T Meijide 25 HH 19 19 h. N, Hepowdens s i £ 5
R WAk 2 B AGAE FH AN, O 3 T il 5 1 e e



3602 2D 5%

B 35 %

F NO; . NO, Hil NO i JFER A R Y. lH, 35
FABALRI A AT 4 h 52 NO; 5 NO, 6 J i
(5 A A, TN, O J il 1915 5 A L i Je — B
B[R], A7 s S s 1R L 2 K0k 24 WL SRl Ak R
SRR A AR TR 22 DOC ki FAIAE R, H.
AP AR T 2 ok & LR 2L, 2 2 5]
B BRI B, 76 B i A N, O 348 Jir il %) ol A 9 1
F Tt = s T A R BB 2248 DR A 5 P CK
AEFRE) N, HEHCE LGN, OHE W e 1 g [) 3z 4K
CHAbBE(F2). BbAh, I LFTiR, CK A EEHERAY N,
AT REA A 2 K — ok T R A At R,
XA B 55 2 H 3 A9 DOC B FEIR )5 A figt
Wk XA AT BB S 3 CK ALFEAG N, HE I S i
] 1) 55— S A
ST 2, A PR A 2 2 R A - 398 N, HETiK
WA N, OHIE S0 (FL ¥t i %) i 1]
3.3 CO,/N, HEXFRRIE ) 7K - F g Jo
WERTCERMT, R Ve & AR B i
AAA: W ASOR 1 80 2 A Sl - R RN BB IR, L
fitifl i B 77 A B — /5K NO . N,O=% N, i}, fb2¥ [
A =5 v (1l
C,H,0, +8NO; +8H "= 6C0, +8NO +10H,0
C H,0, +6NO; +6H = 6C0, +3 N,0 +9H,0
5C,H,,0, +24N0O; +24H*=30C0, + 12N, +
42H,0
C0,/NO . CO,/N,0f1 CO,/N, 7> T EE/R 1t 735
#50.75, 2.0 2.5, AHM AR AT Z T LA SR
0.64.0.86, 1.077 . HSR[FE A0 % K CO,/N, B
HH(PLAERRZGT) T 0.64 ~ 1.07 Z[0], IR F
S RAF AL R AR R SRR R R, ez DAL
flbad B oA P ARBRIE AL ELAY CO,/N,
LA 1 (e) ML) Ui, AR, 7EHEA P, BY
BEA P, BRI —BEHE], CK AN BRAY 4 R 250 C
AbFERY 4 ER CO,/N, J5T & BE WL {H 43 531 #1522 78
0.67 ~0.99 F10. 64 ~1. 04, 522454 Rt FRHY
FRIE HETE R 0. 64 ~ 1. 07 , WX LA o,
AEAMH EERIE T AL e, 25, CK Zb3
[ CO,/N, it LLBER NO, Y BB K e s T
1.07, H—HZ2 LR, C* 4B CO,/N, i
FLAE NO, Ve B B Sy 22 L 6 B[] P 2l o &2
10* ~ 10° B, SR )5 M2 2 40 st P Asr AN 21 Y,
Hejile, BRI B IR 451 AL B CO, HERGHDRA R
RFFEE K (B 1), B CO/N, HAE B R E A

M CO, HERCA H 4 R I8 T HAA = A HEA
TR AR K B A2 B A S 5 1
Fe'* f1 SO~ i Ji™. #FLL CO,/N, B i A T
0. 64 ~ 1. 07 Z[aFE Ry 53 4 S i Ak 2o 2 g AR B, )
FEARIE 1 P, BB, VR T R4l s Ak B Y v, A
CO, 7E CK ZbHEZy 5 399% 1 20% , 1E C* AbHLZ) 4
59% F120% .

B2 ARG CO,/N, B, PRI IR A S AE T ik
RIS f 4l R AF A AR
3.4 CH, HEBOS 8K 7K - i L

C*7E NO, #hEeEfEZ G kA T % CH, HE
B, T CK ARER A UL E) CH, HERL, R A B 215 57
SERAHAREILNE] NO, (K 1), X EM#, CH, 7=/
MMUEGERIE YA K, i85 R B FELE NO; A K, NOy
A CH, P FE. Z AT & IR R R
FRERIN NO, JE LN E] CH, HERTSC R m b, (H R %
NO, B fiFfead # 52 e THFE 2 I, CH, HEBUT 4R 3
Jonn, T [RS8 RS FF I IR 4085 35 T 580 CH, HE R
FAREDY X SAIIT A4S B A — Bk, A
RIIEASANR. A 2E A R H 3R Noy
J& & H, 77 CH, MY~ CH, i3 72 A fhEAsfbar B
KIFEHL T8 T - 23 kJomol ™', HE B8 M IF
B, [FIE, & H, 7 CH, 405 0936 MR i i, I A
FET IR NO; B4R IH#E H, B0l H, 73 L E)
AL A B (R 7S A R I AT 5 4
BT 2RI, B in & AE X CH, HERCA # i 1FE
FHUS 0 R SR N A R B RS A, U CH, HEK
AN 3 ~ 11 57,

IR AE AR i KR AR ) CH, HEK
XS] ANAEE S SR A A A BB A B ] B 22
2 R e O Ak U A B
3.5 ZEAHGIR TR Y A B R

T A B 5 1 R P A B e T AN s Ak 2
(P<0.01). X F2HuB B A& A i & 1K RS
-, AR AR W K T B K )it FH T B R A
DOC F A HLAE, 7] 8 5 BUZ AL T [ F=HIN, O
BEHERCRN KA, FERII = A AL CH, , AN 198
T SRR
3.6 GFSC-SMOS ZZGiEHr

D 3R A A A T AT il | BN
[l R e | SRR A2 5 75 (BaPS) Al EL3E I
FE N, 5 (GFSC) 453X 4 F 7 2 000 22 I 3 58 4 AN
[l *. BaPS R4 je—Fh H T8 o ARl + 158
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3603

B R E ALRAS 2 AR b | R A dieas [l
J£71., CO, Fl O, MBS AL 7153 Hh 3 800 S g
PR 7 AN R A5 HE A 15 2 4 —Fh SR 16 Ak
(HERCE. GFSC RGBS LB E 4% . A Sh AIlE 2
ME 13N, NO, N,0, CO, F1 CH, FHEL, I &
N, M & I RR 2 H Ar B bR b & 4F i, b 0.23
pge (hekg) ~'M" . @A Al SMOS R 48, W
Yy B2 hASHEAT WE I, SR BR AT M4 il R 5 e £
e AL AR HE RO P AT ) S HE

4 Hig

(1) REHIEAT A AR TR RZ LN, hEiE
JELAN, OZEN, Ol NO 8 32, AN i | R ik 25
T HEVE A G, [ IR B TR I R ik =

(2) DRAARAET Mtk IV 4 BIR o] 2 S v 7 i 12
T8 N, HEBOEE LEN, OHE R IEAE I 5 i st [R] , 3
i DRAE S A b R T REXT N, HERCE 2 5k

(3) P4+ HE v il 2 £ 09 A7 2 vl P il CH,
[REEc

(4) X7 5l B Be il 2 A LA R B R KR
S B TS 7K T S 7K 40 1) i FH AT BILAE , A ) T B sk
T SRR AT IER A PUX S R it T
A , A BT E SR 4 A UL A AL
liiK=2iiyw

B R ABIESE S BEBOR SRR B A b
BB R YOS X T I . ElL,
ZEFUL, CEWE . R AEAE TEBOL
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