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The Effect of Organic Manures Application on Methane Emission and Its Simulation in Paddy Fields
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Abstract: Field experiment was conducted to study the effect of different organic manures application on CH, emissions over rice growing
season from paddy fields in Hunan Province in 2010 and 2011, and the Logistic model was used to simulate the dynamic of CH, accumula—
tion emission flux. The results were showed that CH, emissions were significantly increased by application of organic manures(including rice
straw, chicken manure and pig manure ). The CH, accumulation emission amount was the highest in the rice straw treatment, whose 2—year’s
mean was 796.96 kg+hm™, was increased by 96.51%(P<0.05) compared with that in the chicken manure treatment(405.56 kg+hm™); The
two Lreatments increased methane emission by 214.1%(P<0.05) and 59.8% (P<0.05) respectively than that in the pig manure treatment,
and by 249.8% (P<0.05) and 78.0% (P<0.05) respectively than that in the chemical fertilizer treatment. The CH, accumulation emission
amount was no significant difference among the treatments of pig manure, chemical fertilizer and no fertilizer; The Logistic model could sim—
ulated CH; accumulation emission flux dynamic under different fertilization treatments very well, which parameter L had extremely signifi—
cant correlations with CH, accumulation emission flux and organic carbon fraction one in manure. The Logistic model’s parameter a means
change rate of the CH, emission flux before rice jointing—booting stage and was closely related to organic carbon fraction one in soil.Consid—
ering soil carbon sequestration and CH, emission reduction, the organic carbon fraction one in manures input to paddy field should be mini-
mize as far as possible.

Keywords: paddy field; CH, accumulation emission; organic manure; organic carbon fraction; Logistic model
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CH, B RS UK T CO, (EEIRESM., N
1750 4E LIk, KA CHy B BESE N T 150% , 72 fir
A R E AR R e ™, H IPCC A PU
il s, e AR B e HECR S 31~112 Tg (1 Tg=
102 g), b 2 BR R HEL Y 5%~19%", 0] UL H K
R, CHy Wy B HE R 22—, R 1= e B K Ag A
7 KO ST AR — | RO TR 2 ot A A
FH S TR Y 229% , (R T BN, JCBELE 23K FE H CH,
Heierb 5+ B A . Rk, FREFRH CH,
AR B — TR B 2 S T 1 )

11 g FE ot A A AL JCAT LA e ot A =6 RS AE A
HH 7K 448 B HE /KRR HE AR 285 5 (R A S e R 2, 78
R 434S B R T WE 5 A HLICHILIE BC it X A H
CH, HER ) e HAT S22 3 . AR [RIA AL kit
AT HI X CH, HE R w48 SRR AR [, {H H Fir—
FREIA A it AT AILAE 2 iR FH CH, HERE in™, bl
I CH, HERCHLEE 5T (AR BRI 7
E %A RO AT X )5 2 4R CH, ik i) 2 %
T H. [ Bachelet! 48 4581 55 1A FE AR A 4 21
() L 3 A S Al E e RS CHL HERCE: ; Knox FI
Matthews!" 7 Fj H: 5 778 % ) MERES #5814 14+ ]
FEH CH, HEjil it o [ P —2EmF5 4 433 F il DNDC
R Y, CHMOD #1553 EAE 1 CH, Hela ™,
SRk BEAR A H S5 A R 398 2 FH ()85 B it ot
FefH CH, HEBCS R AAG S, S/bXT s L CH, HEC3)
BB HUBRFAE AR 5E . 2 3L (Logistic )
BEAL R AAUAT B B8 U5 A5 1 T 3 —F o8 0 1 K ad i
(A ZS2AREA R CH, HERCR 32 - e aT 54k
CH, IR 437 BILRR I BR ) L B A5 6 20 e A 780 1)
BERLZE . BRI, AR Scae AR 7= Ho i TG 3 Rl AILAE
RECRE B XSRS ) LLARAE 2817 R4 2 AR K
TG, WF 8 IR A5 18 T A ML ICHLAE Bt % ¢ H
CH, HERR (52 m , F FH 2 B i B RS R 5 A H

SR CH, D il BA T2
1 MR5ETE

1.1 #fXEHEER

RIS T R A KU T T A2 4 X S0 5 b
(N 28°08'18",E 113°12'0"), ¥4k 42 m, 45 - ¥ iR
7 17.1 °C, AE R K 1500 mm, Bk Z4EHE 3 &
6 H,AFFE (=10 °C)5300~6500 °C, hyg J7 BL7 g 7K
R P2 IX RTINS U8 2T HE Kk & BT e KA
4+, HIEAR PR R - 4 pH 6.0, A ML 33.3 g+
kg AR 212 g kg ARBE 11.1 g-kg™ GHERLER 97
g-kgs
1.2 RIGIE AN R B

IR AN EREYLIX B, #E S5 b B,
RAACHES 3 R, AFEA X AL (Toit4b
) Bt AL AR AL BE(FEARARFE ) S ZE+ LA AL BE (5 26
AEFR) FEZE+ ALK HE (R ZE b HE ) FIAE B+ AL I Ab 2
(FAFLALFR ) o 2 AR PRASEAH ] R 1, 12X 2% Ak
PG FLAA it AT B0 DL 3% 1

6 H AN /NX A 3.0 m, B8 2.8 m, 2 TS AH
H AR K /INX SR P AT 56 . 0 A AL Ak
WA i A AR A E N R IR R
PR  FEAEFINGZE R AT T R b R R TR i
R T 7 1k — P R it P RE AR T S ke, A HLIEE
AT A A 22 At AL IEAE RS AR — Kt FH o it
B AS HBT 5 20 em /N, BRACH A2 20 em 4b, H
I AFE ST H 8], 95 - 3R S BT

IKAF LA R ERIAL 608, BHAE 6 J 1 HEER, 10
J 8 HUGH], FrZ=yEW KA, J R 0 R fR e
AR, 4 BE S WS AN LA 43 5105 FH— U i L
BiiifS 2 A = —E, KRR AR B IR (R L 2,
1.3 SERESHH

KAFSFE-SAMETEDS, UFsRER =R

CH, HEREA , BOWIART AR T CHL HERONAE, 3 SRR CHL k. RAEARIA A DAL, th g5 bt
R 1 AR ERHERE (kg-hm™)
Table 1 Fertilizer application rates of different treatments(kg+hm™)
e e AHHLIE P HENERL TR 5317 B

JRE ABERRES AR VIt A C N P K

AT 0 0 0 0 0 0 0 0 0
b e 587 1125 300 0 0 0 270 135 180
A 130 0 0 16 718 0 2850 270 330 229
X2+ IR 145 0 0 0 10 694 0 2850 270 255 356
Fe L+l 488 1015 78 0 7461 2850 270 135 180
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Table 2 Different growth periods schedule of rice

A0y Eipd G BATZR Y IR )
2010 4¢ 6 1 22—6 1 30 1 7TH1—7/28H 70 29—8 23 1 8A24—9 A5 H 9 6—10A8H
2011 4 6H23—7HI1H TH2—7H2H 71 25—8 J1 20 H 8 21—9 A2 H 97 3—108H

BRI, B 55 em, 5 1.2 mo APEARUOR G — 2 52
o 2l R R, 2 51 PR B e S 2 b S A
AR ST IE 22 K BF 8 S8 1T 25 | AR A PR IR T v o SR T
S BE A 3 3k 5 L b K T 114 XU A B S0 A AR JEG A
JEETEFR 0.25 m?, BRE 15 em, A SE /KA, T KR
FERR HRE AN NS 37 A 8 e | (el KR ToT b 5 - g
5 JFEHE N AT —HE U B SR (e 4 PN A, LA
PRUE I JAE P 8 7K A3 TR 2SN R FH S BrobR A — 30 0 B
[i1] G JRE KA T 7K DA GRIE A T4 SRR AS o B UCRAE S ]
[ F B 8:00—12:00, 2l fE A5 1956 0,10,
20,30 min FHHMEL 45 mL 58 N ASERRRSY . SURREGR
FH Agilent 7890A G A EAUI % . CH, Kl 2% FID,
KMELEE Ry 250 °C, AE3L 55 °C, bR R B R bR vE
Yo B4t . CHy BRAHECE 935 R A Zheng
R o
1.4 YR tERSEUBIRSENE

Jits A H - 456 (0 A AILIE A 38 (2011 47 5 41
AT LA & 5K A Blair ZESEE H ) KMnO, 2467200
TE o IR A HLRR X = FPAS [ B (33,167,333
mmol - L™ )KMnO, (148 AL UM A R, 4351 33,167,
333 mmol - L™ KMnO, AL, Ik 5.0 el e
HHLR S PL 333 mmol - L KMnO, ], FRELZ
15.00 g Bt +FEF S0 mL BRLE S BLO &, A
25 mL KMnO,, i FHR% 1 h, SRJG7EH:E 2000 r-
min™ TG 5 ming B EIE RO L B KRR 250
£ JEAEAEIEEETT 565 nm T I E 45N E 1%
HI3IANEKE ., 167 Fl 33 mmol - L' KMnO, & {bA HLEx
BF, BRI B f5F A 23 1 R 4.00 g i 2.00 g, HoAd ]
SEAEFN 333 mmol - L KMnO, —%k, &AL

o C):pn( MnO; )n_lpi( MnO;)

o :p(C) g T 3RE G 5 B A A HLIK &5 i, mg - g™
p.(MnO:) A2 FIFE S 7E TAEINZ A1 el rh
MnO; & &, mmol * L™;0,( MnO3 ) & + e kL 5 7 TAFE HH
2 P A WA MnO: % &, mmol - L5z, 43 HUR%
BV, AR, mL e HEE, 4ET 9 mg-mmol™;
m N IR g

xt, XV Xa

AR IAF IS 1) 2 B AT LB 73 78 3 Fir2H o

4143 1% 33 mmol - L™ KMnO, &AL A A HLAR .

ZH43 2:167 mmol « L' F1 33 mmol - L' KMnO, %84t
ALK Z 2%

2H 47 3:333 mmol + L' F1 167 mmol - L' KMnO, %&
A LR Z 25

RIS T A HUIE )£ 2 20 A DL & i L3R 3.

RIFEABENEHSEUENRSE (kg-hm?)

Table 3 Oxidizable organic carbon content of different manure

Qb3 Aol M2 453
bicEs 215.6 732.5 4337
pEES 2263 5153 477.0
T 301.3 328.7 322.4

1.5 #RE 5%t

Logistic 71 J& F 3 KSR AR, 2 Ey AR
i Al S S B U P A B R i 1Y) R AR
R AT AR A R — 5 X S R . HO R
W

Y=L/(1+e")
K EHAE, Y RHAE  a.b L IESE

2o B, YL, BPY () & RSN, L 2
Y R AR RO A

ALK FER Rz H e CH, 2FHER K B A
(Y, kg-hm?), BT MK ECR A AR & (¢,d) (120),
FH Logistic SRS CH, HERCR 212 IRBEE 1Y
ZFNEH 4347 ] DPS 1 SPSS17.0 FRp:Ab 38, Hiapi
TP REIR P 22 5 R

2 GRESW

2.1 AEMERAETHER CH, M ERHENE
2010—2011 A A HUAEAL PR G H CH, HEk
(R 4) BN, SAHARH H, JE 2% A93% FEEL 3 Fp
A HUIE B ARRE it FHE2 38 i FH 38 CH, Hiilcat 3L
o2 AR XSS | AR CH HE R B = T
JCHEALBR, WisE 2% ALIBALFRY CH, Z2RHER S50
JIE Ab RIS AT 3595 5 2010, 2011 AEKI6 Y A B 4
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x4 AEFERAIEFEE CH, B = (kg-hm™)
Table 4 Methane emission fluxes under different fertilizer

treatments(kg+hm™)

Ea) L N

4y bR R EE SR FilRE A S e

2010 JCAE 19.8¢  106.5¢  62.4b 4.7a 6.6a  200.0c
LAt 189¢  104.0c  70.4b 7.2a 4.8a  205.2¢
¥ 335¢  1179¢  102.7b 5.8a 7.7a  267.6¢c
¥ 709b  199.4b  93.0b 3.7a 4.8a 371.8b
FHEL 1829a 301.7a 176.9a 3.4a 9.8a  674.7a

2011 Gt 32.6c  1384c  34.9b 12.7b 13.9b  232.4c
LAt 37.2¢ 139.9c  41.6b 18.4b  13.2ab  250.4c
¥ 350c  148.8¢  30.0b 144b  11.7ab  239.9¢
W 135.0b  209.4b  55.2b  22.0ab  17.7ab  439.3b
FEH. 306.4a  459.2a  102.1a  35.1a 16.4a  919.2a

VE B E RRIHSC FE07 LSD Kt 2% 5bt i3 2 (P<0.05) . The

different letters a,b---indicates statistically significant difference at P<0.05

according to L.S.D MRT analysis.

i CH, ZFHE R YRS, 2 SRR HE R A
797.0 kg -hm?, FLAGFELLFL (405.6 kg-hm™) 3N
96.5%(P<0.05 ), H.PH & HLIEFEALHE 435138 i 214.1%
(P<0.05) #159.8%(P<0.05), FAKIE AL B3 Sl fin
249.8%(P<0.05) 1 78.0%(P<0.05) , . JCAE Ab BE 43 51
4 266.4%(P<0.05 )1 87.5%(P<0.05) . 2 4FiX % [F)
— PR CH, R & 25 .

LK REAS R A T W 5, 2010 4EF0 2011 4E 4540
FHET A BN 22 B CH, HEC R 43 ) o5 R - HEO
94.3%~98.1% .88.6%~94.4% . H:Fp 4y BE] CH, HECR:
WK, AR 50% 254, AR5 U R4k
ZERE TR 9 AR AR I CH, R 72
MHEBOHPT 5 RN

2.2 Logistic #EEAEIH 17

BLRUAE H CHy SEFHER A (38 5) &M, AR IRl4h
FRAGFEH CH, SRBHE Rl A A shZS 50 52540
A F Logistic #271(P=0.000 0), % PH Logistic F5 A4 L]
FEH CH, SRHER L2 AT T, 7 AR AR AT

B 280 L 3278 MK R CH, B K HEL
i, 2 AR Y CH, SRFRHE S R A ADL (B RN 52 PR B AR
FEAR—F, P Z 0] Y S B A A S R R
0.999 9(2010 %) ,0.999 8(2011 4F ),

CHy RRHERCE SARMITCAE . L AR g 26 4k 21
H, Logistic R SEL o HIY KT CH, 2R
B XS IEFIRG AL B %o BRI FO B3 KT 2Rk
LG A BE CHIREIA bR T A R SR R L
FEHA) CH, HEBCE IS8R B 5 515 o BV TA 5GP
AT, A OE R 0.879(P<0.01) ,0.682( P<
0.05) .-0.45(P>0.05) .0.04( P>0.05 ) ., I A\ B #2145 5
ZaRE X BEH B H o (H5 CH, HERIC 3G /8 e 7 4%
PIFHSE, AIOL, 250 o Fon KRG K AT CHy B2FE
il B AR Ak CIFTa] ¢ B/ INE o (B E Y 7R AE) o

B IR SE G, 28500 (U o fHYE T CH,
SRR AR T 2 A0S [ A FRASEAD R
MZEL b H 26 A K FEATE 0.1 247, B 7ER] —
T8 R R RS AT, R RIS
CH, HER ) B A e —20 .
2.3 BUBRASN S CH, HEM B3NSR Logistic fREI S
a.b KBRS T
2.3.1 JKFEARA K 55 A4k B ML ik

K1 2os 2011 AR08 K R AN [ A 1 iy 1 3
Sy BB WAL Sh 2  AKAE A R A K A [R] b 2R
1) -3 5 E AL A B & RN 4 158155 2>

x5 FEIMFEIELIAEEELE CH, RRHNE

Table 5 Methane accumulation emission fluxes of different fertilizer treatments simulated by Logistic model

0y yosi Jr e R P M kg - hm™

2010 Johe Y =196.965 6/[1+EXP(2.905 0-0.096 536 ¢)] 0.995 3 0.000 0 197.0
fehe Y =203.363 2/[1+EXP(3.143 3-0.100 067 ¢)] 0.997 6 0.000 0 203.4
hiEt Yy =267.667 4/[1+EXP(2.943 4-0.090 803 ¢)] 0.994 6 0.000 0 267.7
pLUE Y =369.022 4/[1+EXP(2.188 1-0.095 444 ¢ )] 0.985 4 0.000 0 369.0
TE Yis =673.331 1/[1+EXP(2.028 0-0.087 934 ¢)] 0.985 6 0.000 0 673.3

2011 Johe Y =223.601 1/[1+EXP(2.396 2-0.107 069 ¢)] 0.984 1 0.000 0 223.6
fehe Yr =241.322 3/[1+EXP(2.143 6-0.094 039 )] 0.977 6 0.000 0 241.3
Y3 Y =229.319 9/[1+EXP(2.383 0-0.116 230 ¢)] 0.979 2 0.000 0 229.3
pLUE Yo =431.011 O/[1+EXP(1.527 0-0.081 982 ¢)] 0.987 7 0.000 0 431.0
FE Yrs =906.625 7/[1+EXP(1.583 6-0.095 203 ¢)] 0.987 3 0.000 0 906.6
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oy 3. [Al— By A L B P A A BG4 HLAR 5 i
IR B AR 8], 5l A UL 5
F& GFEFNFE AL B2 53 1 4103 2 FdL o 3 AL
e AR ARE AN [F] A A BRI e T HE AL A Ak L
ARIRIALFR AL 43 1 ALy 2 45 LR &5 i T30 43
BERR SRS, 2 S SO TR Aoy 3 AP
AR AR A R RS o A =
T, Ay 1 A5y 2 ALY 3 A HLER B ik i
T T 20.23%~27.12% .16.04% ~20.46% 42.33% ~
64.13%.

2.3.2 RFAA AR CH, HEilcE 5 35 J A bl
BiRZH 73 R F

TG FAA YIRS A o> &5 CH, HEilE 1Y
HHICPE I A R (3R 6) W , A LRI 1 SoKAS
JAFI X BE CH, HERCR 2B R AR (P<0.01), HA

AW S5 CH, HE i At S A 25 AR S
(P<0.01). TERA PLERAL > 2 {05 CH, HFCE S E
Iﬁ%ﬁ%@@%whﬁﬁ2ﬁ\3%Cmﬁm
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Figure 1 The content of soil oxidizable organic carbon in different rice stage in 2011 year
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*® 6 TESEUFNRAS SRR CH, HEENHEXXR
Table 6 The correlation between soil oxidizable organic carbon and

CH, accumulation emission fluxes in different rice stage

” Wy Lo Wk %h
THEE R g T e e

Hr 1 0.784%%  0.676%*  0.369 0.329 0.072  0.760**

H45r2 0453 0.372 0.261 0.476 0236  0.539*
#4r3 0368 0.152 0.146 0.027 0.346 0.178

* 8 BRI ZEUENBRESES AR CH, HEMAIEXX R
Table 8 The correlation between fertilizer oxidizable organic

carbon and CH, accumulation emission fluxes

an o wan A

4y 1 0.841%% 0.903** 0.840** 0.831** 0.250 0.931**
44532 -0.861%* —0.816%* -0.740* -0.757* -0.550 -0.855%*
5r3  -0393 -0.489 -0284 -0.272 -0.075 -0.434

0 FORM R FE K-, P<0.01 5% FoR B K1, P<0.05, FAl,
**means extremely significant correlations at the 0.01 level (2 -tailed ) ;

*means significant correlations at the 0.05 level (2—tailed ) , the same below.

2.3.3 KAEAEAE K 35 A A0 HLR 4L 35 Lo-
gistic IS K a b LR

X KRG AN ) A K 0 138 5 SR AR BLRk 4 43 5
Logistic BRI FR IS4 a b S TAR 43P (3R 7)
Son, BT Ay BE AP 2 i 415 1 A AL
RS SH a AR 8 3 B B B TR G, 414y 2 Fidl gy
3 AU S S o WAT BRI . S50 515
1 45 2 FEH 5y 3 A HUBRISBAT B & AR 5GP E . frtk
A, B0 a BRIMALER, Qi JCAE ARAE FIRE 2 A0 B
Mo 1 AP S EAER T A Z i N TS o
BN XSS FIRE AL B

®7 1ESENANBREASEFTERERSH « b BXME

Table 7 The correlation between soil oxidizable organic carbon and
parameter a and b of Logistic model

TiH 280 W RN SOV AN RGN

41

a —0.689%* -0591* -0.584* -0.513 -0.505
b -0.211  -0.127 -0.178  -0.156  -0.042
Hir2 a 0.061 -0.073 -0.394  -0.141  -0.300
b -0.238  -0.183 -0.108  -0.070 -0.173
M3 a -0.494  -0.306 0.135 0.263 0.234

b 0.341 0.060 0.142 0.140 0.044

24 ANRHZENENKRSESHELE CH &
TTHEMER X &
2.4.1 HHUEH S B AA HURK- 575 TH 13 CH, HEc i
PSR

Xt 2011 4FAF H CH, RiHHR S it FLIE
1 o B AL (20 1 0 2 453 3)IE T AR G
SrHr (3 8), BRI Sy | A HLRR-S B 0 TE
PV REI RS CHL HERCE R S AR 25 (Y IEAR
5K, HAEA I CH, 2GR FIZ 0 1A HL
B S B EAR DG, 200 2 A HURR S v 300 0 B 4k
ZPREIN] . IREAIAY CHL HERCE AR YT Y CH,

SRR 5 B OROE, 4143 3 A LA CH, HEL

R SRR 1LY TPS e
2.4.2 HYPUER S A A YRS CHy Z3HHERCERY
[ =45 R

F % 8 Al 1, Fritia HLIE 4l | Fdlsr 2 A
MUk CHy SRTHERCER 50 A0 ¢ A ALIE R Fh 2
I3 1 M4y 2 AHLR S CHy 2it-HEmC R E (L)
WATZA BT, EeZHERR B A8 54143 2 A Bk,
BN e A ) A

L=4.053X,-566.116
KX, A 1 AP i kg-hm™; L S CH, 21
HEA kg hm™,

R F=37.537,P<0.01, 368 L 5T X, 1y [E1)4
FFEEH B A LT X, (R0t & X,

453 1 A PR CH, RRHECGE ) R R
Bh 0.918(P<0.01), AT WL 43 1 A HLAR XS CHy Rt
Hefct AV B2k B A @il R0,
e B R?=0.843 1522 e X] Y HYi4E R AN R 42 1R
T4 0.396, BLHIALSr 1 A HUERE 0 CH, HERCR 1Y
FEREER, Bl FiA L5 N 2% A % R E L 1)
PR EARTT .

3 iFig
3.1 HERAEHEX CH, HEFAI

CHy 7™ A FHE TSR AE ™ 48 DA T 7 H e
PAVE B EE L, 70 e 77 F e 528 o R B % 7™ e T
AR IR R CH, 7 A A et 451, 8 it A A AILIE
AU T 3B A T H e T g it
7 HE RSt BRI P e e 5 R 2R R A 250 (RIS T 1
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