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HUBR O R B A — . o B2 el EH PR e 1 ik 690 L e AR 2 73, it 1 A R TS [R] A1 DA AL AR (R 553 FH X8 S A%
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Fraction changes of oxidation organic carbon in paddy soil and its correlation
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Abstract: Application of organic manure increases methane emissions from rice paddy fields by increasing soil organic
matter. Soil organic carbon is one of the key substrates that affect methane emission from paddy soils. Different methods of
researching organic carbon have been used by different researchers which have led to different conclusions regarding
correlations between organic carbon and methane emission from paddy soils. To define how methane emission is influenced
by fractions of soil organic carbon, a paddy field experiment with application of different exogenous organic carbon (rice
straw + chemical fertilizer, chicken manure + chemical fertilizer and pig manure + chemical fertilizer) was used to monitor
and analyze methane emission, changes in organic carbon fractions and their correlation. A week after application of organic
manure, rice straw +chemical fertilizer (RS) and chicken manure + chemical fertilizer (CM) showed emission peaks of

221.6 and 128.2 mg-m *h™", respectively. The methane emission was mainly concentrated before the heading stage. The
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amount of methane emitted in the growing season following the chemical fertilizer (CF) treatment was 296.0 kg/hm’ and
following the pig manure + chemical fertilizer (PM), CM, and RS treatments were 340.7, 493.6 and 794. 8 kg/hm’,
respectively. There was no significant difference in methane emissions between the PM and CF treatments, while emissions
from the CM and RS treatments were 1. 67 times (P < 0.05) and 2. 69 times (P < 0.05) higher than from the CF
treatment, respectively. Amounts of methane emission and the content of oxidizable organic carbon in the paddy soil
followed the same order; RS > CM > PM > CF and no fertilizers. The content of organic C fractions followed the order:
fraction 1 (organic C oxidizable by 33 mmol/L. KMnO, ) > fraction 2 ( the difference in C oxidizable by 167 mmol/L and
that by 33 mmol/L. KMnO, ) > fraction 3 (the difference in C oxidizable by 333 mmol/L and that by 167 mmol/L
KMnO, ). Fraction 1 was the highest proportion of the easily oxidizable organic carbon at 42. 7% —65% ; followed by
fraction 2 at 23.3% —48.9% ; and fraction 3 was the smallest at 2. 7% —17. 1% . Fractions 1 and 2 in the tilling stage
were higher than in the other stages in rice growth, and were a minimum in the mature rice. Fraction 1 in the rice growing
season showed the same trend with methane emission as the RS and CM treatments, being obviously higher than the CF and
no fertilizer treatments. Results of path analysis showed that, for fraction 1, the direct path coefficient and correlation
coefficient were extremely significant at 1.0381 and 0.6709, respectively, whereas the direct path coefficients of fraction 2
and fraction 3 had negative values. Among all the organic carbon fractions, fraction 1was directly related to methane
emission, while the other organic carbon fractions were only indirectly related to methane emission through fraction 1 during
the later growth stages of rice, and the emission amounts were lower. Taken together, our results show that fraction 1 of the
oxidizable organic carbon was the primary substrate of methane emission. Effective measures causing a decline in fraction 1
as a proportion of oxidation organic carbon in fertilizer resources and soil are possible key technologies for mitigating

methane emissions from paddy fields.
Key Words: CH, emission; soil organic carbon; fraction 1; correlation
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ArEIX, RHEISRUNSE NL LT K B AL e KA &, a8 pH (H 6. 0, A HLAK 19. 3 g/kg A
2.04 g/kg A=W 0.85 g/kg A8 9.2 g/kg Bl 212 mg/kg Olsen-P 11.1 mg/kg AHIERN 97 mg/kg,
1.2 {5t

W T 2010 4E PG, MR8 5 M0 FE. 1) TEIE(CK) ;2) RIE AR (CF) 53) J 25+ IR BB (PM) ;4)
A FEHUIE AR (CM) 55) FIRE+ALIE A (RS) o B MERE 3 A E SRR RBEPLIX H B, &40
XA 3.0 m, % 2.8 m, REA/N X FHIE RN X ZH 22 (8] F)-HEVE 7K 1) FE 3 350 FH SR A 2 B T 47 R i 8 P ) £ s
AR . RIEAIRER B i BEIRES , B AL R SALER , A HLIE A AT 2Bk, AN T[] A HILAE A 24 it A £ €
C PRFF—30, 90 2850 kg/hm” , [R] A FH IR 2 8 928 it A9 280 (B ML+ TEHLARD) — B0, R w0t FH A BY A% 20
em /NEE A HE] 5 15 em +J2TRAT, B HLAL A RIS ) A 2 A% AEURh it P e L 1 e 2, K
B I R A 0 e R e B NTT AVA e E s O

KRG SRR R IERITE 608 ,2011 426 H 1 HEF, 17 HRA LI, 22 At AL, 23 B, KRERRE
SYEEWDKRE AR ACIRES , N RIK 76 1—5 em 47, 7 A 19 HKREIE A BRI IR A HEK , F52: 50 8 A 25
H., 8 H26 HIFWHHEK, N8 H26 HEI9 H 25 HKRE AR R ERIRE 10 A 30 HHETK, FrE5)K
FERGE,10 H 9 HUsEkR,
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Table 1 The nutrient content in organic manure and its application amount

o o o =N
. b o e o AT
PR Organic carbon N P, 05 K,0 Application amount
Organic fertilizer types )
/(g/kg) /(g/kg) /(g/kg) /(g/kg) /(kg/hm?)
¥3% Pig manure 170.5 18.0 28.2 13.7 16718
W2 Chicken manure 266.5 27.1 34.1 33.2 10694
FHE Rice straw 382.0 8.7 2.5 17.8 7461

R2 TRLEMAVRE LEFSENE

Table 2 The nutrients of chemical fertilizers and organic manure application amount in each treatments

. F20r Bt/ (kg/hm?) FEAEFE 3/ (kg/hm? ) HHUAEFE R/ (kg/hm? )
AbH fej F Nutrients Chemical nutrients Organic nutrients
Treatments Abbre.
C N P,0,  K,0 N P,0,  K,0 C N P,0, K,0
AHtiE No fertilizer NF 0 0 0 0 0 0 0 0 0 0 0
LM Chemical fertilizer CF 0 270 135 180 270 135 180 0 0 0 0
F+ Pig me >+

HZEALIR Pig manure PM 2850 270 330 229 60 0 0 2850 210 330 229
chemical fertilizer

X2 +4LAE Chicken manure+

%38+ Chicken manure CM 2850 270 255 356 67 0 0 2850 203 255 356
chemical fertilizer

= ice s

Fi LA Rice straw+ RS 2850 270 135 180 225 122 47 2850 45 3 133

chemical fertilizer

1.3 s
1.3.1 SRR

CH, ISRAERTTE T 2011 4E 6 J1 21 H % 10 71 8 Hil G ERAE 1 0k, RS SHIE , 5 UCR RN
[6] [ % 75 9 :00—10 ;00 , SR AL 6] 40 1 A BAG J5 19 0 .10 .20 .30 min , FF I 45 mL SUARKES, , ARRE SR
Agilent 7890 “TH €L BUMHT KR FID, KWL 250 °C K SO C Bl UKot e it 4 7
i, AE CH, HEHCHE Gk I Zheng 1773,
1.3.2 BHERIES T

AR AR 2011 4F 6 21 HZ 10 71 8 H 4 BIFEHTII Y0 Ho10 i) Zemih) dEm 7Ly
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FUBCAIH RAE | - A ke A IR TR I B4R I s [l SC 00 %, 3 B B - 3645 40 . SR A 33 mmol/ L
167 mmol/L F1 333 mmol/L 4k BRAMIZH I E + e 5 EAL A HLaR " |

ZH43 1:33 mmol/L 1554 BR A1 1= #2038 15 MEAG MLAK

55 2:167 mmol/L 55 33 mmol/L S ff MR # = 2 T ETE A ML Z 2% 5

2041 3:333 mmol/L 5 167 mmol/L S5 FRHH IR G A LR Z 2%
1.4 Zitsth

e B R 3 R 45 3 0 A (E vl I 22, BB Se 43 B I SPSS 17. 0, ¥ BEBELIX 2 %3, i
ANEALBRE] G 25 55 35 e L. S. D 2 AR T T,

2 BREH
2.1 TR[FALSAR E e 25
2.1.1  FH e HECE & sh 22 4 250

HiR LG ARAL AT I CH, BB LT e B
1) AL AR AR FIRS R R B R LIRS 8 = 2 ol
S F (R | 25 B HE OB A, — RSB 4 2 R
T 11 CE TS IO B ets T -
SLlinab R B3 AT R B R G, FLOE A B BT
HERE: 52, RN SAL B0 TR OB — 8 T 2
SEA I SRR B SO S — 5. M 2 s

A HUIE S, e B IR 2 4 B 5 1) K 3] 4cb B S vy 6, 1

ﬁkiﬁ%é’\]ﬂl’%{ﬁ%j{%ﬁiﬁﬁiﬂ,ﬂjiﬂ 221.6 mg'm_z' 86—06 06-26 07-16 08 0325 914 10-04 10-Jz4
W' YOt S 2 b B, O 128.2 mg-m ™kt RS HM Date

AT F1JC E Ak B A iy 40 HE e sh AN R, FEEAE 1. 5—
30.4 mg-m™>h™" Za], FTA R BRI S P e AL
P BE], & T TR HEUE Y 59. 4% —80.7%
2.1.2  A[EEHH H bR

23 AL UL AN [ A A 3 Y — ZE A T PR e HE IO B AE 257, 7—794. 9 kg/hm?® |, HEICE HE (455 Sk 8 > 39
FESPHFESNESTOIE . FEFERT /T G FE AR S b 31 43 0 AR I FR Y 1.2 £% 1.7 £ (P<0.05) F12. 7 (P<
0.05) 1.

KA [ s 93 940 PR e 3 T UL (36 3) |, /KRR ) 2 S st S0 7 e 40 L 20 B0 4T SR b A | o Sk
A 91. 1% —96. 6% , Z J& BYIHHER IR I o AN ] I 30 247 2 B DAy A e Aok L HE B > X8 36 Ak 280> A 26
A S TEACFALAE AL BE , AL FOTCHE b PRHR 22 B A R, Herb JCAE A AL 00 2 4k PR HY e HE 1 23 BE D)
Iy, T RG2S AR R Ak RHE OB A2 1T, 76 1 3 B e o

£3 ABIAERPHRRHERE

Table 3 The CH, emission fluxes in different rice stage

FbeHERL B CH, emission fluxes/ ( kg/mm?)

E1 AEEELEREE CH, HIEEFTWEN

Fig.1 The seasonal variation of CH, emissions from rice

Tmﬁaﬁms ] Sy ot i R AL A LB
Seedling Tillering Jointing Heading Filling Milk ripe Maturity ~ Whole growth season
NF 33.0c¢ 119.7a 48.5b 39.8¢ 11.7b 3. 1ab 1.9a 257.7¢
CF 43.7¢ 135.1a 40. 6ab 50.2¢ 13.2b 3.9a 9.2a 296.0c¢
PM 81.8¢ 152.3a 52.8ab 39.3¢ 10.0b 0.9¢ 3.5a 340. 7bc
CM 227.3b 135.8a 67.0a 42.4bc 16.0b 1.5bc 3.6a 493.6b
RS 440.0a 175.1a 70.8a 81.7a 23.3a 2.2 abe 1.7a 794.8a

Zeh /NG FREC R AL T E] Duncan 2 T P<0. 05 37K F
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2.2 RIS AEAEA YR SHEBONOC R AR
2.2.1 TG EAEA LK

(1) AN[RI A 4398 5 SR A A BLi AR b 3 45

4 HARRA 5T IS FALA VIR DR R ZIE I, 5 F A LR 73 1 F8AE 1.7—3.6 g/kg
Z ) TE 0T e AIG, 7E 0 BE Tk ) e R (B S S s Bl 2 R, VR SR U N R, U R B A A I
/ME,

Gy B DR 53 2 B e IR B R, B2 T R i A ALIE AL B 20 53 2 & i 7E 3L
WA P2, AR R E B R ME . 5 A HLERAL 73 3 BB SR, NI 2 W I il sl

(2) 585 FAEA WL 53 L)

IKFEA R A 7 WA A B 18 5 SF A SR AL o & R IR 4 o3 1 >89 252143 3, W 1 i B Ak
DA VU LB ey, A 42. 7% —65. 0% ; HetRk A1 43 2,23. 3% —48. 9% ; 4143 3 5 i LL il /N, 2. 7% —
17.1%

F4 2011 FABAREN LIES EUEN(2/ke)
Table 4 The soil oxidizable organic in different rice stage in 2010 year

FBeHERL f: CH, emission fluxes/ ( kg/mm?)

Tmﬁﬁms i) Sh KA P W LAY R P
Seedling Tillering Jointing Heading Filling Milk ripe Maturity ~ Whole growth season

4531 NF 2.5¢ 2.7c 2. 4c 2.3c 2. 5h 2.1¢ 1.7¢
Fraction 1 CF 2.5¢ 2.8¢ 2.5he 2.4he 2.6b 2.2be 1.9b
PM 2.8b 3.2h 2.8a 2.2he 2.8a 2. 4abe 2.2a
cM 3.1a 3.3ab 2.7ab 2. 4abe 2.8a 2.4ab 2.2a
RS 3.2a 3.6a 2.8a 2.8a 2.8a 2.5a 2.2a
) NF 2.3a 2.6c 2.4b 2. 3b 2.2a 1.8b 0.6b
Fraction 2 CF 2.3a 2.7he 2.4h 2.3ab 2.2a 1.9b 0.7b
PM 2.3a 3.2a 3.0a 2.4ah 2.2a 2.2ah 1.5a
cM 2.3a 3.2ab 3.1a 2.6a 2.3a 2.4a 1.7a
RS 2.4a 3.3a 3.1a 2.6a 2.4a 2.6a 1.6a
#4553 NF 0.7a 0.4c 0.5a 0.3a 0.5h 0.2bh 0.3a
Fraction 3 CF 0.8a 0.5¢ 0.4a 0.1a 0.6b 0.1b 0.4a
PM 1.0a 0.6he 0.3a 0.2a 1.0a 0.2ab 0.6a
cM 1.0a 0.8ah 0.5a 0.2a 0.7ah 0.4a 0.6a
RS 1.0a 0.9a 0.6a 0.3a 0.8ab 0.3a 0.7a

(3) A4k B TE] 438 5) FAL A P 7 A 5 5

ATk PR ] By AT LR 0 1 RT LUt RS AN [R] A 7 40 A 251 A L ) 114 2 28 A A DL 22 0 A e
A TR S TS AIERTCACALBE N [R) A= B U AR A RS Ab B 2 T AL AL IR AR B

AN TR Ak B E] 55 B A HLBR AL 0 2 FOAS ) A 7 300 D0 A e Ak s T XS 2 i T 2 AL RIS AL B A
A5 A BRI 2 22 5, 43 BES AT A A LA A I 2 v T JC I A B b AR 2 e e R X A v T
JEALHE,

AN [k B ] 5 SR AT LB A 3 50 D e e A B e TS 2 v T 2 ARHE ARG AR B, AE R 45T I
ALY | PO AN [ b T ) T 0 2 1 22 e, A AR B A R R A 2k P I 2 T AE R AL Ak 2

(4) oy B ACA BUBRZH 73 18] B G HK

W ARSAE TR (R 5) , 70 BEl) S0 FLA A S By al B B AL 2 Y& 520 1 /Y
IR R B ROARSCE LY 2 5410 1 TNy 3 B9 IO S
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PRI LSy 2 ST R E FLIAI BRI O o) 1 B AR AR O . AR A 4L
o3 2 SR LA A4 1 B E S, MR 3 BRI 2 BRI, S EE
MLy 3 Sy BEl] W FLAGI R R A 0 2 52 REEARSCHE . BOTIIRALS 3 ST I R R 4
71 2 B E A

£5 KEFRHBHTESEUENRZEAHEEXR

Table 5 Linear correlation coefficients(r) between difference easily oxygen organic carbons

ZH4Y 2 Fraction 2

Hii S BE) Hik i TSI Tl A
Seedling Tillering Jointing Heading Filling Milk ripe Maturity
o1 Hii Seedling 0.342 0.725*" 0.736 " 0.548 " 0.414 0.811* 0.853**
Fraction 1 4}BEM] Tillering 0.415 0.864 " 0.798 ** 0.597" 0.387 0.860 ** 0.772**
T Jointing 0. 140 0.848 ** 0.817** 0.537" 0.535" 0.524 " 0.766 **
Fh Y Heading 0.199 0.637 " 0.542* 0.865 " 0.078 0.645 " 0.747 **
HEIK ] Filling 0.355 0.733** 0.611°" 0.432 0.355 0.722** 0.753**
FLEUY] Milk ripe 0.213 0.868 ** 0.738 " 0.644 0.072 0.752* 0.657
A Maturity 0.142 0.738 ** 0.688 ** 0.509 0.256 0.595 " 0.879 **
4y 3 T Seedling 0.454 0.317 0.361 -0.114 0.661 **  0.235 0.470
Fraction 3 43BEH] Tillering 0.215 0.717 0.848 " 0.389 0. 504 0.684 0.571*
AT Jointing -0.089 0.368 0.526* 0.311 0.535* 0.158 0.087
Y] Heading -0.190 0.046 0. 094 0.206 0.158 -0.223 0.152
TESI Filling 0.376 0.714 " 0.505 0.205 0.232 0.507 0.385
FLEUY] Milk ripe -0.243 0.282 0.459 0.341 -0.115 0.609 * 0.543*
LR Maturity 0.079 0.360 0.368 0.272 0.252 0.208 0.696 **

# R P<0.05 B BE KT, = = R P<0.01 BB R 0 #KF

2.2.2 G EAAADER SHEROCR

XA R AT LR o3 5 HE i A Tl AR A A A B

y= -393.6 + 237.7 x,— 63.0 x,— 21.6 «x,

A,y A BEHECR v, M 1 S x, N2 i, x, UL 3 Fi, F=21.43,P<0.0001 , 524 B 3%
K

y XF o, x, B oy SRR REU TR (R 6) AR 53 5 S8 A A HLBsRT H e HE R VR AR 453 1> 41
G335 2, A3 1 SHEBCR AR REUR K, LR R A R, YR B B 25 K0F 414 1 st oAl
A3 B RSN /N X U B AL 43 1 % B e HE R B9 VR F 2Bk AAR S |

o1 2 SHEBUAE OC R B0 B ERR R RO BB WK A i i 41 43 2 fy Rl AR R ECh
TAE, P I A ZH 738 3k 20 53 2 B RHEAE HIFRAN K, 255 2 X B s e s S /E

215y 3 SHERGE S A CREFELL 1 R 2 Z00) X H e Y B 42 R BCH s B T K
L 2H 3 38 2o 20 53 3 % B BE HE AR FH v % ] 422 (W) F 3R 85038 o R, o B At 28 5338 o 40 43 3 19 ] 4224 R
AR,

xo6 TESEUBENRSHBMZENERSHN

Table 6 The path analysis between different easily oxygen organic carbons with CH, emission fluxes

YEFEF Factor Z04} 1 Fraction 1 24} 2 Fraction 2 24} 3 Fraction 3 HERL emission fluxes
#H43 1 Fraction 1 1.03814 ** -0.32922 -0. 03804 0.67088 **
#H4¥ 2 Fraction 2 0. 80921 -0.42236 " -0.01518 0.37166**
#1433 Fraction 3 0.55328 -0. 08982 -0.07137 0.39208 **
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