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1 R LINRTGE T, Al AT P RO PR B SRR 3, KT 410125

2 MBI ER PRI QF G, Kb 410125

3 TR A IR R R R E K SR BRA ], 1P 471000

FEE 38 A SR A T BI04 3a il A HLAC RS HEZE 4, 208 R 3P A B ik (MBC) KA Bl (DOC) |\ 5 %1k
A KL (ROC) FIAT 5464 HLI% (readily mineralizable carbon, RMC) %5 16 P24 HLER &tk A8 T HVBe(CH, ) B HERCH & 381t
BHUIC M 05 A PR AR M 5 CH HER R . BFFE 45 R R« (1) AL XS - 58 i ) TE e AL Y — 2 R fE 1
Mo 3a ARIGEICAHE 1584 DOC ROC MBC F1 RMC FJ°F-31 3 543 514 383.6,2501.2 640:4 mg/kg F1291.7 mg/kg, 3a fitifEaE
(FBFEHRIE  PM) RY3E(RSFE+LIE, CM) FIAS B (F5 2+ LB, RS) 19 DOGY &t 433 HL AL JIE ( CF) b BRI 5.6% .6.7% Fil
19.3% ,ROC [ & 43 Bt CF B4116.6% .8.4% 1 9.8% ; MBC & 14351l Eb. CF 31 5:1% ,14.8% F1 21.5% ,RMC 34111 6.8% ,22.0%
H133.9%, AFIHEACAL PR RS H - 38 S MG ALERCA A0 BE A o T A, (2) BN AL 2 5 25 19 &g I CH, HE, CH, 43 BEIA 1Y HE
JHCE B A 143 £%,3a PM.CM A1 RS 2L 381 CH, HER 5 A1 e CF ARSI i 37.0% ( P<0.05) ,92.7% ( P<0.05) 1 99.4%
(P<0.05), (3)A[EALALELR DOC ROC MBC 1 RMC 7% & 5 CH, HEiUGE &I 7E B IEAH KR ,ROC 5 CH,HEBUMAH
FREURE N 0.754(P<0.01) , H 4 BT HLER B R D) o F H o B -3 h i i Ha Al SRS CH HFE R IEMH XX R,
(4) L2 B0 A8 4 P ML, 3R ROC Al MBCH)& R 825400 CH, HEL .
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Effects of organic manure application on active soil organic carbon and methane

emission in paddy soils

WU Jiamei"* ", HUO Lianjie*;.J1 Xionghui'*, XIE Yunhe', TIAN Faxiang', PENG Hua', ZHU Jian', GUAN Di'

1 Institute of Soil and Fertilizer in Hunan Province, Key Laboratory of Agro-Environment in Midstream of Yangtze Plain, Minister of Agriculture, Changsha
410125, China

2 China Southern Regional Collaborative Innovation Center for Grain and Oil Crops in China,Changsha 410125, China
3 He'nan Xinyue Environmental Science and Technology Research and Development Co., Lid., Luoyang 471000, China

Abstract: Active soil organic carbon ( ASOC) is an important component of soil. Tt plays a critical role in soil organic
carbon turnover processes, which potentially contribute to future climate change. The properties of ASOC and its effects on
methane (CH, ) emission from paddy soils remain unclear, and were therefore investigated in the present study. We
determined ASOC, including microbial biomass carbon (MBC) , dissolved organic carbon (DOC) , readily oxidized organic
carbon (ROC) , and readily mineralizable carbon (RMC) , for 3 consecutive years after application of organic fertilizer. The

treatments used were as follows: (1) no fertilizer (NF); (2) chemical fertilizer (CF); (3) pig manure +chemical
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fertilizer (PM); (4) chicken manure + chemical fertilizer (CM ) ; and (5) rice straw + chemical fertilizer (RS). The
results demonstrated that (1) ; ASOC increased upon application of organic manures. The 3-year average content of ASOC
in DOC, ROC, MBC, and RMC was 383.6, 2501.2, 640.4, and 291.7 mg/kg, respectively. The content of soil DOC,
ROC, MBC, and RMC under different treatments was in the following order; RS>CM>PM>CF>NF. The content of DOC
was 5.6% , 6.7% , and 19.3% higher in PM, CM, and RS, respectively, than in CF. The content of ROC increased by
6.6%, 8.4% , and 9.8% with PM, CM, and RS, respectively, over that in the CF treatment. The PM, CM, and RS
treatments showed 5.1%, 14.8% , and 21.5% higher MBC contents and 6.8% , 22.0%, and 33.9% higher RMC c¢ontents,
respectively, than CF treatment. The ASOC content was higher at the tillering stage than at the maturity stage. (2)... The
CH, emissions significantly increased with application of organic manure. The CH, emissions under different treatments were
in the following order; RS>CM>PM>CF>NF. The CH, emission in PM, CM, and RS treatments increased by 37.0% ( P<
0.05), 92.7% (P<0.05), and 99.4% (P<0.05), respectively, over those in the CF treatment. The CH, emission was
142-fold higher at the tillering stage than at the maturity stage. (3): With the increasingsduration of application, CH,
emission at rice tillering stage increased in different treatments. Positive correlations were observed among DOC, ROC,
MBC, and RMC in all treatments. DOC, ROC, MBC, and RMC contents were strongly correlated with CH, emission, (e.
g., the highest correlation coefficient between ROC and CH, emission, r=0.754, P<0.05). The contents in DOC, ROC,
MBC, and RMC at the tillering stage had a significant correlation with CH emission, with correlation coefficients of 0.537
(P<0.01), 0.754(P<0.01), 0.728(P<0.01), and 0.431(P<0.01) , respectively. However, no significant correlation
was observed at the maturity stage. In conclusion, ASOC content showed a close correlation with CH, emission, especially
ROC and MBC content, which might be directly associated with CH, emission. The results of the present study suggest that,
among the treatments tested, pig manure is the best organic fertilizer because the soil has lower ROC and MBC contents.
Application of pig manure could be an effective measure to improve the quality of the soil, render it suitable for sustainable

development, and mitigate CH, emissions.

Key Words: active soil organic carbon’; dissolved organic carbon; microbial biomass carbon; easily oxidized organic

carbon; mineralizable organic carbon; methane emission
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00 Bl 18 R AR AR R 2 — IR DR M A 2 A R Y
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1 #MREFE

1.1 R X HEN

RS A TR A KB4 2 RIBHB/KREH (28°08'18"N,113°12'0"E ) , 4K 42 m, AR H iR N
17.1°C , 4 [#/K & 1500 mm, = 10°CAEFRR 5300—6500°C , K )7 RS /K R Ak 721X, - 38R g f8 0 40 21 43
KB ERAKRE L, b2z, 3 pH 6.0 MUK 33.3 g/kg &R 2.04 ¢/kg 20 0.85 g/kg 2481 9.2 ¢/
kg AR 212 mg/kg ATRUBE 11.1 mg/kg HAH 97 mg/ke.
1.2 gt

RIGAE 2010—2012 AFFF &, B8 5 ANEEE, 2300000  ANHAE LR ARAE+55 38 (JE S, PM) ARAE+X8 3% (X8
Z%,CM) AL IE+FERE (FEHE RS) . BA0HE 3 DN EE R R EVLIX AT, B4 A 3 A it 0 L% 1,
HIZEAEY KRS SRR AT 8 H R R ACIRAS . ZUIE IR 2R B0 it W RS , 40 e S (LB AT HLAE T
FESL . REH Y —ZERGUSCIR B RS B P44 774 7500 kg/hm? 43R5 | FEAR Hh s 55 1) 2 el 180 10 it AR T
Bt , A DA R LA P i AT ) 2 388 AR 288tk O A8 o it S F e, W38 8 it A s FE A9 MILAE
P B RER 9 it A LIS R R AR R AN FH PR R &AL B b 5t , B T X828 AP LR 7 i U R AR, I
B RIE LU R 0 1, S 2 T VI /2 S0t A A 288 Ak 31y ol 0 IS R4 2 A 4 P 8 U e 3 e AU Ak 38R 7 14t FH

FERLY 2 20 em /B, BRACH [R], AR AMEA H 8], 5 - 58R 500 K8 BRI R E BTG 5 S i kK
THFRAE = A —30, KA SRR oA T AL 608 .

®1 TRLEMEESE

Table 1 Fertilizer application rates of different treatments

e fene AL SIS
Treatments Chemical fertilizer/ ( kg/hm?) Organic manures/ ( kg/hm? ) Nutrient amount/ ( kg/hm?)
N P,04 K,0 C N P,04 K,0 N P,04 K,0

NF 0 0 0 0 0 0 0 0 0 0
CF 270 135 180 0 0 0 0 270 135 180
PM 112 0 70 2850 158 197 110 270 197 180
CM 74 0 0 2850 196 218 197 270 218 197
RS 234 129 68 2850 36 6 112 270 135 180

NF: JCHE no fertilizer; CF ;AL AL chemical fertilizer; PM . %2 pig manure + chemical fenilizer;CM;Xﬁ%?xf chicken manure+ chemical fertilizer; RS ; f

B rice straw+ chemical fertilizer

1.3 REES T

IKFE S BE | LAY R RN AR T AR 1 SR SR RIS I SR L A
XIS A EFER S W AT AR R VE AR KT ot 0.25mm £ 3805, H Il DOC \MBC |
ROC Ml RMC % f, DOC SRHIK - H 501, 281K 242 %%, B0ad 0.45pm JEME, I TOC {2, MBC >k
AT ZE K, S0, =248 JEAE TOC [ _EE " s ROC R 33mmol/L SR FRAN L (s  RMC [ 5;
F B 12 JRUCTRES, A 1K Bk (1 60% , # Yagi Al Minami B 57 2536 R 202
1.4 Zdikb

BHEZE Excel 2007 25 >R SPSS 17.0 FAEXT U 47 5K 22 77 22 7308 (ANOVA ) ,LSD (P =0.05 %
0.01) HLACAS I Ab 3 -+ HE VG PR BILRR & B Z I 25 5 30 TR LB 25 41505 CHL HE I & 8] (14 AH G 1 o
MR Pearson #5075k, H3EREMEA MUBRAL4r5 CH, HEGHE R FH £ 0045 45 mUH A T 04T

2 HR55%H

2.1 AFhEAFE 458 DOC 1) & A8k
3a LA At IE A FHAS I+ 58 DOC &4 261.3—587.3 mg/kg (&l 1), SEXIME K 383.6 mg/kg, [A—7K
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AR ZET MR AL BEE) DOC & 534 R 43 BE 30 = F il ONF ©CF ©PM aoCM =&RS
B (B 2011 4F RS AbFEAN) o AS[RVAEA ], A HLAE
ARFRES 1 ARG 2 AR 4T BESTRT I 1 AR AL AN K it
553 AR, S BEIAN BCAUII AR [ 40 B A DOC 5 & B 5
T RTAR A, AN AL EE 2 BEI 3a DOC BY-F-35 7
M50 400.2 mg/kg, A 8.7%

Jite A e HH 38 DOC # s 38, 1 45 HLAE Ak 2
T X E TARNE AR B, AN TR Ab 2 43 BE A AU DOC
S RS>CM>PM>CF>NF,3a PM .CM F1 RS 4b B
SYBEWIR DOC & &40l L CF ALBEIE N 4.7% \5.6% Fi 1 FRE4ELH DOC ZBBHY
18.4% ;3a PM .CM 1 RS 4bFE 20 19 DOC 743  Figl Variations of soil DOC content under different fertilization
H. CF AbFRHE N 6.4% 7.8% F1 20.2% , Al jis i Ab i g treatments
PM CM Al RS (5755 4 5L 40 B LE CF B89 5.6% 6.7% NF: A no fertilizer; CF: £k i chemical. fertilizer; PM: % 3§ pig
19.3% ., HEAESS 1 AEFNSS 2 4R [ AR 3AS R A 7 1
1 DOC &I &2 R, 5 3 4F RS AL Ay /K i /7 BE
B DOC & &9 CF . PM Hl CM 5 6.2% (P<0.05) .10.7% ( P<0.05)%1 39:7% ( P<0.05) .
2.2 A[AEEAE AL 43 ROC 15 2481k

AN [A)Jti AE AL FEAS T 13 ROC (&5 2193.0—2816.3 mg/kg(18.2), HSFEH &+ 2501.2 mg/kg, [Al—7K
FEZEAT A AL BT BERT ROC B i T AU, 3a AR FRSBERA ROC 19 F-35 F iR 2507.9 ,2622.0 mg/kg
F12973.8 mg/kg, 735 ) 25 U 5 92% 11.4% 1 20.2% 5 3 BEIA RS BUBI B ROC 2 44 Fiti 25 Jiti AU AF 17y
HBE IR, MEAR AR 3 4E ROC 197 38 TRl PI4E

[ —Z45 AR R ROC 3 & 51 K RS>CMSPM>CF>NF, 7K R 20 BE . i HE 55 1 4FAS ] ik 28 )
ROC & TG B, T RS 2 47, RS AL Bk CF ZBFRIGHN 11.4% ( P<0.05) ,J B4 3 4F, RS .CM FI PM b3
# ROC &+ CF 4R3I AN 19.1% (P<0.05) ,13.8(P<0.05) Fl 15.7% ( P<0.05) , A HLALE] TG W EPE 22 7 3a
PM . CM 1 RS A7t IE AL 53 BEW] ROC RISy & it 43 Al Lk CF AR3EE N 7.3% 9.5% F1 10.3% . /K iU . it
FAHLALERE 1 4F  R[R)ALBRIE] TG i 35 v 25 5 AR AR 2 41 RS AbFEA) ROC 5 WAt & T NF AL BE it AR5 3 45,
RS .CM I PM AL BRI ROC & 4351 b CF AL BRI N 5.2% ( P<0.05) ,6.7( P<0.05) 1 9.6% ( P<0.05) ,3a JHZ\
1 PM CM FI RS 4bFE () ROC S8 75 143l bb CF 411 5.9% 7.3% 1 9.4% , KFEA A AL KB PM .CM 1
RS 43Ikt CF #4511 6.6% 8.4%H19.8%
2.3 A[EEAEANPE 458 MBC ()% =28

3a 352 AN TRt ATAL FEAS T 398 MBC A& 50 392.0—926.6 mg/kg( & 3) . [Rl—/KAREZET, 4 F WA
BN MBC & 758 614.9 mg/kg F1519.1 mg/kg, MBC 5 i Bt IEAF 3 A3 I mi g n , 3a A [R] b 2 53 BE
1] MBC ¥ & 2l 569.9 .691.0 mg/kg Fl 831.8 mg/kg,2012 4 BEH] + 35 MBC & H 433 [ 2011 4EF1
2012 AFfal-BH T 121.1 mg/kg F1269.1 mg/kg., JitiIE AL 3 ) BGRAHI Y 7 ot Lb 43 BE I /) 5.39%—28.6%

[A—Z=45 AR [RAL B MBC S48 518 RSSCM>PM>CFSNF, 3a ANl ALALBE 43 BEH A9 PM . CM FiI
RS AL FE(Y MBC & f 409 CF AbFHE 1.8% 11.4 F119.3% , MifPHE 1 4F 43 BEMAN [R] b R ] G i B v 2% 57
JEAEEE 2 4F RS .CM F1 PM AbBEATEERI A9 MBC & = b CF ALEEIE TN 2.9% ( P<0.05) ,19.7 ( P<0.05) F128.5%
(P<0.05) ,jiifit 3a () RS A1 CM AL #/BEHARY MBC & &L CF AL BEYE T 8.99% ( P<0.05) F111.9( P<0.05) , Jii
NESE 1 AEFNSE 2 AR U0 RS Ab3EAY MBC & & 3 & T NF O3 Ho o i 1k 22 % . ARDUKREA: § i
1 PM .CM F1 RS 4bFR ) MBC V348 #4051l Lk CF 341 5.1% ,14.8% #1 21.5% .,

700 ¢ 20104 . 20114 . 20124
600 | 1 1
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0 i ! i H: H

YRR A RN CR A EEN
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manure + chemical fertilizer; CM: ¥ Z& chicken manure + chemical

fertilizer; RS FE AL rice-straw+ chemical fertilizer
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i 0 =8 == o= ‘ SEEN BUMY AEEM RAME ERN Bl
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Fig.3 Variations of soil MBC content under different fertilization

B2 AELLELEROCEETH

Fig.2 Variations of soil ROC content under different fertilization
treatments
treatments

2.4 RIFIEAC AL HE 45 RMC B & A8 ik

3a AN[A] Ab K AF 43 BEIA (1) £ 5 RMC SF- 35 &8
291.7 mg/kg (¥l 4) ,3a 43 BEW] L B2 1) RMC % 1 5
30.9%,

JEAEEE 1 4RSS 2 R Rl AL BRAK AR 40 B RMC 7%
2RI, (i A A LA Ak BE S =5 T JC AL Ak B | it AE
%5 3a RMC & i 2208 W A8 K, JLHJE RS Ab 3, Ltk PM
F1CF 435341 50.0% (P<0.05) 1 71.0% ( P<0.05) ,
JEAEES 1 ARRNSE 2 4R B A R AL BEAY RMC P[] B4 REAELE RMC 4 BT
IR AL 3a J5, MRS RS | CMA PMYAL L Fig.4 Variations of soil RMC content under different
S EG CF ARERIEAN 71.1% (P<0.05) \70.6% ( P<0.05)  fortilization treatments
F1141.4% (P<0.05) , tb NF 34 i1 66.9% ( P<0.05) .

101.2% ( P<0.05) 1 101.8% ( P<0.05) ,

NF ZbBE) RMC HAIK (R 2001 4F B o ) |, 20 Bl e R — /K fE 2295 CF.PM,CM il RS &b B A RMC 5k /D>
87.7—417.3 mg/kgy 3a A[EIKAFH I RMC V348 5530 b CF 350 7.4% 20.7% 1 34.1%

2.5 CH,HEmuE &

CH, HEAlcE ] W 2) , KRG BRI CH, HERGE & 15.4—59.6 mg m™ h™", i HERGHE 54 0.1—
0.7 mg m™ hT",3a f M CH, F-H4HE il & 53 512 A 9 45 .89 #1295 £, 7K R 40 BE, Bl 2 Jiti AE 4140 (1) 14
o, He e g, AN AL EE A CH,HEBGE %, HREAE AR K, AN FAR ) T B W25, AR
ey AR CHHERGHE f34 5 RS>CM>PM>CF il NF,

ONF oCF HPM onCM 8RS

600 20104
500

400.¢
300

R AL

Readily mineralizable carbon/(mg/kg)

200
100

Tillering Maturity Tillering Maturity Tillering Maturity

®2 AEMEELEHHBEE (mgm™>h™)

Table 2 CH, emissions under different fertilization treatments

Kb 2010 2011 2012
Treatments SrBEM Tillering WY Maturity JrBEM Tillering B Maturity ZrBEW Tillering WY Maturity
NF 15.4+2.5 b 0.6+0.7 a 26. 6£5.4 b 0.3+0.1 a 27.3x4.8 ¢ 0.2+0.1 a
CF 17.3x1.6 b 0.4+0.3 a 26.1+2.2 b 0.4+0.1 a 29.9+4.2 ¢ 0.1£0.0 a
PM 23.8+3.0 b 0.5+0.7 a 27.4+29 b 0.2+0.0 a 41.0+£0.5 b 0.2+0.1 a
CM 19.8£5.0 b 0.3£0.2 a 33.6£5.1 b 0.5£0.4 a 57.6+1.9 a 0.1+0.1 a
RS 37.0+8.4 a 0.7+0.5 a 55.7+7.2 a 0.5+0.1 a 59.6+3.6 a 0.2+0.1 a

SR bR EZE , R R — SN BE AR [R PR R IB B T 5% 1Y B35 KK
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Jiti A HUIE AL AR 1 ARG 2 AF 43 BEIN Y CH, HEAGHE i 5 T NF Fl1 CF Zb38 NF .CF .CM 1 PM b3 [a] g
IR 22 5% RS A PHBH B o T A AL 3 AR SR 3 AF A HLIE AL BN B = F CF A NF Ab 3, RS b3 &, kR
CM #b3 B & & F PM AbFH, RS .CM A1 PM 4b 3 73 51| Eb NF AR #EH4 0 50.0% (P<0.05) ,110.9% ( P<0.05) Al
118.3%( P<0.05) , [t CF Ab3HH4 1 37.0% ( P<0.05) .92.7% ( P<0.05) F1 99.4% ( P<0.05) .

2.5 THEEPEA LK S R OCR L S5REE CH AR C R

et HH A [R) 20 3 A L o0 0l S5 e T CHL A T AR DG 2 A, A [R1 A 53 1) I TR PR A HLAR 5 CH, HE K
PR R 2 IEAHDC KGR (3R 3) , LA ROC 5 CH, HERGHE & ARG R BUR K, U A B 5 CH, HESE R
BV AR A LR (] LA 7R b 3 TE AR DG OG- AT DA 1 rpOR W) 20 43 T VA DL (] A 0C 28 25
Yl 4 FiE A MR 2002 4 BR 2 SR8 H CH, 174087, 25 5 %87, ROC il MBC 578 H.CH, 5 —%&& %
Z, A y= —121.239 + 0.055x,(p<0.01) Fl y= —122.155 + 0.049x, + 0.028x,( P<0.01) ('y H GH,HEjik
i, %, 4 ROC,x,> MBC) , A ULAE H L3 /%9 ROC A1 MBC % 12 {2 52 W e FH CH, HETL,

®3 WHIEEEENRS CHHREENEXYE

Table 3 Correlation analysis between active soil organic carbons and CH, fluxes

i H Item DOC/ ( mg/kg) ROC/ (mg/kg) MBC/ (mg/kg) RMC/ (mg/kg) CH,/(mgm™2h™")
DOC/ ( mg/kg) 1

ROC/ ( mg/kg) 0.576*" 1

MBC/ ( mg/kg) 0.366 " 0.509 ** 1

RMC/ ( mg/kg) 0.299 ** 0.448 ** 0.435** 1

CHy/(mgm™h™") 0.391 ** 0.811** 0.542** 0.486 ** 1

% KRB FK P<0.01

e FH - 438 43 B R0 A A S (W) 4 430 1 AT ML 15 CH HE 047 40 G 23 17, 43 BE DOC . ROC \MBC Fl1
RMC it 55 CH, HFBUAAAE S 0 2 IR AR OC, AR SE R 4537128 0.537(P<0.01) ,0.754( P<0.01) ,0.728 ( P<
0.01) F1 0.431( P<0.01) , 1fi B2 SAFE H 3G PEA VLR S5 CH,HEBCITCH 2 PE , o] Loy BEIA 0 381G e
MLk CH, HEBCE VIFG

3 e

3.1 ARSI A PR 5

W52, JCIe it B KA DLUIEEC it AL AR | Y98 F) T3 13 DoC &7 0 ) AFss
B 3a i AFEEE WFEFAREATPUIER DOC 355 5 535l Lk NF 3401 5.7% .6.7% 1 19.3% ., A HLIEE A fe3
hnt 3 g DOC 51, m] REAY JE R 2 HLAE G A B0t 39 ek 2 IR e e B SRR Ay | o i A R AR 2R A
R A A e DA TG AR 22 20 W ) R MLAR AR SEAE D (R IE 38 &, A AILAE At F S84 hn 1 58 MLER I | 7E 5L
A= WIVER 43 i B 22 A IR A BILAR - 7

B ROC 5 25 Xt 4 H8 A B8 it A A 2 o oy sk 1 1) AR ST R T, TGRS 40 BE R B 4 A
M 398, it A DUIB AL BRE ROC S8 T CF AbH | 0 5 55 A o8 45 AR 55— 2010200 ml e G SRR 2
A AL sl A P AL B RS 34 A SMEA MLEREEA AU 8t & 1 58 2 iR, R dE U E M A, 32
L R T R LR A AR e bR e R L ROC SR

et HH # it A HLAC AE I 42 5 £ MBC & &, 5 Lagomarsino ™)\ Wang'* Fl Rehman '™’ 25 i) fff 57 45 S AH
[, AP ARE B G, S e B as Y 1w 3 e W2k v, S i AT HURR (4 A W % fie it
FRL 20 i e MBC 2 3 b AT 5 S iR g i IR, A MLAE A RE 52 =5 38 MBC U5 i,

Jiti PG AR b R B 5 400 RMC B35 297 ARBIESE o, PM . CM AT RS AR B 1) 32 RMC 23 51 e it A
HAEAL FRS2 5 7.4% 20.7% 1 34.1% , W] RERY it KA HILAE BTt A B2 S 5 FIARL 400 41 9 0 v 1, 3804l 4= 48 vp
AT HLAISE N , 39 4 75 B 43 A B0 A ML A9 tho R B2 385 0 207 4 396 e Bl 2 0 tho A 398 A, Bl RMC 75
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B4,

KRR R T Bl A B I HERS SR W T =, T P T P B 5 7K 43 B I 1 A0 5 T 7K R LA
W KA S BESHAR R 05 0t 3 T U, A AUIE A B 5 A HLAR B, it o i, AR R T T 3 S0l 1
TV LB AL 43 R 4 BE T = T Rl KRR HLIEEE 1 AR RIEE 2 45, R (3G A HLIR b 22 R AN K,
FEREES 3 4F 38 b 6 HLAK A 58 5 TR0 2a, v RE A JR U A ALIFESS | ARl 56 2 48 DU o ik 5%
82 MRS 3 4R B L3R Y Z A AL A A, I A T AR AT AR SR BE A o i, TR e 22 3a 14 it HE 2R
B, o 3 e P AT RO A5 IR ™ 8, BUEER 3 AR ATE PEAT DILRR LR 2 4R

+ 8 RS AbFEAY RMC & e, HJE CM AT PM AR B, ATBER 3 FAHLIE S, A A AR AL (C/
N) B RE B SO FES 153 A IS R, A HUIE G A L3585 — @ IR JE B P, 3 i o/ N s, 35
T B B 7K Tt e s 120200 PRI 3 1 T 488 i MBC &4 RS>CM>PM, 148 MBC & 38 B LA H fx
TR 5 Rk B AT B VI OG &, H B i s (IR A it 30 0 ) AR AR, £ RMC
&, RS AT R NS (i 2 it AT ALAE R DARMEE K R A R X A AU AR, 7E I R AR
FRUR HABRE ST 3 RSB 55 #0325 B0 1 36 PR A MLAR 18] 4 W 3 A IE A5G 6 &2 1 P T Ik i B T DOC  ROC Al
RMC [ &/ RS>CM>PM,
3.2 AFEMEEA VR S CHHEBOCR

DOC 1EFR4 IR /K R A CH, ™ A= ke 2 Z AR, 1 DOC %5 %) Bl it A= 4 Jr f1 52
Vermoesen 25 455 FE 0 IE 52 38 DOC &5 /K L3R CH, HERCE IEAR oG, E 22 T 3 DOC /B R
- EE Y R TR RRE VR, CH, BRI B, MORTHE N CH HE o i fe e %0 R WA B+ 38 R 19 DOC 5
CH, HEBOG I @A, nT BE A B R oA HLRH A, R CHL I 15 7 ShR SRR IR A9 3 A (OK [ 13640
Bk K AEAR R 008 , R HLA R AL A it S F ZR R, 1 EE B -4 DOC 5 1 Bk [ /KRR
50 CH,HECS K RERR PR DOC 13 S IEHIEOC R | 1 SRR PR £ DOC S RICHE R ik
AR B -3 DOC X CH, HEB RS ER - A BR WA L T RE RO 8 ) A 0 25 UG - B R 5
g ARAR R 49, RS T 4387 9 DOC S8 GH, HEROCH et

YA 3 CH, = A IR Y , -3 AR ot HL = A Al il LA B R, AR 5T I, 18 P i J LA G
A BT CH, IHERR A — 2 10 5, ARG HG Al %) 386 P A ALAR , 1498 ROC 19 2 &% CH, I 52 M 5K
) A 0 A 5 U S ] BBV CHL P 7 A R HE Tt 5 Xt A5 1 o 197 3 5 0%, - 38 vp B9 ROC SR 487" A
[ A B DR AR A T W o vt R FR AR, IR AR A5 ko i 2234 CHL, M €O, , T L, DR T H 38
iy CH, F 2k A LIEF Y ROC,

- A MR VR R ML G A A RN F5 A3 AE IR, 8 A AR 25 2R G0 AT R 2 M RN ) 8 1 kS 25 B A
o BT HCH TR BRES 25 B U, HHE MBC © 23598 12 BFSE . ABFSEIESE H3E Y MBC &5
FEH CH,HERCE B TEAHOCOC R, HEH M CH, HERL

A [t A A B Y A FH - 3% RMC & 58 CH, R 2 B35 IEAH SR (r=0.542,P<0.01) , 5 H A
FEWIN T EIE P RMC 5 CH HEWA —E X FR, Bossio 2 T3 RMC S48 /8 H 3G M WLBR YR,
ANMES G P RMC 5 CH, HE S YIAR | Wang 2558 220 ] 4a F5FFAY 153 RMC S350 1.5
i, 5 CH,HERCOE AN 5 1522, Yagi A Minami #F58 % R, 76 AN [) 25 700 -+ 3 R0 ) A8 2 REAC 38 F 6 v
RMC &5 CH HE R & KR 5 m KR I CH, HE ) EE R & 22— Mishra ZE0F58IES2, RMC 5
CH, HEf 2 6] A S M8 B % K (r=0.938) , RMC 1] LU FHAE i e LR 8 7 B e 1 )P B s g0
Al UL A RMC & S % VT2 ma A I CH, iHERL .

4 #ig
it AR i s A MR & i, A HLUAEAL B 13 DOC (ROC . MBC Fil RMC 5 & 43 51 oA AT A 2 1
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n'5.6%—19.3% .5.1%—21.5%F1 6.8%—22.9% , A [R]jiti T AL 3 i) 376 PR AT LA 5 1t 3200 43 BE R T it
A HLIEHAE O CH, AR, PM  CM A1 RS 40 PE A9 CH, HEAKLE CF AR EE¥E i 37.0% (P<0.01) ,92.7%
(P<0.01) #199.4% ( P<0.01) ,3a A [A4bBEASHERGE 720 RS>CM>PM>CF Fl NF, 43 BE A HE il & 5 T 6
ARG A MR SR CH HEBGE B AFE B AR, HUFA PR SCRE Y], ARMAR
I, LA BE ) 38 b i 15 A DILBR B S R MR R T CHL HE; AS RGP HLEKR 4 4) , 13 b ROC F1 MBC .3
SmAE H CH,HERL

2% 3L HR ( References)

(1] Mg, Bkdt, W10 S0 Tl P HLAR A A R AR SRR, AR Al 1999, 18(3) : 32-38.

[2] Wang W, Lai DY F, Wang C, Pan T, Zeng C. Effects of rice straw incorporation on active soil organic carbon pool$ in a subtropical paddy field.
Soil and Tillage Research, 2015, 152 8-16.

[ 3] McLauchlan K K, Hobbieb S E. Comparison of labile soil organic matter fractionation techniques. Soil Science Society of America Journal, 2004,
68(5): 1616-1625.

[ 4] CR/ME, SRPMRS, ki, 2dF, 2090k, BRI, WIARM. SR (Pinus massoniana) N T ARG T IEAR RIS VA HUBRAO 0. £
224, 2015, 35(16) ; 5393-5402.

[ 5] ZhangX Y, Meng X J, Gao L P, Sun X M, Fan J J, Xu L J. Potential impacts of climate warming on active soil organic carbon contents along
natural altitudinal forest transect of Changbai Mountain. Acta Ecologica Sinica, 20107 30(2) : 113-117.

[ 6] Laik R, Kumar K, Das D K, Chaturvedi O P. Labile soil organic matter pools in a calciorthent after 18 years of afforestation by different plantations.
Applied Soil Ecology, 2009, 42(2) . 71-78.

[ 7] Bridgham S D, Richardson C J. Mechanisms controlling soil respiration:( COyand<CH, ) in southern peatlands. Soil Biology and Biochemistry,
1992, 24(11) : 1089-1099.

[ 8] Ry, Lk, A, 248, XI5, fhH L S AL A PURA 2728 1 5 W e fE ) QM. A= 252 4, 2013, 33(15):

4599-4607.
(9] Zuf, iktitad, B, M, E30hl, 0%, AREAALEE +HOK B A DLk S RRRIE R3S 2 Ak, ROV IREERI22224], 2013, 32
(2): 314-319.

[10] Rk, #hR3E, BTz, RS LIEGAD e 07 ik . JEat. TR HRRA:, 2006 54-64

[11] 2, XUnSsk, FME, EI A REled - B0 L EE A ML RS AR A 5. 4225224, 2012, 32(15) : 4753-4761.

[12] Yagi K, Minami K. Effect of organic matter application on methane emission from some Japanese paddy fields. Soil Science and Plant Nutrition,
1990, 36(4) : 599-610.

[13]  SRAERL, SRBAHH, GRS TIETRaORA HLICAL S L DU ARG T K e - SRS PE A A A ML AN, -3, 2014, 46(5) . 832-838.

[14]  ESHPF, M5, BMEA, 2005, WEst BHE T N SFEFFIE FXT R 2 TG A UL 4 5 7 B SR . Al B2 2 3,
2013, 32(4) : 735-740.

[15] R, VRS0 KIRIFNGAC A B 2 LR R 20 HURR A2 L. [ b 45 LR BEIRIE Y, 2012, (3) : 39-41.

[16] ZEILiG, Bhie=2, I, 7 &3 X R 48 1E B A s R8240, 2011, 31(10) ; 2837-2845.

[17] Dormaar J F, Lindwall C W, Kozub G C. Effectiveness of manure and commercial fertilizer in restoring productivity of an artificially eroded Dark
Brown Chernozemic-soil under dryland conditions. Canadian Journal of Soil Science, 1988, 68(4) : 669-679.

[18] ChenH Q, Hou R X, Gong Y S, Li HW, Fan M S, Kuzyakov Y. Effects of 11 years of conservation tillage on soil organic matter fractions in wheat
monoculture in Loess Plateau of China. Soil and Tillage Research, 2009, 106(1) . 85-94.

[19) ZEHH, R¥, SBIME, XN, 2006, S5 56 E KRS FF AR i 4] 5 JURR L 39605 M A Lk i sh S8 1k, £ 3524k, 2010, 30
(19): 5264-5271.

[20]  B&FF, fUA%Y, XHOCE, vk, Loyl AR, BhfE Dy SO0 H e A HLBR AL 20 A DL S (b LA KB R BURFAE A S ). 3@ iz,
2014, 45(5) . 1144-1150.

[21] k&R, MUIE, B35, TR B L RO ER I LA YU E AT R, Bk, 2004, (3): 10-12, 16.

[22] Lagomarsino A, Moscatelli M C, Tizio A D, Mancinelli R, Grego S, Marinari S. Soil biochemical indicators as a tool to assess the short-term impact
of agricultural management on changes in organic C in a mediterranean environment. Ecological Indicators, 2009, 9(3) : 518-527.

[23] Rehman K, Ying Z, Andleeb S, JiangZ, OlajideE K. Short term influence of organic and inorganic fertilizer on soil microbial biomass and DNA in

http ; //www.ecologica.cn



18 4 RME A5 AN I AL Ak P - S A LA A R e HE A4 52 e 6175

[24]

[25]
[26]

[27]
[28]
[29]

[30]

[31]
[32]

[33]
[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

summer and spring. Journal of Northeast Agricultural University( English Edition) , 2016, 23(1) . 20-27.

Marinari S, Masciandaro G, Ceccanti B, Grego S. Influence of organic and mineral fertilisers on soil biological and physical properties. Bioresource
Technology, 2000, 72(1) . 9-17.

H AR, JEERE, ARE, ARRAAE. TGN 0 - R R A LRI ML AR . RO BREERL 242840, 2007, 26(2) : 672-675.
XuM G, Lou Y L, Sun X L, Wang W, Baniyamuddin M, Zhao K. Soil organic carbon active fractions as early indicators for total carbon change
under straw incorporation. Biology and Fertility Soils, 2011, 47(7) . 745-752.

HRIBCF, B, RORAL. KIWE COMIAE A 0 T 3w v A LR Ak B 5 MR 43 i AR DG HE. TR AR R 24253, 2014, 45(5)
528-532.

KB, VAL, MERAR, FUTR. A VLR AL ST el AR K IR R Pt sE. R, 1997, 28(2) : T1-73.

TR, R, B, A R RBRE LA UL A AU T3 RE Y A YRR o, s AR 2R, 2013, 21(9) : 1073-1077.
Henriksen T M, Breland T A. Carbon mineralization, fungal and bacterial growth, and enzyme activities as affected by contact between crop
residues and soil. Biology and Fertility of Soils, 2002, 35(1): 41-48.

HE, BEN, R, BIERE. SRR R R SR 3G P DL A 0 K i s S A3 ARARG 2015, 135(23) ) 7625-7633.

Ve, SRBEAR, BOHCE. 3R v 3 22 o IX 20K - 2038 g A A—— 1L AL 2 A0 A W2 N8 0 i Al Rsgesedie, 1999, 36(2) :
203-217.

WO, TR, PR 3E LI ST VA HLAR B R A A 1 T BRI BRI 3V BRI 3R 82441, 2011, 6(2) @ 10-15.
Lu Y H, Watanabe A, Kimura M. Contribution of plant photosynthates to dissolved organic carbon'in a flooded rice soil. Biogeochemistry, 2004, 71
(1): 1-15.

Vermoesen A, Ramon H, van Cleemput O. Composition of the soil gas phase: permanent gases and hydrocarbons. Pedologie, 1991, 41, 119-132.
FEE, TR, SRR, JAIRUE, Sass R L. AHLACHEFH | 3984 208 A 0 2 00 A HUBEHE O3 . R0 SRBE AL 224 4k, 2003, 22(5)
565-569.

Flc, AR, A, £, BROR. ARZEBKAEFAE T R AR PR L8 A DUt 19 22 5. At 2E 4T, 2014, 29(10) ;@
1003-1009.

Lu Y H, Watanabe A, Kimura M. Contribution of plant photosynthates to dissolved organic carbon in a flooded rice soil. Biogeochemistry, 2004, 71
(1): 1-15.

Lu Y H, Wassmann R, Neue H U, Huang C Y. Dynamies of dissolved organic carbon and methane emissions in a flooded rice soil. Soil Science
Society of America Journal, 2000, 64(6) : 2011-2017.

Bossio D A, Horwath W R, Mutters R G, VanKessel C. Methane pool and flux dynamics in a rice field following straw incorporation. Soil Biology
and Biochemistry, 1999, 31(9) . 1313-1322.

Wang Z P, Lindau C W, Delaune R D, Patrick W HJr. Methane emission and entrapment in flooded rice soils as affected by soil properties. Biology
and Fertility of Soils, 1993, 16(3) : 163-168.

Mishra S, Rath A K, AdhyaT K, Rao V.R, Sethunathan N. Effect of continuous and alternate water regimes on methane efflux from rice under

greenhouse conditions. Biology and Fertility of Soils, 1997, 24(4) . 399-405.

http ; //www.ecologica.cn





