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Effect of Soluble Sugar and Organic Acid on the Active Organic
Carbon Content and Methane Emission in Paddy Soil

LIU Chenggian, FENG Shuhua, LI Xiang, HE Yongmei, ZHANG Yanxue,
ZU Yanqun, LI Yuan, XIE Chunmei

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose ] The exudates of rice roots are an important factor in regulating methane emis-
sions from rice fields. Through anaerobic cultivation of paddy field soil, the influence of rice root ex-
udates on methane emission from paddy field was explored. [ Methods ] Soluble sugar (Sr), oxalic
acid (O), succinic acid (S), malic acid (M) and their combinations were added to rice root exudates,
and then the soil enzyme activity, soil active organic carbon content and methane emissions were

measured. [ Results ] (1) The additional Sr and organic acids significantly affected soil enzyme activ-
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ities, but the effects of different components on enzyme activities were varied. Among them, the activ-
ities of polyphenol oxidase and dehydrogenase increased significantly under the treatments of S,
OSM, SrO, SrS and StOSM compared with the blank (P<0.05); the activities of sucrase and cellulase
treated with S, M, Sr and SrOSM were significantly reduced (P<0.05); the catalase activity of all
treatments significantly reduced (P<0.05). (2) Soil microbial biomass carbon and soluble organic car-
bon content were significantly affected by the addition of Sr and organic acids (P<0.05). The contents
of microbial biomass carbon and soluble carbon for treatments of O, S, M, OSM, Sr, SrO, and SrM, as
well as easily oxidized organic carbon under the SrO treatment increased significantly (P<0.05); but
the contents of easily oxidized organic carbon under the O and OSM treatments decreased signific-
antly (P<0.05). (3) The cumulative emissions and fluxes of CH, under the treatments of StM, M, SrO,
O, SrS, and SrOSM significantly increased (P<0.05). (4) The soluble organic carbon content and
catalase activity showed a very significant negative correlation (P<0.01), and it has a very significant
positive correlation with the activities of dehydrogenase and polyphenol oxidase (P<0.01). Soil micro-
bial biomass carbon was significantly positively correlated with methane emission flux (P<0.05).

[ Conclusion | The addition of soluble sugars and organic acids can change the active organic car-
bon content of the paddy soil and the activity of carbon-converting enzymes, and increase methane
emissions. When the total carbon input is 0.3 mg/(g-d), the treatment of adding soluble sugar and mal-
ic acid maximizes methane emissions.

Keywords: paddy soil; root exudate; soil enzyme; soil active organic carbon; emission of greenhouse
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Tab. 1 Addition combination of soluble sugar and organic acid

L w (VPR (mg- g™ HHLE organic acid HIN BB (mg-g-d )
treatment mass fraction of soluble sugar 2k type wi/(mg-g") total C input

CK 0 — 0 0

Sr 0.245 — 0 0.1

o 0 R oxalic acid 0.423 0.2

S 0 BRI succinic acid 0.403 0.2

M 0 3R R malic acid 0.033 0.2
FE oxalic acid 0.423

OSM 0 PREARR succinic aicd 0.403 0.2
IR malic acid 0.033

SrO 0.245 FER oxalic acid 0.423 0.3

SrS 0.245 BRI succinic acid 0.403 03

StM 0.245 3R R malic acid 0.033 0.3
FE oxalic acid 0.423

SrOSM 0.245 PREARR succinic acid 0.403 0.3
AR malic acid 0.033

TE: USRS AR ATRE . RPERERE, A ERMATCE, ARERE o AU D ERE=22 1 1.

Note: Soluble sugars include glucose, fructose and sucrose, configure the solution by entering equal amounts of carbon content, glucose . fructose :

sucrose=2 . 2 . 1.
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Tab.2 Correlation between soil enzyme activity and active organic carbon contents

miH A A it it HE EAEReA UK

item catalase dehydrogenase invertase polyphenol oxidase cellulase
A A BLBR soluble organic carbon —0.708%* 0.502%* 0.270 0.547%* -0.707
Gy B A ALK easily oxidizing organic carbon 0.065 -0.326 0.042 —0.406* -0.078
AR microbial biomass carbon -0.238 -0.006 —0.349 0.193 0.337

VE/Note: *. P<0.05; **. P<0.01,
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3.0 ISINAT VAR HLER X 3R R 1 R

AR PERE A BLIRJE K AR R AR R
Wy, Je b A WY S R AR, e

SR ) LR R A A P R SR T
PERTS AT AE . USRI PR AR LR I
ST R I . A PR R . SRR
IR FATR S o e 5 T 22 ST B AR 8 m ey 3
BEFAMR Al (B PR AR T B A Sy T



714 Py I )y N = 22

9536 4%

R R b B A 9 R S I R R
ATV TR S SRR o o 43 AR 38 B 55 AT
b F AR B B, 7T TR AR S SR R Ak L P T 1
IR,

IR INAT RN DR 5 7K A i S AL =
Tl R PR ol % S S PR, LR R e S
KR (-COOH) M2k (-NH,), (RorFaA L
R & A R %L (-COOH) FIF24E (-OH), #H[F A A
e A PR AT B IS PEAE T, AH S 2 A 2508
BAEH; B . BRHIMRASERMRAEH 2R
B, WRMREA VAR, AR T
TEPERYSR I, B0 5 U S RN R il v
EREAL; AR S AR E R, SARRA
A5 AR PEAE & 530 SrO M1 SrM Ak B 1 AHk ity
TR 0 B

TKAE e 2 W S AL B 1 e R S, AL
P FEMER R pH LTt 2 Wy &40 S % #E pH
6~9 [H) it b ACY s By, 1
FOKE BT, FECEYUR Rt B a7 ) 2
WIS, ZEN Z S em IRy, HS
i TS A Y o i 2 T E AT Sry
M Fil StM Ab BRI & A A 2 iy L, IS
P FH T Bl 0 1 AR 28 R 8 3, HE Al Ak B o 5UR
59, EEETERGR, XS5 EEERME . AYEEE
T2 A £ A FE R B 2R SEMER AR ) B, i
ENTR RN IEERIN &I Y/ e N S Ea -
MIARTREGEY R, HIL S8 g R T .
3.2 URINRTIEPERERIA LR B 1 SR A AL
B (1952 HL 52

R A SBR[l A
S5 LR AR A R, 5 IR
A VLR S IR, Abtssd, W4k
UG PE S T A B R S T, AR
it 1 2 1y SR AR S M 5 T PR 1 T A R I
FHIG, X2 W TR A DL A 2 A A A Pl &
EAE R R R BRURR, BRSO ke
- B P R AR AR, AR SECORE S Ak
AL S R REE R . R R S A R
LB P 2 IR ARG, AR SR 45 AP A 2
S, ATRESE BT U I AT PERE RUA PLER B 4
FIH 2R B AN (] LA S A= Wy B i 4 A i el A2 5 5k
M, Z B A AR M 5 AT A A LR S
IEASG, S5 %A DS &2 B ERAMHEC, R

PR VS I o] VA A G BILER 20 T ARPR IR S, 1
T Z W EAERE T, e IE - 50E HUT 3 L
FOd A MR FEAR, mASEE  SrO . StM
O I M AbFE Ty A L & it i o, A LR
T 2 A2 A T B R ) 4 HEE AL AR
. RS, 5 YUAN 2589958 —3, i
i A I AERE R A LR, PR OKRER R
TILBNASE 2 PR, nTIA A LR S
wehn, HORRUERR AT 2 IR, ARk
TERINEE . 5 IR S R SR
E, W REMESE, XSRS A
MLk 5 2 W F AL B2 OAE DG, 22 M UL Bl T PR X
AP E AR KE, AR LT g 5 A
e AL R E A OC, YA TRRABI . 7T
SPERERIA HLIR & A R I i &, olods +3
FRURLIRZS , HAWLBRALSY LBl s s, REMAR bR
T IRBRAL RN i BEAh, RTVEPERERIE MLR
1 e TG SRR, (A ) 3
TR ZH 53 1 B d = B A4
3.3 IRINRTVATERERIE MLERRT CH, HERCE K500
AL R R HILR 2 9 i A 4 b i DR AR
i, 23R CO,. H, Fll CH, S5/ R0, £ HEmsk
HERRE 1 9 E A AR e RS M Pk, U
AL . AR S A E LR, S5
CH, WYHERCEVIANDG s R SA A Yl iR
R E MU, P AE = B I VER T
A B CHY ., ARHFSE KB AT PR HLER i i
ABERE KRS 4 CH, HERCR: B &3, I Hax
T AR50 114 5 553 A0 A T A M R ML P 25 179 401
Mo IRIRALFR AR N 0.2 mg/(g-d) A,
PRI, &5 F =AU il E4pi Y
FIA, ARk S RN e 2, H 3RSk
A, ARHE CH, HERG S AR B8 0.3 mg/(g-d)
B, TSR I AR S i — 8, F 3K
CH,, HE I B A A R S 3 A7l A G
PETHT AT . CH, HERGE &5 R AR R &
SEIEAHSE, 0 R A SR R AL P ) TR A
Fr A LR & RN, CH, HEBCE: FHE
G o S RN, K T R RS SR R 4 4 TR
B, ARG AR Y, DR SR R R R
FRACFRRY CH, HEBCEIG I B35 "R LS &
A, TRASTRIG AR, SRR MR
IR G RS MV G s USRI I AR fn 1



543

XUISCHT, & PHAMREAT DL RS B s M LR & B 5 T B i it s 715

TAEYE S AT R RS, 2530 StM Al SrO
AR PRI CH, HEACE B B &3, RS oY
T AMET TSR A LR IA R T, G
A PR S RAEAL R 10 d JE# TR S, AT
DA IR G BRI EF A EE, A0k
PERBN B TR, BTy nl s e AE Hl
FRYE S F AL WLk, JOAE 3 RS, W5
PRI, L, S8 A PR FE, X
5 R R A R —B, BRI CH,
PR E AR VLR I A2 A Hy-CO, I8
JRigte, Ho, AYURE MR E R CH, 5B
P 60%~76% )

FHSHES BT T AL A W ik & &5 CH,, HE
I 5 A A OG, B SA A PR S S CH,
HEGE A B IEAHOG, B A A A DR % 552
TR, A Yy i A2 S AR R
=, it CH, HERGHE 32 5 R M W B, FR
WZo ZEAA YRS ES CH, HEAGHE & 27 D
FIEAE, RN RERKSEAE T, AN
B DG PR AU W A AR CH T B A
A PE VR, B Py ik & it 5 i
PEA LB & BRI REXT CH, HEBG A= 50 m, (A%
FALE VLK A A 3, HJFEE N CH, 724
A CO, B MARURR, BB A8 1 Z 5
WEWERE WS, ULl 5, nrEvEs s
BILIR B4R T 2 el e 398 v o BLRR 9 2 75
P R H 3 b 5 AR LR A Y i S S
CH,, HEBUH VIAH & 036 M BLms s & &, ki
M E] CH, 7=, B CH, WHERCE:

IR FEHR 28 0 I ) B TR A - 33 6 M A ML 114
Wy, Rt4E CH, A SRLER 2R Y ; ARPR 135
W TEA HUBR L4y . B i ROAR PR ) B 5
CH, HERBC™ . MR R WP HE i, 3 i ok
Py Jgusn, s A e, {2 aE CH, HE
B, HHEEPUREA ME RIEZS, HivhMEf
A2 5 e B g ) KRG R, HE I 52 1 K<
R ESRIRIES, Hk, 3 sh S
WS BRI AR h B B A

4 ZHig

AN T VR FIAT FLRR . 35 1 I R B Y i ik
Fl A L & &, N 2 1 S A A

SUBGHEPE, FEACREMENG . 27 4R R A A e S
TP, SEARBRAE XS CH, HERC A 3E 2R 3
FPRIRZ o USRI PR A AL i i e -+ 4
RS MBS PE, HEMIRZNA CH, HEc M

[ &3k ]

[1] ANTHONY A P, AUCAMP A F, BAIS C L et al. Envir-
onmental effects of ozone depletion and its interactions
with climate change: progress report, 2009[J]. Photo-
chemical & Photobiological Sciences, 2010, 9(3): 275.
DOI: 10.1039/6923342n.

[2] K%, AT E, 5, 55, CH AN OR 4R ST 58 5 4
ERIEE B RE[)]. KA R, 2013, 37(3): 745. DOIL: 1006-
9895(2013)-03-0745-10.

3] Eke, AER, XUHRZE, 55, AR A AN R XS H R BeHE
22 e Ak e B A (0], AR S IR AE, 2018,
41(3): 39. DOL: 10.16765/j.cnki.1673-7148.2018.03.005.

[4] ORAPIN K. Methane emission in four rice varieties as
related to sugars and organic acids of roots and root ex-
udates and biomass yield[J]. Agriculture, Ecosystems &
Environment, 2005, 108(2): 155. DOI: 10.1016/j.agee.
2005.01.004.

[5] YUAN Q, PUMP J, CONRAD R. Partitioning of CH,
and CO, production originating from rice straw, soil and
root organic carbon in rice microcosms[J]. PLoS One,
2012,7(11):e49073.DOI: 10.1371/journal.pone.0049073.

[6] XU, BOGRE, AT, 55 AR 5N b
T T AT R (0], R R s R, 2019, 35(33): 91.
DOI: 10.11924/j.issn.1000-6850.casb20190600293.

(71 R, EMT7, D, 55 MAEHR R Z AL
TN (D). FEF, 2015, 34(5): 21. DOI: 10.3969/.
issn.1001-4705.2015.05.006.

[8] EZEKIEL B, EMILE B, ARMAND G, et al. Impact of
artificial root exudates on the bacterial community struc-
ture in bulk soil and maize rhizosphere[J]. Soil Biolo-
gy & Biochemistry, 2003, 35: 1183. DOI: 10.1016/S0038-
0717(03)00179-2.

(9] MR, BRRLIR, k& e, & M A=A HUIEXS 3 U
VB 35670 LU 2 AN 5 PR I RS (7). B AR A 2
%, 2019, 30(9): 3147. DOI: 10.13287/1.1001-9332.2019
09.028.

[10] #AEIL, ME~F, SR, 45 B 2 70 b P ak i A\ 8 7%
o3 fif vh A O REVE B A IS D], B SR )
22 4, 2020, 26(2): 417. DOI: 10.19675/j.cnki.1006-
687x.2019.05030.

[11] GIRKINA N T, TURNERB B L, OSTLE N, et al. Root
exudate analogues accelerate CO, and CH, production in
tropical peat[J]. Soil Biology and Biochemistry, 2018,
117: 48. DOI: 10.1016/j.50ilbi0.2017.11.008.

[12] FRUE, THs, BRAITO A FHS5OU A D s o A K iR [ B
S AT 3] B AR A 4R, 2017, 28(2): 689. DOL:
10.13287/3.1001-9332.201702.010.

[13] AREE, XIH, Rl 55, J T30 5 05 1 e B ek
JBCREAIE K 5 0 IR 2K BT 7C (9], M Bk AL 22 3 R, 2019,


https://doi.org/10.1039/b923342n
https://doi.org/1006-9895(2013)-03-0745-10
https://doi.org/1006-9895(2013)-03-0745-10
https://doi.org/10.16765/j.cnki.1673-7148.2018.03.005
https://doi.org/10.1016/j.agee.2005.01.004
https://doi.org/10.1016/j.agee.2005.01.004
https://doi.org/10.1371/journal.pone.0049073
https://doi.org/10.11924/j.issn.1000-6850.casb20190600293
https://doi.org/10.3969/j.issn.1001-4705.2015.05.006
https://doi.org/10.3969/j.issn.1001-4705.2015.05.006
https://doi.org/10.1016/S0038-0717(03)00179-2
https://doi.org/10.1016/S0038-0717(03)00179-2
https://doi.org/10.13287/j.1001-9332.201909.028
https://doi.org/10.13287/j.1001-9332.201909.028
https://doi.org/10.19675/j.cnki.1006-687x.2019.05030
https://doi.org/10.19675/j.cnki.1006-687x.2019.05030
https://doi.org/10.1016/j.soilbio.2017.11.008
https://doi.org/10.13287/j.1001-9332.201702.010
https://doi.org/10.1039/b923342n
https://doi.org/1006-9895(2013)-03-0745-10
https://doi.org/1006-9895(2013)-03-0745-10
https://doi.org/10.16765/j.cnki.1673-7148.2018.03.005
https://doi.org/10.1016/j.agee.2005.01.004
https://doi.org/10.1016/j.agee.2005.01.004
https://doi.org/10.1371/journal.pone.0049073
https://doi.org/10.11924/j.issn.1000-6850.casb20190600293
https://doi.org/10.3969/j.issn.1001-4705.2015.05.006
https://doi.org/10.3969/j.issn.1001-4705.2015.05.006
https://doi.org/10.1016/S0038-0717(03)00179-2
https://doi.org/10.1016/S0038-0717(03)00179-2
https://doi.org/10.13287/j.1001-9332.201909.028
https://doi.org/10.13287/j.1001-9332.201909.028
https://doi.org/10.19675/j.cnki.1006-687x.2019.05030
https://doi.org/10.19675/j.cnki.1006-687x.2019.05030
https://doi.org/10.1016/j.soilbio.2017.11.008
https://doi.org/10.13287/j.1001-9332.201702.010

716

P EEE A N e

9536 4%

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

34(11): 1141. DOI: 10.11867/.issn.1001-8166.2019.11.
1141.

KOGEL K I, AMELUNG W, CAO Z H, et al. Biogeo-
chemistry of paddy soils[J]. Geoderma, 2010, 157(1): 1.
DOI: 10.1016/j.geoderma.2010.03.009.

T, 2201 %0, W76, S5, UV-BHE ST 76 BAB: M A%
TR A WU S R SRRSO R ], Ak
R85 Bl 222 3], 2018, 37(2): 383. DOI: 10.11654/jaes.
2017-1060.

WA, BRIEAS, B8 R B 1 2 A T B SR A A
FF R B B GE R 0[], ARV IR BE R} 22 224, 2007, 26(5):
1968. DOTI: 10.3321/j.issn:1672-2043.2007.05.073.

SHI S J, RICHARDSON A E, O'CALLAGHAN M, et
al. Effects of selected root exudate components on soil
bacterial communities[J]. FEMS Microbiology Ecology,
2011,77(1):600.DOI:10.1111/j.1574-6941.2011.01150.x.
FEE I, RUBRL, 73038, 45, IHEREX 3G LA
&AM R 2 [I]. o E 35 AR, 2010(6): 58.
DOI: 10.11838/sfsc.20100610.

AR, SRR, R 3 5 IS U Y FUIE M.
A5t B AR, 2008.

KA, TRAEAL, 5kEW, 55, LA S I I0VE M.
Jemt: Aolk ik, 1986.

JASCHE, R, EEAR, &5 A FEKAR A RS
3 ) o8 R D). R FRBE R R, 2020, 39(11):
2675. DOI: 10.11654/jaes.2020-0517.

SONG J F, MA R, HUANG W B, et al. Effects of exo-
genous organic acids on dehydrogenase activity in dark
brown forest soils under nutrient deficiency[J]. Agricul-
tural Science & Technology, 2014, 15(3): 395. DOI:
10.16175/j.cnki.1009-4229.2014.03.012.

BMSE, BRAER, B/, &5 IR TR LR AR IE R+
B3 5 R 0 ok RISERA(T]. F sl R 224 (B AR
Bl 2 fR), 2018, 42(1): 105. DOI: 10.3969/j.issn.1000-
2006.201701007.

R, IR, ETE, 5. 15 2 Wy A A P SR 7T 2
O [)]. R R, 2006, 37(3): 470. DOI: 10.3321/j.
issn:0564-3945.2006.03.013.

X, B, [m IO, S AR K B AR o P B X
TR 3t AR L SR R E PR K S R (0], B 5 AR
W2 4R, 2020, 26(3): 635. DOI: 10.19675/j.cnki.1006-
687x.2019.05050.

EIERR, WK B, W, 5. FORREATIE B X IR R R
RIS LT]. PEABARMRBIER S 224 (H AR B RR), 2015,
43(7): 177. DOI: 10.13207/j.cnki.jnwafu.2015.07.017.
AL, RIS, T, 55, SCHGE R ) R v g
W R AE S R 3R D], 2R 35 2431, 2020, 40(2): 549.
DOI: 10.5846/stxb201808111718.

JfR, RALE, kig v, . LIBEMA LG E 51
B R[], IR, 2019, 50(1): 70. DOI: 10.19336/j.cnki.
trtb.2019.01.11.

ALEE, WRALH, BOChR, 56, LORNET R TR 28 MROPK B 1328
SE HU AN 5y A LB R B 2 e AP 2 0], 7K &
1 FF 224, 2013, 27(6): 186. DOI: 10.3969/j.issn.1009-
2242.2013.06.037.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

(42]

[43]

[44]

H M, BN, R, & =10 RN R 28 A 135
WYEA N A 7 R B2 R ). AR AR, 2015,
35(23): 7625. DOI: 10.5846/stxb201405060894.
YUANY S, ZHAO W Q, XIAO J, et al. Exudate com-
ponents exert different influences on microbially medi-
ate C losses in simulated rhizosphere soil of a spurce
plantation[J]. Plant and Soil, 2017, 419: 127. DOI: 10.
1007/s11104-017-3334-6.

B AL, R, TR, S 0B AR AR S A X A A 1
Wiz S 77 oy i A AR B SE i []. ) AR AL R, 2017,
44(12):59.DOLI: 10.16768/j.issn.1004-874X.2017.12.010.
] 7k 3, HET7 R, UM, 5. UV-BAE 5 X 70 BH B H 7K AE
HRARLMWOAs 73 WA 5 AR Bt A ) i i B2 [ ], A<
Mk 3R 85 Bl 2% 22 4R, 2016, 35(4): 613. DOIL: 10.11654/
jaes.2016.04.001.

IR, 2, KT, 4. REFTIE B SR KA R &
I3 W) I B ER R B S WA BIE ST (0], Bl A AR, 2014,
23(2): 140. DOI: 10.11686/cyxb20140217.

S, 2B, TRARER, . UV-BIY 5 T it ik 0 7% H
CH AN, OFHE TS 38 T 75 95 IR e Wi 0], A 25 24 4l
2017, 37(14): 4715. DOI: 10.5846/stxb201604110661.
WRT R, W SN, KL, S5 SN BRI 22 R AR I
PR ). S 5 AR IR AR, 2014, 30(6):
780. DOI: 10.3969/j.issn.1673-4831.2014.06.017.

BB AR, 75 LAZR, XU =, 55, B S H BT K FE
R e R TR Ok A R (0], 3%, 2018, 50(3): 537.
DOLI: 10.13758/j.cnki.tr.2018.03.014.

TLHE, Mgk, ZEmes, 5. EK MR I 7 3 %
- 8 Y e HE A A B AELBIE T (0], R MR, 2019,
17(1): 100. DOI: 10.13248/j.cnki.wetlandsci.2019.01.014.
BN, LOMERE, REAM, . ANFISMEA DI AE H
e HETBORT 5 S8 AL A WL R 5 0 [J]. AR ML BRARALF 9T,
2013, 34(4): 496.

FNR, SR, BUR %, & BIEMOKRE A LR A
3 6 A JY1 it S ) o 82 R R AR . o [ AR B A
2017, 50(23): 4593. DOI: 10.3864/j.issn.0578-1752.2017.
23.012.

KYREE, Iz, SRR, &5 Ry IR 135 5 AL
A LB 1) 5 i [J]. £ 808 4R, 2014, 45(2): 420.
DOI: 10.19336/j.cnki.trth.2014.02.028.

CONRAD R, KLOSE M, LU Y H, et al. Methanogenic
pathway and archaeal communities in three different an-
oxic soils amended with rice straw and maize straw[J].
Frontiers in Microbiology, 2012, 3: 4. DOI: 10.3389/fm-
icb.2012.00004.

CHEN R R, WANG Y M, WEI S P, et al. Windrow com-
posting mitigated CH, emissions: characterization of
methanogenic and methanotrophic communities in ma-
nure management[J]. FEMS Microbiology Ecology, 2014,
90(3): 575. DOI: 10.1111/1574-6941.12417.

Hilg 5, TYLR, BRE, 5. FEFF R L 8ef HLak
Ir FRIG AL B R ()], R AR S O R, 2014,
22(4): 386. DOI: 10.3724/SP.J.1011.2014.31063.

(T4 % 744 M)


https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.1016/j.geoderma.2010.03.009
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.3321/j.issn:1672-2043.2007.05.073
https://doi.org/10.1111/j.1574-6941.2011.01150.x
https://doi.org/10.11838/sfsc.20100610
https://doi.org/10.11654/jaes.2020-0517
https://doi.org/10.16175/j.cnki.1009-4229.2014.03.012
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.13207/j.cnki.jnwafu.2015.07.017
https://doi.org/10.5846/stxb201808111718
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.5846/stxb201405060894
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.16768/j.issn.1004-874X.2017.12.010
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11686/cyxb20140217
https://doi.org/10.5846/stxb201604110661
https://doi.org/10.3969/j.issn.1673-4831.2014.06.017
https://doi.org/10.13758/j.cnki.tr.2018.03.014
https://doi.org/10.13248/j.cnki.wetlandsci.2019.01.014
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.19336/j.cnki.trtb.2014.02.028
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.1111/1574-6941.12417
https://doi.org/10.3724/SP.J.1011.2014.31063
https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.1016/j.geoderma.2010.03.009
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.3321/j.issn:1672-2043.2007.05.073
https://doi.org/10.1111/j.1574-6941.2011.01150.x
https://doi.org/10.11838/sfsc.20100610
https://doi.org/10.11654/jaes.2020-0517
https://doi.org/10.16175/j.cnki.1009-4229.2014.03.012
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.13207/j.cnki.jnwafu.2015.07.017
https://doi.org/10.5846/stxb201808111718
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.11867/j.issn.1001-8166.2019.11.1141
https://doi.org/10.1016/j.geoderma.2010.03.009
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.11654/jaes.2017-1060
https://doi.org/10.3321/j.issn:1672-2043.2007.05.073
https://doi.org/10.1111/j.1574-6941.2011.01150.x
https://doi.org/10.11838/sfsc.20100610
https://doi.org/10.11654/jaes.2020-0517
https://doi.org/10.16175/j.cnki.1009-4229.2014.03.012
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3969/j.issn.1000-2006.201701007
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.3321/j.issn:0564-3945.2006.03.013
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.19675/j.cnki.1006-687x.2019.05050
https://doi.org/10.13207/j.cnki.jnwafu.2015.07.017
https://doi.org/10.5846/stxb201808111718
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.19336/j.cnki.trtb.2019.01.11
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.3969/j.issn.1009-2242.2013.06.037
https://doi.org/10.5846/stxb201405060894
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.16768/j.issn.1004-874X.2017.12.010
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11686/cyxb20140217
https://doi.org/10.5846/stxb201604110661
https://doi.org/10.3969/j.issn.1673-4831.2014.06.017
https://doi.org/10.13758/j.cnki.tr.2018.03.014
https://doi.org/10.13248/j.cnki.wetlandsci.2019.01.014
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.19336/j.cnki.trtb.2014.02.028
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.1111/1574-6941.12417
https://doi.org/10.3724/SP.J.1011.2014.31063
https://doi.org/10.5846/stxb201405060894
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.1007/s11104-017-3334-6
https://doi.org/10.16768/j.issn.1004-874X.2017.12.010
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11654/jaes.2016.04.001
https://doi.org/10.11686/cyxb20140217
https://doi.org/10.5846/stxb201604110661
https://doi.org/10.3969/j.issn.1673-4831.2014.06.017
https://doi.org/10.13758/j.cnki.tr.2018.03.014
https://doi.org/10.13248/j.cnki.wetlandsci.2019.01.014
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.3864/j.issn.0578-1752.2017.23.012
https://doi.org/10.19336/j.cnki.trtb.2014.02.028
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.3389/fmicb.2012.00004
https://doi.org/10.1111/1574-6941.12417
https://doi.org/10.3724/SP.J.1011.2014.31063

	1 材料与方法
	1.1 供试材料
	1.2 厌氧培养试验
	1.3 测定方法
	1.4 数据统计分析

	2 结果与分析
	2.1 添加可溶性糖和有机酸对CH4排放的影响
	2.2 添加可溶性糖和有机酸对土壤有机碳和CH4排放通量的影响
	2.3 添加可溶性糖和有机酸对土壤酶活性的影响

	3 讨论
	3.1 添加可溶性糖和有机酸对土壤酶活性的影响
	3.2 添加可溶性糖和有机酸对酶活性与活性有机碳的交互影响
	3.3 添加可溶性糖和有机酸对CH4排放量的影响

	4 结论

