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Relationship between soil methane emission flux and active organic
carbon content in sugarcane field under drip fertigation

BAI Xue, NONG Mengling, LONG Pengyu, LI Fusheng
(College of Agriculture, Guangxi University/Guangxi Academician Work Station of the New Technology
of Water-Saving Agriculture in Karst Region/Guangxi Colleges and Universities Key
Laboratory of Crop Cultivation and Tillage, Nanning 530005, China)

Abstract: [Objective] To study the effects of drip fertigation on soil active organic carbon content and
methane (CH,) emission flux in sugarcane field, and investigate the relationship between soil methane emission
flux and soil active organic carbon content. [Method] The field experiment with different irrigation and
fertilization treatments under drip irrigation was conducted in Nanning Irrigation Experimental Station from
March to December in 2018. Four fertilization levels were designed: Conventional fertilization (Fyq,

N 250 kg-hm™?, P,05 150 kg-hm™, K,0 200 kg-hm™), incremental fertilization 1 (F;,y, 10% increase based on
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Fi00), incremental fertilization 2 (F;,,, 20% increase on the basis of F (), and reducing fertilization (Fqy, 10%

reduction based on F ). Two drip irrigation levels were set: W gy (180 m*-hm™) and W5y (300 m’-hm ). Soil

CH, emission flux and active organic carbon contents at different growth stages of sugarcane were measured

using conventional method, and the relationships between soil CH, emission flux and active organic carbon

contents in sugarcane field were analyzed by Pearson method. [Result] At tillering stage, W3(oF ;5 treatment

increased soil soluble organic carbon (DOC) content by 156% compared with W3,0F ;oo but had lower CHy

emission flux in soil than the other treatments. At maturing stage, WsqoF ;oo treatment increased soil DOC

content and microbial biomass carbon (MBC) by 114% and 49.6% compared with W3ooF ¢, respectively. CHy

emission flux in sugarcane field was only positively correlated with soil DOC content, with the correlation

coefficient of 0.38. [ Conclusion] Soil DOC content significantly affects CH, emission flux in sugarcane field.

W3o0F 120 treatment can increase soil soluble organic carbon content in sugarcane field at tillering and maturing

stages, and reduce soil CH, emission in sugarcane field at tillering stage.

Key words: sugarcane field; drip fertigation; active organic carbon content; methane emission flux
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indicated no significant difference (P>0.05, Duncan’s test)

El2 TR4EEHEHIRREHREE
Fig.2 Soil CH, emission flux at different growth stages in
sugarcane field

LOC FEZ MIZEFALE . fE7BEH, W g THEK
PR Frpo AR AR 138 LOC & &5 o o1
T 28.48%, F o MiAEALEE N Wg, ¥ #E 1 1238 LOC
R Wy 05 R 38.57%. AEAHK I, Wigo
WHEIKF R Fop i AEAL PR +3E LOC & &5 Fio
FHHEIN 39.20%, o FHEAEALEE R W, T 7 1 1235
LOC HF &R W g BEM 25.20% . 1E B,
W g WHEIK TR F oy MR EF) 3 LOC & &
B F oo SN 35.77%, Wgo i HEK R Fo, Jit
JEALFE () 123 LOC & 88 F o 231215 28.79%,
H WigoFgo Zb# Y L3 LOC F & T & T 5%
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Table 2 Content of soil labile organic carbon in different drip fertigation treatments gkg!
THEREIKIKF it JE 7K~ w3 73 BEM] fK ) JA Y]
Drip irrigation level  Fertilization level Seedling stage Tillering stage Elongating stage Ripening stage

Wiso Fio0 1.5940.16a 1.51+0.16bcd 1.25+0.16d 1.23+0.08d
Fi1o 1.514+0.34a 1.94+0.01a 1.23+0.12d 1.45+0.03b
Fis 1.56+0.07a 1.74+0.07ab 1.60+0.15ab 1.67+0.08a
Foo 1.5240.30a 1.59+0.14bcd 1.74+0.11a 1.47+0.06b

Wio0 Fio0 1.23+0.30a 1.29+0.04d 1.31£0.14cd 1.32+0.06cd
Fi1o 1.3840.37a 1.40+0.07cd 1.54+0.18abc 1.38+0.05bc
Fis 1.204+0.12a 1.64+0.10bc 1.36+0.06bcd 1.43+0.10bc
Fgo 1.61+0.16a 1.43+0.01cd 1.25+0.18d 1.70+0.06a

1) & P B A B AR RIR, B 5 RIS 09 R R B F AR 25 .3 (P<0.05, Duncan’s %)
1) The values in the table are mean + standard error, and different lowercase letters in the same column indicated significant
difference (P<0.05, Duncan’s test)
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W igoF 120 ZAH ) HAth AL P o

A2 B WA ()% R it S Ach 3 - SRR AR ) R
(MBC) & & IL3E 3. fEHHH, Wigo KR Froo
Jiti JE AL FE ) 13 MBC & B Fl,, B &R T
38.93%. fErBEW, AR AbEE 2 [A] 13 MBC & &
2R TR, W g f1 W T #E K
T Fypo MEAEALER (1) 135 MBC & &5 F o0 7002 %

PR 300.00% 1 113.20%, Fyo MEAEALFR N W g, T
BEKFH 3 MBC 28 Wag 2 E RS
58.54%;, H Wi3goF 10s W300F 90~ WigoF 1 Al
W isoF 120 AL LA 3 MBC & R85 o 76 B,
W g0 T HEZKF R Fo Ht ALALEE [+ 3% MBC & &=
F o0 22511 33.57%, Woo THEZKF R F oy fiti AR
AbER () 3% MBC & 85 Fp o RS 49.57%.
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Table 3 Content of soil microbial biomass carbon in different drip fertigation treatments gkg!
THRERE KK T LK HiY] 5y BE] fi I J Y]
Drip irrigation level  Fertilization level Seedling stage Tillering stage Elongating stage Ripening stage
Wiso Fio0 1.32+0.14b 0.66+0.31a 0.16+0.03¢c 1.40+0.21bc
Fiio 1.31+0.19b 0.67+0.25a 0.64+0.09a 1.02+0.11¢
Fiso 1.27+0.16b 0.41+0.23a 0.65+0.03a 1.46+0.14abc
Foo 1.26+0.38b 0.54+0.16a 0.25+0.08bc 1.87£0.04a
Wig0 Fio0 1.82+0.03a 0.64+0.16a 0.38+0.05b 1.30+0.20bc
Fiio 1.40+0.29ab 0.63+0.08a 0.81+0.09a 1.15+0.11¢c
Fioo 1.31£0.34b 0.25+0.19a 0.41+0.05b 1.72+0.11ab
Foo 1.67+0.05ab 0.31£0.29a 0.67+0.09a 1.71£0.10ab

1) & P HH8 A T AR IR, B 5 IEE $ RN B FE AR £ % 2% (P<0.05, Duncan’s %)

1) The values in the table are mean + standard error, and different lowercase letters in the same column indicated significant

difference (P<0.05, Duncan’s test)

B LB A [ 7 E it A Adh EE B AT VA HL
ik (DOC) & & W& 4. £ 1M, AR A2 115
DOC & &2 A ZRAE % . £ BEW, Wy,
IKFR Fryo AFE) 138 DOC &8 B Fig M
Foo 47 B 5 156% 1 205%. (EAK 1, A 1A
THEK TR, Flyon Frog M1 Foo it AEAL 3 1) 133 DOC
FEBET Flp BERDEE (WigoFg AL HER

b8ye TERUAI, Wigo WHEK T Foo it AT AL 2 1 £
3 DOC F = Flgo B EHEE 183%, Wgo WK
PR Flag FT Foq Jifi AR AR 2 1) 13 DOC & & 7373l ¢
Fioo & 11 114% 1 143%, H 78 A [F #E K KT
s Frio Frog AT Fog il AR AL EE (1) -4 DOC & &3
F Fro0o MO, WigoFoo ALFE 13 DOC & 845 Hith
VUSSR
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Table 4 Content of soil dissolved organic carbon in different drip fertigation treatments gkg!
THREREIKAKF LK Rl 7y BESY] f I J Y]
Drip irrigation level  Fertilization level Seedling stage Tillering stage Elongating stage Ripening stage
Wigo Fi00 0.12+0.06a 0.2940.11cd 0.14+0.06b 0.12+0.02c
Fiio 0.28+0.10a 0.43+0.03abed 0.15£0.07b 0.23+0.03bc
Fia 0.31+0.15a 0.50+0.05abc 0.15+0.05b 0.30+0.14abc
Foo 0.13+0.05a 0.41+0.12bcd 0.30+0.06a 0.34+0.14ab
Wi Fioo 0.10+0.08a 0.2540.15d 0.15+0.09b 0.21+0.09bc
Fiio 0.28+0.13a 0.57+0.20ab 0.23+0.12ab 0.23+0.12bc
Fis 0.26+0.10a 0.64+0.13a 0.18+0.05ab 0.45+0.18a
Fgo 0.24+0.17a 0.21+0.07d 0.16+0.08ab 0.51+0.08a

1) Kb R A AT RIR, FII ARG 8 R R N B TR 25 .3 (P<0.05, Duncan’s %)

1) The values in the table are mean + standard error, and different lowercase letters in the same column indicated significant

difference (P<0.05, Duncan’s test)



36 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

23 EEREEHTERRHRBESEEEN

AKX FR

¥ 4 DA E Y% CH, HEBOE & 5 %5 M
AR 2 K I B 1 A ML 4 2 347 A DG
I3 HT, G5 RRE, 3% CH, HElUE & 5 +3% DOC &
B2 EEIEMK (P<0.05), ik R&¥ N 0.38; 5+
B MBC 1 LOC & & WAH K R 505 7 8—-0.21 Al
—0.02, HAHSCPEA 2, 1 B % H L3 ] i 1t A AL

e oy TN 438 F G HE RO BB

3 RS54

CHy 7 25 RVHETSZ ™ A R R A TR 77 W b
T A 45 5R, 78 2 17 e ik SN i B 177 Y
W AE KB CH, P AL B SE R AR A, i< 3
AT CH, AL R A, Al AL FE R
(K] CH,P o AT TUEE RAR W], W igo M Wgq T HE K
SR R CH, HEE 442 B AR b B X0
RIARAC AL, IX AT e A2 RO H i 0 BETIE Ak T
T35 W, e B R A B R N ] A T AR
A& 7 B e 1 £ IR SR 2 T M 3 A LR
BEATHEIRAE HT, 80 CHy B EHE, Xt 55%
RAHEFEN 1T A 7K A0 TR Y A ORI R
RHEI R A5 A — B0 A 2B RS B Je 45 R AR W]
3 o it 2R T AT R R A e R R, AR ST
Wi0F 129 SEERAE 7 BEIIIE H + 3% CH, HESCE 5 IS,
TXR] g A DR D o A 4 R ) NH, N S R
S, I o - 458 R e S A TR 10 K e
TN, BEM RS T 3% CH, BIHEI.

Yagi 257§, +4 LOC & &Xt CH, HECE
w2 R, (R M SR B AR, R
LOC & &5 e HEBUH R EAN K, A St se 4 R
FERoR, BEH 3% CH, HEBOE &5 LOC & &A1
PEARZE . LOC J& T A HLR, /WK LIEh A
5y 4y i ELAR A L B B i T A e Oy 5 R i
B, ARAEAE I IIAL T 7 RIS, IR AR ik
K2k T, B LOC & 8BS R < R A

Masto 5502 WF 73 W, it AL IE B A $2 i 3
MBC & & [ o A 45 RE I, WigoF 0 Al
Wi00F 110 P20 0l 52 i {31 7 35 MBC 5 2,
XATAE SR A VUIE R ISR & T IR A Y
PEA R, MBC & & AL 2 2 AR )0 L3
AR IRR B BE R, AT CH, HFBG= A5t . A
MCHFFUR B, B - CH, fFiUE &5
MBC Tt {2 2 A K 1, X 0T A8 5 AN [F) 38 R A

VR it A 7 O B A s PR R s A TR oG, BAARAL
HUE Tk — 250 5T

A0 [ R R, IR A B iR+
BA VR DS AEE R R ER, TERE
24 5 i DOC SRR T H 3R A Y AR =4,
A FE T I YRR AR B (1 55 K 2L 2341 5 4y il 7k
DOC™ s ARG A REK W, WigoF 1208 W3goF 99 4L
HE B T o BRI A
MURK 75 f, 3X 7] B A2 DRI D it AL 2 384 A - 338 i A= )
R FH B8 2 B LB EAT ACE 31, AT % 7 F 1
B DOC FEMR ™A T B, K%
DTSR, 1Y DOC J& CH, P2 AR 1 b B 441
ERRMEM A K T BRI, SO RUE AR e
W, & BT RERN CH, HEBGE B . AWF7 4 R
FER W, L3 CH, HElUE =5 13 DOC A &
FHEIEMHRKR, X—45 705 T Mot
#ﬁ[c

25 F TR, 7257 BEM, WaooF 0 IR VA TEA ML
% (DOC) FH At Ab#H 57, {H & T3 CH, HEUE &
AR PRAR o 7 LI, W3ooF 150 1 H 13 DOC
TR E. L CH, HiuE RN 5 L3 DOC & &
Z A2 TEAH R, AHOC R A0 0.38, 1B 3% DOC
B AT 5 25 RS R P A 9 e HE G & . K,
WoF 120 FI 2 170 BE 1A 2R 1R FH - 8 T P
MU &, [ B B A1 23 B A 7R P 1338 F e R

S E 3R

[1] DMy, B, =, & KT Sa PRI 5 X T EY
B A R R L[], FREERE, 2018, 39(9): 4327-4337.

[2] SAVIOZZI A, LEVI-MINZI R, CARDELLI R, et al. A
comparison of soil quality in adjacent cultivated, forest
and native grassland soils[J]. Plant Soil, 2001, 233(2):
251-259.

[3] TLZ, B, BIE S LR R IR R AR
NI AR AE, 1999, 18(3): 32-38.

[4] LEFROY R D B, BLAIR G J, STRONG W M. Changes
in soil organic matter with cropping as measured by or-
ganic carbon fractions and "C natural isotope
abundance[J]. Plant Soil, 1993, 155/156(1): 399-402.

[51 k&, ERE, 25, . L35 5 S A HLERX F8 XU
20 B AR PKORE R TE R B R R [T). A A AR, 2019,
39(17): 6257-6263.

[6] PURIG, ASHMAN M R. Relationship between soil mi-
crobial biomass and gross N mineralisation[J]. Soil Biol
Biochem, 1998, 30(2): 251-256.

(71 EFs. FEATAIS L3 A HE BNV A LR
DOC 4153 HI5ZmI[D]. BDL: S rp AR, 2018,

(8] XUERHR, BRI, M2 %, 55, BRI Slxd v Ry £33 vl
VPR HUBT S 2 70 3 B bk R RS IR [J]. RS 224,
2018, 38(19): 6981-6991.


http://dx.doi.org/10.1023/A:1010526209076
http://dx.doi.org/10.3321/j.issn:1000-4890.1999.03.008
http://dx.doi.org/10.1007/BF00025067
http://dx.doi.org/10.1016/S0038-0717(97)00117-X
http://dx.doi.org/10.1016/S0038-0717(97)00117-X
http://dx.doi.org/10.1023/A:1010526209076
http://dx.doi.org/10.3321/j.issn:1000-4890.1999.03.008
http://dx.doi.org/10.1007/BF00025067
http://dx.doi.org/10.1016/S0038-0717(97)00117-X
http://dx.doi.org/10.1016/S0038-0717(97)00117-X

3 4 S|

=, S5 jE P I IE E A3 P e e OB R S S TR ML R AR AR 37

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

S, 25N, THE, 55 AR A5 S0 v i ik A L
B W) 5 AR R PR [D]. AR S 22 3, 2008, 28(12): 6165-
6171.

K. L SR W R e A 5 AT 0B
FE[D]. BtFH: SLMITTE K, 2015.

SMITH P, FANG C M. Carbon cycle:A warm response
by soils[J]. Nature, 2010, 464(7288): 499-500.

fRER, AR R, WHE W A HUIERHE 5 L st
AL 5 s A A [T]. A IR R 22 224, 2003,
22(4): 416-419.

YAGI K, MINAMI K. Effect of organic matter applica-
tion on methane emission from some Japanese paddy
fields[J]. Soil Sci Plant Nutr, 1990, 36(4): 599-610.
BLAGODATSKAYA E, YUYUKINA T, BLAGODAT-
SKY S, et al. Three-source-partitioning of microbial bio-
mass and of CO, efflux from soil to evaluate mechan-
isms of priming effects[J]. Soil Biol Biochem, 2011,
43(4): 778-786.

TR, AR, TV, 5. A TR A R i R AR
N G HE I S S A LR ZE 7 9% R[], AL IR
RE2E2A4R, 2017, 36(5): 1012-1020.

WIESMEIER M, HUBNER R, SPORLEIN P, et al. Car-
bon sequestration potential of soils in southeast Germany
derived from stable soil organic carbon saturation[J].
Glob Change Biol, 2014, 20(2): 653-665.

BRAC TR, XN, ] %o, 4. T 30 EE e A S5 SRt )
I A AR, 2008, 35(7): 60-61.

FEF, W, Bkl & B A H IR % 2N ST
Je - ST A B M T R (0], Hh B AL R, 2014,
47(9): 1764-1773.

SINGH A, GULATI I J, CHOPRA R, et al. Effect of
drip-fertigation with organic manures on soil properties
and tomato (Lycopersicon esculentum Mill.) yield under
arid condition[J]. Ann Biol, 2014, 30(2): 345-359.
XIERE. K> 2 SRR LI AE Y AR TN R
Z FEVE D8 R FE[D]. HUH: WL K2, 2009.

BTTH, 2R . A PR IOE N E T e A ) A A
JE[T]. L322, 1994, 22(6): 42-50.

T2, BrEse, BsEss, 5. HWG A R Lok 7 20
TIN5 EA )], IR, 2010, 19(4):
913-918.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

KUPEEE, KNG, TRAT, S5, 0 JrRr i X 3 3 33 v
BRI AHFAE]. B B EEREE, 2009, 29(3): 248-
253.

HHETT, WO, R, S5 AN R RE AR UM SO B
& CH, A N,O ). HE 77 5 8K, 2017,
23(3): 578-588.

AR, FE, B &, 55 A HLTEHLRUILRC it 0T = 135
TR AR RN R e HE R B i [, o 3 S R
2019(3): 29-35.

R, ARITAE . 3 T BRSO B 7T HE R (7). MR
2EHEJE, 1999, 14(6): 613-618.

18 S 4% 0. KA R AEAL BT 5 4 CO, 1 CH, HEIK
FHERIBTFE[D]. #%: THALRMFHECR 2, 2018,
AR, R, Rz, . B EEE CH, AN,O FF
T CHEBE A 23 dr (0], A B RO R, 2010, 43(14):
2923-2936.

FEE, B, SR R, 25 BUIEAKCT AR 3% CH, HE
TSR [T]. AR, 2005, 26(3): 21-24.

BODELIER P L E, HAHN A P, ARTH IR, et al. Effects
of ammonium-based fertilization on microbial processes
involved in methane emission from soils planted with
rice[J]. Biogeochemistry, 2000, 51(3): 225-257.

RENME, COMERE, BEENR, 5. RS H RS H HUBRA
I3 AL J L5 B B HE IR QIR PE (D). AR AR 244, 2013,
33(15): 4599-4607.

MASTO R E, CHHONKAR P K, SINGH D, et al.
Changes in soil biological and biochemical characterist-
ics in a long-term field trial on a sub-tropical
inceptisol[J]. Soil Biol Biochem, 2006, 38(7): 1577-1582.
Mot #E W, BICE, 55BN F B R R N5 S
TSR Z LA MUK S A R ik A ], 7K
T ARFRHER, 2017, 37(3): 59-62.

ZE 4. DOM Xf 56 (0 v 37 20 43 20k (1 52 M D). H K
P R AR K, 2005.

FNATHE . it T 5% e o £ 35 1 7K R W A LB 2L K
F A AR SE D). P At B RUR LR, 2014,
KL, TR, IR, . KK R AN NE
AR AR R (7], PRBER A 24, 2014,
34(10): 2675-2683.

[SRE%RE

Zeir]


http://dx.doi.org/10.3321/j.issn:1000-0933.2008.12.046
http://dx.doi.org/10.3321/j.issn:1672-2043.2003.04.008
http://dx.doi.org/10.1016/j.soilbio.2010.12.011
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.1111/gcb.12384
http://dx.doi.org/10.3969/j.issn.1004-874X.2008.07.023
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.09.011
http://dx.doi.org/10.3969/j.issn.1674-5906.2010.04.031
http://dx.doi.org/10.3321/j.issn:1000-6923.2009.03.005
http://dx.doi.org/10.11674/zwyf.16437
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3864/j.issn.0578-1752.2010.14.011
http://dx.doi.org/10.3321/j.issn:0250-3301.2005.03.005
http://dx.doi.org/10.1023/A:1006438802362
http://dx.doi.org/10.1016/j.soilbio.2005.11.012
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.12.046
http://dx.doi.org/10.3321/j.issn:1672-2043.2003.04.008
http://dx.doi.org/10.1016/j.soilbio.2010.12.011
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.1111/gcb.12384
http://dx.doi.org/10.3969/j.issn.1004-874X.2008.07.023
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.09.011
http://dx.doi.org/10.3969/j.issn.1674-5906.2010.04.031
http://dx.doi.org/10.3321/j.issn:1000-6923.2009.03.005
http://dx.doi.org/10.11674/zwyf.16437
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3864/j.issn.0578-1752.2010.14.011
http://dx.doi.org/10.3321/j.issn:0250-3301.2005.03.005
http://dx.doi.org/10.1023/A:1006438802362
http://dx.doi.org/10.1016/j.soilbio.2005.11.012
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.12.046
http://dx.doi.org/10.3321/j.issn:1672-2043.2003.04.008
http://dx.doi.org/10.1016/j.soilbio.2010.12.011
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.1111/gcb.12384
http://dx.doi.org/10.3969/j.issn.1004-874X.2008.07.023
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.09.011
http://dx.doi.org/10.3969/j.issn.1674-5906.2010.04.031
http://dx.doi.org/10.3321/j.issn:1000-0933.2008.12.046
http://dx.doi.org/10.3321/j.issn:1672-2043.2003.04.008
http://dx.doi.org/10.1016/j.soilbio.2010.12.011
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.11654/jaes.2016-1581
http://dx.doi.org/10.1111/gcb.12384
http://dx.doi.org/10.3969/j.issn.1004-874X.2008.07.023
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.09.011
http://dx.doi.org/10.3969/j.issn.1674-5906.2010.04.031
http://dx.doi.org/10.3321/j.issn:1000-6923.2009.03.005
http://dx.doi.org/10.11674/zwyf.16437
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3864/j.issn.0578-1752.2010.14.011
http://dx.doi.org/10.3321/j.issn:0250-3301.2005.03.005
http://dx.doi.org/10.1023/A:1006438802362
http://dx.doi.org/10.1016/j.soilbio.2005.11.012
http://dx.doi.org/10.3321/j.issn:1000-6923.2009.03.005
http://dx.doi.org/10.11674/zwyf.16437
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3321/j.issn:1001-8166.1999.06.015
http://dx.doi.org/10.3864/j.issn.0578-1752.2010.14.011
http://dx.doi.org/10.3321/j.issn:0250-3301.2005.03.005
http://dx.doi.org/10.1023/A:1006438802362
http://dx.doi.org/10.1016/j.soilbio.2005.11.012

