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B OE: N THEIIARREFE AT A PR (total organic carbon, TOC) MidiPERRZA S IR, W& T FEFF AL
H (CKD). FfrHEEEH (CS). FEFH e WA, HEEREIEE (CMS) RFSF I IEEHE (CGS) 4 Fiik HBt
o T N, WA T ANFEFEFFE BT, LI HUR A P 0 A R . 45 SR AN R RS P A5 =X
e T e R, AR B TS mE R AL E (P>0.05), 1 CK #HH, CS. CMS 1 CGS
WRBER, HIEAEHUR R B AN 9.0%. 23.9%FH1 26.7%. AEFEFE AR M 7 IEERA S S 8. £
[FFEFFE BT, ALK (dissolved organic carbon, DOC) FHEEI N CS>CMS>CGS>CK, HAF4AL
HHZERE# (P<0.01), M CK AL, CS. CMS 1 CGS 4#~, +3 DOC FE /5 3N 64.6% 29.4%F1 8.9%.,
A YR (microbial biomass carbon, MBC) &&EI N CMS>CGS>CS>CK, HZREZF (P<0.05). M CK
AHEG, CS. CMS Hl CGS 4bHE T, 448 MBC Jiiz 73 805 38 M0 28.9% . 84.7%F1 59.3%. T 55 AL A% (easily oxidizable
carbon, EOC) RN CMS>CS>CGS>CK, HZEREFE (P<0.01). F CK AL, CS. CMS Rl CGS 4T, +
1 BOC JUE /B0 BN 24.1%. 55.7% 1 9.3%. AN [RIFSFFE FASE 2 I 25 5 M) 1 My M R 20 20 48 B A AL P o iR Le gl
AR H NIRRT RE . AR A AR, DOC/TOC #Hh CS>CMS>CK>CGS. MBC/TOC %I CMS>CGS
>CS>CK. EOC/TOC FIL K CMS>CS>CK>CGS, HAFAIM A ZEREFE (P<0.01). W\ IEREME, #H
TERSAT-BEA I R, 76, 3% MBC/TOC M EOC/TOC ¥fek, HIEmEESEE. 5 T wrM, A
FIFEAEK . APEm L EE A, AR I M, 6120, 13 DOC/TOC e/, HAEHHU S &
I, AT R E RRAE . S E R AT AR SR AR A G AR M g i AR S
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B Jo AL AR AT IR 4 FiE FELGS, JT AR
RT3 PSS SO 3T WA 5 b S L i P e 4 3 1 14
WET, LIRS AT & B R RO st AR b 33 126 I
AR AR

1 #MR57%

1.1 HREXER

PRI DAL T 1L A8 Aol R 2 e Al 95 Y5 5 BB 5
A I AR M AE S H— 111 23 28 4 0 17 1 Jit B 5k e A b
Wy AR 8 R 0 B AT U K Bk P 2 Rk, KR
e, WAREIE, DURarI . AP 12.1~13.1°C, )
ity ¢ 7 i 40.9°C, AR S —22.8°C o AP HBE N
H579.2~633.3 mm. RIS G 1, gAY
FO AL, B2 L EEZ) 20 em. WG T SRR
R . AHUTRE S EL 17.8 g/kg. TOC 9.56 g/kg-
TN 1.04 g/kg. DOC 151.68 mg/kg. MBC 9.38 mg/kg. EOC
0.85 mg/kg. A-P15.58 mg/kg.
1.2 Rt

WK T 2012 4F 10 H—2014 4F 10 HiH7T. {56 &% 4
ANGRER, A0k D FEFEARIEH (CK) , /I TR
i, NTBERRHARR. 2) FffEEEH (CS) ,
INFEL FORWGR G, /N LR AT R LR RS F TR A, 4R
JE AL s N FORFEFF S KA 10.6% A
11.2%; SAH UK TR 75505 A 47.1%F1 43.3%. 3) H
FriEie H (CGCY , /I, B RFEFFUGR)E, 1E R4
IR, ARG SE, FIDRNERE 2 B RS IR
I KEN 80.2%, A WU TR 2> 0K 42.7%. 4)
FEAF AL D T, R S Wi e i (CMO)
Bk B LR RN R Bt AL s e, DR
RALHE 2 Ja re A Y, TS KR N 49.8%, BAML
W BN 39.8%. BEMIELIHEIK . REE. )6 RAEEAL G
WH o N KT A BARGEHE LR 1. /MX
ALY 7 mx10 m=70 m*, fEANMGEG 3 ANELE, 3124
X

x1 TREBFEERXTHTEHE

Table 1 Amount of straw return under different modes
kg-hm'2
Kb ¥ Treatment /N 7% Wheat season £ K2 Corn season
AEH CK 0 0
FEFFRI AL H CS 8 100 8 400
TEAT- B IE H CMS 16 200 16 800
FEAT I L H CGS 4050 1848

T REFFIE Bk 2 AERERE I P38 s RS FE B2 38 7 B2 RS AT 5 (2%
NAEREFT B T IR A 2R 29 50%, T OKAEFT 20 3 IR 6 A 22 29 422% o
Note: The amount of straw return is the average of multiple years; The yield of
cattle manure from straw is about two times of the amount of straw; The
conversion rate of wheat straw to mushroom residue is about 50%, and the
conversion rate of corn straw to mushroom residue is about 22%.

AR R FIREL I RE Ry A /N2 - B K —AE P 3], BRAE
10 A EfRiig /N g, 6 A B sk, gtk
2O TREE 22, FOREFP P 958 /NEE 4 ST 2012
EAE 10 A 8 5. 2013 4E4E 10 A 11 S4EFRh, 2013 4E 6

H 65, 2014 1F 6 J1 8 sk, £ K451 2013 46 H
8 5\ 2014 4 6 J] 10 SHifE, 2013 4F 10 J] 6 5. 2014
10 A 7 58K,

ANFFEFIE HAREL S, /N2 RIS —FiE, I
i — /KR L. JERL A SO AL & B A &, I
HUNEZE B I PR3 BEIR 4k BRIR
B FHEAT A IR 4> N-P,0s-K,0 205-124-135 kg/hm?,
N BN, — e s, B A e
N, BORFR B IR (ORI IRE . EIR
o) M &= B & gl 7F 4 N-P,Os-K,0
234-102-190 kg/hm?, AFBAEAL . FoAth P i) 5 EE 35 A0 7] o
1.3 H@mRESHH

2014 47 10 H E KGRI, fEREASNX AR S  BER
FEFRAR 5 AR, RARIRIE N 0~20 om. KRR
FERI TR A, RAZ RERETNETE IR G FE M.
— AR R . WSS, 2 mm TIEE, i
T 4CUKEET TIE 3 e i e AL
W ST E it 0.25 mm 5, 005 HAR R br.

T3 TOC KA FEAR R il A vz ' poC
K E B8 oKREREm ™ MBC SR & B —
K,SO, i3 2 EOC R il e Ak e,
1.4 BRI

1z Excel 2007 ZHAT## A B TH5T, Origin7.5 #EAT
2318, SPSS 13.5 ZEEA A HA AT G vt o0 #

2 HR5HH

2.1 FEFBFERKRAN LRV
AFFEFE R, AP AR I 1.

—g 13r a
< Dt a T
2 1f a ]
L
®E 10F a =
RE 9
s osr
B 4]
2 4l
=
EH
S ot
<
e If
= 0
3 CK cs CMS CGS

ANV RT3 Ak B

Different straw return modes

ME: CK, ANIEM; CS, FEFPRIEH; CMS, FEFF-IEEm; CGS, FiFf
HEIEH . .

Note: CK , non-straw return; CS is direct straw return; CGS is straw return after
mushroom cultivation; CGS is straw return after livestock digestion. The same as below.

B 1 RRAALEREXTHELRA RS E TN
Fig.1 Changes in topsoil organic carbon content under different
straw return modes

HE 1 AR, AN EAS RIS A I3 N T A B
W i, (HRINEIEAR . 4 FAbEE T, 3L R 5
By CGS (11.69+0.59) g/kg. CMS (11.35+0.34) g/kg
CS (9.98+0.27) g/kg. CK (9.16+0.15) gkg. Jj 253 a4
B, ANFFS ARG AR 3 MUK & 22 e A 3
(P>0.05) , X1 fe 5 TS NN F0 Y P4 A AT 34 F g



132 RNy TFEZ (http://www.tcsae.org)

2016 4F

AUEAT RIS I AERE R e AT b, A AL
e BN, X R A it P S R A T LA Ik
TGN, (Rt KL BTRES5 A4 T 1
LA AR R BN, SERESTHEERA
RAFFRIY, W LMEHE R, SN AR b +
IRIEHE 1PN
2.2 FREFBFEAZRERXY TEFINHEAREE LKA
A

AT IE AT, S TR AL (A IR
20 HIRWAL, MU E IR, AR
B THARERN, IS PERR A 7 5 st 3

R2 FREBHEEAKAT, HREERASDE

Table 2  Fractions of soil active carbon components under
different straw return modes

‘ TIERAE YR IS AR
S OSE b T eI Microbial biomass  Easily oxidizable
Treatment DOC/(mg-kg™") carbon carbon

MBC/(mg'kg™) EOC/(gkgh)
CK 140.62+5.30 d 83.36+1.25d 2.23+£0.41d
Cs 231.49+2.31A 107.46+3.27¢ 2.76+0.53B
CMS 205.73+2.66 B 153.99+4.84a 3.4740.82A
CGS 158.85+1.21C 132.83+3.04b 2.4440.36¢

E: RPFESIANFNF R HERZF R (P<0.05); FFIAFRKNE 75
FoRERMILE (P<0.0D). T,

Note: Different small letters in the same column mean significant difference
(P<0.05); Different large letters in the same column mean great significant
difference (P <0.01). The same as below.

BT IR EA MR UL, AEAS RIS FT 34 AL X
~, 3 DOC #EERM A CS>CMS>CGS>CK, HAH
AL A 22 3 B2 (P<0.01) Al CK AEL, 78 CS.
CMS F1 CGS FiF, 13 DOC Jit & 4 53 mil 3
64.6% 29.4%H1 8.9%. Fift HEIEHBL T, 1.3 DOC
SRR, Al CS. CGS Bl N 11.1%F1 31.4%.

XTI A ROk U, AEAS RS FHE AT,
1+ MBC &£ A CMS>CGS>CS>CK, HA[HIE AL
PRI ZE R 2% (P<0.05) o F1 CK MLk, 7 CS. CMS Al
CGS iR, 13 MBC i /0 200 734 28.9%- 84.7%
1 59.3%. Hrp CMS BiAUR, 3% MBC it/ 5o =,
YIEH 153.99 mg/kg, Itk CS. CGS B3N 30.2%F1
13.7%. IXA]Re Bl AR CON, SECH M EYIE
SRR RE PO B T s, AT N 138 MBC SR,

X G AR R UL, AEAN [FIRSFT AL AR ST,
T3 BEOC &&¥Mn, XKILH CMS>CS>CGS>CK, H
ANFE AR 2 7 B2 (P<0.01) . il CK M, 7
CS. CMS 1 CGS #iz ', +3E EOC it 43 505 58 i
24.1%- 55.7%H19.3%. i CMS BT, 13 EOC it
B, BME N 3.47 ghkg, Syl CS. CGS B
i 20.4%F1 29.7%.

2.3 AEBFEHEXF TIERREFM

ANFEFEFEIE AR, g iE PR 4 o S5 HL
ILGAE WER 3. R AL, EAFFREFE A, g
S A5 N e e S | s S £ 7 S o NI [T W
DOC/TOC #EANFFEFFE MBI, RILA CS>CMS>

CK>CGS. Ml CK #Lt, CS Al CMS ifs i 4b ¥ 1 i
DOC/TOC #£5, i1 CGS 4bHEN|fE DOC/TOC [#fk. J5
ZE TR, AFEFFHE BT, DOC/TOC 7% 5w 3%
(P<0.01) o VEWIARFRSFRE MR, fe & o L
DOC/TOC M#fi, MimicAs H3E . 7= CS fl CMS
EHBAT, DOC/TOC #1381, 3t HIX 2 Pk H AL FE fig
FEm LAY DOC 1A, DOC J&T % 3)
MW, AEE R S LA, AR E R R .
7E CGS iSHAEX N, DOC/TOC /b, i L34 KLk
H DOC (FALLHIFEG, 1 DOC A& T3 Ay E 2T
Py F A RE kYR, DOC/TOC HUAE /N AR T+ 3845 L%
R4k, (B4R T 3 HLRR I e e Y,
R3 ARBEFLHERXT HIEEERES N DECLEE

Table 3 Fractions of soil active carbon in soil total organic carbon
under different straw return modes

A3 Treatment DOC/TOC MBC/TOC EOC/TOC
CK 1.54C 091D 24.30C
CS 232A 1.08C 27.67B
CMS 1.81B 1.36A 30.58A
CGS 1.36D 1.14B 20.9D

EARFFEFE R, MBC/TOC ¥88 00, i A4S
FEASTS LU b 7 200 [, 34907 DL S0 - 3 A= 4 () Ff e
R, PR IETE A AL VS A MU, R T
T WU AT RN . 7 2253 W 3R WA AN [V RS 134 FH AR X
N, MBC/TOC 2552 (P<0.01) , UiHIFSFFE AR
X MBC/TOC #gMi 2 . BEAEANRIFSEFRA AR, 9k
AU RS ML R R e R B, RILA
CMS>CGS>CS>CK.

LEARFFEFFIE HEE LR, EOC/TOC £ CMS>CS
>CK>CGS. Ml CK MLk, CSHl CMS it iR T
EOC/TOC. Tfi CGS it T EOC/TOC Bk, J7 2%
Iy BT KA F A AT IE HAEL R, BEOC/TOC 7 5t i 3%
(P<0.01) , ULEAANRIREFHA IR, $4RE % o 3
Sy B ABRAE A U BT I L, T SO ST

3 it it

3.1 FREFBFTEERIT TIEEH R &R MERRA S RIEN

TEARM G, FEFH DA FIEAE -G, 13 TOC &
BN, X5HEES FAHPED R L &R0
LML A — 8 (HAEANFFEFFIE AT, 13
TOC &EMBEIEE AR AR EY, R EL
MBS, @A EaElng®, 58T iHe
AT LR S B (BME 9.56 g/kg) MEL, BINT 18.2%, X
SRR B B A IE, FnBkm)E, —7
[T DA ReE R VIR WA= P b i we: -1 AW @ L A Pb Aoy )
PTG, s e LA 20 S — R & RS
HEEMRFEETD, TLMEEY AR, BmIEwx
A WU PE R N POBY, TR RS AT A IS AT,
AT T RIS TR AT D 4.3%, RILN HIEAHL
BRPER 740 X2 TR B, A TN T 1k
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R, ﬁﬁfXﬁ@bn%%EEﬂAiﬁéiii%mmﬁ%% M
M TOC & FFEAKE . Paustain 55T LRI, FEH4E

Z /DN [ 3RV REFF 2~4 mg/hm?, 7 R] DL4ERE 135
JE AL S T4 o

AR RS S BSOS I T IR MRS &,

OB T IR AL . EAWES, ANREFSFE
MR, 13 DOC. MBC 1 EOC & &8 hn, (54
AT KEFAREFF . R ERRAN, YT
B0 T ANEA BN, AR A S A FIRRYE,
PR R B, Pl IR E S T, e
W4 i R LA 5T LA SRS T T8 A 0 7 4 e 281 0 1) 32
ks, BT s A oy S R B, e
DOC. MBC #1 EOC fEA [RIFE A3 F LA 3 0 & A [m],
Al e FEFF LR AT R4 G = A A LR (A 28R
) WA, TS ON RNEfB K, HPAEFEFF
HEEE MR T, +4% DOC a2, Wikl ITh
3 DOC & (151.68 mg/kg) N 52.6%. X1 HE
SR HEE MOJUILAE FOKZE, AT iR, AT
PRI G B e bR, PR T B3R AR,
FEROIN T IR, A T A RS . AE
AR IE AL R, 118 MBC Ml EOC &8 inH%,
ARG HT (6 2) 90 59.2%1 46.5%, i HAEFI A
A T RE i e w3k MBC T EOC &, XEN
B B AR R CO/N, S8y \ﬁaﬁaﬁﬂﬂxﬂ}fz
e, Mits T 3% MBC Al EOC & 8. MifEms
FIANIEHALFE R, +3E DOC. MBC Al EOC &&= ik
SO AT, XIE RN PR RE B, A TN T

PR, BRI AR AT LR 1 25 0,
3.2 RERFEBEAT A HER R f R0

g PR R A 4 A U ) L T oA — e R L
I LR TR AR E R . LS R R ik =
HRME S DA o A R IR B T
ELBN U R 3 MU R e, RSl AR e,
AWFFERI, ANFIRGFFE R 25 5 ) - 8 P k2
TEA ML T L], o8 T IR I KU RS FE
SR S ANEA NI RN 3, e N T
THEA G, S TR, RN IR
TPERRIE, A5 BT RS R R Y,

EARFEFEFIE N, DOC/TOC £ h CS>
CMS>CK>CGS, WiM7ERSH HEGE BT, HAFT
P 3 DOC 7E B A WU T I Ee il , A RT3755 il fit
YEVIRIH s AR TSR A B, 13 DOC/TOC %%
TH R BRI 3G WL R e 1, AR T IR AT . 1X

A BE 2 A RS AT E A U RO TR, ST iR Fh,
A TREFER G e s et 3R, BT HaesRm i
i, I8N T LR Y, AR TR i DOC S
FERSFTF-BIA HAEH, MBC/TOC il EOC/TOC ¥
K Ut RS- B v s A X B A R 4 51 13 MBC RTEOC
AN LR, X5 T AP T 45 A — 2
RN, AP SRR (B D, &R
W R E AL S A, BB ON, S8

SR DAE R R PO B R AT [ E , NI N T
et R A R, I H A A e R R b A WA —
SEIEYRE TR, REVS MRS R L), A A T
TERR R 5y (R AR B0, W] LA AR T - v AT
AT 5 e A RS R, TR I - A LR )
MR, IFHPgm 7 R A k. A RseErt, 7
F T3 A B LI LR R

4 4 &

1) ANFREFE A Re g 0 LA AUk & B, HIG
A, AAFRFFHEHA AT, ALK E =
ZRAEE (P>0.05) o 4PN, HEEEPIKESERI
B i P I FH CGS>AS AT A H CMS>FG 4 H CS>
FEFFARIEH CK. F1CK #EL, CS. CMS fil CGS Ab#EF,
I L TR B N 9.0% . 23.9%F1 27.6%

2) ANFIFEFFE HAB e & T sk e A
e AR EHBELT, 13 DOC #&EERMA
CS>CMS>CGS>CK, HA AL Z 57 23 (P<0.01) .
1 CK Mk, CS. CMS F1 CGS 43, +1 DOC i
HOY RN T 64.6% 29.4%F1 8.9%. 3% MBC &
FHL CMS>CGS>CS>CK, HZERFEF (P<0.05) . fll
CK ALk, CS. CMS F1 CGS 4b¥E R, +1 MBC &4y
I 28.9%. 84.7%F1 59.3%. 11 EOC i /> $k
;) CMS>CS>CGS>CK, HAN [ 4b £ [|) 7% 57 ok 2% (P<0.01).
F1CK AHEE, CS. CMS Fl CGS ALFE R 435340 24.1%.
55.7%H1 9.3%.

3) AN[FIFEFFIE A 2 e - s PR AL e AL
e AL, SR AU TR AR RS AR
X F, DOC/TOC F£H A CS>CMS>CK>CGS; MBC/TOC
FI K CMS>CGS>CS>CK: EOC/TOC #I CMS>CS>
CK>CGS, HA[FAbHR 25 B2 (P<0.0D) .

4) Mfgm HIgEmEE, ERA-EEE BT,
MBC/TOC #1 EOC/TOC K, A A 142w T A s
M, BE— e FEE AR I LA HUBR AR, M s+
B E AN FARREE, ARG A
BURs T B . By I ok, AERS T I I A
AN, DOC/TOC &by, HASEANURS Ehm, TiEf
PURRAS E ks, AR T A AL AR SR AT

(& % x #l
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Effects of different straw return modes on contents of soil organic carbon
and fractions of soil active carbon

Li Xinhua®, Guo Honghai**, Zhu Zhenlin!, Dong Hongyun!, Yang Liping!, Zhang Xijin'
(1. Shandong Institute of Agricultural Sustainable Development, Ji’'nan 250100, China,
2. Institute of Resource and Environment, SAAS, Ji’'nan 250100, China)

Abstract: To assess the effects of different straw return modes on the content of soil organic carbon and the fraction of soil
active carbon, we investigated 4 different straw return modes, non-straw return (CK), direct straw return (CS), straw return
after mushroom cultivation (CMS), and straw return after livestock digestion (CGS) using field plot experiment. The results
showed that different straw return modes all increased the content of soil organic carbon, but the increases in soil organic
carbon content by different straw return modes did not exhibit significant difference (P>0.05). The increases in soil organic
carbon content were found in the order of CGS > CMS > CS > CK. In comparison to CK mode, the contents of soil organic
carbon with CS, CMS and CGS modes increased by 9.0%, 23.9% and 26.7%, respectively. In addition, different straw return
modes all improved the content of soil active carbon. Under different straw return modes, the contents of dissolved organic
carbon (DOC) were in the order of CS > CMS > CGS > CK, and significant differences were observed among different return
modes (P<0.01). Compared to CK mode, the contents of DOC in the treatments of CS, CMS and CGS increased by 64.6%,
29.4% and 8.9%, respectively. The contents of microbial biomass carbon (MBC) followed the order of CMS > CGS > CS >
CK, and their differences were significant (P<0.05). The contents of MBC in the treatments of CS, CMS and CGS increased by
28.9%, 84.7%, and 59.3%, respectively, compared to the CK treatment. Similarly, the contents of soil easily oxidizable carbon
(EOC) were in the order of CMS > CS > CGS > CK, and their differences were significant (P<0.01). Compared to CK mode,
the contents of EOC in the treatments of CS, CMS and CGS increased by 24.1%, 55.7%and 9.3%, respectively. Straw return
modes also significantly affected the fraction of soil active carbon in the soil total organic carbon (TOC) and changed the
quality of soil organic carbon. Under different straw return modes, the ratios of DOC/TOC, MBC/TOC and EOC/TOC were in
the orders of CS > CMS > CK > CGS, CMS > CGS > CS > CK and CMS > CS > CK > CGS, respectively. From the
perspective of improving soil quality, CMS is the recommended mode, which has the greatest ratios of MBC/TOC and
EOC/TOC, as well as a higher soil carbon effectiveness that facilitates the carbon utilization by the microorganisms, thus
benefiting the growth of crops. On the other hand, from the perspective of soil carbon sequestration, CGS is the recommended
mode, which has the lowest fraction of DOC/TOC and the highest content of soil organic carbon, thus facilitating the carbon
sequestration. The results of the study can provide the basic data for the rational and efficient utilization of straw, as well as the
improvement of the quality of agricultural soil carbon pool.

Keywords: straw; organic carbon; soils; straw return mode; fraction of soil active carbon
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