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Abstract : [Objective] Straw returning is an effective measure to increase the amount of soil organic carbon (SOC)
in agroecosystems. The objective of this study was to study the temporal dynamic of SOC in Mollisols during long-
term straw return. [Method] Based on an 18-year long-term field experiment using a maize-soybean rotation
cropping system in the typical black soil region, the temporal dynamic of topsoil (0-20 cm) organic carbon was
studied under three treatments: no fertilizer (NF), mineral fertilizer (NPK), and mineral fertilizer with straw return
(NPKS). Furthermore, physical and chemical fraction methods were applied to study the effect of straw return on
SOC pools. [Result] The results showed that: (1) Compared with the initial (2004) soil, the SOC content
significantly increased by 12.97% in the NPKS treatment, with an annual increase of 0.18 g-kg!, and the SOC
content significantly decreased by 3.90% in the NF treatment, while no significant change was found in NPK
treatment. (2) There was a significant positive correlation between SOC content and year and the cumulative carbon
input in the NPKS treatment. In particular, a significant relationship between SOC and cumulative carbon was
observed from 2004 to 2015 under NPKS, while not from 2015 to 2022, indicating that the increase of SOC caused
by straw return mainly occurred in the first 11 years, and after 11 years, the SOC reached a state of equilibrium. (3)
The NPKS treatment increased the carbon content in free light fraction (fLFC), occluded light fraction (oLFC), the
heavy fraction (HFC), humic acid (HAC), fulvic acid (FAC), and humin (HMC) by 47.77%, 34.77%, 11.18%,
13.00%, 6.32%, and 11.71%, respectively. Straw return improved the C proportion in labile fractions (fLFC and
oLFC) and decreased the proportion of HFC, but the contribution of HFC to SOC improvement was more than 80%.
Thus, the stable HFC was a key component for the long-term sequestration of SOC. In addition, straw return
increased the ratio of HA/F A, consequently, increasing the humification degree of soil organic matter. [ Conclusion]
Long-term continuous straw return can effectively improve the content of SOC and its fractions in black soil, but
after 11 years of continuous straw return, SOC will stop growing and reach a new equilibrium. Although the labile
SOC was elevated at a higher percentage than the stable SOC, the stable SOC still plays a crucial role in maintaining
the stability and quantity of SOC.
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Table 1 Plant-derived C input under different treatments from 2004 to 2022

. o " HRBRBRITE
EFF Straw % Root FE Stubble
Rhizodeposition SBIN
R B
Cumulative C
Treatment K& P/ S NG EPN NG EPN PN ESP/S
input
Soybean Maize Soybean Maize Soybean Maize Soybean Maize
NF 0 0 1.38 4.72 0.49 242 1.38 4.72 15.11
NPK 0 0 1.52 7.26 0.54 3.72 1.52 7.26 21.82
NPKS 9.14 35.18 1.65 7.44 0.59 3.81 1.65 7.44 66.90

VE: NF, AhEfAt; NPK, HEEaAL; NPKS, FEFFitHECHE{LAL. Note: NF, No fertilizer; NPK, mineral fertilizers; NPKS, mineral
fertilizers with straw return.
22 TEANKRSENTL
REHAT 18 )5, HACEEMEIA) SOC FrREEREE (P<0.05), FINA NPKS>NPK>NF
(B 1), NPKS HJ SOC &4 NF 1 NPK & 16.68%F1 11.69%. S#J4hHIHMLL,
NPKS Ab#ff SOC FEEEWINT 12.97% (P<0.05), FEXWIN 0.68%, EHEEF N 0.18
g-kg'-als NF AbFRIN{E SOC &3 % 1 3.90%, NPK A FE ) SOC 4 76 i 3 424k . NPKS .
NPK F NF 42 SOC H32 4k &3 519 3.35. 0.25 #1-1.02 g'kg's

407

I 2004
B 2022
3 A7 HIEE4L R Change of SOC
*
304 !
3 ns
s i [
=
41 Q':? a a a
3 = 194
2 5%
It s
B 8
H8
&
10
A
B
0 C e
—
NF NPK NPKS

4k M Treatment

i NF, AHEfE: NPK, FBEGAE; NPKS, FEFFEHEHAIE. ARG FRERIRE — 40 & A0 5 6] 3 AL & &8 2%
FRE (P<0.05). REKRFGFRFRRGHN LIRAHRE BENZEREE (P<0.05). *FIR 2004 FEH1 2022 FEALHE A 2 57 8%
(P<0.05). ns F7x 2004 FH 2022 FFLLFHZE R RELRTIFUEE (n=6). F[F. Note: NF, No fertilizer; NPK, mineral fertilizers;
NPKS, mineral fertilizers with straw return. Different lowercase letters indicate significant differences (P<0.05) in SOC content among
treatments in the same year. Different uppercase letters indicate significant differences (P<0.05) in SOC content change among treatments.
*indicates significant differences (P<0.05) between 2004 and 2022. ns indicates no significant differences between 2004 and 2022. Error
bars represent the standard deviations (#=6). The same below.
Bl 1 A EAL R A HLAR B A
Fig. 1 Changes in soil organic carbon content under different treatments
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B REREHNE (B 2. EERIEH 4 4F)5 (2007 4-f5), NPKS &4# 1) SOC &
MG R E S T HAMM A, 12 )5 (2016 FF)5), 3 MBI 7 ik 3 B3 /K7 (2018
ERRIM .
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Fig. 2 Changes in soil organic carbon content under different treatments from 2004 to 2022
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Fig. 3 The relationship between cumulative C inputs and soil organic carbon content under different treatments from 2004 to
2022
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Fig. 4 Carbon content of soil organic carbon fractions under different treatments in 2004 and 2022
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Fig. 5 Proportion of carbon fractions in soil organic carbon under different treatments in 2004 and 2022
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HER-RGRAETTR, BEFATKESE, FHEHEZET, AROEERBREANTE T E
K- KEEAE T3 B, TRIEMERL S T ASFRE - X SOC IFTH R T Eok-KE R 1.
T SOC MHAMERR BN HIWi B H T4 SOC & 822, #14h SOC Bk ik BA H
EE R R, ARFRYIE SOC &8 E T s, Alfe ST HERGE R M. I
Ab, FEFFE H 5 RS R ZI52 0 SOC MERTHIUR, — MR & i X SOC HI$TH R E4R T
7 10 W, QR SRS 3 0) A (R FEUE S, RS AT 2534 HOGF SOC T+ EE A T-3£ )= 0~10
cm, RS FFR A E HUEHE T HEA 0~40 cm 12 SOC R, HIR A8 H [ i R i T 78
drib . BARIERGIC AR, BHERR 2o LIRS AE B — B, & SOC 1)
WAk, ABRE A FEAT 2 5 LA, 0 2 A5 AT SRR BB 2> 4 35 B[] 22 « NF A NPK AL 2
1) SOC & B H5EM 2 AT R EMHKME (K D, BES5¥HEMMLEL, NF [ SOC & & 5% %
fik, 1 NPK U224k, BEEATAE & T, KEIBIRImA (B 1D SFEUE L SOC &b T
IR, EELH RS TR AR, SOC FRITE BN 43 fif W HE A Ab T T HDIR A5
B3 MK R (35 45) BARH T AR, EPERELIE S8R 1 SOC & 2K
T 11.60%, I T IR, WEEE T REE LB RREE BN, 1B BRI L% CO/N tb
EFEm 7RIS, MmEdt 1 L3 G MU 7 i 4k, S SOC & & RS, I,
SOC AR AR St ) ROBE B VIR O, 75 22 AN [ (1) st (] )OBE R PRl SOC B4k

SOC #EABEE RN I RSN, K2 SOC ¥R o) fiftihs 2P 5,
SOC FteiABN A, FRIEA, 248 TS KIAER—E iy SN, SOC 8% 7 —14
BIPET , FEARERE SOC A4k aiin, M3 moMNEm E BN ER, SOC ilfgs
AksERn, BRI, SO A, SRRSO T R, (EESEREATIEH 2%
PEF, SOC KA1 FI0T [y 12 4EH, AR LS FAE, BAMRIEN 18 N,
FFI& HALFER SOC Fr &5 RN B B3 EMHE (E 2), Hilt—Sa8r kB, SOC [t
FEEFERAELER 11 4 (2004—2015 5, 11 F£2ZJ5 (2015—2022 ) SOC A F#H BRI
FEN PIBE I A B B K 3 . X 0 B AT T R LA HUBRAE RF SRS AT AR 11 S,
KR TP AT EAEAVIRG . R, ER— LI, SOC ik B3 (1) 1T BT 75 i 1) 5
AMIRTRAE NI O, Hao SEMIE 5 A F 56 4 AH [R] B30k S A 7 A3, K HAFSFHik
13 N, SOC b THEEK M, FARMIRAT, 3B JH PE A RN TOKIE A
X, BB (7.93 Mg-hm?) ZAMIT (3.72 Mg-hm?) ) 2 5. BKINEBR N 2 1f
SOC L FIAFT 75 MRS I K, FLAFEA ARG SOC FEE R, AR P EERFR
B SOC & &)1k 50 g-kg ! LA BP0, F3E BT IE 77, Bk, HEW Y3t m FoK-—K 545
PERE = LA FHE 2R, SOC HH4kE K.
3.2 ESFEFTISHEAE B YIIRE S RI THBHIE

BRAFHE (LFC) 1E NN TR B AR EAE MR 2 BIE VR E, AR
PAEYEME, RERE LBEPATREEVIRE. R LFC MieE, wRHESAAZH
R P ESRAH ((LFC) AL T HIRA NI M ESRA (oLFC). Ao, Ftt
AR & 1 fLFC 1 oLFC &, Wi 7 HAE SOC Hiy itk (K4, K 5. LA
ERFFER ], LFC SRR, — B RAJUERLE, HAHE . IS L 4 i
Wi N OB, ELRSAT IR FH X LEC MISEmEs SOC 3027, A#FFeh LFC Kb inE N
44.65%, & SOC & (12.97%) M 3.4 5. [EREENLE, ELFAIEH 18 £S5, LFC
i SOC LI 5.28%& =i E] T 6.76%, X Ui BAFEATIE FHEE T 1 4G WLAR I35 % - LFC 3
BURIRT YRR, FEFHEHE RN LFC FIESER AL KR, HEAEAMARLE R, g
IANERE N FRARBENA R, FEIE T REY R T3R8 R LFC H5r i, SEOLEEM a5
ERK (K4, B 5.
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HFC RAAET LN ENE ST RIEI, FERT S50 R HEE IR
i, 7E SOC H ) Ll 80%, HA G WAk, REH LRI . AN
LWk G, ESEFEFHEH 18 455 HFC AU N 17 11.18% (& 4), im{XT fLFC 1 oLFC [
hntef, {2 HFC 3 hneE (2.74 g'kg?) i SOC s (3.34g'kg!) 19 81.80%. 5 A}
FEE R, XIREESFRSE S MRA TR IBTFU R, 1ELL 10 S TKFREFIE M5, HFC B3
& 55 SOC W& 70.70%, XK B % A\ L35 (R AR IR 8 7 4% [ 472 31 1 HFC 450
155 A SO [F) XI5 82 FOKFEFTI0 K AR Ee uE B, 17 SR SMNERR 9 HFOC .
fLFOC Al oLFOC 1 EL45143 51 23.50%- 4.10%F1 0.60%11, [K i, & HFC X+ 34 F %
it P S N 18, (B L AE SR RE SOC A% 52 M AN T A 45 SV E U8 AH A — A &,
TIEE X SOC HIFEFF2 IS, (HARZH A0, Bt DUAS B 2000 338 5 20 1K A ]
Wl 716
3.3 ELREFITHA R T IE A R4 S I T RHIE

JEHE AR R R R  K IR E A MU, S RIR MR LSS . QMR N, 8
S AL T ALY B, BRI RAARTE A PRI T & i — R V= T A LAk
G, YR AEA R pH 262 TV MEE, B H AR EEAFR 3 ANy T &E
BN FURGE IR S LR (FA), 70 T2 EOK H DAARIR 5 9 REIE 1) 52 4 SRR (HAD
PAR e A PEYEIEAEGER (HMD Mo AN[E] R 3R X ST R AR B0 R B, RS AT B Xt +
B HE BT A BRAE B AR R R FEFHEH 18 4£)5, HA. FA fil HM
RS IR E R (K 5. BIREER RIS IR R R MAEwE K. EmE
Py S 2, RS X S PR A R IR B 16, (R S A Ay, AR B A JE BT T AR
(1) BEHIUG RIS, FREEAE AT H A] A BB () AN AR SR AR AT (R . e Ah, AR
“PRAPIIRIE” FLRTEH, FAEIAE SOM HITE B 4 A B A B, eATT R RS A SRR
YIEA BT R FI AR, fEAK. 395, FET R TR R B R E A ik i, FR+
BEp e, RO BE I M E B RGP AREAIESE, AAFTE R NOAE, nlE R
FEAEYIRERT ORI 2, R A3 M Ak Aot SOC BTkl SARSFFE HAH R 1
&, TELAEZAT, — AR BRE NA AR, A RS2, 5 —J7 T, FRor
Z, REENWBAL, S51RMAEYSIR SOM W5fR, CASREUEZ 374y, Mg -+ 355
BRI 5 f, FECLIE HAC Rl FAC BEEREK (B 5). Bz, FEFFE HEC R A AT R B A
FEDIEARAE DR A 5 T, Rt RIS B R AL AR R A TR I 7, Kis AR AR IR
Yoy iR, it — 20 ik B R R ) A A P0IBT SOC DTk -

i B 5 R 25 4 () EAGI T e  F BELJE I) J JARR B I FL A AL S5, HAL HU B HA/FA
PO By, 10 R BT ) S AR FE vy, W BTERE, BRART SOC KRR E . AHHFIT
W, FEFFIE HACEE S8 FAC LB R PR (B 5), X{FH HAC/FAC tL{E B (K
6)o TEHELBA 051 TR R B5301 4 BT R R IR R I AR T 5 A
FHFE PSSR, XU RS H AR T HA AR, SFE T2 B0 FA [ 05 &R
FEr s SRR HA A, (et 7R 5a i M R A RE R LRSS AR BE ey, o 1 L3
JEBARR . AR, FEFFTE T3 b N R FE TR, FA A EVITE B, H)5
WIS AEEIAE PR RO R E 1 HARS, (R, HA ZH90 76 358 [ R fE o 4%
EHRHEIEA

4 45

FR-KEGFARRT, JELE 18 FREATIE HEC AL LR £ SOC FEHRTT T 12.97%,
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EBRINE N 0.18 g-kg!ls (HAEFFEH )G SOC HRTF EB R AAERT 11 45, 11 4)5 SOC ik
B 7B, HRoRBEE R PIG IR IG K . FEFREEXT SOC T RINAE +
e A RS TR A b, iRy 4D RIRTHHGIE TRaE Ay (E4D, HiE
EPEFE R E A TR 7 SOC M E ) 80%LA L, HXF SOC WK M A7 E L EE, thoh, FEFF
EHA R TR HA AR, oG8 7 RIEGER R B2, FFE A ST 2+
SOC &5, FAr SOC fdlsrtbpl, HK M (10 8L 1) FEFEH & B SOC # K 2218,
R “JREhAR” s, SREmAbiElT, REERERET LR, R0 R R LM
(#5877
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