55623 s + I E W Vol. 62, No.5
2025 4E 9 1 ACTA PEDOLOGICA SINICA Sep., 2025

DOI: 10.11766/trxb202404290176 CSTR: 32215.14.trxb202404290176
AR, ER, R, BRUS, MMM, BEERT. KIS FTIE H AT R LA HUR A S A AR S A /0 AR RHE (D] L34, 2025,
62 (5): 1460-1470.

ZHANG Jiaqi, WANG Cui, WANG Mingming, PAN Fengjuan, HAO Xiangxiang, SUI Yueyu. Temporal Dynamics and Fraction Accumulation

Characteristics of Black Soil Organic Carbon under Long-term Continuous Straw Return[J]. Acta Pedologica Sinica, 2025, 62 (5): 1460-1470.

KEFEFFIAHSE T RGN BRNFIS T R EEHSFRE
HEAE

ks 2, T2, ITwWe't, BRB, Haa', BRE

(1. PEBREERICE SR A SR, KE 130102; 2. FEBHAERE RS, JLET 100049; 3. B/RE#REF B TR, B/RE 150086 )

8 E. BB S I A LR (SOC) & REiA RS, AP KRS FRE I A0 T B+ SOC a2 b i,
FEF AR A X 18 F R FER-KGRAVEE MRS, XIEA (NF), 46t (NPK) FFEFFE HECGALAL (NPKS) 3 AMbh#
THHZ (0~20 cm) SOC B (8] S E A HATHRTE , [RINER BRI o020 )i, TR FTIE XS SOC A s .
FERELN . (1) 5%k (2004 4 ) +3EAAL, NPKS 4Rl SOC St BERINT 12.97%, 4EXIHN 0.18 gkg™, NF 4b3
SOC & AR T 3.90%, 1M NPK ZbHEIC 754k, (2 ) NPKS AL i) SOC &t 5 4E05 DL b BB A S B 3E TEAE,
TEMA R ] B F , 2004—2015 4F NPKS ZRHY SOC 2 5 BB & 2 ARG, 2015—2022 4F 35 0 i A OCHE
VLI SRS A1 S350 SOC #2F+ 2R AEAERT 11 4F, 11 4FJ5 SOC iA%| T4, (3) NPKS AbH{H15 + i ss AR ik
(fLFC ). H&EBFAM (oLFC ), EAlfk (HFC). HAfIRIK (HAC). & BRI (FAC) MHIMEK (HMC) F& /01
T 47.77%. 34.77%. 11.18%. 13.00%. 6.32%F1 11.71%. FEFFAMBEINT LFC Fl oLFC PIEMEAL LB, BRALT
HFC L], {H HEC % SOC S Tkl T 80%, & SOC KMFEAFAZ LA . eoh, FEFFA IR 1 I3 k-
WM (HAFA), A PURMNE RS . 250, KRIELRFTE BT AU TR AR S =, (AESERs
FHAH 11 4E)5, SOC 233k BB I F-H M A FHESEE s AT PEZH 0 0BT LU il e TRRUE PR 43, (EASE 2o X 4ERF SOC
A PR RS S T T B A OGS

KR KIFSFREH; RHER,; HeaHLT; 9 ad; IR

HmESHES: S7145 MEREL: A

Temporal Dynamics and Fraction Accumulation Characteristics of Black Soil
Organic Carbon Under Long-term Continuous Straw Return

ZHANG Jiaqgi"?, WANG Cui’, WANG Mingming'’, PAN Fengjuan', HAO Xiangxiang', SUI Yueyu'
q g

(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. School of Information Engineering, Harbin University, Harbin 150086, China)

* EZE S AITRIE (2022YFD1500100, 2021YFD1500400 ) %58 Supported by the National Key R & D Program of China ( Nos.
2022YFD1500100, 2021YFD1500400 )

+ M IRAE#H Corresponding author, E-mail: wangmingming@iga.ac.cn
EF @A AR (1999—), 4, BRILHRA, SiEiRA, FENF LAYV . E-mail: zhangjiag@iga.ac.cn
W B 2024-04-29; W EIME MR B . 2024-08-21; MIZHE & B (www.cnkinet): 2024-12-25

http://pedologica.issas.ac.cn



518 TR . RIRS AR I 4500 T JR LA AL A sh 78 A S AL 3 FR BRI 1461

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 gkg ',
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/FA, 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.

Key words: Long-term straw returning; Soil carbon saturation; Soil organic matter; Soil density fraction; Soil humic substance
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K H Spearman AHIC /AT AT IEAR o

2 45 R

2.1 2004—2022 F T ERPRBEBTAN

16 18 4Eik56 P, NF, NPK A1 NPKS Ab ¥ 1)+
19 SRR B 1511, 21.82 1 66.90 Mg-hm 2
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F1 2004—2022 FEAEIE+IERFRRITEAN

Table 1 Plant-derived C input under different treatments from 2004 to 2022 (Mg-hm2)
HRBRBRDLIE
FEFF Straw 2 & Root H#: Stubble
JOBL Rhizodeposition SRBARA
Treatment K EoK K EoK K5 Eok KE FK  Cumulative C 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

i NF, AJAl; NPK, Huifitbhtl; NPKS, #%FFif HEELAL . Note:

mineral fertilizers with straw return.

NF, No fertilizer; NPK, mineral fertilizers; NPKS,
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R HIFAC 4351 B WEAE T 17.53% . 11.07%. 3.22%.
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TALHE o AN [} /NG SRR 7 [] — 47 53 4% Aub L ] 1 Se A7 LA 35 ek
2SI (P<0.05). A[ARE 5 HE37R b B A £ 98 A HLAR 5 K
Ak 2E S W E (P<0.05). *F7R 2004 4EF1 2022 4F4b#F) 2% 57
B (P<0.05). ns %K 2004 4EF1 2022 4F T B # . IRFEL
R FEUEZE (n=6 ), F[dl, Note: NF, No fertilizer; NPK, mineral
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K1 A AR E A AL & 2 1l
Fig. 1 Changes in soil organic carbon content under different
treatments

23 TEFHVRSERMENISTURESHK

BAHIXFR

Wit FE AR IR ARGy B 3S N, NPKS 43 SOC &
I E T, NF A NPK AL HEfY SOC 5 i 5 i)
EMOCHE (B 2), HELFEFFE M 4 45 (2007 4
J& ), NPKS AbHff) SOC & FFih i 3 T H A
AKREEE, 12 AFf5 (2016 AR5 ), 3 AMAbHLEI 2R
IRE) W E KT (2018 4EBRAM Do

NPKS 4 SOC % it 5 R AR A i 2 1 3
IEAE (R*=0.72, P<0.001), NF F1 NPK JC i #H
Ktk (Bl 3a). HAFBAGIEW], NPKS 4 #E %) SOC
AT S R PSSR B B, B 2004—2015 4F A1
2015—2022 4 (& 3b), E—AHKHIEM, &
B—Br B, SOC 5 BEBURR B A &K 1 3 E A ¢
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3 3 @
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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. 5 Proportion of carbon fractions in soil organic carbon under different treatments in 2004 and 2022
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