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Abstract : [Objective] The restoration of cultivated land to natural grassland can increase soil organic carbon (SOC) content.
This study aimed to investigate the changes in black soil organic carbon during vegetation restoration. [Method] Based on a
19-year long-term field experiment, the temporal dynamics of SOC and its fractions were examined during the restoration of
cultivated black soil to natural grassland vegetation (GL), with comparisons made to continuous cultivated land (CL) and bare
land (BL) without vegetation cover. [Result] The results showed that: (1) Compared to the initial soil, the SOC content in the
topsoil (0-20 cm) increased by 26.19% in the GL treatment, with an annual growth rate of 1.38% (0.41 g-kg™'-a’!). In contrast,
the SOC content decreased by 7.99% in the BL treatment, while no significant change was observed in the CL treatment; (2)
Across the entire 0-100 c¢m soil profile, GL not only significantly increased the SOC content in the topsoil (0-20 cm), but also
increased the SOC content in the subsoil layers (20-60 cm). The increments in the 0-20, 20-40 and 40-60 cm layers were
26.19%, 12.08% and 8.70%, respectively. However, no significant changes in SOC content were observed below 20 cm in the
CL and BL treatments; (3) Compared to the initial soil, the GL treatment increased the carbon contents of free light fraction
(fLFC), occluded light fraction (oLFC) and heavy fraction (HFC) by 199.45%, 112.83% and 12.00%, respectively. Additionally,
GL increased the proportions of fLFC and oLFC while reducing the proportion of HFC in the SOC; (4) For humus fractions,
the GL treatment increased the contents of fulvic acid (FA), humic acid (HA) and humin (HM) by 74.82%, 29.69% and 11.46%,
respectively, and decreased the HA/FA ratio, indicating a reduction in the humification degree of soil organic matter.

[Conclusion] In conclusion, long-term restoration of cultivated land can effectively increase the organic carbon content of
black soil and promote the accumulation of labile SOC fractions.

Key words: Cultivated black soil; Vegetation restoration; Soil organic matter; Soil density fraction; Soil humus fraction
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A 3R NaHCOs =48 — S BT L (a3, 41 R A NaOH 45/l — K @6, R A NH4OACc
B — KIE .

1.6 HEALIE

12 FH SPSS 19.0 A1 Origin 8.0 HAFHEATHHE 43 Hr A 223 18 o SR F L [KT 35 777 22 73 B Cone-way ANOVA)
XA R AL BE 2 B 1) 22 S B PR TR 50, SRR R 7 Z 0 (two-way ANOVA) i &4k Ab 3 75 5K
MR RN AR TBAEH, T EFHEMIESMEE S KA Levene' s Test #54:. KA Duncan %
LA R AL BR A () 22 57, 383 Pearson 370 # SOC 5 I BRAL I 57 A AH S5 1

2 4 R

2.1 W EFIMTEYE

230 19 SEAEE KR J5, GL AP Rt E A9 & rTik 10.87 Mg-hm2, & CL 4b#f 21.82 £ (K
Do WNEBESAMAREE, GL Ml CL AR RAEY S0 + 2 UR 30 2 8358 % . GL A%
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KRiEEZEKF (P>0.05),

5 CLHL, BAME (GL) 4 F)5, H SOC FEEIE®E (P<0.05) & T CL, X1 BL, A%k

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

BT 9 4F, H SOC & &5 CL 4T [H—7KF, {H 14 4£J5, BL [ SOC & HEEZKT CL (P<0.05),
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Fig. 2 Changes in surface soil organic carbon content and its correlation with years
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Fig. 3 Changes in profile soil organic carbon content under different treatments
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Fig.4 Changes in content and proportion of soil organic carbon density components under different treatments
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Fig. 6 The ratio of HA/FA under different treatments
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E: TN, &% AN, Bf#%: TP, 2% AP, A% TK, &8; AK, @34, BD, FHE; MBC, MAEMEWER: AB, #ik
EWE; RB, 0~20 cm RAAEWR. BEMKT: *RK P <0.05; ** P <0.01; *** P <0.001. Note: TN, total nitrogen; AN, alkaline
hydrolyzable nitrogen; TP, total phosphorus; AP, available phosphorus; TK, total potassium; AK, available potassium; BD, bulk density; MBC,
microbial biomass carbon; AB, Above-ground biomass; RB, 0-20 cm root biomass. Significance levels: * P <0.05; ** P<0.01; *** P<0.001.

7T AR IR R B (@) BAK SOC SERALPEFAHRIE (b)
Fig. 7 Physicochemical properties of top soil under different treatments (a) and correlation analysis between SOC and soil physicochemical

properties (b)
33 ®
3.1 REELTBRERRETEFRE TIEAN R REHE

RHEKE N ERERE SOC AW R, A A HIT BATR/KFIREL . 725 A0 AR i
B, RITR BRI T, SOC &8N 61.5gkg!2, 258 19 K E, SOC & & 29.55 gk
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A% 3729 gkg! (1 2), BIKEEFRATH 60.63%. MHIHHEN, SOC S5ih . MR AEYER
FHE (B 7. BAmEREEAEAREY, SESSEREN EREED . AR LR R0 W
Y (B 1D, N SOC #2475 kIR, Ml SOC RrskFt . Ak, Zeid MR [ i p 1B 4k
GBHD) SR fE, BT HSEKBsh = HmE N, RE SOC Musa 1k, HEEEHFIK, 19 4
FEAK T 7.99%. BTN RTEH, B4 SOC ik EE R B2 51 0~50 4:[A], )5 50~200 4
], SOC ¥ LAAEH S22 (s FE T P BB A L 4ERFAE R —/K-F I A R R, R R 4T
BAEMRLE 120 0L L, IESET LA RS, BURHAER SOC & & RE ISR ILES, 19 FRIFFHKT
3.42%, {HAMEAIX B ZEAKE (B 2), RHHH SOC & EFAL TFE W

PUEWTFE AR, BB ik K S A B SRR, 22~29 4E17], SOC KIFEFHEE A 0.16~0.45 g-kg!-all15
7, AN 0.41 grkgal, IX —HGE i TAH R T A ) FORAE AT A R aE AR EE (0.29 g'kg!a)
21, (BT A HUEATE G &N 22.5 Mg-hm?) FIH8#E (0.88 g-kg'-al) 260, S5 FikZERK
JEH EE R H T AR RN EA . #55 xEEEHdED, FR 20 FRHARE L SoC L
214 gkgl-al MR TR, RARTFUY R R I BN 5.2 5. B, EEKE BARERE SOC
R, (E A KT BT BRI () 70 2 — . Novara 25277 & AR FIRE Fe tilE s, REWKE NHE
SRS SOC MIAR Bl Fe i Bt B AR H 5 0 AR A1k 1.8 o bAh, A3RVE s 2535 0
KW, SEIEESRGML, EPEREERNESRRFERER SOC “Ff7" (SOC deficit),
ERE BRIEKER), Bz, AARTE—-BFRE, T2 AZGES) . DIERRER B RIS 4t
[Fgem, H SOC Pk it LUA R H 4R TR 3 AR E 20,

b K S I FE H SOC s, LIERR AWM ER AR B cE (B 7D, Hf, &
BRSO SR g, AR R = R B AR R 4R S, R AR AR I vk
A P T ORI T 0 . (R SRR O PRI, U AR MK R S BRI AR e e ) 55
THALIERIAR H . ST, SOC MK S A J48br 1IE M DG, 8 E L2 B L3RR st
A H AR
3.2 REELEAEHRETEPEL BRI TLHEHE

AN FRE T 56 2 A AU R 2 SOC, 18X 2 LR SOC = Az s BLRE M . M Tk 5 5. 25
Ft 0~60 cm 12 SOC Frit, (HFHE RS g mEsm (B 3), 12 F oy F AT K& A B i i R 7R
RKZ, HPERHERISENRAEYEZRBE LEHERIABONEE (B D. KEHLAHET,
%12 SOC BAIGEM I 2 FRE&ESH, FEFEREHE: ERSAENTHRTE, TR RS 5w
A LR NI I LU 7 DRIV R B D ER AR, FSREY = EHRN, (Eid
TEAVURKI SRR, (AEAERRRE, EERE D X SOC B2 F AL 0~20 cm +
2, 20cm LR TEREZE B, FRTOHR R %A b T AR H 3R 50 5 5 RAEVIBORBNL, Nz 4R~
FEEARMAE AR R DY, 2252k SOC i %%

3.3 REELBAREHRESREPENBAEA ST HME

RGN (LFC) 1ENTIEISTEANUREE, NT W R AR5 2 (8], BAA 5w A s 1
(201, AT 3 A 52 F SRR AR (1) fLEC RSB35 1) oLFC; M B4/ A ML (HFC) 250 Maa
P ERR Ay, 5 SOC 80%LA 1. MM K& B35 1R 5% B o A LK & &, LFC /R E 4 )5
B v A AR (] 4), TiFRER HFC 7 14 44 BB R, 3RO B i  can N\ R 42
TEIE SRR E R . R R A AR, R SR eI, AU EAYEEE, mHA
KEHASBTHT, H 0~20 cm MR R AEVERAHS 5 5 (B D, HRRKIEL SOC BHEY)
WREE, BAZUE LFC S &P, Ak, SR R MFEEY R MR B TR H, HEFF LFC L
BIER TN TETOAE A o5 AR, B A\ P I S BUR fLFC $AY5r fi#, LFC & &E&k. KH
WEER, VML B R, R DR AR AR R WA R 5, A, BHER
IR INIE oLFC A A6, AN[FIAEAE 7 2538 0% 1 % B /- AU L (8 4). B AMERE T,
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fLFC 1 oLFC 5 b TF 1 HEC TR, ¥l SOC JEMEIEsE, 4R 28 SOC [ fa e S Liash .
ARG AR, TR A LR LG A SRS, BRI HT RIS, FEPK S RT A (<25
), SOC MIE T 2y L] 2l $2 T, (HJEH (525 4) N 2mZlif&ik, W E I E 5 SOC 1
FaEME TR, MKEATK R 5 B W &
34 RHELBARERRE SRR RERBA ST HHE

JEBE A N AR R LR (SOC) T4k, (HANUR 90%LA 136, HA A Myt 1
AR E FEA IR . AR TAR G 778, R 0 o T/ A m i FA; 0 1
B SRR HA A B84 TEMESR HM. HA Fl HM 5 SOC 1) 75.45%LL . (B 5), %
HIEE 1 SOC F EAf A7 T a5 ke A L 2H 2y i, X0 44 B Lk e 2 o0 EL L, HRARE “ 2 i,
TYRAR L EVE I BS540 FA, BEJE 46 & v HA A HMBS, Mgk &, HHEE ra Bk
B N1 FA &8 Je 5 SOC ELfl ik = AE BRI N (S A AL — 50, IS R FinPEe
B FA TERG. A, #hREk=a 0RO, FA SEMUEIRESE N %, T HA M E,
WS HA & 2REERRIEN, Ml AR 2 NEES, Fovk HEKIIPHEBOR B R A, SEZH
ARCRA I HA BEED o i, A Be s B = AR AR D A S 045 6 1) HA - RERE R S AR
HM & EARHEAR, HHE 5 SOC L#lfE N, KA FA 1 HA B3R 7 HM 15 R H
FRRHL HM (5 EG I 2 s sy, RS SIE G A GEZE T HM AR R R

HA/FA FERAEA LR AR I B s, LSRR S T A5 5 A R ARG
AT, MRS 19 45 HA/FA LB 225 FRAK 25.93%, R &S 5 A28 R 408
AR HEE RS FA JERG 0 T g USSP A . EARSECRE AR, A AR
FER E ) H I N EEE MRS, FA MIBCEAILLE) £ BERTE, IS5 HA/FA HEPRK. 14
RERRE, ERIKRBESRSR, KEFEERFHE H BRI FA & &, {2 HA/FA AR
S EFHERB, rReREAS B AR EREMIAL, B CON WEAR RS &R, FimES
FIT HA BIERG. B, AN STA HLADAR AR 338 o3 i A gk R R ¥ 45 B (R A

gx b, B INEA NSRS B A SOC IO, HAm NG e b st 75 Clnf A ML
W), WERIN SOC B, W W4 G A A WU & BRRS it R 5, (H I S oE M 4ERF SOC KM
TRA7 . TEMEA D EREDFAL ST BRI, FFRA ST S G T A e ikeE, SEILE YRR I Fs e
WAL . Rk, 24 SOC BIHET 75 U RIEPERAM AN S Rse B fRyr, — 7 G, B K
TR E AL, (HrEEFEFFCH . A VUL SRS, PR &8 B
T EER, WSHHERS), E B RAARIR 58 R R, S SOC K IR (R 17 A
FREANIA D BRE, FRRMG AT R RZEAR, SR T I FE TP E S 2 ik
IYFRIRER, BRSO B AP .

4 45 B

A B HAKE SRS, SOC KILH B E WIS 2=/ FA-E. KJZ (0~20 cm) SOC &2
FREEK#ass, 19 AT T 26.19% CAEHEE 041 g-kg' Do MMIKE FN BERI T FETA
(20~60 cm) SOC &=, HBEERERIGM, A EIEREFEK. A FETRSA PR 7R HHE R KR
FI N AFAE IR 22 5, WEPEZH Sy (fLF. oLF. FA) HEILk 74.82%~199.45%, TifaEAS4Sr (HA.
HF. HMD X34 11.46%~29.69%, X PP &) 2% 5 i 4 580 SOC H fLF. oLF fll FA = /M 14l 5
(I ELZ M T, T HE A0 HM 0 HCs DA K. HA/FA EUEZ TG, BRI, R R 23T SOC
B, EXAE T SOC AR ARR @, M HEEA N, SRR 1AM R
AVRETBL MR A8 O SOC 5301 ok 9 AR 38 RGRIEH R, 1X00 B8 = XGR A &
A ML AR R R e A S S NME .
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