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Abstract: [ Objectives ] We studied the variation of carbon sequestration efficiency of reclaimed soil after
long-term application of organic fertilizer rates, to provide a theoretical basis for rapid reclamation of soil fertility
in the subsidence area of coal mines. [ Methods ] The reclamation experiment, started in 2008, was located in the

subsidence area of Shanxi coal mines. The treatments included no fertilizer input control (CK), chemical fertilizer
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(F), and low-level manure with chemical fertilizer (LMF) and high-level manure with chemical fertilizer (HMF).
Before the harvest of maize in 2019, soil samples (0—20 cm) were collected for the measurement of total organic
carbon (SOC). The SOC was further fractioned using a physical-chemical fractionation method for the
quantitative analysis of SOC stock in different fractions. [ Results ] After 11 years of reclamation, compared
with CK, fertilization (F, LMF, and HMF) significantly increased the total SOC by 23.8%, 39.6%, and
82.1% (P<0.05), respectively. The sequestration rates of SOC under F, LMF and HMF treatments were 0.57, 0.83,
and 1.28 t/(hm’-a), respectively. The carbon sequestration efficiency of the reclaimed soil was averagely 20.9%.
Among the seven organic carbon fractions, the unprotected organic carbon fraction had the highest carbon
sequestration efficiency of 9.0% and was the main form of soil carbon sequestration. Compared with CK, F
treatment significantly increased the unprotected organic carbon fraction, the chemically protected fraction, and
the biochemically protected clay fraction (37.1%, 52.3%, and 93.5%); LMF and HMF treatment significantly
increased the content of unprotected coarse organic carbon fraction, physical protection fraction, chemical
protection silt fraction and clay fraction, and biochemical protection clay fraction (66.1%, 179.6%, 59.7%, 48.6%,
and 63.0%), and the increment effects of HMF on the above fractions were significantly higher than LMF
(19.6%. 32.1%. 28.5%. 5.3% and 7.3%). The annual average total carbon sequestration and that in each
fraction were all positively and significantly correlated with the annual average organic carbon input (P<0.01).

[ Conclusions ] The annual input rate of organic carbon significantly affects the carbon sequestration efficiency,
after 11 years of conservative application of manure, the reclaimed soil still has huge carbon sequestration
potential, and the highest carbon sequestration efficiency is in the unprotected organic carbon fraction. Therefore,
high-level organic fertilizer input is an effective measure to quickly restore the organic carbon content in the
reclamation of coal mining soil.
Key words: reclaimed arable land; soil organic carbon; physical-chemical fractionation;
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1.2 R S5HEER
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Table 1 Application rates of N, P, K, and manure
in each treatment

b3 N PO, KO AP Manure
Treatment 2008—2018 2008—2011 20122018

CK 0 0 0 0 0

F 108 72 60 0 0

LMF 108 72 60 4425 2700

HMF 108 72 60 17700 10800
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2.1.1 HESHEImREEAME ER11F)E,
- S P A R 3 3R HMF>LMF>F>
CK (% 2). MHT CK, FAbFRE 43 8A HLIK & &
BT 23.8%, LMF Fl HMF 23 313607 39.6% Fil
82.1%. Hrf HMF AbBEMROCR el B, ALK
1A F 13.45 g/kg, 43AliE F A LMF [ 1.47 F1 1.30
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1.22, 1.37 Fil 1.64 £, L3 Rk 5518 0.57
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Table 2 Storage of organic carbon in top 0—20 cm layer of reclaimed land under different fertilization treatments in 2018

Ll AP (ghe) MU (gem’)  AHLKEER (Cvhm?)  BREEEEME (Cvhm?)  FEIBGHSE [C Y(hm?a)]

Treatment SOC content Bulk density SOC stock Change of C stock Sequestration rate

B4t Initial 536 1.53 16.40

CK 7.38+0.24 d 1.27 18.65+1.06 d 2.25+0.61 d 0.20+0.06 d

F 9.14+0.29 ¢ 1.24 22.69+1.25 ¢ 6.29+0.72 ¢ 0.57+0.07 ¢

LMF 10.31+£0.28 b 1.24 25.49+1.21b 9.09+0.70 b 0.83+0.06 b

HMF 13.45£0.03 a 1.13 30.52+0.11 a 14.12+£0.06 a 1.2840.01 a
H: SOC—HHEAMIM; CK. FRAAMGACKT AN, LMF, HMF KR AL A YUCHUEE &3, [RSEdRE AR R/NG FRE30R
Ab PR 2% 5 i 2 (P<0.05).

Note: SOC—Soil organic C. CK and F are blank control and chemical fertilizer treatment, and LMF and HMF are chemical fertilizer with low and
high manure amount treatment. Different small letters after the data in a column indicate significant difference among treatments (P<0.05).
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NH-clay ZH 1A HLAR % & b CK 4332 55 T 38.9%~
66.1%. 11.7%~179.6%. 24.3%~59.7%. 41.1%~
48.6% 1 51.9%~63.0%; HMF HIHRTHER & T LMF,
HAH I MIRTTT 19.6% . 32.1% . 28.5%.
5.3% A1 7.3%.

Ui 5 A ORL AT BILR 4 40 o5 A WL b B3] B
SEHIR 48.5%; Hk hEE kAL sy CEWE R
BLBR AL 2 R4 A BLER ), 344351 31.2% AN
12.9%; WIERLEY A HURAL Sy L BN, 359 7.4%
(B 1)o MHEET CK I F, JEAPIELE (LMF, HMF)
BERE T WHEEAT A YRA W, T
CK, JiifbEAb¥E (F) W& BALT AW #4145y
L]

2.2 HIEBHRKESKIEAENXR

2.2.1 AS[a)jite AR A B ) 1 SERR A B & 2 AT A
i, KGR E A, T CK, A%
BRAEACE 42 T 3.01 %, LMF BYMRIERRAEBA &
RENT 3.41 t(hm*a)., ARTESH HUIEILE AR

ALl HMF b8 femy, o 6.29 t/ (hm*a), 735l
CK. F F1 LMF 5 4.64. 1.04 1 0.46 1%
222 HIEEAPURAEY B4 AR AR CR

2B A LA S [ E i SRR AR Z
[ A 3 TEAHOCOC R (8] 3). B HRRMRIRERIR
2RI EBECR, N 20.9%. LRSS N
MrRET y RN x (E, FAH O A DL 4R 5
AT AR AR . G, fEE BRI 11 4R,
ARz DI DA R, BRI B
AR A BN 0.24 t/(hm?-a).,
2.2.3 TIEA A S A WA [ i 5 AR R
KE MRIHER (K 4) RY, W ESPRA
LA Sy . ERGR P B AL AL 5y . AL=F R4 LAk
o FUE DAL 2= R A AL 2 43 1 AR 2 [ i 3
ARSI RRAR A B2 (R AR B 3 IEAH DG OE R (P<0.01), H
HERRFRRE R ELH I EBICE., BEH
FRIR, IS A WURLAL 2 1 B AR B (9.0%)
HN A AR ) (6.0%), FRR O H) B4
Y (3.4%) LA 4l (2.5%), Hovb i B2
K2l o e AT /3 1 1.50~3.6 1%, AT WL H AT iy
A WL 3 B R U B A R A
3 it

N [ il I X 42 BE 4 48 A WL B 45 4l
AR A WA R THER, 4R TR A e
Hict it g 1A HLAE (HMF)>fR AR B IR A HLAE (LMF)>

HEFIAGHE (>R AR (CK), 555 REAL i 545
SRS, BT T A LR Ay 2R A

#3 KHERT 0—20 cm TELIERA S BHHIEE (C t/hm?)

Table 3 Stocks of different organic carbon fractions in 0—20 cm top soil under different fertilization treatments

Ires s YIEMEAS ezt RS
L3ty Unprotected organic C Physically-protected organic C Chemically-protected organic C Biochemically-protected organic C
freatment cPOC fPOC (iPOC) H-Silt H-Clay NH-Silt NH-Clay
CK 8.06+£0.36 ¢ 0.74+0.17 a 1.03£0.12 ¢ 1.4440.10 ¢ 1.0740.10 b 5.23+0.64 be 1.0840.16 b
F 11.04+0.29b 1.03£0.10 a 1.41£0.07 ¢ 1.2240.12 ¢ 1.63£0.12 a 4.26+0.26 ¢ 2.09+0.08 a
LMF 11.20+0.61 b 0.66+0.04 a 2.1840.20 b 1.7940.03 b 1.5140.06 a 6.51+0.24 ab 1.6440.21 a
HMF 13.39+0.22a 0.87£0.12 a 2.88+0.11a 2.30+0.09 a 1.59+0.05 a 7.73+0.27 a 1.76+0.07 a

TE: CK. FAARHEICK B HEALIE, LMF ., HMF AR Hlm A PUEHUIE RS 4 A0 B cPOC A SHLUBUR A B, fPOC il B 25410t
KATHLURK , iPOCHPBEORG S Rk, H-SUC k2 SR BRI A DL, H-Clay AL (R SR RLA A HLER , NH-Silth B P s
FPRLHAT AR, NH-Clay g A=~ ORISR AT HLER ;. [RIZIEUE G A [/ NG PR 3R A T R 22 57 .3 (P<0.05).

Note: CK and F are blank control and chemical fertilizer treatment, and LMF and HMF are chemical fertilizer with low and high manure amount
treatment. cPOC is unprotected coarse particulate organic carbon; fPOC is unprotected fine particulate organic carbon; iPOC is intra-aggregate
particulate organic carbon; H-Silt is chemical protection silt organic carbon fraction; H-Clay is chemical protection clay organic carbon fraction; NH-
Silt is biochemical protection silt fraction; NH-Clay is biochemical protection clay fraction. Different small letters after the data in a column indicate
significant difference among treatments (P<0.05).
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Fig. 1 Proportions of each organic carbon fraction to
total organic carbon in topsoil (0—20 cm)
under long-term fertilization
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Fig. 2 Annual average organic carbon input under
different fertilizations between 2008 and 2018
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Fig. 3 Relationship between annual average carbon

sequestration and annual average carbon input
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HELRIZE R, By o, x AYfH.
Note: The 12 points in the figure are the values corresponding to all
treatments. The point of arrow in the figure is the intersection of the
two dashed lines, that is, the value of x when y is 0.
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