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Soil Organic Carbon Storage Changes with Land Reclamation Under Vegetation

Reconstruction on Opencast Coal Mine Dump
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(1. College of Resources and Environment Northwest A&F University Yangling 712100 China; 2. Institute of Soil and Water
Conservation Chinese Academy of Sciences and Ministry of Water Resources Yangling 712100 China)

Abstract: Vegetation reconstruction was an effective solution to reclaim the opencast coal mine dump which was formed in the process
of mining. To understand the impact of the vegetation reconstruction patterns” on the mine soil organic carbon ( SOC) storage was
essential for selecting the methods of vegetation restoration and also important for accurately estimating the potential of the soil carbon
sequestration. The study area was on the Heidaigou opencast coal mine which was 15 years reclaimed coal mine dump in Zhungeer
Inner Mongolia autonomous region we selected 5 vegetation reconstruction patterns ( natural recovery land grassland bush land
mixed woodland of arbor and bush arbor land) and 16 vegetation types 408 soil samples (0-100 m) to study the effect of the
vegetation reconstruction patterns on the SOC storage. The results were showed as follows: (D on the reclaimed coal mine dump the
vegetation reconstruction patterns significantly affected the SOC content and its distribution in the soil profile ( P <0.05) . The surface
0-10 ¢m SOC content was grassland > shrub land > arbor forest > mixed forest of arbor and shrub > natural recovery land in which the
grassland  shrub land and arbor forest were about 2.2 1.3 and 1.3 times of natural recovery land (2. 14 g*kg™') respectively. The
total nitrogen ( TN) showed the similar trends. (2) Among the vegetation types Medicago sativa had the highest surface SOC content
(5.71 g*kg™") and TN content (0.49 g*kg™') that were 171. 3% and 166. 7% higher than the natural recovery land and two times
of Hippophae rhamnoides Amorpha fruticosa + Pinus tabulaeformis and Robinia pseudoacacia. (3) The effect of vegetation types on SOC
mainly concentrated in the 020 cm depth and the effect on TN accounted for 40 cm. (@) For the SOC storage the order was original
landform area > reclaimed dump > new dump and grassland > woodland ( including arbor and shrub land) . After 15 years revegetation
the soil carbon storage of the grassland shrub land and arbor land were increased by 15.47 t*hm™ 6.93 t*hm™> and 6.95 t*hm >
respectively in the 100 cm depth which were equivalent to 2/3 1/2 and 1/2 of the original landform levels. The results showed a
great ability of carbon sequestration.

Key words: dump; vegetation reconstruction patterns; soil organic carbon storage; carbon sequestration ability; Heidaigou opencast
coal mine
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Table 1 Basic information of the sampling site on the reclaimed coal mine dump
60 c¢m 22 c¢m
'
1.2~1.8m 1 m 2 m
1~2.5m 2 m
+ 70% 30% 1.5~1.8 m
50% 3~4m
50% 3~5m I.5m
50% 1.2~2m 1.5~2m
1.5~2.5m 1m 1m
1 ~1.8 m 1 m 1.5m
4~7m 2 m 3m
1 m
1) : ( Leymus secalinus) . ( Bothriochloa ischcemum ) . ( Medicago sativa) . ( Stipa
bungeana) . ( Hippophae rhamnoides) . ( Astragalus adsurgens) . ( Pinus tabulagformis) . ( Glyeyrrhiza uralensis) . ( Populs
alba var. pyramidalis) . ( Artemisia gmelinii) . (Amorpha fruticosa) . ( Caragana korshinskii) . ( Salix psammophyla) .
( Robinia pseudoacacia cv.idaho) . ( Ligustrum quihous)
1.2.2 60°C 24 h
0.25 mm SOC TN . S0C 1.3
H,S0,-K,Cr,0, TN ( Excel SAS 9.2
BUCHI322 /34 ) F
105°C LSD o=
0. 05. Sigma Plot 10. 0
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(W=0.89); 0~10 cm TN
SOC. TN (C:N) 0.13 ~0.58 g-kg ™' 0.25 gekg ™
(W=0.87); 0~10 cm C: N
1.4 9.41 ~18.49 13.13
i (W=0.91).
3 (P) SOC. TN
D, = C, xp, x d,/100 (1) (P <0.001) C:N
D, SOC TN (kgem™); C, SOC (P =0.3325) (D) SOC. TN
TN (g°kg™"); p; (grem ™) d. C:N (P<0.001).
(em); 100 (P) (D)
j SOC. TN (P <0.001) C:N
; (P>0.05) .
j 2.2 SOC. TN
sj=10><%l x D, (2) CoN
S, 5 SOC. TN
(t*hm~%); 10 (P<0.05)( 1)
0~10 cm 10 ~20 cm
2 20 c¢m 0
2.1 SOC. TN C:N ~10 cm SOC > > >
> N N
2 0 ~ 100 cm SOC (2.14
SOC. TN C:N W 0.87 ~ gekg™)  2.2.1.3.1.2.1.3 ;
0.99 ; 14.95% ~38.22% 1.7.1.4.1.3. 1.4 SOC
) 0 ~10 cm SOC (P <0.05)
1.94 ~6.45 g'kg_l 3.25 g'kg_l SOC N
2 (0~100 cm) SOC. TN C:N
Table 2 Normal distribution test of SOC TN and C: N ratio in the topsoil (0-100 ¢m) on the reclaimed coal mine dump
/em w
0~10 3.25 6.45 1.94 1.08 33.21 4.52 0.87
SOC/g-kg" 10 ~20 1.89 2.96 1.33 0.38 20. 16 1.62 0.95
20 ~ 100 1.38 2.85 0.63 0.36 26. 17 2.21 0.96
0~10 0.25 0.58 0.13 0.10 38.22 0.45 0.87
TN/g-kg“ 10 ~20 0.17 0.25 0.09 0. 04 21.10 0.16 0.98
20 ~ 100 0. 14 0.24 0.05 0.04 26. 17 0.19 0.99
0~10 13.13 18. 49 9.41 1.96 14.95 9.07 0.91
C:N 10 ~20 11.51 17.34 7.24 2.39 20.75 10. 09 0.90
20 ~ 100 10. 16 16.53 6. 40 1.91 18. 80 10. 13 0.98
3 SOC. TN C:N b
Table 3 Variance analysis of spatial distribution of SOC TN and C: N ratio on the reclaimed coal mine dump
SOC/g+kg ™! TN/g kg~ C:N
F Pr>F F Pr>F F Pr>F
P 4 21.40 5.35 35.94 <0.0001 0.14 0.03 19.83 <0.0001 62.16 15. 54 1. 15 0.3325
D 5 80. 47 16. 09 108.10 <0.0001 0.30 0. 06 33.98 <0.0001 214.75 42.95 3.18 0.008 3
PxD 20 24. 56 1.23 8.25 <0.0001 0.13 0.01 3.78 <0.0001 47.66 2.38 0.18 1.000 0
1)P . D
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Fig. 1 Effects of vegetation reconstruction patterns on SOC SOC TN ( P <. 05) + N
TN and C: N ratio on the reclaimed coal mine dump SOC 56.7% -
4 soc  .1TN C:N K
Table 4  Comparison of the optimal vegetation types on SOC TN and C: N ratio under different
vegetation reconstruction patterns on the reclaimed coal mine dump
/em +
0~10 2.14+0.02 b 571 +1.10 a 2.47+0.20 b 2.69 +0.53 b 2.92+0.07 b
10 ~20 1.30 0. 10 ¢ 2.04 £0.16 a 1.55 +0. 05 be 1.81 +£0. 08 ab 1.85+0.37 ab
SOC/geke-! 20 ~40 1.22+0.12 a 1.50 £0.15 a 1.17 +0.38 a 1.43£0.22 a 1.56 £0.26 a
B 40 ~ 60 119£0.17b  1.51£0.05a  1.24%0.08b  1.49:0.08 a 1.250.09 b
60 ~ 80 1.15+0.07 b 1.42 +0.03 a 1.02+0.02 b 1.44 +£0.09 a 1.48+0.12 a
80 ~ 100 1.05+0.08 b 1.30 +0.07 a 1.10+0.11 b 1.29 £0.04 a 1.27 £0.20 a
0~10 0.18 £0.01 b 0.49 £0.11 a 0.21 £0.05 b 0.21 £0.01 b 0.22+0.05 b
10 ~20 0.12+0.01 ¢ 0.20+0.02 a 0. 15 +0. 04 be 0.18 £0.01 ab 0.17 £0.03 ab
TN/eoka-! 20 ~40 0.12+0.02 b 0.15+0.01 ab 0.14 +£0.04 ab 0.15 +0.01 ab 0.17 £0.01 a
g 40 ~ 60 0.13+0.02 a 0.14 +£0.03 a 0.15+0.03 a 0.14 +£0.01 a 0.16 £0.02 a
60 ~ 80 0.11 £0.02 b 0.14 +£0.01 ab 0.14 0. 02 ab 0.15+0.02 a 0.15+0.00 a
80 ~ 100 0.10+0.01 b 0.14 +0.23 ab 0.16 £0.02 a 0.14 +0.03 ab 0.18 £0.07 a
0~10 11.78 £0.75 a 11.56 0. 56 a 11.60 +1. 80 a 12.97 £0.57 a 13.41 £0.65 a
10 ~20 11.06 £1. 65 a 10.22 +0.83 a 10.43 £0.24 a 10.13 £0.92 a 10.78 £0.51 a
N 20 ~40 10.00 £0.58 a 9.88 £0.82 a 8.33+£2.05 a 9.84+1.59 a 9.42+1.45a
40 ~ 60 9.80+1.78 ab 10.81 1. 13 a 8.39 +1.80 ab 10.36 +0. 38 ab 7.88+0.91b
60 ~ 80 9.80+1.35a 10.20 +1.21 a 7.40 £0.49 b 9.53+1.55 a 9.92+0.78 a
80 ~ 100 9.96 +0.40 a 9.11 £1.49 ab 6.93+0.03 b 9.41 +1.44 ab 7.06 +0.72 ab

5%
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38.9% . 41.7%; TN 68.4% « 50.7% - SocC 172.1%
44.4% . 20 cm SOC  73.5%. 69.2% TN 219. 6% -
TN 40  101.1% . 104.3%
cm (P<0.05) . SOC ; SoC
0 ~20 cm TN TN . .
40 cm. C:N 46.7%  103.7% « 100. 5% 57.1% -
140. 7%  124. 6%
(P<0.05).
2.4 () I m ()
SOC( TN)
(P <0.05) . . SOC TN
> > ( 35). 15.47. 6.93. 6.95 t*hm > 1.47. 0.75.
0.85 t*hm™*; 1 hm’
. . I m SOC
( ) SOC TN 17.49. 13.89. 17.66 t
> 1.87.1.54. 1.54 1.
0 ~20 cm (1.03 kgem?) .
(0.08 kgem %) 1.4 .1.3 ()
(P<0.05). TN () ) ()
15 a
N N 0~20 cm .
5 . . () N

Table 5 Comparison of the SOC ( TN) density and storage on the reclaimed coal mine dump original landform area and the new dump

0~20 1.03+0.14¢ 0.66x0.12d 0.64+0.07d 1.

20~40 0.60+0.14d 0.40+0.09e¢ 0.48+0.07 de 1.14£0.12 a
SOC /kgem ™2 40~60 0.51x0.11c¢ 0.38+0.05d 0.40+0.08 cd 0.86+0.15 a

60 ~80 0.48 +0.12 ¢cd 0.39 +0.07 de 0.36 +0.04 de 0.68 £0.16 a

80 ~100 0.44 +0.13 be 0.38 +0.05 bed 0.32 £0.03 ¢d 0.61 £0.12 a

51+0.07 a .33£0.13b 1.28+0.09b 0.38 £0.05 e
71 £0.17 be 0.85+0.07 b 0.29 +0.01 f
51+0.05¢ 0.69+0.02b 0.29+0.03d
.52£0.04 be 0.61 +0.12 ab 0.28 £0.02 e

.52+0.12 ab 0.54 +0.15 ab 0.27 £0.01 d

co oo~

/t*hm 2 0~100 30.59 +6.36 ¢ 22.04 +3.82d 22.06+£2.99d 48.07 £6.21a 35.94 £5.08b 39.72 +4.57b 15.11 1. 13e

0~20 0.08+0.02b 0.05+0.00c 0.05+0.01 ¢ 0.13+0.0la 0.13+0.0l a 0.12+0.02a 0.03+0.01d
20~40 0.06+0.01 ¢ 0.04+0.01d 0.05+0.01d 0.10+£0.01a 0.08+0.01b 0.07+0.0l b 0.03£0.00 e
TN /kgem ™2 40~60 0.05+0.01c 0.04£0.00 cd 0.04£0.01 cd 0.09£0.01a 0.05+0.00 bc 0.06+0.01 b 0.03£0.00 d
60 ~80 0.05+0.01 bec 0.04+0.00 cd 0.04 £0.01 ¢d 0.08 £0.02 a 0.05+0.01 be 0.06+0.01 b 0.03 £0.00 d
80 ~100 0.05+0.01 be 0.04 +0.01 ¢ 0.04 0.0l ¢cd 0.07£0.02a 0.06+0.00b 0.06+0.01 b 0.03£0.01 d

/tehm 2 0~100 2.82+0.50c¢ 2.09+0.23d 2.20+0.54d 4.69+0.72a 3.63+0.33b 3.74+0.56b 1.35+0.20 ¢

1) 5%
3
SOC
3.1 SOC SOC
SOC 70% ~81% "' . 7
15 a SOC
. . SOC SoC :
15.47.6.93  6.95 t*hm > 3a SOC 0.7~1.7

( 5). 8a SOC 2.3~3.8 13 a
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Fig. 2 Effects of litter biomass and carbon content on the SOC storage in the 0100 cm soil depth
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