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Abstract Grassland recovery and land reconstruction in the Loess Plateau are critical constituents of regional ecological
construction. Exploration of soil organic carbon density SOCD changes during the process of grassland recovery is
important in assessing environmental changes as well as suggesting estimates of soil carbon sequestration in the dissected
area of wind — water erosion in north China. Soil was found to be a slight carbon sink during recovery processes in the agro

— pastoral area of the northern Loess Plateau with SOCD being 2.11 kg C m™> in scrubland > 1.95 kg C m™* in
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secondary natural grassland > 1.91 kg C m™> in artificial grassland > 1.69 kg C m™> in abandoned farmland and >

1.68 kg C m™* in farmland. However these differences were not statistically significant suggesting that impacts of
vegetation recovery on SOCD were relatively slight and that the potential for CO, sequestration in local soils is not large.
Changes of SOCD had been studied in Medicago sativa grasslands of different ages and in the secondary natural grassland of
abandoned land in Liudaogou catchment in Shenmu county of Shaanxi province. Results showed that SOCD were generally
low ranging from 1.18 t02.81 kg C m ™. Values of 1.4 kg C m~* are also typically found in desert areas and such values
are significantly lower than values for the central Loess Plateau. In the central Plateau values range from 4.46 to 9.95 kg
Cm™ with a national average of 11.5 — 12.0 kg C m™* for China. SOCD increased at varying rates when land use
patterns changed from farmland to artificial grassland or changed further to the secondary natural Stipa bungeana grassland.
SOCD under well — developed Stipa bungeana grassland improved only slightly to 2. 20 kg C m . Vertical changes in
SOCD revealed that soil carbon was mainly sequestrated in the surface layer of 0 —20 ¢m. Furthermore SOCD in this layer
was significantly correlated with an average value for the whole 0 —100 c¢m profile. So SOCD in the 0 —100cm layer can

be well estimated using values for the 0 —20 cm layer with an estimation error of only 9.9 % 0.18 kg C m™> .

Key Words soil organic carbon density northern Loess Plateau artificial grassland vegetation recovery and reconstruction
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Armeniaca vulgaris
Salix psammophila Artemisia ordosica Caragana korshinskii

Populus simonii

30 m
200 m
14
70 ~ 140 kg N hm ~? 70 kg P hm
7 9 1
1.30 gem ™
6.43 g kg™ > 38% <
0.3%
1 0 ~20cm

Table 1 The physical and chemical properties of surface soils 0 ~20cm of grassland and farmland in Liudaogou catchment in Shenmu County

of Shaanxi Province

pH Soil particle composition %
Vegetation type BD g em™’ pH value  OM g kg™ >2 mm 2~0.05 mm 0.05~0.002mm  <0.002mm
F North 1.34 8.57 3.37 0.59 49.1 50.0 0.3
1.26 8.5 3.92 4.38 32.5 56.0 7.1
F  South o ?
1.42 . 4. .41 . 45. .1
AG 1la 8.58 03 0 53.6 5.9 0
1.31 8.67 3.19 1.83 52.3 45.7 0.2
AG 6a
1. .74 . 1.4 40.2 .2 .1
NG 14a 38 8.7 3.33 5 0 58 0
NG 30a 1.42 8.68 6.43 1.71 38.5 59.6 0.2
Total Total Total NO;-N + NH
Vesetation 1 CBC o - o ol o U Available P Available K
egetation type mmok kg~ 8 X8 g X8 8 X8 N mg kg mg kg™ mg kg™
71.4 0.25 0.54 20.25 13.43 1.11 67.3
F  North
. 98.0 0.30 0.51 19.27 13.47 0.76 91.0
F South
71.9 0.24 0.38 20.44 8.75 1.05 60.7
AG la
65.1 0.24 0.40 21.24 9.04 0.79 59.0
AG 6a
60.4 0.23 0.4 19.86 10.17 0.90 63.8
NG 14a ? ?
NG 30a 79.4 0.43 0.52 20.59 8.78 1.86 108.8
Stipa
bungeana Data in parenthesis following vegetation types are the time year after grassland planted F—farmland AG—Medicago sativa artificial

grassland NG—secondary natural grassland dominated by Stipa bungeana  BD—Dbulk density ~OM-—organic matter content CEC— cation

exchange capability

1.2
SOCD
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SOCD 2 4
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SOCD
2
Table 2 The site conditions of the selected quadrats in Liudaogou catchment in Shenmu County
Code LUP Age Location Altitude Slope %radient Assect
a m

1 F 0 Muguapan 1207 17.5 ~19.0 NE78
2 AG 1 Naoniqu 1191 12.5~15.5 NE43
3 AG 4 Naoniqu 1207 17.5~19.0 NE78
4 AG 6 Muguapan 1233 7.0~10.0 NW28
5 NG 10 Yushuerzi 1233 10.0 ~14.5 NE21
6 NG 14 Experimental station 1214 8.0~14.1 NE21
7 NG 30 Beigeba 1230 19.0~25.0 NW6
8 F 0 Dangzhongmao 1217 12.0~15.0 SW65
9 AG 1 Naopan 1180 13.0~16.0 SW50
10 AG 4 Dangzhongmao 1201 6.0~11.0 SW63
11 NG 21 Dangzhongmao 1203 7.0~13.0 SW23
12 NG 30 Dangzhongmao 1216 13.0~16.0 SW62
13 S 30 Pinglianggai 1223 8.0~10.0 SW8
14 AF 1 Muguapan 1209 17.5~19.0 NE78
15 AF 1 Naopan o 1185 5.0~8.0 SW45
16 AF 10 Yushuerzi 1241 18.0~20.0 NWS5
17 AF 10 Dangzhongmao 1208 14 ~15 SW62

LUP-Land use pattern F-Farmland AG-Artificial grassland S-Scrubland NG-secondary natural grassland AF Abandoned farmland

g C kg™

D=Yc¢Bd 1-6

2 mm

ANOVA

i2mm

B, gem ™ d, i

CaCo, i =1-~5
ANOVA P <0.05
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SOCD 17
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1 0a
17 5 1 1a
10 a 2 1 ~6a 5
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al 17
2
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100cm SOCD 20% 0 ~20cm 36% ~
39% 4 a SOCD
3 3~4a
14
1
~2a
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Fig. 1 The dynamic change in soil organic carbon density SOCD in 0 ~20 cm and 0 ~ 100cm layers during the succession process of Medicago
sativa grassland. Dy, indicates SOCD in layer O ~20 ¢m ¢ indicates the growth time year after artificial grassland planted. The dots on the same
curve signed by same letters indicate their difference were not significant P > 0.05
6~10 a "
3
SOCD 1 30 a 0 ~100cm SOCD 2.20 kg
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Cm™ 1.68 kg Cm™ 31% P =0.027 SOCD
0 ~20cm SOCD 2.66 kg C m™’ 4.57 kg C m™? 2% P =
0.003 20~40 ecm 40 ~60 cm P> 0.05 60~80cm 80 ~100 cm SOCD
>2 mm 1 SOCD
3
Table 3 The Change in aboveground biomass of grasslands for different ages
Alfalfa biomass kg/hm? Gross biomass kg/hm?
Age a South North South North
1 3725.0 ¢ 639.8 4300.0 b 1116.6 3725.0" be 639.8 5175.0 1262.0
4 1137.5 b 189.6 — 1137.5" a 189.6 —
6 — 4450.0 b 886.5 — 4450.0 " 886.5
10 — 500.0 a 233.9 — —
14 — 450.0 a 189.6 — —
21 125.0 a 62.5 — 3496.9 b 807.6 —
30 250.0 a 88.4 597.5 a 235.4 4584.8 ¢ 541.5 5206.7 1531.2
1 P>0.05 2 * 3

1 Data signed by the same letters in the same column indicate that their differences are not significant P >0.05 2 Data signed by * did not

include a small quantity of weed biomass which could be neglectedl 3 Data in parentheses are standard deviations

0 ~20cm 0 ~100cm SOCD SOCD
1 P<0.05
0 ~100 cm SOCD 1.18 ~2.81 kg C m™? 1.87 kg Cm™
SOCD Warm temperate desert SOCD 1.4 kg C
m> SOCD
4.46 5.05 9.95 kg Cm™> 7.49 kgCm > 11.52 ~12.04 kg C
m—z 21
3
30 a 4500
~5200 kg/hm’
2.2
17 4 SOCD
> > > > SOCD
30a 0~100 em  SOCD 2.20 kg C m™ 30 a
SOCD  2.11 kgCm™
10 a SOCD  1.58 kg Cm™’ 1.71 kgCm™
22
40 ~50 a 10 a
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10 a »
SOCD 0
~20 cm 20 ~40 cm 0 ~100 ¢cm SOCD 0.058 0.080 0.075
Bonino * 450 mm 30 a
4 SOCD 72%
4 SOCD
Table 4 Comparison of SOCD for different land use patterns and slope aspect
Land use patterns Slope aspect
Layer Abandoned Artificial Abandoned
cm Farmland Apanconee Artificia fbancone Scrubland South North
farmland grassland grassland
12 1 | 2 24
Sample numbers N 6 > 3 3 7
0~20 0.53 0.04 0.54 0.08 0.68 0.19 0.71 0.24 0.74 0.14 0.67 0.15 0.62 0.21
20 ~40 0.31 0.06 0.30 0.04 0.35 0.12 0.39 0.08 0.39 0.05 0.36 0.12 0.34 0.06
40 ~60 0.30 0.05 0.28 0.05 0.32 0.07 0.31 0.05 0.34 0.03 0.31 0.07 0.31 0.05
60 ~80 0.27 0.04 0.27 0.06 0.29 0.05 0.24 0.10 0.31 0.03 0.25a 0.09 0.29b 0.05
80 ~ 100 0.27 0.03 0.26 0.04 0.27 0.07 0.29 0.05 0.32 0.03 0.28 0.057 0.27 0.06
0 ~100 1.68 0.17 1.69 0.19 1.91 0.43 1.95 0.35 2.11 0.21 1.87 0.35 1.84 0.35
Dogen’ D1goem% 32.0 3.3 32.8 4.9 35.1 3.6 36.1 7.3 35.0 2.8 36.0 5.2 33.4 5.1
1 2 P>0.05 ANOVA
3 Dyew Dinoen 0~20cm  0~100em  SOCD

1 Data in parentheses are standard deviations

P>0.05 Date without signs indicate that the results of ANOVA were not significant indicate

P=0.771
4
2
2
0.002 mm
2.3
SOCD
100¢cm 30.0% ~36.1%
SOoC
30 a 4
SOCD
20 24

SOCD

SOCD
SOCD

200 m

0 ~20 em SOCD
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51 SOCD 0~20cm 0 ~100 cm
P <0.001 3 0~20 cm  SOCD 0 ~100cm
SOCD 9.9 % 0.18 kg C m~2 0 ~20cm
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Fig. 2 The vertical change in soil organic carbon density SOCD for different land use patterns in Liudaogou catchment in Shengmu County. G-

Medicago sentiva grassland AG-Stipa bungeana grassland Sc-Caragana korshinskii scrubland
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Fig. 3 The correlation between soil organic carbon densities SOCD

in0~20 cm and 0 ~100 cm layers

SOCD SOCD 4.46~9.95kg Cm™’
11.52 ~12.04 kg C m ™ l.4kgCm™
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