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Abstract: Vegetation restoration is one of the most important measures to improve accumulation and storage of soil organic
carbon ( SOC) . The objective of our study was to understand the response of soil organic carbon to vegetation restoration in
different erosion environments in the hilly-gullied region of the Loess Plateau. The study was thus conducted on 42 restored

slopes and six sloping croplands ( control) in the Fangta watershed and the Manhonggou watershed which are located
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respectively in the Loess area and Sandstone area and is characterized by different erosion environments. Variations in soil
organic carbon content ( SOCC) and soil organic carbon density ( SOCD) among different plant communities in each erosion
environment and among different erosion environments for each plant community were analyzed. In each erosion
environment compared with sloping croplands SOCC and SOCD decreased significantly at the preliminary stage of natural
restoration while the increased significantly with the process of restoration ( P<0.05) ; and significant increases of SOCC and
SOCD were also observed for Caragana korshinskii communities ( 20—25 a) and Robinia pseudoacacia communities ( 13—
14 a) . This shows that soil organic carbon could be improved using both natural and artificial means of restoration within
each erosion environment. SOCC and SOCD of R. pseudoacacia communities were much higher than those of Stipa bungeana
+Artemisia gmelinii communities ( 15 a) within each erosion environment ( P < 0.05) ; SOCC and SOCD in C. korshinskii
communities ( 20—25 a) were much lower than in A. gmelinii communities ( 30 a) in the Sandstone area ( P<0.03) ; and
C. korshinskii communities ( 20—25 a) had much lower SOCC and much higher SOCD than A. gmelinii communities ( 30
a) in Loess area ( P<0.05) . These results indicate that within the same duration of restoration compared with natural
restoration R. pseudoacacia afforestation could accumulate and store more SOC within each erosion environment. The
effectiveness of C. korshinskii afforestation for accumulating SOC was not superior within all erosion environments however

its effectiveness in storing SOC was superior in the Loess area but not in the Sandstone area. Both artificial and natural
communities had higher SOCC in the Loess area than in Sandstone area and artificial and natural communities had higher
SOCD and lower SOCD in the Loess area than in the Sandstone area respectively. Therefore in contrast to the Sandstone
area artificial restoration in the Loess area was more effective at accumulating and storing SOC  and natural restoration was

superior in accumulating SOC  but not in storing SOC.

Key Words: soil organic carbon; vegetation restoration means; erosion environment; Loess area; Sandstone area
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Table 1 Physical geography of small watersheds characterized by different erosion environments in study area
Geographic information Manhonggou watershed Sandstone area Fangta watershed Loess area
Erosion type N
Area/km? 6.8 8.4
Longitude 110°58730" —111°02-14" 109°14740" —109°1709"
Latitude 39°25709" —39°26743" 36°47°19" —36°49°35"
Altitude /m 915—1150m 1100—1350m
Temperature / °C 7.5 8.8
Rainfall /mm 400( 1954—2009) 507( 1976—2012)
Gully density/( km/km?) 4.3 3.8
N /%
.8.33. 10.3.23.
Content of soil clay and sand 9-8.33.3 0.3.23.8
1999 1999
Start year for “Grain for Green” Project
Dominant plant species and crops N N ; N
Ground material composition )
( Robinia pseudoacacia) . ( Caragana korshinskii) . ( Hippophae rhamnoides) ( Artemisia scoparia) . ( Artemisia
gmelinii) | ( Stipa bungeana) . ( Bothriochloa ischaemum) . ( Panicum miliaceum) ( Zea mays) . ( Glycine max)
1.2
1
11-12
0 1
13—14a \20—25a 3—>5a o
2015 7—8 o
23
3—5 : 10 m X 10 m SmX5m 2m X 2mo,
“s” 3—5 5 cm 0—20 cm o
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Table 2 Basic information of the plots
Location Plant Plot Gradient/( °) Aspect Altitude/m  Community characteristics
community
CK 3 18—22 NW.SW 1235—1265
Fangta watershed AS 3 20—25 NW.SW 1247—1285 3—6a 25%—30%
Loess area SA 3 28—32 SW 1153—1284 15a 37%—40%
BA 4 26—31 SE 1290—1341 20a 43%—45%
A 4 29—33 SE.SW 1222—1250  30a 65%—T15%
3 21—25 NW 1296—1298 3—35a 0.52—0.58 m 0.83—0.91 m
3 18—27 NW.SW 1181—1264 20—25a 1.75%2.02 m 1.6—1.75 m
4 24—32 NW.SW 1255—1327 13—14a 3x3.5m 6.8—7.2 m
CK 3 20—22 NW.SW 960—1002
Manhonggou watershed AS 3 22—23 NW 998—1015 1—2a 20%—25%
sandstone area SA 4 14—29 NW.SW 1011—1085  15a 60%—70%
A 4 20—35 NW 959—1024  30a 80%—90%
C 4 22—25 NW.SW 954—972 20—25a 1.02x1.24 m 1.41—1.52 m
R 3 18—25 NW 988—1075 13—14a 2.31%x2.63 m 4.3—5.1 m
CK: Sloping croplands; AS: Artemisia scoparia; SA: + Stipa bungeana +Artemisia gmelinii; BA: +

Bothriochloa ischaemum+Artemisia gmelinii; A:

Robinia pseudoacacia

Artemisia gmelinii; H:

Hippophae rhamnoides; C: Caragana korshinskii; R:

1.3
SOCD=DxSOCCxBD/100
SOCD (kg/m*) ;D ('em) ; SOCC (g/kg) ; BD
(g/em’) ; 100 o
( ANOVA) SOCC.SOCD
(a=0.05) i SOCC. SOCD (a=
0.05) .
2
2.1
SOCC 2.93—6.70 g/kg
2.66—5.82 g/kgo ( 3.62 g/kg  3.43 g/kg)
(1—6 a) SOCC 19.2%  22.4% + (15 a) 11.5% 10.3%
+ (20a)  28.5%( ) (30 a) 84.9%  69.6%.
SOCC ( ) (P<
0.05) 3—5 SoCC 8.8%(
) 13—14a 20—25a SoCC ( P<0.05)
65.6% S57% 47.6% 41.4%, 3—5
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Fig.1 Variations in SOCC under different plant communities in Fangta watershed Loess area and Manhonggou watershed Sandstone area
CK: Sloping croplands; AS: Artemisia scoparia; SA: + Stipa bungeana +Artemisia gmelinii; BA +
Bothriochloa ischaemum+Artemisia gmelinii; A: Artemisia gmelinii; H: Hippophae rhamnoides; C: Caragana korshinskii,
R: Robinia pseudoacacia; 0.05
2.2
SOCD 0.65—1.42 kg/m’
0.73—1.54 kg/m’. ( 0.87 kg/m>  0.88 kg/m?) ( 1—6 a) SOCD
25.7% 17.4% + (15 a) 7.5% 16.9% + (20 a)
24.0%( ) (30 a) 48.3%  75.4%.
SOCD S0CD ( P<0.05) .
3—75a SOCD 15.3%( ) 13—14 a 20—25 a
SOCD ( P<0.05) 45.8% 63.4% 34.3% 30.2%-
N SOCD + N
( P<0.05) ; 13—14a SOCD 15a +
20—25 a S0CD (P<0.05)( 2).
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Fig.2 Variations in SOCD under different plant communities in Fangta watershed Loess area and Manhonggou watershed Sandstone area
0.05
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( P<0.05) s0CC
. 30a SOCD ( P<0.05)
SOCD . 13—14a 20—25a
SOCD ( P<0.05)
3 SOCC.SOCD

Table 3 Variations in SOCC and SOCD under the same community between Fangta watershed Loess area and Manhonggou watershed

Sandstone area

SOCC/( g/kg)

SOCD/( kg/m?)

Plant community

Fangta watershed

Manhonggou watershed

Fangta watershed Manhonggou watershed

loess area sandstone area loess area sandstone area
CK 3.62A 3.43A 0.87a 0.88a
AS 2.93A 2.66A 0.65a 0.73a
SA 4.04A 3.78A 0.93a 1.03a
A 6.70A 5.82B 1.29a 1.54b
C 5.69A 5.06A 1.42a 1.18b
R 6.00A 4.85 B 1.27a 1.14b
0.05
3
31
SOCC.SOCD ( 1. 2)
12 . ( 2)
( ) 24
()
®, N SOCC.SOCD
(P<0.05)( 1. 2) 2% 12a .
SOCC.SOCD. N SOCC.SOCD o
SOC 3—8a " . 0—20 cm
( <10 a) SOCD ( >30 a) SOCD 59.54% ' .
(13—14 a) SOCD 45.8%  30.2% SOCD
32
SOCC.SOCD ( 3) .
2829 30
1.7 1.8 o
( 389.6 mm 558.4 mm) 1.49 kg/m’ 4.26
kg/m’ * . . SOC *3s0c
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* s0CD 2.
SOCC.SOCD o 507 mm
400 mm( 1)
SOCC.SOCD o
) ( ~ ) *
o Lieth ¥ miami
(0 o
SOCC-
SOCD o
33
SOCC
(P<0.05)( 3)- 1)
3T SOCC
SOCC w0
SOCC o
(33.3%) (23.8%)( 1) SOCC v
SOCD ( 3)
o 0—10 cm  10—20 cm 1.07 g/em’

1.17 g/em’ 1.30 g/em®  1.41 g/em’s
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