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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<0.05) ; 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

BCUBEIEEPSN iR Wy P FARIAN TR B D75 A Ak
Geographic information Manhonggou watershed Sandstone area Fangta watershed Loess area
{21257 Erosion type biLIRN biN:
TR Area/km’ 6.8 8.4
2% Longitude 110°58'30" —111°02'14" 109°14'40" —109°17'09"
45 Latitude 39°25'09" —39°26'43" 36°47'19" —36°49'35"
MR Altitude/m 915—1150m 1100—1350m
AEHHE Temperature/ °C 7.5 8.8
[&7K & Rainfall/mm 400( 1954—2009) 507(1976—2012)
VAU Gully density/ (km/km?) 4.3 3.8

2 NN =%
cini%iﬁ ‘?jﬁiiﬁ 4 and 9.8.33.3 10.3.23.8
il LAE AN
;-ffifrﬂ ;j;rﬁi Grain for Green” Project 1999 1999
HARIFDRIALAED) BRATE om0 S B AT AR XYL OB R ARG L BRAT KSR 1R
Dominant plant species and crops B KA OB BT B KA
ST R B w4

Ground material composition
R ( Robinia pseudoacacia) Fr2c53%% )L ( Caragana korshinskii ) . V0§l ( Hippophae rhamnoides) ¥ T8 (Artemisia scoparia ) KT8 ( Artemisia
gmelinii) K25 (Stipa bungeana) | 112E 5 ( Bothriochloa ischaemum) JEF ( Panicum miliaceum) . 5K ( Zea mays) . K5 ( Glycine max)

1.2 MR A5 R

ZEA WA RIS Z2 AR ¥ + B AR X A TR A 55T, [ SRR &= 7 3 2 X ol R — e 2 i 1
AR S REIE B B AR A R BRI B B IR B B AR R R B, LR R B R R
IR R T SRR R AT RO RARA B R R A A TS N TR K
7RI GEY R RS A ARG L VAT R K I RO B T LA B B R R SR R AR R
P AKX T2 0040 4540 DX 5 B3 el R B 2 DX 5 20 V) Y el e () S PR 0, 7 ORI A2 T R, 1 4R
A FEARTEVR T BOR U B TR, 200 A4 B R R B AT I B B K 22 FERE IR | S R I ST s 1%
N TAEB S I 2 e H 13— 14 AR RIBREETS . 20—25 4F BUAE A B0 XS JLREVE A 3—5 ARV IIRETS .

2015 4 7—8 H [u) AU AE WA~/ N IR J B A Mt 8 A+ SR S R AR 7 T A TR 3% 2 7 33 43 i)
PR SR R AR BRE b, XoF TR A SRR 7 20 F IR BT AR e AT R 4 2 e B R 9 A
BE3—5 AMRETT RE RNV N FEARM 10 m x 10 m HEARMKS m x 5 m, A 2 m x 2 m, ZEEEEE R
FH«S” RUBR A e FE 3—5 A0, HNAE 5 em BY T RERAERZ 0—20 em HIERES  Z A0RG — M, B
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Table 2 Basic information of the plots

Hb A5 YRR Fth Y Y1) Mk HEVRFRE
Location Plant Plot Gradient/ (°) Aspect Altitude/m  Community characteristics
community
B X YR R CK 3 18—22 NW.SW  1235—1265
Fangta watershed AS 3 20—25 NW . SW  1247—1285 3—6 4F, 35 25%—30%
Loess area SA 3 28—32 SW 1153—1284 15 4, 5 37%—40%
BA 4 26—31 SE 1290—1341 20 4, F 1 43%—45%
A 4 2933 SE.SW  1222—1250 30 4F,35)¥ 65%—75%
3 21—25 NW 1296—1298  3—5 4F 5l 0.52—0.58 m, = 0.83—0.91 m
3 18—27 NW.SW  1181—1264 20—25 4, il 1.75%2.02 m, #fH 1.6—1.75 m
4 24—32 NW . SW  1255—1327  13—14 4F 5l 3x3.5 m, Bk 6.8—7.2 m
AP DX £ 78 T 5k CK 3 20—22 NW . SW  960—1002
Manhonggou watershed AS 3 22—23 NW 998—1015  1—2 4F, ¥ 20%—25%
sandstone area SA 4 14—29 NW.SW  1011—1085 15 4, 551 60%—70%
A 4 20—35 NW 959—1024 30 4, % ¥ 80%—90%
C 4 95 NWSW 95497 ﬁgjnzs 4 SR 1.02x 1.24 m, Bk 1.41—1.
R 3 18—25 NW 988—1075  13—14 4, 5§ 2.31x2.63 m, Bk 4.3—5.1 m

CK, S Sloping croplands; AS, W Artemisia scoparia; SA, KB Stipa bungeana +Artemisia gmelinii; BA, E$ﬁ+!{%ﬂi%‘k,
Bothriochloa ischaemum+Artemisia gmeliniiy A, ¥ Artemisia gmelinii; H, Y2 Hippophae rhamnoides; C, ¥r2c#33%% )L Caragana korshinskii; R, H|

# Robinia pseudoacacia
1.3 FFa I S5E0E T

I DR P E R R M IR | IR FoR A T . A HL S BT E

SOCD = DxSOCCXBD/100

K, S0CD N HIFEAHKEE  kg/m* ;D I L JZEEE, cm; SOCC A HHEH WU & i, o/keg ;BD N LR E,
g/cm’ 5100 A HL0 AL R ER,

KB 27 2270 (ANOVA ) Xof [/ — R A PR A R B AE Y4 R SOCC . SOCD BEAT J5 2273 M 22 5
FEMRI (2=0.05) , R ¢ 850 7 1550 07 AS AR P A 5% W] — AR g B V% T SOCC,SOCD 2 F (=
0.05) .

2 ERE5SH

2.1 [l —RMIAEA YR T S UK & A1

TE 8 - X7 BRI ORI 5 X 2008 i, AN R 7 T SOCC Z2 ARG Fl 73 51 2.93—6.70 ¢/kg il 2.
66—5.82 ¢/kg, FIRMKE Z50F T BB B 5 BB HAH b (B PLBR & 5051 3.62 ¢/kg F13.43 o/ke) ,JEEE
T (1—6 a) SOCC 43 HIREAR 19.2%F1 22.4% (K15 RE+ERFTE HEVR (15 a) 4342 55 11.5% 1 10.3% , 1 FFi+
BRFTFESHEVR (20 a) B2 28.5% (B L XU ) | AT 5 HEVR (30 a) 430l $2 55 84.9% F1 69.6% . W] UL, 4>
TR SOCC FERIBEK R WIIBY Bt (F8 B H BER ) 34 W38 FRAIE , =2 5 Bl AR Bl Pk A2 349 52t W 3 7 v 1 A 3 ( P <.
05) . NTARESM T W R B 5 Bk M AH LE, 3—5 4R AR I N TV A% SOCC FEAIK 8.8% (¥ + IX Hj 3 i
B, WA A A K 13—14 AR RYRIBLRE VS FI 20—25 4F B9AT S ERX8 LEES SOCC 1 45 & ( P<0.05) , 43
L E] 65.6%F1 57% ,47.6% F1 41.4% , XF TR AEFRIEA AL A T 5 BB, ,3—5 AN TV B
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Fig.1 Variations in SOCC under different plant communities in Fangta watershed Loess area and Manhonggou watershed Sandstone area
CK, YWt Sloping croplands; AS, ¥ T # Artemisia scoparia; SA, K15 +EATE Stipa bungeana +Artemisia gmelinii; BA 3£ 5 +8KFFE
Bothriochloa ischaemum+Artergisia gmelinii; A, BRFTE Artemisia gmelinii; H, YP§E Hippophae rhamnoides; C, ¥1 254834 )L Caragana korshinskii;
R,HIME Robinia pseudoacacia ;¥ AN [i)/NG FEEFRIR ] — R PR FEA RIAE P RE T L3 HUR & BEAE 0.05 7KF- L2 5 3%

22 [Al RIS EE T LA PR AL

FEBE 4 X B W5 S SRR D 5 X 213 sk , AN RIS B V& T SOCD ZE RS 4351k 0.65—1.42 kg/m* I
0.73—1.54 kg/m*, S HIAR b (A HLERSE 43 51 0.87 kg/m’ 1 0.88 kg/m®)  JEEEREE (1—6 a) SOCD
I3 RAR 25.7% 1 17.4% , KR ERFTHERET (15 a) 23548 7.5% 1 16.9% , 11 F-F+ERFFHE FETS (20 a) $2
1 24.0% (3 X)) BT B 7% (30 a) 20 4 = 48.3% Fl1 75.4% , WI UL, PR Tk 3k A AT 4 I 522 9 10
B BEAO G B REVR SOCD ¥ AKX, 2 5 SOCD BEAE Bk B ¥ 2 B & THE % (P<0.05) . S3#FAd
b, 3—5 AR VRS SOCD FEAIE 15.3% (B IXDF IR0 , MBI 13—14 45 I MLREVE 1 20—25 4F
Fr 468038 LEEYE SOCD ¥ 215 (P<0.05) , 53 illik 3] 45.8% F1 63.4% ,34.3%F130.2% , X THREAFFREEA
LR , B XU TR A7 2558 LA VD B V5 SOCD 34  F i i 2 & T K 1o+ R R
BRATE VR M B Y (P<0.05) 5 RIERD A XIE 2178 3 13— 14 4F N THIBLEYS SOCD = F 15 KPR+
BRFTEBEVR | T 20—25 AFEF7 45008 JLBEYS SOCD S K T AT S BETE (P<0.05) (1 2) .
R 2 X 3 0¥ ¥ 5
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Fig.2 Variations in SOCD under different plant communities in Fangta watershed Loess area and Manhonggou watershed Sandstone area
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FR T A LD TR (P<0.05) , HeE MM RETS SOCC 7F 8 4 X D7 39 i s TRk DX il 21 Y ik, (2
W EES R PR UL, B XIS R T B 2R RS 1 DLk B AU RE T & TRl A A X 41
W, 30 SRR E BEVE SOCD TERILAD 7 DX 2130 Y 3l ik 25 5 T ¥+ IX Wi i 3 ( P<0.05) , HE FH 2R
YITEVE SOCD TERLAD 75 DX £T 16 3 30 T 8 = X 30 3, (L 24 0 B 38 25 5 5 17 13— 14 47 Tl B B %
20—25 AEFY S5 HAY JLIETE SOCD 7 ¥ 4 X H5 B it bk 34 i 35 0 TR0 X 40 YA i 38 ( P<0.05) , Ui AL b 7
DXL ek B R0 A2 R T TR A A T A MUK I B A7 , T 2+ X R R N T EREVE A A e
HUER OB AT

&3 [E—8% SOCC.SOCD ## + RKiFiHmE Slkh & KFLaREENER
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?)
TWIRE B X7 B TR DX 213 Y bk b XA Uk Btk A o DX 29 i ok
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 4.85B 1.27a 1.14b

AR NG PR3 RN A R PR ] — R M RV T S WL & k| RS DU 7E 0.05 /KF B2 R B35

3 e

3.1 HEBEIRE T AT LR 1) R

TF 5% DX I i Ak 7K 3 2R 7™ B X % XA R 5 3 LB & o | A ML B AR A VIR
ARG EE R, PR F S SOCC SOCD B A SR M 8 Kk 52 52 S i/ N s BE KB a4 (& 1 &1 2) ik 5 Hh 3¢
SERNEEAG I (IR 4 AR — 30, AR ST, BRI 35 BB SRR S ke A (R 2) , I A R 1Y
BEIsESE T A IEAPUR h A RE S A R T R MU () B9 ALY R, AR BORS TS AR ek
JZH S, 0T AR 1k sk K X S AR D e A SR W R DL R R BT (B ) AT 3k
AL XTI R SR B N T 7 BEREE S, SOCC SOCD BERT Y Wk &2 A1 BR iy 1 i
BERIN(P<0.05) (B 1, 2) 3 5#HEE FBFIR 25 200, BEE B 12 47 AR Vs A\ T A 2y
BERE T SOCC,SOCD, H, N TFv HERFIE K AFBR 2 SOCC ,SOCD 784k, A BRI, |+
JEN THIEEAR SOC f IR A 3—8 4F' S AR EL , 3% + FE b i8R IX 0—20 em )2 R B
BAK (<10 a) SOCD A THeHkh , T 2bK (>30 a) SOCD B4 T 59.54% 7 . AWF5E vh A [6) 4= h BR 55 ol i
HETE (13—14 a) SOCD HAHE 4> 514 45.8%F1 30.2% , 1 B 78 B £ XRIAL RS 5 XN TRIRR A% SOCD B A 1%
TATS A B s (R
3.2 RGN A HLER AR A S R

[l —tEY I T, AR MR ] SOCC  SOCD F77E 22 5 (3R 3) , X Fh 25 57 AT R 32 3 Mg S5 A I 52 il
FET TR T X, 3K o X A R e A A 1 A 7 T R A3 A I S R R AR T L — A
BRI R B R VAR XK i R A K TR 0 K A SE SR RS AR Y L TR &
PERAE A, R S b AT 75 TV L AN T A A B 2 AR 1.7 5 1.8 A5 P L WA R
XML 2 (AR R Y B 389.6 mm 22 4b 3] 558.4 mm ) MRAHbAHAR A= Wy % 1 1.49 kg/m* 25 1L 3 4.26 kg/
m® P BRI B AR AR YRS SOC BLREYIAIE T SOC 1Y SRF REAL w1 A= i 3
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mm (% 1), P & B AL DX 21 78 TS be e L AR ) o0 32, R B bk EAR B i B/ LR 22 W+ X
D BRI MEA R 40 AR T AR, X 0] BE S BN ASAR RMZ AT T T Iw EREE b4 P AR 2 4
R RRYRE S 22 5 T B SOCC \SOCD 1225, 1 ., ftAb e IX I 2108 fni i i 4 18 52 KU =ik, N T
Ir FERTEIE L JR T 0 25 2 B WCHIOTT AN 20 T AR BT i )23 T/ IS 1 B0 -+ 38 BILAY) o i) g

RIS, RV A A 7 S o R ) B A e BT T AR L T BB AR 7= A AL T4 0 (L5 A 9 b b R R
FLERN) BRI TS T (TR AR R i) A 7 i nT RS B A B (Y R e T A 1)
TR A WA S, K Lieth ™ B2 A miami #5580 | B+ [X 55 15 370 5 22 4F S 1 [ 4 RS 24 3R
JEE YA TR A DO LTI IR (26 1), B #E - X738 I AR Bt A v e 2 7 3t R TRl 5 DX 419 T 3k
7, #8  DX 4 VA Sl 4 1) - 98 1L 7 -+ A BILA o 908 00 B8 K, X T g 2§ BUR R AR AR R 8 ] SOCC |
SOCD ZE 3K,
3.3 ST A WL AR TR R R

BT YR A A — R RIS T, TR A DX 21 9 i 3k SOCC ¥ I% T B¢ i 2 (1% T 3% 4 X 55 358 o 3
(P<0.05) (£ 3), —J71f,3X A 85 AR DX 21 74 i 378 B2 FE AR 5 i AT O (38 1), T 94 %% B 2 I
R bt 0 T AR e B ) o DN, A S e - 3948 ol ™ EE R B A AR AR BRI, SOCC B FEAIK 5 £ 1
(R YIFISE, H SOCC B8 2k B Tl s B2 (8 g 38 00 DRI , AL DX 40 30 S 0 A8 R e vy,
R it A ™ & 145 SOCC B S B  INITASFI T B4 HLAR 9 B, 55— J7 1, AR 5 DX 21 YA i 3+
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