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Abstract: Understanding of soil organic carbon ( SOC) spatial distribution variability at a local scale are important when
developing SOC budgets, explaining the role of SOC reservoir in regional, global climate and environmental issues. In this
study, Yangou watershed in the hilly region of the Loess Plateau was selected to investigate the SOC distribution under
different land uses and topographies. Topography at the watershed consists of tableland, slopeland, and gullyland. Land
use type at the watershed includes farmland, orchard, plain land, grassland, shrubland, and woodland. A total of 53 soil
cores was taken as a 100 m 100 m grid across the watershed. At each site, each soil cores with three replicates were
segmented into 0 — 10, 10 —20, 20 =40, 40 —60, 60 —80 and 80 — 100cm sections. Spatial variability of SOC at different
depths in relation to topography and land use was evaluated using multiple linear stepwise regression and geographic
information system ( GIS) analyses. A total of 898 SOC measurements was combined with the digital land use map and the

digital topography map of Yangou watershed. The results showed as follows. Topography, land use and aspect
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significantly influence SOC spatial distribution at 1m soil layer at the watershed and formed spatially arborizations and strips
of SOC at the different depths. Topography significantly affect spatial distribution of soil organic carbon in top soil (0 —10
cm) , but also significantly affect subsoil SOC spatial distribution (40 — 100 c¢m) . For SOC at the top soil of the watershed,
the topography of tableland was dominated by middle value polygon (50% ) and low value polygon (48%) ; slopeland by
middle value polygon (62%) , followed by low value polygon (22%); gullyland by middle value polygon ( 70%) ,
followed by low value polygon (23% ) . For SOC at the subsoil of the watershed, tableland, slopeland and gullyland were
also dominated by low value polygon and low value green polygon of gullyland accounted for 34% , much higher than
slopeland (8% ) and tableland (13%) . Land use significantly affect SOC spatial distribution at topsoil depth (0 —40
cm) , but little effect on subsoil SOC distribution( 40 — 100 ¢m) . Woodland, shrubland and grassland show a greater SOC
accumulation than farmland and orchard. Based on SOC distribution across the three topographies, there appears
significantly variability in the SOC within 1 m soil depth. For the topsoil depth (0 —10 e¢m) , the high value polygon of
woodland, shrubland and grassland accounted for 18% , 47% and 10% respectively, while plain land, farmland and
orchard were no high value polygon, the middle value plague of them accounted for 80% , 53% , 85% , 73% , 39% and
23% respectively. For the subsoil depth (40 — 100cm) , the middle value polygons of woodland, shrubland, grassland,
plain land, farmland and orchard accounted for 21% , 46% , 22% , 19% , 5% and 4 % respectively. But, SOC in 40 —
100cm across all land uses was at low value polygon. For aspect, SOC contents of the area of semi-shady ( East + northeast
+ north) were high, while the area of semi-sunny ( West + South West + South) were low. Soil organic carbon reserves
at the watershed at 1 m soil layer was 217. 6 x 10° Mg, and 67.5% of SOC reserve was at subsoil (20 —100cm) . We
concluded that topography, land use and depth control SOC spatial distribution at a watershed in the hilly region of the

Loess Plateau.
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Fig. 1 Topography of YanGou watershed Fig. 2 Landuse of YanGou watershed ( 2003)
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Table 1 Topography,Landuse area,sample size and their proportion in YanGou watershed of hilly region, Loess Plateau

PSR TR hm? AR LB/ % HEAK/N FEA LA/ %
Factor Area Area proportion Sample number Sample proportion
HuJE Topography ¥4JiS Gullyland 671.51 15.5 10 18.9
i I51 Tableland 240.92 5.6 8 15.1
513 Slopeland 3407.96 78.9 35 66.0
Bt Sum 4320.39 100.0 53 100.0
+ i F F Landuse JI[ 30 Plainland 182.48 4.2 3 5.7
4¢ H Farmland 686.13 15.9 12 22.6
[ Orchard 620.74 14.4 6 11.3
TR ARM Woodland 652.11 15.1 10 18.9
TEA M Shrubland 696.43 16.1 13 24.5
Kb Grassland 1482.50 34.3 9 17.0
Bt Sum 4320.39 100.0 53 100.0
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Fig. 3 Aspects of YanGou watershed
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Fig. 4 Location and sample sites of YanGou watershed in hilly region,the Loess Plateau
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Table 2 The coding values of topography, Landuse and aspect in YanGou watershed of hilly region,the Loess Plateau

2 E T + 2 Yt {E Coding value

Factor Depth/cm 0—10 10—20 20—40 40—60 60—80 80—100

B ) Aspect % 9.00 7.33 4.94 4.28 3.58 3.65
-l 8.75 6.58 4.93 3.74 3.42 2.89
|4 11.44 9.66 6.63 5.61 5.04 4.47
it 9.19 5.98 5.33 4.27 3.62 4.10
[iiE] 5.25 4.64 3.07 2.76 2.63 2.61
K 4.27 3.72 3.24 2.24 2.30 3.13
i3] 4.49 3.96 2.94 2.97 2.73 2.23
[l 7.87 5.36 3.24 2.61 2.20 1.93
[i) 6.40 5.10 4.15 3.69 3.01 3.62

H1J¥ Topography IR 8.87 8.03 5.96 4.98 4.65 4.42
BT 4.43 3.84 3.18 3.03 2.97 2.96
b5 10.71 7.22 5.03 3.86 3.32 3.23

+ 3 F|H Landuse 1130 1 6.50 6.12 4.90 4.49 3.72 4.21
A H 5.82 5.43 4.17 3.31 2.97 2.67
LA 5.04 4.30 3.35 3.21 3.11 3.39
TR 11.60 6.45 4.61 3.69 3.27 3.47
P NN 13.40 9.26 6.58 5.03 4.41 4.08
i 9.99 7.73 5.25 4.07 3.71 3.35
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ANRIRBESAAE T L 5 m G HLAk 25 [ 20 A (I P AN TR (35 3) o 0—10em )2, 3 H (P <0.01) ¥
(P =0.069) Fl - F|FH( P <0.01) 5134 HLIR & 5 Z A6, 10—20em B[ ( P <0.01) .ZBE( P <0.
01) MiJE( P <0.15) A ( P <0.01) 5+ Pk & & 5 F A K. 20—40em Y[ ( P <0.01) (LRE(P
<0.01) HJF( P =0.055) 5 134G HLR & it B 2501 0G . 40—100em [R¥BE 1A ( P <0.01) (P <0.05) .4
JE( P <0.01) FlHHFIFI( P <0.02) 24, B FE( P <0.05) 7E 40—60cm HiJE ( P <0.05) 7 80—100cm &5
A MR & AR B A OC . PRI, MO « = R 38 1 2 38 39 ML & i AR A S i [N 1, AR
ASFITE _E X A PR & AR B o R SR A R S R R TR R 2 IR XS - e ML 1 A A
(TS AlI P
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Table 3 Multivariable linear regression model and corresponding parameters in YanGou watershed of hilly region, the Loess Plateau

+I2 2 SR Ptz . ,
Depth/cm Forecast variable Parameter estimate Standard error
0—10 W -4.19254 1.56849 7.14 0.0087
W ) 0.00592 0.00152 15.08 0.0002 ***
e 0.00301 0.00164 3.37 0.0692"
+ A H 0.00538 0.00119 20.27 <0.0001 ***
10—20 R -3780.65858 1482.09117 6.51 0.0121
ZE 34.48144 13.53187 6.49 0.01227**
3l 1] 0.00663 0.00141 22.25 <0.0001 ***
HiE 0.00302 0.00199 2.30 0.1324"
A 0.00582 0.00165 12.46 0.0006 ***
20—40 o —-4089. 12865 1267.70048 10.40 0.0017
7 37.31958 11.57438 10.40 0.0017 ***
3l 1] 0.00808 0.00166 23.67 <0.0001 ***
HE 0.00458 0.00236 3.77 0.0551"
40—60 R 1433.31950 353.61698 16.43 0.0001
i -39.07876 9.58854 16.61 <0.0001 ***
=iy -0.00659 0.00318 4.28 0.0412**
1353 -0.02275 0.01068 4.54 0.0357**
ik ] 0.00482 0.00185 6.75 0.0108 ***
+ o F H 0.00880 0.00246 12.82 0. 0005 ***
60—80 o 702. 64030 209.59039 11.24 0.0012
i -19.34014 5.73512 11.37 0.0011***
Y -0.02548 0.01197 4.53 0.0358
W 0.00631 0.00200 9.99 0.0021 ***
g 0.00636 0.00281 5.12 0.0259**
+ b A H 0.00789 0.00335 5.55 0. 0206 **
80—100 R 568.33743 161.74200 12.35 0. 0007
S -15.65127 4.42775 12.49 0. 0006 ***
b -0.02732 0.00984 7.70 0. 0067 ***
3l 1] 0.00654 0.00186 12.37 0. 0007 ***
g 0.00629 0.00263 5.71 0.0190 **
3 A 0.00713 0.00248 8.28 0.0050 ***

ook Rl ok ok SPRIFRAHRIEIAEI B (P < 0.15) (P < 0.05) FIEEEKF-(P< 0.01)
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Fig. 5 The contents of spatial distribution of soil organic carbon in YanGou watershed of hilly region, the Loess Plateau
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TS o VA RAEAN AR BE A A T 38 BLAR & & = X . PRI, 25 [l 4% )= 1] | 40—100cm 1] LAY I b 5 b 74
JEC 5 57 THURI bt e W 3 25 5

A bR 5 O AN R R B2 - S Bk 25 (8] 53 A5 [ AR A A 35 25 5 0—10em 4= 38 HLARHE R AR T2 AR
AR TR 1 30U - 3T LA T2 5 B 20 i 2 AR FH (6.2 g/kg) 1Y 1,716 1. 4. 1. 2 4%, Rl &5 5 ( 5. 8 g/kg)
T A 6% o FRAMFEAM B = BEH S0 7 18% 47 % ~10% , )| 300k, < 4 FH A5 el 3 A v (L BE B o
TRAMRE AR B S 13003 4% FE R 5 Bl v (B 40 3115 80% 53% 85% 73% 39% 23% - 10—40cm
ARBR I TR AR Bt -3 MR- 38 & i o R A (4.5 g/kg) 1.4.1.2.1. 2. 1.1 %, R ERACH
92% o FEARMA 2% FHEBEHL, 2623 [0 53 AT ] L3RI AR 7 M LA BEH o TR AR AR Bl 1] 300 o
FE SR ] P (B B4 31 15 21% 46% 22% 19% 5% 4% o 40—100cm HE AR 1| HLHE B9 1 TR A MK 4584
ML & i 3 R AR I (2.7 g/kg) 1 16,15 1.2 1. 1 £%, B pel & AR A I - BRIEARMA 1% rH{EBE
Yob, e b A 7 a0 TIERE X . EARMARE SR AT Y 51% , SR ARG ESES &5 7% (075 (A5
Pb 75% ; B IR E SR B 11% , )11 30020 5 40% ; 4% F RN Bel 48 8 B B 4 A 450, R38R IE 75 6
BEH, 4390 5 69% \70% o

IREE R A FHRN AR [ AEAN R R B 440 T A LR 7 2 AKX E AR AMRAEAS [R) IR BE 3414k F 38
BILA 5 S0 15 DX, L TR AR 300 Ak TV AR ARCRI A T SR el 22 8] o TR AR - AT LA 1% HaE B 4 J 2 TR B 1
TNBEIRE A, S5 NI HAH H . 0—10cm A HLAK & 5 1)1 34% , {3 40—100cm {I5F 1| 1 H 4% o

I ] 7 ,0—100cm 45 )2 e HUaR & 38 A R T 1) B e AR R B P RS O ) A ARG, HOR
1A BB % AR EB AR ~ B A VU R PE S UL BB A AR A Il (6.5 g/kg) (1) 82% <59% 56% ~62% -
68% +62% 82% - 0—10cm [ ( R + AR + db) mfEBES b 38% , PEIE S 60% ; ~FBA( 74 + PURg +
) B EBEEE A, PEBEE 5 T 62% o 10em DL T )28 S 0—10em A —3.

MHEITH R R FF& WA 2 TREERS N, BR 80—100cm BEFim Ah , T 3A HLAK & 5 SRR S, i (B
Z1 B FIRE (o [ IG (B (0 RN B il U . NS IR Ry &, 3 ARk & i AR 30 = TP, 2 2R L AE
10—40cm +J2; Fg&BE FALER, FEARIMAE 40—100cm.
2.3 HEA ML R

T2 (0—20cm) HIEAHUREE N 1.63 kg/m’, Im + 2 +HEAYREE R 5.04 kg/m’. Im +/Z+
HEA AL AR 217.6 x 107, TRZ(20—100em) AT HLRR it 2 7 B 67.5% (3£ 5) «

®5 EiERRFARGLEFVRES

Table 5 The storages of soil organic cabon in YanGou watershed of hilly region, the Loess Plateau

AR T L
AT C density/( kg/m?) C storage( x 10°1)

Factor 0—20cm 0—100em  A(0—20cm)  B(20—100cm) C(0—100em)  B/C(%)

¥ Topography  J4Ji€ Gullyland 1.65 5.66 1.1 27.0 38.0 70.9

¥4 T Tableland 1.36 4.65 3.3 7.9 1.2 70.8

5 3% Slopeland 1.65 4.94 56.3 2.1 168. 4 66.6

+Hi A Landuse )13l Plainland 1.81 6.27 3.3 8.1 11.4 71.2

4 Farmland 1.4 4.53 9.9 21.2 31,1 68.2

Sl Orchard 1.30 4.47 8.1 19.7 27.7 71.0

T Ak Woodland 1.70 4.65 1.1 19.2 30.3 63.4

WEACHK Shrubland 2.05 6.58 14.3 31.5 45.8 68.9

4 Grassland 1.62 4.80 24.0 47.2 71.2 66.3

#it Sum 1.63 5.04 70.6 147.0 217.6 67.5

HOE b, Tm £ J2 P9 A BB I BB > T > 6 TG B il ik (168, 4 x 107 1) 7 B ( 217. 6
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x 10°t) #1977 % ; YA JFE A ik (38.0 x 10°t) (5 SR 17%; B TR( 11.2 x 10°0) AL 5 S it 5% o 5 T2 (20—
100cm) +HEAHLBRAEEL( 112. 1 x10%) J23RJZ(56.3 x 1071) 19 2. 0 fiF; I E A HUBR K & ( 27. 0 x 10°
) JEFRZ(11.1 x10%) 19 2.4 % S TR ZE HHEAHUBRAEE(7.9 x 107y JEFRJZ(3.3 x10°) (2.4 fi5( £S) -

AR T Tm 42 5 B S BN R > AR > A > TR > B > 1| Wik .
B i BB ( 217.6 x 10°t) 1 33% 21% 14% 14% \12% 5% . B2 E R (47.2 x10°1) )2
(24.0 x10°t) 19 2.0 135 BEARMIREMER(31.5 x10°1) 22 (14.3 x10°1) (9 2.2 f%; R HE 28 (21.2 x
10°1) J2FRJZ(9.9 x10°0) 1 2. 1 £5: FeAMERZ6ERE(19.2 x 10°) EFRIZ(11.2 x10°0) 19 1.7 £5: JIHH IR
it (8.1 x10%) J£2J2(3.3 x10°) 2.5 f5( £ 5) -
3 it

ARTIGE 7N, 51 TAEAS [ AR AL T 36 HLAw & S AR DX, Y4 JFS ZE AN () % B # Ak = 38 WL 5 &
1 DX, T 57 g i S R RS, ph s R VA JEC R L DX ) SIS B TR X B ke PRITT 40em LA 123 8] 43 A5 [
ANBETH P 2 B0 VA IS e MLk 5 B3k I 35 2% 5L 1T 40—100cem HIA] LUVE B s B0 IS 5 o 3 i 25 7.
T P - MU AEAS[R) 2 1 23 180 53 A 143X b 25 S AN AN 5 ] PR 284 56, T L5 32 i DX 3 ) A O =G
YA o MY — 7 138 S AR P RN 7K b Y R A VARG AR 2 T2k 1 6 TR 63 30 23 2 o A LB R V0, IEAS BT
TR 55— 1 R /K 2o I 19 P93 bl 3 b Y AR SIS E 9 Y 3, = 498 7K 0 1) 43 5 5 Wi e e A = )
AAEAS ) _E GO 0 T 500 0] - 9 WL B A T QA BT 5 A 0 T A LB e
B o BRI — 7 TR K 3 R VR T - S ALt & R, D5 — 5 1T He T T o AR = R S R B
78.9%) ,1997 4ELIAB HFL AR s AT 1B AR A IRHUS , 3R A 7 U0 B4 b 52 3, A A R R AR A
Hi s N TIHEARM S RIRFEARM N TIARMAN RIRTAM, 15 L2 (40em UL 1) 4 e HLRR 5 515 21 K i B
PEim o AN AN RN 15.5%) AR, H A7 Ul & 2 Foid. FTLL, 40cm LA
22 A Dy B A K 5 T MBI K R AR AL, 40em DLTR A B3 R MY X + e ALk 4
() 5347 5] o

ARWFFE R 23 (A% J5 - 3 LR & AR i TP, £ B A 10—40em + )2 mg B TA6H, 35
TRBLTE 40—100cm. 34 MUK B X Fh s (0] 4047 5 00045 G 16 B it 2 (A e i 25 DA 56 o 2R 350 7 43 A
A KB RIRBEAM, R 3 A A R B RIR TR A X fFF 10—40em 42 - 5EA HLK & 0 4R 78 0%
o TP 2RI U B 80 ARA I, A 1 3G 45 Jirt [R5 35032 Tt S B b P 7 348 om0 R SR R A K o) e 348
A e 1997 4F LI, 76 g 35« A« AL 2 S Be B 1 AS R B 255 1A RS e L B 350 LA SRR 32 7K R A R SR IR A=
B L TR AR B AL LA T AR o £ o PRITIT 40—100em + )2 364 Lk &
A R AL

GR35 B A A (B T M AR AR 0 T B0 < EG S 19 ST J5E s DX T DA A 30658 4 1 R0 R ASE 400
BAE#E + XN FHENZ ) T — @ B R R . % X I W 4 R 23 e A8 A PR A4 o B 2, B 2178 3 R B
(1) 5 FEL A F (DX LUK 2 2% 1 b I 2 550H 00 9% 3 LA 2 [B) A8 Ak ASBIF 9 R 48 88 S 26 38 v A B o
JEHIE (ST 53 VA JIS) S EORHE AR B S U SRR IE o 818 4 B« o AR R A S S AR 1) — 4R ARAE; B
[ 3¢ B A T fC T M STURRAIE , TR ( 6 T0L B 5 VA V) ST 2 R b T SRR AT o 38 % L S Wi b S5 R AT
BN, SR 2 ez A0 A R P A 2 R G2 ( GIS) LS B 17 vk 78 8+ e B I AR X6 + 384T ML 2 (A1 A%
JRI RIS B T R AR

LA RPN R TR TS M U E R (0—20em) +HEAHUIRERE A 1. 63 kg/m®, BEILT 2007 4E T
N T TS A HURR T 1. 72 ke/m® X AT RS R A R IR A R A . /NI RE S A
RN T REICW , AR [EHIE 250 368 MUk & 5% o 26 1% (1 22 )2 (0—20cm) 314 A 55 ( & 6)
LR R, RIZ(0—20em) HHEAHUR( B 7) & RN 7. Tg/ke: 5H1H 53 M (B 4) £)Z(0—
20cm) HIEAHIRTIYE 5 7.2 g/kg #HLL AUAH2E 0.5 g/kg, AHXTIR2EH 6. 5% o
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SOC0—20

Il 0.6—22g/kg
L 2344 g/ke
B 45—6.6 gk
1 6.7—88 g/kg
89110 gkg
111154 gkg

7 EATERETEANREZESH

Fig. 7 The surface contents of spatial distribution of soil organic

E6 FARBREHEISH

Fig. 6 Surface sample sites of YanGou watershed

carbon of YanGou watershed

VA b A ) B R P g A LB S5 PR 2 S R £ 2 2% X AT DLBB A et P R o ASTIRSE S o £
S P B i 2 R S LB A A A 2 A R T S T L X A LB S A S S
ABFFGH T Im 2 A PR E 4 5. 04 kg/m® (KT 284 HHEA WL 9. 60kg/m* ' o R iR
R AEHE A RSV AX eGS0 L YRR R AU S AR T (0 R T o5 A, BB 1R
N A USRS — R B FE R R, KR AR K IR TR AR i 6 B0 1 08+ e Ay
DU EERE 1o SR L U RI2(0—200m) HHEA HLRE 7R HBOK (IR 20—100) L4 HLARE
TERE AR ZM . ATTTH Im £ 2 -3 HUBR S8 iR 217. 6 x 10°t, YR (20—100em) + 38 A5 HLAR ik
Tk AR 67.5% .
4 i
4.1 HIW - E R BRI 0—100em - A7 HURK A 525 Ak 3= B 500 [ 7 174 18 20 46 B S A
ST JRa 3 20K %ok - B HLBR A AR AE B S
4.2 W b B IO BRI RIA RS R4 2 TR A o 2 (0 DX IR X AR Ak e B TR R RIS BB AL T - 3 4L
BB A ARG X 5 510 I 22 T T 30T, W25 DX T DX A R e 940 JE S ) R B 0 Kb 39 ML 7 ik MR
X e 23 (A% R B 1 40—100cm ] LAYE b7 Hb & Hb ) iS5 B LR 5 3 B 3 25 5% o
4.3 of< FHRI S B 7 AR R B 14 b T A S LB A5 A 06 X s 98 A AR AR [ 4 B2 7 Ak T - M LB M 5
[X., Bl 5 AP 490 b 38 A AR o FH SR 22 i)
4.4 B b 0—1000m 452 +H0A BB S i L B8 (U0 R L A4530) By, 2 P B ( PH 36 P G~ ) & i
i
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