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SOC spatial distribution at small Wangdonggou watershed in gully region of

the Loess Plateau

GUO Shengli *, CHE Shengguo, LIANG Wei, YANG Qinke
Institute of Soil and Water Conservation, Northwest University of Agriculture and Forestry/ Chinese Academy of Sciences, Yangling, Shaanxi 712100, China

Abstract: Patterns of soil organic carbon ( SOC) vary widely across the landscape and land uses leading to large
uncertainties in the SOC budget especially for agricultural landscapes where water erosion redistributes soil and SOC across
the landscape. Samples from 448 sites (0 — 20cm) and 33 sites (O — 200cm) were collected during May 2004 at
Wangdonggou watershed in the gully region of the Loess Plateau to measure SOC, and analyzed the effect of land use,
landform (tableland, slope land, and gully) and depth on SOC. Soil sampling units were defined on the basis of land form
(tableland, slope land, and gully) and land use ( arable, orchard, grassland, and woodland ). There was significant
variation in SOC concentration across the landforms (P > 99.9% ). For the top soil of 0 —20 cm, SOC concentration was
greatest at the gully position (9.1 gkg™"), next was at the tableland position (7.8 gkg™"), and least (6.8 gkg™') at the
slope position. For the soil profiles (0 —200 cm) , the average of SOC concentration was greatest at the table land position,
next was at the slope position, and least at the gully position. Land use impact SOC across the three landforms significantly.
For the table land position, SOC content in 0 —40cm under grassland was significantly higher than crop land and orchard.
For slope land position, SOC content in 0 —140 c¢m under grassland and woodland was significantly higher than under crop
land and orchard. For the gully position, SOC content across the depth under grass land was not significantly different from
woodland. On the tableland, SOC in 0 —20 cm varied between 6.49 and 8.56 g kg ', on the slopleland, the range of SOC
concentrations increased (5.79 —9.95 g kg™'), and varied most in the gully (5.79 —10.64 g kg™"). Our study also
indicates that geomorphic position and land use are important for estimating SOC density and stock within a watershed in the

region.
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Fig.1 Distribution map of soil surface sample points (0—20cm)
at Wanggonggou watershed in gully region of Loess Plateau
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AT, B3 0. 25mm §fJ5 , WE SOC(H,S0,-K, Cr, O, Mgk ) ™ & 8 (g ke ™) o BRI E:ME 0—20cm A1
0—200em +EMAE(gem ™),

*1 HIFFAEXIFANTETEMSETERRE 0—20cm ,0—200cm # FREH
Table 1 Sampling in the profile of 0—20cm and 0—200cm in landforms at Wangdonggou watershed in gully region of the Loess Plateau

HFLHIG TR 0—20cm RAEEK 0—200cm RAERK
Landform Area /hm? * Sample number Sample number
Y5 1E Tableland 238.7 85 9
Y53k Slopeland 295.9 251 19
V338 Gully 245.8 112 5
B3t Sum 780.4 448 33
* SR/ YIS AR Bt 7 1T AR
1.3 Bt

K RAE R E L BAR A [ DA B TT A Aregis9. 2 B4 Hp , 4 AR AR RZ B9 SOC & BB HEME, &
B RAB B 5 Ak , A2 BLLAOK S BT (T TR A A , 1] P bR T A B v B 4 N AR 5, S 20 ) A a8 b A
JC SOC & &40 &, ARG B & B/t SOC & &4 1 &l .

T8 $ihE R A SAS6. 12 3RA-GE it T AR 58T . b 1 B S A B4R R X /Nt 3, SOC 78 e 1 5%
W, MJ7ZESHT (FRS) BEMN, FHET 3 Fbfi oo 4 F Lip (e K2 E I (%) . SOC IE
B A FIAT /R BT 1 5% Kolmogorov-Smirov 4656
2 ZR5H5m
2.1 FERGIHRHE SEER T

Gt (£ 2) 8RB/ NRBRE T SOC H R K 7.58g kg™, ERRECH 26.9% , B P HEEF
YiH SOC # &N 7. 77g kg™ ,ERRE N 1.5% ,JBFER . SIREAH,41E SOC & RIRR 17.0% , JH N
(% 12.0% o [RII, P 28 AR BE 13X 26. 0% L b JR 4578 5

x2 EFBNRIERE SOC BBGiTHHE
Table 2 Descriptive statistical characteristic of SOC at Wangdonggou small watershed
SOC/(gkg™!)

YE i Tableland 85 6.41 9.50 7.77 7.79 7.5 0.6707
PRy Slopeland 251 2.71 15.97 6.84 6.48 25.7 < 0.01
‘miﬁ Gully 112 3.59 15.18 9.09 8.89 26.7 0.8097
%i‘l‘ Sum 448 2.71 15.97 7.58 7.30 26.9 < 0.01

FIF Arcgis B4 B SE T TR A [ b5 850 SOC BE ST IER kL . B 7 B FIES QQPlot
S5 B A e 45 SR B, R A SOC 754 IEAAM , i3k SOC s & xt ikt b G i A & EA M . A
I, K SOC B e b SR BT 4T 4 KA 1E
2.2 HARBITS/NRIER SOC & B IZS RIAMEHE X R

B 2 7% ,0—20cm 12 SOC & B/K P/ NI AP RAMEIE > i > P AZS B /)
Tk SOC & & T 8.56g kg ™ (BER F B MG 76/ NI B KT 6. 49g ke ™' BIBEHI -5 9535k ) 2 [|]
PEM . 7EYEE E, >6.49—8.56g kg ' JLFEI A SOC /& T £ %, 3 AWM FZ, £ 1, >5.79—
9.95 g kg ' JE R SOC 5 J&E S Hufr , SOC & BB AR (LI K . 1WIE KN, SOC A (LVEE J > 5. 79—10. 64
kg ™', SOC & BEHp ARt — 3 K
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2.3 RSSO FITE SOC & &R
AR R R SOC B REBEREEK, I
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SOC & & I i 38 B 3 & TR R I T8 , T 35 38 Aty
HEWZEFADE, XEERER, RO RE L
BAKZ SOC & B MAAIEREES
2.4 L HBFFXS/NFTR SOC 23 8] 43 A 50

HAR BT | A b A S 2 A AR R AR R R
/NTRIR, SOC 5 [A] 43 i 2 R M E B W R, (HRIE T 5%
BT AR BEK(RS) « AR KI, A RIHS BT
AR LA 7%t SOC 2 8| i 4375 1 5% i th 77
EHEZER, £6 B/n,FHKX, FSOC FEUANTL

_________
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B 064 0
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1

2400 m
]

B2 EIRFEABREFRANRERE SOCEHALSHE (g
kg™!)
Fig. 2
watershed in gully region of the Loess Plateau

Distribution of SOC in 0—20 cm at Wangdonggou

R, R IR, R R, HAL40em DL E+)Z

®3 EFAMREBFETELTRERE SOC FEFMAIHT ESH
Table 3 The analysis of variability of SOC content at Wangdonggou small watershed

RZFKYR Error source H 1 DF B MS F

Hb55 HIC Landforms 2 4.8428 201.03 ***
+ 2 Depth 9 1.9480 80.87 ***
WA HIT x +)JZTE Landform x Depth 18 0.2854 11.85***

* FRSTMWHLER, » RARFBIATH P>95% , % xP>99%, + x xP>99.9% il

SOC & &, A\ TH b SOC S & B TREAMRRE ., EFE L, BAHHE SOC & M i &5/ TR, 5
REZEFARE, 0—20cm 12 SOC ARELHE B 2Z & TR E &b ; >20—40em, B 25 5 TR AR b,
HE ST RS LR HEEE TR, >60—100cm 12, fH X 525 AR # SR ; >100—140cm
A AT 2 v TR T 5 A b R AL TC B 22 55 > 140—200em 4 F 4 3 | F S B 6] 6 2% 22 5% o
X—ZE SRR IR b ORR] LR FH2S AL A], R AR B 22 R IR EE R B 140em, VAIE P, ARECHT A 13t FI] F 28
RIE ) SOC HEBAHEER XAREFES —HEAIYRMAZRAIHEA X,
3 itig

HOS AT IR R TR U RAL A R e B Ak s RS DT 3 R - S B AL 1k R A - 3957 4
RS SR 83 LRI LIE S, /NI R A E R A RN (b BN 7°) ,S0C & A
X 85 e AR A 4% s Rk b33k B2 AR AL 2 (S TET 3% BEAL T > 7—64°[H] ) ,SOC & BRI K. 7EH 1 =R AR
X,S0C & B SARMBAMA T HIREE K LRAEHHR, JFHEHEFHE, K LRAES, LIEXEH
Xt B AR R ] LE B Y LR MAEAE, SOC AN , H HEEEMTE., (HIRME K&
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F4 EFRAMREBFETIIHE SOC FBRH MM FT ESHT
Table 4 Effect of landform on SOC at Wangdonggou watershed in gully region of the Loess Plateau

TR SOC/(gkg™!)
Soil depth/cm YE i Tableland Y53 Slopeland {5318 Gully F
0—20 8.20 +0.67b 7.25 £0.60c 10.03 +1.18a 43.70***
>20—40 6.96 +0.84a 4.56 £0.70c 5.22+1.53b 11.15**
>40—60 5.36 +0.60a 3.44 +£0.45b 3.46 +0.25b 35.21***
>60—80 5.47 £0.31a 3.68 +0.15b 2.66 +0.38b 143,57 ***
>80—100 6.16 +0.53a 3.32+0.13b 2.57 £0.31b 158.76 **
>100—120 5.65 +0.49a 3.01 £0.32b 2.60 +0.25b 109. 00 ***
>120—140 5.06 +0.87a 2.83 +0.24b 2.69 +0.26b 30.89 ***
>140—160 3.93 +1.00a 2.75 £0.29b 2.73 £0.26b 6.66*
>160—180 3.27 £0.77a 2.87 +0.29ab 2.51 £0.33b 3.28
>180—200 3.63 +0.67a 2.79 £0.33b 2.63 +0.38b 6.52*
F-15 Mean 5.37+1.52a 3.65 +0.75b 3.71 £2.37b 89.86**

P (g kg™ ) FINFE N ZEHRER, WHZ EA — N FRME, RRERARE

F5 EFRBNFBMFETS T HF A SOC FEMMA T ES T
Table 5 The analysis of variability of SOC content at Wangdonggou small watershed

1R K YR Error source H H1E DF ¥ MS F

5 BOG Landform 2 132.88 49.84 ***
+ | Land use 3 17.01 6.38 ***
BTG x T #F A Landform x Land use 3 17.78 6.67 ***

F6 LTHFAFNIT SOC FES MM
Table 6 Effect of land use on SOC at Wangdonggou watershed in gully region of the Loess Plateau

SOC/(g-kg™!)
+2 Y51 Tableland Y53 Slopeland {438 Gully
Soil depth /em ko Fw RE ko R RE Mo Bl M
Cropland Grassland ~ Orchard Cropland Grassland Orchard ~ Woodland Grassland Woodland

0—20 7.66 ab 8.64 a 7.20 b 4.91b 8.54a 5.62b 9.9%4a 9.08 a 10.33 a
>20—40 6.29 b 7.01 a 6.24 b 3.87c 5.43a 4.54ab 4.38 be 5.15a 4.13 a
>40—60 5.10 a 5.25a 5.25a 3.57a 3.57a 3.25a 3.36 a 3.29 a 3.46 a
>60—80 5.21a 5.56 a 5.29 a 5.51a 2.97b 3.10b 3.14 b 2.62 a 2.56 a
>80—100 5.63 a 6.69 a 5.51a 4.6la 2.98b 2.83b 2.89b 2.59 a 2.51a
>100—120 5.62 a 5.63 a 5.19 a 3.31a 2.95ab 2.87b 2.94ab 2.39 a 2.80 a
>120—140 5.10 a 5.00 a 4.63 a 3.17a 2.86ab 2.64b 2.64b 2.48 a 2.74 a
>140—160 4.13 a 3.49 a 4.00 a 2.82a 2.86a 2.65a 2.66 a 2.87 a 2.80 a
>160—180 3.40 a 3.00 a 3.76 a 2.85a 3.05a 2.73 a 2.85a 2.46 a 2.75 a
>180—200 3.38 a 3.28 a 3.60 a 2.71a 3.00a 2.68 a 2.78 a 2.76 a 2.86 a
-5 Mean 5.15a 5.36 a 5.07 a 3.25b 3.82a 3.28ab 3.76a 3.57 a 3.69 a

FET° VAL, K iR EREL, SOC AR+ 218 , I TEREA/ NI IR AL SOC 25 B Fefi, 2 18] 28 57 et i

BEWK WEE R —E KK FRFN , R b TSR UREOR AR R M DR ST . BAFIIZK

GrAPFIREE T 118 AR R B AR HK Rk BIRIRIZ HIRIMIB YD p SOC FBEGR . XLHREHE T

BRJZ SOC AR, Fik, BA/NMEA, K= SOC TEEIEE > Rl > S, TR ERRAEZRE
TERZ 3, = LUIRTE SOC & B .

KT RYIGUE B ERZWERW/PHE SOC & B2 [H AL AR A FREAAF T, SOC BEsE

PRI o T 28 AT , JHL e el R R el B AR B A 3 2, A O—T° 2] > 28° 73 5| IR 25. 0% F01 27. 0% , Thi bk 3t A e
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67.0% o MNFIRHEATE ,SOC sl B TR 2 BB Ik A %, N 0—7°F] >28°,S0C & BIFAK 18.0% (& 2) .

x7 EFRBNRESEHEEI SOC FES HHIFN
Table 7 Effect of slope on SOC at Wangdonggou watershed in gully region of the Loess Plateau

- HuF S0C /(gks™")

Landuse 0—7° >7—12° >12—28° >28°
A, Cropland 7.31 5.3 / /
iy Woodland 8.42 8.47 8.12 7.82
il Grassland 8.39 8.53 7.85 6.25
S Orchard 6.76 6.19 6.04 4.92
-4 Mean 7.72 7.13 7.33 6.33

R RF I, R/ FIR SOC & 8 1925 ] P

Sy AR 2 S5 87T (3 BE ) 0 - ) P28 B S5 5 T
R, 2 FIE 3 R, TR NSRRI E ~
FAIEFI AT SOC S RAEEHBER, HHE
TR, ER /MR SOC & 2 5 [H R X 53 B
<T° X ey — B, EBEER X 5 BEAE > 7—28° ]
£ 3 X 238 g — 38, AU (L B e 0 3 B 43 A T e 0 3 X 452
7 U, SOC 5 BE S 5 b i K 4R 1 3 fy
Sy A —B, A AR 5 B T 5 T A b R B A3 A —
B, WA BE S U 5 5 e FBEREW) & . 2007 4E Ritchie
a2 g Maryland Fii Towa B} 28 & BH , 1 b 45 B 75 2RI
BE B Z 0 SOC 478 . De Gryze 2% F Belgium [R]FE
SR A NTES AR i LD
T FE 8 RFRK BT SOC MMk W
B A3 A AL , 5 B T 43 R M AR 2 TT S . (ELHbAR

B ITA A X SOC WIS B R EARHE— R, -2
4 % -

0 800 1600 m
I J

HbA BTN 3 R X /N AR 2 AR = SOC Y '
HERMMTEREA BERIZ, 0—20em 1J2H) SOC &
B > R > SR IRIRIR S0C & RIELT M3 REBRARKEAANRARRS A
%( 56.49—8. 56g kg_l) ,ﬂ;ﬁ‘:ﬁ*ﬂ{@ﬁ SOC ﬁﬁ‘@’ﬂﬁﬁ Fig. 3 The groups of slope at Wangdonggou small watershed in
%, 0—200cm + 2 SOC =4 H T2 7 ik B3 K
F(P>99.9% ) Y51 SOC & B H i (5.37g kg ') JiHE (3. 06g kg ™' ) B, VH3H (3. Tlg kg ) A FHZ M,
AR EETTARAF T LA F 7 xR 2 M SOC & B0 K i A e B 22 5. P X, A TR
SOC & B 7R B 5 T4 AR , (B4 40em DA L+ 2 SOC KB BE 2R . 7EIRSE b, R -+ A FHE R A,
B BEZEFREIRE 140cm, JHEN, REFR LA AR ER SOC SBELEEFEESR ., EME XK
SOC %% B2 At B , 75 2 78 737 R st A5 B o A - 3 A L D7 K omi

gully region of the Loess Plateau
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