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B E HHANK (SOC) 1Bk + 3 EE M 4L B o KA E K B0 R, FEHERAES
RO REZ RRENER, BRI HE B F BRI R o LUB 8 5 5008 /) I 4k
NEFEX G, RGN 150 mZ S A 43S ERAE0 ~ 100 em b HERE S, SRAE + HERE S AL F5 4T i JE
(HETH . b Yerb o YR ) FSFh ORISR (k. Ao, B WEAR . BRI ), HORME IR
FESLT 5404, HRT T A4 R O 306 2 4 e B VA B IX NSRS O C & i Aoy Al 5 i, I3 1 Kriging
T R SOCa [ 40 A o Z5 R E W, B+ R —fl X T8/ BEO ~ 100 ecm 2,
SOCT- &tk I (4.49 gkg™) AP (430 gkg™) A, HRIHET (3.97 gkg™) , HEIR
SOCH RAL (3.34 g'kg™) 5 HBHHSOCTE AL, i (4.31 g'kg™') . BEH (4.25 gkg™) |
Ho(4.12 g-kg™') FIEAR (3.82 g-kg™) AL (3.47 g-kg™) SOCHRIENN24.2% . 22.4% .
18.7%110.1% ., FJZSOCH 5 Z B FREE K 71520, A AR /K - R it ol B 2 B A2 082 (>20 cm)
SOC. FEWMATHRM, A . % . WL+ b F 5 % 1 58 B4R R kR i SO C &
AT A AT E R E R (P<0.01) , HPhHIEXSOCHE &Y STk R i m (32.50% ) . HHuUFIH
58 A2 B AR e R T I8 BAE A R B X SOCH B B E e (7.4% ) o W SOCTEZS
] bR BE A, B DR R3S I, RIS OC I Zs [H] 43 A7 n) ¥ — M & e . RS 45 R R 5 + XK {55
5 it R K0 B R AR PR ) TR 2 DA SR AL T R AR A

XHIR W RRX; HECANE; WP, SR
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Jr b X MBI A, MR R B AR R 2R, TR IX IR
ROBE L, JE R T S0 () 8 4 5 e AR B 4 B B i
BUEAR SRR AE , RO A B K A R ™
FHHIX 2 — " K EWARIEE, SOCTE
+ B AR R T R b 1A H A A
MR 0 St KRI MR B B S
B 5 R R A R R AR T R AR . DS
—AAEME, HIESZEAEK .. REEMSE, M

S e AT B AN A b A Oy SXAEZS ] B ECE, X
SOCHIM A= AAE R 112 R M7 3 5 S5 X
I A0 - 3 ) FH S O CFE 1 W 7 5 A Rk L0
T E AR R R BESOC i BF gy 1 v, IR 5 4
i A 7 53R [FIAE AR A LR AR AR 5T Y 40 55
B, I HEA MK Z5E P A GG i 5
iU AR TR HRERE (520 cm) SOC%
TP Ko A M) P 2 R 04 T kR T B R
i A,

FEA Y, BERRAE A SR AR G k- A
PRI T A TAE, XHIFFE X SOC I 43 4a Flfitg 1
FIRE5E . 43 B B A/ N 3k0 ~ 100 em )2 SOC
B 53 AR FRAE , Sy Fr HIE | A HOR) X A A 1)
M), 56T 5 20T B bR RN Y | A A L
ZEHAEHIXTSOCHI 2 M BT Rk 4, M /ING S8R #8 7
& P X SOCTE EL43 A5 2 i AL AL, iy v 4 5 S il
DX REL AP 52 110 = K 0 TP A7 RN A 25 0 Sl $E A B
WA, Rk 1 e A e kAR AR R
S AL HA R

1 MRSk

1.1 #RXER

F 5% X 3% 5 B P4 45 2 18 B 8 %78 Ui 380 ok iF
FEIX, HAL TR S E RS kmih Jo @ i
ik (Kl 1a) |, J2 8 b i B 4 BB X5 — @l X
BAEMREMEMREZ — (110°20'~110°22'E,
37°34' ~37°36'N) . L&A RBIHALS.97 km?®,
FIK3.75 km, WIE VY HLRE2.7, WEEE4.3
km-km™, ¥#k936 ~1 188 m, %Il 4724k Ji
HF2.7% . WIN 5 HRTVA AR 4 M TR R 2.97 km?,
di A A46.7% (E1b) o Ji s Kbkt 2 K
S, AEEHRIE10.2 C, 2N RS13.1
mm, FEERET—H, FIHIREKE 5 2FRFK

HHY73.1%, HZURMEAH., RN
A, KR E, WA R ik74.13
Mg-hm™-a™'o 1E R + & JF K 4 7 2 iy i A8l
W, FRWREZ KRR E.

M0 S04E AT o, o Bl o+ e B X ™
HRK LR, KA ZE 51 8K LR R R
S K S A e PR R BN B — ¢
HZI0EAL, AWt (BRBHEMIE R ) K T 7%
TN (BSH, PRI ) eyt K AIT e, Hrp
BRI 112.47 hm®, R EHR199.96 hm®, PKE
FH27.25 hm®, JREUIH25.16 hm® (El1c) . A
THEWFERNENRHTE (Medicago sativa L. ) |
& ( Leymus secalinus T.) . K&3F (Stipa
grandis P.) . BI/RZENIEAL ( Heteropappus
altaicus N.) . K8 ( Stipa bungeana T.)
&, NT MM FE AW (Armeniaca vulgaris
L.) . JI# (Robinia pseudoacacia L.) . HHf
( Ziziphus jujube M.) %5, B £ E MK G
( Glycine max M.) . &5F ( Setaria italica) .
LA (Solanum tuberosum L. ) 2, VFE KM ¥
FH NS ( Caragana Korshinskii M. ) . Vb
( Hippophae rhamnoides L.) . BR* ( Ziziphus
Jujube M. ) 55, FfH FEMHRAUAR (Malus
domestica ) . W (Armeniaca vulgaris L.) .
# ( Platycladus orientalis L. ) 4%, 3 3= ERp A
EK (Zea mays) . KEWFIGEHE A H367.81
hm®, @fEH % HR61.61% 7,
1.2 #HmXE&E

e F /NN OB R PR R, R
FH “OrERAEM T WO RIEAE N . e (3
T, e b B B ) AR —ZUR IR, KRR
JEEBAL L MR 7 5 (k. MMl . RoHb |
AR BEH ) FEN ZHRIZ R, X R G R
GiorMT. TE20144E7H , TEASE X HEAT A% R AL,
MIAE IR R 150 m, 456 F A il bR Ig s,
FER O L E e, MIHERHR6.9 cn T AT
TR RS, EATBCRAE SAI2161, B
RAERIE 100 cm, 73 H5JZ (0~20 cm, 20 ~ 40
cm, 40 ~60 cm, 60~80 cm, 80~100 cm) . Jf
Xof T SRAE SV 2% 2 (T B DR A, o - 3¢
HE, HT AR 78R4 AN [
INF, TSR R A A b A IS | 3 R [ S5 AH OC
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fFE . Hrb, di#kh R 754, MssA>, &
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General situations of the study region

Mrilmulti N/C*3 1002, HCHFEE L 100 H i
B #E1.000 g, T mol- L' WL MR 1A IR 24
h, KBrtHHER L, HTOCH MUz +
e AT BURR & s b 2R TR IR T 2
(#£1) .

BEXMFARBTHLIRRE

Table 1  Soil bulk density relative to land use / (g-cm™)
TR Wb (n=75) et (n=55) il (n=325) FEA M (n=90) BiH (n=225)
Soil depth/cm Slope farmland Forestland Grassland Shrub land Terrace

0~ 20 1.11 £ 0.09Aa 1.27 + 0.10Ab 1.25 +0.22Ab 1.11+0.11Aa 1.19 £ 0.14Aa
20 ~ 40 1.21 £ 0.08Aa 1.42 £ 0.23Bb 1.34+0.17Bb 1.27+0.21Bb 1.27 + 0.09Bb
40 ~ 60 1.33+0.10Ba 1.53 + 0.09Bb 1.49 + 0.40Bb 1.28 +0.14Ba 1.38 +0.13Bb
60 ~ 80 1.31+0.08Ba 1.54 +0.12Bb 1.50 + 0.09Bb 1.30+0.17Ba 1.40 + 0.20Bb
80 ~ 100 1.34+0.12Ba 1.56 + 0.15Bb 1.52+0.10Bb 1.32+0.09Ba 1.42 +0.22Bb

TE: RS FRFRF —REAR P AL0.05 K225 B3 NG FRFRR R — B A R0 05K F 2 Rk 3 . £k
BARRIZ 1R T AR 5580 T W Note: Capital letters represent significant difference in 0.05 levels between slope positions

the same in depth, and lowercase letters do significant differences in 0.05 levels between soil layers the same in slope position. The

numbers in the header indicate the number of samples in the column of land use. The same below

1.4 HUEAIE
25K 56 5T X R A A AL BPE R S AR B

e, A SCR FHAreGIS 10,270 193 18 Kriging i
(E 7 AT HLBRAE 1 1 2 (B3 (L, 7 0% R X
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AR 1 B 0 23 [RAE OGP, T DA G S+ LG 1y 21
S S KRG AT AR AR o A BRI I S A2 A O
sy e
Zy=Y3 Z W (1)
X, ZoWRAhHE, Z o ME X, Wk
5T ORI A TR, s AR B S B
B, B £ 23 AR LG 0 21 A28 S R 2 3
A BB AR T LM i AR 2
D=p;*h;*c; (2)
SOC,=D, * 4, (3)
K, p W EEAEE (goem™) , BN L)ZEE
(em) , ¢ ARG & (gkg') , SOCHAEH
Mfg (kg) . AMRETEADEHAHER (m®) |
DAFHUREE (kgm™) o
LT N € RS R W i N TSR
F— et B (GLM ) 408 7 - F A . b

SPSS18.0%fSOCH & 17 2408 ( ANOVA ) .

2 45 R

2.1 HEEIESOCH HHEHIER M

F5EIX0 ~ 100 cm+/ZSOCEH HAE3.13 ~4.72
g kg 'z, HUEZSOCHEKkm. LR
Fm T EIMSOCH zs | 4r A (£2) , RIAN
Pl (4.49 g-kg™') >Hid (430 g-kg™) >
(3.97 g-kg™) >¥Til (3.34 g-kg™') . 100 cm+
E, Y b b R SOCTE i 4y i B Ik T
34.6% . 28.9%A118.8% ( P<0.05) . HETi, ¥ I
ML E, 0~20 cmtEZSOCHEYBES T
20 ~ 100 cm#$ +)ZSOCEH i, [Al—Hifii, 20 cmbh
THESOCHRER AR ; WA KB T
O, BITRZEEN, H)JZSOCH &2 A0 W #

B REL LN EAEHXSOCH M . FMH 25,

R2 M TIRBESOCE B2 BRI

Table 2 Effects of topography on spatial distribution of soil organic carbon in soil profile / ( g-kg™)

T2 E W i (n=160) B F(n=240) B Hh (n=230) B (n=140)
Soil depth/cm Slope top Upper slope Middle slope Downslope
0~20 3.71 £ 0.59Aa 4.72 £ 0.43Ba 4.59 £0.63Ba 4.18 £ 0.68Ca
20 ~40 3.29+0.59Ab 4.45 £ 0.48Bb 4.35+£0.44Bb 4.01 £0.60Ca
40 ~ 60 3.13+0.73Ab 4.42 +0.30Bb 4.22 +0.42Bb 3.84+0.62Ca
60 ~ 80 3.24 +0.68Ab 4.46 £ 0.43Bb 4.16 £ 0.51Bb 3.92+0.55Ca
80 ~ 100 3.32+0.59Ab 4.41 £ 0.50Bb 4.19+£0.51Bb 3.89+0.59Ca
F-HI{HMean 3.34A 4.49B 4.30B 3.97C

2.2 THFAHFRXXTFHESOCSH F HFERI 20T
= Hi R 2 B 25 5 5 T SO C % 4% 1] 4
FFHE (£3) o 100 ecmJ2 9, HHFSOCH i
ik, 10347 gkg™ (P<0.05) . #kih (431gkg”) .
S (4.25 g-kg™) . HiHb (4.12 g-kg™) FIHEA
(3.82 g-kg™') Al SOC T & 1
24.2% . 22.4% . 18.7%H110.1%, 0 ~20 cm+tJZHk
HSOCH E i (P<0.05) . SOCHHEFE60 cm it
PRIGES)Z, 60 cm )2 L F, SiHFbsSOCH &
ik, Hifthss R 2R 2 [ SOCH B %A B %
PEZES 60 em )2 AT, UBSH 53 #FbSOC
SREREBEEES (P<0.05) . HATFH—+1
MR, MR, S, EAREZE (0~20cm)

SOCHH K AWZ LHESOCHE LML B F
Z5.
23 WRESEHMAAZEERNIESOCH i

nd:ofAln

L1 7 e 25 = W R (S S T2
(P<0.01) sZmi 35 MSOC/H MR FHE (E2) .
BT (3.19 g'kg™') L WA (3.60 g'kg') .
S (3.33 g-kg™') SOCYHy 4 4 51 0y bk b
(2.93 g-kg™') BYL.09F% . 1.234%. 1.144%, 3
150 ~20 cm T ZSOCH = B & & T, =
i, HEAR . BEIO~20 cm T ESOCH M T H
14 +JZSOCHEH (P<0.05) . By, H
A% HFIHO ~20 cm+H)EZSOCH B B EH T
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Table 3 Effects of land use on spatial distribution of soil organic carbon in soil profile/ ( g-kg™)
T JRHE Wik it (n=80) Mt (n=55) HH(n=330) HEA S (n=T5) Hi I (n=230)
Soil depth/cm Slope farmland Forestland Grassland Shrub land Terrace
0~20 3.5+0.63Ca 5.37+0.41Ba 4.43 +0.58Aa 4.11£0.47Aa 4.37+0.63Aa
20 ~ 40 3.48+0.74Ba 4.06 £ 0.28Ab 4.14 £ 0.66Ab 3.73 £ 0.53Ab 4.25+0.64Aa
40 ~ 60 3.41+0.58Ba 4.10 £ 0.48Ab 3.99 £ 0.74Ab 3.69 + 0.50Ab 4.19+0.67Aa
60 ~ 80 3.47+0.50Ba 4.01 +0.71ABb 4.03 +0.74ABb 3.81+0.52ABb 4.23 +0.69Aa
80~ 100 3.51+0.50Ba 4.01 +0.53ABb 4.02 + 0.68ABb 3.78 £ 0.58ABb 4.24 +0.69Aa
FH{EMean 3.47B 4.31A 4.12A 3.82A 4.25A

HAth +ESOCHE# (P<0.05) , 20~40 cm T JZHk
Mo, FHh . FEARSOCH B Em THbih, I
R4 LZESOCTE A MM AE —. WrhfieE,
P BB AEO ~ 60 cm E)JEZSOCH S ik, Hih .
T, BEHO ~20 cm+)ZSOCH & B & & T4
20~ 100 em T JZSOCH & (P<0.05) o FEH T
B, YWHHSOCH BE1E0 ~ 80 cm+ 2 i F K T 5 3
FIHEA, BEHLAIEARO ~ 20 cm T 2SOC & e i
(P<0.05) , ¥t +Z2ZESOCH EER AR
Fo MBS TSI E AR, oS

W
T

(-

M Terrace
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T

7
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Hit A LD R AR MR AR, HRTA
ol w A S ENE! me + R Rk . B L &
MR A, a SRR SOCH RAFE %
Fo AR HIEZAET, Wk Ho ~ 20 cm 1 )2
SOCH &R MM, HAL)ZZESOCTE 74
5 —5, HZhaos ' WFRLE IG5, K
BEHLAK S R bRHl . B Hl L o FH B VR il n] DA
BOMSOCH &, XX, #frAESmeE T
BN RR AT, DI in i = HERR I 1Y) . B X IAik
fiti it .
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Fig. 2 Effects of land-uses the same in topography on spatial distribution of soil organic carbon in soil profiles
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2.4 FHESOCEERFIMET

MG — R LR (GLM ) 15 22 W0 4%
Mr, XFEH A HIE . R K HAS HAE X SOC
AR S TTER AT TR AT K
FH 55 I 19 52 AR G 3 385 1 SO C 75 45 [
IR (P<0.01) o MR S5 E
22 BAE . MY 5 R B R 28 BAE DL B+ b A
FH . I TR =3 38 EAE G R TR SO CF it 4y
AR AN B3 o TRPAS [R) F B A 6 oA 2 B, b
FEXTSOC T i J W3, "I FE32.50% Y 78
St HUCOh E A H S OB s BAER, 0l fi#
FE7.40% 078 S, i X H: B ik 2 s HL Al 52 g [
FrH3fEEE R, AR TFHTECRS, £ER
JEXTSOCH & 52 M fie /1N, il B L5 9% 11 748 S 4
- Hb R 5 TR XSO CHY 28 HAE HISZ e /)y, AN fift

FEH0.80% 148 Sk . B UL AT, HuIB SR ACHIEIE X
SOCIH E Z 52 M A
2.5 [XESOCZE |85 f4F1E

DAL SCECHE Ao B R B Ak, il 3 GS + B X
T AN A )2 SOCHE T2 )5 22 B BT (%
4 ), WFOE R E A5 ) 43 A 04 O ) M RRE G R
By, MRS R P R BRI 25 7 O Rk
o A (BLASE 78U I o) T R SR B2 &R SOC AT e I
G AR . R Kriging i (15456 51 25 5 947 1E 52
K5, 2% BB RIPF M bR ifE . Ar o7 3 4
FET0, WO MR R 22 N, S A hR R 2% A
T T A TN R 2, bR v A AR TR a5 2 o
BT, S RG B AR SCR
Kriging i B 15 A 5 VA it 3 1 A7 ML % o5t 1
TV 245 SR G K

®4 TRIELEDIRBIRNF S EE5MHFE

Table 4 Semivariance analysis of SOC in soil layers relative to depths

R Peax il EXC 73 Al A2 i a2 Ay hRIE RE 5R 22O fl
Depth /cm C, Cy+C, GD/% Range/m Model R RSS
0~20 0.73 4.57 15.97 159 =L 0.761 0.344
20 ~ 40 0.27 4.58 5.9 188 BRR 0.72 0.438
40 ~ 60 0.28 4.92 5.7 234 BRAR 0.756 1.06
60 ~ 80 0.54 4.6 11.7 273 185 0.799 0.505
80 ~ 100 0.22 4.72 4.7 221 BRAR 0.77 0.659
KRN A ESOCH Il K-SIESKRE, 3 3} B

WM PE, IS ESEEAGREER
(P>0.05) , WBSOCHFEIES i, AR
55 A B S8, W48 1 2 B9 SOCHEAT ¥ 3l
KrigingfifH (&3 ) , 258501 LA 2 BUAH L A%
Je BRINE, T RBSOCH H BB .
Bl TR B3N, RIS OCHY 23 ] 23 A3 [ ¥ — 1k &
&, B R R R 5 AN RS A AR
Y], SERTEE R, SOCES iy M X X i Tk Hl |
REAH . ML AIRR 5 SEPRIE A AT . X L IX
PR, HHERARW/N, R, A
Moo BRI AP S ANE AR R L HERE, T
RS Sh R T R A BE BN FOR R, I 23
PEE - rp A YR TG B o b 1A (R A T
AT LA BRI AR IR . L, XS X HA
KA A AR AR AR K VR o

3.1 ANt HF A X SOCHI SN

S MY X 3R ) . R A R
B . =Ty IR L RS
WLrr e g L B e . MR SR S I
PR 2 4 il /N RUBE IX e O 3w 3Kk L e
SRS, T ENE LR, WP, 2
A%, R B HUE H S S SOCH BB .
BT, A A AL 25 8] 43 A7 R AR K 08 9% 90 )65
b, b BRI ARSAIE, SABRA A 7E
B B A AR, Siguay Ak A B
(BPYETm ) SOCH A i . e (51 ) T+ Hu A
FHZE RN B — AR AR RN SRR 2 L 3 2 A A e 2
B, T A EIRE, HEEEE RN, R
HAA K, KRB, K ER ™ E, LT
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Fig. 3 Spatial distribution of SOC in Wangmaogou watershed

SOCHLEZ R 3 AEWINCAR I AR WA P9 14 e AN ik
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AR b RE R Y RS YR A R A
AR L AU R TN EEZSU % o i1 B A AR
MEEERVE R, BERSE T Ue T T I SOC ¥ b 8%
ik, BYEFSOCH AR/, Hif54E FSOCH 4
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B o3, HARRE T IESOCH i ., AIF 4 A
7T SOC T = Ay 3 B AR AL AR B — B, [T
T+ RS 2B TR 22 BAE X SOCH 248 7 1Y
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Effects of Topography and Land Use on Soil Organic Carbon in Hilly Region of

Loess Plateau

ZHANG Yi

LI Peng XIAO Lie" ZHAO Binhua

SHI Peng

( State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi'an 710048, China )

Abstract

[ Objective ] As an important component of agricultural soil a major element for plant

growth, soil organic carbon (SOC) plays an important role in the earth ecosystem. Huge amounts of

organic carbon are stored in the soil, and even a minor change in soil carbon could significantly change

the concentration of CO, in the atmosphere, which drives global climate change. How SOC is distributed

and stored is a very important factor affecting soil quality and SOC fixation. [ Method ] In this study, soil

samples were collected from 5 soil layers in each of the 0 ~ 100 cm soil profiles distributed in a 150m

rectangular grid pattern in fields different in slope position (slope top, upper slope, middle slope, and down

slope) and in land use (cultivated land, forest land, grassland, shrubland, terrace) in the Wangmaogou

watershed of the Loess Plateau. A total of 1 080 soil samples were gathered for analysis of how topographies

and land use patterns infuence on content and distribution of SOC via Kriging interpolation. [ Result ]

Among the slope positions, the upper slopes were the highest (4.49 g-kg™), and followed by the middle
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slopes (4.30 g-kg™"), the down slopes (3.97 g-kg™') and slope tops (3.34 g-kg™') in average SOC content
of the 0 ~ 100 cm soil profiles, while among the land use patterns. the forest land (4.31 g-kg™') was the
highest, and followed by the terraced field (4.25 g-kg™"), grassland (4.12 g-kg™"), shrub land (3.82 g-kg™')
and cultivated land (3.47g-kg™"). Obviously the forest land, terraces, grassland and shrub land was 24.2%,
22.4%, 18.7% and 10.1%, respectively, higher than the cultivated land. SOC in the topsoil was more
susceptible to environmental factors, like terracing and some other soil erosion control practices, which
can obviously sequestrate SOC in the deep soil layers (>20 cm). Variance component estimation shows
that interactions between land use, topography, depth, land use and topography had extremely significant
influences on spatial distribution of SOC content (P<0.01). Topography contributed the most to total SOC,
reaching 32.50%. And interactions between land use & topography explained 7.4% of the variability of
SOC. Spatially, SOC was distributed in patch and increased with depth in the watershed, and turned to
be homegeneeous in distribution. [ Conclusion ] All the findings in this study may serve as theoretical
foundations for water and soil conservation and evaluation of carbon sequestration effects.

Key words Loess Hilly Region; Soil organic carbon; Topographies; Land uses
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