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Abstract: Objective of this study was to understand the spatial pattern of soil properties and topographic factors and their relationships in a small
watershed. We used classical statistical coupling with geo-statistical theory to characterize and compare the spatial variability of soil mineral N
and topographic factors in the wind-water erosion crisscross region on the Loess Plateau. The results show that: (D The nitrate’ s variable extent
is strong while other properties are moderate variability, and the impacts of soil types; land uses on variable extent are significant. @ All
properties have different spatial dependence extent in the study area. Ammonium and elevation are strong spatial dependence while nitrate,
slope gradient and slope aspect are moderate spatial dependence. @ The analysis results of fractal dimension and spatial heterogeneity
proportion are coherent, and the decreased sequence is: nitrate (1.982 6) > slope aspect (1.9767) > slope angle (1.942 0) > ammonium
(1.879 1) > elevation (1.746 1) . @1In 0°/90°, 45°/135° aspects, nitrate is isotropy while elevation is anisotropy, and others are weak
anisotropy . ® Ammonium and elevation have strong spatial autocorrelation while nitrate has not. There exist extremely notable positive
correlations between nitrate and ammoniums slope gradient and aspect> and the negative correlations between ammonium, slope aspect and
elevation, which indicate that the distribution of ammonium and slope gradient have elevation gradients.
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Table 1 Statistics of soil mineral N and topographic factors in the Liudaogou watershed
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Table 2 Concentration of soil mineral N for different soil types, land uses and slope position in the Liudaogou watershed
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WU+ 46 2.76 1.02 5.89 0.27

A @yt 319 1.74 0.12 5.69 0.11
B4t 156 1.17 0.11 4.73 0.11
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Table 3 Geo-statistics analysis results of soil mineral N and topographic factors in the Liudaogou watershed

# fi S

i L7 LRI s HEMHE AR m AWRELE E R > S
K, Ch) K,(Ch)

TEEST A Btk 0.433 0.622 1024 69.59 0.8034"* 1.0163 0.9905 1.9826

SR R4 0.042 0.190 972 22.00 0.8755" " 0.8120 1.1207 1.8791

%7 g EROIR 113.377 1552.812 1701 7.30 0.9592" " 1.2207 0.7209 1.746 1

e BROIR 0.347 0.474 1631 73.08 0.6032" " 1.0852 0.8930 1.9420

3 17 BRIR 4410.275  12338.982 260 35.74 0.652 4 0.963 4 1.1645 1.976 7

1) x % FIRTE p<0.01 BT T RE: K, = NO°E/N9OE: K, = N45°E/N135°F,

P07 22 B e e vt o A ) A B R KL
EAMUE I A AR 2 TR HURE RIS ) R 2 2
Hoy ek 20 AR ST LLIE AR 7 1 2 0077 ), SR
PR ) R B K CO SR8 38 /) i 3 55 0 v 25 1) S

SR RS i A B A N

KCh) = vChs 8,0/vChs0,)
XA yChy 0,0 M yChiy 0,0 7350 2 A5 1 6, Ao,
AR R R IR KCR)AE TR T 1, WL



7 4 R IRAE NI T B S T D 1 R 0 2R K HL A ) AR S AT 9 1571

) S R O 2% i ) P F 5 00 g 45 1) S S AR 3
AT, AE 005 90077 ), - S A 2% ZURI 32 3 1) 1)
K, ChOFZE T 1, W e AL 7 1) b AT 45 1 R
SE, L AR AN AE I 5 1 B K, CrO S 1
Bz, R — E 1 & ) S S5 05 7 4508 135907
], B A A R I B8 0 % 1) )1k DA, B S AR
IRE 1) UL AT Ak 55 1 % 1) S 1k S5 A, T g AR R I
HEE RS m g LK, (h) =0.7209], B 135°
J3 ) (178 S v 1 45077 ) L X IAG AR 5 % ) S M IR A
TE 5 FER T AR 7 ) b JUAS bR b ) 32 B
TITEFR (1) 7R A, 117 3 2 42 1) Jd o A2 3 AN T 1 e 0
K JR A AR I S SBUAE 4 A7 ) B (1) 25 1) [) 2 &5 4
VA ZEIX 4 A7 [) b6 A 2 0 2 ) A8 S5 1) 3 4 1)
TE RS2 AH [R5 1T AR AE 4 A T7 1) 1 (9 4% ) S 1 45
Fa) S B A [R] 75 i) 0 it 4 73 e (1) 2 B s FE A
AN

IR D R T E RN — N E S T
KN TRAR S R 0 26 1 1l 2R, TR S R AR Bl AL AR
SR, AR N2y () = B4 3450 D
ELBR /IS, 27 T SBR[ B Bl L AR ), 35— 1
PR BT s AR, D EBR K, FeoR T8 2 0] (1) Bif
PR SO, 38— PERR Bk 22 L AR 3 w] DL, /At ik
R YW b N AT R 2O N AN RV O E
THAS(1.9826) > W (1.976 7) > HE(1.9420)
> FEASHEC(1.879 1) > W (1.746 1), X R W AR
(I RENLAR 53 35 K, 3 1) 3 B R 2, T g AR e/, BE AL
720 e () ek /N 9 B 48 73 e T o L 481 7 3
T, 2 TR A R S T 34 i 1 B4, X 5 28 ) e
LU JIT R AIE (1) 225 (] A0 AR 150, J5 A — 350, 4R Sl 7 &l 43
20 TR R B L, 3 A U0 o P RN e A R L
A R ) 2 TR ARG e T il 24 21 OB P 5 59 5 T 3 1]
SRR R S I L T R g R B N A —
k.
2.3 ZFAAHR RSB

R [R)AF DG 23 AT 1 L (0 i A e 5 7 4%
(B _F AH 2 K FLAH SRR B an ey A 52 R H Moran ) 1

FE2IHN Pearson A 56 R HOK 43 B ik + B 5
BRI b T PR (10 20 ) [ AH R S A e 22 1) P AH
KN Moran ) T F 0] H oK € & M & F 9 41 4%
) LR OB &, HAEA T - 1 M1 200, AhNT 0 %R
ANBAR G, S5 1 0 RO A, KT 0 Rom Mk
Kl 2 Shy /S TE VA SIS T FURE PR Moran 1) 1 2%
T PR BTG R, B o, B RSB0, 4K
FUASFAEREA A FE 2 1 200 m I HH IEAH S 36 42 O 471
AR s JHRE I 17y I 1 1A 9 C < 600 m) 3 # i ¥ 4
ARG PR A 0 IE AR 9G (> 3200 m) s THAH A& B AL
A RUE NI Moran 1 T R ECTALA 0, F 30 AT BL
(% [ ANAHOG I e 45 R 5 20 e g o b A48 e R A0
S5 RIS, RIAR 5 R EGBOR, AR S B, 7145
TR v il w2/ R R T VAR 8 S R (PSS 228 18
vt 45 B RERE PRI IL R B8N, 1 I Moran Y 1
FACS i R R R G 2R D e W AR L bl H RURE
RUNE, I 48 7~ B 20 AH 5K 1R 2% TR A L

1.0
08|
06
04|
02}

0L

0.2 Bl

04

0.6

08|

_10 | Il 1 | Il L |
0 500 100 1500 2000 2500 3000 3500 4000

it Ji ¥ B9 /m

——WEE e HEE A B
X BE —e—

Moranf¥] IR 3

El2 Moran By I ZHSHREFNXRR
Fig.2  Graph between Moran’s [ and lag h

T R G M A I T A S MU R )
FHICNE , 44 Pearson AHC RELAITHH 45 5113k 4, th
RO, IR S A S S A S S () #
TEEEMEZE (p < 0.0 B IEAH S, HAH R R
53 940.303 7.0.238 9, K W L IREPE A R 7 Y
P05 73 B [P A7 A5 A AR 5 B A R0 M 33

F4 NEARPBIETRARES MU EFZEE Pearson X R

Table 4 Pearson correlations among soil mineral N and topographic factors in the Liudaogou watershed

fe by IS A R W Wi 1)
THA A 0.3037" " -0.0051 -0.0717 -0.067 4
AR -0.0794" -0.0076 -0.0215
%73 -0.1363"* 0.028 4
e 0.2389" "
W

D = MR REAE 0.05 /KF L EBFEC R « » KRR 0.01 FIKF LEZECRER)



1572 N S 284
JE55 AR 2 TRV A BRI RO SR, FLAH 5% AR 8L ~2054.
N N . YR g N AppAk A AR R ORE 5 S
H=0.079 4+ = 0.136 3, X LW TE K o g oy L5 f*ﬁif“ﬁ”}”i‘f%’“ AR TG
; Sy e et \ TN RIS T]. 13, 2004, 36(4): 376 ~ 381.
N SR A AR R AR 6] 4 HAEH 553 N
: {"Lﬁj‘ %%@f A jfz m;gf%ﬁ f’i%%rg [ 61 My, B, S A 0 A0 OB 25 % A A O 98 €
P A SRV AT OGP (19 0 5 A A i & AR e % PG NS, FREEFIE, 2006,27(2): 263 - 267.
AR LR a AR I AR IR A0 D 70 ik, ek, XUBWI . JE T2 IGE 0 IS R AC Sy
KSR G 7 RSO 745, SO0 A 4 il RS A 2 AT AT —— LA 5200 5 2R B0 K
T MRS EHERAOR, SRR i‘**f**&’mﬂﬂ?ﬁ~7ﬁm~% N
\ \ 5 ey N . o 8 G, XU, YEAS IR . VLW 6 L NoP R TR IX
2 1] R, 25 B D 0601 5% Pt 55 BB 1) B R S L T
oy L) AR MR FELT]. SRBIREY 2004, 25(1): 138 ~ 143,
E ' [ 9] Haileslassie A, Priess J, Veldkamp E, et al. Assessment of soil
3 gﬁi«ﬁ nutrient depletion and its spatial variability on smallholders” mixed
farming systems in Ethiopia using partial versus full nutrient balances

() &M RIE: SRR RS N [1]. Agriculture Ecosystems and Environment, 2005, 108: 1 ~ 16.
gﬁﬂ%%ﬂ: , %%?é?%—j\ ‘iﬁ}jc-,f \iﬁ IJHj J”JJ?'J EP%E:E%/H: , j‘JFE_ L10] Ben%ra'l'ne KlyalMa;haba T :l }Ilemg p‘nnmpal COHTOYEZ? a;lalys;sl 10f

o l b bR PR A (A monitor spatial and temporal changes in water qualityL J 1. Journal o
j:i,%%;éj:\ii@%JﬁHﬁﬁXﬁW}ﬁﬂEﬁE#%}}Eﬁ*& Hazardous Materials, 2003, B100: 179 ~ 195.

=
s 1N C11] ZJed, Mok, 2 1 . G 2 5 U R P v 2 58 i oy

(2) 3 TN % L TE IR 7 A5 R A UL N #8 SIS )], BRBERL, 2006, 27(3):498 ~ 502.

RN EFEE S A, o s S A/ IR [12] BRI, A, Al ORI H X A P - 498 rh e 28 R A
o N e e N SRM AR ], BRI, , : ~ .
SR 2 AR P 9 B 84 2 SO LI, SRR 2000.276): 217 1222,
b 23 (R [13] WX, e, RIS, 55 . VERE STV /N 38 )L e AT

- > e S . N AR R ], 2R AR, 2005, 25(12): 3294 ~ 3300.

3 %’Eﬂ ﬁ% 'l‘/-lk E/:] ]}éﬁ %(Mj(ﬂ /J\ @i {/\j‘j ‘@t [14] Kopatek J, Stuchlik E; Wright R F. Long-term trends and spatial
%S?f\( 1.9826) > iﬂi r‘ﬂ (1.9767) > iﬁg( 1.9420) > variability in nitrate leaching from alpine catchment-lake ecosystems
EAREC(1.879 1) > B (1.746 1), BH S Y H 55 in the Tatra Mountains ( Slovakiae-Poland ) [ J1. Environmental
L5 L 02 6 2 S LA 14 02— B e el

. N 151 RUTRBRS. AR i Ui A2 2R A B B i BRSO B R
158 "/i‘t‘/jj = 0, 45°L o /E\_ )

(@) LRRZRA 05 90 ;5 S 135775 A L - IR SCRIM]. PE% s BRPTRREER AL 1993 40 ~
AT A 17 [ PR Sl R o i i $RA 25 1) S P iy, FE AR e "

W\Uﬁ}ﬂﬂjﬁﬁ%ﬁ@%mﬁﬁéﬁm [16] Nielsen D R, Bouma J. Soil spatial variability [ M 1. Pudoc

(5) MIIR 3 W W = g A 00t A8 L AT AR ikt 1 Wageningen 1985. 2 ~30.

] A TR UL A A G sy D7) ﬁﬁj«iﬁ’jzifﬁiﬁwWﬁ*ﬁ“%%'ﬂ
N - >on : —_— SRy ] Al TR, 2003,19(6): 5 ~ 10.
FEAECIUES W) 22 8] H 5 0D "

AR HE ?iﬁz Ui ﬁ}r&”% p< 0.01 ES (18] SREBE. “X A8 A i R AT M T, L5t B IR AL,
TEA et Tl B 5 4R S 53 2 D 2 e

H M GARR, ER WK AT H RS [i0] 4wz, ik, ke 7 52 0 b s 90 18 15 5 0
AN RE 1R[] 73 AT HAT HE SRR RE L (3], BEFIZEZ 24,1998, 9(6):651 ~ 657.

‘ [20] VFLLD, @oe e, B3, 55 G 3R 2 ) A 5 5 5 B
sEXR: S BEHOIAL I, A8 9615 R 24 2006, 1201:37 - 4.
C1] I?Eél,ﬁ‘/ﬁ‘ﬁ’r:,}%?;, kaU_EP‘Fw’?&/K{Eﬂ(HEP'UE& [21] Cambardella C A, Moorman T B, Parkin T B, et al. Field-scale

HIBE I o AL 1] ARBERE 2004, 25CH T+ 27 ~ 30. variability of soil properties in central Towa soils[ J1. Soil Sci Soc Am
[2] Mathieu O, Lévéque J, Hénault C, et al. Emissions and spatial J» 1994, 58:1501 ~ 1511.
variability of N, O> N, and nitrous oxide mole fraction at the field [22]  WIEE, B4z, F AL 1 o FUE Bk b 1 38K 4 25 i) A
scale, revealed with "N isotopic techniques[ J1. Soil Biology & SRR TR, AR TR, 2005,21(8): 11 ~ 16.
Biochemistry, 2006, 38(5):941 ~ 951. [23] Wang Hongging: Hall C A S, Comell J D, et al. Spatial
[31 BrejdaJ J» Moorman T B, Smith J L, et al. Distribution and dependence and the relationship of soil organic carbon and soil
Variability of Surface Soil Properties at a Regional Scalel J1. Soil Sci moisture in the Luquillo Experimental Forest, Puerto Ricol JJ.
Soc Am J, 2000, 64:974 ~982. Landscape Ecology, 2002, 17: 671 ~ 684.
[4] SRES, BT BG5S RAT AP AR LR [24] Webster R. Quantitative spatial analysis of soil in the field[ J].

2R S E RS g ], R AR S 24 4R, 2004, 15C11): 2049

Advance in Soil Science,> 1985,3:1 ~70.





