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Spatial Variability of Soil Moisture and Its Influence Factors in
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Abstract ;: To elucidate the quantitative characteristics and variation pattern of soil moisture in different land u-
ses and terrain conditions, classical statistics were used to analyze the spatial variability of soil moisture in
small watershed in the gully region of the Loess Plateau. The results indicated that the differences of average
soil moisture among different land uses reached the extremely remarkable level, which showed as the order of
farm land > grass land > forest land > shrub land. Soil moisture in profiles decreased firstly and then in-
creased. Soil moisture was significantly affected by terrain conditions, which performed as terrace > gully
bottom™>>slope land™>the top of hills. Soil moisture was the highest at down slope, next was at up slope, and
the lowest was observed at middle slope. Soil moisture on the shady slope was higher than that on the sunny
slope. Different land uses and terrain conditions had a significant interaction in terms of soil moisture at the
small watershed scale. The results obtained above can provide evidence for soil water management, optimiza-
tion of land use structure and vegetation deployment in different terrain condition.

Key words: watershed in gully region of Loess Plateau; land use; topography; soil moisture; spatial variability

— — (SPAC) S )
(457
b Y o
o b
1]
b Y b
:2012-03-27

:2012-02-26
(10502-Z14)

(1986—), s s
1971—>,

. E-mail: ruizhanghs@163. com
. E-mail; wenfeng. tan(@ hotmail. com



5 53
[6-10] 1
. /
, , km® /% /%
2.57 30. 67 23 28.8
° 0. 46 5.58 18 22.5
4. 06 48. 44 29 36.3
X . 1.04 13.62 10 12.5
0.03 0. 39
0.07 0.82 — —
° 0. 04 0. 47 - -
N 8.27 100. 00 80 100
[11] s
1
1.1
(36°51'N,109°19'E),
8. 27 km”, 1010~1 431 m,
. 490 mm,7—9
61%, 1. 48, 8.8C, 1
>=10C 2 800~3 500°C, 2011 7 6 7 25 °
’ [ ’ ’
(Caragana rosea) . (Prinsepia utilis) . 11.5 mm,
(Periploca sepium) . (Ostryopsis davidi- , 0—20 cm ,
ana) (Hippophae rhamnoides) . 20—200 cm .
(Robinia pseudoacacia) . (Populus si- SPSS 16.0  Excel 2003
monii) (Caragana microphylla) ; . ) .
. . ; ;s ArcGIS 9.3  Sigmaplot 10.0
[12]
1.2
2
s 300 m X 300 m, GPS 2.1
, 80 C D, 2.1.1
o (Cv) ,
4 cm ,  0—60 cm,60—200 tsl Nielsen
cm 10 cm,20 cm , , Gr<10% . 10% <Cy
13 ; <100 % s Gy=1000
, (105~110°C,10 h) . 2 . 2.31%
. ~23.50%, 8.22%, 42.5%
1, 4 ,

o



54 19
(13.26%) . ; . .
, . . 32%,45%, ;
55% . 4 .
29.16%~35.1%, . 20200 cm . .
. 29.16%., . , 100 cm
2 o
/% ( . )
/% (s
S D P v I
29 2.31 14.91 7.30C 2.50 34. 31
18 3.36 16.21 5.96D 2.11  35.41 g o
80 2.31 23.50 8.22 3.49 42.50 ﬁ 100}
P<20.01 ﬁ 140}
4 H 180}
. C 2, pon |
> > > 5
o 3 .
’ ’ K—S .
o 9 N 4
; ’ 19. 17% ~
’ o ’ 44.73%,25. 73% ~41. 50% , 28. 02% ~45. 77%,
’ ° 6.14%~33.28%, ;
’ ’ N Pearson « ,
. . , . (P<<0.01) ,
’ ’ ’ . 4
, 0—200 cm, 2.2
B o 2.2.1
- C 5 .
’ . 9.77%)
2.1.2 > (8.73%) > (8.37%) > (8.25%).
N N 4
) ) o 35% ~46%,
¢ 2 ’ . (1)
20—50 cm . . R ,
;50 cm , , ,
140 cm , 160 cm ; ,
[16] [17]



ul
(o]

. (2) , s
[19] R . )
o [7] ’ o
3 %
/
cm
20— 30 10 12.72 3.84 30. 20 23 9. 20 2. 20 23. 91
30— 40 10 13.39 3. 99 29. 83 23 7.93 2,24 28. 25
40—50 10 12.92 412 31. 90 22 7.77 2.16 27.84
50— 60 10 14.45 5. 45 37.67 22 8.02 2.36 29. 39
60— 80 9 12. 88 4. 06 31.53 22 8.77 2.33 26. 62
80—100 8 11. 69 5.23 44.73 22 9. 08 3.2 35.18
100120 8 14. 05 4. 41 31.36 22 9.17 3. 81 41.50
120—140 8 13. 69 3. 09 22.61 22 9. 04 3.22 35.61
140160 8 14,56 2,88 19.77 20 9.97 2.56 25.73
160180 8 14. 33 3.58 25. 02 20 9. 96 2. 80 28.15
180—200 8 15. 03 4.51 30. 01 20 9. 92 2. 80 28. 21
/
cm
20— 30 29 7.27 2. 40 33. 05 18 6. 35 2. 11 33. 28
30—40 29 6. 62 2.32 35. 04 18 5.17 1. 24 24. 00
40—50 29 6. 49 2.19 33.77 17 5. 02 0. 83 16. 49
50—60 29 6.70 2.13 31. 79 17 5. 27 0. 91 17. 32
60— 80 28 6. 90 2. 46 35.71 17 5.33 0. 86 16. 14
80100 28 7. 44 2. 09 28. 02 16 5. 32 1.71 32.25
100120 28 7. 40 2.31 31. 23 16 5.63 1.87 33.19
120—140 27 7.06 3.23 45.77 16 5. 96 1.22 20. 46
140160 26 8.07 2.35 29.16 16 5.94 1.91 32. 09
160—180 26 7.78 2.43 31. 21 15 6. 05 1.19 19.72
180—200 26 7.94 2.33 29. 38 15 6. 68 1.78 26. 66
4 o .
Pearson 3 3 0—200 cm
. .
> > , C 5)
. 9.97%
1. 00 0.36 0.74
1. 00 0. 50 0.14 ’ 7.58%
1.00 0. 20 —0.29 o ,7.58% ~9.97% ,
1. 00 0.89%*  0.79%* .
1. 00 0.95%* 5
1.00 0.93%* 7
1.00 0.88"* %
1. 00 0.98"" 28 2.31  23.50 8.25a 3.81  46.0
1.00 40 2,75 19.53 8.37a  2.92  35.0
1.00 6 3.18  17.18  8.73a  4.02  46.0
1.00 6 4.88 21.59 9.77b  4.31  44.0
1.00
P<0.05
* % 0.01 ( ) o

ArcGIS

2.2.2



56 19
C 6) , C 3,
> > . T EKE%
32% . , , 200 2 5 U : g 19
g 60 —&— 4 rh
o -3 & 100} —A— 3T
’ ﬁg 140
. (P<<0.01), H g0
(P<C0.05)., : 20l
Y ~ Y . 4
== 2.2.3
, . 7
[20-22]
’ , 8.51%, 33%,
° ’ ; 7.87%,
[17]
’ 38% , i [21-24] ,
(D) ,
- (D) (P<0.05),
° (D ,
(2) , o
[17]
( 8),
EE 23 40 , , . .
. 5.38~6.69
. 6.70~7.58 s s ,
. 7.59~8.39
. §.40~9.15
N 9.16~9.96 A ° 4
N 9.97~10.89
771 10,90~12.00
S %
- |l4:72~16:20 ° (13 17 0) (P<
0 05  10km 0.01) (7.62%), (9. 43%)
(6.74%), > > > .
3 ’
6 (15.12%) > (9.34%)> (7.07%)>
% (5.15%) .
/% 19
10 7.95Aa 2.99 0. 30 38 ’ ’
5 6. 24Bb 2.51 0.31 10
25 8. 70Cc 2.81 0.16 32 o
40 8.21 2.92 0.13 36 7
: P<C0.05 /%% /%
P<0.01 19 8.5la 2.80  0.17 33
21 7.87b  3.01  0.20 38
« 4 s N 20— 2.3
50 cm ’ 50 cm 2 .



’ > ’
N . > > .
’
.
o ’
8
/%
2 13.17A 2.74 21
12 7.62B 2.30 30
16 9.43C 3.01 32
10 6. 74D 2. 14 32
3 15.12A  3.61 24
9 9.34B 2.53 27
10 7.07C 2.72 38
6 5.15D 1.53 30
. N ) N
L 5 D
[26]
[27-28] ,
’
[28-30]
’
. > > >
b ’
0—200 cm ey
[31] ,
b
b ’
[26]

(1]

[2]

[3]

(4]

(5]

[6]

7]

(8]

(9]

(10]

[11]

[l .1999,13(4) :39-44.

[yl ,
2007,5(3):28-32,51.
L1l

,2004,2(2) :62-67,79.
Gomez P A, Martinez M M, Albaladejo J, et al. Factors
regulating spatial distribution of soil water content in
small semiarid catchments[]]. Journal of Hydrology,
2001,253(1/4):211-226.
Famiglie ] S, Rudnicki J] W, Rodell M. Variability in
surface moisture content along a hillslope transect; Rat-
tlesnake Hill, Texas[J]. Journal of Hydrology, 1998,
210(1/4) :259-281.

’ ’

[J']. ,2009,25(2) ;
31-35.
| ’U]. ,2002,22(4) ;6-9.
’ [i]. ,2003,19(6) :5-9.
, ’[J]. ’ ,2001,16(6) :521-524,
7 (1] ,2008,22(2) :32-37.

Western A W, Bloschl G. On the spatial scaling of soil



58 19
moisture[ J ]. Journal of Hydrology, 1999, 217 (3/4): [23] s s s
203-224. Ll ,1999,21(5) . 88-
[12] , 91.
[M]. ,2002. [24] s s ..
[13] [M]. : , AR ,2002,20(1) :108-111.
2005. [25] s s s
[14] s LI ,
[Jl. ,2000,11(1) :38-40. 2003,23(3) :334-342.
[15] . . , [26] ; , .
[J1. ,2002,16 LIl .2006,26 (3):647-
(4):53-58. 654.
[16] . . [27] , ,
. »2003,14(4) :515-519. R .
[17] s s 2001,20(3) :233-238.
[Jl. ,2006,17(1) . 74-81. [28] s . )
[18] s ,Nangia V, [Jl. s
[Jl. .2008,24(11) . 2006,22(12) :65-71.
25-29. [29] Yoo C, Kim S. EOF analysis of surface soil moisture
[19] [M]. field variability [ J]. Advances in Water Resources,
,1997 2004,27(8) :831-842.
[20] s , . [30] Ursino N, Contarini S. Stability of bandestability of
[J]. ,2001,15 banded vegetation patterns under seasonal rainfall and
(2):41-44. limited soil moisture storage capacity[J]. Advances in
[21] s . . Water Resources,2006,29(10) :1556-1564.
. ,2003,12(1) ;52-55. [31] . ,
[22] s . [M]. LIl ,2007,27
,2000. (2):321-327.
R O O O O O O O O O O O O O O O O O O O O O N N O IO I
( 51 ) (1. »2011,18(1) :312-316.
(€Y) . [4] . ,
: [yl ;
, 2010,8(4):95-100.
[5] ; .
o . .1998(9) :37-39.
’ (6] : :
: ( ) . 1.
’ ,2009,46(3) :373-380.
’ [7] ; 5
o . +2000,20(6) :51-54.
. [8] Shipitalo M J, Edwards W H. Runoff and erosion con-
. trol with conservation tillage and reduced-input practices
on cropped watersheds [ J]. Soil&.Tillage Research,
1998,46(1/2):1-12.
[1] , . [M]. [9] Zhang G S, Chan K Y, Oates A, et al. Relationship be-
,2005. tween soil structure and runoff/soil loss after 24 years of
[2] , , conservation tillage[J]. Soil& Tillage Research,2007,92
7. (1/2):122-128.
,2010,40(3) :535-539. [10] ( )
[3] [D]. ,2010.



