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Effects of Vegetation Types and Rainfall on Soil Water Content and
Temperature in the Gully Areas
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Abstract ; Soil moisture and temperature are important indicators of soil environment, which have signifi-
cant impact on a variety of biochemical processes in soil. Through investigating soil moisture and tempera-
ture of 0~500 ecm profile and spatial distribution of different vegetation restoration patterns and rainfall
gradient gully, the main results and conclusions were as follows: soil moisture and temperature among dif-
ferent vegetation restoration pattern gullies had significant differences (P <C 0. 01). Soil water content
(SWC) expressed as grass gully > shrub gully > arbor gully, and soil temperature expressed as arbor
gully > grass gully > shrub gully. Results showed that different vegetation restoration patterns were dif-
ferentiation in gully SWC and temperature, which was closely related to the biological characteristics of the
dominant species. Soil moisture and temperature among different rainfall gradient gullies had significant
differences(P <C 0.01). Gully SWC and precipitation had a positively correlation. Gully SWC showed as
Xihekou > Yanhewan > Liandaowan, and gully soil temperature expressed as Liandaowan > Xihekou >
Yanhewan. The results showed that rainfall differences could have a significant impact on the gully soil
moisture and temperature. Therefore, during the process of gully vegetation restoration, local rainfall con-
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dition and spatial configuration of vegetation types should be concerned for the improvement of ecological
environment.

Key words: Robinia pseudoacacia ; Caragana korshinskii ; Natural grassland; Slope position; The hilly Lo-
ess Plateau
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Fig. 1 Schematic diagram of sampling quadrats (squares) in each study site along gully slope

Note: control plot sites at the middle of slope
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1
Table 1  General conditions of experimental field
(E) (N
Slope
Longitude (E) and Slope Slope Elevation = Vegetation
Sites Locations Degree
Latitude (N) position Aspect ) /m types
/o
G-Rp 109°18'22"E, 36°51'17"N S—>N 25~52 1100~1300
G-Ck 109°18'55"E, 36°51'25"N S—>N 25~59 1090~1250
G-Ng 109°15'38"E, 36°45'4"N S—>N 20~45 1080~1275
G-XHK 109°00'52"E, 36°41'58" N ) S—>N 20~45 1290~1371
G-LDW 108°58'8"E, 37°13'24" N 2 S—>N 25~65 1207~1370
S-Rp 109°16'01" E, 36°45'43" N ES 26 1241
S-Ck 109°16'02"E, 36°45'38" N ES 27 1235
S-Ng 109°18'54"E, 36°51'20" N ES 20 1256
S-XHK 109°00'53"E, 36°41'57" N N 23 1280
S-LDW 108°58'38"E, 37°13'24" N WS218 30 1396
1. 2 ’ O. Ol g .
R THI-440NH (
o 3 TASCO ) s 0.8
N . 0~199°C +1°C .
( ) ( ) , s
; 3 ( .
1) : N ’ -
(GRp). - (G-Ck) 1.3
- (Gng) ’ "
) (D Sewe = >,0.1XBD, X0, X H
° ’ i=1
(
1007550 mm 2 s SV0.1 % BD, X
3 ( ) ( D, e ’
(G-LDW, 400 mm) . (0; — Own) X H
(G-N 500 mm) . -
. & (3) S}:(jz EOlXBD,X@H
(G-XHK, 550 mm) , =
, X H
) Spsw = »,0.1XBD, X H
s — i=1
(SRp). - ($Ck)., (s WO =00
Ng)\ (S-XHK) (5) RDSW(%) - SDSW/SF(‘ X
(SLDW), 10074
, » Sswe (Storage of soil wa-
i 5 ter content) ; Sgc (Potential
, . (W-upper) . (W- storage of soil water content) ; Spgw
lower) . (Bottom) . (E-lower) (Soil water deficit) ; Rpgw (%)
(E-upper) , (Ratio of soil water deficit) ; BD; 1
C D, “ ” . (Bulk density) ;0; i (Soil
500 cm, 20 cm ,105 C water content) ; H (Thickness of soil



502

layer) ; Own ( Wilting humidity,

4.5%) 5 Orc (Field capacity, . 3
18.4%). «C 2,
’ 5 m
o = > )
> > o ,400 mm
1.4 s
(CV = / X s o
100%)
s (ANOVA) 2.2
(LSD) o 0~500 cm
Excel 2010 SPSS 19.0 o (  2a,b,0),
b
2 s
’ 4 m
2.1 € 2D;
b
b
Y b
H
o b
« 2. *
> > ; i
s = > 0
2
Table 2 Mean value and coefficient variation of soil moisture in different vegetation types and precipitation gullies
Soil layers /cm
Gully 0~100 100~200 200~300 300~400 400~500 0~500
GR Mean % 12,55 13. 942 13. 642 12. 80 9.21b 12.43
—IXp
! CV % 33.95 33.18 28. 37 26. 85 33. 36 33.70
G-Ck Mean % 15.58% 15. 81% 14. 09 14. 80 14,19 14. 89
T CV % 21.49 16. 31 18. 63 20. 96 32.44 22.52
Mean % 14. 36 16. 20 14,55 15.60* 15,172 15.18
G-Ng ~
CV % 20. 96 18.12 15.71 15. 30 11.87 16. 96
Mean % 11. 342 15. 86" 16. 01" 16. 62" 17. 74 15.51
G-XHK
CV % 40. 74 14. 27 9.22 13. 33 18.62 23.63
Mean % 5.89° 9. 84" 9.47" 8. 98" 7.88" 8.42
G-LDW
CV % 42.79 20. 81 32.71 41.08 35.02 37.59
(P<C 0.05)

Note: Different lowercase letters indicate significant difference at the 0.

0~500 cm
(  2c,d,e),

05 level among soil moisture in different soil layers at the same gully

C 4,
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2

Fig. 2 Soil water content along 0~500 cm profile at different gully positions associated

:(a)

0~500 cm

with different vegetation restoration patterns and different precipitation regions

) 3 (d) ;(e)

; (b)

3 (o)

(

Note: (a)R. pseudoacacia gully; (b)C. korshinskii gully;(c)Natural grassland( Yanhewan) gully; (d) Xihekou gully; (e) Liandaowan gully
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, 0~500 cm

3

Fig.3 Soil water storage along 0~500 cm profile at different gully positions associated with different vegetation

restoration patterns and different precipitation regions

s(a): 3(b):

Note:(a): R. pseudoacacia gully;(b): C. korshinskii gully;(c): Natural grassland(Yanhewan) gully;

(d): Xihekou gully; (e): Liandaowan gully
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Table 3 Mean value and coefficient variation of soil temperature in different vegetation types and precipitation gullies

Soil layers /cm

Gully 0~100 100~200 200~300 300~400 400~500 0~500
OR Mean % 13.03% 11.09® 10. 08¢ 10. 02¢ 10. 10¢ 10. 87
—IXp
t CV % 12.28 10. 72 7.09 9.74 4,47 14. 34
Gk Mean % 12. 667 10. 38P 9.27¢ 8. 80¢ 9.06¢ 10. 04
T CcV % 22.53 12.75 21. 62 21.51 11. 26 23. 60
Mean % 14. 68° 9.55b 8. 70" 8. 80P 9. 04" 10. 15
G-Ng ~ ~
CV % 28. 69 12.51 10. 53 9.78 8. 60 30. 15
Mean % 20. 334 14. 76" 12.18¢ 11.31¢ 11.00¢ 13.91
G-XHK
CV % 15.19 13. 66 9.97 8. 14 10. 66 28. 27
Mean % 21. 907 15.91° 14, 33¢ 13.63¢ 13.41¢ 15. 88
G-LDW B
CV % 16.75 8.35 5.87 6.58 10. 68 23. 36
(P<< 0.05)

Note: Different lowercase letters in the same row indicate significant difference at the 0. 05 level among soil temperature in different soil

layers on the same gully

4 0~500 cm
Fig. 4 Soil temperature along 0~500 cm profile at different gully positions associated with different vegetation restoration
patterns and different precipitation regions
:(a): ;(b): ;(0): ;(d): ;(e):
Note: (a): R. pseudoacacia gully;(b): C. korshinskii gully; (¢): Natural grassland( Yanhewan) gully;
(d) : Xihekou gully; (e): Liandaowan gully
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2.6 P<C0. 001 P<C0.05;
T . .
C 4, « D,
; (P =0.400),
P <0.001,
P<C0.001 P<0.001, B
4 T

Table 4 Differences in soil moisture and temperature among pairwise comparisons between gullies

based on two-tailed paired t-tests and F test

Soil moisture Temperature
Sample pairs F Sig. t Sig. ( ) F Sig. t Sig. ( )
G-Rp vs. G-Ck 5.52 0.020 —5.14 0. 000 3. 04 0. 083 3.27 0.001
G-Rp vs. G-Ng 23.33 0. 000 —6.25 0. 000 11.61 0.001 2.31 0.021
G-Ck vs. G-Ng 6.83 0. 009 —0.75 0. 457 2.91 0. 089 —0. 34 0.733
G-XHK vs. G-Ng 5.27 0.023 0. 84 0. 400 13.19 0. 000 8.43 0. 000
G-XHK vs. G-LDW 0.05 0.828 15.21 0. 000 1.52 0.218 —3.80 0. 000
G-Ng vs. G-LDW 6.13 0.014 17.57 0. 000 4,26 0. 040 —12.63 0. 000
2.7 ,
; 400 mm
( 64.30% ,
5), 66.42% ;
(672.24) > (652.55) > .
(497.71), 500 c¢m (40. 73%) >
32.50% ; (31.06%) > (28.16%) .
5

Table 5 Analysis of gully soil water content

I Average Storage of soil Available Water Ratio of
Gully
moisture content/ % water content/mm water capacity/mm Deficit/mm water deficit/ %
G-Rp 12. 37 780. 49 497.71 375.77 32.50
G-Ck 14. 89 935. 33 652. 55 220.93 19. 11
G-Ng 15.18 955.02 672.24 201. 24 17.40
G-XHK 15.51 979. 62 696. 84 176. 63 15.28
G-LDW 8.42 412.82 474, 44 743. 44 64. 30
S-Rp 12. 20 830.63 484. 83 325.63 28.16
S-Ck 12. 65 797.10 514. 32 359. 15 31.06
S-Ng 10. 95 685. 29 402.51 470. 97 40.73
S-XHK 11. 66 744. 66 457. 56 411. 60 35. 60
S-LDW 6.07 388. 31 103. 11 767.95 66.42
3 . ,
[18]
b
b o
’ b
’ Y
’ Y Y o
b b °
o , C v v ) ,



507

0~500 cm

[10] ,
’

mm)

o

(400~550 mm), 3

0~500 cm
>

(5

C v v
(550 mm.500 mm,400
)

[1]

2]

(3]

[4]

[5]

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[Jl. .2009,23(3):217-220

’ ’ ’

L1l ,2009,46(2) :227-234
[l ,2007,17(2):211-216

[J]. ,2003,24(3) :167-171
[ ,2005,13(04) ;324-327,333
, . 0l
,1997,17(3) :37-43

[Jl ,2008,16(05) ;485-490
van den Elsen E, Xie Y, Liu B'Y, et al. Intensive water con-
tent and discharge measurement system in a hillslope gully in
China[ J]. Catena,2003,54(1-2):93-115
Huo Z, Shao M A, Horton R. Impact of gully on soil moisture
of shrubland in wind-water erosion crisscross region of the Lo-
ess Plateau[ J]. Pedosphere,2008,18(5):674-680
Melliger J J. Niemann ] D. Effects of gullies on space-time
patterns of soil moisture in a semiarid grassland[J]. Journal of

Hydrology,2010,389(3-4) :289-300

[D]. : ,2013
. . . ( )
L1 ,2005,23(01):30-31,131

[Jl. (D

’ ’

),1998,28(4) :357-365

[G]. ,1985,2:1-17
[J]. , 2010, 25
(02):207-217

. ,2016,31(12) :2137-2146
Xu M, Zhang J. Liu G B, et al. Soil properties in natural
grassland, Caragana korshinskii planted shrubland, and Rob-
inia pseudoacacia planted forest in gullies on the hilly Loess
Plateau, China[]J]. Catena,2014,119.:116-124
[J]. ,2002,17(3) :339-344

’ ’

[J7. ( ),2007,35(2):172-175



