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Abstract Soil moisture distributions in selected transects in the Daqginggou Nature Reserve the southeastern margin of

Horgin sand in Inner Mongolia China were measured with the Time Domain Reflectometry TDR technique. Data were
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analyzed by the Kriging interpolation method in the SURFER software. We found that the summer months had the highest
variation followed by the fall and spring months. There were no significant differences in soil moisture content among soil
layers. The coefficient of variation CV  of average monthly soil moisture May July September were the highest among
slope aspects followed by vegetation types and slope positions. Broadleaf forests had the highest average monthly soil
moisture content followed by bosquet Pinus sylvestris var. mongolica Savanna and shrub. Average monthly soil moisture
changed significantly in different vegetation communities with the broadleaf forests being on top of the list. The average soil
moisture for the entire soil profile varied significantly among vegetation types over time. The ranking from high to low was

broadleaf forests > bosquet > Pinus sylvesiris var. mongolica plantation >shrub > Savanna. Soil moisture content in the
east and west facing slope was higher than that in the south and north facing slopes. Average soil moisture content of all
layers changed little with slope directions in the same month. In east and west facing slopes soil moisture in different
months changed significantly with July being the highest. Overall east facing slopes had the highest changes followed by
west south and north facing slopes. The variations of average monthly soil moisture were significant among three slope
positions for all layers except for that of 31 —45 ¢m depth. Soil moisture of the foothill was much higher than other slope
positions. In the middle slope the average monthly soil moisture in different layers varied significantly. The average soil
moisture for the entire soil profile changed greatly among slope positions over time. We found a strong vertical vegetation
gradient including hygrocolous-mesophilic-xerophytic. Based on our study the lowest soil moisture thresholds for local
vegetation restoration is proposed soil moisture content of the 0 —30 cm in depth is 9. 1% —11.5% 8.1%—9.0%

6.0%—8.0% while that of 31 —60 cm in depth is 11. 1% —13% 8.5% — 11% 6.0% — 8.4% respectively for

woodland shrub semishrub.

Key Words soil moisture spatial distribution soil moisture threshold Daqinggou Nature Reserve
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1
Table 1 Transects characteristics in Daginggou Nature Reserve
1 2 3 4 5
Site situation 1 transect 2 transect 3 transect 4 transect 5 transect
Slope exposure East West East West East West East West South North
. 253m 246m 251m 239m 230m
Top elevation
1 2 2 3 4 5
Habitat characteristics
of the bottom -
6 - 7 8 — 9 — 10
Habitat characteristics - -
of the middle
11 12 13 14 15

Habitat characteristics -
of the bottom

1 Hygrocolous the river width is about 2 meters the riversides it have more wet soil and the soil has thick humus horizon which mainly covered by
Lonicera maacki -Fraxinus mandshurica 2 Hygrocolous it has wide river surface and the riversides have highly wet soil and thick humus horizon which
mainly covered by Form. Salix koreensis Form. Ulmus japonic - Fraxinus mandshurica 3 Hygrocolous it has wide river surface the riversides have
lichen and species richness of fern and thick humus horizon which covered by Form. Acanthopanax sessiliflorus-Fraxinus mandshurica with well growing

4 Hygrocolous riversides have wet and loose soil and thick humus horizon which covered by Form. Malus baccata -Ulmus japonica with well growing

5 Hygrocolous it has wide river surface the slope of river sides is flat with abundant lichen which covered by Form Ulmus japonica-Fraxinus
mandshurica  though the trees fell seriously 6 Hygrocolous — mesophilous sharp in the west slope while flat in the east with Form. Populus keesqinensis
exist and Form. Lespedeza bicolor at the top 7 Mesophilous mainly Form. Ulmusmacrocarpa-Celiis bungeana high complexity in the architecture which
covered by Form. Crataegus pinnatifida with well growing at the top 8 Hygrocolous — mesophilous it has more differences between the east and west
slopes  which covered by Form. Quercus mongolicus with high complexity in the architecture of plant community and the top covered with Form. Crataegus
pinnatifida 9 Xerophytic — mesophilous it mainly covered by Form. Artemisia sacrorum-Ulmus macrocarpa which exists in the middle of slope and the
top covered by Form . Siberian crabapple 10 Xerophytic sharp slope with scattered sandy soil 11  Xerophytic it mainly covered by Form. Artemisia
sacrorum -Ulmus pumila which exists in the open wood steppe 12 Xerophytic the soil is hard more mousehole itcovered by Form. Ulmus pumila
which exists in the open wood steppe 13 Xerophytic it has hardstand which covered by Form. Pinus sylvestris var. mongolica man-made forestry 14
Xerophytic it mainly covered by Form. Ulmus macrocarpa which exists in the open wood steppe 15 Xerophytic it has hardstand and bare convex slope

which covered by Form. Ulmus macrocarpa which exists in the open wood steppe

45 0~15cm 1 >3 >2 >5 >4 13 45
2 14
0 ~15cm !
2 - ANOVA LSD
Table 2 ANOVA and LSD of Soil moisture in layers-Transects
cm  Soil layer F
Transect 0 ~15cm 16 ~30cm 31 ~45cm 46 ~60cm 0 ~60cm F value
1 1 transect 13.18¢c 12.15¢ 14.16¢ 12.40cd 12.91cd 0.18
2 2 transect 10. 64ce 9.06dc 11.41cd 9.31dc 10. 10de 1.93
3 3 transect 11.81cd 9.63dc 12.55¢cd 11.83cd 11.31d 0.89
4 4 transect 8.45e 7.33ed 10. 66cd 9.89dc 8.85e 1.33
5 5 transect 9.10de 7.94ed 8.34ed 7.34ed 8.25e 0.42
F  F value 2.54*" 2.27 1.55 1.20 6.67"""
P>0.05 = = P=0.01 * ok ok P =0.001

The same letter indicate no significant difference P >0.05 # % P<0.0l # % % P<0.00l the same below
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Fig. 2 The contour map and 3D wire frame map of the soil moisture in different layers in May 2004
ab AB 0 ~15cm 16 ~30cm 4 X -60 O
60 5 0
Y 10 90 20 1 5 5

a b and A Brespectively represent the SMC in the 0 ~15¢m 16 ~30cm  for the first four transects in the x axis from —60 to 0 in order represent the
top the middle and bottom of west slope from O to 60 in order represent the bottom middle and the top of east slope but for the fifthly transect in
the left side of O represent south slope the contrary is the north slope. Y axis set the mark from 10 to 90 at interval of 20 represent respectively from

the first transect to the fifth transect the same below

1 Shrub 2 Broad-leaved forests 3 Bosquet 4 Pinus Sylvestris var. mongolica 5 Savanna the same below

3.1.2
3 3
> > > >
3
Table 3 Variation coefficient of soil moisture content SMC by vegetation type in the vertical gradient
Soil layer cm
Variation coefficient 0-~15 16 ~30 31 ~45 46 ~60 Average

Broad-leaved forests 3.20 5.57 4.56 5.94 4.82
Bosquet 1.75 1.56 1.28 1.00 1.40
Shrub 2.01 2.56 1.48 1.15 1.80
Savanna 1.53 0.92 0.86 1.20 1.13

Pinus 1.24 1.27 0.62 1.35 111

Sylvestris var. mongolica
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Fig.3  The contour map and 3D wire frame map of the soil moisture in different layers in July 2004
a b e¢d ABCD 0~15 cm 16 ~30 em 31 ~45 c¢cm 46 ~60 c¢cm
a b ¢ dand A B C D respectively represent the soil moisture in the 0 —15 em 16 —30 ¢em 31 —45 cm 46 —60 ¢cm

25 ~50 ecm 13
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Fig. 4 The contour map and 3D wire frame map of the soil moisture in different layers in Sep 2004
ab ¢d ABCD 0~15 cm 16 ~30 em 31 ~45 c¢m 46 ~60 c¢cm
a b ¢ dand A B C D respectively represent the soil moisture in the 0 ~15 em 16 ~30 em 31 ~45 c¢m 46 ~60 cm
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4 - ANOVA LSD
Table 4 ANOVA and LSD of soil moisture of different vegetation types in the vertical gradient
Soil layer cm F
Vegetation type 0~15 16 ~30 31 ~45 46 ~60 0 ~60 F value
Broadleaf forests 32.57ab 30.76b 37.63a 37.15a 33.95a 2.77*
Bosquet 10. 06¢ 8.26¢ 9.87c 9.5lc¢ 9.42¢ 0.71
Shrub 6.73d 5.29% 6.91d 5.02e 4.88e 5.57*
Savanna 6.65d 5.42e 6.68d 5.11e 5.97e 11.92***
Pinus Sylvestris var. mongolica 8.62cd 7. 14ce 9.36¢ 5.95ec 8.40ce 2.76 "
F  F value 261.95*** 219.00 *** 164.83 "~ 141.42 " 294.13 ***
3.1.3
0 ~60 cm
5
0~60 cm > > > 6
4 0~60 ¢cm
6 - 5
16 17
5 -
Table 5 SMC Variation coefficient of different direction in the vertical gradient
Soil layer cm
Variation coefficient 0~15 16 ~30 31 ~45 46 ~60 Average
East 10. 66 13.34 15.95 19.96 14.98
West 8.66 9.65 11.43 14.82 11.14
North 13.03 12.71 12.78 15.53 13.51
South 6.63 8.49 1.28 10. 46 6.72
4
6 - ANOVA LSD
Table 6 ANOVA and LSD of SMC in different Slope exposures in the vertical gradient
Soil layer cm F
Slope exposure 0~15 16 ~30 31 ~45 46 ~ 60 0 ~60 F value
East 11.32be 9.97be 13.13b 11.65bc 11.52be 1.14
West 10. 83bc 9.18¢ 11.38bc 10. 15¢ 10. 39bc 1.11
North 8.47cd 7.59dc 8.78cb 7.29dc 8.03d 0.13
South 9.68bc 8.27cd 7.93db 7.39dc 8.32cd 0.53
F  F value 0.91 0.68 1.74 1.19 4,427
3.1.4

http //www

. ecologica. cn



3868 27
7 -
Table 7 SMC Variation coefficient by different Slope position in the vertical gradient
Soil layer cm
Variation coefficient 0~15 16 ~30 31 ~45 46 ~ 60 Average
Upper slope 0.43 0.24 0.47 0.50 0.41
Middle slope 0.56 0.71 0.58 0.80 0.66
Lower slope 3.25 3.39 6.02 9.49 5.54
8 31~45cem 3
46 ~60 cm
8 - ANOVA LSD
Table 8 ANOVA and LSD of Soil moisture in different positions in the vertical gradient
Soil layer cm F
Position 0-~15 16 ~30 31 ~45 46 ~60 0 ~60 F value
Upper slope 6.43d 5.22de 7.09d 6.65dc 6.35d 1.055
Middle slope 7.04d 5.37ed 6.73d 4.34e 5.87d 7.90 ***
Lower slope 10.06¢ 8.26¢ 9.87¢ 9.51¢c 9.43¢ 0.70
F  F value 10.18 *** 11.80 """ 2.83 3.97* 21.74 "
3.2
0 ~60 cm 7 >9 >5
5
9
4~6 7~8
10 3 4~6 7
18 7
9
15
3.2.1
9
9 - -
Table 9 Variation coefficient of SMC in Month-vegetation type and Month-Transect
5 7 9 5 7 9
Variation coefficient May July September Transect May July September
Broad-leaved forest 2.60 6.21 3.49 1 1 transect 0.82 0.94 1.00
Bosquet 1.16 2.72 2.36 2 2 transect 0.87 1.23 0.91
Shrub 4.13 2.58 3.64 3 3 transect 0.91 1.19 0.94
Savanna 0.32 1.22 0.53 4 4 transect 1.07 1.14 0.99
Pinus 0.17 0.12 0.45 5 5tamsect  0.78 1.10 0.90

Sylvestris var. mongolica
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Fig.5 The contour map and 3D wire frame map of the soil moisture in the growth season

ab ¢ ABC 2004 579 0~30cm de DE 2004 79 0~60cm

a b cand A B C respectively represent the soil moisture of 0 —30 c¢m in the May July Sep 2004 d e and D E respectively represent the soil
moisture of 0 —60 c¢m in the July Sep 2004
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0 ~60 cm 3 10
1 >3 >2 >4 >5
7 >9 >5
10 - ANOVA LSD
Table 10 ANOVA and LSD of SMC in Month-Transect
Transect 5  May 7 July 9  September Average F  F value
1 1 transect 9.08cd 16.94c 10. 80cd 12.27¢ 1.90
2 2 transect 7.80d 11.04cd 10.20cd 9.68cd 0.84
3 3 transect 8.18d 14.67cd 9.52cd 10.79¢d 2.85 =
4 4 transect 7.56d 11.35¢d 6.98d 8.63d 1.79
5 5 transect 8.17d 9.02d 7.52d 8.24d 0.17
F  F value 0.08 1.68 0.68 1.77
3.2.2
9
0 ~60 cm
> > >
9
11
11 - ANOVA LSD
Table 11 ANOVA and LSD of SMC in Month-vegetation type
Vegetation type 5  May 7 July 9  September Mean F  F value
Broad-leaved forest 27.59b 39.03a 32.35b 32.99b 2.47"
Bosquet 7.89d 12.73¢ 6.59d 9.07d 5.92*
Shrub 4.50e 7.85d 4.88e 5.74d 23.64"""
Savanna 4.16e 7.43d 5.43d 5.67d 49.67 "
Sylvestris V;fnntin,golim 4.73de 10.23cd 6.89d 7.28d 14.67 **
F  F value 128.12"** 76.17 " 242.34 7" 291.12***
3.2.3
12 0~60 c¢cm
7
13
12 - -
Table 12 Variation coefficient of SMC in Month-Slope exposure and Month-Slope position
5 7 9 5 7 9
Variation coefficient May July September  Slope position May July September
East 0.87 0.97 0.93 upper slope 4.65 1.74 5.12
West 0.94 1.21 0.97 middle slope 4.06 3.36 5.28
North 0.80 0.80 0.74 lower slope 1.16 1.94 2.34
South 0. 81 1.87 1.37

http //www. ecologica. cn
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0 ~60cm > > > 5
13 - ANOVA LSD
Table 13 ANOVA and LSD of SMC in Month-Slope exposure
Slope exposure 5  May 7 July 9  September Average F  F value
East 8.43d 14.04c 10. 10cd 10. 86cd 2.69 =
West 7.92d 12.93¢ 8.88d 9.91d 3.94 % =
North 6.05d 8.77dc 8.28d 7.70d 0.25
South 10. 12¢d 9.25de 6.81d 8.43d 0.56
F  F value 0.42 0.99 0.44 1.07
3.2.4
0~60 cm
9 5 7 12
0~60 c¢cm
14 0 ~30 cm 5 7 9 5
14 - ANOVA LSD
Table 14 ANOVA and LSD of Soil moisture in Month/ Slope position
Slope position 5 May 7 July 9 September Average F  F value
upper slope 4.43e 8.39d 4.86e 5.89% 9.63 """
middle slope 4.64e 7.74d 4.90e 5.76e 17.82 """
lower slope 7.89d 12.73¢ 6.59d 6.99d 5.92*
F  F value 3.84"" 5.23 5.14* 11.28 ***
3.3
0 ~50 em 5.05% ~6.32% 4.61% ~
8.23% 0 ~60 cm 1986
5.47% ~5.91% 1988 2.95% ~3.58% "%
+2
15
15
TablelS The lowest threshold of SMC in vegetation restoration model around Daginggou
Site 5 May 7 July 9  September Average
Restoration
model Dune 0 ~30cm 31 ~60cm 0 ~30cm 31 ~60cm 0 ~30cm 31 ~60cm 0 ~30cm 31 ~60cm
Wood land Lower 7.1~9.0 8.6 ~10.0 11.1~15 13.1~16.0 8.1~10.0 8.6~13.0 9.1~11.5 11.1~13.0
.0~7. .6 ~38. .6 ~11. .1 ~13. .6 ~8. 7.0 ~8. .1~9. .5~11.0c
Shrub Middle-upper 5.0 0 5.6~8.5 8.6 0 9 3.0 6.6~8.0 0~8.5 8 9.0 8.5 Oc
4.0~5.0 4.5~6.0 7.5~8.5 7.5~9.0 5.5~6.5 5.5~7.0c 6.0~8.0 6.0~8.4
Subshrub Upper ¢
4.1 > >
> > > >
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0 ~60 cm
> > > >
7 9 5 > >
> > >
4.2
- 5
7 > >
>
4.3 31~45cm 3
46 ~60 cm
0 ~30 cm 5 7 9
4.4 —
0~30 cm 9.1% ~11.5% 8.1% ~9.0% 6.0% ~
8.0% 31 ~60 em 11.1% ~13.0% 8.5% ~11.0% 6.0% ~8.4%
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