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1
1.1
40°2'44"N  111°22'14"E
39°44"23"N
110°34'34"E
2 mm
X D/MAX-2600pc
1
1
Table 1 Mineral composition of samples
Mass percentage of mineral composition/%
Samples
Quartz Kaolinite Montmorillonite Feldspar Calcite Dolomite Amphibole
Sandy soil 82 4 0 10 2 0 2
Soft rock 57 0 30 10 0 3 0
1.2 1.30 g/cm’
0 100 25 75 50 50 75 100 0 1.30 g/em’
25 100 0 5 CK2
0 100 100 O 1.3
1.60  1.30 g/em’ 3 3 1
3 [12]
) [13]
5cm 35cm
2 25 cm 5cm
3 3 cm
2 (22£1)
2 3
Table 2 Designed bulk density of each modified model 10 [14]
Number Bulk density/(g-cm™) 4 (15]
Al 1.45 HITACHI CR21G
A A2 1.50 20
A3 1.55 5
Bl 1.38
B BI 1.44 RETC
B3 149 RETC 8 4
C1 1.25 b
C C2 1.30
c3 135 4
A Al A2 A3 B Bl B2 B3 C Cl C2 C3 Brooks and Corey BC el
Note: A (Al, A2, A3), B (BI, ;;, ]3735) ajg C5(0C1,75CZ,223) represent the van Genuchten VG " Log—Normal
compound proportions of soft rock and sandy soil of 25:75, 50:50 and 75:25, Distribution LND (18] Dual POI'OSity
respectively; Same as below. DP [19] Burdine
0 100 1.60 g/cm® 207 Mualem 211
CK1 1.55 g/em’ [16-21]

8 Burdine BC
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VG m n m=1-2/n
Mualem BC VG m n 85 min
m=1-1/n  LND DP 0.66 mm/min
8 BCB VGB(m, n)
VGB(m=1-2/n) BCM VGM(m,n) VGM(m=1-1/n)
LNDM  DpM!'"
1.4
RETC
SPSS 16.0
Excel 2007

2
25 75

2.1 17.41% 55.52% 50 50
77.83% 75 25

7 min &

a.

c. 50 50 d. 75 25
¢. Compound proportion of 50:50 d. Compound proportion of 75:25

CK1 CK2 0 100 100 0 Al A2 A3
1.45 1.50 1.55 g/em’ Bl B2 B3 50 50
1.49 g/em® Cl C2 C3 75 25 1.25 1.30

b. 25 75
a. Different compound proportions b. Compound proportion of 25:75

11

b ¢ d

63.52%

50.12%
80.36%

25 75

1.38

1.35 g/em®

1.44

Note: CK1 and CK2 represent compound proportions of soft rock and sandy soil of 0:100 and 100:0, respectively; A1-A3 represent the proportion
of soft rock and sandy soil of 25:75, and bulk densities of Al, A2 and A3 are 1.45, 1.50 and 1.55 g/c:m3 , respectively; B1-B3 represent the
proportion of soft rock and sandy soil of 50:50, and bulk densities of B1, B2 and B3 are 1.38, 1.44 and 1.49 g/cm’, respectively; C1-C3 represent
the proportion of soft rock and sandy soil of 75:25, and bulk densities of C1, C2 and C3 are 1.25, 1.30 and 1.35 g/em’, respectively; Same as

below.

1

Fig.1 Change of soil infiltration rate with infiltration time for each treatment under different compound proportions

of soft rock and sandy soil

2.2

5.6 2a

K,

30%
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[22]
K 3 K 2
K
a. b.
a. Different compound proportions b. Different soil bulk densities
95%
Note: Different lower cases mean significant at 95%.

2

Fig.2 Saturated hydraulic conductivity for each treatment under different compound proportions of soft rock and sandy soil

3
Table 3 Particle composition of each treatment

Particle composition/%

Treatment =0 0smm >0.002 0.05mm =0.002mm lexture

CKl1 87.54 5.27 7.18
A 78.88 5.71 15.41
B 70.25 8.74 21.01
C 60.85 12.74 26.41

CK2 51.11 18.66 30.22

CKlI A B C CK2
0 100 25 75 50 50 75 25 100 O
Note: CK1, A, B, C and CK2 represent the compound proportions of soft
rock and sandy soil of 0:100, 25:75, 50:50, 75:25 and 100:0, respectively;
Classification uses American system.

K
2b
(7]
25 75
50 50 75 25
23] 3.2
5.3 cm/h 2b
50 50

[24]

2.3
2.3.1

RETC 8

4 8
R F
8 VGM (m, n)
DPM
VGM (m, n)
DPM LNDM BCM
BCB 3
VGM (m, n) F
6683 5760 5119 BCM BCB
F VGM (m, n)  20%
VGM (m, n) DPM F
VGM (m, n)
2.3.2
3
Os
6,
3 5
P
0.01
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[25]
2 1
4
Table 4 Statistic values of fitting by various models for each treatment
VGM (m, n) VGM (m=1-1/n) VGB (m, n) VGB (m=1-2/n)
T;zitt_ F P F P F P F P
I RSS Fvalue P value I RSS Fvalue P value R RSS Fvalue P value I RSS F value P value
CK1 0.9995 0.0001 18312 <0.01 0.9983 0.0003 5330 <0.01 0.9995 0.0001 18312 <0.01 0.9994 0.0001 15468 <0.01
A3 0.9986 0.0002 6683 <0.01 0.9985 0.0002 6039 <0.01 0.9978 0.0003 4078 <0.01 09776 0.0032 399 <0.01
B3 0.9984 0.0002 5760 <0.01 0.9984 0.0002 5758 <0.01 0.9982 0.0003 4978 <0.01 0.9867 0.0021 680  <0.01
C3  0.9982 0.0003 5119 <0.01 0.998 0.0003 4379 <0.01 0.9981 0.0003 4850 <0.01 0.9858 0.0022 634 <0.01
CK2 0.9994 0.0001 14192 <0.01 0.9993 0.0001 13291 <0.01 09982 0.0003 4954 <0.01 0.9815 0.0034 482  <0.01
BCM BCB LNDM DPM
gZitt F P F P F P F P
R RSS F'value P value R RSS Fvalue P value R RSS Fvalue P value R RSS Fvalue P value
CK1 09975 0.0005 3542 <0.01 0.9975 0.0005 3542 <0.01 09942 0.0012 1552 <0.01 0.9996 0.0001 21209 <0.01
A3 09813 0.0026 473  <0.01 09813 0.0026 473  <0.01 0.9968 0.0005 2755 <0.01 0.9986 0.0002 6497 <0.01
B3 0.9802 0.0031 444 <0.01 0.9802 0.0031 444 <0.01 0.9531 0.0073 184 <0.01 0.9979 0.0003 4298 <0.01
C3 0.9891 0.0017 816 <0.01 0.9891 0.0017 816 <0.01 0.9481 0.0078 165 <0.01 0.9972 0.0004 3251 <0.01
CK2 0.9958 0.0008 2142 <0.01 0.9958 0.0008 2142 <0.01 0.9387 0.011 139 <0.01 0.9994 0.0001 14550 <0.01
=30 kPa
30 kPa
3 3 4
3
Fig.3 Soil water characteristic curves of each treatment
5 VGM (m, n)
Table 5 Parameters of VGM (m, n) model for each treatment 251
Treatment 6/(cm’cm™) 6/(cm*cm™®)  a/cm’ m n
CK1 0.4234 0.0376 0.0778 0.2006 3.2592 3
Al 0.4851 0.1221 0.0524 0.5411 1.2694
A2 0.4793 0.1223 0.0544 0.5339 1.2403
A3 0.4716 0.1226 0.0675 0.4653 1.2997 o
B1 0.5231 0.1223 0.1234 0.2562 1.7044
B2 0.5205 0.1243 0.1193  0.2669 1.5849
B3 0.5140 0.1262  0.1119 02729 1.5059 (261
Cl 0.5323 0.1447 0.1215 0.2467 1.4907
C2 0.5311 0.1468 0.1228 0.1672 2.2162 o
C3 0.5280 0.1487 0.1071  0.1909 1.9219 [27]
CK2 0.6064 0.2185 0.0485 0.3848 1.3787
o 6, a m n
9 12 a
Note: 6, and 6, are the saturated and residual water contents, respectively; a, [28]
m and n are empirical parameters that affect the shape of soil water
characteristic curves. a
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10,25
[10,25] a
29
Wang (291 B C o
2 3 mm o
A o
o 5
a. 25 75 b. 50 50
a. Compound proportion of 25:75 b. Compound proportion of 50:50
c. 75 25

¢. Compound proportion of 75:25

4
Fig.4 Effects of bulk density on soil water characteristic curves under different compound proportions of soft rock and sandy soil

2.3.3
[26,31]

25 175
4 5 (301
30 kPa

25 75

[22,30]

[26] 25
75 3 1
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Improvement of water absorbing and holding capacities of sandy soil
by appropriate amount of soft rock

She Xiaoyan', Zhang Xingchang™? , Wei Xiaorong*?
(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China;

2. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Northwest A&F University,
Yangling 712100, China)

Abstract: The contiguous areas of Shanxi, Shaanxi and Inner Mongolia in China are rich in mineral resources and
serves as energy supply base. Desertification and soil - water losses are very serious problems in this area. Water
is a main limiting factor of local ecological environment and the development of farming and animal husbandry.
Soft rock is widely distributed in the area, which has strong water retention ability. Using soft rock to improve the
sandy soil has a great potential, but little is known about the hydraulic properties of soft rock amended sandy soil.
This study was conducted to understand the effect of different amount of soft rocks on water absorbing and
holding capacities of sandy soil. In this paper, we measured the water infiltration, saturated hydraulic conductivity
and soil water characteristic curves of soft rock and sandy soil mixtures. The various soil water characteristic
curve models included in the RETC software was used to analyze the water absorbing and water holding
properties of soft rock - sand soils mixtures. The objectives of this study were to evaluate the improvement of soft
rock on the soil absorbing - holding water properties of sand soils, and to select optimal mixture ratio of the soft
rock and sandy soil. The results showed that: 1) Soft rock significantly decreased the water infiltration rate and
saturated hydraulic conductivity, but increased the saturate water content and residual water content, and hence
increased the capacity of sandy soil to retain water. The saturated water content and residual water content of
sandy soil increased with the amount of soft rock added into sandy soil. For the treatment of 25% soft rock and
75% sandy soil mixtures, the amended sandy soil have the similar saturated water content and soil water
characteristic curve as the loess soils. 2) The effects of soft rock on water absorbing and holding capacities of
sandy soil were significantly influenced by bulk density. Water infiltration rate, saturated hydraulic conductivity
and saturated water content decreased with the increasing of the bulk density in the same mixture pattern. With the
increase of bulk density of the mixture, the volumetric water content decreased at the low soil water suction
condition, but increased at the relatively higher soil water suction condition. 3) RETC software contains eight
models, and every model can be used to fit the soil water characteristic curves of soft rock amended sandy soil.
Among the eight models, VGM (m, n) was the best model with the largest R? and F value. 4) Parameter of
VGM (m, n) model is an empirical parameter, the smaller the parameter, the slower the soil water released. Fitting
results in VGM (m, n) showed that the parameter of the soil with the 25% soft rock and 75% sandy soil was less
than sandy soil and greater than soft rock. The results from this study suggested that the mixture of 25% soft rock
and 75% sandy soil can significantly improve the water absorbing and holding capacities of sandy soil and this
mixture pattern can be recommended in practice.

Key words: soils; moisture; infiltration; soft rock; sandy soil; saturated hydraulic conductivity; soil water
characteristic curve



