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Soil moisture absorption characteristics and hydraulic parameters of
gravel-sand mulched fields with different planting years

RUAN Xiaohan''"?* ,BAI Yiru'**?,WANG Youqi'*'"*?*,
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(1 a College of Geography and Planning ,b College of Ecology Environment , Ningxia University ,Yinchuan ,
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Abstract: [Objective] This study explored soil moisture absorption characteristics and hydraulic pa-

rameters of gravel-sand mulched fields with different planting years to provide support for restoring pro-

ductivity of gravel-sand mulched fields,improving regional ecological functions and formulating a reasona-

ble irrigation system. [Method) The gravel-sand mulched fields with different planting years in Zhongwei,
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Ningxia were selected and a one-dimensional horizontal absorption experiment was conducted. The depth of
wetting front migration process and variation of cumulative infiltration under gravel-sand mulched fields
with different planting years of 2,5,10,20,30 and 40 a were studied. The fitting parameters of Philip and
Green-Ampt model were used to analyze soil absorption characteristics such as absorption rate (S) and soil
moisture diffusion rate (D). The Brooks-Corey model was used to calculate hydraulic parameters such as
soil water intake suction (hy) and water suction (h). The soil moisture characteristic curve, soil saturated
diffusivity (D,) and unsaturated diffusivity (D) were also deduced. [Result] With the increase of planting
years,the depth of wetting front and total cumulative infiltration volume showed a decreasing trend. With
the increase of planting years,both S in the Philip model and D in the Green-Ampt model showed a decrea-
sing trend. Compared with 2 a,h4 in the Brooks-Corey model under 5 a,10 a,20 a,30 a and 40 a was reduced
by 1.22% ,42.81% .46.37%,55.94% and 64. 97 % ,respectively,and D, was reduced by 27. 83% ,68.54% ,
85.40% ,90.57% and 93. 15% ,respectively. Under same soil moisture content,h and D decreased with the
increase of planting years. [Conclusion] As the planting years increased, the soil moisture absorption capac-

ity and water holding capacity of gravel-sand mulched fields in the process of water absorption were signifi-

cantly reduced.

Key words: gravel-sand mulched fields soil;planting years;hydraulic parameters;one dimensional hori-

zontal soil column absorption experiment;water characteristic curve
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Table 1 Basic soil physical properties of gravel-sand mulched fields with different planting years
. - o AR A KR (0 / - AT K R (K
PRI /o LB BUR B/ LA KR EHERIE Ak () / LI AR KD/
. 3 (em® » em™9) 5 B (cm * min~— 1)
Planting (gecm™?) . . . (em? » em %) L. .
.. . Saturated soil moisture .. . Soil saturated hydraulic
year Soil bulk density Initial soil water content L.
content conductivity
2 1.48 0.316 0.008 1. 06
5 1.53 0. 302 0.008 0.33
10 1. 54 0.295 0.008 0.24
20 1.59 0.293 0.007 0. 15
30 1.61 0. 289 0.006 0.09
40 1.63 0.275 0.005 0.08
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Table 2 Gravel particle size (D) ratio of gravel-sand mulched fields with different planting years in the study area %
Tl L 47 BR /2 - 31.5<D< 25<D<< 16<<D<C 10<<D<C 5<D< 2<<D< D<
. D>50 mm - - -
Planting year 50 mm 31.5 mm 25 mm 16 mm 10 mm 5 mm 2 mm
2 5.12 4.98 6.26 8.97 15.01 18. 35 23.02 27.61
5 4.57 5.19 5.67 8.43 12. 38 16. 04 25.73 35.71
10 4.07 4.58 5.77 8. 41 13. 30 16.92 27.63 36. 16
20 3.53 4.55 5.76 8.30 13.08 16.42 25.67 36.72
30 1.68 2.61 5.12 7.17 14.91 18.73 28.83 36. 88
40 0. 95 2.25 4. 06 6. 38 14.02 17.63 25.16 39. 16
<"“D‘\
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1. Mariotte bottle;2. ;3. Valve; 4. Water storage chamber;5. Flange; 6. Gravel layer; 7. Soil layer; 8. Sampling hole; 9. Horizontal support
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Fig. 2 Variation of cumulative infiltration and depth of wetting front with absorption time of gravel-sand mulched

fields with different planting years
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Table 3 Soil moisture absorption parameters of gravel-sand mulched fields with different planting years based on

Philip and Green-Ampt model

% 15 i 950 E2 Fh A 4EFR /a Planting year
Absorption model Parameter 2 5 10 20 30 40
Philip 45 %Y S/Ccm + min~ %) 0.564 0.412 0.258 0.178 0.135 0.097
Philip model R 0. 959 0. 949 0. 986 0.937 0. 839 0.893
Green-Ampt 1 D/(em? » min~ ) 2.036 1.842 0. 861 0.504 0.307 0.154
Green-Ampt model R? 0.958 0.944 0.974 0.935 0.776 0.772
2.3 ETF Brooks-Corey # 8 §) A [5] # 45 F IR £ &b R4 H, 5MAE 2 a REPHUAHEL, FR4H 5,10,

i+ NFSH
K i Brooks-Corey #5171 3R HUAS [R] Ff i 4F R &
Wiy K =SB AR R 4. AR 4 A,
Ay A, BfFPRE AR BRI 3G i Bk X RN R
A i 255 ol A A B %) 338 0 - S 3 3 4 32 B 2 A TR I
JEI BRAS BN  HL B R RS .

20,30 1 40 a JE &b o £ K 14 hg 3 SN T
1.22%.42. 81%,46. 37%,55. 94 % Hl 64. 97% . D,
AN T 27.83%,68. 54 % ,85. 40 % ,90. 57 % Fl
93. 1500, BEEFAEAEBRAGIE I, hy oo F D 3 508
ANEASG SR L O B AR LA .

% 4 EF Brooks-Corey AR AEMBEERER M T HAKNZESH

Table 4 Soil hydraulic parameters of gravel-sand mulched fields with different planting years based on Brooks-Corey model

AR /a A B0 Model parameter

Planting year A Ay n ha/cm D./(em? + min~!) L
2 0. 257 0. 666 0. 46 3.81 10. 059 3.714
5 0. 245 0.423 0. 45 3.76 7.260 4.049
10 0. 245 0.154 0.41 2.18 3.165 4.882
20 0. 244 0.073 0.42 2.04 1. 469 4.777
30 0. 244 0.043 0. 40 1.68 0. 949 5.201
40 0. 240 0. 024 0. 36 1.33 0.689 6.852
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