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Abstract: [ Objective ] Layered soil is more often encountered than homogeneous soil in nature, and its water movement follows
a law different from the latter’s. And infiltration of water, such as atmospheric precipitation and irrigation water, is an important
part of the hydrological process in soil, and is also closely related to groundwater replenishment and pollutant transport. Soil

initial water content, soil texture and structure and water supply intensity are all factors affecting the process of water infiltration.
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The purpose of this study is to explore and grasp law of the water infiltration in layered soil and mechanisms of the influencing
factors, and provide a theoretical basis for further rationalization of farmland irrigation measures. [ Method] The layered soil
used in this research, was constructed in line with the soil profile in the field, i.e. a silt loam layer (18cm thick) and a sandy loam
layer (24 cm) , and out of the consideration of the mechanisms of ponding water relative to depth, soil configuration and initial
soil moisture content affecting water transport. In the indoor ponding infiltration experiment of layered soil, wetting front,
cumulative infiltration and soil profile pressure head, relative to depth of standing water, was observed. Moreover, hydraulic
parameters of the layered soil were determined with a Ku-pF device and the Hydrus-1D software inversion module, separately.
Based on these parameters, the Hydrus-1D model was used to simulate and predict water transport under various set conditions.
Applicabilities of the soil hydraulic parameters were verified by comparing the simulated data of the two sets of parameters.
[ Result ] Results show that the wetting front turned from nonlinear advance to linear advance and the cumulative infiltration
increased with time, while the infiltration rate decreased rapidly in the early stage of the infiltration and then slowly as the
infiltration going on, which is mainly due to the change in soil matrix potential gradient. The soil was relatively dry and high in
water suction at the initial stage of the infiltration; as the soil increased in water content, the water suction decreased. As affected
by the three factors, water transport varied sharply in characteristics in the layered soil. When the ponding water increased in
depth and the initial soil water increased in content, both the wetting front advancing rate and the infiltration rate increased, and
the pressure water head increased quicklyat each observation point and the soil water unsaturation degree decreased, which
indicates that the change in depth of ponding depth has some impact on pressure potential, and the change in initial water content
is related to matrix potential and disintegration and compression of soil aggregates. Compared with the soil configuration of silt
loam overlying sandy loam, the one of the reverse order was higher in overall wetting front advancing rate, infiltration rate and
pressure head variation. (The infiltration rate at the interface of the wetting front in the layered soil was 0.20 and 0.021 cm'min™",
respectively.) In addition, the two types of layered soils differed significantly in variation of the pressure water head in the soil
water redistribution process [ Conclusion ] All the findings in this study not only help illustrate that appropriate adjustment of the
three influencing factors can reduce soil leakage and optimize soil water management in the field, but also further demonstrate
that the parameters of the inversions are more adoptable to simulation and prediction of water infiltration characteristics of
layered soils under ponding water in indoor experiments.

Key words: Layered soil; Soil configuration; Ponding depth; Initial water content; Hydrus-1D
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Table 1 Physico-chemical properties of tested soils

TR HHL AE ML L B
F I (EEH)
Depth pH Organic matter Bulk density Mechanical composition /%
Soil texture
/em /(gkg') /(gem?®)  2~005mm  0.05~0.002mm  <0.002 mm
10~40 5.87 17.28 1.68 26.11 53.54 20.35 #r b1+ Silt loam
40~100 5.96 11.62 1.70 59.81 30.32 9.87 b g+ Sandy loam
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Fig. 1  Distribution of sensors in the layered soils (A: silt loam;

B: Sandy loam. unit: c¢m)

KEP R RIS UG, AR T IO AL SN
B, R RTINS BT UK R SF B K
PRAETEEACK O IHIR A S s I FE i A
(7] A 220 62 9 58 A7 5 PR B3 ORI K 51 SRR 1 5
YUK A KR I, K, S5, Jf
A RIZBUK, #EA SO AR

A SCHRAR R B LR 2 (2 6 415 ), o
TIERIIGE KR PRI W1, W2 Sl bR AR X
TEARBERS: W3 2EBUKAB KI5
4 AR B K Y R, K o
KA RFAE TSI E

http://pedologica.issas.ac.cn



350 + o 57 4%
2 RBAR
Table 2 Experiment scheme

¥ BUKREE RN R B ke S K

Test Ponding depth/ cm Soil configuration/cm Initial water content/ ( cm’- cm™)
PICIWI 1 LM (0~18) THMHEE (18~42) 0.040 (b + ), 0.016 (WHEt)
P2CIW1 2 R (0~18) TFHbHE (18~42) 0.040 (¥pEbE+), 0.016 (HbHEL)
P3CIWI 3 LM (0~18) THMHEE (18~42) 0.040 (b + ), 0.016 (WHE+)
P2C2W1 2 W (0~18) TFHYEDIE (18~42) 0.040 (BEbiE+ ), 0.016 (BPHEL)
P2C1W2 2 R (0~18) THbHE (18~42) 0.047 (Bt ), 0.037 (RPHEL)
P2C1W3 2 LM (0~18) THMHEE (18~42) 0.422 (#bHE+ ), 0348 (WHEt)

. PREFUKIRE, CCRLEMA, WILEWE & /KE . Note: Pstands for depth of ponding water; C for soil configuration;

W for initial water content.
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Fig. 2 Variation trend of wetting front position ( Z) and cumulative infiltration ( 1) relative to depth of ponding water in the tests

F3 FRMKRERETH Z+. HUEER

Table 3  Fitting of Z-¢ and /-¢ relative to depth of ponding water in the tests
Ponding depth Z=at’ Zy=ct+d IS
BUKGE /em a b R RMSE c d R RMSE k a R RMSE
h=1 0.93 0.466 1.51 0.272 0.397 0.995 0.992 0.585 1.51 0.397 0.995 0.881
h=2 1.08 0.453 1.59 0.263 0.411 0.995 0.991 0.688 1.59 0.411 0.995 0.941
h=3 1.09 0.453 1.61 0.328 0.402 0.996 0.989 0.753 1.61 0.402 0.996 0.851

ME: a, b, o dRAESEG RPFERIERB, RMSE RRBIIMRIRE; k. o 4HIFRRABREMABIEH Note: a, b, ¢

and d all stand for fitting parameters; R? for coefficient of determination, RMSE for root mean square error; k and o for infiltration coefficient

and infiltration index, respectively
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Fig. 3 Temperal variation of pressure water head relative to depth of ponding water and depth in the layered soil
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Variation trend of wetting front position and cumulative infiltration relative to configuration of the soil
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Fig. 5 Temporal variation of pressure water head with soil depth in the layered soil relative to soil configuration
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Fig. 6 Variation trend of wetting front position and cumulative infiltration in the layered soil relative to initial water content
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Fig. 7 Temporal variation of pressure water head with soil depth in the layered soil relative to initial water content
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Table 4 Optimized and fitted soil hydraulic parameters

R HAEALE Optimized A ISMH Fitted
S8 N N HrabigE Silt loam i+ Sandy loam
b g
Parameters B+ JEtk £ B+ JER £
Silt loam Sandy loam
Packed soil Undisturbed soil ~ Packed soil ~ Undisturbed soil
TR B K 0.468 0.367 0.468 0.357 0.367 0.275
Saturation moisture content
0, / (cm*cm?)
R EK & 0.076 0.022 0.076 0.001 0.022 0.001
Residual moisture content
0. / (em®em™)
[ 0.006 0.012 0.009 0.003 0.005 0.004
n 1.90 1.77 1.35 1.22 1.75 1.32
GORIES  &3 0.001 0.021 0.014 0.002 0.032 0.010

Saturated hydraulic conductivity

K,/ (cmmin™")
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S A S, BEU 3 em BUKTRE R R 1K Sk 197224
M, IR S ABHUE AT LA . 8 kT
S ST RAEE R T K SRR 5 5200
A RCRESE, ARG SIEN BB 5,

R*9 0.952, RMSE & 0.027. 1fii RETC f8l4 Ay %:
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TR, 1 Ku-pF %& B i 58K 53Rk il
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