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The infiltration process of clay soil under different initial soil water contents

LIU Muxing*, NIE Yan', YU Jing’
1 College of City and Environmental Science, Central China Normal University, Wuhan, 430079, China
2 College of Resource and Environmental Science, Hubei University, Wuhan, 430062, China

Abstract; Soil infiltration is the basic hydrological process for water penetrating into the soil, and the amount of water
infiltrating the soil surface directly affects the quantity of surface runoff and soil erosion, even the recharge of both soil and
underground water. The initial soil water content is an important factor to soil infiltration, and its role in runoff controlling
and soil erosion prevention has been taken into account by many researches. In this study, the double-ring infiltration
method was used to quantitatively measure the infiltrability of surface soil (0—35 cm depth) covered with forestland and
grassland , which were under two antecedent soil water contents of 12% and 40% , respectively. In addition, the changes of
soil infiltration process over time were estimated with different infiltration models.

The results indicated that the initial soil infiltration rate of forestland and grassland tended to decrease with increasing
initial soil water content. And an increase in initial soil water content results in an increase in steady infiltration rate and
cumulative infiltration rate. Whether forestland or grassland, soil infiltration process with higher initial soil water content
reaches the steady infiliration stage earlier than that with lower initial soil water content. For forestland with initial soil
gravimetric water content rate of 12% , the initial soil infiltration rate was 8. 95 mm/min, which was four times to the initial
infiltration rate for forestland soil with gravimetric water content rate of 40% . However, its steady infiltration rate 0. 24
mm/min was only one eighth of the forestland with initial soil gravimetric water content rate of 40% , and the cumulative

infiltration in an hour was only two thirds of that. This phenomena may attribute to the faster wetting rate of drier soil in
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infiltration process, which cause stronger slaking forces of the soil and severe aggregates breakdown, enhance surface
sealing or promote the destruction of soil structure, and then significantly decrease the soil infiltrability.

For grassland surface soil with ample organic matter, soil infiltrability and infiltration process suggested lower
sensitivity to initial soil water content. Initial infiltration rate, steady infiltration rate, and one hour cumulative infiltration of
grassland with 12% soil water content were 2.21 mm/min, 0.62 mm/min, 59. 16 mm, respectively. And these parameters
of grassland with 41% soil water content were 2. 07 mm/min, 1.7 mm/min, 110.27 mm, which suggested less significant
difference than that of forestland. Whether covered with forestland or grassland, soil instant infiltration rate decreased
rapidly at the beginning of the infiltration process, and then decreased approximately linearly with time until approached to
constant, especially under the condition of the initial soil water content to be 12% . The least square method was used to
simulate the infiltration rate changes with time, and the results indicated that soil infiltration process of forestland and
grassland were all fitted better by Horton and Kostiakov infiltration models than by Philip infiltration model. Besides,
Horton infiltration model was the best model to describe soil infiltration process, which made it suitable to describe the soil

infiltration process of forestland and grassland in the Three Gorges Reservoir area.

Key Words: soil infiltration; soil water content; cumulative infiltration; infiltration model; Three Gorges Reservoir area
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FIHE 3 - BT iR A B BRI IR S K R I R IR, X 5 BT E 2555 7 %) A B W E BT S 45 2R — 8L
RS S BRI 5 KRR/ N R AN ] R AR B 0] 80 A R ROR 25 5, TR W IR A
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Table 1 Soil infiltration parameters of forestland and grassland with different soil water contents

+ 1287 Land types M Forestland Bl Grassland

+ 3 7K 3 Soil water content 11.5% 40% 12% 41%
Wk A % Initial infiltration rate/ ( mm/min) 8.95 2.66 2.21 2.07
Fa5E A8 % Steady infiltration rate/ ( mm/min) 0.24 1.82 0.62 1.7
1h B2FULA B & One hour cumulative infiltration /mm 82.55 126.12 59.16 110.27
kT A8 R ARiE2E Standard deviation of instant infiltration rate/mm 2.14 0.32 0.48 0.10
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AR AR, 22 )2 - HEA5F I AL B T K 500 B BH S TR 2R &3k A o = e 1 o - 498 P SR B A
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5,
2.2 AFEWPIHEEKET HEABSR
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B R B A] R ARV , R, B2 B TR AR E A TS 3 AN BEIX 5137 M , AR R0 55 343 51 7 70—80 min
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Fig.2 Soil infiltration process of forestland and grassland with different soil water contents
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KA, 1(e) HABF (mm/min) 3¢ HABE (min) ;7 A6 AB F(mm/min) 51, 0568 E AZHE (mm/min) ;¢
BRI SE,
Philip £ ,
I1(1)=A+bt™° (4)
A, 1(0) HABFE(mm/min) 50 HABHE (min) ;A HFEABHR(mm/min) ;b ARAHISEL,

R2 MR EENSENSE

Table 2 Simulation equations of soil infiltration process covered with forestland and grassland

F— WG Ak 2% Kostiakov 772 Horton J7 2 Philip 75 &
= S et Kostiakov model Horton model Philip model
Land 1 Initial soil
an ypes
w water content  [(;) = qt™" R? I(1) =1+ (I; = I;)e™ R? I(t) = A+bt7%° R?
MR 11.5 I(1) = 6.27,7%38 0.98 I(1) =0.24 +9.587¢7 %% 0.98 (1) = 3.958:7"° +0.24 0.92
Forestland 40 I(t) = 3.295:7%17 0.85 I(t) =1.82+1.1287%%% 0.87 [(¢) = 1.165:" +1.82 0.61
Hh 12 I(1) = 4.095;7%4 0.94 I(1) =0.62 +2.237¢7 %% 0.95 (1) = 2.159:7%5 +0.62 0.66
Grassland 41 I(t) = 2.194;700% 0.87 I(t) =1.69 +0.364¢7 %% 0.87 1(¢) =0.67t7"% +1.69 0.76

HH 3R 2, f# ] Kostiakov £245 /7 FXf T A B BG4 R WIR , S8 o (HTE 2. 194—6.27 ZIH] ,a AR
AB IR R, BT A B R, b R R b 1 3R] 4R 5 KRBT Kostiakov 75 R A9 o {H 1A 5
KFWIRE KR S B 5, ARG & KR T MO A B Ryl B P T 5 X S5 2 P AB & p A8 ik
BB TS H n A BRI FER S, BF S i e A B A0 Horton £528 HILEGSRIBWIR A BRI, T
P SRR AT EE S AR I A B ERA N 9. 83 .2.95 2. 86,2, 05 mm/min, 53 1 H LI 45 LA
— 3, REfE I B S K XS W AR A B B RZ M, LA R AR kb 5 B) 3 AR 125 5. Philip ABEIEI A
KRR EABR K ATAGBRIERESE b, b 15— ERE LR TR A BRI KRN, hE2 &
Philip LG 7B BR TR AMHLAN AR 3 Bl R IR AR 46 AR 5 SEERILNE AR 25 0. 29—0. 57 mm/min,

AR AL A5 i R A LA 8GR o] LU 1 H R e R R 3R, PR A BCR i, k2
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ERE RS 0.85, BRTHEAMbAN, Philip J7 XS sk 3 Bl R bR 3B i BRI A BOR I 22, e
ZEAET 0.76, XFHIHEFEAY 4 Fhi R 13 AB R, Horton FEEIIA (P E R B R R , HAR RIS HULA
WIPE S, R BEIEI Be AB TSI R Kostiakov BEFUXT 4 Firih 26 138 (9 A0S S-S RUR WA B
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