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10); @A i 7T UE B T 158323 X 15 7K 2840 A % FH ARG
LR IR B s RO, DR NIB I P 1/4 (R ) phh 2
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4ai, a(S;+H)
(4)
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B X
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e O N TIBYIIREKE, % O, ATIRERESMEKE, % HATER
JERUKIRE, cm; 0, RAREIKE, %; LNRHEZHIRE, cm; Lo Fon
WIEXKIRE, cm. T

Note: 6; indicates the initial moisture content of the soil, %; 6, indicates the
measured moisture content of the soil surface, %; H indicates the depth of water
accumulation on the soil surface, cm; 6, indicates the moisture content, %; L
indicates the depth of wetting front, cm; L/ indicates the depth of the saturated
zone, cm. Same as below.
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RIE H IR E T NS B Xy SR, 1
ENBENLIEEL 12 4N RFFE A, SRE 0~30 em IREERZ
+, @XF . diEAE . RIS IKE B
TEMAS, A pH R4CI1S 1358 pH i, RABOGKHE
1% Mastersizer-APA2000 JUI 15 - WAL 2H %, %o £has 1 5
WS TS EIATIE .. S0 EERINE 5% e g
5 8 R EE ) 5B T COs*\ HCO5 . SO~ CI', Ca®*\
Mg*". K\ Na™& . MRG0 ZibniE i 5 s 3k b
g Ehi - B ER B AR, 12 AN SRR S R AR
BN 2 AN R L 2 AR R 2 DN EE R,
HoAh 6 Fh¥ b4 [RISRRE S P RO B Ehm . PSR
Bl S BEMLIE R 1 AR R A B T AT S
Fh A, ARYE 5 AP ARG IE & IE Green-Ampt 5
RGN, HIEARIMSHIE 1.
2.2 REAR

IS Hh AL T B 7 P bR ARORHE K A R B K
7, A — 4 EAURNS AL, EEERE 2, 258
BT A KR A ISR A R, 3RS AR A L
PEEMEHE, FE 70 em, RN 12 cm, ZEEEA
60 cm, FEIEFIEMR . KK ZNHNE 10 em 15 K.
RIS D AN EESS G %I B, DUE IS5

FkEe EFHRA 5, T e 2 mm & H . #EBT
FHZK R BRI BB X SR K . FFH S Ok, fiEkaK
SKIRZAAEHIA 3 emo ERIGIIFREF, #4208 20 % 5 B i
Vi) A1 o8 5 P AR 2 0000, A0 S R AT IR RS R R N T I
AR E G . 2 FURISH E THRIVEIEEEA 30 om, R4
TR F] 30 em B ILAEK, 45505 .

RS FE S HITE 24 Chity, ZRABBEAE, Mk
WEABREEE 3 K.
2.3 BuELIE

FEIE Green-Ampt #5281 55 26 [m] LB o1 B N IB 2

AT, AT SR I E R TR R AL
K%, BHZIE Green-Ampt A BYRHME 5 STMME AT AH O
W, A HE BB R 54T R 2 MAE 1E NV
Wrighr. KA SPSS19.0 #4743 HT o

x1 RETHBLUSH
Table 1 Physical and chemical parameters of test soil samples
TH ZH L FE4*5 Soil number
Item Parameter S1 S2 S3 S4 S5
Wik <0002mm 321 228 192 22 255
Particle 0.002~0.02mm 319 252 223 256 28.6
composition/% =9 02~2mm 360 519 586 524 460

AR R S T R R L
Soil texture B
wE
Bulk density/ - 1.48 1.48 1.48 1.48 1.47
(grem)

+HEK S O/(cmPem’) 0529 059 0552 0.629  0.667
Soil hydraulic  fy(cm™ em®)  0.049  0.024 0.025 0.03  0.042
parameters  K/(cm'min”)  0.001 6 0.003 1 0.0012 0.004 0.0003

pH 810 805 887 793  9.15
K+Na/(gkg) 049 093 169 090 533
Mg*/(gkg') 030 019 006 078  0.65
Ca®"/(g'kg™) 064 032 008 08 022
ClI/(g'kg™) 101 123 114 348  3.09

HhosreE ) 1

The content of SO {(gkgrl) 211 142 196 185 886

saltions  HCOs/(gkgh 024 031 017 031 023
COs*/(g-kg™) 0 0 004 0 0.06
Sy h
Total soluble 4.66 426 5.05 7.99 18.32
salt/(g-kg™)

;L

P i FRREHLT BREE L HEEER hEEER EEE LT

Degree of + Fitk Bk Bk +

salinization

O IS KE, omPom®; K ABAIGKE, cmmin”. T,
Note: 6, indicates the saturated moisture content of the soil, cm™-cm™; K
indicates saturated hydraulic conductivity, cm-min™'. Same as below.
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Fig.2 Diagram of infiltration test device
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VBT EIRE AR, NBHAE% K, K $FE%T+
R ENBE i,
5 Fh b K & IE Green-Ampt #2845 K 5 Sp
H W 2.
%= 2 {ZIE Green-Ampt #8E K 5 S{EILS

Table 2 Summary of K and S;values of improved
Green-Ampt model

;1:‘ N 0y Y

R BRSAE  awmmyy  WERA

. Saturated hydraulic . . Decision
Soil A 7 Matric suction .

number conductivity S /em Coefficient

K /(cm'min™) f R’

S1 1.2198 0.001 6 109.493 5 0.982
S2 1.4180 0.003 1 91.499 6 0.991
S3 1.199 7 0.0012 165.153 2 0.856
S4 1.448 6 0.004 0 85.795 1 0.994
S5 0.880 5 0.000 3 280.603 4 0.842

I ARG SRR EHN 028, TWEE .
Note: 4 is a parameter used in the process of fitting and has no physical meaning.
3.1.2 Fpe el
IR TT R ENEACKONEE, B H=3 em. K1
MR BERIE S, AR BRI B S 1\
BERIIRRZNH K5 SefH. 5 FrEbi-tm K5 S E % 3.
%3 WELRE K S SETR

Table 3 Summary of K and S;values of Guo
Green-Ampt model

Silﬁiiir b K,/(cm-min™) Sr/cm R
S1 0.0021 0.1682 0.002 1 77.0952 0.940
S2 0.0042 0.2862 0.004 2 65.1429 0.906
S3 0.0021 0.3498 0.002 1 163.571 4 0.916
S4 0.0049 0.2795 0.004 9 54.040 8 0.958
S5 0.0009 0.148 1 0.000 9 161.555 6 0.870

E: Za. b MUEEEPENSE, EMEEL. TH.
Note: a, b are parameters used in the process of fitting and have no physical
meanings. Same as below.

3.2 BREBSKESHENN

+IENZ Green-Ampt B K SH K5 SfHH
TIEVERU E . ERE KA — B R A E AR E IS
T, HIEE SRR A SR ER R, EAE
Bk, R EEN LR SE A EE . HEIE
W SHUA S A & S AT i . ARIE I S s
TH BN AN HEF (Ca®" < Mg*" < H" < NH* <
K'<Na") , K'FI Na"HBhrAK, o8 smim s gy,
R -E 3B ROk 1) 2 5P 5 PR IR A R AR AR e 1, 4
LA [A) AE IA R LR A B, /NFLRRIE 2, PR 138X
KR RBIENE, BIGTKE, RNXBAME TR AR
o T IENBRE T, SR IR SA. R
K'+Na'5 5 #h o s E o & LIS S| K fe .

5 P i 4B IE Green-Ampt BB SH{H 55 th &5
FRLER 4. IRIEER 4 TTLLEH, Ko S5 5 02T
SR, (HE&S K+Na' {27 —E M, Bk S1 4l 4
IS EE K B K'+Na" & =8 Kmms, S
BE K'-+Na' & 513G KA.

TR S HOZ K'+Na IR, 164% S2. S3. S4.
S5 B K'+Na' & &0 05 Ko SeEBATENIAS T, 251%

JHI %5 bR 5 0 55 ) i R OB TR R AT BT A il i HRE R
AT S R AL 5.
*4 BERESHESSHBRFCES

Table 4 Summary of improved model parameter values and
salt content index

j;ﬁ%%’ Se/em K/ ., K++N_al+/ GV aE ;
Soil number (cm'min’™) (g'kg”) Total soluble salt/(g'kg™)
S1 109.494 0.001 6 0.49 4.66
S2 91.500 0.003 1 0.93 4.26
S3 165.153 0.001 2 1.69 5.05
S4 85.795 0.004 0 0.90 7.99
S5 280.603 0.000 3 5.33 18.32

x5 MAMSKE, ERERANSE K+Na FEEEAN LR
Table 5 Regression analysis results of saturated hydraulic
conductivity, matric suction, and K'+Na' content

RET

A [a Y A 2 >
Independent D iabl R . ) R F
variable ependent variable egression mode
S K, $=0.0029-x""4"! 0.986** 140.832
a
St y=109.031n(x)+100.7 0.997"* 681.723

W TREAE 0.01 KTRE.
Note: ** represents significance at the level of 0.01.

M 5 nLLEH, RABREEEIN K+Na'5 K
AT EAHT, R AT 0955 SR X4 ok Bk AL 0t
K'+Na'5 S HH#HTEEHT, RPEAT 0.99. Kkpff
BRI G 1) R E R I E R A it = L.
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5 SR AT R, BRI HAAUNIS RO A B
5 FhERIE I NIBER RS S 4 T 3

WK 3 i, 1B1E Green-Ampt BRHE I NIBRIEE
A EHEEAR T IINE, FRAlEMZ R R, Sy
SEMUEZERRROKR, TMEIE Green-Ampt #7555l e 5 hie
it FHIE 3 83 HhZ AT I, SBIAIZL BT HRE S 2=
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W 6.
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0.05 cm/min, MAE iz KAH ¥ 3318 7375 9 0.048 A1
0.029 cr/min. ZE4 R85 MAE B§MEFFR, 15 1 Green-Ampt
BORFIME R ZRVD, BRE R . MRLREMANEE
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Fig.3 Comparison of measured and simulated values of infiltration rate of five saline-alkali soils

Fo6 ANBEHEXMNERLE
Table 6 Summary of related analysis results of infiltration rate
b e f&IE Green-Ampt 157 PR LAY
. Improved Green-Ampt model ~ Guo Green-Ampt model
Soil number > — > —
R MAE/(cm'min™) R MAE/(cm'min™)
S1 0.994 0.015 0.968 0.024
S2 0.962 0.021 0912 0.061
S3 0.989 0.048 0.902 0.089
S4 0.988 0.018 0.946 0.036
S5 0.982 0.031 0.931 0.066
FH){H Average  0.983 0.027 0.932 0.055
3.3.2 RIEHEASRELIE

IR A S0 1) LAY o R T oAV e, DRI R
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Fig.4 Comparison of measured and simulated values of the depth of wetting front of five saline-alkali soils
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W 4 fizn, BIE Green-Ampt #5574 55 Sili{i ) 22
AR ERUN, B 4 ST LR BonBUME S S
WIARAMFE, S2. S4 Bl £k 55 E bzl . S3.
S5 A B4 A P RUBTRHME /N TS5, #5505
BE R T S2MME . I R 4 & Bl L B 7
HIHATHT, KA Na s om Bt R g, PR LS
k#2027 83 S5 [ K+Na & &4 A 1.69. 5.33 g/kg,
A 3 B35/ F 1 g/kg, RISLAERS s AL £R 43 17 R iz s)
AN B8, KA KR Na 8lis— gk g, it
HERURL Y 8, FOKBE S B R AR, VR N iE R
)3 % o

Ubah, S5 HITRIEEIE AR B H EL 25 cm, 5T
MRIEZE 30 cm L& . JRIKTET S5 & ME— 1) 55 2R
+, EREFE MO R A . B R EOKAE iR, SR,
N T B FREE K EIN TRAR R, HRTE
FRERS 2, A SRS AT A K 2 TeiE R B
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Parameter determination and verification of improved Green-Ampt model
under saline-alkali soil infiltration

Chen Junying'?, He Xujia*?, Yang Yalong?, Bai Xugian? Li Yi 2, Xie Linlin®
(1. Key Laboratory of Agricultural Soil and Water Engineering, Ministry of Education, Northwest A &F University, Yangling 712100, China;
2. College of Water Resources and Architectural Engineering, Northwest A &F University, Yangling 712100, China; 3. College of Science,
Northwest A &F University, Yangling 712100, China)

Abstract: Based on the traditional Green-Ampt infiltration model, the diffusion rate D(¢) was introduced to improve the
model according to the saline soil infiltration characteristics. Considering the presence of air in the soil, the method of
linearizing D(6) expression was adopted to improve the accuracy of the model parameters. Five types of saline-alkali soils
were used to conduct five one-dimensional water infiltration experiments. The data of infiltration rate and wetting front were
used to verify the applicability of the improved model, and the result showed that the simulated values of the improved model
were in good agreement with the measured values. The average value of the R* for the five saline-alkali soil infiltration rate
was 0.983, and all the average absolute errors for the five saline-alkali soil infiltration rate were less than 0.05 cm/min. The
average value of the R for the five saline-alkali soil wetting front was 0.868, and all the average absolute errors for the five
saline-alkali soil wetting front were less than 3.50 cm. The simulation data of the improved Green-Ampt model were not
completely consistent with the measured value, which was due to the combined influence of various factors, the main reason
was that the test data was easy to be changed by environmental disturbance. Notably, none of the model data is completely
consistent with the experimental data. The experimental data was affected by the disturbance of environmental factors, and
were often different from the theoretical results. The experimental data was different from the theoretical results due to the
interference of environmental factors. Soil characteristics was the main factors affecting model parameters, and the model
parameters of the improved model was affected by K'+Na" content of saline-alkali soil. The correlation between salt content
and model parameters was also explored, the result showed that the suction head value decreased with the decrease of the
content of K'+Na', and the saturated hydraulic conductivity increased with the decrease of the content of K'+Na'. However,
the S1 in the five saline-alkali soils did not conform to the above law, which was due to the influence of the texture of its heavy
clay. The increase of clay particles in the soil reduces the infiltration performance, the water conductivity of the soil decreased
and the pore structure of the soil became more complicated. Guo Green-Ampt model was used to simulate the infiltration
process of saline-alkali soil. The results showed that Guo Green-Ampt model had a certain limitation in the simulation of
saline-alkali soil infiltration, and the improved model had a better simulation effect than Guo Green-Ampt model, but the two
models had different applicable conditions, so there were certain limitations in the comparison. The improved Green-Ampt
model can simulate the infiltration process of saline-alkali soil with different levels of salinization, and it can be used in the
study of the infiltration model of saline-alkali soil with relatively heavy clay texture. The improved model was still applicable
when the ionic composition of saline-alkali soil was different from that of test soil. However, for the saline-alkali soil with
different soil texture, especially the soil with very high sand content, the improved model was limited to some extent. This
study can provide theoretical support for further study on the mechanism of water infiltration in saline-alkali soil and
promotion of local agricultural production.

Keywords: infiltration; water content; saline-alkali soil; suction head; Green-Ampt model
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