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Abstract: [ Objective | The aim of this study was to analyze the characteristics of soil water infiltration in
Yaoba Oasis on the west side of Helan Mountains, and to provide theoretical basis for utilizing water
resource efficiently and determining a reasonable way for field irrigation. [ Methods] The double-ring infiltra-
tion experiments from 21 test spots were carried out. The three different infiltration formulas were used to
fit the experimental data. And the soil water infiltration characteristics were analyzed using multivariate anal-
ysis and geostatistics methods. [ Results] The correlation coefficient of fitting results of Horton formula was
as high as 0. 963, and the relative error and root mean square error were only 4. 09% and 0. 046 mm/min,
respectively, indicating that the fitting accuracy of Horton formula was better than those of Philip formula
and Kostiakov formula. Soil texture had a significant impact on infiltration process, great proportion of sand
components in the soil had a faster infiltration rate and had relatively shorter time required to achieve stable
infiltration. While the soil bulk density and initial water content had a certain influence on cumulative infil-
tration volume and initial infiltration rate, respectively. The maximum of stable infiltration rate was about 12
times than the minimum one and the coefficient of variation was up to 0. 677. The spatial distribution plot

showed a decreasing trend of infiltration rate from the northeast to the southwest of the oasis. [ Conclusion]

s B #1:2017-03-25 & @ B H:2017-04-19

BREITE  H K A RB A S T L0 E W XA S AR AR MR Ak 27 Sl 28 X 7K 43 4 By o BRI S (41273104) 5 BT 3% SEE A S Hh & % Bl
1 H (220029150182)

E—EHE BH 1993, QU B A W2 i A W W5 A R 58 5 ) R EMEA S . E-mail: 2015129041 @ chd. edu. cn,

WIRAESE 5 EAR 1969, B (BUK) A8 FE i A, 2082, 1 A2 S 0, 32 B N oK 3 U5 A A 5 T A WF5E . E-mail: luyudongphd @ 163.

com,



%5

KRR A < 22 1L 7 A A 1 MK 43 ) A B e 147

Horton formula could be used to describe the process of soil water infiltration in Yaoba Oasis. The difference

of soil properties had a great influence on infiltration process, and the infiltration rate presented a strong

spatial variability.

Keywords: soil water; double-ring test; Horton formula; infiltration law; Yaoba Oasis
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FEV , RERENRR D ST B, TR W AR
198 mm, P37 &K Hk ] 2 394 mm, JEIIEE I
A B 22 1L 74 78 L AR A AR K ST b T X A
2 2550 B FLBR K R R K bR 7K B3R B AR
I VG R 2 AR Y
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. ABEER TSk 07k R EE N AN R K Sk
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£1 RBEATEHEESH
R + . - + R AR R % A/ WG &
T JoT b ki L Zhbr (gecm ®) KE/ %
1 BEwh + 105°38'09. 04" 38°33'06. 74" 85.10 10. 68 4,22 1.62 13. 84
2 e+ 105°37'43. 18" 38°3237. 65" 68.98 17.67 13. 35 1.62 9. 65
3 fhiE+ 105°37'13. 20" 38°32'07. 90" 54. 65 28.55 16. 80 1.37 10. 68
4 Wi+ 105°36'34. 92" 38°31'42. 76" 41.75 50.57 7.68 1. 45 15. 39
5 HEwb 4 105°36'10. 15" 38°31'24. 21" 73. 89 16. 46 9.65 1. 65 15. 36
6 Bk + 105°35'40. 40" 38°30'57. 22" 79. 14 13. 04 7.82 1.65 14. 35
7 Wb+ 105°35'10. 89" 38°30'41. 49" 50. 36 38. 86 10. 78 1.48 15. 87
8 R+ 105°34'34. 94" 38°30'05. 95" 71. 60 18.54 9. 86 1.62 14. 25
9 Fy i+ 105°34'10. 81" 38°29'50. 52" 34. 30 52.46 13.24 1. 40 12. 36
10 e+ 105°38'17. 40" 38°31'40. 61" 81.15 13.50 5.35 1. 66 16. 60
11 b+ 105°37'52. 76" 38°31'17. 97" 56. 62 28.98 14. 40 1.53 15. 06
12 i+ 105°37'22. 82" 38°30'44. 52" 43.89 47.35 8.76 1.38 14.59
13 e+ 105°3646. 63" 38°30'25. 06" 61. 34 26. 32 12. 34 1.57 13.56
14 bk + 105°36'15. 92" 38°29'44, 39" 40. 24 48. 47 11. 29 1. 44 12. 64
15 HEwb + 105°35'57. 04" 38°29'29. 29" 73.52 18.12 8.36 1. 64 18.69
16 b+ 105°35'18. 84" 38°29'01. 05" 49. 68 40. 44 9.88 1. 47 11. 25
17 e+ 105°34'52. 66" 38°28'36. 35" 38.90 52.90 8. 20 1.42 9. 87
18 B+ 105°34'27. 35" 38°28'08. 05" 34.78 54. 24 10. 98 1. 39 15.50
19 I+ 105°33'52. 86" 38°27'43. 07" 36. 55 51.29 12.16 1. 39 10. 63
20 B+ 105°33'31. 05" 38°27'22. 38" 83.28 10. 11 6.61 1. 66 14.79
21 b+ 105°33'10. 17" 38°26'58. 96" 47. 36 44.23 8. 41 1. 46 9.68
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Horton AR,

Philip 243t

Kostiakov 23 =

et e

R Re/% RMSE/(mm *min ') R Re/% RMSE/(mm *min ') R R:/% RMSE/(mm *min ')
ARIE 0.998 7.82 0.097 0.993 9.02 0.121 0.985 10.54 0.138
fe/ME S 0.902 2,11 0.021 0.904  2.67 0.043 0.882 1.98 0.032
SFYI{E 0.963  4.09 0. 046 0.942 7.81 0. 054 0.932 8.59 0.061

TR RBMK R Re ORI 3R 22 5 RMSE R IFRER2%

o 2 g5 38 M, Horton 2y 20 & 45 5 i A
KRE R FY{H f . o 0,963, Philip 2K Z.
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i (mm * min ') (mm * min ') ’
1 0.720 0.693 3.75
2 0.126 0.133 5. 56
3 0.452 0. 356 21.24
4 0.313 —0.277
5 0.433 0. 369 14.78
6 0.525 —0.339 —
7 0.214 0.278 29.91
8 0.414 —0.599 —
9 0. 055 —0.042 —
10 0.613 0.512 16. 48
11 0.403 0. 257 36. 23
12 0.138 0. 149 7.97
13 0.410 0. 370 9.76
14 0.114 0.106 7.02
15 0.451 0.315 30. 16
16 0.194 0.199 2.58
17 0.087 0.072 17. 24
18 0.058 0.071 22.40
19 0.064 0.059 7.81
20 0. 682 0.759 11. 29
21 0.181 —0.152 —
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AR SR G — A B B[] 7] 2006 1R KA S A B
Fi [i) % 4 36 A 5% e o R 2 R e [N 2ROl RIS 4
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(mm * min~'")(mm * min"')  min (mm * min~')(mm * min"')  min (mm * min"'")(mm « min~')  min
& RME 2.218 0.720 88 1. 188 0.452 104 0.718 0.138 128
/ME 1.192 0.414 45 0.914 0. 181 73 0. 144 0. 055 89
S {E 1.723 0. 550 68 1. 004 0.295 79 0. 464 0.092 101

E:fo AWIBABR; fORAREABR; ( WIREABWE., TR,

R e A5 B[] U [ - 398 v 5 bk v /0 T 1
A1 SCIE i Ze R T LLE R R IR e A B
SRS\ N ] R N S BT @J?r‘%zﬁ/\/’%ﬂﬁﬁ
68 min; FPIE - A8 A8 R IR AR 48, O 1 5k B R
BT 79 min; TR HE -+ A5 3R AR Ak 3 %z,’}EﬂsfPaa
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fE bR 32252 e rh LB 0 A B 52 0 T K 93 A8 1
S J5t B K 43 75 AL IR I 30 1 W OR A AR L R 2
FX Ko A it B b SR AEAE SE R i TR T
SRR ERBRABE I 5EREZERCRWE 2

RN R B FRE ABNET 101 min, i
12 3.5¢
n e+ g
11t 3.0+ ™
8 8 8
a 10 ﬁ Ei 2.5¢
% 91 % % 2.0} R=0.9201
B8l B B 15
Bk Bik Bk
7+ 1.0}
6 . ' ; : . . , 0.5 : . . ,
1.61 1.63 1.65 1.67 1.35 1.41 1.47 1.53 1.59 1.37 1.39 1.41 1.43 1.45
/(g cm”) /(g *cm™) /(g » cm™)

B2 BRANZESTEHEREXR

ME 2 ATLLAE M L AEM 162 g/cm’ 3
] 1. 66 g/cm’, RELAB A H 11, 38 cm /) F]
6.95 cm; AP IE K E M 1. 37 g/cm® A 1. 57
g/em® , BFABEM 7. 58 cm Jl/NF] 3. 65 cm; i
T AEEM 138 g/em’ HEINE] 1. 44 g/em’, RAAB
308 em J/ME) 1,11 em., B EMHKL, 45
KUAEEH RRAB G Z R E 35 0 2P A OC ¢

¥KTF 0.85, R LE M — i+ He b, BFAB R HE
REBREWANG R, 0TS R A W — B
) - R E RN LB L, H I A B R
ik, BRABRBR K.

2.2.3 AR E PR G KRIEZ MK A
B R E BN T R s B R KRR E A B
B[R] #0443 Sl 30 BROAS R K 36 3 AN (] ot

A (siggps = 0. 004<C0. 05, sigpyy = 0. 007<C0. 05, b+ IEPRIER & KR K S R/NFEN . ST M6+
sigguer =0.004<C0.05) , FF H 3 ME M TR R  HMABSEHNERS in).,
RS ARAMBEKELTENESSH
5 % W0 A & KR/ % WA S KR/ % W+ W IR & KR/ Y%
= 18. 69 13.84 15. 87 9.68 15. 50 9. 65
fo/(mm * min™") 1.592 2.011 0.913 1.188 0. 265 0.716
¢/min 65 72 87 95 89 105
/./Cmm + min ) 0. 451 0.72 0.214 0.181 0.058 0.126
I/cm 9.52 9.27 5.66 4.58 1.11 2.31
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[ o AR R BRI A 1106, R Z 0046 3 K
R WX RN NRFEA B W1, Ko Ak F 4R
PRAAR S e 19835 7K AR U - 7K S0 A o I 4 35
Xf K 43 TR 5 IR S TR0 4 2 7K 58 AT 7 4 S )
I A8 AR L K B R E A B BT A 1 I ) B A
A E A B R 5 REEAS & W IE KA £ 3 AR
L BRI AYGA R Z /T BT A R R B 2 AR T
U1K T IR 0 0 5 K R ol IR L 22 AN KL O
LA I 2 20 5 25 4 o A A2 A DRI 90 i 5 UK R
PN SR P AL ER S 3R A UEIE TN & S W]
X 2R KR I RBAB RN A K,

2.3 NEEHZTEESESN

R 300 2o P Ak L T AT 8t RSP D1 o G M X
DUER Y dhy A [] i 301 7 AR B o 5 3f AR 82+ ey LRI 1) 7Y
TURR ) Ok 25 ¥ 22 4

HRA UL 73 B 1B 45 5 T DL L 3 rp b &
HI AR 1) P A A0 i 3 O 1 58 i X N A8 R
23 (6] 3 A B R MG 327 07 1 06 A8 RS AT
GRHT R S S RO D A L ST AL AR L 4 S
HRBHAB R fL SREABR [ EANIE. 7
28 HRUEZE I S AR RO A 25 2R R0 A5 R L B 45 2R
# 6 iR,

K6 ANBEMFITHIE

AB R FEA AR e KA e/ME - E fE i 2% AR (ZESES4
fo/(mm « min~") 21 2.218 0.144 1. 080 0.349 0.547 1.612
fo/(mm + min~ ") 21 0.720 0.055 0.317 0.046 0.677 4. 459

Hi 6 P8 o LU B0 IR A B R 5T E A8
ARG BOR A 23 A28 S . e RAH 23 90 20
/NMER 16 5 12 4 25 R B8 0. 547 5
0.677.J@ T A AL S s i A R Bl 1,612 55
4,459, BRI IE R . O T SN EOUL A A8
ARAEZS [A] L (9 73 A 175 B0 - M Kriging P9 37 1 15 2 i
T A RAEN I XN B9 S (AR I Can ] 3 BT )

f./(mm * min™)

0.45 0.75
0.65
0.55
0.45
0.35
0.25
0.15

0.05

3 MREBENSE [ TEASH

HIIE 3 S5 R AT AW A L AR R E A B R AR
PR W TS ey AU S A S o B A BT 1) A
BAREB AW/ BAT R I S A2 Sk g
WA B A A B REOR, EEOR Tz b £ S i
B Ay BT o v A b X 2 B A S e,

AR R T BT ST AR £ T S X A0 20 5
DU R Pl T T L Y e VY 30 K RIS A LD
TG . LRERE AL R | oA E
B2 A S AR R e S Iy 2RI 1) 7Y g 2 L
N B AE A R T X2 A2 A BF AR e A A 5

W,
3 &k

(1) A 45 R T LUE 1, Horton A XU &
SR AR R BT YB3k 0. 963 M X 32 22 5 ¥ U7
FRAR 2 43 B4 R 4. 09% 5 0. 046 mm/min, % Bf
Horton 24 =X (9 #81 & 85 B 22 47 F Philip A5 Kos-
tiakov A3, H Horton A XA S 80A K AF 1) #1 7E
S A BRI, U Horton 23 20 g FH T 3 AR
WL K A B,

(2) 3 Z el A K Geih 2450 Aol L& B, +
ok NSz LR 2 S mE R, bz +
8 oMb 2 55 T G R 2 5 R A SR A AR 2 ]
M RRE AB R KE N R/MAMN 12 £5. 25 &
BOErik 0. 677,75 ] 43 A 2 B 32 LB R HE L) o A B
M) 2 B0 HE PR AR AL ) G e U Y R

[ & % X # ]

(1] ABEIZe., F2Ju, ®ulat. Lyl M]. Jbat. B4
H R AL, 2006:126-128.

(2] XUZ . B wE 25, 32 WA 4R 4. 4 VD VI O o e 700 7% Ak - e
KA N BHAER A FE (1], /K £ 7. 2014, 34(2) »
43-47.
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(1) 2400 2 Y+ 498 30 353 Ak 1) 2 ) A8 5 R K
0—10 cm M 4 J2 o i 4 £k R EL B 7 O Bk AR
1060 cm 2 & ER, LEPHEESE T EE
RAERE SR RSN, IS4 X pH
KT 8L RGP I g COT & R, W
) HCO; 5 S0 B 5t W 2 15 A0 O, TF B 9% IX 6 75t
b I K AR 2 A R AL A XU AR

(2) BT AL MEE R, 010 cm 2
SOI 5 Ca’" ¥WH M B FHIEME(p=0.977), i
10—60 cm + EH, SO ,Cl” , K" + Na', Ca®" HI
Mg A B ZFEMWMIEMKLE LR (p=>0.90), Ul T
SOi™,Ca™" ,Cl™ K" + Na' J& + 5 o 3= 2 1 52 g [
5 A Eh v A 2R DUBR R A R R 4 A Ak T
T w7 SO 7~ i s 57/ S s o OB LV
S I g 4k 52 Ak B T () R R AR A T R Y
EVEH . S E X A K, TR PR AR 22, T
WXHVEY) 7= B 2 4 ek KR R A

L & % x #® ]

(1] w28 % 4, b R, 45, Eh Ol Hh 7T 45 22 1 A 5% 25
LT MR ,2011,66(5) :673-684.,

(2] HKE.EZXEE. 21 i me s s
AN FFek & R s @il [T]. T2 X #H, 2000,23(2) .
177-181.

(3] AThn L 48 6 Sk, 4 5L 45 3 58 - 2R 98 Tl 9 ek £ 9 38 %
AR AERF TR )], 4-48,2005,37(6) :635-639.

(4] ZEFEF, 2eme 5, AR 005, . P8 52 oly e 0 8 J5 X+ 36 1 7

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

530K 15 AR Ao AT LU MRS R BT T 52
X #b 3, 2007 ,30(2) :196-202.

B DRI . T DX 8 A0 IX R ) R 1) - 39 R e A )
FETF 5 « B S0 3008 IXC 0 A [T . P4 58 ol KR, 1986 (4)
20-24.

LV AL, W% % L TR IX YN AR Ak A
FEMLI] T IX HFE, 2009,32(2) :234-239.

XU BT e, NSRRI X TR K B0 (8 A 0 K+ R R T
D] 7R 5 & 35 5 KA, 2002.
OWRE, TEMW . MEE, % SN X g wife £ 2
ZEWEE S RESL] TR XERSH 85,2015,
29(2) :144-150.

BATA), AR I AER, & i H I8 AR R 54k
R R [T, +3,1997,29(6) : 326-330.

P F T R A ek, A B T T T A R g R ik
HIR ) Sy 43w )], gl AL AL BIF 5, 2011, 32(3) : 357-
361.

B ndh, RV R A R+ BRI Ak A i 7 R M.
b5t s o E Al B A, 2000 £ 85-96.

WhoE T A SRS 00 T L 4. BT = 7 I HiL X LAY
d R o2 A SRR R SR L) . ARk TR A# 3] . 2006,
22(6) :61-66.

BEHALT L XL e, T A SR T i T K Dk B 4 B
horas AR BAFAE A ()], TR X P, 2008,31(3) .
379-388.

A2 R SRR L A 7 b b X AT R i Ak b
X 4 e AR AR L], B H T, 2009,23(1) 1 28-37.

22 RUE . o8 AR 25 AR I FUR TR 26 M R i 4k
TR E M R HL S R SR A AR G A M R D], T R
X% 5 78,2012, (7) : 121-126.

(L% 151 70

[3] Duan Runbin, Fedler C B, Borrelli J. Field evaluation of
infiltration models in lawn soil[ J]. Irrigation Science,
2011,29(5) :379-389.

L4 SR/, e 04 U, o i 54 L 45 X0 VT U5 L 280 3% bk 28 A 11 +
FERSCHON LT ] K AR 45 3@ 4 . 2015, 35(2) : 101-105.

(5] M PCAL. s Bk, AR W] £, 55, JRAT b Jife 4 N RS [W) ot b £
Bk AB 5 AT [T ] ARk TR % 4. 2014, 30
(2):124-131.

(6] WRELEAIT. IhFME, S5, Jb 50 K% X MR+ ok 43
NSRRI RN 5 OF 5 [T ], B ARk K 24 2 4, 2009,
14(4) .98-102.

[7] Franzluebbers A J. Water infiltration and soil structure
related to organic matter and its stratification with depth

[J]. Soil Tillage Research, 2002,66(2) :197-205.

(8]

(9]

[10]

[11]

[12]

[13]

P2V AR B 22 58, AF . P 52 B 0 4k i b R
KA AR AR )], T 5 X% R 5 3 5%, 2009, 23 (11) ¢
105-110.

KR, OGN AR S, 4 Bl A B I Tk LA
(0. 7K A 8 42, 2012,32(6) : 163-168.

JEEEEE, AL XUBEE . A A B A O A B
I8 R MR SE . HE I HE K = 4. 2015,34(8) : 96-100.
RIS R B R AR . K R R A BRI A
AR OCHEAT 58 [T 1. o [ AR A 7K K L, 2004 (11) < 11-
13.

BT, it ss, 22 30, 5L R 4B R
[1]. T 5 X Al fF 7T . 2013.31(4) : 31-37.

XS AR ST A L S T E A TR A X R
K AB ARz L] K £ R ESE R 2016, 36 (1) :
169-173.



