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235.93%; MM E AR BRANGZ 5 TR, 8 2K T 2 A I Ao b i 5 20 0 Al B AR HLIE A0 T 2.44%.6.33%
31.01%A924.13%; A B RT3 8 LA AEFKE RS EENERA , RS KZLAHERAA — 225 [4#]
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Y il o AL T AR NS IR (0 T B, 28R PN RN , 36T Green-Ampt #5278, X # 4 755 Ji
ekt b ) TR HL B R ATEL , R SR T FOKAE BN A K= IR B R NS A, BB R N8
VR RE L, B SRR AR 2 A T B o v SR R R b I IR AL, DA A B e v S A K 3 L 4
PR KRR IR — E B4R 3
1 MR575EE
1.1 ALFERAZRE
156 X A 150
BISE PH AL R AAMRBHE R 22K B AR R 5 T B By v B e e B AR N X B AT . RN X T
2005 5, S FE 53 N 30,50 10° A 150, BN LA 4 A /NX L, 3L 16 AN X B K 4 maBE 1 me /DX A 2R
T 0~20 cm BEZ 88 4, B TARF RN 1.35 g/lem®s 3004 A - W0 R R 43 $0(>0.05 mm)
H13.97% » B3 R £ 47 £0(0.005~0.05 mm) Y 65.74% , Z K i & 43 £1 (<0.005 mm) N 30.29% . 138 i Hi oy
K B BONREE . R R KN 23.01%. WRIGHT, 20l 58 55 /N X B S B AR — 0, A HUT R =20 50h
0.50%~1.50% , 2 %5 &= 73509 0.05%~0.13%
2) KA1 I
B K N 958, R KRBRATFE 43731 4 25,60 em, FiE %5 & 6.67 Ji#k/mm? o FiiE 5 2R 7R, 2014
TE6 H 20 HAEF, AH RIS RS 3N EE . v B IR TR L 5 520, R R0 K /)N [XCR B AR R R K e A
B JCRIG AT, SR FH AT R 38R R AT R 1, DAL AR ) 4 AN B BN B FE P IME AR Xt B . (R
FRHT , TR AR LI 2 500 kg/hm® #1400 kg/hm® — P it N A ATUIE O 280 28O AR — 4 . 1540 Hh it JIE
ZJE FAT N TR A E R . AEW BT (8] K J 2k H R) 45 B Y 2225 3 - i JE K B S PR b A T
IR E M T
R0 I 15 4 SR [ s 22 Bt K ORAREAIT 8 BT /K PR S 30 12 8 1) A0 vt 3 o) ) s X 2 W L, B 9 s
7.5 m, A AABERNTHAN 5 mx7 m, I J5 W 51 Bk 90% LA |
RIGHT S d, Wil B, R A 167 25 B 1 , £ Bl 38 28 O, T8 B /KR AR, B K K F TDR e 3 557K
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[ B o) b /) DX 147 N T R A6 S B I ) (R B, 7E /N X 4 /N0 A s e I T, D P i
KT
12 NZEitE
NIB TG R 7K 4 IR L7 TR A1 KT 7 Tl N 3 B2, 78300 AN /N X 3 20 B R 4% 07 1) _E 7K
~Fiz B A BRI, g b g K P71 (7K 7312 80, ANCE R 3R BT 1) BRI NS o TR K B4, SR FH
AP AT THE . &/ N/ INMEAE 3 min U8R 1 IRBETHIAR IR . AN B HOK ST JE Bk T HER,
MAB LR RIR A
f=i—i,—e=S,~-r(t) » (D
A RNIEBEE (mm/min) 57 9% W 58 B (mm/min) 5 i, A )81 B 2 (mm/min) 5 e N ZE HUK % (mm/min) ;

o o . NI SN e e , _ dR .
S A B (mm/min) ; 7() AR (mm/min) , K Z 73 T KR, r(1) = dt(t) = AAI: , HoF AR N A BB

FRUIR RV AR N X B AR _EAE A BURISRE A28 (mm) . TR TP R EE B9 0.16
mm , H i RAE A 0.331 mm®, 38 5 7E N TR AN 2 1 min BEATGE 2, Pk, ST v S0 1 o B i fETT AR 1Y
1 min P 2 28 VEARAE ; B RS AR T e W RIS AN T 5 Sy 32 T AN B, D9 BRI RS R , A O RE /) DX T B
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f=K + J0.5K A (V= K.+ [0.55,6,-0)A s (3)
KSA _ KsSf(en - 01)
[-K. [-K

e F
Kt=F-5,0, Hi)ln[1+ 5. 09}’ (5

X A ANBIE R (mm/min) s F 3 BAE B (mm) ; KONRAE /KR (mm/min) ; 4 5 H 35 KRG KM
ZH(mm) , A=S,0, -6, ; SO+ IE 1 (mm) ; 0, WA+ IEE KR (mPm?) 5 6, NHIIE 35 KR
(m*/m*).

Xt offf, =K . Bouwer B UCK AR ENS R R F/KES, i L HH K.

(4 A5 .

F= 4

A=Sf(0n—0i)=F(fK_KS) . (6)

FERE R AR P, RGN B 3 NIB BE 0 K T BRI 9 L, A E B RS N 3 o, Bl K 7 AN N 1R
W N AL, NS FRIE I AEIE P EARTAT, A K i AN 38, BN -
F:fo(i—in)dt 1<t
f)=i-i, (<1 o D
f()=i 1<i<y,
2 65 SR B I NS RE I MBS BB UK, JR BT8R 7R 7 AR S T AR IR R I T B g s 3 T 4R B K R
IS 18] 2, , 7% BB R 58 B K T 3B 0 FE I 1] BUK S BN E LR RIA] ] Green- Ampt #5784 SR IR , 721
RIFUEFUK I ] ¢, B (=2, <
{F:itl—ln t=t, (2

f=i =
A LR Y EZHEE (mm) . KRR, NH -

F(/=K) _ @, ~1)i-K)
K .

A=S,(0,-06)= e
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H O RIATRTF 4.
Green-Ampt P FROK NS AT, {H B Y FF A1, Hui - T FR /K . BT AR B =0 FFUARFR K, Bf LLIGT:
HEHRQGOREFIRNBEENA . HokREFERHIFEERUK, BRNB EIATF BT R R

(515 :

t'z% Al (1+£) (10)

He>n I, BERTGRE KT HIRABRE ST, IR TE AL % K AT HBUK R AR , % 20O BEATFH, LA
BRI RN

[=K + [05K Aft-(, —z']% (11)

TE B N E 8 n) T 5 e I RO 0] SR A5 R AE T K 26 K, 3000 HH I8 1 2080 430 AT, 75 40 min J5 , AB &R T2

5E 5 R H 40 min J5 NS FETF R RIE S /K E K. TETE#/}]LHTIEﬂﬁVﬂiﬁE,Tﬁ‘ﬁtﬂGreen—Ampt*%i
ZHA. XTI LIS, BT, @it (D RR, =i Ed DR

ZR57Hh

2.1 ERAREKMENLIBENEIER
2.1.1 ERREAAKH B IENSLITA

FEREAU % WY 58 2 9 40 mm/h 25 0F T, 390500 100 A1 1503 [ 78 oK AN R AR BBzl Az A2 W 1. M
VAT DU H , 7085 30 B2 RN 25 A2 B B B, 3B THI N 53 R 25 Bt ] ) 7% T B 06, 75 7 I T AR B, N5 T e i
P, B J5 22 12398, 7 40 min J5 , FORAEK S B A SRR B TRE. F—38HE L, £REKSE
BB, NS KT 9, e B s R s N2 22 3R 30 g el 3>l e Js > 1 B> P B> . R — 2R
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B HIAE S RE 1], B3R, B NS T A BRI AT U/ DS o TIPS 1 KR i ol 1 - S 4R 0RE R S 4 K
KR DD R AR, UL 8] (8 B PR AR 22 , 2 M0 52 B K 73 NBR

0.8 r 0.8
07
=06 f
£ 05 |
£ 04
o3| " D
% 0y | o | e HITORIE  —a— RN
LN —— AR FOR . —e— il 5 1 oK Hh A i I —— AR FOK L —e— il 5 1 oK Hh
<O F <0 —— it
0 0
0 20 40 60
0 20 f5J 8] /min 0 €0 fif 8] /min
()3° (b)5°
0.8 0.8 —— WK
07 0.7 —— iR R oK Hb
=06 f 206 —— it
0 ' e BT
£ 05 £ 05 [ RT3
o4t E 04 KD
<03 T3 F @ THEETTR APty
B 7 03
% 02 t : : Q02 b
2 on b e miEm e 2 7|
0 . 0
0 20 i al/min 40 60 L 20 pf1a] /min 40 60
(e)10° (d15°

B1 2RRRAEMAPANBiTA
2.1.2 E R R A 69 € R AR A
AR EEE = B B, Y PR R R T4 T LN B R )T, R BUK G TR 6 7= Wb 3 7= AL I 1)
ST IR RE JT, R 1 N S P2 R ] . fR LRI R0 78 FORAE K BT B, AR R I A 72 A A
Vi) i 5 55 388 DR B2 T 38 FEE B, = R (b R o = B PRy« o 0 0 O, R VB [ R A B 3R T AR TR R
BRI oy AE M A5 B I TR 4 05, WA NVB 2R A 5 3 A » 39 B K, T ¥ -5 5 T ) fl bl /) 5 375 SIG A
K Wee 1 R 1) T YRS B0 1 B K, B 2 AL R AR R i O, M P= i i, T N B RE 1985

A1 EARARE AT B R min
et WRE/C D _

RS e~ 3 S 0 s T
i 5.72 4.62 4.17 427 4.69
I — oK 6.32 6.13 5.26 5.07 5.69
AT — T K 11.20 11.22 10.22 11.27 10.98
e — T oK 22.53 21.43 14.67 13.27 17.98
k5 H— T oK 20.40 17.60 14.03 12.72 16.19

T RA AT R A VT S el B R e S B0, 4 3 S R IR 8] 433 9 5.69.10.95.17.98 Al
16.19 min. FR{AE 5 HIRE A FRAK AL, BB FOK A A TTZ B 3G K, & B B AR ()35 T- 41 4.69 min. B4
TR, AT = A (] B R .

MR, WA TORAEK, RIEABRE 35, P2 i [ HER , 20 A28 NS I (B 4 )5 o
2.13 ERANEE

FARAFAEE WX =R el RARNBEMENIH R ITANSE LA AW, JEBRHAE 6] ], 78 b
fith BT FOKHB NS B3 G N (R 2D .

TOKMHESAF I, =i RS ES S TR . £S5 AR A F R RENBEL
2.78~14.69 mm 2 [8] , 4 /N3 F5E ~F 35 DLl 3 £ K, S 11.65 mm, 8 3 556 /N4 3.77 mm, 3 & TR (3.13
mm) o FE AR TS | S R e A S P R OK M NS S ) BCRR MBS 0 T 20.46% + 130.91%  272.54% FH
235.93%.

[FRE , S A AR b, K B R FE 1) SRARNVS St B R38O, P A 1T S0 el A RO el e 5 3, 4 4
IRE /NI IS 3 ARS8 53008 25.801.26.77.32.99 F131.26 mm, 34 T 4R L) 25.18 mm; T3 BHFAIN B
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BRI T 2.44%.6.33%.31.01%A124.13%.

I B ORI NS T Z S K T4t . [RIE, 75 A — 3 FE R, Btk f5 B AN, P2 i i A B i A I RS
B FOKRERKMEETIE I B — @R Eweb 7Pl NS BRI R NS &, B R RIS
IS A PG,

22 FARAMERASSAEANERNEE

PRI RN S & PV IA RN B
25 ZH RE/(°) o £ X
= T = T
3 5 10 15 3 5 10 15
it N5 &/mm 3.81 3.08 278 2.84 3.13 26.71 27.37 25.25 21.39 25.18
. . ANiBE/mm 4.18 4.06 3.48 3.35 3.77 26.33 26.87 25.75 24.23 25.80
i — Rk . A
R HBIE /% 9.79 31.87 25.23 17.79 20.46 -1.42 -1.81 1.97 13.28 2.44
- ANiB&#/mm 7.37 7.38 6.72 7.42 7.22 27.63 27.61 26.36 25.49 26.77
wE— sk T
e /% 93.47 139.90  141.79  160.79 13091 3.44 0.89 442 19.14 6.33
. A HE/mm 14.69 13.96 9.45 8.51 11.65 35.99 34.81 31.33 29.82 32.99
M — ok
R HBIE /% 285.52 35348 24006  199.37  272.54 34.75 27.20 24.10 39.40 31.01
i 5 A — NS &E/mm 13.32 11.45 9.07 8.20 10.51 32.15 32.77 30.83 29.27 31.26
oK e AL /% 249.44 27203 22653 188.15  235.93 20.35 19.74 22.12 36.83 24.13

2.2 ERAREAKMELH) Green-Ampt f2E1 S 5]
221 RIEFREK,

456 Green-Ampt B, 1 8 FOKAS [F AR K B RS NS TR, RN RAE 5K Z (KD « KPR RT AT
FSCR B B R P B AR 8 FE B B ISP I NS T 3K I AR e NS ™, 3R 3 vl A, 7R 1A I0 R 5
ZATR L BB TR S A B I, HRAE T /K Z 25 5 TR b, d5e KO TR 331, HARAE K& A
0.49 mm/min, I/ R 15035 T, FR AL F/KHE N 0.30 mm/min. 7E T RA KGR, 3 5 3 < b e 0
Fh B J5 30 5 4 F b B /N X P 488 NB IR 43 708 0.34.0.35.0.44 F10.42 mm/min. 34K f5 IS A B
IRAE , BB oK AR AC BT K, B Bed i NS 28 350K T4 A5 E N B I #2.(0.33 mm/min) . # # 4K
T HA b e B RN R S B RAE T K R S A LU, ST 383 5 5 53 3 0 0.60%+.5.09%32.63% F11 25.75%

k3 BARRAH A LHA G KE

£ ¥ - O — ol
P, K. /(mm-min™) 0.36 0.36 0.32 0.30 0.33
S R R
S
BRI IO I;;;Tiﬁmir;;/l/) 1054.443 1 20{ i33 3(;?5‘: 20%?383 20:725

222 FEBKRESKA

FIFH Green-Ampt B8, 5t KA F A T B IE S KBS E AT HHER S SR KL, NFE4TTLL
B, TREA TS E A KT B, TE KA A & B BORT &35 FE (8] G B R A o HC i R g it e A - 358
SR A7 5 355 K R v B RURK, R 5 S KGR ) 2 R BR Bk R, U IR S K R S
L R TR, BUE N B S HE K

k4 EARARRAEAFT N B A %A mm
. WRE/ICo) .
ES e 3 5 o s FIME
i 3.19 2.70 3.07 5.28 3.56
T HA— K Hh 3.67 3.76 3.35 3.97 3.69
RATH— T K 6.13 6.18 5.94 7.85 6.52
M — oK b 5.40 6.25 4.66 6.45 5.69
- 5 H— oK 7.28 6.32 4.80 6.09 6.12

2.3 NESEBEHEERIL S
FERRINZE K AN A 125 E, B QD TS B R IR o 2 i 2K NS R B2 N ARFEIE R, &
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KAERAFBBOK 7 NSER LA S THEAL . B2 AT BUE AR 5 Sl B 2 DU ) 2 1 5%
B RZHOSEIRLT 11 B, U B A o S8 5 SN A B R o HL D PR DA 7 P R I A o SR 3
RAIT e A5 3t 2% 338 7 2R IR SEAR Y 3R [ SR A BUBOR , 1 s 3 7 AE 45 B, Bl o 45 B IV R A K e BN
B2 B e B, BEAR 7 RIEBIE A, RGNS 1 B3R R 4 B PR, IX R RO JZ 45 B ) /K B 7y
KF FHFEBIEZ 1 FKE A, M7E R FH Green-Ampt BRI B0 R b, AR5 e 45 K 1R A, BU TN

B K
0.65 0.65
0.60 . / 0.60 ’
- o =
<oss | <Y o f A
g 0.50 | st o é 0.50 | xx ®
E 045 | boA o Hi i Tkt E 045 | oot a0 o i KN
= 040 | P & SR K = 040 | o O s Ak
= 035 | ik X | e x i oK b
& 030 | CHIEERER g + e T K
: O Fith 030 f o #iHh
0.25 . . 3 . 6.5 ; ; : ;
0.25 0.35 0.45 0.55 0.65 0.25 0.35 0.45 0.55 0.65
SZIE/ (mme-min') SEPIE/ (mme-min)
(@)3° (b) 5°
0.65 0.65
0.60 I
—~ X + —~
= 055 ¢ & x A% @ = 055 et o
= = >
g 0.50 A . W a® é X £+: o
£ 045 | 5 S o i KM £ 045 i £E7 o kil
E-_Il 0.40 | A4 N 5k B S Eﬁ A A & SR K
= 035 | & x il A K =035 b o9 ) Xi‘miﬁﬁﬂiﬂﬂ"@
£ 030 | BRI R i + gl K
: o i o o Fitth
0.25 : . 0.25 : : :
0.25 035 0.45 0.55 0.65 0.25 035 0.45 0.55 0.65
SE{E/ (mm-min') A/ (mm-min!)
(e)10° (D15°
H2 AR M@ AN SR RN L i+ B AR AT
33 g

P ROKIEIR 1 R AR IR 180 7 LIRS . ABEEAE KA E IR R A W oK,
X s 2 B o A1 P FBOROBR B 5, R R X M SR A T e A TR Db S SRR 55 K 2> NIB I . AERRI R T
A UR 5 B AR 52 R AT T AR 9 A, 1 3R R A b B S A L S 23 B A /N RURL FH E 1 3 AL
TR A, BB E N B, 45 B AR RTBOR I 55 L IRAZREJ) . i3 Green-Ampt B R RLLLFE K A2
T BRI K T SR, 2 B TR S5 B R, 45 B AR T R IR A TR — R BHOKR IR T
IKTPIINGG » 45 B LB A T R O A5 BB FTIESE

FRAAKRE S, R JE RGN R AR R R R AE 3 b 5 40 L 2 WS A AR A 33 v TR UK AL
e AENIE RE J1HE N, Prieksat 213 i H 18] GRIGAIE B 17 T KRR JA 3 DX 3l PR - 898 N 328 3k 3 A Y i) Al X 35K
151> Meek S5 MR I T E OO 3B NS e IR

Green-Ampt #5284 F] TR ARK N IE I 1L , W0 72 35 T B WA 00 T 3R eI iARUK , B R XA 75
R AR A TR NIEAEAL, I3t 35 s oK b N T e R ik 96 S 45 SRBEAT 96 AIE , ~F-#% )5 /) Green-Ampt £
U] RER B IR B NSRS , 5 R HE R SE M o4 RAH R .

4 45

1) K BEAG RCE IR 35 T8 77 AT T 18], e 2 1 6 K b 5 3 B 7= it B ) T~ 38 9 17.98 min, 5 44 1l 7= 37 B[]
(4.69 min)AH Lt , A RCHHEAR 35 7= i A 1]

D BRI AT FoKH BN B B AR W R RIS S E TR, BRa b 5 B A0, tE B ok A
Be W 7= L BT SRR N VB R B T O R AN B 1 K, P AT SR AR NS 3 B R g e ) R K, AR
= T 272.54%

3) T KA K AR T R R X b T A D 82 Green-Ampt B8 75+ 38 R AE Sk 208 ok AR K BT —
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crease rate, investment, land saving rate and water saving level. Through refining each index score, we obtained
the assignment criteria. Using the Delphi method, we constructed the weight of each index calculated its final
score. [Result] The overall performance of micro-irrigation was the best with the scores of drip irrigation and mi-
cro-sprinkler irrigation being 2.42 and 2.77 respectively, followed by conventional sprinkler irrigation, water sav-
ing border-irrigation, surge irrigation and water-saving furrow irrigation. Small border irrigation was the worst,
with a score of 5.14. The scores of economic efficiency and adaptability of all irrigation methods had strong com-
petition. The development of those irrigation methods showed that the future irrigation would have good adapt-
ability and economic efficiency. [Conclusion] From the perspective of macro scale, irrigation technology has
been developing in the direction of good adaptability and economic efficiency. Improving the adaptability of in-
strument-based irrigation and the economics of non-instrumental irrigation is hence the future in developing wa-
ter-saving irrigation technology.

Key words: water-saving irrigation; comprehensive performance; evaluation; Delphi method
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Using the Green-Ampt Model to Analyze Enhanced Infiltration in

Slope Corn Field in the Loess Plateau
WANG Jian', MA Fan'?, MENG Qingian'’, MA Yuhong’, WU Fagqi'
(1.Northwest A & F University, Yangling 712100, China; 2.Ningxia Academy of Agriculture and Forestry Sciences,
Yinchuan 750000, China; 3. Xi’an Water and Soil Conservation Station, Xi’an 710000, China)

Abstract: [Objective] Cropping alters soil structure and hence hydrological cycle. This paper aimed to study the
influence of corns planted in slope on water infiltration and the water use efficiency. [Method] The experiment
was conducted on a slope with slope angle of 3° to 15°; the infiltration of an artificial rainfall was measured. The
infiltration process was simulated using the Green- Ampt model, and the steady infiltration rate was determined
based on the infiltration rate measured at the late stage of the experiment. We also calculated water deficit parame-
ter of the root zone soil and derived soil water infiltration processes based on the surface-runoff time and the pre-
cipitation intensity. [Result] The corn field intercepted precipitation and thus delayed the occurrence of surface
runoff. The capacity of the interception increased gradually as the corn grew. The efficacy of the tasseling period
in reducing surface runoff was most notable, with the average runoff time delayed from 4.69 min to 17.98 min.
The cumulative infiltration before runoff occurred was higher than that on a bare surface, increasing by 20.46%,
130.91%, 272.54%, and 235.93% respectively on the seedling, jointing, tasseling and late tasseling stages. The cu-
mulative infiltration in the corn field was also higher than that on a bare surface, increasing by 2.44%, 6.33%,
31.01% and 24.13% respectively on the above four growth stages. Planting corn increased soil hydraulic conduc-
tivity, thus improving its infiltration capacity and soil water content, compared to bare soil surface.[Conclusion]
The Green-Ampt model is able to simulate water infiltration in the slope planted with corn and the calculated in-
filtration rate can match with the measured date despite a slight overestimation because the model does not con-
sider the surface compaction induced by raindrops.

Key words: rainfall infiltration; sloping land; corn; Loess Plateau
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