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Table 1. Some physical characteristics of the soil samples studied

Soil separates Bulk Saturated hydraulic Organic

Depth Sand Silt Clay density conductivity mater

cm kg kg Mg m? cms’ gkg!

0-20 0.69 0.14 0.17 1.37 3.33x10* 6.7
20-40 0.72 0.15 0.14 143 2.53x10™* 5.6
40-60 0.70 0.13 0.17 1.36 3.39x10* 7.1
60-80 0.68 0.15 0.17 1.38 3.36x10* 49
80-100 0.67 0.15 0.18 1.35 3.89x10* 4.9

AR AY 1 19989 & 25mx2.1me| A 7+4 (72
4 7473: 25meE AN FuiiM9 (Malus domestica
Borkhi) 23488 A2519ch. A4 & =o] 40me] H] 7 Al
e AR5 | Zo] 0.6me) EFS ¥ 5 Edte]
FEIME 9. FA71e F2 ko] XERe 1] A
At EY $ESES HH7] FAFE 15em A=
WS 45 cm7FR] SAU8 73S aiAE 4 e A9
4709] LFu)E 1YF (access twbe)S 13m Zo|7px] wjAds}
o 10em 7He2 F47 @ (501DR, CPN, Marinez,
CA, USA)el 98] g3ttt g AR o2 B ois)
A FLE AEE ST T5ES 03 L 'R st 9¢
HYRE 497 A5t £ ol I, 27199 119)
2 A FEANHOE 1593 2 1Y F9Y 169)] ES
AR FEFFE 2AsAY-

Rl SR FEEGVZ AST FXE HEER
FTHEHYPOE Z4% FEFo o) BAs EdrE T
T899, o]& TDR probe(Trase, Soilmoisture Equipment,
Corp., Santa Barbara, CA, USA)S %3] =43 FEddw
H|w3l%th TDR probes F7HOZRE] 742 15 € 45cm B
o2 A Zlo] 100ecm7HA 10cm ZHEoz X slgen,
T 53 7 Al A (T

o

EQrR HRs ¥ TS &

EYe] Bx3l & 3§ BA4L 7] HaiXe Exs) g
A= el 2@ K, o 283l ng Polof gt} ol&2
Exs FRHER FrE SEFCEN dS F ot 2 &
Aol 4R ot, 4ol ¥inF 8- EYTE HAE 5
Qof o8} ns THHA R Folal, EYE X3} FEHER K|
= Ad 48kt ?

ESTE 24348 o= w gderles ug 2
(drying)s} 22 7 (wetting)2] F 7HA] ol thal] Faidle
u, dRiz oz AL AN ST FERERFM] rE
AollM Z74% ZRT FR olFS F A&y dHA
AT} olol= WIZ2 disk tension infilrometerS o]-§-3}] &
o] XN&FHoT BEY £02 F7 =t 5 EYY FEHEA
A4S s

Disk tension infiltrometerS ©]-&3 A H L& E(2F
20emE AAT F AASFAL, AlE ZAHAZFE Jarvise)
Messing™©] AHet Gardner ZH9] vlA] 77 8L
olg3l] Ege] 23 AT} oF ng 7T} E3)

~
olir

AATEE 136x10%m ', 28T oo} npSe ket 0.045

o} 1852, o] HEL AR¥ES HFHY gEe|?

g FPe EYFR 243 24 8 WA Slem,
o] 30cme] core® AHF B EYAES 0.005M CaCl,
g (eF7ke] Thymol H7Ho 2 HelMEE AAS] 2447 &
oF 3 AZ1 ¥, Tempe pressure cell2 &7 THA 0.005M
CaCl, &0 2 WolNEE Z3A A HAAE 4ssIAch =
e 973 F FAivlaz YHE Fol F ves A&
P A7MEE IS8T, FHo ged 4Ee wdrke &
e $2RY 90kPa7H] BAMEE WHEsgT. FEAY
90 kPaZ HEL o] EUE Tempe pressure cell]A] 2213}
o R4 st 23} sEgEe A4 Uiy 54
slgom, 7t Ay RS 90kPad] RS zF 77
o] %o YL WAHOR Axy Wil T B,
FEAE 92, 132, 182, 220, 510, 1,000 ¥ 1,400 kPaol| A1 €]
RIS EqkrE AEAR|(LAB0123, Soilmoisture Equip-
ment, Corp., Santa Barbara, CA, USA)E AMg-sle] F3rh.

HE FAH EY B B4 L 200kPa7HA 7
Ve EFFE G4SN FolgdHE 1HE 5 e
ZHE R3slo) WA wEAdEe] g 34S 182kPa7A A
ANtz 3714 5E FAe) EL 1SYAR A3 WEEA
BA#E 2% B F47) HYo| =EIS W FEFHS
ZAslo] F3lgict.

s 2 S A I EYrE HA4TAE oY 29
Yehligith, 23} el 5E 1400kPa7tAE XFdhe F
o248 e, ol B3HElE van Genuchten 2499
o} n3ke i 0.0265F 1270010} 97leliA 92 0.062 At
g3l ol R AAAZAIENM e SR ST
7V A o, HEY AY 9 AMEe FEIY
1,500 kPaollAe] FREZHTIE 2Fe glo|dn. FL T
2R 2L A £ 182 kPa7BX] T SU3taL o]
22E zsPEzA] ziqkele] 12 RS FAT dgena?
B A7) Zed F 2 4L IS I 49 23
o] AFAL FRo|FAAPIS 3 28 19 o=
FAEIR o, ol oo} nFES 2 00733 12352, o
AgH AIEE thdt ol ne ofF 22 ol
o2 njg ZAF Re FA 77 FES] ¥lE 282 Kool
3} Parker®7} AQHeF 2HTR= v & Froldth. g, I 1
o) disk tension infilrometer2 233+ o8} nol 93 TAE
Uehiglon ESFR g2 9% $ERFE Bgele A4

F=ssielsiA|



T8 3B TP 39 ERRE B 2 lUe 59 34 34 W) a9 119
20 B 7oA skt e Aupigae A2 Hagh H

= B measured(drying) MESE sl e}, o= et vjAFgor <l X3

[ 0 d(wetti - ES L =

L7 L measivng) ol o) $hS T2 5 2led, Hills 370) AT predicror

£ modeled(wetting) correctord-S 83140} FXEIE 918 grid system2 block-

g T Tinfiwometer centered gridE AFMS-3}%3L, Crank-Nicolson schemes ©]8-3}

[+ %

k) o=R BEYTE ol%9 F8F SA4S Zesiith A

g 5 2ol olaksle] 2ls|] HrAEE A-EPAAS Gauss-Seidel HHE-
0| Hell osir E). 24| Eolole 64bit FHEQ] 49 &

0.4
relative water content (V/V)

0.6 0.8

Fig. 1. Soil moisture retention curves measured using pressure-
plate extractor and disk tension infiltrometer, and estimated using
van Genuchten's model.
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Table 2. Soil moisture content profiles measured on Sep. 11 (initial), Sep 15 (4-day irrigation), and Sep. 16 (1 day after cessation of

irrigation) from a surface drip emitter with a flow rate of 0.3 L hr"

Distance from drip emitter (cm)

0 15 30 45
Depth  Sep.11 Sep.15  Sep.16 Sep.11 Sep.15 Sep.16 Sep.11 Sep.15 Sep.16 Sep.11 Sep.15 Sep.16

cm m’m?

10 0.13 0.32 0.21 0.12 0.23 0.12 0.11 0.14 0.12 0.11 0.12 0.12
20 0.16 0.30 0.26 0.18 0.24 022 0.11 0.15 0.14 0.16 0.17 0.17
30 0.17 0.28 0.26 0.18 0.26 0.23 0.12 0.17 0.15 0.18 0.18 0.18
40 021 026 0.25 021 0.26 0.25 0.16 0.19 0.18 0.19 0.19 0.19
50 0.23 0.25 0.25 0.24 0.25 0.25 0.19 0.20 021 0.20 0.20 0.20
60 0.26 0.26 0.26 0.26 0.25 0.26 0.22 0.22 0.22 0.22 0.23 0.23
70 0.25 0.25 0.25 0.27 027 0.27 0.24 0.23 0.23 0.23 0.23 0.22
80 022 0.22 0.22 0.25 024 0.24 0.20 0.20 0.20 0.21 0.21 0.21
9 021 0.21 0.21 0.23 0.23 0.23 021 0.20 0.20 0.22 0.21 021
100 0.23 0.23 0.22 0.25 0.24 0.25 0.23 0.23 0.23 0.24 0.24 023
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Fig. 2. Estimated soil moisture profile after 4-day irrigation from a
surface drip emitter with flow rate of 0.3L hr’.

10k
20 . Soil Moisture
30
40
50

60

vertical distance Z (cm)

70

sof

90k

50 75
horizontal distance X {cm)

25 100

Fig. 3. Estimated soil moisture profile 1-day after cessation of
irrigation from a surface drip emitter with flow rate of 0.3L hr,
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Fig. 7. Estimated soil moisture profile irrigated 14 days from 4
surface drip emitters equally spaced on the circumference 20 cm
apart from the trunk with individual flow rate of 0.15L hr',
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Fig. 8. Estimated soil moisture profile irrigated 14 days from 4-
buried-drip-emitters (25cm below) equally spaced on the
circumference 20 cm apart from the trunk with individual flow
rate of 0.15L hr.
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A Numerical Model of Three-dimensional Soil Water Distribution for Drip Irrigation Management under
Cropped Conditions

Hee-Myong Ro*, Jae-Phil Kwon!, Seung-Hyun Kim! and Sun-Ho Yoo*Departinent of Horticultural Environment,
National Horticultural Research Institute, 475, Imok-dong Jangan-gu Suwon 440-310, Korea; ‘Debarlment of
Environment Engineering, College of Engineering, Yeung-Nam University Kyung-San 712-749, Korea; *College of
Agricultural and Life Sciences Seoul National University Suwon 441-744, Korea)

Abstract : A numerical model of three-dimensional soil water distribution for drip irrigation management under
cropped conditions was developed using Richards equation in Cartesian coordinates. The model accounts for both
seasonal and diurnal changes in evaporation and transpiration, and the growth of plant root and the shape of root
zone. Solutions were numerically approximated using the Crank-Nicolson implicit finite difference technique on the
block-centered grid system and the Gauss-Seidel elimination in tandem. The model was tested under several
conditions to allow the flow rates and configurations of drip emitters vary. In general, simulation results agreed well
with experimental results and were as follows. The velocity of soil-water flow decreased drastically with distance
from the drip source, and the rate of expansion of the wetted zone decreased rapidly during irrigation. The wetting
front of wetted zone from a surface drip emitter traveled farther in vertical direction than in horizontal direction.
Under this experimental weather condition, water use efficiency of a drip-irrigated apple field was greatest for 4-drip-
emitter system buried at 25 cm, resulting from 10% increase in transpiration but 20% reduction in soil evaporation
compared to those for surface 1-drip emitter system. Soil moisture retention curve obtained using disk tension
infiltrometer showed significant difference from the curve obtained with pressure plate extractor.

Key words : apple, drip irrigation, modeling, soil water, retention, distribution.
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