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Soil water movement under micro-irrigation using a perforated tube
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Abstract

Effects of different initial moisture conditions on the formation of wetted soil volume under
micro-irrigation were investigated in a layered soil having a plow layer and a subsoil layer with
macropores. Water was applied at a constant rate of 100cm?® min' for 720 minutes using a
perforated tube covered with vinyl mulch. Water application efficiency was also evaluated from
soil water storage and infiltration loss caused by bypass flow.

In the case of initially dry condition, the wetting front was spread in an elliptical shape with the
major axis in the downward direction. In the case of wet condition, however, the horizontal
boundary between the plow layer having high saturated hydraulic conductivity and the subsoil
layer having low one affected infiltration. Water reached to the boundary flowed horizontally and
infiltrated into the plow layer from the bottom. The amount of water infiltrated vertically was
more than that of horizontally infiltration in an imaginary main root zone. Infiltration loss beyond
the root zone due to bypass flow was accounted for 89% in dry condition and 75% in wet condition
for 720 min respectively. After 70 min irrigation, the rate of storage was unchanged in both the
dry and the wet conditions. In view of water application efficiency, irrigation period exceeding
about 70 minutes is inadequate.
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Table 1 Soil physical properties at experimental field

Depth  Horizon Texture Porosity Dry bulk Saturated hydraulic Unsaturated hydraulic
density conductivity* conductivity at —2.9kPa
cm cmPcm®  gem? cms ! cm !

0-17 Ap, L 0.73 0.69 9.6xX10°%£2.0x10* 1.3X10°°
17-40 Ap; L 0.60 0.03 1.4X103+1.1x102 3.7x1077
40-59 2A CL 0.60 1.03 8.8X10 **£3.3x10°* 5.4x1077
59-76 2AC SL 0.60 1.09 4.1X10'*=6.1x10* —

* Geomean *standard deviation
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Fig.3 Advance of wetting front (numbers in
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Fig. 4 Matric potential distributions at several times (mim) during the irrigation (dry condition).
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Fig. 5 Matric potential distributions at several times (mim) during the irrigation (wet condition).
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Fig. 8 Matrix flow passing the horizonal and vertical boundaries of the major root zone (dry
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Fig. 9 Matrix flow passing the horizonal and vertical boundaries of the major root zone (wet
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x-2 KRR OB E B O
Table 2 Hirizontal, vertical and total amount of water lost beyond the major zone
Initial moisture Applied HI VI/HI S Pm Pm/Applied
condition water water
cm?® cm?® cm cm?® cm?®
Dry 72,000 1 1,508 1,591 6,587 63,904 0.89
Wet 72,000 1,852 6,811 4 9,042 54,295 0.75

HI ; Horizonal infiltration, VI ;

BT FARBHED © BB B & O~ DIBIIKE DHEE %
AA T <A 7 viERO SRR (1994) 1T &
N~ A 7 v iEIRIC & B IR Y Y — v Z ML &7

RO L TV 5. AREROHE, #EKIHIicE L
T%D 5 i N LOMRBIR O B 52 78 W IR oo

g — V3TN TH BH, X4, 5 £ 0¥ 10 4R
DFRITIFHKRMIREE &K — 2705 10 cm B4 72 S
DIKDEF vy v WE—EEE > T, FEBRTHVLAZAL
t— 2D FFLAKY 20 e FERE THELYI L TW A T &
5, 1By — v 3RS TH B,

WK SR X 7 — v DAHIR AT T H B & IE

L, —HIE O Lo & 8 & 1 2 KRR T 5 T

OB E LT, W NLELE LTH =R EFTT
A MNCHRES 10 em, & — R EETT BKESMICE
S*35cm, EESH40cm DESADHAEAEEEL 7,
HEIKEBR T lENA N ZAROFBIERT L OB HET v v v
WELBED SNTBY (X 5b), FHIEHN DK EE
ZBGEITEINANAFEBEST ZMLENH B L
O, RIBEIIC MY v 7 RRENA FEOFITH B &
L7zo <A 7 0 & 2 K 3 HER O RIS o K GE
12, ARBHE & AREHEAANORE B L UK A TRI 0K
HAEZET 2MEND 5, S5IT, N NRFITE B
ez, ZOfEEMOKIGZERITE L,

Q=S+E,+P,+P,+P, (4)
22T, Q;iEkaE (cm®), S; fHENOIEE (cm?),
E, ; Z&F8HiR (cm®), P;im@fERE (em®) T, IRATF
Do, h, m FENTNMEAMDO= MY v 7 R, KE
HED= ) w7 ZRBLUNA N ZRIT L BiRBEER
ERS

BIADRD T RIRD LB TH b, EIEHIT & B1EK
BREEAS IS, BE=— b= b Fic k) HEEmAE L
TWa I Ems, EHL, HRAZ BT 5 RBEEE
DHB= Yy 7 R Darey AICHES & L, Seicsk
Wic7 5y 7 AITHEAMNAEERE L, Ki4msd s 7
v 7 A LTRSS IERKE, WHE2EBT 575y
7 2 SMIGTRITKE % K 72 @M R 13 R Y
1,400 cm?, HIfEIAS 1,600cm?® TH %, F 72, IFEEIIHEK

Vertical infiltration, S ; Storage water, Pm ; Bypass flow
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B-10 EAREHHN DI & DR AL
Fig. 10 Cumulative water storage of the major
root zone during the irrigation (solid
line shows cumulative amount of
applied water).
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7, IRFREED G131 & A EEAL LIS - 120 WIHIKSY
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