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Standard water requirement

Effective
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Fig.2.1 Relationship between water application Q
and rainfall R.
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Calculating condition

Daily rainfall, daily consumptive usc
=1 and vacant DTRAM on the ith day

NO (2. 10D

@4 2.8 @ 1D
v ¥
(2.9) (2.12)
v
i=itl
]

(2.1)~(2.12) . Number of expression

Fig.2.1 Flow chart for estimating net water requirement
(after Yamamoto(1989)°) .
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Fig.2.3 Map of HOJO sand dune fields.
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Table 2.1 Variation of designed duty of water in HOJO
sand dune fields

Plant Apr. May Jun. Jul. Aug. Sep. | Area
(mm/d) (ha)
Tobacco - 50 60 30 - - 146
Grapes 30 30 40 50 60 -- 174
Chinese yam -~ 20 30 55 65 50 231
Vegetables - -~ 30 40 50 3.5 192
WA 0.7 23 38 45 47 2.5 ---

WA:Weighted average
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Fig.2.6 Pilot farm in Mu Us Shamo Desert.
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Table2.2 TRAM.,irrigation interval Ii and amount of each
irrigation Ei in Mu Us Shamo Desert

i Gy @ (mm)
Vegetables 19 3 18
Grass 35 5 34
Young trees 35 4 29




Table2.3 Estimation of daily evapo-transpiration ET(mm/d)
in Mu Us Shamo Desert

Plant Apr. May Jun. Jul. Aug. Sep. TET(mm)

Tomato -~ 25 45 60 41 - 524.1
Grapes -— 32 74 60 406 34 756.2
Alfalfa 43 6.1 67 57 44 29 919.9
TET:Total ET
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Table 2.5 Average of weather conditions during the
irrigation period in HOJO sand dune fields

Ycar | Month T H \% S PE ER
'C | % | m/s h mm | mm

1990 4 10.9 63 2.8 5.5 33 1.0
5 17.0 72 | 2.6 8.6 3.9 1.3

6 22.1 77 | 2.4 7.2 3.9 1.4

7 25.9 82 | 2.1 8.0 4.4 2.4

8 27.3 76 | 2.5 9.5 5.2 0.5

9 23.2 82 | 2.5 4.8 3.2 2.1

Average| 21.1 75 | 2.5 7.3 4.0 | )

13.5 71 | 2.5 3.6 2.9 1.0
18.2 71 | 2.8 3.0 3.1 1.3
20.3 86 | 2.1 2.5 2.3 1.6
26.8 86 | 2.0 6.7 4.0 0.0
28.6 77 1 2.3 8.2 5.6 0.6
22.6 87 | 2.3 5.0 3.0 2.6

1994

O 0 3 O L

Average| 21.7 80 | 2.3 4.8 34 1.2

T:temperature, H:humidity, V:wind velocity,
S:sunshine duration daily total hours, ER:effective

rainfall, PE:potential evapo-transpiration
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NW and standard water requirement SW

in HOJO sand dune fields.




AﬂNﬂNmmmwu&m&§&wwymmmmmmumwmmw
ISR ///,xxz,//////// IR

S
R

-
mﬁ.\“““.m“&_. R

..l S e

1993 1994

1992
Years

May JUN. JUL.

1991

199@

APR.

Fig.2.9 Variation of net water requirement NW

in HOJO sand dune fields.




*ﬁ]n ) ---- 1 day interval
— 5 day interval
800 TNW=-0.532TPR+884.9
S
8 >
Z 700+ XA~}
& Gy
o 1 day it g\
+ 2 day S
600 — © 3 day /x P X
& 4 dayNw=-.643TPR+897.93
X 5 day
500 I T . ! .'8‘ !
0 200 400 600
TPR(mm)
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Table2.6 Total amount of net water requirement TNW
in return period of 2 and 10 years with
probability of a non-exceedance of rainfall

Irrigation interval TNW (mm)
(day) 2 year 10 year
1 703.3 788.9
2 707.0 790.2
3 709.4 790.3
4 716.3 792.1
5 723.9 794.7
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Fig.2.11 Soil water management and vacant TRAM.
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Fig.4.2 Finite element grid of soil profile.
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Efficient Water Application of Supplemental Irrigation and

Two-dimensional Capillary Supply of Drip Irrigation in Upland Field

Michio NARUOKA

SUMMARY

Japan, a humid country, experiences high rainfall regimes. In a humid
region, usually, irrigation is supplemental to rainfall and stored soil
water in effective soil 1layer. The characteristic of supplemental
irrigation is to make the most of soil water from rainfall. Also
capillary supply of water is supplemental water from the lower layer to
effective soil layer.

Drip irrigation is rapidly being developed in the arid regions of the
world, with the advantage of saving irrigation water and reducing salt
damage to crops. Recently, the standard design for drip irrigation
schedules’ was completed in the U.S.A. and Israel leading to a
comprehensive compilation of the basic studies since the 1970s. Also, a
guideline for planning and design for land improvement was completed in
Japan.

In this study, irrigation performances in a humid and arid region
were investigated. Studies were conducted using frequent, low-intensity
irrigation in the HOJO gand dune fields and the MU US SHAMO Desert
Research Center. A two-dimensional capillary supply model for drip
irrigation was proposed.

Water use in the HOJO sand dunes was monitorred by computing the
standard and net water requirements. It was concluded from the results
that standard water requirement increased with decreased effective
rainfall due to increased greenhouse horticulture. Also, the effect of
‘frequent, 1ow—intgnsity irrigation in HOJO sand dune fields was better
than in the MU US SHAMO Desert Research Center.

The main purpose of this study was to develop a two-dimensional
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capillary supply model in drip irrigation fields, using finite element
numerical techniques to estimate the soil water distribution and
capillary supply.

Capillary supply of water was not only from the lower layer of
effective soil layer but also from the sides too. A two-dimensional
capillary supply model with water uptake under irrigation and rainfall
was proposed. The soil water flow was modelled experimentally, using a
two-dimensional soil tank system consisting of a soil tank, a wind
tunnel and a gamma ray attenuation apparatus.

Soil water distribution obtained for rainfall condition with root
uptake, using the numerical model simulation compared well with
measurements of experimental model. The ratios of side capillary supply
to lower capillary supply obtained by numerical model were between 90~
92%, suggesting that a substantial amount of capillary supply came from
the sides.

For the irrigated condition with water uptake, numerical model
prediction of soil water distribution, capillary supply and percolation
loss from side zone and lower zone, agreed well with measurements of
experimental model. Also, capillary supply increased with increased soil
water storage.

Finally, the model was tested, using existing sugar cane root
distribution field data and it was concluded that soil water
distribution was affected by size of the root zone. Side capillary
supply showed the tendency to decrease more with increased size of root
zone than in the case of lower capillary supply. Also, it was shown that
percolation loss was used as capillary supply under both rainfall and

irrigation conditions.
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