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Distribution in High Ground
Table Sandy Soils under Mini-

Sprinkler Irrigation System.

A. M. Schakschouk ,
Desert Research Center, Matareya, Cairo, Egypt.

he research was run in a- 73 cm ground water table sands

soil at Siwa Oasis . A.R. E.. Soil surface is undulated . A
nozzle operating pressure of 0.69 bar ( 10 psi ) . yielded the mini
sprinkler ( Mikroregner ) a precipitation rate of 7.56 -, 1.52 -_
0.80 - and 0.00 mm / h at zones surrounding the mini -sprinkler.
1 (0 -120 -). 2 (120 -230-).3(230-300)and 4 (300 - 37€
cm). After onc hour and 45 minutes with the given precipitatior
rates resulted a change of soil moisture content of 3.31 -. 0.67 -
0.04 - and 0.00 vol. % inthe 0 -40 cm soil laver for the above
mentioned zones. respectively. Ignoring the two abnormal
measurement values of 29 - at the mini-sprinkler and 19 mm /h ax
50 cm lefi-hand of the mini-sprikler resulted in a change of sofl
moisture content of 2.54 vol. % in the 0 - 40 cm soil layer in the 1
(0 -120 cm) zone. Nevertheless. an application of 3.4 mm. on the
average . through | hour and 45 minutes across a 144 square
meters arca irrigated by four mini-sprinklers . 6 melcrs apart .
caused an wetting increase of 2.34 -.2.33 -and 2.40 vol. %
the 0 -40 cm soil layer related to the moisture content before
irrigation of the three zones. 1 (0-120-).2( 120 - 230 -) ané
3 + 4(230-370cm). respectively . Such discrepancy might be
attributed to variable depth of ground water in the three zonct
with different contribution through upward capillary flow from
the ground water table .

A mini-sprinkler with better application uniformity
low nozzle operating pressure would be preferable . [t is advisable
to use such mini-sprinkler irrigation only as supplementl
irrigation for orchards in Siwa Oasis to control water logging
problems . save good quality irrigation water and reduce
irrigation costs . The saved good quality water would be applicé
for wider land reclamation projects .

Key words: zones surrounding the mini-sprinkler.
precipitation rate . upward capillary flow .
supplemental irrigation .
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[here are water logging problems in Siwa Oasis  Surface irmgatiog
systems require soil surface leveling  Such leveling has high costs ang
often destroys top soil | |

With surface irmgation , drainage networks are required 1o uet
red of the ground -, leakage - and drainage water However, there are
no dtainay:e outlets  Such factors necessitate use of pressunzed
irrieation systems . such as muni-sprinkler . to control wetting depih

and make use of upward capillary flow

Materials and Methods

The experiment was conducted in Alkaf ground water contro
project in Siwa Oasis, Egypt. The soil characteristics are given in [able
(1) according to Black eral (1965) and Rowell (1994) The soil
moisture content was determined before and after an irrigation of 3 4
mm average depth through four mini-sprinklers during 105 minutes
The mini-sprinklers are 6 m apart and serve 144 m’ (Fig. 1). Such mini-
sprinklers arel 5,1 4,2 Sand2 4. Soil moisture was determined
across three profiles and each was replicated two times. Such profiles
are profile | | perpendicular to the irrigation lines , profile 2 ; along the
wrigation lines and profile 3 ; axial of the four mini-sprinklers . The soil
moisture sampling continued about 2 hours before irrigation and about
2 hours after irngation . The soil surface elevation at the mini-
sprinkler | 5 was considered as reference level . N 7™ means that the
soil surface at that location is 7 cm higher than that at 1 5 and V' **™ is
4 c¢m lower  Ground water table was measured at several locations of

the studied area and written as ( *) . The mini-sprinkler water
distribution pattern was measured ( Fig. 2 ). Table (2) reveals soil
moisture content before and after the irrigation . Soil moisture
equipotential lines were drawn ( Fig. 3 ) . Soil moisture distribution in
the 0 - 40 cm layer in relation to the ground water table is illustrated in
Fig (4)

Results and Discussion

[t is concluded from Table (1) that O - 80 ¢m soil layer has 10 -, 25
- - 30-and 63 % Available Water (A. W. ) of 4.7-_.9.4 -, 17.1 - and
211 vol. % | respectively Fig. (3), before irrigation, discloses that
the soil moisture Equipotential Lines ( E. L. ) through the bottom layer
(A) slowly decreased with elevation. The soil moisture decreased
linearly upwards from 22 vol. % [>63% A W.]at Ground Water

Desert Inst. Bull, Egvpt. 50, No. 1 (2000
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Table (G. W. T.) at - 73 cm depth to 15 vol. % ( <50 % A.W.)ata
depth of - 50 cm : ie. 7 vol. % through25cm. TheE. L. also
decreased linearly in the layer ( B ) . The soil moisture decreased from
19 vol. % ( > 50 vol. % A. W. ) at a depth of - 50 cm to 6 vol. % (< 25
% A. W.) at a depth of - 30 cm ;i e, 13 vol % through 20 cm .
Within layer (C) the soil moisture changed more slowly from 8 vol. %
(< 25 % A. W.) atadepthof -30 cmto 5 vol. % (< 25 % A. W.) at
soil surface ; 3 vol. % over 30 cm . The change was nonuniform and
there were few E. L. which were mostly horizontal or oblique . Layer
(C) between 0 -20 cm had the lowest water content and had the lowest
contribution from upward capillary flow. Also , the evaporation from
the ~oil surface decieased waier content . It is evident from Fig. (3)
before irrigation that the soil moisture (E. L.) are different and not
horizontal through all soil profiles owing to the different soil moisture
contents of the same depth at the different measuring locations . Such
different moisture contents are attributed to the different G. W. T.
contributions  for wetting soil layers at different elevations ( Fig. 4 ),
before irrigation . It is also attributed to differences of soil; soil
structural unit size distribution and bulk density at each measuring
location . It is obvious from Fig. 4, before irrigation, that the soil
moisture contents of the layer O - 20 cm are higher at lower elevations
above the G. W. T. at - 73 cm depth . This coincides with the finding
of Schakschouk (1998 ). who found that upward capillary flow from
a ground water table in sandy soils results in wetting ranges from 5.5
to 7.6 vol. % at an elevation of 75 cm above G.W. T. ( higher at lower
elevations).Such soils have 31.8 - 39.9 and 0.91 - 1.24 % of the entire
mass soil structural unit of sizes < 0.250- and 0.063 mm diameter ,
respectively and bulk density of 1.608 - 1.723 g/ cm’ ( see Table 1) .

Fig. (3), after irrigation , reveals that wetting the soil layers occurred
upward through capillary rise from the ground water table and
downwards through irrigation . The soil moisture E. L. after irrigation
changed homogeneously through the layers (A) and (B) . Soil moisture
decrease upward in the layer (A) after irrigation was 5 vol. % (< that
before irrigation; 7 vol. %) and in the layer (B) 9 vol. % (< that before
irrigation; 13 vol. %). The soil moisture decrease at (A) was less than
at (B) because (A) is nearer to G. W. T. than (B); /. e. receiving more
wetting contribution . The soil moisture change within the layer (C)
was different . Within the depth 40 - 35 cm across all soil profile
changed the soil moisture E. L. homogeneously. The moisture

Desert Inst. Bull., Egvpt. 50, No. 1 (2000)
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jecreased 3 vol. % (14-11vol %) . In the areas [, 2 and ( 3 +q
ecreased - \ , My .

L1~ross the depth of 0 - 40 c¢cm , the soil moisture E. L. Clmﬂged
ab : ‘ H 1 ACreaCH T

inhomogeneously. The soil moisture decreased from |4 “ 13 and 13

vol. % (>25% A. W.)at - 40 cm dcp‘th to 10-,9-and 9 v % (s 25
% A. W) at the 0 depth \(sonl’ surface) at the areas 1, 2 and (3 + 4)
respectively. It is obvious from Table (2) that soil Moisture withip, the
depth 0 - 40 cm increased to IQ.35 -, 8.79 - a.nc.i 8. ?7 vol. % at the
areas 1,2, and (3 +4), respectively after a mini-sprinkler irrigation
of 3.4 mm depth , from 8.01 -, 6.47- and 6.57 V.Ol. %, respectively
before irrigation . Such figures show that the soil Moisture increase|
2.34 -, 2.32 -and 2.40 vol. %, respectively . This result js discrepant
to that Fig. (2) presents. From Fig. (2), it is obvious that the
precipitation rate sharply decreases as the distance from the mini-
sprinkler increases. Ignoring the abnormal 29 -and 19 mm / hr. at tpe
muni-sprinkler and 50 c¢m to the left modifies the soil moisture increase
at area 1 to 2 .54 vol. %. Also the average precipitation rate at areg 2
amounts to 1.52 mm / hr. which wets the 0 -40 cm layer by 0.67 vol, 9
after 105 minutes. Likewise, 0.02 vol. % was added at area (3 +4).
Checking the soil moisture increase after irrigation (2.34-,2.32 - and
240 vol. %), the soil moisture as a result of precipitation rate
distribution (2.54 -, 0.67 and 0.02 vol. %) and the elevation of the 0 -
40 cm layer above the G. W. T, at - 73 cm, Fig. (4) emphasizes that
the upward capillary flow has a role in wetting 0 -40 cm soil layer. The
area 1 after irrigation is | ¢m closer to the G. W. T. than that before
irrigation. It s concluded that the contribution of the G. W.T to

from Fig. (4) that soil moisture at the mini-sprinkler after irrigation is
more than that before irmigation and resulted from irrigation, measuring

\

Pesert Inst. Bull. Equpr, 59, ni, (2000)
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before and after irrigation at the mini-sprinkler has same elevation
above the G. W. T. and soil characteristics are the same. Both factors
gave same contribution from G. W. T. Fig. (4) denotes also that
moisture content of the 0 - 20 and 20 - 40 cm layers are more similar
than before irrigation . Also soil moisture of 40 -60 cm layer after
irrigation is more than before irrigation because the first is nearer than
the second to G. W. T. Also soil moisture content of 0 - 40 cm layer at
424 cm from the mini-sprinkler after irrigation is higher than that
before irrigation because its elevation above G. W. T. is lower such
soil moisture analysis was attained through making use of Supersperg
(1966) and Schakschouk (1976 and 1982).

TABLE 1. Soil characteristics:

SOIL LAYER .CM
0-20 [20-40 | 40-60 | 60 - 80

SOIL PARAMETERS

Field capacity . vol. % 32.1 34.6 26.1 37.6
Fennancnl welting point . vol. % 1.1 1.6 2.0 1.8
Available water . vol. % 31.0 33.0 24.1 35.8
Bulk density. g/cm 1.61 1.62 1.68 1.67
Real density . g/ cm 2.55 2.56 2.46 249
[Porosity . % 36.86 | 36.72 | 31.71 32.93
Basic infiltration rate . cm /h 32.3 - - -
Clay. o0 <0.002mm . w. %

Silt. o 0.002-0.020 mm.w. % <188 |<138| <102 | <1.56
Sand. o 0.020-2.000 mm . w.. % >98.12 [>98.62 | >98.98 | > 98.44
Soil texture (I SSS ) sand sand sand sand
105° C dried soil . w. % 99.85 | 99.95 | 99.96 99.95
Organic matter content . w. % 1.07 1.33 1.00 0.63
Calcium carbonate content . w. % 11.61 11.22 9.50 12.28
PH 6.90 7.05 7.05 7.10
Salinity . pS/cm 181 397 212 292

*+ The figure denote the soil structural unit in size of clay, silt and sand.

Desert Inst. Bull., Egvpt, 50, No. 1 (2000)
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Conclusion

It is advisable to apply mini-sprinkler irrigat.ion.system as -
supplemental irrigation in Siwa E)ascs where 3. ¥, T. s high | beside |
salinity problems ~ Applying 3_3-4 “““ldCP‘h on th; ;Wcrage, Mini.
ipn'nk‘ler irrigation is suitable ‘tor salt tolerant copls);) () cm effectiye
;\1L1t zone depth . Such crops include palm trees ( “hoenix dactyliferq
L) . olives ( Oleaeuropaea L. ), water melon (,.('. "Q’"_"S maio L, )
pbméuran:ﬂ:* (Punica granatum L:) ; grapes(h'ns \’m{fe"ra L), figs
(I-':'cu; carica L.) according to .Rlcha.rd (1954) in Achtnlch( 1980) .
Such irrigation increases the soil moisture to more than 25 % A w
within 0- 40 cm soil layer through an area of 140 ¢m radius
surrounding the mini-sprinkler. G. W.T. at a -73 cm depth increases
the soil moisture content to more than 63 - and 25 % A. W. at a depth
of more than 60 and 35 cm, respectively. Hence, suitable moisture and
aeration conditions would prevail in the effective root zone, Applying
more than 3.4 mm irrigation during 105 minutes would cause deeper
percolation in such high G. W. T. sandy soils ; losses of good quality
irrigation water , more - in vain - irrigation costs and more water
logging problems .
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