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ABSTRACT: A field experiment was carried out at the Egyptian
Tank Factory 200 during seasons (2001 — 2002 and 2003) in sandy
soil. To find the optimal lateral pipes spacing under sub-surface
irrigation with field crops (maize and beans) planting on the same
network. The data obtained showed, no significant difference  in
emergence, plant height and root depth for maize and beans crop at
increased plant spacing from 0 to 25 cm, but found very significant
difference when the plant spacing increased more to 50 em from
lateral pipes sub-surface irrigation . The water use efficiency gave
highest value at treatment C (lateral spacing 100 cm) for maize and
beans crops. Higher yield were obtained for treatments A and C.
The cost of (maize and beans) production was affected by different
spacing between laterals and distance between plant lateral pipes,
causing different costs of. network, water applied and farming
operations, as the treatments A and C were more profitable than at
other treatments. :

Key words : Sub-surface irrigatioﬁ, new land, water application
_ efficiency.
INTRODUCTION reduced system performance is

caused by plugging of system

Sub-surface irrigation offers
the additional advantages of less
evaporation and less interference
as they are located below,
Schwanki et al. (1990). The soil

components for multiple vears
reducing annual cost, Camp et al.
(1997). Steel et al (1996)
mentioned that sub-surface drip
irrigation systems offer advantages
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over other types of irrigation
systems, specially for crop
production,  including  water

savings, improved trafficability,
and a drier canopy.Camp et al.
(1989) found that surface drip
irrigation spaced 1.5 m a part
caused uneven crop growth during
early-season drought following
germination and plant
establishment for corn planted in
rows 0.76 m a part. This wide
spacing led to reduce plant height
and biomass, and a 10% reduction

in grain yield in one of three years, .
Lamm et al. (1992). The 2.5 ft -

spacing in south -west ‘Kansas
produced the highest average yield
of all treatments, but was less
economical than the 5.0-ft spacing
due to its high tubing investment
costLamm e .. al  (1995)

determined the optimum dripline

spacing (installed at a depth of 40-
45 cm) for comn production. The
Garden city study evaluated 4
spacings (0.76, 1.52, 2.29, and
3.05m) with corn planted The
standard 1.52 m dripline spacing
was best when averaged over all
years for both sites.

- Sammis (1980) indicated sub-
surface irrigation appears to offer
the best method of supplying
uniform soil moisture in the root
zone to the plant,

including
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Concerning the remained
stored water before the next
irrigation, it is clear that the soil
contained water in the desired
range of readily available water in
the top 60, 80 and 15cm for depth
20 — 30 cm and surface trickle
irrigation respectively. On contrast
the remained stored water under
depth 40 cm decreased to near
welting percentage in the top
layer.Camp ef al.(1997) noted that
sub-surface drip irrigation systems
do .not. provide uniform soil
wetting on or near the soil surface,
especially in coarse-textured soils
during extended drought. Schwanki

et al. (1990) said that sub-surface

irrigation is frequently used to

_increase water use efficiency .

Significant deep percolation during
the germination period is not
desirable. Phene et al (1991)

‘revealed that the sub-surface drip

irrigation systems can contribute in
maximizing water use efficiency
negligible soil
evaporation, percolation, and
runoff. Lamm er al. (1995) found
that sub-surface drip irrigation
system can make significant
improvements in water use
efficiency by better managing.

Al- Henggeler (1997) found
that investment in SDI systems
was profitable largely due to
increased yield. Prior to adoption
of SDI. The irrigator’s average
cotton yield was 150% of the
county average. The irrigator’s
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average cotton yield improved to
190% of the county average after
SDI adoption. Darvell ef al. (1998)
noted that sub-surface micro-
irrigation (SMI) tubing costs make
up 33 to 60% of total purchase and
installation costs of system,
depending on tubing spacing.
Purchase and installation costs of
SMI systems can be lowered by $
290 /acre by increasing tubing
spacing from 3 to 9 ft. Yields may
be reduced due to less uniform
placement of water in the crop root
zone. Mattar (2002) found that
sub-surface  irrigation = offers
advantages in water and energy
conservation.

Sub surface
technology may be made profitable
for muiltiple crops by finding
optimum installation methods and

lateral spacing that may be suitable .

. He also found that lateral spacing

100 cm under depth 30 cm had

more economic net return than

other treatments for production of

multiple crops.

The aim of the present study is
to find the optimal laterals pipe
placements under sub-surface
irrigation suitable to multiple crops
in sandy soil at Egyptian Tank
Factory200 for years period (2001
to 2003) with field crops (maize
and beans) planted on the same
network.

irrigation -
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MATERIALS AND
METHODS

The objectives of this study is
to find the optimal laterals pipe
placements under sub-surface
irrigation suitable for multiple
CTOps.

Experiments were conducted
in sandy soil. at Egyptian Tank
Factory 200 for years periods ( four
season) . ( 2001, 2002, and 2002,
2003). - _

Components of the sub — surface
irrigation network:

Main pipe: p. v. ¢ of 160 mm
diameter pipes was used to
convey the water from the water
source to the pump station

Control head: The control head
is located at the source of the
water supply, and it includes the
pumping  station (electrical
pump) fertilizer and chemical
injection equipment, filtering.
Equipment (Screen filter),
valves, water—measuring devices
pressure  regulator, pressure
gauges flowmeter, automatic
valve (operating according to the
volume of discharge), air valve
and non return valve,

Main lines: p. v. c pipes {63
mm in diameter) are used to
convey the water from the main
pipe to sub main line.

Sub main lines: p. v. ¢ pipes

(50 mumn in diameter).
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Laterals pipe (porous pipe):

14 mm with outer diameter
porous pipe irrigation laterals are
used. Source laterals which emit
water by seepage through tiny
pores along the wall pipe have
microscopic  openings, porous
pipe is an extruded membrane
- made from recycled rubber tires
and fresh polyethylene that is
being promoted for use in micro
irrigation also, widely known as
leaky pipe

Leaching line (flushing line)
25 mm P . E . tube is used to
convey the water, from
network to exit and keep the
pressure distribution thorough
the net work.

Methods:

Treatments were as follows

A- Lateral spacing 75 cm .

B- Lateral spacing 100cm ER
C- Lateral spacing 100 cm AF
D- Lateral spacing 125 cm .

E- Lateral spacing 150cm ER

F- Lateral spacing150 cm AF.
where :

E R= sub--surface lateral
" pipe under every row.
A F= sub-surface lateral

pipe under alternate
furrows.

All treatments were evaluated
at 30 cm depth of sub-surface soil
to planting maize and beans.

The objectives of this study were:

1.Study effect of piant distance
from lateral on yield and yield
components. The plant distances
were (0, 25, 50 and 75¢m) from
1 ateral pipe .

2.Study of effect the specing
between laterals to select the
optimum lateral placement and
suitable for multiple crops.

3.Effect of lateral placement on
irrigation efficiency and water
requirements

4.Study of the economical analysis
for maize and beans production
under sub-surface irrigation

. treatments.
" Measurements

_Field water capacity

It is the amount of water

_available from soil for piant when

water moves out of the
microspores and replaced by air.

Moisture contents at field
capacity for the different soils were
determined by the method
described by Peters (1965). The
field capacity was 7.98% soil
mgisture content by weight .

Wilting point (W P)
The soil moisture content at

this stage (W P) does not give
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enough water to plants. The
moisture contents at the permanent
wilting point for the different soil
layers (0 — 30, 30 - 60, 60 —90 cm)
were determined using a pressure
membrane apparatus according o
Statakman and Vander Hast
(1962), and was found to be 4.2%
in the average.

Water use efficiency

Water use efficiency (WUE)
has been used to describe the
relationship between seed yield
and the total amount of water used.
Water use efficiency is determined
according to the following
equation: Seed yield ( kg / fed)

‘Water use efficiency =
Total applied water {m* / fed)

Water application efficiency

Water application efficiency was
calculated according to following
equation :

D

Ea = o x100

Ea :D2Water application
efficiency %

Dau: Water available in the
root zone, determined 2h
after irrigation according

to measured root depth
over ihe  vegeiation
periode .

The amount of total water
applied to the field.

Da:;
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Measurments on Yield and
Yield Components

Plant height

Plant height was measured
from the ground to the end of stcmi.
Measurements of plant height were
taken 15 days to the end of season
for maize and beans planting.
Samples of each of ten plants were
selected randomly from every
treatment and measured by a tape.
The average height was calaulated

Root depth

Root depth was measured
from the soil surface to the end of
primary root. These measurments
were carried out on random
samples of three plants in each
treatment, every 15 days to the end
of the season.

Number of branches per beans
plant

The total number of branches
per plant, as an average of ten
plants, was chosen randomly from
each treatment .

Number of pods per beans plant

The number of pods was
recorded before harvesting a
sample of ten plants chosen
randomly from each treatment, and

the average number of branches
was calculated.
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Yield

At harvesting of maize and
beans, yield of seeds mass was
determined in kg/fed. for each
treatments.

RESULTS AND
DISCUSSION

Study of the Optimum Planning
of Lateral Pipes for Maize
Planting

Effect of lateral pipes planting
on maize growth parameter

Seed emergence ratio

Figure 1 indicated that
increasing the lateral spacing and
plant distance from lateral, the
maize emergence ratio decreased.
This trend was true in each of the
three sampling data (9, 12 and 15
days after planting) in both
growing seasons. Also it was
found that the maximum average
values of the maize emergence
ratio were 96.31,95.87 and 94.66%
with plant distances from lateral 0
and 25 cm at lateral spacing of
pipes 75and 100 ¢m respectively .

Plant height

Figure 2  indicates no

significant effect in plant height

with plant distance from lateral 25
cm, but very sigmficant eifect in
plant height with plant distance
from lateral 50 and 75 cm. It was
found that by increasing plant
distance from lateral from 0, 25, 50

. plant

Rebea, et al,

and 75 cm plant height decreased
from 211.92, 201.71, 85.19 .and

64.33 respectively.
Root depth
Figure 3 indicates no

significant effect in root depth
with plant distance from lateral 25
cm but very significant effect in
root depth with plant
distances from lateral 50 and 75
cm. It was found that by increasing
plant distance from lateral from 0
and 25 cm, root depth increased
from 180.12 and 18292 cm
respectively. It was found that by
increasing plant distance from
lateral from 25, 50 and 75 cm, root
depth decreased from 182.92,
90.55 and 65.24 cm respectively.

Maize yield components

Figure 4 indicated that by
increasing the plant distance from
lateral, the yield components
decrease. No significant difference
in yield components was noticed
with plant distances 0 and 25 cm
from lateral, but increasing the
plant distance from (0, 25) to 50
and 75 cm from lateral gave very
significant difference in all yield
components.

Maize yield

the obtained data form Table |
show that there are significant
diffenreces between treatments in

maize yield. There are higher
significant was recorded between
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treatment A and C comparing to
treaments E and F. .

The maximum value of maize
yield was found to be 5289.26
kg/fed at treatment A.Meanwhile,
lower yieids. were found to be
3499.42, 3552.87 and 4065.14
kg/fed at trearments F, E and D
respectively. This was due to the
insufficient upward and horizontal
movements of water to. reach the
root zone. Also, the available water
and fertilizer were very limited to
such plants,

Applied water

Table 2 for the water applied
for all treatments before sowing (8
June) till havesting in - (28
September) was calculated for
months of June, July, August and
September. The data indicated that:

The highest value of total
ap3plied water used was 2289.52
m /fed for treatment A, followed
by 1653.7 and 1647.27 m® / fed for
treatments B and C. Meanwhile,
the lowest value of total applied
water were 1361.22 and 1377.36
m*/fed for treatments E and F.

Water use efficiency

The data shown in Table 3
indicated that the highest WUE
value of 292 kg/m’® under
treatment C was due o the
correspondening decrease in water
applied, but the minimum value of
WUE was 2.31 kg/m’ at treatment
A. The decreasing was due to the
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corresponddening increase in water
applied .

Study of the Optimum Planning of
Lateral Pipes for Beans Planting

Effect of lateral pipes planting
on beans growth parameter

Seed emergence ratio

Figure 5 indicated increasing the
lateral spacing and plant distance
from lateral. The beans emergence
ratio decreased. This trend was true
in each of the three sampling data
(9, 12 and 15 days after planting)
in both growing seasons. Also, it
was found that the maximum
average values of the beans
emergence ratio were 95.91, 94.35
and 94.15% with plant distances
from lateral 0 and 25 cm at lateral
spacings of pipes 75 and 100 cm
respectively.

No significant difference was
found in beans emergence ratio at
increased plant distance from 0 to
25 cm . Very significant difference
was found when the plant distance
increased from 0 to 50 and 75 cm .

Plant height

Figure 6 shows the effect of
plant distance from lateral on
beans plant height. It is obvious
that by increasing the plant
distance from lateral, the beans
plant height tends to decrease for
all sampling dates (21, 36, 51, 66,
81, 96, 111, 126, 141 and 156)
days after planting in both
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_Table 1: Effect of different treatments on yield of maize crop

Treatment A B C D E F

Seed yield
(kg/fed)

528026 419157 4817.27 4065.14 3552.87 3499.42

Table 2: Total applied water during growing season of maize crop

Applied water m*/ fed

. Data

A B C D E F
June 620.71 45633 45521 43099 37316 37535
July 582.35 42462 42053 41767 35725 369.27

August 655.82 47551 47541 43149 38749 38843
September 42164 29724 296.12 26222 24332 24431

Total 2289.52 1653.7 1647.27 1492.37 1361.22 137736

Table 3: Water use efficiency for treatments under subsurface
irrigation of maize planting

Treatment A B C D E F

Water use efficiency

(kg/m’) 2.31 “2.53 292 272 261 254
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growing seasons. The results
iridicate no significant effect in
plant height with plant distance
from lateral 25 cm.

Reot depth

Figure 7 shows the effect of
plant distance from lateral on
beans root depth .The results
indicate no significant effect in
root depth with plant distance from
lateral 25 cm but very significant
effect in plant root depth with plant
distances from lateral 50 and 75
cm .

BeansYield compohents

Figure 8 shows that by
increasing the plant distance from
lateral, the yield components
decrease. No significant difference
in yield components was noticed
with plant distances 0 and 25 ¢cm
from lateral, but increasing the
plant distance from (0 , 25 ) to 50
and 75 cm from lateral gave very
significant difference in all yield
components.

Beans yield

Table 4 shows that the beans
yield. Significantly increased for
treatments A and C comparing to
treatments B and E.

"The maximum value of beans
_yielu was found o be 3153888
kg/fed at treatment A. Meanwhile,
lower yields were found to be

1921.88, 2287.52, 2389.7 and

Rebea, et al.

2513.46 kg/fed at trearments E, B,
F and D respectively .

This was due to the
insufficient upward and horizontal
movements of water to reach the
root zone, Also, the available water
and fertilizer were very limited to
such plants.

Applied water

Applied water during beans
growing seasons is presented in
Table 5 which indicated that in
February, more water was applied
for all treatments . The values of
water. applied were found to be
390.27 , 296.64 , 29471 , 234.75
and 203 83 m3/fed for treatrnents
A ,B,C,D,E and F respectively

The highest values of total
3phed water used were 2015.61
m’/fed for treatment A .followed
by 1512.83 and 1501.65 m’/fed for
treatments B and C. Meanwhile the
lowest value of total applied water
was 1209.33, 1018.47 and 1016.72
m>/fed for treatments E and F.

Water use efficiency

The data shown in Table 6
indicated that the highest WUE
value 2.37 kg/m® under treatment
C, due to the corresponding
decrease in water applied, but the
minimum value of WUE was 1.51
kg/m at treatmemt B. lhe
decreasing due tothe corresponding
increase in water applied.
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_ Table 4: Effect of different treatments on yield of beans crop

Treatment A B C D E F
Seed yield
(kg/fed)

3638.88 2287.52 3565.69 251346 1921.88 2389.7

TableS:Totalappliedwaterduﬁnggmwingseasonofbeanscmp

Applied water m3 / fed
A B C D E F
November 35392 26542 264.88 217.16 189.51 18855

Data

December 37133 27883 27626 22953 19629 196.62
January 38515 29255 29222 23148 199.66 199.54
February  390.27 29664 29471 23475 204.75 20383
March 38743 280.28 279.06 22462 18934 18894
April 127.51 9911 9452 7179 3892 3924

Total 2015.61 1512.83 1501.65 1209.33 101847 1016.72

Table 6: Water use efficiency for treatments under sub-surface
irrigation of beans planting '

Treatment A B C D E F

Water use efficiency

(kg/m3)

180 151 237 207 188 235
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Economic Study
Maize production economics
under SSI

Economical input of new

technology of maize production
under using subsurface irrigation,
is shown Figure 9 It is shown that
the treatments A and C gave more
profit than other treatments .The
profitable of treatments A and C
were 20.5, 5.0, 21.5, 32.5 and
33.9% compared with treatments
B, C, D, E and F respectively.

Beans production
under SSI

Economical input of new
technology (profit) at beans
production  under  subsurface
irrigation is shown in Figure 10
The treatments C and A gave more
profit than other treatments . The
profit of treatment C increased by
0.9, 374, 31.2, 474 and 34.6%
over treatments A, B, D ,Eand F
respectively .
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