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ABSTRACT

This paper represents one of the outcomes from a project financed by Al-
Mansoura University Research unit *. Due to the rapid expansion of building new
faculties and facilities on the Agriculture Faculty farm of the main campus, the total
area of the farm decreased vigorously down to approximatley 5 Faddans! The Dakhlia
Governrate specified 150 Faddans north at the coast of the Mediterranean sea (2 km
off shore) to be used as the new faculty farm. The main general objective was to
improve the surface irrigation system in the faculty new established farm. Where the
laser technique was used at three slope levels. Three irrigation systems were
assembled ( gated pipes, perforated pipes and siphon pipes ). The necessary soil and
water analyses were carried out. Wheat and squash crops were planted. Experimental
treatments were applied.

The project outcomes may be summarized as follows:

1) Level 5 Faddans of the faculty new farm using laser technique and three slopes(
0.1% - 0.15 % - 0.20 %).

2) Esablish three extension learning fields to assist in practical classes as well as
training students. These fields uses three irrigation systems; gated, perforated
and siphon pipes.

3) Results of field experiments showed that land leveling treatment of 0.2 % had the
highest significant effect on crop yield either with wheat crop and/or squash crop.
Stream size treatments had no significant effect on wheat and squash crop yield.
Cut-off irrigation treatment of 90 % had the highest effect on crop yield either with
wheat crop and/or squash crop. Similar consistent results were obtained with
water use efficiency factor.
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INTRODUCTION

Water resources management should be concerned with careful and
intensive use of relatively limited water supplies i.e. matching more closely
irrigation volumes with crop water requirements in time and magnitude.

Preliminary studies of the farm showed that it is very near to the
Mediterranean sea (2 Km) and sea water intrusion is marking the farm soil
area and the EC of irrigation water is very high; 7.1 dSm. The water table is
very high; 50 cm. In some places salt patches were noticed accumulated on
soil surface. Sodium Adsorption Ratio (SAR) values are very high too; > 3.0 .
So, the salinity hazard is very high. Needless to say that modern irrigation
systems are not the most suitable systems to use. Therefore, The decision
here was to choose three types to improve surface irrigation systems; Gated,
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perforated and siphon systems to compensate for the huge amount of
leaching requirements. Needless to say that sprinkler and trickle systems are
not the most suitable systems to improve the irrigation process under these
conditions. Where the gated pipes, perforated pipes as well as the siphon
pipes associated with manipulated strips areas and long furrows were applied
to improve the irrigation efficiency. The laser technology was used to smooth
the ground level at certain values. Factors and variables related to the
irrigation system and irrigated area, likewise, soil bed preparation, ground
slope, stream size and run length cutoff time were studied considering
conserving water and energy and increasing crop production and/or irrigation
system efficiency.

Land preparation and precision land leveling are considered the main
factors affect the irrigation efficiencies of surface irrigation systems. Many
studies were carried out to increase irrigation efficiencies to achieve the
economic use of water.

El-Gindy et al. (1996) concluded that precision land leveling with 0.03%
slope along with seed bed preparation by two passes with a chisel plough.
One pass with a disk harrow had the following advantages: 1- water saving of
20% for wheat and 22% for maize. 2- Increased application efficiency of 28%
for wheat and 27% for maize. 3-Increased yield of 30% for wheat and 47% for
maize. 4- Increased water use efficiency of 44% for wheat and 59% for maize
and 5- Reduced irrigation time by 35% for wheat and 33% for maize.

Omara (1997) found that the irrigation application efficiency and
irrigation distribution efficiency increased to 72.5 percent and 92 percent
respectively by using gated pipe system through furrow irrigation.

Hassan (1998) said that The use of gated pipe system is claimed to be
one of the ways to improve the efficiency of surface irrigation method. He
also found that the maximum water uniformity distribution along the 6 inch
(150 mm) perforated pipe, is obtained from the 18 meter length, 0.81 area
ratio, 118 slenderness ratio and pump unit discharge 100 m3h at positive
slope.

Awad and Goma (2004) evaluated long strips and long furrows of
three lengths of 50, 100 and 150 m, laser leveled field compared with
traditional land leveling. In clay soil, they found that: 1- The amount of the
applied water increased when the furrow or strip length increased for the
same discharge rate. 2-the water application efficiency decreased by
increasing the furrow length at constant flow rate. The 50 m furrow length for
laser land leveling had the best water application efficiency of 82.9%. 3-water
use efficiency (WUE) of maize increased by laser leveling, furrowing and 50
m furrow length in both seasons.

Kassem and El-Khatib (2000) found that the maximum crop yield of
corn occurred for the 0.1% soil surface slope and 2.1 L/S discharge rate for
furrow length 100 m and 150 m, while it occurred for the 1.4 L/S for the 50 m
furrow length the application efficiency and water distribution efficiency
increased by increasing the discharge rate and soil surface slope and by
decreasing the furrow length.
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El-Tantawy et al. (2000) reported that using perforated pipes have
appositive effect on increasing agricultural production by increasing yield per
unit area, and through saving water in order to irrigate more area.

Gamal et al. (2002) showed that the land leveling treatments highly
significantly affected the ear length, ear diameter and the number of
kernels/row. The 0.1% slope treatments recorded the highest values on yield
components. While, traditional land leveling recorded the lowest ones. Land
leveling treatments had a significant effect on maize grain yield. The 0.1%
ground surface slope and zero level treatments increased maize grain yield.

Imara et. al., 2003 studied the effect of different leveling and planting
methods on yield and water requirements for sugar beet crop. They reported
that the laser leveling methods increased the water use efficiency, the
effective field capacity, field efficiency, planting costs and root and/or sugar
yield.

El-Raie et. Al., 2004 carried out an experiment under the conditions of
Fayoum Governorate where they aimed to choose the most suitable precision
laser land leveling to increase the sunflower yield and decrease the amount
of water and energy cost per unit area. They examined five land leveling
(traditional, 0, 0.01, 0.02 and 0.03 %). They reported that the 0.03%
treatment used the lowest irrigation water quantity (1166 m3/fed) where the
0.02 % achieved the highest water use efficiency (80 kg/ m3). The highest
yield being 987 kg/fed was obtained with the 0.02 % slope. The lowest
energy requirement was 30.33 kw.h/fed at 0.03 % slope.

Meleha (2000) stated that yield of cotton was not affected significantly
by furrow length treatments. It was noticed that increasing irrigation run
length led to decrease the mean values of cottonseed yield.

El-Mowelhi et al. (1999-c and d) summarized that maize crop (as a
furrow system) achieved the highest values of crop water use efficiency and
field water use efficiency followed by wheat crop (as a border system). It
could be concluded, under the condition of this study that precision land
leveling of 0.1 % ground surface slope, 100 m irrigation run length, 10 m of
irrigation width and 4 I/s/m of stream size achieved the highest values of
irrigation efficiencies. The highest values of water consumptive use efficiency
were accompanied with the highest values of maize yield, less amounts of
water consumed and lowest amount of irrigation water delivered.

El-Mowelhi et al. (1999-a) carried out a study to suggest the suitable
design of border strips (lengths and widths, different stream sizes and
leveling practices). The results showed that the maximum amounts of water
losses were achieved from combination between border width of 5 m, stream
size of 2 I/s and irrigation run length of 200 m under traditional land leveling.
The ideal optimum condition case was detected from the combination
treatment, stream size of 4 /s and border length of 100 m under precision
land leveling.

Raghuwanshi and Wallender (1998) observed that, for a given set of
field and crop conditions furrow inflow rate and cutoff time are the decision
variables. The goal is to minimize seasonal irrigation cost for a prescribed
irrigation adequacy of 80% at cutoff time by optimizing inflow rate for each
irrigation events during the cropping season.
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The project objectives may be summarized as follows:

A. Leveling part of the college new established farm in the "Kalabsho and
Zayan" area using laser technique.

B. Establish a research learning extension fields serve the educational
process for undergraduates and postgraduates. ( i.e. one for Gated
pipes, one for perforated pipes and one for siphon pipes ) to serve the
educational process.

C. Study the effect of land preparation and laser leveling treatments on crop
yield and water use efficiency (WUE).

MATERIALS AND METHODS

The project team made several contacts with local agents in order to
ensure selection of the most suitable set of equipment for the project.
1.Gated pipes:

A complete 36 meter set of gated pipes was purchased. The set consisted
of 6 aluminum pipes. Each pipe is 6 inches in diameter and has 8 plastic
gates spaced at 75 cm apart. The plastic gates are to be adjusted to control
the flow. A 6 inches gated valve with accessories were purchased to connect
the gated pipes irrigation line with the main irrigation supply line established
in the college farm.
2.Perforated pipes:

A complete 24 meter set of perforated pipes was purchased. The set
consisted of 4 aluminum pipes. Each pipe is 4 inches in diameter and has 8
gates spaced at 75 cm apart. The gates have constant openings to give
constant flow. A 4 inches gated valve with accessories was purchased to
connect the perforated pipes irrigation line with the main irrigation supply line
established in the college farm.
3.Siphon pipes:

A hundred and twenty meters of plastic pipes (2 inches in diameter
and 3.9 mm wall thickness) were purchased to form the siphon pipes. These
plastic pipes were then cutted down into 2 meters lengths giving a total of 60
pieces. Each length was plugged at one end and the pipes were then filled
with sand. The other pipe end was plugging too. A gypsum template was
prepared to form
The final shape of siphons. Each pipe was then heated to a suitable
temperature. Then it was placed in the gypsum template and cooled down
using a piece of wet clothes. When the final form of siphons were
established, the pipes were emptied from hot sand and washed thoroughly in
a basket of water.

The gated pipes as well as the perforated pipes were installed in the specified
areas in the college farm. The necessary ditches were dugged to connect
these irrigation systems to the farm main irrigation supply line. A special
canal was prepared to be used with the siphon pipes.

Field Experiments

The experimental areas were ploughed using the rotary plough in two
directions. The laser equipment was then used.
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Two field experiments were carried out during the winter seasons at the
college new established farm in Kalabsho and Zayan area.

1. Soil physical and chemical analysis:

Soil samples were taken from the soil profiles marked as: 0-20, 20-
40, and 40-60 cm. Three samples were then analyzed to obtain the particle
size distribution, soluble cations and anions, cation exchange capacity, pH,
organic matter, total carbonate and electric conductivity (EC). The
international method was used to obtain the particle size distribution of soil
samples (Piper, 1950). The chemical analyses of soil samples were carried
out according to Jackson (1967). Soil mechanical analysis, chemical and
physical properties of the experimental sites are presented in Tables (3.1)
and (3.2). Table (3.3) shows the chemical analysis of the irrigation water.

Table 3.1 Soil mechanical properties of the experimental site.

Soil depth, Mechanical analysis Soil Organic
cm Sand % Silt % Clay % texture matter
coarse fine %
0-20 77.96 12.80 3.87 5.37 Sandy 0.72
20 — 40 77.94 12.82 3.86 5.38 Sandy 0.71
40 - 60 77.95 12.81 3.85 5.39 Sandy 0.71

The soil field capacity, wilting point and available water (W/W %)
were estimated by using the core method before planting and after
harvesting. The field capacity and wilting point were determined using
pressure extractor with regulated air pressure, Garcia (1978). It is of great
importance to mention that sea water intrusion is marking the farm soil area
and the EC of irrigation water is very high ( 7.1 dSm, Table 3.3). The water
table is very high; 50 cm. In some places salt patches were noticed
accumulated on soil surface. SAR values are very high too. So, the salinity
hazard is very high.

2. Experimental treatments:

The dimensions of each experimental plot were 50 m in length and 6

m in width.

Land leveling treatments:

Three treatments of land leveling were established as follows:
a) 0.1 % ground surface slope (10 cm/100 m)

b) 0.15 % ground surface slope (15cm/100 m)

¢) 0.2 % ground surface slope (20 cm/100 m)

Stream size treatments:

Two levels of stream size were used as follows:

a) Stream size of 2{/s/m width strip

b) Stream size of 3#/s/m width strip

Cutt-0ff stream of irrigation treatments:

Two levels of cut-off stream were used as follows:

a) Shut down irrigation systems whenever the advance reaches 80% of strip
length
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b) Shut down irrigation systems whenever the advance reaches 90% of strip
length
3. The experimental design:

A strip strip plot design in three replicates was implemented in this
study only with the gated pipes extension field. The main plots were devoted
to land leveling treatments, while subplots were devoted to stream size
treatments, and sub-subplots were specified to cut off irrigation stream
treatments. The dimensions of each experimental plot were 50 m in length
and 6 m in width.

Furrow irrigation system was tested with squash crop (Eskandarany
variety), where Wheat crop (Giza 68 variety ) was planted on traditional flat
bed surface. All agricultural operations such as fertilization, weed and insects
control were the same as recommended for all treatments.

The necessary observations on wheat and squash growth were carried out.
Squash crop was tested with the gated pipes irrigation system.
4. learning extension fields:

One of the project objectives is to prepare learning extension fields to
serve the educational process for undergraduates and postgraduates.
Therefore three learning extension fields were established. One was for the
gated pipes irrigation system. The second used the perforated pipes irrigation
system and the third was for the siphon pipes irrigation system.

5. Experimental measurements:
5.1 Wheat experiments:

The following measurements were taken under the gated, perforated

and siphon irrigation systems:

1. Grain yield (ton/faddan)

2. WUE for wheat grain (kg/m?)

5.2 Squash experiments:

The following measurements were carried out under the gated pipe irrigation
system:

1. Squash fresh yield (Kg/faddan)

2. WUE for Squash (kg/m?3)

RESULTS AND DISCUSSION

1. Wheat experiments:
1.1 Grain yield:

Table 3.4 shows means and significance of wheat grain yield for the
interaction between land leveling and stream size treatments. The land
leveling treatments affected significantly (P >= 0.99) the wheat grain vyield.
Nevertheless, the stream size treatments had no effect on grain yield. The
highest grain yield was attained with the 0.2 % slope.

Table 3.5 shows means and significance of wheat grain yield for the
interaction between land leveling and cut-off irrigation treatments. Both
treatments of land leveling and cut-off irrigation affected significantly (P >=
0.99) the wheat grain yield. The results of the highest grain were consistent
where the highest value was obtained with the 0.2 % slope.
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Table 3.6 shows means and significance of wheat grain yield for the
interaction between cut-off irrigations and stream size treatments. The cut-off
irrigations treatments affected significantly (P >= 0.99) the wheat grain yield.
However, the stream size treatments had no effect on grain yield. The highest
grain yield was attained with the 90 % cut-off treatment.

Table 3.4 Means and significance of wheat grain yield (kg/faddan) for
the interaction between land leveling and stream size

treatments
** Highly significant at 1% level
NS Not significant

Treatments Stream size S
2 ¢/s/m 3 &/s/m significance
Land leveling
0.1 % slope 1824 1824.33
0.15 % slope 1895.33 1896 NS
0.2 % slope 1969.67 1969
Significance **

Table 3.5 Means and significance of wheat grain yield (kg/faddan) for
the interaction between land leveling and cut-off irrigation

treatments
Treatments cut-off at significance
80% 90%

Land leveling

0.1 % slope 1781.33 1820.67

0.15 % slope 1853 1891 o

0.2 % slope 1940.67 1971

Significance *x

** Highly significant at 1% level

Table 3.6 Means and significance of wheat grain yield (kg/faddan) for
the interaction between stream size and cut-off irrigation

tfreatments
Treatments cut-off at -
80% 90% significance
Stream size
2 {/s/m 1860.67 1891.33 -
3 4/s/im 1861.33 1891
Significance NS

** Highly significant at 1% level
NS Not significant

1.2 Water use efficiency (WUE):

Table 3.7 shows means and significance of wheat water use
efficiency for the interaction between land leveling and stream size
treatments. The land leveling treatments affected significantly (P >= 0.99) the
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water use efficiency. Nevertheless, the stream size treatments had no effect
on WUE. The highest WUE was attained with the 0.2 % slope.

Table 3.7 Means and significance of water use efficiency (kg grain/m?)
for the interaction between land leveling and stream size

treatments
Treatments Stream size .
2 ¢/s/im 3 &/s/m significance
Land leveling
0.1 % slope 0.804 0.804
0.15 % slope 0.833 0.834 NS
0.2 % slope 0.837 0.838
Significance **

** Highly significant at 1% level
NS Not significant

Table 3.8 shows means and significance of wheat water use
efficiency for the interaction between land leveling and cut-off irrigation
treatments. Both treatments of land leveling and cut-off irrigations affected
significantly (P >= 0.99) the wheat water use efficiency. The results of the
highest WUE were consistent where the highest value was obtained with the
90 % cut-off treatments.

Table 3.8 Means and significance of water use efficiency (kg grain/ m3)
for the interaction between land leveling and cut-off irrigation

treatments
Treatments cut-off at N
80% 90% significance
Land leveling
0.1 % slope 0.801 0.804
0.15 % slope 0.807 0.810 o
0.2 % slope 0.814 0.816
Significance *x

** Highly significant at 1% level

Table 3.9 shows means and significance of wheat water use
efficiency for the interaction between cut-off irrigations and stream size
treatments. The cut-off irrigations treatments affected significantly (P >=
0.99) the wheat WUE. However, the stream size treatments had no effect on
grain WUE. The highest WUE was obtained with the 90 % cut-off treatment.

2. Squash experiments:
2.1 Squash yield:

Table 3.10 shows means and significance of squash yield for the
interaction between land leveling and stream size treatments. The land
leveling treatments affected significantly (P >= 0.99) the squash yield.
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Nevertheless, the stream size treatments had no effect on squash yield. The
highest yield was attained with the 0.2 % slope.

Table 3.9 Means and significance of water use efficiency (kg grain/ m?)
for the interaction between stream size and cut-off irrigation

treatments
Treatments cut-off at N
80% 90% significance
Stream size
2 t/sim 0.806 0.808 -
3 4/s/m 0.805 0.808
Significance NS

** Highly significant at 1% level
NS Not significant

Table 3.10 Means and significance of squash yield (kg/faddan) for the
interaction between land leveling and stream size treatments

Treatments Stream size R
2 ¢/s/m 3 &/s/m significance
Land leveling
0.1 % slope 2570.67 2571
0.15 % slope 2600.67 2601 NS
0.2 % slope 2632.67 2631.33
Significance **

** Highly significant at 1% level
NS Not significant

Table 3.11 shows means and significance of squash yield for the
interaction between land leveling and cut-off irrigations treatments. Both
treatments of land leveling and cut-off irrigations affected significantly (P >=
0.99) the squash yield. The results of the highest yield were consistent where
the highest value was obtained with the 0.2 % slope.

Table 3.11 Means and significance of squash yield (kg/faddan) for the

interaction between land leveling and cut-off irrigation
treatments

Treatments cut-off at N

80% 90% significance

Land leveling

0.1 % slope 2530.67 2560.33

0.15 % slope 2565.33 2600 **

0.2 % slope 2600 2634.67

Significance **

** Highly significant at 1% level

Table 3.12 shows means and significance of squash yield for the
interaction between cut-off irrigations and stream size treatments. The cut-off
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irrigations  treatments affected significantly (P >= 0.99) the squash yield.
However, the stream size treatments had no effect on squash yield. The
highest yield was attained with the 90 % cut-off treatment.

Table 3.12 Means and significance of squash yield (kg/faddan) for the
interaction between stream size and cut-off irrigation

treatments
Treatments cut-off at N
80% 90% significance
Stream size
2 {/sim 2600 2601 o
3 l/sim 2599.33 2600.67
Significance NS

** Highly significant at 1% level
NS Not significant
2.2 Water use efficiency (WUE):

Table 3.13 shows means and significance of squash water use
efficiency for the interaction between land leveling and stream size
treatments. The land leveling treatments affected significantly (P >= 0.99) the
water use efficiency. However, the stream size treatments had no effect on
WUE. The highest WUE was attained with the 0.2 % slope.

Table 3.13 Means and significance of water use efficiency (kg squash/
m3) for the interaction between land leveling and stream size

treatments
Treatments Stream size
2 ¢/s/m 3 &/s/m significance
Land leveling
0.1 % slope 1.019 1.020
0.15 % slope 1.025 1.024 NS
0.2 % slope 1.029 1.028
Significance **

** Highly significant at 1% level
NS Not significant

Table 3.14 shows means and significance of squash water use
efficiency for the interaction between land leveling and cut-off irrigation
treatments. Both treatments of land leveling and cut-off irrigations affected
significantly (P >= 0.99) the squash WUE. The results of the highest WUE
were consistent where the highest value was obtained with the 90 % cut-off
treatments.

Table 3.15 shows means and significance of squash water use
efficiency for the interaction between cut-off irrigations and stream size
treatments. The cut-off irrigations treatments affected significantly (P >=
0.99) the squash WUE. However, the stream size treatments had no effect on
squash WUE. The highest WUE was obtained with the 90 % cut-off
treatment.
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Table 3.14 Means and significance of water use efficiency (kg squash/

m3) for the interaction between land leveling and cut-off
irrigation treatments

Treatments cut-off at N
80% 90% significance
Land leveling
0.1 % slope 0.977 0.981
0.15 % slope 0.988 1.000 **
0.2 % slope 1.000 1.012
Significance **

** Highly significant at 1% level

Table 3.15 Means and significance of water use efficiency (kg squash/

m3) for the interaction between stream size and cut-off irrigation

treatments
Treatments cut-off at N
80% 90% significance
Stream size
2 l/sim 0.974 1.000 -
3 l/s/im 0.975 0.998
Significance NS

** Highly significant at 1% level
NS Not significant

CONCLUSIONS

The work outcomes may be summarized as follows:

1)

2)

Level 5 Faddans of the faculty new farm using laser technique and three
slopes( 0.1 % - 0.15 % - 0.20 %).

Esablish three extension learning fields to assist in practical classes as
well as training students. These fields uses three irrigation systems;
gated, perforated and siphon pipes.

Results of field experiments showed that land leveling treatment of 0.2 %
had the highest significant effect on crop yield either with wheat crop
and/or squash crop. Stream size treatments had no significant effect on
wheat and squash crop yield. Cut-off irrigation treatment of 90 % had the
highest effect on crop yield either with wheat crop and/or squash crop.
Similar consistent results were obtained with water use efficiency factor.

REFERENCES

Awad, M.A. and M. R. Gomaa 2004. Precision leveling effects on strip and

furrow irrigations for maize. Misr J. Agric. Eng., 21(1):86-102.

El-Gindy, A.A.M., G.H. El-Said and H.E. Osman. 1996. The effect of different

precision land leveling systems on some main yield crops. Paper from
2nd international conf. On users and applications. Book of abstracts.
N.L.L.E.S., 16-19 Sept. Cairo Univ., Egypt.

3479



Ramadan, M. H. et al.

El-Mowelhi, N.M.; H.A. Shams EI-Din; M.A. Abo EIl-Soud and M.M. Saied
(1999-c). Water Management for Improving Irrigation Efficiencies at
North Delta. Proceeding of the Third Conf. of On-Farm Irrigation and
Agroclimatology. Jan. 25-27, pp:37-52.

El-Mowelhi, N.M.; M.A. Ghzay; S.M. El-Barbary and M.S.M. Abo-Soliman
(1999-a). Design of border irrigation for wheat crop at North Delta.
Proceeding of the Third Conf. of On-farm Irrigation and
Agroclimatology. Jan. 25-27, pp:1-17.

El-Mowelhi, N.M.; M.M. Saied; H.A. Shams EI-Din and M.M. Ragab (1999-d).
Effect of Different Land Leveling Practices, Border Sizes and Irrigation
Discharges Under Different Flow Patterns on Water Relations at North
Delta. Proceeding of the Third Conf. of On-Farm Irrigation and
Agroclimatology. Jan. 25-27, pp:53-67.

El-Raie, A.E.S., A.T. Imbabi, M.F. Hassan and K.A. Gabber 2004. Precision
land leveling by using laser technology under the conditions of Fayoum
Governorate. Misr J. Ag. Eng., 21(2): 321-340.

El-Tantawy, M.T., H.E. Osman, S.S. Hassan, and S.I. El-Khatib 2000.
Evaluation of surface irrigation under perforated pipes on sugarcane in
old valley, Egypt. 8th Conference of Misr Society, Agric. Eng. 25-26
October 2000. PP 23-33.

Garcia, I. (1978). Soil-water engineering. Laboratory Manual. Department of
Agricultural and Chemical engineering, Colorado State Univ., Fort
Collins, Colorado, USA.

Gamal, F.S.; M. Meliha; G. Fawzy and T.M. Hussein (2002). Water Saving
Practices in Maize Cultivation Under Land Leveling Conditions.
Proceeding of the 1st Regional Conf. on Perspectives of Arab Water
Cooperation Challenges, Constraints and Opportunities. Oct. 12-14,
Cairo, 2002.

Hassan, S.S.A. 1998. Engineering studies for increasing water distribution
uniformity of perforated pipes for surface irrigation system. Ph.D.
Thesis, Agric. Eng. Dept., Cairo Univ., Egypt.

Imara, Z.M., N.M. Awad and M.A. Metwally 2003. Effect of different leveling
and planting methods on yield and water requirments for sugar beet
crop. Misr J. Agric. Eng., 20(1):102-114.

Jackson, M. L. (1967). Soil chemical analysis. Printice Hall., India (C.F.
Meleha, M.l. 1992). Effect of intercropping of soybean with corn on
yield and water consumptive use. M.Sc. Soil Sc. Dept., Faculty of
Agric., Mansoura Univ., pp. 27-30.

Kassem, M.A. and El-Khatib S.I. 2000. Mathematical determination of the
effect of the major engineering factor on the efficiency of long furrows
irrigation for corn crop. Misr J. Agric. Eng. MSAE, 17(3), PP 569-588.

Meleha, M.E. (2000). Effect of furrow length and methods of applying
irrigation on cotton yield and water use efficiency. J. Agric. Sci.
Mansoura Univ., 25(3): 1883-1890.

Omara, A.l. 1997. Implementation and evaluation of gated pipe for furrow
irrigation system. M.Sc. Thesis, Agric. Eng. Dept., Alex. Univ., Egypt.

3480



J. Agric. Sci. Mansoura Univ., 33(5), May, 2008

Piper, C. S. (1950). Soil and Plant Analysis. Inter. Sci. Publishers Inc., New
York, (C.F. Abdel Rahman, G. A. (1985). A study on the efficiency of
border irrigation under Egyptian condition. M.Sc. Agric. Eng. Dept.,
Faculty of Agric., Cairo Univ., pp. 33-34.

Raghuwanshi, N.S. and W.W. Wallender (1998). Optimization of furrow
irrigation schedules, design and net return to water. Journal of Agric.
Water Management, Vol. 35, pp: 209-226.

O3y $4d Ailaley Sasaad) Ao 30 A8 Aoy oadanad) (g ) AU (ppmaa
9 il o) A e ¢ Al Aoe Al Al ¢ Gladay £ AR 3 gmana
psk ) ) jala deaa

SJM\MQ—RSUJS\@SS—%QUJ\MM‘M

28 5y guaial) Aigrey ralall o yall 8 sasaal) LISH lae oLis) Gl 51l 1 ki

lgdal) ddadlas Criaiad 28 o5 (g ¢ saaall liiall Qlual 4080 de ) je daliw Cualss
IR s eddlE ddhaies Ja gial) (a1 jad) Jale e Ylad lad Yo la a8 daliw
slsas il de 55 Cam e de )y Jall o3 ailiad aad 8 dualell JLudY) S L ALl 5 i)
o a8y Ao all odgd JAGY) IOy &l Lgel )5 (S Al Jalaall daha s
an g e VY asan Yo ezl b cnlie (38 a0 aa 5 s Aalall sda il
ASY Jsa hagidl dalu e axs (A > pH > V) dale dley (V1 o LS ¢ lalial)
olaall 028 (o ssia g L5 ) Juad 408 sl olsall e (Osalall (e 3 €000 v) jall olae Jadai
el e b e 3l DAY Gl 8 L LS ¢ Ghliall (any o 00 I A sl
(emen ¥ a8 ) Capan) el )3l G yuall pe doill slae e Jarla (550 sl jaan o LS
;\_y..dcj\)_ﬁj‘ebj\J‘J.A‘;JGQ}:\M\&;PVN~-\~~~ L}AJ.LA.AS\\M‘\AJSAQ_ILMJ
Laghall 02 gaa alal 5 | S5 5 da lall e il Liga V0o (e 0 503 el (aliaed
Ut &5 a8 Ml Cy 5 Aleal) G g pall Gy & dabiall sda il el sl
drdy & gl aalanal o i yailly g (5 Taily (5 U AT 5 (3l (g U el 6 5
S G plasinly yaall gl O S (e 5 ¢ lan AL Al ()55 sy (531 5 Al
49))&46)”eumL}uAJEJJwMLMMJMShj Al oda A& ol LAl Gl | yiagy Lol
uu\umy\dmute_ug\wm\wﬁcmmuuu,;mm,w&w&,
488 Ay gudd )y 908 Al 32all Aol LS de ) ha (e Ao0dl Ausad dabisa dgudi ()

) alda ae @3Bl Lay Ay i) edad Al J gaall e a3l dail aladily

Al ol Co g (53 Guadll adaud)
M\LSJJ\?LEJM@J}_AJLSJ\_HJ\M&}Mbuu‘%m‘)-I.@A.i (\'

ld g_\_u\.vY\} Gl gl cald Y alaaiuly (LJLA.“_I 5)—@\)&}\_’ Lg))é\.:;))db

il g el 8 Aaladnny @lldg | shaad) il g calaial)
Cany Aaliil e o) Clalas Ganyy 5l A8l 4y sl Cllas 5 A 0 (Y

Lﬁ,)h ol eh";l.u\ 3eleS d:u.al.;d\

a5 GllAS 5 ¢ gl Jlaay dalal) 5 ARl il jall daal pa Sl 5 il Q8 Cua
A Ae ) )3l AS Ao ) ey coladll ad e dlach &3 a8 La g b o) el ol sall 5 5 Y] Clial s
= sl el L) s ¥ dlae) ad ady gl DB Al laa ol
Dhaady il giee A6 e 3alll A aladiuly A8 L sl il af ¢ Cpaadate cala)
Lellas & calias 3l 5,005 jeal ol g alll s (% +5Y - % + 500 = % +5) ) Ayl

3481



Ramadan, M. H. et al.

plaainly o, Laldai g ¢ Aiall iV alaainly ol Lalla 5 ¢ 4 gaall i) aladinly (5,0
pd S Colaill Al Ashiiall o2 8 obyall 5 Ay il cOllad o) ) a3 LS L sl Canlil
- sadll s ) Cllee 481 ey el Cllelee Gakaiy A Sl g madll (S ana Ao )
;ALY B8l A a1 il aal Qe (Say
3eliS s Aalii¥) 3 (% 99 C¥laial ) lam A gina (5558 @llia o) (o jlaill il iy ()
olall dgan il Lag 5 1) Aglee Caliyl O lelae GUAS 5 Ay gusill CBMalaa (g alpall alasiius
s Asina (55 8 a5 Ang 5l e (e /S Y 0 Y (gl o eladl Al Ll ¢
JPURECIO{ AT B WP PP PV
oball aladin) 3ol 5 Al e ddlise (3 ylay Al jall Jal se G Jelaill Oblalae < i1 (Y
A obaall anii dgan Jua Ladie (5,01 Ciliy) Alalras ¢ % o+ oY 4 guul) Alalaa Ciia Cun
28 Jualaall a5l olie aladin 30U ey daali) el day a8l Jola o % 4+
(s sSU — ) ) Ayl

Cigayl) 3aa g 5 ) guaiall dnaly — ds) 30 4lS - dpe) 3l duigl) acd Sy 1 K
Baaad) 408N de jjay (g 1) Cpaunt cibles Jygal Ao daalally

3482



