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ABSTRACT

A field experiment was carried out during winter season of 2005/2006 on
Water Requirement Research Station at Bahteem region; EL Qalyubia
Governorate, Egypt. Subsurface and surface trickle irrigation systems
compared with modified furrow one were used in loamy soil. The aim of this
work was to study the effect of modern irrigation technologies of water
application method on improving salt distribution in the soil profile, fresh
vield of pea (Pisum sativuml ) and its water relations.

Results indicated that the soil salinity increased vertically from the line
source or the emitter till it reached maximum values at the soil surface just
above the line in the subsurface trickle irrigation systems, at the mid layers
beneath the emitter in the surface trickle one and at the bottom of the wetted
zone in both systems. Mean while it decreased at all studied layers through
the soil profile under modified furrow irrigation system.

The subsurface trickle system treatment had significantly favored total fresh
vield comparing with surface trickle and modified furrow treatments. The
total fresh yields were 1660.0, 126.0 and 930.00 kg/fed with irrigation by
subsurface trickle, surface trickle and modified furrow irrigation systems
treatments respectively.

The subsurface treatment exhibited sufficient available water in the soil
layers, where the plants consumed most of their water demand as well as
surface trickle treatment, followed by modified furrow treatment. Whereas,
the total amounts of water applied by subsurface, surface trickle and
modified furrow treatments were 1669.36, 1679.97 and 2032.05 m’/fed,
respectively.

* Water Management and Irrigation Systems Research Institute, National
Water Research Center, Cairo, Egypt.
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Mean while, the corresponding values concerning the total water consumed
by pea plants were 1546.97, 1511.20 and 1390.50 m’/fed, in respective
order.

Moreover, the highest water application efficiency (92.67%) was recorded
by subsurface trickle irrigation system treatment. Also, this treatment gave
the highest water use efficiencies for both crop water use efficiency 1.07
Kg/m3and field water use efficiency 0.99 Kg/mS, respectively.

INTRODUCTION

ater is the most important factor in arid and semi arid regions

using modern irrigation technologies such as subsurface and

surface trickle and surface irrigation modified for improving soil
salinity, vegetable productivity and its water relations. The best irrigation
systems should give favorable crop yield, optimum use of water, minimum
labor requirements and the least time consumed in field preparation and
other agricultural practices. Saving water and reducing salt accumulation are
very important in these regions.

Subsurface trickle appears to offer the best method of water uniform
supplying in the root zone to the plant (Sammis 1980). EL Berry (1989)
concluded that the subsurface trickle ensures high and efficient supply of
water and fertilizers to plant at the effective root zone which is reflected in
high yield. EL Berry et al; (1990) found that the use of subsurface trickle
irrigation provided great potentials for vegetable production in arid area. In
addition to higher expected yield, it reduced crop management costs and
water demands.

Phene et al; (1993) reported that many commercial crops irrigated by
subsurface trickle include tomato, potato, cantaloupe, strawberry, lettuce,
cotton, sugarcane, grapes, hips, apple, almond, peach, walnut, pistachio and
mango ornamentals. They also demonstrated hat the subsurface trickle
maximized water use efficiency and yield of these crops, reduced
evaporation at the soil surface and maintained constant soil water and
caused upward hydraulic gradient to minimize deep percolation and NO; ™ N
leaching.
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Bakeer et al; (1996) noticed that the soil surface was clear from salts under
subsurface trickle irrigation using at North Sinai. EL Morsy (1996) found
that the soil salinity increased with both vertical and horizontal distance
from leaky pipe or emitter and reached maximum values at the soil surface
directly above the line in the subsurface trickle system and at the interface
between trickle lines in the surface one as well as at the bottom of wetted
zone in both systems. Significant higher yield was also obtained for the
same system compared to surface trickling. Abo Solimon et al; (1996)
revealed that EC values were decreased by about 4 and 11% for subsurface
and surface trickle systems, respectively. Also they found slight decrease in
amount of water irrigation values for tomato crop under subsurface trickle
irrigation system as compared to surface trickle.

Pea (pisum sativum L) is considered as one of the most important vegetable
crops in the world. Under Egyptian conditions, El Awady et al; (1975)
indicated that the water use of 1000 m*/fed, gave the highest yield of 2 ton /
fed, of pea pods under trickle irrigation system. EL Mansi and El Beheidi
(1977) reported that the water supply by trickle irrigation system at rate of
1684m3/fed enhanced the growth of pea plants. However, increasing water
supply to pea plants enhanced the content and uptake of N and P quantity
significantly, increased pea yield (Chouhan et al; 1992). EL Mansi et al;
(1999) found that, application of 1200 m’ water/fed, by trickle system gave
the tallest plants, increased the uptake of N.P, average pod weight and total
yield/fed. Decreasing the level of water supply (400 m*/fed) increased water
economy.

The objectives of the present investigation were to study the effect of
modern irrigation technologies on improving salt distribution in the soil
profile, fresh yield of pea (pisum sativum L) and its water relations.

MATERIALS AND METHODS

A field experiment was carried out during winter season of 2005/2006 on
water requirement research station at Bahteem region, EL Qalyubia
Governorate, Egypt to study the effect of modern irrigation technologies
(subsurface trickle, surface trickle compared with modified furrow irrigation
systems) on improving salt distribution in the soil profile fresh yield of pea
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C.V. Little Marvel and its water relations (amount of irrigation water
applied, consumptive use, water application efficiency and water use
efficiencies for both crop and field).

Soil of experimental site was loamy in texture. Soil samples were collected
to determine physical and chemical characteristics of the experimental site
as initial. The average values of there measurements at different soil depths
down to 60 cm and the chemical analysis of irrigation water are presented in
table (1) according to standards of APHA (1989) and Peterson and Calvin
(1965).

Table (1): Some physical and chemical properties of soil in initial stage and

chemical of irrigation water.

Soil physical properties (%)

Soil Coarse sand | Fine sand Silt Clay FC PWP AW
depth
0-15 3.66 37.55 3548 | 2331 | 2438 | 13.18 | 11.20
15-30 2.68 45.98 3470 | 16.64 | 23.50 | 11.19 | 12.31
30-45 4.15 33.33 36.25 | 26.27 | 2793 | 14.65 | 13.28
45-60 5.89 2793 | 41.81 | 2437 | 29.11 | 13.98 | 15.13
Soil chemical properties
Soil EC | COs” |HCO; | CL | SO | Ca™ | Mg™ | Na* | K" | SAR
depth | (dS/m)
0-15| 0.79 00 1.98 | 1.13]14.89| 137 | 0.68 | 5.56 | 0.39 | 5.49
15-30 | 0.60 00 1.00 | 2.38]2.62]233| 1.47 |1.90]0.30| 1.38
30-45 | 0.36 00 0.93 337450208 | 1.97 |430]0.45] 3.02
45-60 | 0.36 00 0.93 |3.37]4.50]2.08 | 1.94 {430 0.45 ]| 3.02
Water chemical properties
EC CO;” | HCO3; | CL | SO, | Ca™ | Mg™ | Na* | K" | SAR
(dS/m)
0.45 00 1.78 0.46 | 2.28 | 0.59 | 0.38 | 3.24 | 0.31 | 4.05

FC = Field Capacity,

PWP = Permanent wilting point, AW= Available Water

The seeds were sown on October 25th, 2005 after inoculation with root
nodules bacteria (Rhizobuim leguminosarum) and spaced at 30 cm apart on
both sides of emitters lines in both subsurface and surface systems, and on
both sides of furrow in modified furrow system (2 seeds/hill). Harvesting
took place on the 21* of January 2006, each 5 to 6 days till approximately
the end of March 2006 The normal practices for growing pea were followed
as recommended for the region. Plot area was 250m?. It contains 33 ridges
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with 10m length and 75 cm distance. Three meters were left between each
two irrigation systems treatments as a guard distance to avoid the
overlapping or the interactions of irrigation water.

The experiment included three irrigation system treatments which were
subsurface trickle, surface trickle and modified furrow irrigation systems.
These treatments were arranged in randomized complete blocks with four
replicates.

The types of emitters of both subsurface and surface trickle systems were
GR which had 4 1/h discharge at pressure 1.0 bar and the depth of
subsurface one was approximately 15cm. For the purpose of increasing the
furrow water application uniformity, lightweight aluminum gated pipe was
used. Small and easily adjusted gates with 75 cm apart between them, in the
pipe facilitate control of the size of stream delivered to the furrow.

1. Salt Distribution in the soil profile

Salt distribution was determined as the difference between the mean values
of the chemical analysis of soil samples extract before cultivation (initial
state) after first irrigation and after end from successive depths (0-15), (15-
30) and (45-60) cm under each studied irrigation system treatment.
Electrical conductivity, soluble cations (Ca™, Mg"™*, Na* and K") soluble
anions (CO5;~, HCOs', and CL") and sodium adsorption ratio (SAR) were
determined according to Jackson (1958). The sulfate anion was calculated
by difference between the sum of cations and anions.

2. Fresh Yield

Green pods of each studied treatment were harvested at proper maturity
stage and weighed in each harvest to calculate the yield per feddan.

3. Water Relations

3.1. Amount of Irrigation Water Applied

The irrigation water was applied according to requirement of the plants and
shortage of the soil moisture contents, in order to raising the moisture
content of the soil to its field capacity. For each irrigation system treatment,
a water meter was used for measuring the amount of irrigation water
applied. The depth of irrigation was calculated according to the equation
given by Israelsen and Hansen (1962).
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D,w=(FC-01)/100 X D, X d
W.=(02-01)/100 XD, Xd
Where:
Da.w : Depth of applied irrigation water (mm).
W. : water consumption.
F.C. : Soil moisture content at field capacity by weight (%).
®1 :Soil moisture content before irrigation by weight (%).
®2 : Soil moisture content after irrigation by weight (%).
Dy,  :Bulk density.
d :Soil depth.
3.2. Water Consumptive Use
It was determined as the difference in soil moisture content in the samples
recorded at planting time, before and after each irrigation and at harvest
time. Moisture contents in the soil samples were determined gravimetrically
and calculated on dry weight basis, Garcia (1978). The quantities of water
consumptive use were calculated according to the equation given by
Israclsen and Hansen (1962).

3.3. Water Application Efficiency

It was calculated according to Michael (1978)

3.4. Water Use Efficiency Expressed as the Weight of Fresh Yield in
kg/m3

Water transpired and evaporated during the growing season was computed

to evaluate water management practices. Both crop and field water use
efficiencies were calculated according to Jensen (1983).

WUE ¢rop = Seed. (kg/fed) = (kg/m’)
Consumptive use. (m3 /fed.)
WUE Fpiela = Seed. (kg/fed) = (kg/md)

Applied water. (m’ /fed.)
4. Statistical Analysis
The date was subjected to the standard analysis of variance procedure.
Values of L.S.D were significant whenever, the calculated "F" values were
significant at 5% and 1% levels (Snedecor and Cochran 1980).
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RESULTS AND DISCUSSION
1. Salt distribution in the soil profile
Tables 1, 2, 3 and 4 depict the results of average chemical analysis of soil

samples taken from soils irrigated by subsurface trickle, surface trickle and
modified furrow irrigation systems treatments during the pea growing
seasons.

The salt distribution in the soil profile as shown in that tables revealed that
the soil salinity (EC dS/m) at the beginning and at the end of irrigation
season was affected by the moisture distribution which in turn governed by
both irrigation systems and amounts of irrigation water applied.

The soil salinity increased with vertical distance from the line source or the
emitter and reached a maximum values (1.362 dS/m) at the soil surface
directly above the line in the subsurface treatment and in the (30 — 45 cm)
layer (2.466 dS/m) beneath the emitter in the surface trickle treatment as
well as at bottom of the wetted zone in both systems (1.202 and 20217
dS/m, respectively). In the mean time, the soil salinity in the main root zone
was relatively low. It can lead to conclude that the plant growth and
consequently production may be not greatly affected by the salinity but
mainly by soil moisture distribution and availability in other words, the data
show that the salinity decreased in the soil profile irrigated by modified
furrow irrigation systems treatment, where it decreased by increasing the
amount of irrigation water. Therefore the accumulated salts can be easily
leached out with additional irrigation water. The same trend was
approximately obtained by Abou Soliman et al; (1996) and Abou EL Azem
et al; (2002).

Most of salt distribution in the soil profile under each irrigation systems was
a sodium sulfate. Moreover, SAR values followed the same trend of EC,
Na* and SO,
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Table (2): Average soil chemical analysis values after first and last irrigation
of pea crop as affected by subsurface trickle irrigation system

treatment
Sampling | Depth | EC Anions (megq/l) Cations (meq/l) SAR
time (em) | (dS/m) HCO5 CL | SO4| K' | Na" | Mg™ | Ca™
After 00-15 | 0.797 [ 037 |1.96|3.66 248 | 1.91| 3.02 | 0.58 | 2.04
first 15-30 | 0.681 |2.11|1.37(332]203|1.68| 235 |0.69 | 1.71
irrigation | 30-45 | 0949 | 198 |3.10 445|288 |1.87| 3.97 | 0.78 | 2.58
45-60 | 0.856 | 2.09 296 |3.49|258 218 | 3.07 | 0.73 | 1.99
After 00-15 | 1.362 |3.52|2.82|7.30|355|1.76| 7.96 | 0.37 | 4.89
last 15-30 | 1.166 | 397 | 2.71 | 596 | 2.60 | 1.37 | 7.19 | 0.48 | 5.10
irrigation | 30-45 | 1.233 [3.68|2.63(599(2.00|1.79| 7.60 | 0.91 | 5.52
45-60 | 1.202 | 360|198 |642|175|1.26| 7.89 | 1.10 | 5.24

Table (3): Average soil chemical analysis values after first and last irrigation
of pea crop as affected by surface trickle irrigation system treatment

Sampling | Depth | EC Anions (meg/l) Cations (meq/l) SAR
time (em) | (dS/m) HCO5 CL | SO, | K" | Na" | Mg"™ | Ca™
After 00-15 | 0.703 | 1.00 | 257|343 |133]1.00] 4.04 | 0.63 | 3.74
first 15-30 | 1.021 | 1.10]3.78 534 |1.85]1.28| 6.11 | 0.98 | 4.88
irrigation | 30-45 | 0.832 | 0.95|3.00 435 |1.77]0.97 | 499 | 0.57 | 4.26
45-60 | 0.843 10.99 12491497 |1.86]099 | 5.20 | 040 | 4.36
After 00-15 | 0.865 | 1.38 261|468 |137]1.10| 5.50 | 0.70 | 4.95
last 15-30 | 1.288 1093|1486 |7.11 |233]1.67| 7.84 | 1.06 | 554
irrigation | 30-45 | 2.466 | 0.80 | 8.95 | 14.91 | 3.57 | 1.85 | 17.95 | 1.29 | 10.90
45-60 | 2.217 | 0.99 | 6.66 | 14.50 | 3.10 | 1.77 | 16.38 | 0.90 | 10.50
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Table (4): Average soil chemical analysis values after first and last irrigation
of pea crop as affected by modified furrow irrigation system

treatment
Sampling | Depth | EC Anions (megq/l) Cations (meq/l) SAR
time (cm) | (dS/m) HCO; CL | SO74| K' | Na*" | Mg™ | Ca™
After 00-15 | 0.455 |1 0.70 | 1.00 | 2.87 | 1.38 | 0.95 | 2.04 | 0.20 | 1.89
first 15-30 | 0482 1092110278 | 146|097 | 2.12 | 0.25| 1.92

irrigation | 30-45 | 0.547 | 0.98 | 1.50 | 2.97 | 1.53 | 1.13 | 2.38 | 0.41 | 2.06

45-60 | 0993 | 137|163 | 691|241 |1.69| 5.12 | 0.69 | 3.58

After 00-15 | 0.332 | 0.56 | 0.73 | 2.05|0.98 | 0.61 | 1.65 | 0.10 | 1.85

last 15-30 | 0.400 | 0.61 | 0.77 | 2.64 | 1.31 | 0.73 | 1.90 | 0.08 | 1.88

irrigation | 30-45 | 0.455 [ 0.84 | 0.90 | 2.83 | 1.40 | 0.96 | 2.16 | 0.05 | 1.99

45-60 | 0.547 [1.00]1.18 327153 | 1.11] 2.76 | 0.05 | 2.40

2. Fresh Yield

Pea fresh yield as affected by modern irrigation technologies of water
application method, are presented in table 5.

The data revealed that fresh yield of pea was significant affected by all the
studied treatments. The total fresh yields were 1660.0, 1265.0 and 930.0
kg/fed for the treatments irrigated by subsurface trickle, surface trickle and
modified furrow irrigation systems, respectively the higher fresh yield was
obtained for the treatment irrigated by subsurface trickle irrigation system
compared to the other two irrigation system treatments. On the contrary, the
lowest fresh yield was obtained for the treatment irrigated by modified
furrow irrigation system. These trends are in agreement with those obtained
by Abou EL Azem et al; (2002).

The previous results lead to the conclusion that, the higher fresh yield for
subsurface trickle irrigation system treatment could be attributed to the
uniform distribution of sufficient available water and fertilizers directly in
the root zone. Meanwhile, the lower fresh yield obtained from modified
furrow irrigation system treatment may be attributed to the insufficient
water to reach the root zone in particular early growth stage where a small
root system could not extend enough to reach the water. The upward
movement of applied water may be very limited to meet the plants demand.
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3. Water Relations

3.1. Amount of Irrigation Water Applied

The amount of water applied to pea crop under the irrigation system
treatments are presented in table 5.

The data revealed that, the total amount of irrigation water applied under
both subsurface and surface trickle irrigation systems were almost similar
while was greater under modified furrow irrigation system than both
systems. The irrigation water amount of subsurface, surface trickle and
modified furrow irrigation systems were 1669.36, 1679.97 and 2032 m3/fed,
respectively.

Table (5): Fresh yield, amount of irrigation water consumptive use, water
application efficiency and water use efficiencies for both crop and
field of pea crop as affected by irrigation systems treatment.

Treatment Subsurface | Subsurface | Modified | "F" L.S.
Character Trickle Trickle furrow test at at
irrigation irrigation irrigation 0.05 | 0.01
system system system

Fresh yield 1660.0 1265.0 930.0 ¥ 110.70 | 7.06

(kg/fed)

Amount of 1669.36 1679.97 2032.0 ¥ 1 11.36 | 7.50

irrigation

water applied

(m3/fed)

Water 1546.97 1511.20 1390.50 ¥ 1 11.33 | 7.48

consumptive

use (m3/fed)

Water 92.67 89.95 68.43 ¥ 1 0.68 | 0.45

application

efficiency (%)

Crop water 1.07 0.84 0.67 * 1 0.06 | 0.04

use efficiency

(kg/m’)

Field water 0.99 0.75 0.46 ¥ 1 0.06 | 0.04

use efficiency

(kg/m’)
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The results indicated that saving water (17.85 and 17.32% through irrigating
with subsurface and surface trickle instead of modified furrow irrigation
systems, respectively. Similar conclusion was reported by EL Said A.EL
Morsy (1996) for tomatoes irrigated by subsurface and surface trickle
irrigation systems.

From the previous discussion, it can be concluded that the changes in fresh
yield under each studied irrigation system treatment are mainly due to the
effect of not only how much water was applied but also how water was
applied (modern irrigation technologies of water application method), where
the amounts should have a good distribution on the soil to be sufficient to
replace moisture consumed from the root zone to avoid water stress on the
growing plants.

3.2. Water Consumptive Use

Water consumptive use values for pea crop as affected by irrigation system
treatments during the growing season are presented in table 5.

The total water consumptive use values of crop were 1546.97, 1511.20 and
1390.50 m’/fed under subsurface trickle, surface trickle and modified
furrow irrigation systems treatments, respectively. The highest value of
water consumptive use was obtained with the subsurface trickle irrigation
system treatment followed by the surface trickle one. While the lowest value
was obtained with the modified furrow irrigation system treatment.

It is clear from the previous results that the value of water consumptive use
of pea plants under subsurface trickle irrigation system treatment was higher
than under surface one and modified furrow irrigation systems treatments
with the same condition. This could be due to that the evaporation from the
soil surface under subsurface trickle was less than under the other both
systems, thus the values of water consumed increased by pea plant under it.

3.3. Water Application Efficiency

Water application efficiency of pea plants as affected by modern irrigation
technologies of water application method in the studied growing season are
presented in table 5.
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The results demonstrate clearly that the water application efficiencies of pea
plants irrigation by subsurface trickle irrigation system treatment (92.67%)
was higher than the other treatments. While it was for irrigation by modified
furrow irrigation system treatment (68.43%) lower than the other one. The
water application efficiencies values were 92.67, 89.95 and 68.43 % for
subsurface trickle, surface trickle and modified furrow irrigation system
treatments, respectively. This increase in the water application efficiency
could be mainly due to the decrease of water losses. This indicated that
surface trickle and modified furrow irrigation systems treatments water
application efficiencies decreased by increasing the water losses by
evaporation from the soil surface and deep percolation outside the effective
root zone.

3.4. Water Use Efficiency

Efficiencies of water use for crop and field as affected by the modern
irrigation system of pea crop are presented in table 5.

Higher values of crops and field water use efficiency (1.07 and 0.99 kg/m’
respectively) were obtained under subsurface trickle irrigation system.
While the modified furrow irrigation system treatment induced lower values
(0.67 and 0.46 kg/m3 for pea respectively). The water use efficiencies values
were 1.07, 0.84, 0.67, 0.99, 0.75 and 0.46 kg/m3 for pea irrigated by
subsurface trickle, surface trickle and modified furrow irrigation systems
treatments, respectively.

It can be concluded that the irrigation of pea by subsurface trickle irrigation
system is the best treatment. This treatment resulted in more water saving
and achieved good production of fresh yield.

CONCLUSION

When using modern irrigation technologies of water application (subsurface
trickle, surface trickle and modified furrow irrigation systems), the
subsurface trickle irrigation system is appropriate to maintain uniform
distribution and sufficient available moisture and acceptable salinity level
directly in the plant root zone. The water application efficiency through
such system appears to be affected by minimizing irrigation water losses
due to the evaporation from soil surface and deep percolation outside the
effective root zone.

The 14™. Annual Conference of the Misr Society of Ag. Eng., 22 Nov., 2006 Y ay



REFERENCES
Abou Soliman, M.S., H.A. Shams EL Din, S.A. Hassanein and M.H.
Hegazy (1996). Water management for tomatoes production under

protected cultivation. Misr, J. Agric. Eng. Cairo Univ. Irr. Conf. 3.4
April 1996: 101-110.

Abou EL Azem, A. M.; T.M. Husien and A.A. Nassar (2002) subsurface
trickle irrigation system management for vegetables production. Egypt.
J. Appl. Sci., 17(12) : 425 — 448.

APHA, American Public Health Association (1989). Standard methods
for examination water and wastewater, Washington DC, 17th ed.

Bakeer, G.A.; F.G. EL Ebabi and A.M. EL Berry (1996). Subsurface
drip irrigation management for vegetable production at North Sinai.
Misr, J. Agric. Eng., Cairo univ. Irr. Conl — 3-4 April 1996.

Chouhan, D.K. , K.S. Pan War and R.S. Balyan (1992). Influence of
irrigation, phosphorus and weeds on yield pea (Pisum sativum L).
Tropical Pest Management, 38 (1): 1-4 [C.F. Field Crop. 45, (11): 7816].

EL Berry, A.M.; E. Hanafy and M.H. Ahmed (1990). Utilization of Bi-
wall subsurface drip irrigation system for vegetable production under
desert conditions. Misr, J. Agric. Eng. Egypt, 7 — 23.

EL Mansi, A.A. and ML.A. Beheidi (1977). Effect of irrigation frequency
on the growth and yield of peas. Zagazig. J. Agric. Res., 4 (1): 133-151.

EL Mansi, A. H.; M. E. Arisha, A. Bardisi and E. M. Nour (1999).
Studies on some factors affecting growth and yield of pea under some
soil conditions using drip irrigation system. 1-Effect of sowing date and
irrigation water quality. Zagazig. J. Agric. Res., Res. 26(5): 1385 —
1407.

EL Morsy, A. (1996). Tomatoes response to subsurface leakage irrigation
with saline water. Misr, J. Agric. Eng., Cairo Univ. Irr. Conf., 3-4 April
1996.

Garcia, L. (1978). Soil water Laboratory Manual. Dept. Agr. and Chemical
Engineering. Colorado state Univ., Fort Collins, Colorado. U.S.A.

The 14™. Annual Conference of the Misr Society of Ag. Eng., 22 Nov., 2006 Yy



Israelsen, O.W. and V.E. Hansen (1962). Irrigation principle and practices
3rd ed. Willey and Sons. N. Y: 200-220.

Jackson, MLL. (1958). Soils chemical analysis, Prentice Ha Inc., Cliffs, N.
J., US.A.

Jensen, MLE. (1983). Design and operation of farm irrigation systems. Amr.
Soc. Agric. Eng. Michigan, U.S.A. Martinez Hemandez, J.J., B bar
Yosef.

Micheal, A. M. (1978). Irrigation theory and practices. Vikas Publishing
House, New Delhi. Bombay.

Peterson, R.G. and L.D. Calvin (1965). Sampling JNCA Bla (ed) methods
of soil analysis. Soc. Agron. 9 Madison WI. Agron. 9: 54-71.

Sammis, T.W. (1980). Comparison of sprinkler, trickle, subsurface and
furrow irrigation methods for raw crops. Agron. J., 72: 701 — 704.

Snedecor, G.W. and W.G. Cochran (1980). Statistical methods. 7th Iowa
Univ., Press, Amer. Iowa U.S.A.

) padld)

Aol Ll s 2301 @58 Copean] s 50 Lo sl i3
duilal) LgiBe 4

o) s Al ae ¥ lal cible

ran Ay seen - Ay salll) Adadlaey i Aflall il et Adasay el jall oka Cuy pal
o) abd) cias lagally o ) el aladiuly Yo 0T/ 400 (g gl an sall JDIA Ay 2l
Ll sl 3 el gall aladiady) ) sdaall Ja shadlly (o ) aldaiy 5 jlia adaidl g (o) © Ghac
Jsaanall 5 iy yill gllad 8 = el an ) 55 Gt e Lpaall o il a0 Al ol ey
olse Adlia) 36l 5 el Mgy 5 Adliadll (5 1) olae ApaS Can (o Ayl CEDlal) 5 ¢ juadY)
Aoedall ozl )Y 8 ALl J seanad il 5 J seanall (o JSI (5l elae alasiind 50 US 5 5 )l
i g <l 38 Ayl A sudial) ALK e Unil) aladind 5 Alud) J saane Al ) ) ol g

Al sl (5 ) adad Led Caaadin § S llae A8

Al jae 4y ) sean - oball sl e g8l S el o (1 (3 da g slall 31} gy agma

The 14™. Annual Conference of the Misr Society of Ag. Eng., 22 Nov., 2006 AR}



RPN CRGIE R AN | :uij‘ﬂ dlalaal)

(bl Jagaul) A5l Alalaal) g

Al sl 3l sl alasinly da shadlly o 5l Lo axaiiul 4G Alalaal)

i Tl o, aldas cua A il gL 8 Gl oo 30 230l 508 58 of il <yl
Al g atans ol Ll (5 Ui ot Ll (o)) s 338 385 (ool ) o
o el 8 Y dshie plE 65 oadadl @il o ) pUai 6 i) s ddas siall
Ll pladl yaivee Jaut & gaad Baxall o shadlly (5 1) aldai alasiiuly ) paiuly da glall J&5 oy
Aol Ul e (8320 51 = DY) 58 5535 ()5 Adlaall (gl elie e Baly 31 A
L) 84, sia 30l ) Cibaef ada i Taduilly (5 ) plas dlalas o) il Comoa ) LS
Lagilly 5,0 alkas Alalea Cilais (g (8 08/S) 11l G Al J a6 juadl)
=5 Al Q81 Jaedd) o shally o 50 sk dldae il iy ¢ Olad/anSI Y0 ada )
RRR S A

Coail) gl ) ilabaal diliadll (5 ) olse daS (8 G gina Lailii peiliisl) Canoia sf LS
S S G ghaall da ghaally (ol ks dladl) @lli e g il e adaudl ) ada
O el e lad/FaY TY, 00 01 TAS,AY O TT4, YT LS diliad) o) ol
b il Tl 5 1 aldany A 5 pall Al iy ASlgiunall (5 1) lpe CileS il
ALY A€ S i Jrandl) o shadlly (g ) ity By gyl ol e s i1 e oalad) g
il e Glad/Ya y¥a 00 101, Y e 06T,V Al J sans il il
Ala) 3eliS lef clas 08 adas canil) aiilly (5,1 ol dlalan () gl Coma f SIS
Clas e (8) (%A 9,90) eadadl L@ty (g ) b dlabes Lgali (%Y, 1Y) 5l olse
(%Y, EY) 6 olae dilica) 3o S 1 Janall o shadlly (5 )1 alka Alalaa

ol LI 3 pate Jasll 5 J panal) e JSI (5 slie aladia 3eUS () il & jelal lliS
L sima canla 31 28 A8lian (5 olpe 43aSS 5l Al DlginlS ol canSa e (S0 ¢l juad Cogan
b ol il (5l Ui phadind e et Al 8 sl I (s sinall (el pa Lia
A ghadlly ()l aUasy &5 HEall elld 5 oadasd) Jagiilly (o ) alai

The 14™. Annual Conference of the Misr Society of Ag. Eng., 22 Nov., 2006 ARRY



