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Abstract

A study of three of the famms of El-Hammami acea in El-Mansuriya
vegion, Giza Governorate, was carried out to evaluate the irrvigation
of sandy soils. The on-farm icvrigation practices in the area indi-
cated that the fammers at the beginning of the canal apply more water
than those at the end of the canal. The irrigation application effi-
ciency of the fammers at the tail end of the canal was greater than
that of the farmers at the beginning. The data also indicated that
subsurface irvigation due to seepage from neighboring fields contri-
buted substantially to crop water use. The study showed that surface
irrigation might not be the best way to irrigate these sandy soils.

74 Pages, 12 Figures, 28 Tables
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EVALUATION OF FARMERS' IRRIGATION PRACTICES IN EL-HAMMAMI SANDS*

By
T. A Tawfic® and R. L. Tinsley?

I. INTRODUCTION

Water management is the primary concern of the Egypt Water Use and
Management Project (EWUP)., The Project's first goal is to increase
land production, crop production and farmers' incames through improved
water management. The main idea is to minimize the anount of irriga-
tion water applied by the Egyptian farmers without veducing crop
yield.

EWUP's program covers three areas in Egypt which were selected to be
representatives of the Egyptian irvigation system; these are (1)
El-Mansuriya, Giza Governorate (in Middle Egypt), (2) Abu Raya, Kafr
El-Sheikh Governorate (in Nocthern Egypt), and (3) Atyuha, El-Minya
Governorate (in Southern Egypt).

Two watercourses were selected in El-Mansuriya area for intensive
studies: Beni Magdul canal and El-Havmami canal. This paper deals with
El-Harmami canal, which takes the water from El-Mansuriya main canal.

El-Hammami area is about 2000 feddans (Dotzenko et al., 1979). The area
exhibits the sandy soil conditions found along the fringe of the Nile
Valley.

Fatmers ircrigate their fields by lifting the water from the canal,
mesqa or from the shallow aquifer. Saqias are used when irrigation
water is available in the irrigation canals, while pumps are used to
pump the groundwater, when there is insufficient water in the canals, or
when the fields are too far from the canals.

*  This paper was submitted to Colorado State University, Agronomy
Department, as a partial fulfillment of M. Sc. requirement.

&/ Former EWUP agronomist and present leader of the Agronomy
Department in the Project Preparation Unit of the Ircigation
Management Systems Project,

b/ EWUP  Senior Agronomist and Associate Professor of Agronamy at
Colorado State University.
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This paper presents a sunmary of the data collected by EWUP from three
selected farms.

The major ocbjectives of this report are:
A) To Evaluate the icvrigation application efficiency at the farm level,
B) To Study the farmers' design criteria;

C) To Estimate the water table contribution to the water uptake by
plants.

The questions to be enswered by these objectives are:

1. How much water did the faomers apply?

2. How much of that water was actually stored in the soil?

3. At which depth in the soil profile was the water stored?

4. How 1is the computed water use compared with the estimated water
requirements?

II. REVIEW OF IRRIGATION DESIGN AND OPERATIDNS

In gensral, there are three methods of applying irvrigation water to
land (surface irrigation, sprinkler  irrigation, subsurface
irrigation). In this study, the surface irrigation system will be
discussed, being the only one used in the study area.

A. Surface Irrigation

The idea is to obtain uniform distribution of an adequate amount
of water without excessive penetration. This should be accompli-
shed with minimum expenses, labor, equipment and disfiguration of
land surfacz.

Surface irvigation can be subdivided into flood irrvigation, and
furrow irrigation (Hart, 1975).

1. Flood Irrvigation: Theoretically, water should stand in the
soil at all points just long enough to allow sufficient water
to enter and fill the root zone to field capacity. It is
seldom possible to achieve this situation under practical
field conditions. Flood irrigation includes several specific
methods of application.




a) Border Strip: The objective is to advance a sheet of
water over a narrow strip of land between borders con-
sisting of low vidges. The strip must have a unifomm
grade. The border dikes should be low and well rounded so
as to allow the crop to expand over the dikes.

This method is well adapted to close-growing crops. It
can use large heads of water safely and has low labor and
time requirements.,

The field layout depends upon the soil intake vate, slope,
and depth of irrigation water to be applied. Strip width
is largely governed by the amount of water that may be
safely carried through turnouts from the supply ditch and
along the slope of the land. Larger streams are requived
if the soil intake vate is high, and shallow applications
ave required (Phelan & Criddle,1955),.

b} Basin oc Level Bovders: The objective is to quickly fill
a diked area to the desired depth and then allow the water
to uniformly penetrate the svil. The method is especially
adapted to flat lands and for close-growing crops. The
method is good for sodicity and salinity control.

The dikes around the basin must be high enough to save the
amount of water requived for ircigation since the time of
application is short. Generally, the dikes are too high
to allow equipment to drive over them. The land nust be
quite level generally not greater than 0.1% slope. The
stream size depends upon the size of basins, but, as a
vule of thumb, the stream size should be twice that
required on flat land for border strip irrigation with the
same width as that of basin irrigation.

Furvow Irvigation: It is the most rtecommended method for row

crops where the furrows are made between the tows., It is
adapted to all row crops, on gentle slopes if intake rates are
not too high, or for dead level. In Egypt, ilhe farmers use
small basins with small furrows inside every basin for their
tow crops., Small furrows are prepared and used chiefly for
guiding the water vather than conveying it. Overtopping often
occurs., The method is helpful where the land is not suf-
ficiently leveled. It makes use of small discharges, and can
be used for cover crops as well 23s tow crops.



B.

Design Parameters Review

In order to design an irrigation system and to have a good irriga-
tion evaluation, some physical parvameters need to be determined,
The soil ‘“exture, soil intake vate, soil bulk density, water
holding capacity and flow rate are of primary concern.

1. Soil Texture: It rvefers to the relative proportions of
various sizes of particles in a given soil. The traditional
method of characterizing particle sizes in 30ils is to divide
these particles into three size ranges known as sand, silt and
clay. The overall textural designation or class is determined
on the basis of the mass ratios of these three fractions,

The soil texture must be known before designing an irrigation
system. According to soil texture classification, the amount
of irrigation water to be applied can be closely estimated
when used with some other parameters like the available stream
size, slope and porosity,

2. Soil Intake Rate: It is a soil characteristic detemmining or
describing the maximum rate at which water can enter the soil
under specified conditions, including the presence of an excess
of water (Brady 1976).

Soil intake vate is used in designing an irrigation system
because it explains the relation betwsen the depth of water
entering the soil and the time needed. The intake rate
depends mostly on the soil texture and gives an indication
about the moisture distribution in the soil. Usually the
intake rate decreases rapidly with time during an irrigation,
This decrease is a logarithmic function of time that can be
described by the Kostiakov equation (McCulloh, 1876).

D = ¢ TN
where,

D = depth of water infiltrated in time T,
c & n = constants (McCulloh, 1976).

If the log of the accumulated intake in "em” is plotted as a
function of log of time in "minutes”, the resulting best fit
straight line will have an intercept of c and a slope of n,

When D = ¢ TN
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I = (60) on T(N=1) where I = the intake vate (em/hr),

T = (60) c T(n1) yhere T = the average intake rate (cm/hr)
for the whole period of time
[McCulloh, 1978).

Bulk Density: It is the mass of dey soil per unit bulk volume

(including the aitr space)
Ba = Ms/Vp (Marchall, 1978)

Soil bulk density is important in converting the percent
moisture by weight to percent moisture by volume.

The relation is:

Percentage of moisture by volume =
Percentage of moisture by weight x bulk density

Water Holding Capacity (field capacity): It is the amount of

water held in the soil after excess water has drained away and
the vate of downward movement has materially decreased, which
usually takes place within 2-3 days after rain or irrigation in
well drainec; pervious soils of uniform structure and texture.

Water holding capacity is used in calculating the irrigation
application efficiency:

Applied Water x 100
Field Capacity

Application Efficiency =

In the absence of groundwater and provided the soil profile is
sufficiently deep, the typical moisture profile at the end of
the intake process consists of a wetted zone in the upper
pacrt of the profile, and a relatively dry zone beneath. The
post-intake movement of water from the moist to the drietr zones
within the profile is called vedistribution. This process is
caused by matric suction gradients. ‘ine vate of redistribution
generally decreases with time, as the suction gradients
decrease and the hydraulic conductivity of the desorbing zone
falls off. Thus, moisture loss from the upper zone, rapid at
first, becomes slower and slower, and by time this loss becomes
imperceptible. The seemingly stable wetness vemaining has
since long been termed "field capacity” and taken to represent
the upper limit of moisture availability in the field.
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The field capacity is not an equilibrium value or a true
constant, since rvedistribution does not generally cease within
a few days and can persist for very long periods of time. In
any case, different soils vary greatly - sometimes by a factor
of ten - in their ability to vetain water after comparable
periods following intake. Soil wetness at any given time after
intake depends on the soil hydraulic propecties and profile
uniformity as well as on the quantity of water intake and the
initial wetness {Hillel, 1371),

Flow Rate and Heads Available: Flow rates should be measured

at the on-famm delivery point. Measurements should be taken
before designing the irrigation system to use the estimated
discharge with the other parameters, so higher irrigation
application efficiency can be obtained under practical
field conditions.

Soil topography is important in surface irrigation design,
because it describes the so0il surface condition, If the
topography is irregular and surface irvigation systems are to
be used, it is essential to determine the elevations throughout
the irrigated area (Hart, 1975).

As soon as the parameters are determined, the farm layout can
be obtained. This is usually done with the aid of some pre-
pared tables and imperical equations (Table 1).

This results in a "design efficiency”, but the practical field
conditions do not necessarily follow the design efficiency.
The more accurate the parameters are detemmined and the more
homogenous the area is the more the design efficiency should
compare with the actual field efficiency.

III. MATERIAL AND METHODS

Farm Selection and Layout Description

Three fields were selected in the area for intensive studies
(Figure 1), The selection was one field at the beginning, another
at the end of the canal, and a third along Mesqa 2, beyond the end
of the canal.

Initial field studies showed that the farmers' field layouts are
about the same throughout the study area, no matter what the loca-
tion is or how water lifting is done.



Table 1. Recommended Border Irrigation Relationships (Adapted from
Phelan and Criddle, 1955, Yearbook of Agriculture, p. 264)

Soil Percent Applic. | Suggested _S1ze of Size of Stream
Texture| Slope depth border strip (fest) c £ s)
{inches) | width Length s
2 500 8.0
0.25 4 50 800 8.0
B 1320 6.0
2 300 2.75
Coacse 1.00 4 40 500 2,50
6 800 2.50
2 200 1.25
2.00 4 30 300 1.00
6 600 1.00
2 800 7.0
0.25 4 50 1320 6.0
6 1320 3.5
2 500 2.5
Medium 1.00 4 40 1000 2.5
6 1320 2.5
2 300 1.0
2.00 4 30 600 1.0
6 1000 1.0
2 1320 4,0
0.25 4 50 1320 2.5
6 1320 1.5
2 1320 2.5
Fink 1.00 4 40 1320 1.25
B 1320 0.75
2 660 1.0
2.00 4 30 1320 1.0
6 1320 0.67
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The Three Selected Sites
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In general, a sagia lifting the irrigation water from the canal or
a pump pumping the water from the shallow groundwater table is
located by the head of the field. Water is directed to a naccow
marwa which has cuts to allow water to enter every basin. One
basin is irrigated at a time and then the next (Figure 2).

Despite similarity of famm layouts through the area, the amount of
water available for irrigation was expected to be different
according to farm location along the canal. For this reason, the
selection procedure was to select famms under anticipated dif-
ferent amounts of available water.

The first selected farm (01-01-01) is located at the very
beginning of El-Hamammi canal. As expected, there was always
enough irrigation water, and the only method for lifting water was
a saqia located by the corner of the field (Figure 1).

The second farm (01-02-02) is located at the end of El-Hammami
canal and on the beginning of Mesqa 2 (Figure 1). Lifting water
was done by a saqia at the head of the field. It was also
expected that the farmer could always have enough water.,

The third farm (01-02-03) is located at the middle of Mesqa 2
(Figure 1) where shortage of water was expected., The cross sec-
tional area of the mesga a. the farm location was too small to
convey enough water to the farm especially in summer. The farmer
had a saqia, as well as a pump to use shallow groundwater table when
water in the canal cannot meet his needs,

Oetetmination of Fatm Irvrigation Practices

1. Field Size and Depth Applied: Fields were surveyed with 100 m
tapes to measure basin sizes, marwa length and width and
sagia locations.

The area was used to get the depth applied from the equation.

. Total wl, of water applied (m3)
= 100
Oepth of water applied Area irrigated (m2) X

(cm)

The wolume of water applied per ircigation was obtained
directly from the flume measurement.

2. Bed Size: Bed size was measured by the tape. The distance
between plants, the height of tows, the width of the bottom of
the vow and the distance between tows were all measured.
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3. Frequency of Irripgations: The number of days between irriga-
tions was recorded to get an average of the frequency of irri-
gation and to know the direct reason for each irrigation by
questioning the farmers and monitoring the growth stage.

4. Estimation of Crop Requirements: The average daily water dep-
letion (rate of depletion per day) was obtained by dividing
the anount of moisture consumed (calculated with the gravime-
trical method) between two successive irrigations by the
number of days elapsed in that interval.

The data obtained was compared with the recommended eva-
potranspiration estimated (Water Master Plan, 1981).

5. EWUP's Influence on Irrvigations: The EWUP staff did not
interfere at all during 1980. There was no influence on the
following:

- When the fammer icrrigated his field.
- How much water he applied.

- The irrigation system design.

The time of planting, etc.

Data Collection Procedure

In order to evaluate the fammer's irrigation design ,to figure out
how close the fammer's design relates to the fundamentals of sur-
face irrigation design criteria, and to check how the practical
field conditions govern the farmer's design, the previously
discussed parameters need to be determined and analyzed. The
study was conducted on those farmers' fields where some data
collection could interfere with on-going fatm activities. The
data collection had to be frequently held to a minimum in order to
minimize the interference with the fammers'’ regular operations.

Oetemmination of Irrigation Design Parameters

1. Soil Texture: The snil survey done by EWUP (Dotzenko et al.,
1979) was used to detemmine the soil texture characteristics
and some other preliminary studies of some parameters.

2. Soil Intake Rate: Since the soil survey studies indicated
that the soil characteristics in the whole area were quite
uniform, it was expected that the soil intake rate could be
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uniform over the whole area. Thus, the number of replicates
used in determination of intake rate was limited to four. The
intake rate was determined by four double ving infiltrometers
placed on four spots in an area of about half a feddan,
Cylinders were installed in the four selected locations that
were examined carefully to avoid signs of unusual surface
disturbance, animal burrows, and stones which might influence
Cylinder veadings. Areas which might have been affected by
unusual animal or machinery traffic were avoided. The water
level wes kept at 10 to 15 on.  When the water level had
dropped 3 to 5 om, sufficient water was added to return the
water surface to its approximate initial elevation. In data
analysis, vefilling was assumed to be instantaneous. 1In the
first five minutes, readings were recorded every minute,
After the first five minutes, readings were recorded every
five minutes until the end of the experiment, except for the
reading before and after refilling. An average of those four
replicates was taken as the soil intake rate curve.

Soil Bulk Density: As described in the determination of the

intake rate, the uniform soil characteristics limited the
number of samples needed to he taken to detemmine the soil
bulk density. A representative location from each field was
selected. The selected locations were examined for signs of
unusual surface disturbances. The bulk density sampler was
used to collect the undistucrbed samples, the sampler tube was
elongated vertically and hammered into the ground. Semples
were collected vertically every 15 on until 90 on.

An average of three groups of data was obtained to get the
soil bulk density in the three soil layers 0-30, 30-60, and
80-90 on,

Soil Moisture: In order to evaluate the fammers' irrigation

application efficiency and the soil moisture depletion, soil
moisture samples were collected before each irrigation and 24
to 72 hours after each irvigation., Samples were collectd in
four different places in Rvery irvigated field at depths of
0-10, 10-20, 20-30, 30-60 and B0-90 om. The soil moisture
content was determined gravimetrically. The difference bet-
ween moisture contents before and after an irrigation from
0-80 on was used as a base to determine the irrigation appli-
cation efficiency. The difference in the noisture content
after an irrigation and the moisture content before the
following irrigation was used to calculate the water depletion,
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Dividing the water depletion by the number of elapsed days
between the two sanpling dates, we obtain the rvate of
depletion,

Because of the highly fluctuating water table, which prevented
the normal determination of field capacity, an average of the
soil moisture content after irrigation was taken as the soil
field capacity for every famm,

5. Flow Rates and Heads Available: To measure the amount of
water used by the farmer, cutthroat flumes of 20 by 90 cm were
placed divectly at the outlet of the saqia or the pump. Flume
readings were taken by EWUP's technicians every fifteen minu-
tes (or less) during an irrigation. The cutthroat flume
program developed by Helal et al. (1980) was used to calculate
the discharge and the amount of water applied with the use of
the HP-97 calculator. The anount of total water applied per
irrigation was compared to the published estimated evapotrans-
piration,

6. Topography: Ground surface elevations were taken to determine
the inside basin elevations to get general information about
the degree of levelness.,

IV. RESULTS

Analysis of Icrrigation Design Parameters

To evaluate the farmers' irrigation practices in the area, it is
quite important to evaluate the irrigation design parameters in a
way that helps determine the present status of the icrigation
practices gpplied by the Egyptian fammers in sandy soils of the
study sites.

1. Soil Texture snd Related Characteristics: According to the
soil survey, the soils of El-Hammami area were found to be
largely loamy sands in the surface and sands in the subsoil
(Dotzenko et al., 1979). The coarse sand was the major par-
ticle size, it represents aout B81% in the surface soils and
85% in the subsoils (Table 2), while the fine sand tanges from
0.7% to 9% in the subsurface soils and varies from 4.7% to

.6% in the subsoils. The amounts of clay and silt are pro-
portionally less, the clay content vanges from 7.1% to 7.6% in
the surface soils and from 2% to a maximum of 6% in the sub-
soils, while the silt content varies from 1% to 10.6% in
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Table 2. Particle Size Distribution for Profiles Near the Selected

Farms 8/
Pr‘ofilel Depth I Coarse Sand ! Fine Sand' Silt Clay I
No.b: o o o o Texture
om % % % %
28 0- 40 80.9 9.0 3.0 7.1 Loamy Sand
40-150 85.7 4,7 3.5 6.0 Sand
35 0- 20 85,5 6.4 1.0 7.1 Sand
20-150 85.3 6.6 6.1 2.0 Sand
56 0- 15 81.1 0.7 10.6 7.6 | Loamy Sand
15- 45 88.4 1.4 4.1 6.1 Sand
45-150 84.2 5.2 6.6 4.1 Sand
al Adapted from EWUP Technical Report No. 2 , 1979.
b/ Profile No. 28 represented fam (01-01-01)
Profile No. 35 vepresented farm (01-02-02)
Profile No. 56 represented farm (01-02-03)
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the surface soils and from 3.5% to 6.6% in the subsoils. The
dominant sandy texture influences the other physical proper-
ties of the soil,

Soil Intake Rate: The average accumulated intake for the four

double ving infiltrometers after 195 minutes was 2.1 on as
total depth epplied under the experiment conditions (Table 3).
The data obtained was plotted in a log-log paper (Figure 3).
The equation developed by Kostiakov (D = c T") was used
(McCulloh, 1976). 1In the equation:

accumulated intake of the soil

accumulated intake intercept at unit time
time at which water is on the soil surface
slope of the line

340 O
n

The time rvequired to fill the soil with a given depth of
water, D, is indicated by the formula

D 1/n

cC

Kostiakov's equation was solved for c and n (Figure 4). The
results were:

c = 1.41,
n= 0.79

thus D = (1.41) T1(0.79)
I

and = (60) (1.41) (0.79) T1(-0.21)

where I = the intake rate (em/hr)

then I = (60) (1.41) 7(-0.21)  here,

where I = the avarage intake rate (ow/hr), for a period of

195 minutes.

Note that if D =¢ TN

joEen 7(n=1)
= (60) c T(n-1) (McCulloh, 1976)

The "I" calculated is considerved as the basic intake rate under
experimental conditions of 195 minutes and 15 on constant
head of water.

The "I" value is 27.7 owhr., In practical field conditions,
the average head of water applied by the fatmers nevevr
reached the 15 om head of water used in the experiment, but
the value of 27.7 on/hr can be used as a basis in evaluating
the irrigation design of the farmer (McCulloh, 1976).



Elapsed | Time of | Cylinder #1 Cylinder #2 | Cylinder #3 Cylinder #4 | Average
Time Reading | Accumulated | Accumulated Accumulated | Accumulated Accumulated
Intake Intake Intake Intake Intake
(min) (hr.min) om an on on on
0 11.00 00.0 00.0 00.00 00.0 00.00
5 11.05 07.2 04.2 06.50 03.1 05.25
10 11.10 12.5 06.4 11.00 05.2 08.78
20 11.20 22.9 10.4 15.00 8.7 14,25
30 11.30 33.4 13.6 22.50 11.5 20.25
45 11.45 43.6 19.6 32.50 13.7 27.35
75 12.15 63.3 30.5 50.90 22.9 41.90
105 12.45 82.0 40.0 69.10 30.8 55.23
135 01.15 87.7 50.0 85.80 38.9 68.10
165 01.45 112.7 61.0 101.80 46.9 80.60
195 02.15 123.7 72.0 117.80 54.8 92.10
Table 3. Cylinder Infiltrometer Data (1981).
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Average Intake Rate (cm/ hour)
. Tove =84.8407702

~— 277 em/ hr

\Qs\§'
Intake Rate (cm /Fr)\\
1 = 66.854 22!

/
/

Eiapsed Time (min)

Figure 3. Intake Curve Plotted on Log-Log Paper.
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Figure 4, Solving Kostiakov's Equation for Values of ¢ and n.
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Soil Bulk Density and Porosity: The average of four soil bulk

density values manges from 1.6 g/cc at the upper 30 cm to 1.75
g/cc at the 60 to 90 om. The values (Table 4) vepresent the
higher vrange associates with sandy soil bulk density which
usually has a variation from 1.2 to 1.8 g/cc (Marchall, 1979).

These relatively high bulk density values might indicate a
possible subsoil compaction which leads to low porosity
values. The soil porosity was calculated using the bulk den-
sity values, assuming particle density 2.65 g/cc.

The following equation was used

bulk density
particle density

The calculated porosity values of 32 to 40% (Table 4) are
quite appropriate for the soil texture and bulk density
(Marchall, 1979).

The percentage of porosity = 1 -

Water Holding Capacity: The soil moisture samples collected

in the area indicate a low water holding capacity, that is
consistent and associated with the sandy texture of the soil.
The upper 30 on of the soil has the maximum percent of
moisture stored from irvrigation water while the change fram
30-60 om and from 60-30 om is very small (Table 5).  The big
change in moisture content in the upper 30 on is due to the
small amount of water in the soil before irrigation (i.e.
from 43.3 % to 55% of the total wlume of wids), while from
30-60 on it manges from 84.9% to 94.3% which indicates that
the soil wids are almost saturated and the air space is very
small, and from 60-90 om it vanges from 93.8% to 98.7% which
also indicates that the soil wids are saturated with water,
and most likely the sample is from below the water table.

The only zone able to accept water was that of the 0-30 om, where
the wlume of water held by the soil particles before irriga-
tion varied fran 17.3% to 22% and after irvigation it
varied from 25% to 27%. The soil porosity from 0-30 om was
40% (Table 5), which indicates a reasonable response for icvri-
gation. A good soil aeration indicated that the concentration
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Table 4. Bulk Density and Porosity values®

(1981).

. .. b/ .
Soil Layer | Bulk Density~ Porosity
om g/cc %

0 -30 1.60 40
30-60 1.70 36
60-90 1.75 34

2/ Particle density taken as 2.65 g/cc.
b/ Average of four values.



b, .
Depth of Moisture Content Hc;isttu'e Content | Moisture Restored |Percent Stored s::u.‘bistureas-/ 8 Voids Filled Soil
Far No. Sampling Before Irrig. After Irrig. Per Layer A Percent Volume Volune of Water Porosity
(cm) () (om) (om) s Before  After Before  After [
Irrig. Irrig. Irrig. Irriqg.
(01-01-01) 0~ 30 52 75 23 64 17.3 25.0 43.3 62.5 “40.0
30 - 60 :18 86 5 14 27.0 28.7 84.9 90.3 36.0
60 - 90 90 98 8 22 30.0 .32.7 43.7 100.0 34,0
(01-02-02) | o0-30 66 8l 15 ) 2.0 | 210 55.0 67.5 40.0
30 - 60 S0 93 3 17 -30.0 31.0 94.3 97.5 36.0 ~
60 - 90 94 92 -2 0 31.3 30.7 97.8 95.9 34.0
(01-02-03) 0 - 30 53 76 23 66 172.7 25.3 44.3 63.3 40.0
- 30 - 60 as 87 4 11 22.7 29.0 87.1 91.2 36.0
60 - 90 9l 99 8 23 30.3 33.0 94.7 100.0 34.0

Table 5. Soil Water Holding Capacitygf (1980-1981)

a/

The three re

three fields

b/

= Soil bulk density values obtained from (Table 3)

presented samples are from the first irrigation of berseem in the

-'[Z_
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of vroots was highest from 0-40 cm, which might be due to opti-
mum moisture content and soil asration (Tinsley, 1982) (Tables
6 & 7). On the other hand, the wolume of water held before
irrigation from 30-60 om was between 27% to 31.3% and 28.7% to
31% for after ircigation with soil porosity 36% which means
that the percent water stored due to irrigation was wvery
little and all voids were almost saturated before irrigation
and consequently poor soil aeration which could testrict root
penetration. The case was even worst in the 60-90 on as the
volume of water held was 30 to 31.3% before irrigation and
30.7 to 33% after irrigation with soil porosity 34% which
indicates that all voids were completely filled with water.

The above discussion indicates that the high water table is
usually in the 30-60 cm level.

Water Discharge: The average depth of water applied per irri-

gation was sometimes influenced by the average water discharge
(Table 8). The data indicated that the higher the discharge,
the higher the depth of water applied (i.e., with average
water discharge 38.5 1lps,the average depth of water applied
was 179 mmywhile with 15 Ips water discharge, the average depth
applied was 45 mm). This is in contradiction with {he basic
theory of water application efficiency where the higher the
discharge, the lower the opportunity time for infiltrvation as
there is a smaller anount of water applied.

The date also indicated that the farm location had a very
great influence on the average discharge available and con-
sequently on the depth of water applied (i.e. fammers at the
beginning of the canal make use of greater discharges than
those by the end of the canal).

Fammers' Irrigation Practices

The farmers' irrigation practices were evaluated from the data
collected on:

Frequency of Irrigation.
Available discharge.
Volume of water applied.

- Water depleted.

Application efficiency.
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Table 6. Root Penetration for Groundnut and Hot Peppers in El-Havmamid/
Summer 1981,

Depth Groundnut #1 Groundnut #2 Hot Peppers
total | accum. total | accum. total | accum,

an | g/seg| o % | 8/seg| % | 8/seg| ¢ %

0-10| 0.6 | 13.3 13.3 1.4 | 35.9 | 35.9 2.1 | 43,7 | 43.7
10-20( 0.8 | 17.8 31.1 1.0 | 25.6 | 61.5 0.7 | 14.6 | 58.3
20-30 1.0 | 22.2 53.3| 0.3 7.7 | 69,2 0.3 6.3 | 64.6
30-40 1.3 | 28.9 82.2] 0.1 2.3 | 71.5 1.3 | 27.1 91.7
40-50] 0.3 6.7 88.91 1.1 28.2 | 99.7 0.1 2.0 | 93.7
50-601 0.5 | 11.1 100.0 0.1 2.0 | 95.7
60-70 0.1 2,0 | 97.7
70-80 0.1 2.0 | 99,7
Total| 4.5 3.9 4.8

a/ Adapted from EWUP DWP # 92 "Evaluation of Root Penetration for
Summer Crops 1981." :
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Table 7, Root Penetration for Maize in El-Hamami, Surmer 19819/,

Depth Maize #1 Maize #2
totall accum, [ total[ accum.
om /se °
g/seg % 5 g/seg % %
0-101 5.7 68.7| 68.7| 4.0 | 66.7 | 66.7
10-20| 2.0 24,1 92.8| 1.4 | 23.3 {90.0
20-30] 0.2 2.4 95,2 0.2 3.3 | 93.3
30-40] 0.2 2,41 97.6] 0.2 3.3 | 96.6
40-50( 0.1 1.2 98.8| 0.2 3.3 | 99.9
50-60 g8.8
60-70 98.8
70-80| 0.1 1.2 100.0
Total 8.3 6.0

&/ Adapted from EWUP DWP # 96 "Evaluation
Summer Crops 1981."

of Root Penetration for
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Table 8. Water Discharge (1980-1981).
Average Depth
. Average
. Applied per .
Sit C c
ite Top Season (Ircig.) Discharge
() (1ps)
01-01-01 { Wheat winter 113 36.3
Berseem winter 179 38.5
01-02-02 | Berseem winter 69 34
Cabbage winter 71 30
Watermellon sunmmeT 101 22
01-02-03 | Broad beans winter 37 16
Wheat winter 31 19
Berseem winter 75 19
Tomato winter 35 19.5
Eggplant wint. &sum, 45 15
Hot peper wint. &sum, 41 31
Watermellon sunmer 70 19.4
Maize suTmer 44 21
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Farm (01-01-01): This farm is located at the beginning of

El-Hammami canal, where a shortage of available irrigation
water in the canal never occurred. Therefore the fatmer was
always able to use his sagia and have an average discharge of
37 lps (Table 9). ODuring the winter seasons of 1980~1981, he
cultivated both wheat and berseem.

al Wheat: Wheat was planted on about 2100 m2. It was planted
in December and harvested in May. The wheat crop received
6 irrigations between January and April, with an average
irrigation frequency of 15 days. The amount of water
applied varied from 40 to 130 mm pec irrigation (Table
10). This made the average depth of irrigation 113 nm,
and the total depth of irrigation per season 679 mm. Df
the 679 mm applied, only 91 mm were stored in the 0 to 90
cm depth, and only 74 mm were accounted for as depletion.
In contrast, the estimated consumptive use for a wheat
crop is 475 mm (Figure 5). Thus the application effi-
ciency based on the water stored is calculated as follows:

\C

(91/679) 100 = 14.1%

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is:

(475/679) 100 = B0 %

If the data were correct, a major discrepancy exists in
which a large amount of water was applied, but very little
water stored, and the plants used several times the amount
of water stored. The question then arises as to what
actually happened to all the water that was applied, and
from where did the wheat get the water it actually used?
The unaccounted applied water amounted to 679 - 91 = 588
mm. At the same time the plant obtained 475 - 91 = 384 mm
of water from non-irrigation sources.



Crop . Season{ Area| Number Average Irrigation| Tetal | Totai Total Average Average Estimated
of Frequency depth | depth depth dischar- | Application Evapotrans-
Irrigat of » of of ge Efficiency | ptration
ions water | . ter water
applied | stared deple-
ted
(m2) (days) () | (m) | (mm) (cPs) (%) (rm)2/
Wheat Winter | 2100 6 15 679 91 74 36.3 14.1 475
Berseem| Winter | 2100 10 17 1791 226 198 38.5 14.0 677
Table 9. Average of Different Irrigation Measurements Collected in Farm
(01-01-01) (1980-1981).
a/

Estimated E.T. obtained from Wa

UNDP-EGY/73/024.

ter Master Plan Technical Report 17,

_lz_



Irr] Sampling | Depth Soil Moisture Water applied] Q E Lepl. Vater stored
NoJ date Before [ Aftar 4 |[Volume | Depth - - Total
(cm) Dep)/ day
(cm) (@m) | (@) | (om) ®3) | (xm) (LPS) | (X) | (mm)/day | (%) (rm)
1 | 77181 | 0-30 52 74 22 |209.7] 100 a2 | 34 - 64.7 34 -
SMB 6/1: |30-60 74 82 8
SMA 8/1 [60-90 79 83 4
2 {12/2/81 | 0-30 67 | 75 8 |258.9| i23 a2 | 8.1 0.20 §0.0 10 0.2z
SMB 12/2 |30-60 81 83 2 0.02
SMA 17/2 |60-90 90 90 0
3 |10/3/81 | 0-30 68 75 7 |241.6f 115 38 | 9.6 0.33 63.6. 11 0.42
SMB 10/3 |30-€0 81 85 4 0.09
SMA 12/3 |60-90 105 98 -7
4 126/3/81 | 0-30° 65 74 9 [272.4| 130 3% | 7.7 0.71 90.0 10 1.28
SMB 26/3 {30-60 90 88 -2
SMA 29/3 |60-30 90 91 1 0.71
5 |11/4/81 | 0-30 63 75 12 |189.4 90 2 |14.4 0.85 92.3 13 2.15
SMB 11/4 |30-60 72 73 1 1.23
SMA 14/4 |60-90 90 88 -2 0.07
6 [30/4/81 | 0-30 64 76 12 |252.7( 121 28 |10.7 0.73 92.3 13 0.73
SMB 29/4 |30-60 73 74 1 :
SMA 2 /5 |60-90 92 92 0
Table 10. Soil Moisture Data Sheet.
Location: At the beginning of El1-Hammami Canal Crop: Wheat 1980-81
Site NumberSé (01-01-01) Season: Winter 1980-81

Area: 2100m
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b) Berseem: Berseem was planted on about 2100 m2. It was
planted in October with the final cut in May. The berseem
crop received 10 irrigations between October and May, with
an average irrigation frequency of 17 days. The amount of
water applied vavied from 100 mm to 202 mm pet irrigation
(Table 11). This made the average depth of irrigation 179
mn and the total depth of icrigation per season 1791 mm,
Of the 1741 mr amplied, cnly 226 mm were stored in the O
to 90 on depth and only 198 mm were accounted for as
depletion. In contrast, the estimated consumptive use for
a berseem crop of this duration is 677 mm (Figure 6).
Thus the application efficiency based on the water stored
is calculated as follows:

(188/1791) 100 = 14%

However, when the water applied is expressed as a psrcent
of estimated consumptive use, the result is:

(677/1791) 100 = 38%.

Farm (01-02-02): This famm is located at the tail end of

El-Hammami canal where irrigation water was usually available
by the end of the on-period.

The fatmer used his 8aqia when water was available in the
canal when he wanted to icrigate; if not, he rented a pump
taking water from a well. The average water discharge was
about 28.. (Table 12) (for both pump and seaqia).  During
winter 1980-81, the fammer cultivated his field with bersaem
and cabbage; and in summer 1981 he cultivated watermellon,

a) Berseem: Berseem was planted on about 2000 m. It was
planted in November with the final cut in February. The
berseem crop received 4 irrigations between November and
February, with an average ircvigation  frequency of 25
days. The amount of water applied varied from 27 mm to
104 mm per icrigation (Table 13). This made the average
depth of irrigation 69 mm, and the total depth of irriga-
tion per season 276 mm. OF the 276 mm gpplied, only 53 mm
were stored in the 0 to 90 cm depth and only 56 nmm were
accounted for as depletion. In contrast, the estimated
consumptive use for a berseem crop of this duration is
170 mm (Figure 7).



Irri Sampling Depth Soil Moisture Water applied Q )3 Depl. Water stored
Nol date Before | After | .o [“olume | Depth (2-3(; 0-90 [yotal
cm cm) ./
(@) | () |(m) [@o) | o3| @ |aesy| m [™/day | o) | Y [l
! | 14/10/80} 0-30| 52 75 23 | 385.1} 183. 36 20 - 64.0 36 -
SMB 14/10| 30-60| 81 a5 5
SMA 17/10| 60-90| 90 98 8
2 | 26/10/80| 0-30] 53 74 21 | 424.5| 202 31 12 2.44 87.5 | 24 1.76
SMB 26/10| 30-60) 82 85 K 0.44
SMB 28/10| 60-90{ 90 87 -3 0.88
3| 9/11/80] 0-30| 54 79 25 | 396.5| 189 3 16.4 1.81 80.6 31 1.99
SMB 8/11| 30-60| 83 87 4 0.81
SMA 12/11| 60-90( 91 93
4| 2/12/80} 0-30| 64 78 14 | 453.0] 216 42 06.5{ 0.75 |100.0 14 0.75
SMB 2712 30-60{ 91 87 -4
SMA 4712 60-90| 97 92 -5
51 7/ 1/81| 0-30| 60 72 12| 209.7] 100 38 27 0.52 4.4 27 0.92
SMB 7/ 1| 30-60| 79 86 5 0.23
SMA 9/ 1| 60-90{ 86 96 10 0.17
6 | 13/ 2781 o0-30| 71 78 7| 425.0] 202 50 10.9( 0.02 31.8 22 0.42
sM8 13/ 2 30-60| 77 87 10 0.26
SMA 16/ 2| 60-90) 91 96 5 0.14
Table 11. Soil Moisture Data Sheet.
Location: At the beginning of E1 Hammami Canal Crop: Berseem "Egyptian Clover"
Site Number: (01-01-01) Season: Winter 1980-81

Area: 2100 m°
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Irr] Sampling [ Depth Soil Moisture Water applied Q = “E Depl. later stcced ]
NoJ date Before | After|[ ~a |Volume| Depth P ?233 B:pt'::ﬂ Ia
: y
(cm) | @m) | @) |@) | @)@ || @ [™7/%| ) | (0 "o
71 9/3/81] 0-30]| 66 74 8 | 407.6] 194 45 4 0.40 100 8 0.56
SMB 9/ 3| 30-60( 83 83 0 0.16
SMA 12/ 3] 60-90]| 96 92 -4 0.00
8 | 25/ 3/81| o0-30! 65 73 8 | 406.6] 194 45 5.7 0.69 72.7 | 11 0.76
SMB 25/ 3| 30-60| 82 84 2 0.07
SMA 27/ 3] 60-90| 94 95 1
9 | 10/ 4/81] 0-30} 64 70 6 | 366.2] 174 32 3.4 0.64 | 100 6 0.64
SMB 10/4 | 30-60| 89 84 -5
SMA 13/ 4| 60-90 | 101 92 -9
10 [1/5/81| o0-30| 44 71 27 | 287.3) 137 35 | 34.4 1.44 37.4 47 2.46
SMB 1/ 5] 30-60) 71 85 14 0.72
SMA 4/ 5] 60-90) 86 92 6 0.33
|
Table 11. Soil Moisture Data Sheet (Continued)
Location: At the beginning of El1-Hammami Canal Crop: Berseem "Egyptian Clover"

Site Number: (01-01-01)

Area:

2100 m2

Season:

Winter 1980-81
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Figure 6. Actual Water Application vs. Estimated Consumptive Use for Berseem Crop.
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Crop Season Area Number | Averege Total Total Total | Average | Average |[Estimated
of Irrigation Depth Depth Depth [Discharge |Applicat- Evapotrans
Irri- Frequency of of of ion effic-| piration
gation water water water iency
applied | stored |depletad
(m2) (days) (mm) (mm) (mm) (LPS) (%) (m) 2

Berseem Winter 2002 4 25 276 53 56 34 18.5 170

Cabbage Winter 2485 6 13 423 141 115 30 36.5 {-)

Water Mellon Summer 2002 4 30 404 203 162 22 65 (-)

Y,

b/

Table 12.

Estimated E.T. from

Water Master Plan Technical Report 17, UNDP-EGY/73/042.

Averages of Differe
(1980-81)

Berseem for one cut only (Nov. - Feb.)

nt Irrigation Measurements Collected in Farm (01-02-02)

_VE..



Trr] Saopling | Depth Soil Moisture | Water applied! Q E Depl. VWater stored

Nod date Betore | After| .4 |Velume | Depth 0-30 0-90 [Total
(cm) (cm) |Depl Any
(em) (@m) | (@m) | (mm) @3) | (um) (APS) | (%) [mm)/day (2) (2) (mm)
1 | 23/11/80| 0-390 66 81 15 |164.1{ 82 30 22 - 83:3 18 -
SMB 23/11 30-60 90 93 3
SMA 25/11 60-90 94 92 -2
2 | 2/12/80] 0-30 69 76 7 s4.0 | 27 35 13 1.71 100 7 1.71
SMB 30/11 30-60 94 86 -8
SMA 4/12] 60-90 | 102 89 |-13
3| 12711/81] 0-30 71 79 8 |120.57 63 31 30.2| 0.13 42.1 19 0.13
SMB 12/1 | 30-60 88 94 6
SMA 14/1] 60-90- | 93 98 5
4 | 12/2/81 | 0-30 82 85 3 |207.3 | 104 40 8.7] 0.96 33.3 9 1.39
SMB 11/2 | 30-60 90 93 3 0.14
SMA 14/2 | 60-90 90 93 3 0.29
|
Table 13. Soil Moisture Data Sheet
Location: By the end of El1-Hammami Canal Crop: Berseem "Egyptian Clover"
Site Number: (01-02-02) Season: MWinter (1980-81)

Area: 2002
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Thus, the application efficiency based on the water stored
is calculated as follows:

(53/276) 100 = 18,5%

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is:

(170/276) 100 = 62%

b) Cabbage: Cabbage was planted on about 2485 m2. Tt was

c)

planted in October and collected in March. The cabbage
crop received 6 irrigations between October and March,
with an average irrigation frequency of 18 days. The
amount of water applied varied from 54 mm to 85 mm per
irrigation (Table 14). This made the average depth of
irrigation about 71 mm, and the total depth of irrigation
per season 424 mm, OFf the 424 mm gpplied, only 141 mm
were stored in the 0 to 90 om depth and only 115 mm were
accounted for as depletion. The estimated consumptive use
for the cabbage crop was not available,

Thus, the application efficiency was calculated based on
the water stored only.

(141/424) 100 = 36.5%

Watetmellon: Watermellon was planted on about 2000 né,
It was planted in May and stayed until July.

The watermellon crop received icrigations between March
and June, with an average irrvigation frequency of about 30
days. The amount of water gpplied varied from 36 mm to
250 M (pre-planting irrigation) per irrvigation (Table
15). This made the average depth of irrigation about 101
mm, and the total depth of icrigation per season 404 mm,
Of the 404 mm applied, only 203 mm were stored in the O to
90 on depth and only 162 mm were accounted for as
depletion,

The estimated consumptive use for the watemmellon crop was
not available. Thus, the application efficiency was
calculated based on the water stored only.

(203/404) 100 = 65%



IrrJ sampling Depth Soil Moisture Water applied Q E Depl. Water stored
NoJ date Before| After [ A4  |vslume| Depth 0 3({ 0-" 0 [Total

' (cm) | (cm) " |oepl /day
(em) (wm) | (o) |(@m) | @)| @m) | aps)| (xy [mm)/ day | (%) (2) | (mm)

1 }15/10/80 | 0-30 N.A N.A - N.A 70/e - - - - - -
SMB N.A | 30-60 N.A N.A -
SMA N.A |60-90 N.A N.A -

2 |17/11/80 | 0-30 69 75 6 133.5] 54 16 24.1 - 46 13 -
SMB 17/1)f 30-60 81 82 1
SMA 19/11} 60-90 83 89 6

3 7/ 1/81| 0-30 77 77 0%/ 170.2{ 69 28 8.7 0 6 0.06
SM8 6/ 1 | 30-60 88 89 1
SMA 10/ 1f 60-90 86 91 5 0.06

4 |27/ 1/81) 0-30- 54 65 11 165.8] 67 35 22.41 1.15 73.3 15 1.70
SMB 27/ 1j 30-60 84 85 1 0.25
SMA 29/ 1f 60-90 85 88 3 0.30

5 |11/ 2/81) 0-30 57 82 25 211.8; 85 35 73 0.53 40.3 62 2.06
SMB 11/ 3 30-60 71 93 22 0.93
SMA 14/ 24 60-90 79 94 15 0.60

6 4/ 3/811 0-30 66 74 8 205.6] 83 36 54 0.76 17.8 45 1.38
SMB '4/3 | 30-60 87 92 5 0.29
SMA "7/3.1 60-90 87 119 32 0.33

a/ The Zero in the upper layer might be because of raining or some sampling error.

Table 14. Soil Moisture Data Sheet

Lgcation: By the end of E1-Hammami Canal Crop: Cabbage
Site Number: (01-02-02) Season: Winter 1980-81

Area: 2485 m2
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Irr{ sampling Depth Soil Moisture Rater appiied Q E Depl. Water stored
{ date Before | After| a Volume | Depth G 30 0-9 0
: (cm) (cam)  fpepl /day
(cm) () | @) | @m) | @3)]| (mm) (LPS)| (%) [mm)/ day | (2% | (2) | (um)
12/ | 287 3781 o0-30| 54 76 22 | 495.8] 250 18 26.0 - 34 65 -
SMB 28/ 3| 30-60 60 86 26
SMA 31/ 3} 60-90 74 91 17
2/ & 681 o0-30| s8 61 31 71.5 36 30 | 66.7) 0.27 | 12.5 [ 24 | 0.82
SMB 8/ 6! 30-60 65 78 13 ’ 0.34
SMA 11/ 6] 60-90 77 85 8 0.21
3 15/ 6/81 0-30 58 79 21 | 158.8 75 20 68.0 0.75 41.2 51 2.25
SMB 15/ 6| 30-60 71 92 21 1.50
SMA 17/ 6| 60-90 85 94 9 0.00
4 27/ 6/81 0-30 46 59 13 86.2 43 20 100* 3.30 20.6 63 11.90
SMB 27/ 6] 30-60 50 75 25 4.20
SMA 30/ 6] 60-90 50 75 25 4.40

a/ The first irrigation is pre-planting irrigation,
seeds about 60 days later.

b/ The planting irrigation was that of 8/6/81.

Table 15.

Location:
Site Number:

Are:

2002 m2

Soil Moisture Data Sheet

By the end of E1-Hammami Canal
(01-02-02)

where the farmer planted his watermelon

Crop:

Season:

Watermelon

Summer 1980-81

-68-
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Farm (01-02-03): This famm is located by the middle of Mesqa

2 at the end of El-Hammami canal.

The actual mesqa cross-section at the famm location is very
natrow and shallow. The mesqa is vather guiding the irriga-
tion water than conveying it., There was no actual problem of
water shortage during the winter season, while in summer, the
availability of irrigation water was a severe problem, In
summar, the farmmer used a pump for all irrigations. During
winter 1980-81, the farmer cultivated broad beans, wheat, ber-
seem, tomato, eggplant and hot Pepper; the last two stayed
through the summer season. In summer, he cultivated water-
mellon and maize (Table 16),

a) Broad beans: The broad bean crop was planted on about
1650 m¢. It was planted in late November and harvested at
the end of March. The broad bean crop received 7 irriga-
tions between December and March, with an average
irrigation frequency of 15 days, The amount of water
applied varied from 11 mm to 83 mm per irvigation (Table
17). This made the average depth of irrigation 37 mm, and
the total depth of irrigation per season 261 mm., Of the
261 mm applied, only 110 mm were stored in the O to 90 om,
and only 150 nmm were accounted for as depletion. In
contrast, the estimated consumptive use for a broad bean
crop is 373 mm (Figure 8). Thus the application effi-
ciency based on the water stored is calculated as follows:

(110/261) 100 = 55 %

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is: .

(373/260) = 143 %,

It was found that the farmer applied 112 mm less than the
estimated consumptive use (Figure 9),

b) Berseem: The berseem crop was planted on about 2100 m2,
It was planted in November and removed in May. The ber-
Seem crop vteceived 12 irrigations between November and
May, with an average irrigation frequency of 15 days. The
amount of water applied varied between 48 mm and 128 mm



Crop Season | Area Number of | Average Irri- | Total Total Total Average Average Estimated a/
Irrigations qation fre- Depth Depth Depth Discharge Applica- | Evapotrans-
quency of water|ofi water | of water tion Effi-| piration
applied | stored |pepletion ciency
(m2) (days) (mm) (mm) (mm) | (LPS) (%) (mm)
Broad Winter | 1669 7 15 261 110 150 16 55 373
.Beans
Wheat Winter | 3780 9 17 278 128 155 19 57 475
Berseem] Winter | 2100 12 15 894 282 261 19 33 677
Toma to Winter | 2580 5 21 177 75 74 19.5 58 -
Egg Winter | 1408 6 30 270 131 114 15 58 -
plant Summer
Hot _Winter | 1655 13 14 540 263 386 31 55 -
Pepper Summer
Water Summer | 1204 5 26 352 116 212 14.4 34 -
Mellon
Maize Summer | 2100 7 14 308 115 156 21 35 622

_lv..

Table 16. ?verages)of Different Irrigation Measurements Collected in Farm (01-02-03)
1980-81).

&/ Estimated ET obtained from Water Master Plan Technical Report 17, UNDP-EGY/73/024.




Irr] Sampling Depth Soil Moisture Water apnlied Q E Depl, Water ‘stored
Nod date Before | After s |volume| Depth 0-3(; T)TQ(; totaTl
(cm (cm)  |Depl./day
(cm) (o) | (@) | @m) | @3)[ (m) (LPS) | (%) [mm)/ day | (%) (%) | ()
1 6/12/80| 0-30| 63 63 5 | 40.3| 24 14 37.5 - 55.6 9 -
SMB 6/12| 30-60| 83 86 3
SMA 8/12] 60-90{ 91 92 1
2 4/ 1/81{ 0-30] 67 77 10 | 88.9| 53 33 28.3} 0.03 66.7 | 15 0.20
SMB 4/ 1| 30-60] 81 | 86 5 0.17
SMA 7/ 1| 60-90| 110 106 { -4
3 |21/ /81| 0-30] 65 76 11 | 23.9| 14 8 | 100* 0.70 52.4 | 21 1.64
SMB 20/ 1{ 30-60| 85 91 6 0.06
SMA 24/ 1 60-90] 91 95 4 0.88
4 | 77 2/81] o0-3p| 65 76 11 | 17.3] 1 3 | 100.0] o0.69 9.3 | 28 1.45
SMB 7/ 2| 30-60] 81 88 7 0.63
SMA 9/ 2] 60-90| 93 103 10 . 0.13
5 | 22/ 2/81| o0-30] 63 67 4 [137.9 83 20 25.3] 1.00 19.1 | 21 3.15
SMB 22/ 2{ 30-60{ 81 85 4 0.53
SMA 24/ 2| 60-90| 82 95 13 | 1.62
6 | 10/ 3/81| o0-30] 69 78 9 | 63 38, 17, 42.1 56.3 [ 16 0.23
SMB 9/ 3! 30-60] 82 85 3 0.23
SMA 12/ 3| 60-50| 99 103 4
7 |16/ 3/81] 0-30{ N.A 69 -] 63 38 17 - - - - -
SMB N. A | 30-60f N.A | 118 -
SMA 18/3 | 60-90| N.A | 102
Table 17. Soil Moisture Data Sheet
Location: By the middle of Mesqa 2 at the End of the Canal Crop: Broad Beans
Site Number: (01-02-03) Season: Winter 1980-8]

Area: 1669m2
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Figure 8. Actual Water Application vs. Estimated Consumptive Use for Broad Bean Crop.
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pev irrigation (Table 18), This made the average depth of
irrigation 23 mm and the total depth of irrigation per
season B84 mm, Of the 884 mm applied, only 282 mm were
stored in the 0 to 90 on, and only 261 mm were accounted
for as depletion. 1In contrast, the estimated consumptive
use for a berseem crop is 677 mm (Figure 9). Thus the
application efficiency based on the water stored is calcu-
lated as follows:

(282/894) 100 = 33%

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is:

(677/844) 100 = 71%

Wheat: The wheat was planted on about 3750 mé. It was
planted in late November and harvested in May. The wheat
crop received 8 irrigations between Oecember and April,
with an average irrigation frequency of 17 days. The
amount of water applied varied between 12 and 47 mm per
irrigation (Table 18). This made the average depth of
irrigation 30 nm and the total depth of irrigation per
season 278 nm, OFf the 278 mm applied, only 128 mm were
stored in the 0 to 90 cm, and 155 mm were accounted for as
depletion. In contrast, the estimated consumptive use for
a wheat crop is 475 mm (Figure 10). Thus, the application
efficiency based on the water stored is calculated as
follows:

(128/278) 100 = 57%

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is:

(475/278) 100 = 170%

Tomato: The tomato was planted on about 2500 m2. It was
planted on the beginning of November and stayed till mid
February. The tomato crop received 5 irrigations between
November and February, with an average irvigation fre-
guency of 21 days. The anount of water applied varied
from 14 mm to 50 mm psr irrvigation (Table 20).



IrrJ Sampiing | Depth Soil Moisture Water anplied Q E Depl. Water stored
{ dat Before | After volume | Depth 0- ~9 otal
to € & [fotume ) Bep (e | $ay [ReTan
() | (@) | @m) |(@m) | @H| @m) |aes)] @ [m)day | (%) | (2) | u)
1 25/11/80 0-30 53 76 23 78.5 75 20 46.7 - 65.7 35
SMB 24/11| 30-60 83 87 4
SMA 27/11] 60-90 91 99 8
2 26/11/80 0-30 53 75 22 90.6 86 15 27.9 - 91.6 24
SMB 24/11| 30-60 83 85 2
SMA 29/11( 60-90 91 88 | -3
3 14/12/80 0-30 64 78 14 168.4 80 30 17.5 0.73 100 14 0.73
SMB 14/12| 30-60 91 87 1-4
SMA 16/12| 60-90 97 93 | --4
4 3/ 1/81 0-30 60 77 17 201.4 96 25 17.7 1.06 100 17 1.06
SMB 2/ 1| 30-60 91 77 -14
SMA 5/ 1| 60-90 98 91 -3
5 21/ 1/81 0-30 61 72 11 122.2 58 17 50 1.07 37.9 29 1.40
SMB 20/ 1| 30-60 79 86 7
SMA 24/ 1| 60-90 86 97 11 0.33
6 5/ 2/81 0-30 71 79 8 116.1 55 10 38.2 0.07 38.1 21 1.93
SMB 5/ 2| 30-60 78 86 8 0.53
SMA 7/ 2| 60-90 92 97 5 0.33
7 22/ 2/81 0-30 60 75 15 269.8 128 13 12.5 1.12 93.8 16 1.12
SMB 22/ 2| 30-60 81 82 1
SMA 24/ 2| 60-90 95 88 | -8

Table 18. Soil Mositure Data Sheet

Location: By the Middle of Mesqa 2 at the End of the Canal

Site Number: (01-02-03)

Area: 2100 m2

Crop: Berseem

Season.:

Winter (1980-81)
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irr ] SampTing | Depth Soil Moisture Water applied Q E Depl. Water stored ]
No4 date Before | After [ .to Volume Depth 0.30 0- 0 [ Total
{cm) (cm) [Depl. Hay
(cm) () | (mm) | (mm) @3) | (mm) @PS) | (%) |(mm)/day (%) (%) (mmm)

8 16/ 3/81 0-30 66 74 8 116 55- 10 16.4 0.45 88.9 9 0.45
SMB 16/ 3| 30-60 83 84 1
SMA 21/ 3] 60-90 96 92 { -4

9 1/ 4/81 0-30 64 80 16 162.8 78 26 20.5 0.67 100 16 0.67
SMB 1/ 4] 30-60 89 8 | -4
SMA 5/ 41 60-90| 101 98 -3

10 12/ 4/81 0-30 64 70 6 101.8 48 14 12.5 2.29 100 6 3.43
SMB 12/ 4| 30-60 90 84 | -6
SMA 15/ 4| 60-90 90 90 0 1.14

11 26/ 4/81 0-30 49 73 24 161 77 20 68.8 1.50 45.3] 53 2.43
SMB 26/ 4| 30-60 78 90 12 0.43
SMA 29/ 4] 60-90 83 100 17 0.50

12 6/ 5/81 0-30 44 70 26 122 58 17 72.4 4.83 61.9 42 9.83
SMB 5/ 51 30-60 73 86 13 2.83
SMA 7/ 5! 60-90 87 90 3 2.17

Table 18. Soil Moisture Data Sheet (Continued)

Lgcation: By the Middle of Mesqa 2 at the End of the Canal Crop: Berseem
Site Number: (01-02-03) Season: Winter 1980-81

Area: 2100m2
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Figure 9. Actual Water Application vs. Estimated Consumptive Use for Berseem Crop.



Irrf SampTing Depth Soil Moisture Water applied Q E Depl. Water stored
Nod aate Before ter A [volume | Depth 0-30 0-80 | Total
(cm) | (cm) |Depl./day
(cm) (m) | @) | (m) | @3)] (mm) (LPS) | (%) |(mm)/day (=) | (2 | @
1 6/12/801 0-30| 63 68 5 | 80 20 14 45 - 55 < 9 -
SMB 6/12| 30-60| 83 86 3
SMA 8/12( 60-90)] 91 | 92 1
2 4/ 1/81] 0-30| 67 77 10 {177 47 33 32 0.03 66.7 | 15 0.20 .
SMB 4/ 1| 30-60] 81 86 5 0.17
SMA 7/ 1| 60-90] 110 106 | -4
3 | 217 17811 0-30| 65 76 11 | 47 12 8 { 100* 0.70 52.4 | 21 1.64
SMB 20/ 1| 30-60] &8s 91 6 0.06
SMA 24/1 | 60-90{ 91 95 4 0.88
4 4/ 2/81| 0-30] 60 71 11 | 145 38 23 34 1.14 84.6 { 13 1.93
SMB 3/ 2] 30-60] 80 82 2 0.79
SMA 7/ 21 60-90} 105 92 | -13 .
5 | 2372/81 0-30[{ 56 69 13 {161.3| 43 19 44 1.00 68.4 | 19 1.47
SMB 22/2 | 30-60| 75 81 6 0.47
SMA 25/2 | 60-90] 108 93 ( -15 |
6 9/ 3/81f 0-30| 64 78 14 | 98.4| 26 15 73.1] 0.46 73.7 | 19 1.01
SMB 8/ 3! 30-60| 82 84 2
SMA 11/ 3| 60-90| 87 90 3 0.55
Table 19. Soil Mositure Data Sheet
Location: By the Middle of Mesga ? at the End of the Canal Crop: Nheqt
Site Number: (01-02-03) Season: Winter 1980-8]

Area: 3780m°
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Irrd Sempling ] Depth Soil Moisture | Water applied Q E Depl. Water stored
NoJ date Before | After| 5 Ndlm Depth ?.3? ?-9 Total
; cm cm)  0epl /day|

(cm) () | () | (@m) | @3] (mm) (ps) | (x [(mm)/day | (%) (%) | mm)

e,

7 16/ 3/81 0-30 N.A 66 N.A 150 39 15 N.A N.A N.A N.A N.A
SMB N.A 30-60 N.A 82 N.A
SMA 21/ 3| 60-90 N.A 108 N.A

8 31/ 3/81 0-30 69 73 4 86.2 23 23 100* 15.4 26 1.9
SMB 31/ 3| 30-60 81 85 4 0.10
SMA 2/ 4] 60-90 90 108 18 1.80

9 13/ 4/81 0-30 64 70 6 114.6f 30 22 20 0.64 100 6 1.93
SMB 12/ 4| 30-60 90 | 84 | -6
SMA 15/ 4| 60-90 90 90 0 1.29

Table 19 Soil Moisture Sheet (Continued)

Lgcation: By the Middle of Mesqa 2 at the End of the Canal Crop: Wheat
Site Number: (01-02-03) Season: Winter 1980-81

Area: 3780m2
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Figure 10. Actual Water Application vs. Estimated Consumptive Use for Wheat Crop.
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I;;i. dat:lmg ?St;“ Bﬁor:o iif:isture vr::: APD:;:d Q £ Depl. O_BSaterufzgted Depl.
: € pling (cm) | (cm) | (zm/
(cm) (mm) | (mm) | (mm) @3) | (mm) (LPS) | (%) (mm) 3] () day)
Voj1211/80f 0-30 | NA. | NA.[ NA.| 217.5] a1 | 23 -—- -— —- | N.A. —
28 N.A. | 30-60 e e | e
I MB N.A. | 60-90
2 6/12/80{ 0-30 63 68 5 166 31 14 29 N.A. 55.6 9 N.A.
SMB 6/12 | 30-60 83 86 3
M 8/121 60-90 91 92 1
3 4/1/81 0-30 67 77 10 267 50 33 30 0.03 66.7 15 0.20
MB 4/1 | 30-60 81 86 5 0.17
SMA 7/1 | 60-90 | 110 106 | -4
4 2171781 | o0-30 65 76 | 1 7.6 14 8 | 100+ 0.70 52.4 21 1.6
SMB 20/1| 30-60 85 91 6 0.60
A 24/11 60-90 91 95 4 0.88
5 4/2/81 | 0-30 60 73| 13 217.5| 4 23 73.2] 1.60 43.3 30 3.4
B 3/2 | 30-60 77 85 8 1.40
M 7/2 | 60-90 91 100 9 0.40

Table 20. Soil Moisture Data Sheet

Lgcation: By the Middle of Mesga 2 at the End of the Canal Crop: Tomato
Site Number: (01-02-03) Season: Winter 1980-81

Area: 2580 m2
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This made the average depth of irrigation 35 mm, and the
total depth of icrrigation per season 177 mm. Of the 177
mm applied, only 75 nm weve stored in the 0 to 90 cm, and
only 74 mm were accounted for as depletion. As the esti-
mated consumptive use for a tomato crop is not available,
the application efficiency is calculated based on the
water stored. The efficiency is:

(75/177) 100 = 58%

Hot Pepper: The hot pepper was planted on about 1600 mZ.
It was planted on the first week of December 1980 and
stayed in the land until the beginning of August 81. The
crop received 13 irrigations between December and July 81,
with an average irrigation frequency of 14 days., The
amount of water applied varied from 23 mm to 67 mm per
irrigation (Table 21). This made the average depth of
irrigation 41 mm, and the total depth of irrigation per
season 540 mm, Df the 540 mm applied, only 263 mm were
stored in the O to 90 on, and only 386 mm were accounted
for as depletion. As the estimated consumptive use for
the hot pepper is not available, the application effi-
ciency is calculated based on the water stored only. The
efficiency is:

(203/540) 100 = 55%

Eggplant: The eggplant was grown on about 1400 mé. It was
planted in December and harvested in May 81. The eggplant
received 6 irrigations between December and May, with an
average ircrigation frequency of 30 days. The amount of
water applied varied from 32 mm to 87 mm per irrigation
(Table 22). This made the average depth of irrigation 45
mm, and the total depth of irrigation per season was 270
mm. DOf the 270 mm applied, only 131 mm were stored in
the 0 to 80 on, and only 114 mm were accounted for as
depletion. As the estimated consumptive use for an
eggplant crop is not available, the application efficiency
is calculated as follows:

(131/270) 100 = 58%
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1 i is W i W S
Irri. | Sampling Eﬁpéim. Sqit felsoure ater_fpplledi o E Dapl. ! o-3oatero-zgred Depl
No. date . Before | After Volure{ Depth 1 pl.
pling (cm) (cz) | Gom/
(cm) Gre) | (o) | (@m) | (m3) (m) | (UPS) | (%) | (am) ) zr)
1 6/12/80 {0 - 30! 63 68 5 43.6 26 22 | 34,6 --- 55,6 9 -
SMB 6/12]30 - 60 83 86 3 |
| sMa 8/12[60 - ©3| 91 92 1
2 l21/01/81 |0 - 30| 65 76 11 48.3 29 22 | 72.4 V.07 52.4 | 21 0.11
SMB20/1 {30 - 60{ 85 91 6 0.v2
SMA24/1 |60 - 90] 91 95 4 .02
3 |09/03/81 { 0 - 30] 59 71 12. 70.7 43 38 1 74.4 0.39 37.5 | 32 1.03
SMB 8/3 130 - 601 74 83 9 0.39
SMA11/3 [60 - 90| 84 95 11 0.25 !
4 |12/v4/81 |0 - 30| &4 70 6 37.7 23 17 | 26.1 0.21 {100 6 | 0.33
SHB12/4 |30 - 60| 90 84 -6 |
SMAlS/4 |60 - 9Oi 90 90 o 0.12 i
5 126/04/81 |0 - 30| 49 73 24 73.6 45 38 {100 *t 1.50 45,3 | 53 2.43 |
SMA26/4 [30 - 60 78 90 12 0.43
sMA29/4 |60 - vo! 83 | 100 17 0.50
I
6 106/05/81 [0 - 30| 44 70 26 59,9 % | 38 |100 + 2.90 62 42 | 5.90
SMB 5/5 (30 - 60| 73 86 13 i 1.70
SMA 9/5 160 - 907 87 90 3 i 1.30
| | |
Table 21. Soil Moisture Data Sheet
Location: By the Middle of Mesgqa 2 at the End of the Canal Crop: Hot Pepper
Site Number: (01-02-02) Season: Along the
2 Season 1980-81

Area:

3655 m



Irri. | Sawpling D:pg‘hd Soil Moisture Water Applied q £ Depl. | . 3§atet0828red -
No. | date of 39 pefore | Atter Volume [ Depth - - Depl.
plirg . : (cm) (@) | txm/
(em) () | (m) | (om) (m>) (mm) | (IPS) i (%) (rmm) (%) (%) dav)
i
7 |18/05/81 |0 - 30! n.a. [n.a. lnia, | o736 | 4g 38 100* 45
SMB 30 - 60 I e e
I sma 60 - 90 _
8 |01/06/81 |0 - 30| 63 69 6 1110.4 67 38 77.6] n.a. 11.5 52 n.a.
SMB 1/6{30 - 60| 74 97 23 |
SMA 4/6(60 - 90| 78 101 23
9 [11/06/81 {0 - 30! 61 72 11 62.5 38 38 50 0.80 s8 |19 5.00
SMB 11/6130 - 60! 75 82 7 2.20
SMA 13/6{60 - 90! 81 82 1 2.00 '
10 |26/06/81 [0 - 30! 60 67 | 7 | 73.6 45 38. 35.6/ 0.80 43.8 16 | 1.80
SMB 25/6/30 - 60] 67 76 9 1.00 |
SMA 28/6|60 - 90| 102 80 | -22 i
11 :05/07/81 {0 - 30| 35 41 6 62.4 38 38 16 3.56 100 6 8.23
SMB  4/7{30 - 60! 5] 51 2.78
SMA 7/7|6U - 90| 63 , 63 i 1.89 i !
12 17/07/81 10 - 30j n.a. | n.a. |n.a. 62 38 38 1 16 I 8.2
SMB 17/7{30 - 60 . ' | e
SMA 60 - Y0 | |
| ] L l 1 ! ]

Table 21 Soil Moisture Data Sheet (Continued)

Location: By the middle of Mesga 2 at the End of the Canal Crop: Hot Pepper
Site Number: (01-02-03) Season: Along the Season
2 1980-81

Are: 1655 m
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3 5 Water Appliecd W
Irei. | Semling szscgm- BV ater Applied Q E Depl.Lo-:ioatererSrEd Depl
Ho. date oL Betore | After Volume{ DLepth ' ~PLe
pling (cm) (em) | ¢/
(cm) () | (m) | @n) | @) Gm) | (LFS) | () | (m) | () (%) dav)
13 !2g/07/81 {0 - 30| 51 57 6 110.4 | 67 ! 38 ! 10.5| n.a. 85.7 7 n.a.
I |sug 28/7{30 - 60| 71 72 1 I
SMA 28/7[60 - 90| 77 76 | -1
0 -.30
SMB 30 - 60
SMA 60 - 90 !
0 - 30
SMB 30 - 60
SMA 60 - 90 |
| | | |
0 -30 | | | |
SMB 30 - 60 : , |
SHA 60 - 990
0 -3 |
SMB 30 - 60
SMA 60 - 90 | |
0 -~ 30
SMB 30 - 60 | |
SMA 60 - 90 i i | | i i
Table 21 Soil Moisture Data Sheet (continued)
Location: By the middle of Mesqa 2 at the End of the Canal Crop: Hot Pepper

Site Number: (01-02-03) Season: Along the Season

2 1980-81
Area: 1655m
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Irri. | Sampling ?St:m | Soil Molsture Water Applied Q E Depl. O.3gater0§28red —
lo. | date Before | After | A ! volume| Depth .
pling ) (cm) (em) | (um/
) (cm) (mm) | (@m) | (mm) @3) (m) | (LPS) | (%) (gm) ) (%) day)
1 l14n2/80 | 0-30 ! 61 78 + 17 | 1221 87 26 | 48.3 - 40.5 42 -
I B 13121 30-60 | 81 90 9
S 16/12) 30-90 | 83 99 16
|
2 |24/2/81 0-30 | 60 76 16 47.7 | 34 10 | 85.3 | 0.23 55.2 29 0.42
SMB 22/2 | 30-60 | 8l 90 9 0.13
SMA 26/2 | 60-90 ) 95 | 99 4 0.06
3 [23/3/81 0-30 | 83 84 1 66.1 47 14 2.1 100 1
SMB 22/3 | 30-60 | 94 85 -9
am 26/3 | 60-90 | 117 92 | -25
4 |12/4/81 0-30 | 64 70 6 53.7 38 14 | 15.8{ 1.00 100 6 1.10
SMB 12/4 | 30-60 | 90 84 -6 I
SMA 15/4 | 60-90 | 90 90 0 0.10
5  |26/4/81 0-30 | 49 73 24 44.2 32 14 |100* 150 | 45.3 [ 53 2.43
SMB 26/4 | 30-60 ! 78 90 12 0.43
tsua 2974 | 60-90 | 83 | 100 17 0.50
6 lis/5/81 0-20 | N.A. | N.A. | N.AL | 44 32 14 [100* 2,43
jSB N.A | 30-60 e e
lsm N.A | 60-90

Table 22. Soil Moisture Data Sheet.

Location: By the middle of

Site Number: (01-02-03)
Area: 1408 m2

Mesga 2 at the End of the Canal

Crop: Egg Plant
Season: Along the
1980-81

Season
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Watemmellon: The watemmellon was planted on about 1200 mé.

It was planted in April and stayed until July, It
vteceived 5 irrigations between April and July, with an
average irrigation frequency of 26 days. The amount of
water applied varied from 42 mm to 123 mm pec irvrigation
(Table 23). This made the average depth of irrigation 70
mm, and the total depth of irrigation per season 352 mm.
Of the 352 mm applied, only 166 mm were stored in the O
to 80 cm, and only 212 mm were accounted for as depletion,
As the estimated consumptive use is not available, the
application efficiency is calculated based on the water
stored, as follows:

(116/352) 100 = 34%

Maize: The maize crop was planted on about 2100 m, It

was planted in late May and harvested in late August., The
maize crop veceived 7 irrigations between June and August,
with ar average irrigation frequency of 14 days., The
amount of water applied varied from 28 nm to 79 mm per
irrigation (Table 24). This made the average depth of
irrigation 44 nm, and the total depth of irrigation per
season 308 mm. 0Of the 308 mm applied, only 115 mm were
stored in the 0 to 90 om depth and only 212 mm were
accounted for as depletion. In contrast, the estimated
consumptive use for maize is 622 mm. Thus the application
efficiency based on the water stored is calculated as
follows:

(115/308) 100 = 35%

However, when the water applied is expressed as a percent
of estimated consumptive use, the result is:

(622/308) 100 = 202%

It was found that the farmers gpplied 314 mm less than
the estimated consumptive use (Figure 11).



- Sampling Iképstl;m Soil Molsture Water Applied Q . heoL Water Stored
No. date ol' | Before | After! A | Volume| Depth e 0-30 0-40 Depl.
piling ) (cm) {em} | (mm/
(am) (mm) | (mm) | (uwm) (m3) (m) | (LPS) | (%) (mm) (%) & day)
1 13/4/81 | 0-30 | 55 74 19 50.2 42 13 | sa.8| —- 82.6 23 —
SMB 12/4| 30-60 | 83 83 0 l
SMA 13/4| 60-90 | 87 91 4 : |
| |
2 2/6/81 0-30 | 63 69 6 | 148.5] 123 | 19 | 42.3| o0.22 | 11.5 | 52 0.62
B 1/6 | 30-60 | 74 97 23 | | 0.22 |
SMA 4/6 | 60-90 | 78 101 23 | 0.18 |
3| 11/6/81 { 0-30 | 6L 72 11 59.9 50 | 18 | 38 I .80 57.9 19 5.55
SMB 11/6) 30-60 | 75 82 l 7 , I 2.44
SMA 13/6] 60-90 81 l 82 I 1 I 2.22 '
4 26/6/8L | 0-301 60 67 7 63.5 1 53 17 | 30.2] o0.73 43.8 16 1.73
sMB 25/5] 30-60 | 67 76 9 0
sMa 28/6| 60-90 | 102 86 | -16
|
5 5/7/81 0-30 | 26 41 5 | 101.5 ' 84 30 7.2( 3.1 83.3 6 6.9
s 4/7 | 30-60 | 51 51 0 2.1
s 7/7 | 60-90 | 63 62 1 1.7
| ]
Table 23. Soil Moisture Data Sheet
Location: By the Middie of Mesqa 2 at the End of the Canal Crop: Watermelon

Site Number: (01-02-03) Season: Summer 1980-81
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] lrri. | Sampling ‘I))Epstl;n | Soiifb‘bisture | Water Applt:d Q | £ bepl. - 0_3\gat:er 0it‘:gred T
No. date pling Before ter Volume{ Dep () (cm) | (amn/
(cm) (@) | (@) | @m) | @) (mm) | (IPS)| (@) | (mm) €3) (€3) day)
1 1/6/81 0-30] 71 84 | 13 l132.7 63 20 27 - 76.5 17 -
sMB 1/6 | 30-60 ! a3 85 2
SMA 4/6 | 60-90| 90 92 2
2 | 11/6/81 0-30] 61 72 | 11 67.5 32 14 59 3.3 57.9 19 6.3
SMB11/6 | 30-60| 75 82 7 1.4
SMA 13/6 | 60-90 | 81 82 1 1.6
3 |[25/6/81 0-30 ' 60 67 7 74.8 36 15 44 1.1 43.8 16 2.4
SMB 25/6 | 30-63| 67 76 9 1.3
SMA 28/6 | 60-90 ! 102 80 {.22
4 5/7/81 0-30| 36 41 5 58.2 28 21 21.5] 3.5 83.3 6 8.2
SMB 4/7 | 30-60| 51 51 0 2.8 | i |
SMA 7/7 | 60-90| 63 64 1 1.9 i
5 117/7/81 0-30 | 51 | . 6 72.7 35 25 20 ' 85.7 7 '
SMB 16/7 | 30-60| 71 72 1
sMA 1977 ! 60-90| 77 ! 71 1 _s
6 |28/7/81 0-301 51 55 4 727 1 35 | 25 | 17 0.5 66.7 6 0.7
suB 28/7 1 30-60f 70 | 72 2 | 0.2 I
SMA 29/7 | 60-90| 77 76 | -1 |
| |
' |
| | | l I
Table 24. Soil Moisture_Data Sheet
Location: By the Middle of Mesqa 2 at the End of the Canal Crops: Maize
Site Number: (01-02-03) Season: Summer 1980-81

Area: 2100 m2
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lIn‘i ling Depth Soil Moisture Water Applied | Water Stored
- | Samp of Samd Q E epl. 70-30 | 040 | Depl:
No. date pling Before | After{ A Volume | Depth (cm) ! (cm) (nm7
(cm) @m) | (mo) | (m) | (@3) (@m) | APS)| (%) | (mm) %) ) day)
7 5/8/81 | 0-30 53 66 | 13 165.8] 79 30 5.7 0.3 29.6 44 0.6
B 5/8| 30-60 70 80 | 10 0.3
M 7/81 60-90 79 100 | 21
B 0-30
M 30-60
60-90
f
B 0-30
M 30-60
60-90
SMB 0-30
M 30-60
60-90
MB 0-30
M 30-60
60-90
B 0-30
M 30-60
60-90
L l | !
Table 24. Soil Moisture Data Sheet (continued
Location: By the Middle of Mesqa 2 at the End of the Canal Crop: Maize
Site Number: (01-02-03) Season: Summer 7980-81

Area: 2100 m2

_09_
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Figure 11. Actual Water Application vs. Estimated Consumptive Use for Corn Crop.
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A.

V. DISCUSSION

Evaluation of Fammers' Irrigation Practices

The description of farmers' irrigation practices presented in the
previous section indicated that:

1,

The farm location influenced the amount of water applied by
the farmers in a way that the farmers at the tail end
of the canal applied less water than those at the beginning of
the canal. In farm (01-01-01), the average depth of water
applied for wheat was about 113 mm per irrigation, while in
farm (01-02-03), the average was 37 mm per irrigation. The
berseem crop received an average of 179 mm per irvrigation in
farm (01-01-01) and 75 mm only per irrigation in farm
(01-02-03) (Table 25).

Locations applying less water had the highest application
efficiency (Table 26). The average application efficiency for
wheat crop was aout 14% in farm (01-01-01) and about 57% in
farm (01-02-03), For berseem crop, the average application
efficiency was 14% in famm (01-01-01) and 33% in famm
(01-02-03).

Farmers at the end of the canal sometimes applied less water
than the estimated consumptive use (Table 27).

-In farm (01-02-03), the farmer applied 261 mm for the broad

beans while the estimated consumptive use was 373 mm per
season. Also for wheat, the farmer applied only 278 mm and
the estimated consumptive use was 475 mm per season, but in
fam (01-01-01), the farmer applied about 200 mm move than the
estimated consumptive use. For maize, the fammer in
(01-02-03) applied 308 mm while the estimated consumptive use
was 622 nm per season.



Table 25. The Influence of Fatm Location on the Amount of Water Discharged (1980-1981).

Average Depth | Nurber Of Average Location By
Site Crop Season Applied Per | Irrigation Discharge The Canal
Irrigation (1ps)
(rm)
01-01-01 Wheat Winter 113 6 36.3 By the beginning
Berseem Winter 179 10 38.5 of the canal.
01-02-02 Betrseem Winter 69 4 34 By the end of the
Cabbage Winter 71 6 30 canal at the begin-
Watermellon Summer 101 4 22 ning of Mesqa 2.
01-02-03 Broad beans Winter 37 7 16 By the end of the
Wheat Winter 31 g 19 Mesqa.
Berseem Winter 75 12 19
Tomato Winter 35 5 18.5
Eggplant Wint.&Sum. 45 6 15
Hot pepper Wint.&Sum. 41 13 3N
Watermellon Sumtmer 70 5 19.4
Maize Surmer 44 7 21

- E9 -



Table 26. The Influence of Fatm Location on the Application Efficiency (1980-1981).

Crop Fatm Total Depth | Total Depth | Total Depth Estimatedg/ Average
Location of Water of Water of Water Evapotrans- | Application
Applied Stared Depleted piration Efficiency
(rm) (rm) (rm) {rm) %
Wheat By the begin- 679 91 74 475 14.1
ning of the
Berseemn | canal. 1791 226 198 677 14.0
Berseen | By the end of 276 53 56 170/ 18.5
of the canal
by the begin-
ning of the
mesqa.
Broad 261 110 150 373 55
beans
By the end
Wheat of the canal 278 128 155 475 57
at the mid-
Berseem | dle of the 894 282 261 677 33
mesqa.
Maize 308 115 156 622 35

a/ Estimated E.T. from Water Master Plan T.R. 17, UNDP-EGY/73/042.

b/ Berseem for one cut only (November - February]).

- $9 -
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Fatmers’ Design Criteria

In order to have surface irrigation system design on El-Hammami
sands, we need first to answer the following question: What
basin size can be irrigated given infiltration characteristics and
available flow vates at El-Havmami?

The data indicated that the available flow vate ranges between
10 1ps and 30 lps. The infiltration characteristics determined
indicated that the Kostiakov equation (McCulleh, 1976) will be:

D (cm) = 1.41 70.79
Where D = cumulative infiltrated depth (cm)
T = time (mninutes).

I (ew/he) = (1.41) (0.79) (60) T7-0.21 - gg.g3 7-0.21

Where I = infiltration vate (cm/hr)
T = time (minutes).
— 1.41 (Tg)0.79
I 0=Tg) = D(TR)/Tg = T x 60
e
I (0sTg) = B84.60 (Tg)=0.21
Where I (0Tg) = average infiltration vate fron T = 0 to T = Ta

Evaluating the intake rate using the 8 intake family curves of the
SCS was not possible because the infiltration curve of El-Hammami
soils was off the scale. For this reason, to completely answer
the above question, a solution technique relating advance to
infiltration characteristics is required,

An example is the "zero inertia model”, the following analysis is
a simplification.

Assuming that the advancing front has covered the basin, what
flow vate is vequired to keep it there? This flow rate will be
less than that required to cause watec to cover the basin.

Assume that the infiltration vate in effect is the average vate for
the first 195 minutes (27.95 owhr) (Table 27).

As this assumption seems realistic,

= inflow = = outflow + storage
Assume storage = O
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Table 27. Average Infiltration Rate
tor the First 195 Minutes

Time D I

0 0.00 0
5 5.03 47 .6/
10 8.69 41.21
20 15.03 35.63
60 35.81 28.29
120 61.91 24 .46
180 85.29 22 .46
195 90.85 22,08
I (0-Tg) 27.95




C.
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=_. inflow = Q 1ps

2y __m__ 1000 1 he
<=_outflow I (ow/he) wl (m<€) 100 o ] 3600 soo

I wl (1000)
(100)3600)

1/sec = 2,78 x 1073 I wl 1/sec

For equilibrium:

<= inflow = = outflow

Q _ = 278x 103 1w
Given 1 = 27.95 on/hr

wl = (/2.78 x 10~3 (27.95)

From the vesults obtained using the above technique, we
can answet why basins are small at El-Hamami area. The ana-
lysis indicates the existing field layouts are the only effi-
cient surface design the farmers can have (Table 28).

Effect of Water Table

The data analysis indircated that in all cases a major discrepancy
exists in which a large amount of water was applied, but wery
little water stored and the plants used several times the anmount
of water stored. The question then arises as to what happened to
all the water that was applied and from where did the plants get
their water requivements?

In some cases the water applied was actually less than the esti-
mated consumptive use. The plants nust have obtained theic water
requirements from other sources than the water applied.

It is suspected that the discrepancies betwsen water applied and
water stored and between water stored and water used is a vesult
of interaction with the high water table found in the area. This
could cause extensive subsurface water movement. It may be
possible in El-Hammami that much of the irrigation water infiltra-
tes to the water table and spreads laterally so that it raises the
water table under both the field veceiving irrigation and the
adjacent fields (Figure 12). This provides some subsurface irvi-
gation to the neighboring fields. Likewise, when a neighboring
field is irvigated, some water flows under the farmer'’s fields
vaising his water table and providing subsurface irrigation for
his crops. It is also possible for additional horizontal movement
of water to take place divectly from El-Hawmmami canal,



Table 28. Available Flow Rates and Maximum

Basin Area.

Available Flow Rate @

Maximum Basin Area

1ps (wl) (m2)
5 8 x 8 64
10 M x N 128
15 14 x 14 193
18 15 x 15 231
20 16 x 16 257
25 18 x 18 322
30 20 x 20 386
40 23 x 23 515
50 25 x 25 644
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Figure 12. Schematic Sketch for Water
Irrigation of Adjacent Field.



That type of horizontal movement resulting from possible neigh-
boring irrigations and canal Seepage can account for some of the

negative depletion values found in some of the soil moisture data,
(soil moisture data sheets).
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VI. SUMMARY AND CONCLUSIONS

The application efficiencies in the area were 14% in the ‘irst famm,
18 to 36% in the second and 33 to 58% in the third one. The consump=-
tive use efficiencies were much bigger than the application efficien-
cies. The big differences between the two efficiencies might be a
function of the water table fluctuation and the subsucface irrigation
of adjacent fields.

The farm location by the canal gppeared to influence the amount of
water applied by the fammers and consequently the farmers'’ application
efficiency. It is found that the less the water is available, the
higher the application efficiency is.

It is too difficult to conclude from the low values of application
efficiencies calculated that the farmers overirrigate their fields
because of the high influence of the water table. However, the data
indicated that some farmers over apply irrigation water, it may not
all be overirrigation because some could be reused by some other far-
mers through subsurface icrfigation of the neighboring fields. More
intensive studies need to be made for the different factors affecting
the application efficiency calculations and the on-farm ivrigation
practices in general.

A complete water budget study is of primavy importance before making
any conclusions or vecommendations concerning the on-famm irrigation
practices in any area.



- 72 -

VII. REFERENCES

Black C. A., et al., 1965. Methods of Soil Analysis. Physical and
Mineralogical Properties. Agronomy No. 9 Part 1. American Society
of Agronomy.

tiack, C. A, et al., 1968. Soil Plant Relationships, John Wiley and
Sons, Inc.

Brady, N. C., 1974. The Nature and Properties Of Soils. Macmillan
Publishing Cao.

Ootzenko, A. D., et al., 1979. Preliminary Soil Survey Report For The
Beni Magdul and El-Hammami Acea, Technical Report No. 2, EWUP,
Cairo,Egypt.

El-Kady, M., et al., 1979, On Farm Irvigation Practices in Mansuriya
District. Technical Report No. 4, EWJP, Caivo, Egypt.

Hart, W. E., 1975. Ircrigation System Design. Coloradn State
University.

Helal, M. 1980. Cutthroat Flume Metric Equations. EWUP Staff Paper
No. B. ’

Hillel, D., 1971. Soil and Water, Physical Principles and Process.
Academic Press.

Israelsen, 0. W. ang V. E. Hansen, 1962. Ivrigation Principles and
Practices. John Wiley and Sons Inc.

Jensen, M. E,, Ed. 1980. Design and Operation of Famm Irrigation
Systems. The American Society of Agriculture Engineers.

Kohnke, H., 1968, Soil Physics. McGraw Hill.

Marchall, T. J. and J. W. Holmes, 1879, Soil Physics, Cambridge
University Press.

McCulloh, A. W. et al., 1976. Ames Irripation Handbook, W. R, Ames
Company.

Phelan and Criddle, 1855. Yearbook of Agriculture, USDA.




SCS, National Engineering Handbook, Section No. 15. Irrigation,
Chapter 4, Border Irrigation.

Snedecor, G. W., W. G. Cochroan, 1976. Statistical Methods. The Iowa
State University Press.,

Tinsley, R, L,, 1982. Evaluation of Root Penetration for Summer Crops
1981. EWUP, Draft Working Paper No. 92.

Water Master Plan, 1981. Consumptive Use of Water by Major Crops in

Egypt. Technical Report No. 17, UNDP EGY/73/024, Ministry of
Irrigation, Egypt.




74

AMERICAN EQUIVALENTS OF EGYPTIAN ARABIC
TERMS AND MEASURES COMMONLY USED

IN IRRIGATION WORK

LAND AREA IN SQ METERS IN ACRES IN FEDDANS IN HECTARES
1 acre 4,046.856 1.000 0.963 0.405
| feddan 4,200.833 1.038 1.000 0.420
1 hectare (ha) 10,000.000 2.471 2.380 1.000
1 sq. kilometer 100 x 104 247.105 238.048 100.000
|l sq. mile 259 x 10¢ 640.000 616.400 259,000
WATER MEASUREMENTS FEDDAN-CM ACRE-FEET ACRE-INCHES
1 billion m 3 23,809,000.000 810,710.000
1,000 m 2 23.809 0.811 9.728
1,000 m 3 /Feddan 23.809 0.781 9.372

(= 238 mim rainfall)
420 m 3 /Feddan 10.00 0.328 3.936

(= 100 mm rainfall)
OTHER CONVERSION METRIC u.S.
1 ardab 198 liters 5.62 bushels

5.41 bushels/acre
2.12 Ib/acre

|l ardab/feddan
| kg/feddan

1 donkey load 100 kg
1 camel load 250 kg
1 donkey load of manure 0.1 m?
1 camel load of manure 0.25 m3
EGYPTIAN UNITS OF FIELD CROPS

CROP EG. UNIT IN KG INLBS IN BUSHELS
Lentils ardeb 160.0 352.42 5.87
Clover ardeb 157.0 345.81 5.76
Broadbeans ardeb 155.0 341.41 6.10
Wheat ardeb 150.0 330.40 5.51
Maize, Sorghum ardeb 140.0 308.37 5.51
Barley ardeb 120.0 264.32 5.51
Cottonseed ardeb 120.0 264.32 8.26
Sesame ardeb 120.0 264.32
Groundnut ardeb 75.0 165.20 71.51
Rice dariba 945.0 2081.50 46.26
Chick-peas ardeb 150.0 330.40
Lupine ardeb 150.0 330.40
Linseed ardeb 122.C 268.72
Fenugreek ardeb 155.0 341.41
Cotton (unginned) metric qgintar 157.5 346.92
Cotton (lint or ginred) metric gintar 50.0 110.13

EGYPTIAN FAKNVING AND IRRIGATION TERMS

fara = branch

marwa = small distributer, irrigation ditch

masraf = field drain

mesqa = small canal feeding from 10 to 40 farms

qirat = cf. English "karat", A land measure of 1/24 feddan, 175.03 m2
aria = village

sahm = 1/24th of a qirat, 7.29 m?

saqgia = animal powered water wheel

sarf = drain (vb.), or drainage. See also masraf, (n.)
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