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ABSTRACT
 

On three of the four distributary canals studied by EWUP, the soils
 

were mostly alluvial clay soil (Vertisols) or a Vertic Subgroup of the
 

Entisols. The remaining distributary canal was all sandy Entisols.
 

Vertisols are a soil order composed of heavy, (lay soils that
 

contain large quantities of clJ.y minerals which expand when :et and
 

contract when dry. Irrigating these soil requires recognizing that the
 

root penetration and measureable soil water changes are restricL.d to
 

the top 40 cm. This limits the operational available water to 5 to 7 cm.
 

The water ifiltration rate during an irrigation can have a hundred fold
 

decline during a 2 hour irrigation, ending with almost sealed condi-­

tions. This allows highly uniform application over a large area almost
 

independent of available flow rate. However, the soil sealing does
 

require a potential for surface drainage to prevent crop suffication.
 

After an in irrigation, redistribution tends to be very slow, with the
 

possibility in winter of it requiring 15 days for a wetting fringe to
 

drain 30 cm. Some overirrigation occurs that can contribute to high
 

watertabl(hs, and make subsurface drainage desirable. Although the
 

capillary potential from the watertable may exceed 2 m. or more, the
 

rate of flow is so slow that a watertable below 1.25 m may contribute
 

less then 10% of the potential ET. The physical heaving of the soil may
 

make compaction difficult to maintain, and may requ.re a continous com­

pacting force or synthetic stabilization methods in raised ditches or 

canals. Compaction may be possible by encouraging traffic patterns on 

the canal banks. Failure to keep the banks compacted may result in 

significant conveyance losses through seepage. 

The high infiltration rates in the sandy soils make them basically
 

unsuited for surface irrigation. It is therefore difficult, if not
 

impossible, to surface irrigate them efficiently. High watertables
 

occur with large volumes of subsurface water flow. A de facto sub­

irrigation system results in which farmers applying water to their field
 

sub-irrigate their neighbors and visa-versa. Some farmers, far from the
 

water source, actually receive more water than their crops required.
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INFLUENCE OF SOIL PROPERTIES ON
 

IRRIGATION MANAGEMENT IN EGYPT 1
 

A.T.A. Moustafa & R.L. Tinsley 2
 

I. INTRODUCTION
 
The Egypt Water Use and Management Project (EWUP) 
is a joint
 

technical assistlrnce program between the Egyptian Ministries of 
 Irriga­
tion (MOI) and Agriculture (MOA) in cooperation with USAID. 
The Project
 
is an on-farm 
research project that has been operating for 6 years.
 
Its 
major objective has been to determine ways in which improved 
water
 
management can contribute to improving the economic well being of 
 the
 
small farmers of Egypt. 
EWUP's efforts have concentrated at the farm
 
level 
 and the lower portions of the delivery system, starting with the
 
distributary canals. 
 The Project has restricted its efforts to the "Old
 
Lands" 
of the Nile Valley and Delta, where the irrigation system has
 
been established for 100 years or more. 
Most 	of the Project's work has
 
sought means for increasing water use efficiency, increasing the farmers
 
returns 
per unit of water applied, 
and saving water for the horizontal
 
expansion of the irrigated area into the "New lands" 
 currently being
 
reclaimed from the desert. The irrigation system used in the "old lands"
 
is almost exclusively surface irrigation with emphasis on lifting water
 
at the farm level.
 

1. 	This Technical Report is the final report for EWUP Task Group 8 on
Soil Characterization. 
The Report contains the results of the EWUP
soil interpretation evaluation. 
 The paper was presented at the
EWUP 	Workshop May 30 to June 2, 1983, Cairo, Egypt.
 

2. 
 Senior Agronomist & Discipline Leader, and Senior Agronomist, EWUP,
 
Cairo.
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The Project has worked on four distributary canals in three pilot
 

field areas. These are the Mansouria area in Giza Governorate near the
 

Ancient Pyramids of Giza and at the edge of the Metropolitan Cairo area.
 

The Mansouria area is subdivided into two parts, Beni Magdul and El-


Hammami. The other two locations are Abu Raya in Kafr El-Sheikh
 

Governorate in the North Central Delta approximately 100 km North of
 

Cairo and Abyuha in El-Minya Governorate in the Nile Valley
 

approximately 300 km South of Cairo.
 

In each of the EWUP study areas, one of the first activities was to
 

conduct a soil survey of the area. The results of these surveys has
 

been reported in EWUP PTR Nos. 2, 33 and 34 for Mansouria, A'yuha and
 

Abu Raya, respectively. These soil surveys showed, that with the excep­

tion of El-Hammami, the soils in all areas were alluvial clays
 

classified in either the Vertisols Soil Order or a Vertic Sub-group of
 

the Entisol Soil Order. The soils in El-Hammami were loose sandy
 

Entisols. The objective of this paper is to review the properties of
 

these soils and, based on EWUP experience and other available informa­

tion, illustrate how the soil type can influeice the design, and
 

operation of Egypt's irrigation system.
 

The paper will concentrate on the old land alluvial clay soils
 

(Vertisols), because they are both the most extensive soils, and they
 

have the greatest influence on irrigation. Less attention will be given
 

to the sandy soils.
 

II. PROPERTIES OF ALLUVIAL CLAY SOILS
 

The majority of the clay alluvial soils in Egypt are Vertisols.
 

Vertisols are one of the 10 soil orders identified in the Soil Taxonomy
 

classification system (Soil Survey Staff, 1976). They are defined as
 

"Mineral soil that have 30% or more clay, deep cracks when dry, and
 

either a natural gilgai 3 micro-relief, intersecting slickenslides, or
 

3. Gilgai refers *to a naturally occurring micro-relief pattern 
consisting of small basins and knolls approximately 1 m' and up to 
1 m high. 
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wedge shaped structural aggregates tilted at an angle from the
 

horizontal" (SSSA, 1978). The large percentage of clay and the forma­

tion of cracks are what make these soils physically the most difficult
 

of the 10 soil orders to manage, an.d cause the greatest problems in
 

irrigating them. The cracking and sluffing of soil into the cracks etc.
 

results in the natural continuous mixing of the soil making for
 

relatively uniform and generally dark colored profiles.
 

In Egypt Vertisols are the most common of the alluvial soils
 

deposited in the Nile Valley and Delta (Figure 1) and extend south well
 

into Sudan. Most of the Vertisols in the EWUP study sites were defined
 

into the Sub-order and Great Soil Group of Typic Torrerts (Soil Survey
 

Staff, 1976). This is an incompletely defined Soil Group that only
 

indicates the natural conditions of a hot dry climate. It does not take
 

into consideration the irrigated conditions of all agricultural soils in
 

Egypt, or the chemical properties of salinity and sodicity, all of
 

which are important in Egypt.
 

A. Soil Texture and Mineralogy
 

The soil profiles sampled from the EWUP study sites had clay
 

contents that varied from 40 to 60%. This was nearly uniformly distri­

buted with depth, as expected with Vertisols (Table 1). Various clay
 

mineralogy studies on Egyptian alluvial soils have shown that 51% of the
 

less than 0.002 mm fraction is a form of Montmorillonite, i.e. an
 

abnormal dioctahedral iron-rich Smecite. Other clay fraction minerals
 

include kaolinite (31%), mica (11%), quartz (14%), and feldspar (2%)
 

(Elgabaly & Khadr, 1962; Heakal, 1968, 1973; and Mikhail, 1975).
 

Montmorillonite is a family of layer silicate minerals characterized by
 

the ability to absorb water between successive layers of the crystal
 

structure. The adsorption of this "interlayer water" pushes the clay
 

layers apart, only to contract again upon drying. The loss of the
 

interlayer water causes the large cracks characteristic of the Vertisol
 

Soil Order and makes for extensive soil movement. Under laboratory
 

conditions the interlayer expansion has been measured to be from 80 to
 

100 percent of the thickness of the dry clay crystal. Since the clay
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Alexandria Kafr El Shikh 
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El Mi;nya 

SVertisols 

Aswan 

Figure 1. Distribution of clay alluvial soils (Vertisol) in Egypt and
 
location of EWUP study locations.
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Table 1. Particle size distribution for Vertisols in EWUP areas'-/
 

Location Profile Depth Clay Silt Sand
 
No.
 

Beni Magdul 12 0- 15 44.8 8.4 41.8
 
15- 50 55.7 15.8 28.6
 
50-150 51.3 7.4 41.3
 

37 0- 25 39.8 24.1 36.1
 
25- 80 57.5 23.9 18.5
 
80-150 50.7 30.4 18.9
 

48 0- 20 47.0 13.2 34.8
 
20- 75 45.7 21.4 32.8
 
75-150 52.0 23.8 24.1
 

Kafr El-Sheikh 4 0- 20 56.5 
 20.4 21.4
 
20- 70 64.7 15.0 19.3
 
70-150 60.0 14.5 23.3
 

33 0- 30 47.5 32.5 27.4
 
30- 80 27.0 33.7 38.4
 
80-140 49.0 21.8 28.2
 

72 0- 30 51.0 21.1 21,7
 
30- 65 51.6 24.7 24.4
 
65-150 51.7 23.9 24.3
 

El-Minya 
 1 0- 20 50.4 25.3 23.1
 
70-150 60.2 19.5 20.0
 

45 0- 25 67.4 16.1 16.3
 
25- 65 63.2 10.0 26.7
 
65-150 68.5 18.2 13.1
 

81 0- 30 40.0 14.0 44.7
 
30- 90 63.0 27.4 7.8
 
90-150 62.0 35.1 1.1
 

a/ Adapted from EWUP PTR No. 2, 33, 34 for Beni Magdul, El-Minya
 
and Kafr El-Sheikh, respectively.
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expansion results in particle movement, 
there is a redistribution of
 
micropores which could effect water root
movement, penetration, and
 

aeration.
 

B. Soil Moisture
 

Montmorillonites are concentrated in the fine clay fraction of the
 

clay size range. This results in a large surface area for the adsorption
 
of matrix water. 
 Combining the matrix water with the interlayer water
 
provides a very large soil water content. Laboratory analysis of soils
 
from EWUP 
study sites have shown changes in volumetric soil water
 
contents of 30% as the soil tension increased from 0.1 to 15.0 Atm.
 
(Table 2). Although in each location the difference between 0.1 and 15.0
 

Atm was similar, the actual. values varied substantially between loca­
tions. El-Minya had the relatively wettest range, going from 67 to 32%
 
while Mansouria had the dryer range from 50 to 22%. 
 Kafr El-Sheikh was
 
between them bt closer to the El-Minya range then the Mansouria range.
 
These differences in range 
 probably is only a reflection of the
 
difference in clay percentage between the areas. The soil moisture range
 
was similar for both surface and subsurface soils. This would be
 
expected considering the uniformity of the profile. 
 For the soil mois­
ture tension that are usually
range of 0.33 to 15.0 Atm., associated
 
with available water, 
 the change in volumetric water is approximately
 

20%. This would imply a computed available water of 18 cm for the 90 cm
 
soil depth EWUP used in evaluating irrigation applications.
 

When the available soil moisture was plotted as a pF curve most of
 

the soil water was retained between 0.1 and 3.0 Atm. (Figure 2). The
 
retained water includes both matrix and interlayer water. The tensions
 
at which the two types of water are removed and how this affects crack
 
formation, plant root development, actual available water and irrigation
 
practices may need further study. Observations at EWUP study sites have
 

shown cracks 1 to 2 cm wide occurring at a 15 cm depth and a soil
 
moisture tension of 15 centib'rs. Cracks as wide as 5 cm have also been
 
observed when fields have not been irrigated for periods of 2 weeks 
or
 
less.
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Table 2. Soil moisture characteristics for Vertisols in EWUP areasa/
 

Location 
(texture) 

Depth 

-­cm--

Moisture Content at Atm. Tension Avail 1120 
0.10 0.33 3.00 15.00 .33-15 atm 

---------­ % volume-----------­ cm.--

Beni Magdul 
(clay loam) 

0- 20 
20- 40 
40- 60 

49.0 
54.5 
49.5 

42.2 
44.9 
39.1 

35.4 
38.3 
35.7 

22.8 
23.8 
22.1 

Total 

3.9 
4.2 
8.5/ 

16.6 

Kafr El-Sheikh 
(clay) 

0- 20 
20- 40 
40- 60 

61.3 
60.9 
64.1 

48.7 
49.1 
51.1 

45.4 
48.0 
35.6 

30.2 
29.9 
30.3 

Total 

3.8 
3.8 

10.4 
17.9 

El-Minya 
(clay) 

0- 30 
30-120 

67.2 
67.2 

55.6 
59.7 

40.7 
45.0 

31.7 
33.7 

Total 

7.2 
15.6 

22.8 

a/ Adapted from EWUP Staff Paper No. 33 and 60. The latter was
 
presented to session S-i, ASA meeting, Aug. 1979, Fort Collins, Co.
 

b/ Available water from 0-90 cm. The lowest value was extended or
 
truncated to accomodate the 90 cm limit..
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Soil Moisture Content ( percent volume) 

F.C. 00 10 20 30 40 50 60 70 80 90 100
 

2/ 

3( 
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5­

6­
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II 	 I 


12I 	 Moisture xFC -W.P.2 Surface = 53.5-31.5 22% 

13 Subsurface =59.5-33.5 26 % 

14-


W.P 15
 

Figure 2. 	Soil moisture vs. tension pF curves for Vertisols.
 
From EWUP Study Areas.
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C. Salinity and Alkalinity
 
The two chemical properties that mostly affect the irrigation 
of
 

alluvial 
 soils in Egypt are the salinity and alkalinity. Neither of
 
these conditions are part of the classification for Vertisols, because
 
various management practices could rapidly change their values.
 
However, both parameters directly affect the available water for plants,
 
the soil aggregation, water infiltration rate, 
 and other soil moisture
 
characteristics, as well as having a potential toxic effect on crops.
 

In the EWUP project sites the salinity and alkalinity levels are
 
generally low to moderate, but both tended to increase with depth (Table
 
3). 
 The most severe salinity problems are in Kafr El-Sheikh, while the
 
most severe alkalinity problems are in the 
 El-Minya subsoils. Both
 
salinity and 
alkalinity problems can be very localized, occurring in
 
highly variable isolated spots.
 

D. Shrink/Swell
 

The most distinguishing feature of Vertisols is 
 their shrinking/
 
swelling activities with wetting and drying 
 cycles. This is most
 
noticeable 
from the vertical cracks formed by The horizontal contrac­
tion. The shrinking/swelling activity also occurs 
 vertically. Under
 
natural conditions the gilgai micro-relief pattern is a clearly 
visible
 
and dramatic expression of the vertical movement. 
 However the vertical
 
movement 
 usually is not seen under cultivated conditions, but could
 
create problems in maintaining precision levelled fields.
 

The vertical expansion for various Egyptian soil has 
 been eval­
uated. The extent of expansion for every 1% absorbed water during 
 the
 
1st irrigation is 0.314 and 0.140 mm for clay and 
 clay loam soils,
 
respectively (Salib, 1981). 
 Upon initial wetting, the rate of
 
accumulated 
vertical expansion has been calculated to be 0.24 and 0.18
 
mm/min for the 2 soil types, respectively. This rate of expansion
 
decreases with both subsequent irrigations and depth, at least down to
 
15 cm (Figure 3). 
 The decrease with depth could be attributed to either
 
a reduction in the change in soil moisture content as reviewed later, or
 
the downward force of the over-lying soil, or both. In a similar manner
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Table 3. Salinity and alyalinity values for Vertisols
 
in EWUP areas a/ 

Location Profile 
Depth E.C. 
 pH SAR
 
No
 

--cm- mmohs/cm
 

Beni Magdul 12 0- 15 
 10.5 7.5 14.8
 
15- 50 7.45.9 12.2 
50-150 7.5 7.4 9.4 

37 0- 25 1.2 7.4 3.4 
25- 80 1.2 7.4 7.7 
80-150 1.4 
 7.8 5.6
 

48 0- 20 5.5 8.0 8.1 
20- 75 5.8 7.7 8.4 
75-150 2.8 7.9 5.6 

Kafr El-Sheikh 4 0- 20 
 4.1 7.7 5.4
 
20- 70 7.8 7.6 18.9
 
70-150 5.7 8.1 12.5 

33 0- 30 4.0 7.4 6.7
 
30- 80 3.6 8.0 17.2 
80-140 2.7 8.3 27.4
 

72 0- 30 1.7 8.0 4.8 
30- 65 4.0 8.0 10.9 
65-0 5.9 7.4 
 12.5
 

Ei-Minya 
 1 0- 20 2.2 8.1 4.8
 
20- 70 8.31.5 9.9 
70-150 3.0 8.3 16.3 

45 0- 25 0.9 8.1 2.1 
25- 60 1.0 8.4 5.2
 
60-150 1.4 8.3 7.0 

81 0- 30 3.5 8.1 5.0 
30- 90 8.21.8 8.7 
90-150 0.8 8.3 3.2 

a/ Adapted from EWUP PTR No. 2, 33# 34 for Beni Magdul,

El-Minya, and Kafr El-Sheikh, respectively.
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VERTICAL SHRINKAGE 

0.50 cm 
5. 10 cm 

10.15 cm 
15.20 cm 

CLAY CLAY LOAM
1.0I 

0-.9­
S0.8 
,0.7 _
 

0.6­
-0.5­

0.3­
0.2­

0.1­
0' I p I I I I 

Ist 2nd 3rd 4th Ist 2nd 3rd 4th 
Irrigations Irrigations 

Figure 3. Vertical expansion rate of clay and clay loam soils with
 
different irrigations (Adapted from Salib, 1981).
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the vertical shrinkage rate was 0.56 and 0.30 mm/week for the surface 5
 
cm of the 2 soil types, respectively. The same analysis also showed
 
that the 
 extent of vertical shrinkage decreased with both depth and
 

number of irrigations (Figure 4).
 

The force of expansion can be substantial. The formation of gilgai
 
micro-relief pattern implies an upward lifting force capable of raising
 
1 m columns of soil. The soil heaving has been known to tilt 
 fences,
 
and utility poles, heave sidewalks and roads, and crack building and
 
other structures (Boul et al, 1973; Soil Survey Staff, 1976)
 

III. WATER MANAGEMENT OF VERTISOLS
 

A. Bulk Density
 

The bulk 
density values needed to determine the volumetric soil
 
water content in calculating irrigation applications, could be expected
 
to vary widely, because of the volumetric changes with wetting and
 
drying. Different studies have shown that bulk density values vary with
 
space, moisture content, and degree of alkalinity. At the Sakha Experi­
mental Station samples taken from a 25 x 150 m field had 
bulk density
 
values ranging from 1.26 to 1.49 g/cm 3 in the surface soil and from
 

1.43 to 1.60 g/cm 3 in the subsoil, a range of 15% (Table 4) (Sixth
 
Annual Report). 
 The same set of data also shows a tendency for the bulk
 
density of the mid layer to be higher than the surface or deeper subsur­

face layer. This mid depth maximum values of bulk density could be the
 

result of:
 

-
plow sole or traffic pan from puddling and transplanting rice;
 
- the sedimentation process of soils; and/or
 

- dry clods sluffing into the crack, getting stuck at this 
level
 

and then trying to expand into the adjacent soil during the next
 
wetting. This is thought to cause the gilgai micro-relief pattern
 

mentioned previously.
 

Studies relating bulk density to soil moistrue have been made in
 
Gizeria, 
 Sudan with similar Nile Sediments (Zein El-Abedine et al,
 
1969). These studies showed substantial increases in bulk density as
 

the soils dried from 0.1 to 15 atm. tension (Table 5).
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Figure 4. 	Vertical shrinkage of clay and clay loam soils with different
 

irrigations (Adapted from Salib, 1981).
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Table 4. Variability of Bulk Density With Depth & SpaceL/
 

Depth Bulk Density 
-- cm--- --------------­----­g/ -

0- 18 1.40 1.37 1.26 1.44 1.34 1.49 

18- 30 1.63 1.51 1.53 1.50 1.60 1.67 

30-120 1.59 1.46 1.47 1.43 1.43 
 1.60
 

a/ Sakia Expermential Station, Kafr El-Shiekh. Samples
 
taken after Cotton from an area 25 X 150 meters.
 
(Adapted from Sixth Annual Report, 1981).
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Table 5. 
Bulk Density vs. Soil Moisture
 

Tension in Atmospheres

Depth 15 
 8 4 1 0.67 0.33 0.10 
cm -------------------- g/cm ------------------­

1-30 1.52 1.48 1.43 1.34 1.20 1.22 1.08 
30-40 1.52 1.49 1.42 1.28 1.24 1.15 1.08 
40-70 1.45 1.41 1.34 1.20 1.16 1.10 1.04 
70-105 1.46 1.41 1.32 1.16 1.11 1.04 0.97 

105-140 1.46 1.41 1.33 1.21 1.17 1.09 1.03 
140-160 1.45 1.41 1.33 1.19 1.14 1.08 1.04 
140-200 1.50 1.45 1.39 1.27 1.24 1.15 1.10 

Source: Zein El-Abedine, et al 1969.
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Exchangable sodium also affects the bulk 
density. Laboratory
 
research has shown a 24% increase in bulk density from 1.62 2.10
to 


g/cm , as the exchangable sodium increased from 2.6 to 9.3% (Zein El-

Abedine, 1965). This change in bulk density would result 
from the
 
increase in colloidal dispersion caused by increased sodium content.
 

These variations in bulk density can effect the soil 
 infiltration,
 

and crop development, as well as substantially distort the volumetric
 
soil moisture measurements used to calculate 
irrigation efficiency and
 
introduce a large systematic potential error in any irrigation
 

evaluation.
 

B. Soil Seepage and Compaction
 

The expansion and contraction with wetting and drying can greatly
 
increase the conveyance losses of irrigation water, especially on raised
 
waterways such as gravity delivery mesqas and on-farm marwas. The
 
horizontal contraction will cause cracks that 
allow initial direct
 
leakage of water until the cracks have swollen shut. The vertical expan­
sion and contraction during wetting and drying cycles may cause repeated
 
heaving and loosening of the banks even if initially 
well compacted.
 
This will 
 allow lateral above ground seepage to the cultivated lands.
 
This problem is particularly acute in Kafr El-Sheikh where marwa 
length
 
from saqia discharge to the field can be 500 m 
or more. Conveyance
 
loses from saqia to field ranged from 30 to more than 50% of the water
 

lifted (Figure 5).
 

The problem is also serious in El-Minya where the Abyuha canal and
 
all mesqas are elevated for gravity irrigation. In this case a simple
 
solution to the problem may be evident. The solution is to maintain a
 
reasonable traffic pattern on the mesqa banks. This traffic can be
 
provided by the regular road traffic along the maintenance right-of-ways
 

beside 
Abyuha canal and the normal animal and man walking on footpaths
 
beside the mesqas. The continuous traffic could provide a compacting
 

force to counteract the repeated vertical heaving 
and maintain the
 
necessary compaction to minimize seepage. The possible 
effect of
 
traffic on seepage losses was observed in Abyuha on some mesqas during
 
an 'on' period. In each 
case the traffic pattern was noticeably
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Figure 5. Marwa conveyance losses in Kafr El-Sheikh.
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concentrated on the South (left) bank of the mesqas. 
 Extensive seepage
 
was 
occurring through the less trafficked North (right) bank, with
 
essentially 
no seepage on the more heavily travelled South bank. The
 
seepage on the right bank resulted in wetting fronts extending up to one
 
meter into the crops, with some 
small pools of water forming. The crops
 
in the 
 seepage area showed some of the chloritic symptoms associated
 
with excessive wetness.
 

Maintaining 
traffic patterns on banks of raised distributary canal
 
and mesqas 
 would be reasonable and frequently are the farmers' major
 
means 
of access to their fields and maintenance of distributary canals
 
(EWUP PTR No. 32). However, maintaining adequate traffic on marwa banks
 
would be difficult because marwa banks are generally too small to 
 walk
 
on, and there is generally no need to walk along the marwas except
 
during an irrigation. 
When marwa length is a problem, alterhative means
 

of reducing seepage may be necessary.
 

C. Infiltration
 

The infiltration rate at which water enters the soil is of critical
 
importance in irrigation design. For Vertisols, with their potential.
 
for cracking and swelling, and water movement into 
the cracks, the
 
infiltration can be a very complex phenomenon. EWUP made a comprehen­
sive study of infiltration in Kafr El-Sheikh. 
The analysis involved 21
 
infiltration tests on wheat over a period of several years (EWUP PTR No.
 
57). Much of the following discussion has been taken from that study.
 

1. Horizontal movement. 
 If a field has well developed cracks, as
 
when a pre-plowing irrigation is being applied, 
 the initial water
 
applied will simply disappear into the cracks. During this time, the
 
water will be distributed below ground through the cracks and 
 can be
 
easily seen flowing in the bottom of the cracks several meters in front
 
of the surface advance front. 
 Even if it remains on the surface, the
 
retaining bunds for the basins will be subjected to the same seepage
 
problems as the raised canals. 
 Thus irrigation water can easily 
run
 
into neighboring basins via a combination of cracks and 
bund seepage.
 
This was well illustrated by a delayed irrigation of a wheat field 
in
 
Kafr El-Sheikh in March 1983. 
The field was laid out with several 200 m
 



19
 

long basins. By the time the wetting front reached the end of the first
 

basin, water had already been applied to 2/3 of the adjacent basin and
 

1/2 of the third basin. This type of water loss from basins makes
 

measuring applied water and computing irrigation efficiencies difficult.
 

2. Vertical movement. If the irrigation of a level basin is
 

preceded by land preparation, that fill the cracks with tillage
 

aggregates, so they are not visible; the wetting fronts will move
 

uniformly across the field; and the infiltration will frequently proceed
 

in 2 distinct stages. These stages can be clearly seen on a log-log
 

plot of time vs. depth infiltrated (Figure 6). The initial very rapid
 

st.g. is thought to represent the movement of water around the aggre­

gates, and then horizontally into the soil peds. This is essentially a
 

two dimensional water adsorption process. The second, much slower
 

stage, is thought to be the vertical movement through the soil and
 

greatly affected by the soil wetness below the cracked layer. The
 

difference in rate of infiltration between the 2 stages can average a
 

100 fold decline. The rate drops from 173 mm/hr during the first minute
 

to 1.73 mm/hr after 2 hours.
 

In almost 1/3 of the tests in the Kafr El-Sheikh study the final
 

stage represented a sealed or nearly sealed condition in which only
 

negligible amount of water entered the soil (Table 6). The stage change
 

and sealing, if it occurred, usually took place within the first hour of
 

irrigation. This time period is less than the 2 to 3 hours usually
 

required to advance a wetting front across the entire field. Thus it is
 

almost impossible to finish an irrigation before the stage change occurs
 

at the head of the field.
 

3. Surface drainage. With the stage chinge and potential sealing 

occurring before an irrigation of the entire field can be completed, 

ponded water will remain in field depressions. Thi& water will have to 

be channeled to a drain. The depth of ponding will depend on the 

levelness of the field or basins within the field. However, even a 

precision leveled field to a tolerance of + 2 cm can have a field 
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Figure 6. Two stage infiltration curves from Kafr El-Sheikh.
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Table 6. Sumr3r" of Wheat Infiltration Study
 
in Kafr El-Sheikh
 

Test Irri. Inflection % of Sealing
 
No Time Water Inf. Total a/
 

min mm
 
1 2 15.4 17.0 100 yes
 
2 2 8.2 8.0 56
 
3 2 24.2 15.5 70
 
4 1 14.8 58.3 88
 
5 1
 
6 1 13.3 18.6 49
 
7 1 54.9 96.0 100 yes
 
8 1 46.4 52.5 78
 
9 1 45.7 64.0 100 yes
 
10 1 65.7 58.7 68
 
11 1 58.7 81.0 64
 
12 1 54.9 124.5 79
 
13 1 43.5 78.4 62
 
14 1 39.5 94.2 68
 
15 1 32.1 91.7 65
 
16 3
 
17 3
 
18 3
 
19 1 97.0 31.0 100 yes
 
20 1 84.2 43.0 100 yes
 
21 1 125.4 45.0 100 yes
 

% Sealing 33.3
 

a/ Assuming 220 minutes total infiltration time
 
Adapted from EWUP PTR No. 57
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depression and pond of up to 4 cm. 
 depth. If this must evaporate it
 
could take up to 10 days during winter when evaporation rates are in the
 
order of 0.2 - 0.3 cm/day (Table 7). 
 EWUP has experienced a 10 day pond
 
following an irrigation of a newly levelled wheat field 
 in Mansouria
 
during December 1980. 
The problem resulted in very poor germination and
 
the 
ponded area had to be reseeded after a 2-week delay (Sabah 
et al,
 

1982).
 

The 
 potential for water to pond in field depressions for adversely
 
long periods, indicates a need for water removal from the soil surface.
 
Under farmers' traditional practices of dividing their fields into rela­
tively small basins, surface drainage is possible by using the 
same in­
field marwas that delivered the water. 
 In the EWUP study areas of Beni
 
Magdul and Kafr El-Sheikh, it has been frequently observed that farmers
 
drain their fields immediately after irrigating. 
 The water has usually
 
been discharged either into small field drains or 
back into the mesqas.
 

In 
 the case of large basins, the surface drainage of field
 
depressions may be more difficult and restrict the ability of farmers to
 
use large basins, even when levelled. It is quite possible that in
 
these 
 two areas most of the water applied in excess of the crop's needs
 
is lost from the fields via surface runoff.
 

4. Uniform applications. With leveled basins and 
 the 2-stage very
 
rapid/very slow infiltration curve, the
most of the water that enters 

soil does so during the first stage. 
 In the Kafr El-Sheikh study, it
 
was 
 estimated that 75% of all infiltrated water, entered during the
 
first stage. This is consistent with other reports in which 90% of the
 
infiltrated water entering heavy clays occurred within the first 15 min.
 
(Miller et al, 1982). 
 This then allows for relatively uniform applica­
tion of water, independent of the amount of time the irrigation 
takes.
 
The 
 Kafr El-Sheikh study again illustrates this (Figure 7). A typical
 
infiltration opportunity time of between 3 and 4 hours, 
 as would occur
 
at the head vs. tail of the field, resulted in approximatley 1 cm
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Table 7. Estimated Time of Recess .on
 
From Field Depressions a
 

Test Depression Depth (mm)
 
20 40 80
 

days-----­

1 9.1 18.2 36.4 
2 4.0 11.0 26.9 
3 2.8 8.7 23.4
 
4 3.9 11.2 27.7
 
5 0.7 2.0 7.4
 
6 0.7. 2.0 7.4 
7 9.1 18.2 36.4 

8 0.7 2.0 7.4
 
9 9.1 18.2 36.4
 

10 0.3 0.5 1.1 
11 0.2 0.3 0.6
 
12 0.3 0.6 1.7
 
13 0.2 0.4 0.8
 
14 0.3 0.5 1.1 

15 0.3 0.4 1.1 
16 0.2 0.3 0.4 
17 0.2 0.3 0.5
 
18 0.3 0.4 0.8
 
19 9.1 18.2 36.4
 
20 9.1 18.2 36.4
 
21 9-.1. 18.2 36.4
 

a/ Assumed advance time of
 
213 min. Computations based
 
on combination of infiltra­
tion rate and evaporation.
 

Adapted from EWUP PTR No. 57
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difference in infiltrated water. The Christenson Uniformity coefficient,
 
which was developed to measure uniformity of application, has values 

exceeding 90% for all tests in Kafr El-Sheikh (EWUP PTR No. 57). 

Since the time required to irrigate is frequently related to the 

available discharge, reasonably uniform applications can be obtained
 

almost independent Gf disdIEe. This may be why EWUP has had
 

difficulty obtaining the discharge vs. application depth relationship
 

usually obtained on other soil types (EWUP PTR No. 41). In Egypt the
 

possibility of relatively uniform applications with a wide range of
 

discharge can be important as the farm level discharge can be 
 highly
 
variable. In EWUP study areas measured discharges have been as low as
 

10-12 1/s and as high as 40-50 1/s depending on the study area, location
 

of the farm on the canal, time of day, etc. (EWUP PTR No. 41).
 

D. Soil Water Movement
 

At the end of an irrigation, the water redistribution within the
 

soil profile may be very slow. Detailed soil water sampling in
 

Mansourii during winter including the closure period showed water losses
 

for the top 30 cm of a berseem field to follow a 2 phase pattern with a 
change at about 15 days (Figure 8). The first and faster phase is 
thought to represent a combination of gravity flow and ET. The slower 

second phase was equal to estimated ET rates. If this is the case, it 
would indicate that gravity flow in winter can continue in the upper 30 

cm for up to 15 days after an irrigation. This is 5 times the normal 

expected 3 days used in defining "Field Capacity". Hydraulic 

conductivity studies by EWUP have shown values in the*range of 1 to 2 mm 
per day, which would also indicate the possibility for prolonged gravity
 

flow.
 

If it is taking nearly 15 days for gravity drainage from the upper
 

30 cm, and longer for a wetting fringe to move deeper, the Lime required
 

for a wetting fringe to reach the watertable could easily exceed the
 
interval between successive irrigations. In this case, it i! possible
 

for 2 or 3 wetting fringes to be simultaneously moving through the soil
 
profile above the watertable. This would then imply that any "capillary"
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upward movement would be from the latest advancing wetting fringe rather
 
than the actual watertable.
 

The possible presence of multiple wetting 
fringes could partly
 
account for the occasional negative depletion values between 
irrigation
 
from lower levels. These 
have occurred in EWUP evaluation of
 
irrigations, mostly during early irrigations or closely 
 spaced
 

4
 
irrigations.
 

Also, the slow water movement and the potential of multiple wetting
 
fringes 
make it possible for saturated conditions to exist ciose to the
 
surface, 
even without a free watertable. Computations of aeration 
at
 
El-Minya, where the watertable is below 1.25 meters at all times, 
 have
 
indicated that saturated conditions exist in the 30-60 cm depth most of
 
the time after the first irrigation of the season, and continuously in
 
the 60-90 cm. depth (Table 8) (Abdel Satter et al, 1980). To 
some extent
 
the saturated conditions in El-Minya may be the result of increases 
in
 
subsurface alkalinity (EWUP PTR No. 33).
 

E. Root Penetration
 

Important in 
 the plants ability to obtain water and nutrients is
 
the extent of root penetration. 
 In repeated sampling in EWUP study
 
areas the recoverable roots were restricted to the upper 30 to 
40 cm
 
depth (Tables 9 and 10), almost independent of crop (Tinsley et al,
 
1980, 1982a, 1982b). This includes such strongly taprooted crops such as
 
cotton. 
 The winter crops tended to have a slightly greater root pene­
tration than did summer crops. 
The increased root penetration noticed
 
for winter crops 
may be the result of the watertable being slightly
 
lower in winter, and the low temperatures reducing microbial activity so
 
that anaerobic conditions below the advancing wetting fringes would take
 
longer to develop, allowing more time for the wetting fringes to advance
 

to deeper levels.
 

4. Unpublished EWUP data.
 



Table 8. Changes in Volume of Soil Water and Air at Different Depth for Wheat in El-Minya, 1979-19802J
 

Depth Bulk % 
Density Mineral 

-­cm-- g/cm5 

Water 
Air 

1st Irri. 2nd Irri. 3rd Irri. 4th Irri. 5th Irri. 6th Irri. 
Before After Before After Before After Before After Before After Before After 

---------------- ------ % by volume-----------------........... 

Harvest 

0-15 1.22 46 water 
air 

29 
25 

59 
sat 

33 
21 

57 
sat 

41 
14 

66 
sat 

41 
13 

60 
sat 

41 
13 

58 
sat 

44 
10 

60 
sat 

33 
21 

15-30 1.32 50 water 
air 

33 
17 

53 
sat 

45 
5 

58 
sat 

47 
3 

62 55 59 
--------------­

53 54 51 57 
saturated------------------

43 
7 

30-60 1.43 54 water 
air 

43 
3 

47 46 58 54 58 56 69 52 
------------------------------------- saturated 

59 58 54 
---------------­

51 

60-90 1.50 57 water 
air 

52 53 53 
----------------------

59 59 58 52 57 
-saturated 

51 59 
-------------­

58 60 54 

a/Source Abdel Satter et al. 1980. EWUP Staff Paper 33
 
% mineral calculated from bulk density assuming a particle density of 2.65.
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Table 9. Root Penetration for Summer Crops in EWUP Sites
 

Depth Maize 
 Cotton
 
Kafr E1-Sh E1-Minya Mansouria Kafr EI-Sh El-Minya

Wt. Acc % Wt. Acc % 
Wt. Acc % Wt. Acc % Wt. Acc %
 

cm. g g g g g
 

0-10 4.7 88.7 2.8 59.6 3.0 
83.3 10.4 54.6 8.3 65.9
 

10-20 0.5 98.1 1.0 
80.9 0.3 91.6 7.9 96.2 2.4 85.0
 

20-30 0.1 100.0 0.3 87.3 0.1 94.4 
 0.4 98.5 0.9 92.1
 

30-40 0.2 91.6 
 0.0 94.4 0.1 99.0 0.4 95.3
 

40-50 0.4 100.1 0.1 97.2 0.1 99.5 
 0.3 97.7
 

50-60 
 0.1 100.0 0.0 99.5 0.2 99.3
 

60-70 
 0.1 100.0 0.1 100.1
 

Total 5.3 
 4.7 3.6 19.0 12.6
 



Table 10. Root Penetration for Winter Crops in EWUP Sites
 

Depth Wheat Berseem Broad Beans 
Kafr El-Sh El-Minya Mansouria Kafr El-Sh El-Minya Mansouria Kafr El-Sh El-Minya 
Wt. Acc % Wt. Acc % Wt. Acc % Wt. Acc % Wt. Acc % Wt. Acc % Wt. Acc % Wt. Acc % 

cm. g g g g g g g g 

0-10 2.1 52.5 2.3 44.2 3.3 54.1 4.7 77.0 2.7 30.0 5.7 86.4 1.2 46.2 1.1 30.6 
10-20 0.3 60.0 0.2 48.1 0.6 63.9 0.4 83.6 1.7 48.9 0.4 92.4 0.6 69.2 0.6 47.2 
20-30 0.3 67.5 1.9 84.6 0.4 70.5 0.1 85.2 2.0 71.1 0.2 95.6 0.1 73.1 0.4 58.3 
30-40 0.5 80.0 0.2 88.5 0.4 77.0 0.1 86.9 0.7 78.9 0.1 97.0 0.2 80.8 0.2 63.9 
40-50 0.6 95.0 0.3 94.2 0.3 81.9 0.3 91.8 0.5 84.4 0.1 98.5 0.2 88.5 0.1 66.7 
50-60 0.1 97.5 0.1 96.2 0.3 86.8 0.3 96.7 0.4 88.9 0.1 100.0 0.1 92.3 0.3 75.0 
60-70 0.1 100.0 0.1 98.1 0 3 91.7 0.1 98.4 0.2 91.1 0.1 96.2 0.4 86.1 
70-80 0.1 100.0 0.2 99.9 0.1 100.0 0.3 -94.4 0.1 100.0 0.3 94.4 
80-90 0.5 100.0 0.2 100.0 

Total 4.0 5.2 6.1 6.1 9.0 6.6 2.6 3.6 
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The 	 presence of a shallow watertable did not seem to have a major
 
effect. The root penetration in the El-Minya area where the watertable
 
is the lowest was only 10-15 cm greater than the same crops grown in
 
other areas. Yet even in El-Minya, few roots were recovered from depths
 
greater than the watertable of the sites with a high watertable. Again,
 
part of 
 the problem in El-Minya could be attributed to the increased
 

subsurface alkalinity.
 

In all cases the root penetration was less than half the depth
 

expected from Studies on other soil types in which and
wheat maize
 
developed roots to 1.5 m. or more (Metcalfe & Elkins, 
 1980) and cotton
 
greater than 2.0 m (Prentice, 1972). Vertisol restriction on cotton root
 
development has been observed by others, and with
associated yield
 

reductions (Young, 1976). Hovever, no solutions were known. Even deep
 
tillage would be effective for only one season (Young, 1976). The
 
limited 
root penetration of cotton is most dramatically demonstrated in
 
Kafr El-Sheikh each fall when farmers commonly remove their cotton
 

stalks by physically pulling them from the soil with 
 taproot intact
 
after a heavy post harvest irrigation.
 

The restriction in root penetration as observed by the EWUP studies
 

is consistent with other studies recognizing that heavy soils in general
 
make root penetration difficult (Miller et al, 
 1982), and a review of
 
all seven Vertisol profile descriptions listed in Soil Taxonomy (Soil
 
Survey Staff, 1976). 
 In the Soil Taxonomy listing only one description
 

had more than "few fine roots" for Vertisols horizons below 38 cm.
 
This is also consistent with the EWUP soil profile der:riptions from all
 
three areas (EWUP PTR Nos. 2, 32, 33) and those from EMCIP (Abdel Wahed,
 
1983) taken 
at the Experiment Stations and Governmental farms where
 

EMCIP is involved, and including sites with subsurface tile drainage.
 
The reasons for restricted root penetration in irrigated Vertisols
 

could be a combination of:
 

1. 	 The slow internal water movement causing limited aeration
 

below the highest advancing wetting fringe. This would
 
normally be within the upper 50 cm. of the profile.
 

2. 	 The mechanical imperance of the heavy clay to the roots.
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3. The potential for cracks to prune roots, 
and thus the farmers
 
are irrigating frequently enough to keep 
the cracks from
 
becoming large enough to break the roots.
 

The concept of root pruning in Vertisols may be important. It is
 
considered 
the main reason the natural vegetation for Vertisols is
 
usually savanna grasslands, and only rarely open forest (Soil 
 Survey
 
Staff, 1976). 
 Forest trees are thought to be unable to thrive, because
 
of 
 the root pruning by the cracks duriig extended dry periods. 
 Even
 
within savanna or temperate prairie the actual grass species 
may be
 
affected. 
 A study in South Dakota has shown that the 
grasses under
 
Vertisols tend to 
 be those with more vertical root systems, while
 
surrounding 
areas will have grasses with more branching root system
 
(White & Lewis, 1969). 
 In the EWUP project areas observations of crops
 
that have not been irrigated for 2 weeks have shown 
roots stretched
 
across cracks of 5 cm. 
 These roots, upon touching, appear to have been
 
stretched very tight and some may have been broken.
 

F. Limited Available Water
 
Since plants 
absorb most of their water through the root system,
 

the restriction on root penetration restricts the depth from which water
 
can be extracted. 
 This is the case in all EWUP study areas, and can
 
best be illustrated in the figure for Mansouria (Figure 
8). In this
 
figure 
 the measured change in soil moisture between irrigations is 5 cm
 
in the 0-30 cm depth, 2 cm in the 30-60 cm depth and at most 1 cm in the
 
60-90 cm depth. This represented 63, 25, and 12 % of the measured water
 
loss, respectively. Additional examples come from all three areas using
 
both summer and winter crops (Table 11, 
 12 & 13). In the examples shown
 
the measured soil water depleted at an irrigation, other than the first
 
irrigation, 
 averaged 5 to 7.5 cm for all locations. The variation in
 
the depletion was nearly 40% (Table 11).
 

More detailed 
analysis of cotton and wheat indicated nearly all
 
measured water losses between irrigations were between 4 and 8 with
cm 




33
 

Table 11. Operational Available Water in Egyptian Vertisols
 

Crop Location 
No. 

Irri 
Cm Water / 90 cm Soil 
Before After Difference 

Sugarcane 
Wheat 
Cotton 

El-Minya 16 
7 
9 

44.8+/-2.3 
45.6+/-4.0 
45.2+/-2.0 

50.6+/-1.8 
51.1+/-1.4 
51.2+/-1.4 

5.7+/-1.5 
6.9+/-2.3 
5.6+/-2.4 

Berseem 
Maize 
Wheat 

Mansouria 7 
7 
5 

39.8+/-3.0 
36.4+/-2.4 
40.3+/-2.5 

44.6+/-0.8 
44.8+/-2.3 
46.8+/-0.9 

5.0+/-3.1 
7.4+/-3.5 
6.5+/-2.9 

Wheat 
Sugarbeet 
Cotton 
Maize 

Kafr El-Sheikh 5 
6 
8 
8 

40.9+/-1.1 
40.8+/-2.8 
40.3+/-1.6 
41.8+/-1.2 

48.2+/-1.3 
48.5+/-1.6 
46.8+/-0.7 
47.2+/-0.9 

6.8+/-1.2 
7.1+/-2.8 
6.5+/-2.0 
5.3+/-1.1 



_ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Table 12. Measured Soil Water Changes for Wheat in EWUP Stcdy Areas
 

Location Kafr El-Sheikh El-Minya 
 Beni Magdul

Irri. Depth/ 0-30 30-60 60-90 0-90 0-15 15-30 30-60 60-90 0-90 
0-15 15-30 30-60 60-90 0-90
No. Sample__ 

_N.----------------% 
_ _ 

Volume........
 
1 Before 25.0 39.7 48.7 
 33.3 40.0 43.3 55.0 24.0 44.7 46.0 46.0
 

After 54.3 56.7 29.7 66.7 51.3 47.0 54.3 57 0 51.3 52.0 54.3
 
7Befor 53.3
48.3 55.7 45.3 48.7 52.7 54.7 32.0 44.7 49.3 50.0 

Depl- 1.8 1.1 1.2 4.1 3.2 64 -1.7 -0.1 1.8 3.6 1.0 0.8 1.3 6.7 

After 56.0 54.3 55.3 
 63.3 56.0 54.0 58,3 52.7 50.0 53.0 54.0
 
3 Before 38.0 51.3 54.3 42.0 46.0 52.7 58.3 26.0 36.7 44.0 47.0
 

Depl 5.4 0.9 0.3 6.6 3.3 1.5 0.4 0.0 
5.2 4.0 2.0 2.7 2.1 10.8
 

After 49.7 51.0 54.3 66.7 
58,7 53.3 60.0 48.0 50.0 54.0 52.0
 
4 Before 37.3 50.3 
52.7 46.7 46.0 49.7 53.7 33.3 43.3 51.7 50.7
 

Depl 3.7 0.2 0.5 4.4 3.0 1.8 1.9 8.6
2.0 2.2 1.0 0.7 0.4 4.3
 

After 56.7 55.3 57.7 
 68.7 59.2 53.0 59.7 48.7 50.0 53.0 52.0
 
5. Before 42.7 54.7 55.7 41.3 
 42.7 50.3 34.0 46.7
57.0 40.0
Depl 4.1 0.3 0.6 5.0 4.1 2.5 0.8 0.8 8.]. 

53.3
 
2.2 1.5 1.9 -0.4 5.1
 

After 47.7 48.7 50.3 62.7 50.0 54.0 57.0 45.3 49.3 53.7 51.7
 
6 Before 36.7 42.7 
 49.3 54.7
 

Depl 4.0 1.1 1.4 
 0.6 7.1
 

After 61.3 52.0 52.0 57.3
 
Harvest 31.3 44.7 49.0 32.7 37.3 49.7 
 54.3 14.0 25.3 34.3 44.7
 
Depl 4.9 1.2 0.3 6.5 4.3 2.2 0.7 
 0.9 8.1 4.7 3.6 5.8 2.1 16.2
 

Ave Beforeh / 41.6 52.4 54.6 42.4 45.2 50.9 55.7 31.3 41.2 47.9 50.3
 
Ave After 52.9 53.2 55.5 64.9 54.6 
52.2 57.8 50.3 50.1 53.1 52.8
 

Total Depl 20.0 3.4 2.8 26.2 
21.8 9.6 3.3 4.2 38.9 16.7 9.1 11.9 5.5 43.1
 
% of Total 76.3 13.0 10.7 56.0 24.7 8.5 10.8 38.7 
21.1 27.6 12.8
 
Accum % 89.3 100.0 80.7 89.2 100.0 
 59.8 87.4 100.0
 

a/ Depletion measures in cm.
 
bI Average of before irrigation soil moisture excludes initial irrigation.
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Table 13. Measured Soil Water Changes for Cotton in EWUP Study Areas
 

Location 
 Kafr El-Sheikh 
 EI-Minya

Irri. Depth/ 0-30 30-60 60-90 0-90 
 0-15 15-30 30-60 60-90 0-90 
No. Sample 

-------------------- % Volume ......... 
1 Before 30.1 44.2 48.6 

After 51.4 51.1 49.9 
 55.3 56.9 56.9 58.1

2 Before 41.0 45.1 48.4 
 42.7 49.2 56.4 58.4
 

DeplA/ 2.8 1.8 0.5 5.1 1.9 
 1.2 0.2 --.1 3.1
 

After 50.9 51.8 54.8 
 57.0 56.2 58.6 60.0

3 Before 
 34.5 47.8 50.8 37.6 44.4 55.4 59.5
 

Depl 4.9 1.2
1.2 7.3 2.9 1.8 0.1
1.0 5.8
 

After 44.5 48.4 49.4 
 55.3 53.7 57.1 60.7

4 Before 29.3 
45.3 45.7 36.7 46.3 52.3 56.2
 

Depl t.5 0.9 1.1 6.6 2.8 
 1.1 1.5 1.4 6.7
 

After 42.2 53.5 49.6 
 54.5 54.8 58.4 59.2
5 Before 27.9 48.2 47.9 
 35.4 45.6 54.0 56.7
 
Depl 4.5 0.5
1.6 6.4 2.9 1.4 0.8
1.3 6.3
 

After 45.8 46.1 50.0 
 54.6 54.3 58.6 58.4

6 Before 
 23.2 38.3 42.2 37.7 43.2 52.7 57.2


Depl 6.9 2.3 2.3 11.5 
 2.5 1.7 1.7 0.4 6.2
 

After 39.6 4.08 44.0 
 55.5 53.9 56.7 59.9

7 Before 26.6 39.3 43.1 
 33.9 42.9 50.1 51.9
 

LeD 3.9 0.5 0.3 
4.6 3.2 2.0 9.3
1.7 2.4 


After 42.2 42.6 45.5 
 50.5 49.8 53.2 55.2

8 Before 
 35.2 44.3 51.4 54.4
 

Depl 
 2.3 0.8 0.5 0.3 3.9
 

After 
 63.7 59.9 59,6 53.0

9 Before 
 36.7 42.9 50.6 52.9
 

Depl 
 4.1 2.5 2.7 0.0 9.4
 

After 
 57.5 56.9 56.6 58.0

Harvest 21.2 
35.2 40.8 43.1 52.3 56.3 53.9
 

Depl 6.3 2.2 1.4 9.9 2.2 
 0.5 0.1 1.2 4.0
 

Ave Before 1/ 30.4 44.0 
46.4 37.0 44.9 52.9 55.9
 
Ave After 
 45.2 47.8 49.0 56.0 55.2 57.4 58.1
 

Total Depl 
 33.6 10.5 7.3 51.6 24.8 12.7 10.8 6.4 54.7
 
% of Total 65.2 20.4 14.2 
 45.3 23.2 19.7 11.7

Accum % 
 85.6 100.0 
 68.5 88.2 100.0
 

a/ Depletion is measured in cm.
 
b/ Average before irrigation soil samples exclude initial irrigation.
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approximately 70% or more of the measured water losses coming from the
 

top 30 cm. Very little, if any, water losses occurred in the 60 to 90
 

cm. depth. This was true in project areas with a shallow watertable such
 

as Kafr El-Sheikh and Beni Magdul, and in areas with a deeper watertable
 

as in El-Yiinya. The 4 to 8 cm becomes the "operational available water"
 

representii g the water depletion at which the farmers irrigate. The 4
 

to 8 cm of "operational available water" is a sharp reduction from ,he
 

17-22 cm of available water computed from the pF curve to a depth of 90
 

cm (Table 2).
 

However, these EWUP results are again consistent with results
 

obtained in Gizeria, Sudan (Fadl, 1978) with Vertisols derived from the
 

same Nile sediments as found in Egypt. The results from Sudan were
 

obtained with a neutron probe and the more carefully controlled environ­

ment of an Experiment Station.
 

The tension at which the available water was held can be evaluated
 

by comparing the soil water measurements of Tables 11 & 12 with the pF
 

data in Table 2. This comparison shows that the tension of the opera­

tional available water is dependent on the season and the depth in the
 

soil. In winter, soil water in the upper 30 cm appears to fluctuate
 

between less than 0.33 atm. and 3.0 atm. The after irrigation value of
 

less than 0.33 atm. indicates that the soils were still draining towards
 

0.33 atm. used in estimating "Field Capacity" when sampled. The deeper
 

samples tended to remain near the 0.33 atm. tension or wetter. In
 

Mansouriya the deeper samples were closer to 0.1 atm. (Table 12). This
 

may indicate the samples were taken from saturated soils.
 

In Summer, the soil moisture in the first 30 cm. for cotton in Kafr
 

El-Shiekh and El-Minya fluctuated between 0.33 and near 15 atm. This
 

could indicate that some stress was occurring in the upper soil levels.
 

The mid levels of the soil tended to fluctuate between 0.33 and 3.0 atm
 

while the lowest levels remained close to 0.33 atm. (Table 13).
 

G. Irrigation Applications
 

The combination of a soil water deficit at the time of irrigation
 

of only 4 to 8 cm., and the very rapid initial infiltration rate make it
 

extremely difficult, with a surface irrigation system, to apply less
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than a complete replenishment of the soil deficit. This is illustrated
 

by the very small variation in the after irrigation soil moisture con­

tent (Table 11). Therefore, it is usually safe to assume that each
 

irrigation is a complete replenishment of soil water losses and all
 

computations of soil deficits can assume a fully recharged soil at the
 

beginning of each interval between irrigations.
 

I. Irrigation requirements. In irrigating clay alluvial Vertisols
 

the irrigation water requirement may best be divided into two 

components: 

-the soil water deficit, and 

-the "application requirement". 

The soil water deficit as discussed previously is the 4 to 8 cm. 
"operational available water" for most irrigations or the 12 to 15 cm. 

initial irrigation deficit. The "application requirement" is the water
 

in excess of the soil water deficit that is essential to advance the
 

wetting front across the field from the inlet to the opposite side. The
 

amount of water needed to meet the application requirement should be a
 

reasonable constant for a field. It may vary with the levelness of the
 

field and roughness of the crop being grown. EWUP data indicates a
 

relatively uniform 2 to 3 cm of irrigation water is applied over that
 

needed for replenishing the soil water depleted.5 The water used for
 

the "application requirement" will then be dissipated either as deep
 

percolation or surface runoff. That which percolates could help leach
 

salts. The application requirement automatically accounts for some of
 

the leaching needs. Traditionally the MOI has allocated water for this
 

as part of the conveyance requirement. However, "application require­

ment" may be a more accurate expression for some of the conveyence
 

requirements. This implies a constant requirement with each irrigation.
 

2. Irrigation efficiency. When irrigations are comprised of both
 

the soil water deficit component plus a relatively constant application
 

requirement component, the irrigation efficiency will largely depend on
 

the value of the deficit. The greater the soil moisture deficit at the
 

time of irrigation, the smaller the ratio of water deficit to
 

5. Unpublished EWUP data.
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application requirement, 
and the greater the irrigation efficiency.
 
Figure 9, showing 72 irrigations in cotton field trials at Kafr 
El-

Sheikh, illustrates this. These 72 irrigations had a highly significant
 
correlation between irrigation efficiency and depth of 
water stored
 

(Awad et al, 1981).
 

3. Over-irrigation. The "application requirement" is in reality a
 
componeiit of over-irrigation, in that it represents the application of
 
more water than the crop needs. It is the minimum amount of over­
irrigation the farmer can apply. It cannot be 
 avoided. Any water
 

applied above this minimum is avoidable and unless needed for salt
 
control is wasteful. The over-irrigation water is removed from the land
 
either by deep percolation or surface runoff. In areas of high water­
tables such as Kafr El-Sheikh and Beni Magdul most of the excess 
water
 
will go to surface runoff. In Beni Magdul most of the surplus water was
 
drained back through the marwas and discharged back into the mesqas from
 
which it was taken. In Kafr El-Sheikh most of the surface water was 

drained through shallow field drains that flowed directly into the 
drainage network. Some of it was drained back through the marwas and 

into the mesqa similar to what occurred in Beni Magdul.
 
The idea of surface drainage going back into the mesqa from which
 

it was originally lifted provides some opportunity for immediate
 

reallocation of the water. When this happens the over-irrigated water is
 
not all lost, and the overall efficiency of the delivery system
 

improved. In Beni Mvdul the mesqas discharged directly into Nadia
 
drain so the surface drainage can only be recovered by pumping from the
 
drain. This occassionally was done at the end of Mesqa 10. However, in
 
Kafr El-Sheikh the mesqas were generally deeper and closed-ended. The
 

water returned to the mesqa can be and is reused.
 

In El-Minya there is no field drainage system. All surplus water
 

applied infiltrated within a non detrimental period, became deep perco­

lation, and assisted in salt removal.
 

4. Initial irrigations. The exception to the 4 to 8 cm application
 
needs is the initial irrigation of a crop season. This irrigation
 
frequently follows a 80-120 day irrigation gap and is the period when
 

the soil is at its driest. The irrigation gap is the period from the
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Figure 9. 	Irrigation efficiency vs. depth of water stored for 72
 
irrigations of cotton in Kafr El-Sheikh (Adapted from
 
EWUP PTR No. 57).
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last irrigation of the previous crop to the first irrigation of the
 

current crop. It 
 includes the period when the plant is maturing and
 
drying out plus the normal turnaround time between crops. Soil water
 
deficits at this time average around 12 cm and require irrigation appli­
cations of 15 to 18 cm (Awad et al, 1981). 
 The initial irrigation of
 
rice is also an exceptional condition. This irrigation not only had to
 
overcome an extensive irrigation gap, but it also had to provide enough
 
surplus water to puddle the soil and pond water for transplanting. This
 
required an application of about 25 cm (EWUP PTR No. 9).
 

H. Watertable and Subsurface Drainage
 

Since each irrigation results in a small amount of excess water
 

applied and infiltrated, 
and the internal water movement is extremely
 
slow there is a tendency for a shallow watertable to develop (Table 14)
 
(Hellal et al, 1984). 
 The water table tends to fluctuate with each
 
irrigation (Figure 10) and also with the seasonal frequency of irriga­

tion applications. Watertables are generally higher in summer when ET
 
rates are highest and irrigations more frequent, and lowest in winter
 
when ET rates are lowest and irrigations less frequent. The implication
 

is that the natural drainage away from the watertable is nearly con­
stant, and the seasonal rise and fall of the watertable is a function of
 
the frequency of irrigations; each irrigation having an increment of
 
deep percolation. The overall effect of the watertable is an 
equil­
ibrium during the year, as the watertable returns to near the same place
 

at relative times of different years (EWUP PTR No. 61).
 

The presence of a shallow watertable does indicate the possible
 
need for subsurface drainage. Experiments is Sakha Station in Kafr El-


Sheikh governorate have shown a positive crop response with 
wheat,
 

cotton, etc. to tile drainage for both lowering the 
watertable and
 
removal of soluble salts from the soil profile (Figure 11) (Six-h Annual
 

Report, 1981).
 



Table 14. Monthly Average Depth to Watertable for Egyptian Clay Soils
 

Location 
 1981 
 1982
 
Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.
 

cm below surface ........
 

El-Minya 177 168 158 149 120 137 125 146 159 179 191 175 

Kafr El-Sheikh 68 79 47 26 30 37 55 71 68 73 92 59 72 

Beni Magdul 79 84 79 90 82 91 66 69 78 82 90 

Adapted from EWUP PTR No. 47.
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Figure 10. Fluctuations in watertable with irrigations in Kafr El-Sheikh.
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Figure 11. 	 Crop response to subsurface tile drainF at Sakha Experimental
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I. 	Capillary Movement
 

The watertable contribution to consumptive use was determined 
by
 

observing the day vs. 
night lowering of the watertable in Kafr El-Sheikh
 
(EWUP PTR No. 61). A clear day/night difference in rate of drawdown
 

could be seen starting immediately after the last irrigation of 
 cotton
 
with the depth to the watertable of 24 cm and continuing for more then
 

25 days and a depth to the watertable of nearly 150 cm. (Figure 12).
 
During this period the amount of water moving upward during the day and
 
downward continuously day and night was evaluated (Table 15). The 
analysis showed a continuous decline in both the upward movement and 

downward deep percolation as the depth of the watertable increased. In 
the early periods the upward movement accounted for all the estimated 
consumptive use of cotton or 67% of the potential ET. This declined
 
until, at 150 cm depth the estimated upward movement accounted for
 

only 7% of the consumptive use or 4% of the potential ET. At this
 
point the estimated downward movement exceeded the upward movement. The
 
relatively limited contribution from watertables below 125 cm is consis­
tent with other studies using totally different, more controlled, lysi­

meter techniques in Alexandria (Moustafa et al, 1975, 1977).
 

This very slow upward movement, when the watertable was below 125
 

cm, occurred in summer when the soil water content of the upper 
 soil
 
profile was approaching the wilting point so the tension pull is at 
its
 
highest (Table 12). 
 In winter the tension gradients are less and the
 

rate of water movement correspondingly slower. For this reason, when the
 
watertable 
is below 125 cm it probably will not be detrimental to soil
 

aeration or root development. It could still contribute to upward salt
 
movement, but only during fallow periods between crops.
 

IV. INFLUENCE OF VERTISOLS ON IRRIGATION DESIGN
 
This report has reviewed the available data on Egyptian alluvial
 

clays of the old lands (Vertisols) and the water management of these
 

soils. This information is now used to infer various concerns for the
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Figure 12. Diurnal decline in watertable after last irrigation of cotton in Kafr El-Sheikh
 
Source EWUP PTR No. 61).
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Table 15. Watertable Contributions to Consumptive UseA/
 

Depth Days After Water Move-/ Ratio Upward Contri.--TF
 
to 	WT Irrigation Upward Down Up/Down CU ETo
 
-cm .---mm/day--	 % 

50 3 3.8 1.5 2.5 127 63
 

75 5 2.8 1.0 2.8 93 46
 

100 9 1.6 0.7 2.3 53 46
 

125 15 0.6 0.6 1.0 20 11
 

150 25 0.2 0.5 0.4 7 4
 

a/ 	Adapted from EWUP PTR No. 61.
 

b/ 	Calculated from change in water level during day vs night
 
times 0.04 specific yield.
 

c/ Based on August potential ET and cons, )tive use for
 
Cotton as reported in Water Master Plan Tech. Report No.
 
17.
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system, and in planning the operation of the system as it now exists.
 

These concerns will be discussed, both in terms of what hard data there
 

are to support them and what can be rationally expected to occur.
 

Additional study is needed to determine how critical these concerns are.
 

A. Soil-Water-Plant-System
 

The heavy clay soils tend to cause the severe restrictions in the
 

root zone of all crops so there is really very little difference among
 

crops in their effective root zones. These result in a root zone and
 

measured soil moisture changes being concentrated largely within the
 

upper 40 cm. regardless of the watertable depths found in the EWUP
 

sites. The available water in this limited depth averages only 5 to 7
 

cm. Below this level there may be saturated water conditions and aera­

tion problems that would reduce root penetration. It may be possible to
 

withhold irrigations to encourage deeper root penetration and greater
 

moisture extraction, but the cracking of the surface soil could become
 

large enough to stretch and prune the plant roots.
 

B. Water Application and Distribution
 

The infiltration properties of the Vertisols in conjunction with a
 

ourface irrigation system make it both virtually impossible to apply
 

less than the soil water deficit, and very difficult to infiltrate more
 

than the deficit. Under these conditions all irrigations completely
 

recharge the soil water reservoir. Each irrigation will have two com­

ponents, the soil water deficit and the "application requirement" needed
 

to force the water across the field. The application requirement repre­

sents an unavoidable over-irrigation. The application requirement is
 

then dissipated through deep percolation, evaporation, or surface
 

runoff. The proportion of each of these is dependent upon location. In
 

El-Minya all would go to deep percolation, in Kafr El-Sheikh and
 

Mansouria most would go to surface runoff. The application requirement
 

is probably dependent on the overall levelness of the field, and is
 

relatively constant with each irrigation of a given field. Precision
 

land levelling could substantially reduce the volume of water applied.
 

However, even under the best leveled conditions, the formation of a
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gilgai microrelict pattern may result in field depressions of detrimen­
tal depth. Provisions must then be made for some surface drainage. 
For
 
this reason long dead level basins tiay be difficult to manage, and
 
graded basins preferable.
 

Another 
impact of the soil rapidly infiltrating the water deficit
 
and then slowing down to minimum rates is that water will be 
 uniformly
 
distributed over 
the field relatively independent of the available
 
stream flow. It would be almost impossible, under field slopes avail­
able with these soils in Egypt, 
 to have a stream flow large enough to
 
advance 
water across an ertire field without the infiltration going to
 
the very slow second stage, thus completely replenishing the soil water
 
deficit. Light irrigations are only possible on already wet soils. Once
 
in the second infiltration stage the time required for 
 the irrigation
 
advance has 
limited influence on depth infiltrated, thus low stream
 
flows only require more time to irrigate, and more labor expense to the
 
farmer.
 

Once water actually gets into the soil mass, 
its movement can be
 
very slow. If the first stage of infiltration is through macro pores or
 
cracks, small pockets of trapped ai.- may occur which will limit the void
 
space for 
 water to move. Also much of the water may be actually
 
entering the soil peds from the side rather than the top. This could
 
reduce the extent of downward salt movement needed to leach the 
soil.
 
Likewise the slow second phase may just not allow enough water into 
the
 
soil to get the desired leaching done.
 

In the clay soils, even with the very limited amount of surplus
 
water entering the soil, the adhesive water at wilting point is rela­
tively 
high and fills from 20 to 30 percent of the soil voids. Thus
 
there is little opportunity for soil water 
movement, or additional
 
storage. This 
allows perched watertables to form at shallow 
depths.
 
The specific yield, flow into and flow out of these watertables would be
 
extremely low. The slow internal flow rates could also mean 
 that a
 
wetting fringe may not have completely reached the watertable during the
 
intervals between irrigations. If this happens then more than 
one
 
wetting fringe could be stacked on top of each other slowly moving
 
toward the watertable.
 



49
 

C. Delivery Design
 

The potential for soil movement with Vertisols may 
require some
 
special design consideration in constructing or renovating irrigation
 
delivery systems. 
 One of these is canal bank stability. The heaving
 
nature of the soils could make it difficult to maintain good compaction
 

on newly constructed or renovated canals, regardless of how well 
the
 
initial compaction is done. It may, therefore, be essential to maintain
 
some form of continuous compacting force. 
 This may be possible by
 
encouraging either footpaths or access roads to be built on the banks of
 
mesqas and canals. If not soil heaving could take 
 place and major
 
seepage occur. The problem could be particularly acute with elevated
 

watercourses because the seepage could be more severe and flow out 
 on
 
the surface 
where it can damage crops. The alternative to traLfic
 
patterns may be expensive lining procedures.
 

Sunken canals and lift irrigation delivery systems may be more
 
suited than elevat-ed canals and gravity systems. 
 This not only because
 
of the raduced problems with seepage as noted above, 
 but also because
 
sunken canals, if of sufficient depth could also serve as the surface
 
drains. 
This could then reduce the total area needed for waterways. 
In 
addition if the mesqas were closed as in Kafr El-Sheikh and did not 
discharge into the drains, the water returned to the mesqa through 
surface drainage could be reallocated immediately. This would increase
 
the overall efficiency of the system. Consideration should be given to
 
field layouts that encourage the surface drainage to return to the
 

mesqas.
 

D. Irrigation Evaluation
 

The accurate evaluation of irrigation practices with Vertisols may
 
be difficult. The variation in bulk density for various reasons causes
 

potential large systematic errors in determining the volumetric soil
 
water content. With the small usually narrow fields found in Egypt, the
 
horizontal flow into neighboring fields or basins during the early
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stages of irrigation makes the accurate measurement of applied water
 

difficult. And, the presence of multiple wetting fringes results in
 

occasional anomalies in the soil moisture values by having negative soil
 

water depletion values in some of the lower horizons.
 

V. SANDY SOILS
 

In the "Old Lands" of Egypt sandy soils are found mostly on the
 

edges of the valley where the desert and the Nile sediments interface.
 

In the EWUP study sites only the El-Hammami part of Mansouria contains
 

mostly sandy soils. Sandy soils, including those in El-Hammami, are
 

characterized by a very low potential water holding capacity, plus a
 

high infiltration and subsurface seepage rates.
 

The irrigation of sandy soils was evaluated from a study of 3 farms
 

distributed through the El-Hammami command area. The farms were located
 

at the beginning of the canal, the end of the canal, and on mesqa 2 that
 

extends from the end of the canal.
 

The study showed that the sandy soil were poorly suited for surface
 

irrigation. Infiltration test indicated that the infiltration rate was
 

outside the US Soil Conservation Services family of infiltration curves
 

(EWUP PTR No. 72). This would make it almost impossible to surface
 

irrigate the area efficiently and small basins would be essential. If
 

the basin exceeded more then 25x25 meters all the available discharge
 

could infiltrate before the wetting front advances across the entire
 

field. Because of the excessive infiltration rate farmers had to exten­

sively over-irrigate ju3t to get the water applied. An inevitable high
 

watertable developed with related potential waterlogging, root restric­

tion, and salinity problems.
 

The analysis of the individual farm irrigations (Table 16) showed
 

that farmers had substantially different amounts of water available to
 

them depending on how far from the source they were. This then affected
 

their use of the canal vs. pumping from a well, the amount of water they
 

applied, and their overall irrigation efficiency (EWUP PTR No. 74).
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Table 	16. Irrigation and Water Use for Crops on E1-Hammami Sands
 

Farm Crop 	 No. Water Est. % of Applied
 
Irri. Applied Stored Depl. ET Stored ET
 

-------------- mm-----------­
1 Wheat 6 
 679 91 74 475 13.4 70.0
 

Berseem 10 1791 
 226 198 677 12.6 37.8
 

2 	 Berseem 
 4 276 53 56 170 19.2 61.6
 

3 	 Broad beans 7 261 110 150 373 42.1 142.9
 
Wheat 9 278 
 128 155 475 46.0 170.9
 
Berseem 12 894 282 261 677 31,5 75.7
 

Adapted from EWUP PTR No. 74.
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As would be expected the farmer at the beginning of the canal was
 
always able to lift water from the canal with his saqia, obtain a good
 
discharge, and applied substantially more water than he was able to
 
store. 
 The farmer at the end of the canal used a combination of canal
 
water 
with his saqia and pumping from a neighbor's well when there was
 

not sufficient water in the canal. He applied relativdy less water,
 

but still more than the soil could store and the crop needed. The farmer
 
on Mesqa 2 was unable to depend on the canal and thus had to use a pump
 
and well for most of his irrigations, He applied less water than either
 

of the other farmers. This was still more water then he could store in
 
the soil, but less than the estimated crop requirements.
 

In each case, major interactions with the watertable appeared.
 
This is because the total water stored was always less than the
 
estimated water requirements. Irrigation efficiencies ranged from 14%
 

to 46%. However, when the irrigation application was expressed as a
 
percent of crop needs the values ranged from 38% to 171% 
for the near
 

versus the far farmer, respectively.
 

From this analysis it appears that in El-Hammami there is a de
 

facto combination of both surface and subsurface irrigation (Figure 13).
 
When a farmer applies water to his land he not only recharges the soil
 

deficit but adds a large volume of surplus water which flows 
laterally
 

on the watertable to his neighbor's fields. Likewise when his neighbor
 

irrigates, his surplus water flows under the first farmer's field. 
 This
 

provides 
both the hazard of a high water table and the benefit of some
 

subsurface irri.,ation which contributes to the crops water requirements.
 

Concurrently, 
 during each 'on' period there is probably substantial
 
subsurface 
 flows from the canals across the watertable to further sub­

irrigate all crops. Estimates show that most of the crops water require­

ments actually come from this watertable "subsurface" irrigation.
 

One problem with the interactive watertable is tl..at it can provide
 

for confusing soil moisture data in which the lower level samples before
 

irrigation can contain more water than the after irrigation samples from
 

the previous irrigation. This will depend on the relative timing of
 
irrigation of the farmer and his neighbors versus the time samples 
are
 
taken. The high watertable and extensive lateral subsurface flow 
in
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Field (I) Field (2)
 

Crop Planted on Ridge Different Crop Planted on Ridge 

C L.-- ' "" Base Water Table 

A. Neither Former Irrigating 

Temporary Water Table 

40 a -Bse Water Tal 

B. Field (I) being Irrigated 

Temporary Water Table 
frm Irrigation 

40 - ---------- ---.- -.--- ..... 
Base Water Table 

C. Field (2) being Irrigated 

Figure 13. Movement of irrigation water on top of the watertable
 
to neighboring fields. (Source EWUP PTR No. 74).
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which neighbors 
irrigations interacted compromises any evaluati)n of
 
individual farm irrigations. An accurate appraisal of El-Hammami irriga­
tion 
would require some exceptionally complex analysis involving 
large
 

areas.
 

The results of the study shows:
 

1. 	 The sandy soils were not really suitable for surface irriga­
tion. 
Other techniques need to be investigated.
 

2. Water was less equitably distributed through the system 
with
 
the farmers with land near the beginning able to apply much
 
larger quantities of water than those further away. *The
 
farmers further from the inlet had to rely more 
 on pumping
 
wells than the canal to get adequate water.
 

3. 
 Farmers had to extensively over-irrigate just to get the water
 
on their land. This resulted in a high watertable throughout
 

the area.
 
4. 	 Extensive amounts of subsurface flow resulted 
in de facto
 

subsurface irrigation. 
 Most of the crops actual consumptive
 
use needs came from the watertable and subsurface irrigation.
 

VII. SUMMARY
 
The soils 
in the EWUP study area were either heavy clay Vertisol
 

related soils, 
 or sandy Entisols. The Vertisols are generally very
 
difficult soils to physically manage. However, they could'be irrigated
 
reasonable efficiently with minimum management. 
 This was because the
 
infiltration characteristics 
allowed for the replacement of the soil
 
deficit and little more. 
 Uniform applications were generally possible
 
even with highly variable flow rates. The available water was con­
siderably less then would be expected from a clay soil 
so irrigations
 
had to be planned around a soil deficit of only 5 
- 7 cm. Problems of
 
canal maintenance in areas of significant cracking and heaving, 
soils,
 
and surface drainage due to sealing suggest that canals lower than 
the
 
farmers fields and lift irrigation are preferable to raised canals 
 and
 
gravity irrigation in these areas.
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The sandy soils were not really suitable for surface irrigation.
 

The infiltration rates were too high resulting in extensive conveyance
 

losses. Distribution of water through the system was not equitable, and
 

irrigation efficiency was very low. This results in a high watertable
 

throughout the area. The high watertable in turn helps compensate for
 

irrigation inefficiency by allowing for substantial lateral water move­

ment and de facto subirrigation. Most of the plants water requirements
 

appeared to have come from the subsurface water movement and the
 

watertable.
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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 
I feddan 4,200.833 1.038 1.000 0.420 
1hectare (ha) 10,000.000 2.471 2.380 1.000 

1 sq. kilometer 100 x 10, 247.105 238.048 100.000 
I sq. mile 259 x 106 640.000 616.400 259.000 

WATER MEASUREMENTS FEDDAN-CM ACRE-FEET ACRE-INCHES 
I billion m 3 23,809,000.000 810,710.000 
1,000 m 3 23.809 0.811 9.728 
1,000 m 3 /Fgddan 23.809 0.781 9.312 

(= 238 mm rainfall) 

420 m /Feddan 10.00 0.328 3.936 
(= 100 mm rainfall) 

OTHER CONVERSION METRIC U.S. 
I ardab 1198 liters 5.62 bushels 
1 ardab/feddan 5.41 bushels/acre 
I kq/feddan 2.12 lb/acre 
I donkey load 1100 kg 
I camel load = 250 kg 
I donkey load of manure 0.1 m 3 

I camel load of manure = 0.25 m3 

EGYPTIAN UNITS OF FIELD CROPS 
CROP EG. UNIT IN KG IN LBS IN BUSHELS 

Lentils ardeb 160.0 352.42 5.87
Clover ardeb.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 7.51 
Rice dariba 945.0 2081.50 46.26 
Chick-peas ardeb 150.0 330.40 
Lupine ardeb 150.0 330.40 
Linseed ardeb 122.0 268.72 
Fenugreek ardeb 155.0 341.41 
Cotton (unginned) metric qintar 157.5 346.92 
Cotton (lint or ginned) metric qintar 50.0 110.13 

EGYPTIAN FARMING AND IRRIGATION TERMS 
fara = branch 
marwa = small distributer, irrigation ditch 
masraf = field drain 
mesga = small canal feeding from 10 to 40 farms 

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

garia = village 
sahm = 1/24th of a qirat, 7.29 m2 

sacia = animal powered water wheel 
sarf = drain (vb.), or drainage. See also masraf, (n.) 
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EGYPT WATER USE AND MANAGEMENT PROJECT
 

PROJ ECT TECHNICAL REPORTS
 

NO. 	 TITLE 

PTR#1 	 Problem Identification Report 
for Mansuriya Study Area, 
10/77 to 10/78. 

PTR#2 	 Preliminary Soil Survey Report 
for the Beni Magdul and 
EI-Hammami Areas. 

PTR#3 	 Preliminary Evaluation of 
Mansuriya Canal System, 
Giza Governorate, Egypt. 

PTR#4 	 On-farm Irrigation Practices in 
Mansuriya District, Egypt. 

PTR#5 	 Economic Costs of Water Shortage 
Along Branch Canals. 

PTR#6 	 Problem Identification Report For 
Kafr EI-Sheikh Study Area. 

PTR#7 	 A Procedure for Evaluating the 
Cost of Lifting Water for Irrigation 
In Egypt. 

PTR#8 	 Farm Record Summary and Analysis 
for Study Cases at Abu Raya and 
Mansuriya Sites, 1978/1979. 

PTR#9 	 Irrigation & Production 
of Rice in A bu Raya, 
Kafr EI-Sheikh Governorate. 

PTR#10 	 Soil Fertility Survey in 
Kafr EI-Sheikh, El Mansuriya 
and EI-Minya Sites. 

PTR# 11 	 Kafr El-Sheikh Farm Management 
Survey Crop Enterprise Budgets 
and Profitability Analysis. 

PTR# 12 	 Use of Feasibility Studies 
and Evaluation of Irrigation Projects: 
Procedures for Analysing Alternative 
Water Distribution System 
in Egypt. 

AUTHOR 

Egyptian and American 
Field Teams. 

A. D. Dotzenko, 
M. Zanati, A. A. Abdel 
Wahed, & A. M. Keleg. 

American and 
Egyptian Field Teams. 

M. EI-Kady, W. Clyma
& M. Abu-Zeid 

A. El Shinnawi 
M. Skold & M. Nasr 

Egyptian and American 
Field Teams. 

H. Wahby, G. Quenemoen 
& M. Helal 

F. Abdel Al & M. Skold 

Kafr EI-Sheikh Team 
as Compiled by T. W. Ley 
& R. L. Tinsley 

M. Zanati, P. N. Soltanpour,
A.T.A. Mostafa, & A. Keleg. 

M. Haider & 
F. Abdel Al 

R. J. McConnen, 
F. Abdel Al, 
M. Skold, G. 	Ayad & 
E. Sorial 
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NO. TITLE 

PTR#13 	 The Role of Rural Sociologists 

in an Interdisciplinary, 

Action-Orientated Project:
 
An Egyptian Case Study.
 

PTR#14 	 Aoministering an Interdisciplinary 
Project: Some Fundamental Assumptions 
Upon Which to Build. 

PTR#15 	 Village Bank Loans Lo Egyptian 

Farmers. 


PTR#16A 	 Irrigation System Improvement 

By Simulation and Optimization: 

1. Theory. 

PTR# 16B 	 Irrigation System Improvement 
By Simulation and Optimization: 
1. Application. 

PTR# 17 	 Optimal Design of Border Irrigation

System 


PTR#18 	 Population Growth and Development 

in Egypt: Farmers' and Rural 

Development Officials' 

Perspectives.
 

PTR#19 	 Rural Development and Effective 
Extension Strategies: Farmers' and 
Officials' Views. 

PTR#20 	 The Rotation Water Distribution 
System vs. The Continual Flow 
Water Distribution System. 

PTR#21 	 EI-Hammami Pipeline Design. 

PTR#22 	 The Hydraulic Design of Mesqa 10, 
An Egyptian Irrigation Canal. 

PTR#23 	 Farm Record Summary and Analysis 
for Study Cases at Abyuha, 
Mansurlya and Abu Raya Sites, 
79/80. 

PTR#24 	 Agricultural Pests and Their 
Control: General Concepts. 

PTR#25 	 Problem Identification Report 
for EI-Minya 

AUTHOR: 

3. Layton and 
M. Sallam 

3. B. Mayfield & 
M. Naguib 

G. Ayad, M. Skuld, 
& M. Quenemoen. 

3. Mohan Reddy & 
W. Clyma 

3. Mohan Reddy & 
W. Clyma 

3. Mohan Reddy & 
W. Clyma 

M. Sallam, 
E.C. Kioop, & 
S.A. Knop 

M. S. Sallam, 
E. C. Knop, 	& 
S. A. Knop 

M. EI-Kady, 
3. Wolfe, & 
H. Wahby 

Fort Collins Staff 
Team 

W.O. Ree, 
M. EI-Kady, 
3. Wolfe, & 
W. Fahim 

F. Abdel Al, 
& M. Skold 

E. Attalla 

R. Brooks 
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NO. TITLE AUTHOR 

PTR#26 .ocial Dimensions of Egyptian 
1hrigation Patterns. 

E.C. Knop, 
M. Sallam, S.A. Knop 
& M. El-Kady 

PTR#27 Alternative Approaches in Extension 
and Rural Development Work: 
An Analysis of Differing Perspective 
In Egypt. 

M. Sallam & 
E. C. Knop 

PTR#28 Economic Evaluation of Wheat 
Trials at Abyuha, EI-Minya 
Governorate 79/80-80/81. 

N. K. Farag, 
E. Sorial, & 
M. Awad 

PTR#29 Irrigation Practices Reported
by EWUP Farm Record Keepers. 

F. Abdel Al, 
M. Skold & 
D. Martella 

PTR#30 The Role of Farm Records in 
the EWUP Project. 

F. Abdel Al 
& D. Martella. 

PTR# 31 Analysis of Farm Management 
Data From Abyuha Project Site. 

E. Sorial, M. Skold, 
R. Rehnberg & F. Abdel Al 

PTR#32 Accessibility of EWUP Pilot Sites. A. El-Kayal, 
S. Saleh, A. Bayoumi 
& R. L. Tinsley 

PTR#33 Soil Survey Report for Abyuha Area 
Minya Gover,orate. 

A. A. Selim, M. A. El-Nahal, 
& M. H. Assal 

PTR#34 Soil Survey Report for Abu Raya 
Area, Kafr El-Sheikh Governorate 

A. A. Selim, M. A. EI-Nahal, 
M. A. Assal & F. Hawela. 

PTR#/35 Farm Irrigation System Design, 
Kafr El-Sheikh, Egypt. 

Kafr El-Sheikh Team as 
compiled by T. W. Ley 

PTR#36 Discharge and Mechanical 
Efficiency of Egyptian 
Water-Lifting Wheels. 

R. Slack, 
H. Wahby, 
W. Clyma, & D. K. Sunada 

PTR#37 Allocative Efficiency and 
Equity of Alternative Methods 
of Charging for Irrigation 
Water: A Case Study in 
Egypt. 

R. Bowen and 
R. A. Young 

PTR#38 Precision Land Leveling On Abu Raya
Farms, Kafr EI-Sheikh Governorate, 
Egypt. 

EWUP Kafr El-Sheikh 
Team, as compiled by 
T. W. Ley 

PTR#39* On-Farm Irrigation Practices for Winter 
Crops at Abu Raya. 

A. F. Metawie, N. L. Adams, 
& T. A. Tawfic 
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NO. TITLE AUTHOR 

PTR#40 A Procedure For Evaluation 
Crop Growth Environments For 
Optimal Drain Design. 

D. S. Durnford, E. V. 
Richardson & T. H. Podmore 

PTR#41 The Influence of Farm Irrigation 
Syatem Design and Precision Land 
Leveling on Irrigation Efficiency and 
Irrigation Water Management. 

T. W. Ley, M. EI-Kady 
K. Litwiller, E. Hanson 
W. S. Braunworth, 
A. EI-Falaky & E. Wafik 

PTR#42 Mescia Renovation Report. N. Illsley & A. Bayoumi 

PTR#43 Planning Irrigation Improvements 
in Egypt: The Impact of Policies 
and Prices on Farm Income and 
Resource Use. 

M. Haider & M. Skold 

PTR#44* Conjunctive Water Use - The State 
of the Art and Potential for Egypt. 

V. H. Scott & A. EI-Falaky 

PTR#45* Irrigation Practices of EWUP Study 
Abyuha and Abu Raya Sites for 
1979-1980, 1980-1981, 1981-1982. 

F. Abdel Al, D. Martella, 
& R. L. Tinsley 

PTR#46 Hydraulic Design of a Canal System 
For Gravity Irrigation. 

T. K. Gates, W. 0. Ree 
M. Helal & A. Nasr 

PTR#47 Water Budgets for Irrigated Regions 
in Egypt 

M. Helal, A Nasr, 
M. Ibrahim, T. K. Gates, 
W. 0. Ree & M. Semaika 

P1 R#48* A Method for Evaluating and Revising 
Irrigation Rotations. 

R. L. Tinsley, A. Ismail 
& M. El-Kady 

PTR#49* Farming System of Egypt: With Special 
Reference to EWUP Project Sites. 

G. Fawzy, M. Skold & 
F. Abdel Al. 

PTR#50 Farming System Economic Analysis 
of EWUP Study Cases. 

F. Abdel Al, D. Martella, 
& D. W. Lybecker 

PTR#51 Structural Specifications and 
Construction of a Canal System for 
Gravity Irrigation. 

W. R. Gwinn, T. K. Gates, 
A. Raouf, E. Wafik & 
E. Nielsen 

PTR#52* Status of Zinc in the Soils of Project M. Abdel Naim 

Sites. 

PTR#53* Crop Management Studies by EWUP. M. Abdel Naim 

PTR#54* Criteria for Determining Desirable 
Irrigation Frequencies and Requirements 
and Comparisons with Conventional 
Frequencies and Amounts Measured in 
EWUP. 

M. EI-Kady, J. Wolfe & 
M. Semaika 
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PTR#55* Design and Evaluation of Water Delivery
System Improvement Alternatives. 

T. K. Gates, J. Andrew, 
3. Ruff, D. Martella, 
3. Layton, M. Helal & 
A. Nasr. 

PTR#56 Egyptian Canal Lining Techniques and 
Economic Analysis 

M. El-Kady, H. Wahby,
J. Andrew 

PTR#57 Infiltration Studies on Egyptian
Vertisols. 

K. Litwiller, R. L. Tinsley
H. Deweeb, & T. W. Ley 

PTR#58* 

PTR#59 * 

Cotton Field Trials, Summer, 1980 
Abu Raya. 

Management Plan for a Distributary
Canal System 

Kafr El-Sheikh Team as 
compiled by M. Awad & 
A. El-Kayal 

A. Saber, E. Wafik, 
T. K. Gates, & 3. Layton 

PTR#60 Hydraulic Condkictivity and Vertical 
Leakage in the Clay-Silt Layer of the 
Nile Alluvium in Egypt. 

J. W. Warner, T. K. Gates, 
W. Fahim, M. Ibrahim, 
M. Awad, & T. W. Ley. 

PTR#61 The Relation Between Irrigation Water 
Management and High Water Tables in 
Egypt. 

K. Litwiller, M. EI-Kady 
T. K. Gates & E. Hanson 

PTR#62* Water Quality of Irrigation Canals, 
Drains and Groundwater in Mansuriya, 
Kafr EI-Sheikh and EI-Minya Project 
Sites. 

A. EI-Falaky & V. H. Scott 

PTR#63 Watercourse Improvement Evaluation 
(Mesca #26 and Mesqa # 10) 

R. McConnen, E. Sorial, 
G. Fawzy 

PTR#64 Influence of Soil Properties on Irrigation 
Management in Egypt. 

A.T.A. Moustafa & 
R. L. Tinsley 

PTR#65 Experiences in Developing Water Users' 
Associations. 

J. Layton and Sociology 
Team 

PTR#66* The Irrigation Advisory Service: A 
Proposed Organization for Improving 
On-Farm Irrigation Management in 
Egypt. 

J. Layton and Sociology 
Team 

PTR#67* Sociolooical Evaluation of the On-Farm 
Irrigation Practices Introduced in Kafr 
El-Sheikh. 

J. Layton, A. EI-Attar 
H. Hussein, S. Karnal & 
A. EI-Masry 

PTR#68* Developing Local Farmer Organizations: 
A Theoretical Procedure. 

3. B. Mayfield & M. Naguib 

PTR#69* The Administrative and Social 
Environment of the Farmers in an 
Egyptian Village. 

3. B. Mayfield & M. Naguib 
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NO. TITLE AUTHOR 

PTR#70* Factors Affecting the Ability of Farmers 
to Effectively Irrigate: A Case Study
of the Mansuriya Mesca, Kafr EI-Sheikh. 

M. Naguib & J. Layton 

PTR#T7I Impact of Turnout Size and Condition 
on Water Management on Farms. 

E. Hanson, M. EI-Kady & 
K. Litwiller 

PTR#72* Baseline Data for Improvement of a 
Distributary Canal System. 

K. Ezz El-Din, K. Litwiller, 
& Kafr El-Sheikh Team 

PTR#73 Considerations of Various Soil 
Properties For The Irrigation 
Management of Vertisols 

C. W. Hnneycutt & 
R. D.Heil 

PTR#74* 

PTR#75 

Farmers's Irrigation Practices in 
El-Hammami Sands 

Abyuha Farm Record Summary 

1979-1983 

T. A. Tawfic, & 
R. 3. Tinsley 

EWUP Field Team 

PTR#76 Kafr El Sheikh Farm Record Summary EWUP Field Team 

PTR#77* El Hammami Farm Record Summary & 
Analysis 

M. Haider & 
M. Skold 

PTR#78 Beni Magdul Farm Record Summary EWUP Field Team 

PTR#79 Analysis of Low Lift Irrigation 
Pumping 

H. R. Horsey, E. V. 
Richardson 
M. Skold & D. K. Sunada 
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MANUALS 

NO. TITLE AUTHOR 

MAN.#I Trapezoidal Flumes for the By: A. R. Robinson. 
Egypt Water Use Project. 

MAN.#2 Programs for the HP Computer
Model 9825 for EWUP Operations. 

By: M. Helal, 
D. Sunada, 
J. Loftis, 
M. Quenemoen, 
W. Ree, R. McConnen, 
R. King, A. Nazr 
and R. Stalford. 

MAN.#5 Precison Land Leveling Data 
Analysis Program for HP9825 Desktop 

T. W. Ley 

Calculator 

MAN.#8 Thirty Steps to Precision Land Leveling A. Bayoumi, S. Boctor & 
N. Dimick 

MAN.#9 Alphabetical List of Some Crops and 
Plants with Their English, Egyptian, 

G. Ayad 

Botanical & Arabic Names and 
Vocabulary of Agricultural and other 
Terms Commonly Used. 

MAN.#10 EWUP Farm Record System Farouk Abdel Al, David 
R. Martella, and Gamal Ayad 

TO ACQUIRE REPORTS LISTED IN THE ATTACHED
 
PLEASE WRITE TO:
 

EGYPT WATER USE AND MANAGEMENT PROJECT
 
COLORADO STATE UNIVERSITY
 

ENGINEERING RESEARCH CENTER
 
FORT COLLINS, COLORADO 80523
 

Reports available at nominal cost, plus postage and handling.
 

*In Progress 


