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ABSTRACT

The vesults of EWUP studies at each of three locaticns in Egypt:
El-Mansuriya, Kafr E1-Sheikh and El-Minya, to characterize the conven-
tional farm irrigation systems used by farmers in each area are sum-
marized. Typically, the method used is surface gravity flooding of
small, flat basins or small basins with short furrows. Basin size is
a function of field levelness, farm size, crop pattern/votation and
water supply as well as individual farmer needs and plans. The small
basins require high labor inputs for a) construction of the feeder
ditches and boundary dikes, and b) the irrigation operation. Careful
water management is necessary, but not always present, to obtain effi-
cient and uniform water applications.

Numerous irrigation field trials on farms at the three EWUP study
areas have been conducted. The practices tested have included preci-
sion land leveling to dead level; level bhovder strip or level long
furrow icvrigation system design; and teaching and edvising farmers
concerning improved on-ferm water management practices in the use of
the improved systems. 0Objectives of the trials were tu increase on-
farm irrigation efficiency, improve water control on the faom, save
water, save icrrigation time and labor, improve water table and soil
salinity conditions, and contribute to overall increased crop produc-
tion along with recommended improved agronomic and cultural practices.
The results of the trials are reviewed with a focus on why they were
or were not successful, what conditions are necessary for successful
implerentation and what further improvements or adeptatinns are
suggested.

Generally, results were foond to be highly successful when the spatial
and temnporal variations in farm irvrigation system design factors were
properly accounted for. A major factor in the success of on-famm
improvements is improved water delivery. The water del.vecry system,
in E1 Minya and El-Mansuriya in pacrticular, needs to be reliable and
well-maintained so that a consistent and regular stream size on the
ovder of 25-30 lps at each farm gate is available for the efficient
and uniform water applications which can be achieved using level long
basins and level long furrows of the dimensions tested.

Another significant factor is the need to continue working with the
fatmer after system construction, teaching and advising him of
improved management practices with the new systems. This is a factor
which must be developed over time and will vequire supporting agencies
and trained personnel. EWUP experience has shown that it this factor
is lacking, then results can be rmuch less than optimal and possibly
worse than under the conventional methods. EWUP experience has also
shiown that when fammers are well advised in using the new systems
improved results are significant.

87 Pages 18 Figures 12 Tables
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DEFINITIONS

Application Efficiency (E,)
The vatio of the water stored in the crop root zone of a field during
irrigation to the water applied to the field.

Available Water

The anount of water released by & soil between field capacity and pec-
manent wilting point. It is an estimate of the maximum amount of
water available in the soil root zone for use by the crop.

Consunptive Use (CU)

The quantity of water transpired by plants, retained in plant tissues,
and evaporated from the adjacent soil surface in a specified time
period. Usually expressed in depth of water. As used herein, con-
sumptive use is synonymous with evapotranspivation,

Conveyance Efficiency
The ratio between the water delivered by a watercourse to its branches
or outlets and the water delivery to the inlet of the watercourse.

Evapotranspivation (ET)

‘he combined process by which water is transferred froum the earth's
surface to the atmosphere. It includes evaporation of water from soil
and plant surfaces plus transpiration of water through plant tissues.
As used herein, evapotranspiration is synonymous with consumptive use.

Farm or Field Turnout
A pipe, conduit, or bank cut allowing water to flow from mesqas into
farms or fields for irrigation.

Field Capacity

The water content in a field soil after gravity drainage has effec-
tively ceased (generally considered to be three days after
irrigation).

Infiltration Rate

The quantity of water absorbed by the soil per time; dependent on soil
type, texture, structure, chemical properties, moisture content, soil
tillage, porosity, etc.
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Intake Families

A series of curves developed by the United States Department of
Agriculture Soil Conservation Service relating cumulative infiltrated
depth of water to elapsed time. The curves are used in decigning farm
surface irrigation systems. The appropriate intake family for a given
design problem depznds on soil type, soil conuitions and irrigation
method.

Irrigation Demand
The demand placed on an irrigation system by the actual irrigation
practices of farmers,

Irrigation Efficiency
The ratio of water consumed by the crops (ET) of an icrigated region
to the water diverted to the region for irrigation.

Machinery Field Use Efficiency

The vatio of the time that machinery is effectively used in the field
to the total machinery operating time. Time wasted in stopping,
starting, turning and backing reduces machinery field use efficiency.

On-Farm Conveyance Efficiency (Eqf)

The vatio of the water delivered by an on-farm conveyance channel to
the field during irrigation to the water entering the faom from the
delivery system.,

On-Farm Irrigation Efficiency (Ejf)

The ratio of the water stored in the crop root zone of a field during
irrigation to the water entering the famn from the delivery system.
It is equivalent to the product of the on-famm conveyance afficiency
and the application efficiency.

On-Farm Water Management
Management of water after it flows from mesqas or canals and enters
faoms where it is under the farmer's control.

Permanent Wilting Point
The soil water content below which plants temain wilted even when
transpiration is nearly eliminated.

Potential Evapotranspiration

The rate of evapotranspiration from an extended surface of short green
crop that completely shades the ground and actively grows with a con-
dition of non-limiting scil moisture content.
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Precision Land Leveling

The movement of soil in a field to change the original slope of the
land surface to a desirved uniform slope across the field., In EWUP
wotk, the desired slope was dead level or zero land slope and the
levelness tolerance criteria used was + 2 centimeter from the mean
field elevation.

Uniformity of Distribution of Applied Watet

An evaluation parameter which compares the variation in depth of water
infiltrated at various points in the field with the mean depth of
water infiltrated in the field.



I. INTRODUCTION

The [1ypt Water Use and Management Project (EWUP) was designed vor the
study of irrigated egriculture in Egypt to formulate and demo: -trate
viable on-fartm and watercourse improvement altecnatives. Emphasis has
been placed on on-fatm water use and management, although the manage-
ment of other resources used on irrigated farms in Egypt are also con-
sidered, in order that proposed improvements are both acceptable and
feasible. The central goal of EWUP is to develop alternatives for
impraoving irrigated sgriculture to the benefit of the socio-econamic
well-being of the Epgyptian farmer.

EWUP cperates in an interdisciplinacvy mode, utilizing the expertisa of
agronomists, economists, engineers and socinlogists to accomplish its
goals. These interdisciplinavy teams have worked with Egyptian far-
mers al: the field level studying the existing situation, documenting
physical and institutional constraints, and developing and testing the
feasibility of various alternatives for improving farm management
practices. A four phase research-development process (Clyma, et al.,
1977) was implemented. The first phase involved teconnaissance and
problem identification. The second phase consisted of testing various
interventions in search of solutions to the problems identified in the
first phase. The third phase was evaluation and assessment of solu-
tions tested to determine a package of feasible practices which will
have the greatest impact on improving irrigated apriculture in a given
ar:;a. The fourth phase was implementation of demonstration programs
on & larger basis. EWUP expevience with this process has found that
problem identification and search for solutions through field trials
are overlapping and continual phases necessary for developing the most
acceptable and/ov feasible improvements.

. In order to account for the possible wide variation of conditions for
irrigated agriculture in Egypt, EWUP has selected and carried out
intensive studies and trials at three work locations (see Figure 1).
These 1-cations are: Kafr El-Sheikh in the North Central Deltsa,
vepresenting the conditions of lower Nile Delta; El-Mansuriya near
Giza, representing the conditions of Middle Egypt; and El-Minya in
Middle Upper Egypt, vepresenting the conditions of the Nile Valley.
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Figure 1. Location of project studies on improving on-farm water
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Representative study sites in the three locations were selected as a
result of reconnaissance surveys of ircvigation districts in each &rea.
In Kafr El-Sheikh, the study site was Abu Raya, approximately 1700
feddans at the end of the Dagalt Distributary Canal. In El-Mansuriya,
the study sites were those fed by the Beni Msgdul and El-Hammami
distributary canals, approximately 1650 feddans. In El-Minya. the
Praject site was most of the area fed by Abyuha distributacvy canal,
approximately 1200 feddans. Criteria for selecting these sites
included cropping patterns, relative water table depths and salinity
hazards, gravity vs. lift irrigation systems, etc. (Egyptian and
American Field Team, 1979; 1980; and 1982). Maps of the icrigation
and drainage systems for each area are pravided in Appendix A.
Studies were initiated successively beginning with El-Mansuriya, then
Kafr El1-Sheikh, and finally El-Minya, during 1878.

On-farm water management practices of Egyptian fatmers have been the
focus of intensive studies at the three sites since work began.
Objectives were to characterize a) the water supply and delivevy, b)
methods used for diverting and conveying water from the supply canals
to the field, c) methods used for applying irrigation water, d) crop
water use and soil-water-plant relations for Egyptian field crops, and
e) watec vemoval from the farm by surface or subsurface means. In
this way, typical farm watec management practices and faum ircigation
system pecformance could be analyzed for potential impacts on crop
production and farm management in general. The base of information so
devel~ed was used to formulate possible solutions or elternatives for
field testing to determine the feasibility end extent of proposed
improvements.

Purpose and Scope

The studies and trials which have been accomplished at the three EWUP
work sites have vevealed many important characteristics of the conven-
tional farm ircvigation system and practices in Egypt, and given
insight into potential for improvement. The purposes of this veport
are as follows:

1. To present and summarize the rvesults of the studies performed at
the three work locations to characterize the conventional fatm
irrigation practices of farmers in those areas.



2. To identify what problems and/or constraints exist as a result of
these practices, with particular aenphasis on the water application
methods used.

3. To review the impact of the identified problems and constraints
on on-farm water management and on-farm irrigation eFFiciencyal .

4, To review and summarize the icrrigation trials periormied at the
three areas, provide technical analyses as to why these trials
were o were not successful in  improving water management and
suggest modifications which would have caused less successful
trials to have had nore favourable results.

The scope of this study includes the problem identification and field
trials studies of EWUP at these work sites agver the period 1978-1982.
It is enphasized that these studies represent a wide vange of the
irrigated egriculture conditions in tgypt in terms of crops, climate,
soils and irrigation water delivery characteristics as well as dif-
ferent social and economic chavacteristics of the farmers involved.

Objectives
The objectives of this report are as follows:

1. Tc docureat haow the current farm irvigation practices of Egyptian
farmers may ot may not need improvement with an emphasis on
defining the potential for:
a) improving on-fann irrigation efficiency,lf

b} vreducing over-irrigation where it occurs,

c) rveducing farm irrigation labor and irrigation time requirements,
d) modifying farm layouts to increase productive land area and

ability for farm mechanization,

e) improved crop production,

2. To document the vesults of the irrigation trials perforned, and
illustrate why they were or were not successfuly and if not suc-
cessful, what modifications are indicated to improve the success
ratio . Emphasis hers will be on-farm icvrigation system design
modifications and precision land leveling.

P . L L L R

1/ See Definitiors.



To fulfill the stated purposes end objectives, this veport is orga-
nized as follows. First, the conventional famm irrigation mractices
at the three work sites will be presented in summary form with a sta-
tement of the potential praoblems. The effects of these problems on
irrigaticon water menagement will then be discussed in terrs of how the
different factors and variasbies of faon irrigation system design cean
affect irrigation perfocmance and crop productien. The following sec-
tions then summarize the irrigation trials of proposed water manage-
ment improvements which were carried out at the theree areas, with
technical analyses of the famm icrrigation system design variebles and
analysis of other factors (such as management, conditions of the area,
etc.) to show why results vere or were not successful., This will pro-
vide a basis for stating what modifications or adaptations should he
tested in future terials. Finally, a summary and sets of conclusions
and vrecomnendations vesulting from this study are presented, which
represent EWUP's effort to identify, test, and demonstrate the poten-
tial for improving the cn-farm irvigation systems in Egypt.

II. CONVENTIONAL FARM IRRIGATION PRACTICES
AND POTERNTIAL PROBLENS

The following subsections provide brief summacy information on the
famm icrigation practices of each of the three work sites and what
potential problems exist. EWUP references which provide detailed
documentation will be given so the reader may find more detail as
desired. Raference will e made in the following subsections to
several parameters and factors which are used to describe icrigation
system perfuormance. A list of definitions for these tecns is pro-
vided at the beginning of this report to facilitate the reader's
understanding.

Beni Magdul and El-Hammami, El-Mansuriya

Egyptian and Amevican Field Team (1979) describes in detail the
vesults of problem identification studies for the El-Mansuriya project
location. Studies were conducted on two distributary canals served by
El-Mansuriya canal: Beni Magdul and El-Hammani canals. Cropping pat-
terns and icvrigation methods were similar for the two canals but there
were significant differences in soil type as described below.
El-Kady, et al. (1979) gives a detailed analysis of on-faon irvigation
practices in El-Mansuriya area., The following summary is abstracted
from the above reportis.



Water is delivered to faoms in El-Mansuriya avea at a level helow the
surrounding agricultural land which requives the faomer to 1lift water
for epplication to his fields. Lifting is accomplished hy the human-
operated tambour (Acchimedes' screw), animal-operated

sagia (water-wheel) or small diesel-powered centrifugal pumps.
Oonkeys. cows, and water buffalos are usually used on the saqgicse,
which gererally ere 2-3 m in diameter ard have four to seven scoops.
Water is generally delivered in tre distributacy canals on a rotation
basis from El-Mansuriya canal. Beni Magdul distributary canal,
however, is on a continuous flow basis, Water delivery to Beni Magdul
canal is controlled by a Nyrpic hsadgate. Mesgas ceceive water from
the Beni Magdul canal according to the availability of water in the
canal. There is no fixed votation among the mesgas. The watar level
in the mesqas can *luctuate widely depending on th2 number of facmers
irrigating at once. Thersfore, flow rates available (strean size out
of tambour or sagia} for applying water to a fizld also vary widely,
Measuvements show tamboure car deliver water from 5 to 18 lps and
sagias fran 3 to 61 lps (Fl-Kady, et al., 1979). Water table level is
high averaging tetwean 65 and 90 on below the ground surface.

The method of &pplying irrigation water is by surfece gravity flooding
nf snall basins. The conventional faon layout is illustrated in
Figuce 2. The basins are typically wecry small ranging in size from
2mx4mup to 5m x 45 m, Basin crops such as wheat and becseem are
grown on a flat surface, while row crops such as maize and vegetables
are grown on furrow vidges within the gmall hasins. In genecal,
furrows and vidges do not have exact spacings nor dimensions since
thay generally are formed by hand. Two types of furrows are prevalent
with the following spacings.

1. Narcow furrows with top width ranging from 10 to 40 om, usually
used for crops such as corn with one row of plants per ridge.

2. Wide furvows with top width vanging from 60 to 150 on usually used
for wegetables and sometimes having two or nore rows of plants per
bed.,

The ridge height above furrows usually ranges between 12 and 15 on.

Figure 3 shows typical dimensions of furrow systems for various crops.
The ranges for the different dimensions were taken from measurements
on fammers’ fields. Ridges of borders which surround each irrigation
unit are usually not much, if any, higher than the interior ridges
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Flgure 3. Typleal Dimensions of Furrows for Various Crops in
El-Mansuriya (after El-Kady, et al., 1979).



between the furrows. The boundary vidges ace frequently overtopped by
ircrigation water for irrigations on wheat and berseem. This may cause
sone damage to crops in nearby bunded units when icrrigation water is
not. needed. A wery large variety of vegetables is grown in the area
and typically the fallow time between crops will be staggered around
the area, i.e., not the same for all faoms at a fixed time.

The size of farm (typically 1 feddan or less), the type of crops grown
and the farmers' need to grow a variety of crops on his land may ail
contribute to the small basin sizes. El-Mansuriya is an intensive
vegetable producing area and farmers use smaller basins to achieve
better water control for these higher value crops. Unlevel fields is
another factor that accounts for the smaller bacins. Fammers would
have less within~basin elevation wvariations in smaller basins.
El-Kacy, et al. (1979) present data which show that basins and fields
on Beni Magdul and El-Hamnami canals in El-Mansuriya are typicaily not
very level with wvariation in field elevation ranging from 0.09 m to
0.21 m for a given field and averaging about 0.16 11 (see Table 1).
Elevation wvaciaticon within bunded units for both basin and furcow
crop: was less, averaging about 0.09 m., Other grid survey data taken
on Mesga 10 on Beni Magdul canal show fields &re tolerably level
theral/, Small stream sizes that occur also indicate why fammers use
the smaller basins, There would pessibly be greater contrel over the
small stream with the small hasins and greater flexibility in water
managemznt from irrigation to iccigation and within an irvigation as
the stream size varies. Major drawbacks to fhe small basin system are
perceived to be the large labor requiremenis, first, in system
construction and second, in irrigating; and also the large anount of
land used in ditches and dikes which may not slways uwe planted effec-
tively.

Soils in Beni Magdul area are clay/clay loan which have a tendency to
ccack upon drying and swell upon wetting. Infiltration rates= have
been qualitatively observed to be wery high on the dry, cracked soil
until it swells enough to close the cracks (usually within 15-30
minutes). The infiltration rate on moist soil is much less and the
po.sibility of surface sealing is present. In terms of irrigation

_1_/ tUnpublished data. Tahoun, et al., 1982.
2/ See Definitions.
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Teble 1. Range ir elevation within fields and within bunded units, El-Mansuriya
(adapted fran El-Kady, et al., 1979).
Locationl/ Mean Elevatior] Range Between Maximum Standard
and Minimum Elavations | Deviation
(m) {cm) (cm)
Variation within fields - level basins without furrows
B, M. Site 2, Field 2 16.59 9 0.02
Field 4 16.58 20 0.07
Field § 16.58 21 0.07
B. M. Site 6 16.4C 13 0.03
B. M. Site 7 16.64 13 0.03
B. M, Site 1 16.70 17.5 0.05
B. M. Site 4 16.49 20 0.07
B. M. Site 5 16.43 12.5 0.03
Mean, 8 fields 15.75
Variation within bunded units - Level basins without furrows
B. M. Site 3 (3 units) 16.43 11.0 0.03
B. M, Site 2, Field 2 (2 units) 16.59 7.5 0.02
B. M. Site 2, Field 4 (8 units) 16.58 7.5 0.02
B. M. Site 2, Field 5 (2 units) 16.61 8.5 0.02
B. M. Site 6, (4 units) 16.40 7.75 0.02
B. M. Site 7, (3 units) 16.64 6.33 0.015
B8, M. Site 1, (6 units) 16.70 8.42 0.025
E. H. Site 8, (2 urits) 1€.98 15.50 0.05
Mean, B sites, 30 units 8.55
Variation within bunded units - Level basins with furrows
Ridge Furrow R F R F
E. H. Site 6 A 17.7C 17.62 8 7 0.03 0.02
8 17.72 17.63 4 5 0.02 0.02
E. H. Site 8 A 16.96 16.86 9 6 0.03 0.02
B 16.92 16.78 8 23 0.02 0.07
c 17.66 17.54 10 8 0.02 0.02
Mean, 2 sites, 5 .nits 7.8 9.8
4/ B. M. means Beni Magdul; E. H. means El-Hammami.




water management, it has been observed that due to these factors,
heavy irvrigations (>120 nm) are typical at the first irvigation of the
season. Later in the season, farmers apply 60~80 nm as infiltration
rates are less and the soil water deficits are lower.

El-Hammami area is characterized by wery sandy soils which create
significant problems in water delivery to farms and water application
on-fatm., Conveyance losses in El-Hammami canal, in the meaqae served
by the canal, and in on-faom marwas may be very high. Deep per-
colation losses on-farm are excessive. he avea has a high and fluc-
tuating water table. Due to water delivery problems and the need to
irrigate frequently (a result of the low watec holding capacity of the
sandy soil), many fatmers experience water shortages. Shortages are
particularly acute at the tail ends of the canal and mesqas, Water
application methods and crops grown in El-Hammani area are similar to
Eeni Magdul.

On-farm irrigation eFFiciencyl/ in Beni Magdul area for the conven-
tional systems has been measured to be very poor (30-40%) in some
cases and very good (B0-90%) in others. On-farm conveyance losses are
considered negligitle because typical distribution ditches are short
(when outside of the cropped area) and ditch water losses inside the
cropped area would te consideved the same as irrigation., Seepage in
the clay soils of Beni Magdul 1is low. Low water application
efficiencies~" are common with a crop like berseem. Howevar, where
the farmer may pecvceive a greater ceturn, such as with wvegetable
crops, water management is more careful and the efficiency typically
higher.

In sumnavy, the major pecceived problems for the famm icvrigation
systemn on Beni Magdul and El-Hamami canals in El-Mansuriya were unle-
vel fields, gmall stream sizes for irrigating and large labor require-
ments for building the many small basins and in turn, icvrigating them.
Also, nmore land than necessary was occupied by bunds and ditches.
Basins could possibly be made larger, depending on design factors.
All of these factors contribute to less than optimal farm water mana-
gement in tenns of farmer ebility to epply weter uniformly and effi-
ciently in known quantities. The water table along both Beni Magdul
and El-Hamrami canals was high. Secondary drains in the area are

- e e e W me o Y W s Y e A S -

1/ See Definitions.
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often in poor condition being neglected by the farmer. The focus here
and in following sections has been on Beni Magdul area, because most
of the irrigation trials to test suggested improvements were performed
there.

Abu Raya, Kafr El-Sheikh

Egyptian and American Field Team (1980) and EWUP Kafr El-Sheikh Team
(1983a) provide detailed information on the results of problem iden-
tification and farm irrigation studies in Kafr El-Sheikh. Details of
farm irrvigation system design considerations for the Abu Raya study
area have been conpiled in EWUP Kafr El-Sheikh Team (1983b)}. The
following summary is abstracted from the above reports.

Water delivery in Abu Raya is also at a level below the surrounding
gricultural land which requives fammers to lift. This is accom-
plished using 3 m diameter sagias with 6 scoops and powered by cow or
buffalo, or to a lesser extent by using small diesel-powered centrifu-
gal pumps. Water is delivered to the distributary canal and mesqas on
a votation basis. The level can fluctuate greatly causing
corresponding variation in the flow rate produced by the sagia. This
flow vate can vary fron 15 lps to 60 1lps with an average near 30-35
lps. Slack et al. (1983) present further information and data on the
discharge and efficiency of the sagia.

Farm size in Abu Raya is relatively larger than that at the other two
work sites. Eighty-three percent of the famms are in the 1-5
feddan vrange. Crops are mainly vice and cotton in summer, and wheat
and berseem in winter. Large flat basins (from 10 m to 40 m wide by
50 m to 200 m long) are used for vice, wheat and berseem and are of
all shapes and sizes. Cotton is grown on furrows or bedded furrows in
small basins usually from 15 m x 15 m to 20 m x 20 m in size. The
typical farm layout for Abu Raya is given in Figure 4. The conven-
tional basins used at Abu Raya are significantly larger than at the
other two sites. The crop rotation and pattern is generally orderly
with most farms being fallow at the seme time between crops during 2
or 3 periods of the year. Rice and cotton are major summer crops in
the area and typically fammers prefer to plant and harvest within two
to three weeks of each other due to such factors as insect control and
reducing losses to birds. A tendency on the part of the farmers to
prefer to cultivate more rice th n that allocated in the official crop
pattern affects the water delivery system. Critical water shortages
occur when farmers arve puddling their vice paddies for transplanting
of the seedlings.



- 13 -

]
b

SECONDARY DISTRIBUTION CANAL (MESEA)

—

' # EWATER LIFTING POINT (ANIMAL-POWERED WATER WHEEL OR SMALL
X [DIESEL_PUMP) ON-FARM DISTRIBUTION DITCH (MARWA)
—— ‘
‘ <
% )
< (2]
- = ~I =
= n z P
I i < o 1z
a! \ o o o é
3 o o d o
v = iy =)
T 3 W |
L Q cl Z w
e w w
ﬁ' Bl e i & I
o---v---—rrr-{E ————————— -—-& j B.-I
3 @ | g o
w @ 7] 7)) =
) <~ - w 15
> . > =| BASIN CROPS: 2
g 2 % .3 LARGE BASINS x
Z 2 2! (ALL SHAPES AND g
o 1z
o 3 § SIZES) §
El 5 2 I=
u x o g:t
d DIKE ' w
- - o e’ anl o e e e --FCP-PT-'rlr r -Ir -r
I |
'
|
ROW CROPS:
! FURROWS IN '
SMALL BASINS ' '

L -— - - -
FARM BOUNDARY (SMALL OPEN FIELD DRAIN)

Figure 4. Typical on-farm irrication system layout at Abu Raya, Kafr E1-Sheikh.



Fields in Abu Raya have been surveyed to determine levelness. An
average field elevation vaviation of + 6.5 on from the meal. was
measured (see Table 2), even though vice is grown as a paddy crop
and farmevs understand the need to level. The type of leveling per-
formed, however, is not precision leveling but actually only a
smoothing operation. Further information has been compiled in EWUP
Kafr El-Sheikh Team (1983c).

Soils in Abu Raya are heavy clay wvertisols which crack severely when
dey and expand when wet. Infiltration vates— are very high on the
cracked dry soil until expansion closes the cracks, at which point the
rate veduces vapidly. This condition causes heavy water applications
(150-170 mm) to occur at the initial irrigation of the season.
Applications in the middle of the season when soils are wetter are
less (B0-100 nm)., Soil tests showed that for over 50% of samples
taken soil salinity vanged from imoderately saline to strongly saline
(Egyptian and American Team, 13980).

Beceise of the velatively large farm size and farmer preference to
grow more than one type of crop each season, the fatm water distribu-
tion system of ditches (marwas)is extensive. Permanent ditches are
often wvery long and in poor condition (excessive cross-sections,
choked with weeds, etc.). Because ot the cracking soils, water con-
veyance losses due to leakage are very high on the farm (25-40% of
water lifted at the sagia). This significantly reduces the on-fam
irrigation efficiency— in Abu Raya which is genecally in the 20%-4"%
rvange. Due to the large basins, the unlevel fields and the veduced
stream size at the field inlet (often only 20 lps after marwa losses
ave accounted for), the water application efficiency~ is low. Over
irrigation often occurs and the excess water is either lost as vunoff
or ceep percolation., Depth to the water table from the soil surface
ranges from 20 cm to 80 cm. Farmers are unable to control water in
the large basins during application. Water control is improved for
the vrow crops grown in the small basins, although overirrigation
occurs in these also. Removal of excess surface water applied is
accomplished by cutting outlets from the field into shallow within
field open surface drains. These field drains have been measured and
found to occupy from 10 -15% of the farm area. They do not facilitate
subsurtace water vemoval and are non-productive, usually being choked
with weeds.

1/ See Definitions.



Table 2. Summary of single field elevation variation data for selected fields in Abu Raya,
Kafr El-Sheikh, Egymt.

Farm and Mean Strip, / Elevaticn  (m) Y Range Standard Tine of
Strip ID Elevation (m)= Max. Min. (m) Deviation (m) Year
3-01 (1) 1.36 1.40 1.32 0.08 0.03 Nov '79 (after rice)
-01 (2) 1.33 1.39 1.30 0.09 0.0z Nov '79 (after rice)
3--02 (2) 1.55 1.6l 1.49 0.11 0.03 Oct '79 (after cottan)
3-02 (3) 1.57 1.62 1.52 0.10 0.02 oOct '79 (after cottan)
3-02 (4) 1.56 1.59 1.53 0.96 0.02 oct '79 (after ton)
3-02 (5) 1.51 1.57 1.48 0.09 0.02 oOoct '79 (after cottaon)
3-02 (6) 1.49 1.56 1.45 0.11 0.03 Oct '75 (after cotton)
3-08 1.31 1.35 1.25 0.10 0.02 Nov '79 (after rice)
3-09 1.03 1.08 0.9¢ 0.10 0.02 Nov '79 (after rice)
3-10 1.58 1.64 1.55 0.09 0.02 Nov 79 (after rice)
3~-12 1.50 1.58 1.47 0.11 0.03 Nov '79 (after rice)
3-02 (10) 1.47 1.52 1.32 0.20 0.04 Nov '80 (after cctton)
3-02 (11) 1.48 1.56 1.41 0.15 0.03 Nov '80 (after cocttan)
3-21 (5) 1.66 1.83 1.59 0.24 0.04 Nov '8B0 (after cotton)
3-23 (1) 1.43 1.49 1.37 0.12 0.03 Mar '8l (after berseem)
3-25 (5) 1.60 1.64 1.57 0.07 0.02 Jun '8l (after wheat)
3-25 (4) 1.583 1.68 1.59 0.09 0.03 Jun '8l (after wheat)
3-01 (B) 1.64 1.72 1.55 6.17 0.03 Jun '8l (after wheat)
3-27 (1) 1.00 1.11 0.92 0.19 0.05 Nov °*81 (after cotton)
3-27 (2) 1.00 1.07 0.91 0.16 0.03 Nov ‘'8l (after cotto)
3-26 (1) 1.00 1.09 0.95 0.14 0.03 Nov '8l (after cotton)
3-26 (2) 1.00 1.07 0.91 0.16 0.03- Nov '8l (after cotton)
3-01 (D) 1.00 1.07 0.88 0.19 0.04 Mar '82 (after bersesm)
3-28 (n) 1.00 1.¢7- 0.93 0.14 0.04 Mar '82 (after berseem)
3-29 (a) 1.00 1.07 0.94 €.13 0.03 Mar '82 (after bersean)
Mean (+ Std. dev.) 0.13 ¢ 0.05)

1/ Elevations given are relative to lecal benchmarks.

Source: Campiled fram unpublished data collected by S. El Din. A. F. Metawie, A. El Kayal, K. E. El Din
A. Dardir, M. Awad, S. Zaki, S. Fahmy.
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Water lost to drains in the Abu Raya area (north central delta) is
water lost to the entire system because it is pumped from the main
drains into the sea. Water lost to drains in El-Minya and E1l
Mansuriya eventually enters the tviver/canal system and is available
for reuse. At Abu Raya, improving canal water management and irriga-
tion efficiency will reduce water lost and drainage requirements, and
consequently will reduce drainage pumping costs.

In summary, the major problems in Kafr El-Sheikh are unlevel fields,
poor design for the farm irrigation basins (i.e., dimensions not based
on design factors), overicvigation, high water conveyance losses due
to leakagz in pocrly maintained marwas and excessive land area wasted
with open field drains. The area also genmerally has a high water table
and saline soils. Careful weater management is necessary for such con-
ditions to avoid potential waterlogging/drainage problems.

Abyuha, E1-Minya

Egyptian and American Field Team (1982) contains the problem iden-
tification report for the Abyuha site. The following summary is
abstracted from that report.

The inlet gate to the Abyuha canal was in poor condition and provided
poor water control. Water was available in the canal at all times
with the flow rate reduced during scheduled off periods. Because of
this lack of control and poor water management, large quantities of
water flowed through the system to the drains secrving the area. Poor
canal and mesqa maintenance resulted in poor overall water distribu-
tinn. Shortages occurred when many fammers tried to ircvigate at the
same time. Poor control and water management led to excessive drain
flows, high water teble, channel erosion, and water losses due to eva-
potranspiration by weeds in drains. Energy was wasted in pumping
water from the drains back into the river.

Water delivery in the Abyuha area was generally considered to be by
gravity flow distribution, i.e., the water surface level was above the
surrounding agricultural land. However, due to many factors, such as
poor mesqa maintenance, open-ended meeqas (allowing water to go to
draing), obstructicns in the mesgas, etc., the flow of water available
was usually small with very low head (5-15 1lps has been a commonly
measured range in irrigation stream size). In many places farmers were
required to lift water by pumping or using tambours. Watec lifting was
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particularly common at the tail ends of mesqas where available head
and stream size were rvreduced by poor mesqa maintenance upstream,
Irrigation was generally directly from mesqa to basins or to a distri-
bution ditch within basins, su on-farm conveyance losses were not con-
sidered a problem as in Kafr E1-Sheikh. The Abyuha distribution system
as been analyzed and vredesigned using a hydraulic computer model
{Gates, et al., 1984). System renovation is currently uncerway.

Major crops grown in Abyuha are cotton and maize (on furrow ridges in
small basins) in summer and berszem, wheat (in small flat basins) and
broadbeans (small basins with furrows) in winter. The fallow time bet-
ween crops appears to occur on a routine schedule with the majority of
farms being fallow at the same time.

The typical farm layout is illustrated in Figure 5. Basin sizes are
very snall as in El-Mansuriya and generally are 5 m x 7 m. Famm size
is also small with about B80% of all rented or owned farms being less
than two feddans.

Field grid surveys show that fields are not level. Grid sucveys on
two typical farms in Abyuha show the elevation variation in single
fields has a range of 0.16 m and 0.19 m. These represent deviations
of + 8 on and + 9.5 om, respectively, from mean field elevations
(Egyptian and American Field Tean, 1982). The use of small basins
tends to conpensate for this field unlevelness. Soils in Abyuha are
clay/clay loam similar to Beni Magdul. The characieristic cracking
when dry and expanding when wet is present. Thus, high initial
infiltration rates— (during C-15 min) exist when the soil is dry. As
the cracks swell closed, the rate reduces rapidly.

Cases of both low application efficiency (50-60%) ard good application
efficiencies (85%-90%) have been measured in Abyuha. Interrelated
factors at the time of irrigation such as the strean size available,
the soil water deficit, and the scil infiltraticon vate will often
determnine whether application efficiency will be high or low.
Generally fartmers control the water fairly well and can manage it well
with the small basins. The major drawbacks are seen to be the large
labor requirvements for constructing the systems of small basins and
for the irrigation operation itself. The small stream sizes that are
comnon often compound the irrigation process and cause excessive time
for irrigations.

1/ See Definitions.
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Figure 5. Typical layout of the on-farm irrigation system, Abyuha area,
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In summary, the problems identified for the farm irrigation system at
Abyuha are similar to the other areas in terms of unlevel fields and
the effect this may have on causing overirrigation and poor distribu-
tion of applied water. Poor water control in the delivery system led
to excessive drain flows, periodic water shcrtages and inequitable
distribution of delivered water including low head and stceam flow
available to farms at meeqa tails. A redesigned system is currently
being constructed at Abyuha to improve water distribution.

Small stream size in turn causes excessive water applications and
application times on farm. Fammers compensate for unlevel fields and
small available stream flows by dividing their fields into small basins
requiring high labor inputs.

II1. IMPACT OF POTENTIAL PRUBLEMS ON IRRIGATION
WATER MANAGEMENT AND EFFICIENCY

The small basin irrigation system currently used in Egypt has served
the more efficient rammers effectively in the past by utilizing the
small streams fram sagias, tambours and poor gravity systems to some-
times irrigate with favorably high water application efficiency —~ .
However, the high water application efficiency in small basins may be
samewhat offset by low water-conveyance efficiency in the extra
lengths of marwas that are required to deliver water to small ba<iis.
Long basins may be irrigated dirvectly from mesqas without marwas,

The small basin irrigation system is labor intensive tequiring long
hours to form the borders and to irrigate. The large labur require-
ment for ircigation is due to the large number of basins end the small
streans used. With a decrease in the amount of available labor,
vesulting in increasing labor costs, the use of labor saving irriga-
tion systems and labor saving machinery will be requirved tor efficient
farming opevations in the future. Currvently, the use of machinery
with small basin irrigation systems is not operationally feasible due
to frequent stopping, starting, backing and turning of tractors, etc.,
which results in low machinery field use efficiency -,

Unless machinery, similar to the two wheel hand tractors used exten-
sively in Asia, becomes widespread in Egypt, future farming practices

=" See Definitions
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will require redesigning the field icrrigation systems to relatively
long border strips end/or furrows that will pemit the use of conven-
tional machinery to increase the productive capacity of the fammer.
According to Israelsen (1950), a healthy man can generate about 1/8
horsepower. With a 50 horsepower tractor he can theoretically do 400
times more work per hour. If this concept is applisd in Egypt, the
necessary adjustments can be made in farming practices with machinevy
to reduce the labor requirement for food and fiber production.

Since different soils may require different systemn designs in changing
fron small basin irrigation systems to long furrow and/ov border strip
icrigation systems, the performance of these alternative systems on
the different Egyptian soils needs to be measured and analyzed. Any
adjustments 1in the irrigation practices and/or delivery systems
related tou the different soils shsuld be included when redesigning the
field ircvigation systems,

Level and Graded Faom Icrigation Systems

The emphasic in this report is on dead level vathec than gradea basin
and furrow farm ircvigation systems, There are conditions where a
slope in furrows or basins is desirable. A comparison of level and
graded systems 1s included here to explain the vreasons that level
systemns vere used in Project work.

In areas where vainfall may periodically flood land a small slope is
needed to drain away excess water especially where longer lengths of
tun prevail. Danger of flooding from excessive vainfall is insignifi-
cant &l all three EWUP work sites. Also with soils with swelling end
shrinkage characteristics which cause settlement, and tillage practices
which may cause low end high spots from season to season after land
leveling, some slope may be desirable. This epplies more to slowly
permeable soils where low areas will vetein ponded water unduly long,
Once land is leveled, however, seascnal maintenance by using a field
plane or surface float to smooth surface irvegularities is a necessarvy
tillage practice.

The use of maximum non-erosive streams on land graded with a slope
may cause excessive depths of water to accumulate at the lower ends of
basins and furrows. Cuts in borders would be recessary to allow
excess water to flow to drains. To avoid excessive applications (as
well as inadequate applications) methods have been developed to com-
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pute stream size, time of application, and depth of application for
soils with different slopes and infiltration rates. Some of the
methods ave described by USCA (1874) and USDA (1979).

When a decision is made to level land, it must aepply to all crops
which may be included in future rotations. It is not feasible to flat
level land for & crop such as vice and then to form the land with a
slope for vow crops the next season for which some land slope on
longer runs may be advantageous to help increase the rvate of advance.
It is therefore not practicable to level for a grede vhen paddy cice
is in the rotation. For longer furrows with lengths exceeding 220
meters on heavy textured soil, FAU (1377) recommends land slopes bet-
ween 0.05 and 2.0 percent depending on furcow stream size according to
data presented in Table 3. For smeller siceams, steeper slopes ace
recommended as shown in the table. Longer vuns may require some land
slope to obtain efficient irrigation.

Most of the long vuns in the Prgject that have been tested with zero
slope have been only 100 to 150 m long on heavy textured soil., One
run at Abyuha, El-Minya was 171 m long, and trials at /ibu Raya, Kafvr
El-Sheikh during the 1982-83 winter season were on strips 200 m
long.

In many ways, it is less complicated to distribute water efficiently
in a level hasin than in a graded basin providing the level basin is
not unduly long and the non-erosive inflow ctresm used is sufficiently
large for vepid advance to the tail of the basin. Large streamns and
rapid edvance lead to uniformn water distribution on level basins,
This relationship of stream size to water distribution uniformity is
not & simple with graded basins since large streams flowing too long
may accumulate water at the lower end of the field and "drown out”
plants. For open ended sloping basins, excessive applications may
result in large runoff losses to the drain and consequently low appli-
cation efficiencies. For closed end sloping basins, if too much water
is epplied because of an ercor in timing or water measurement, the
excess water will accumulate in the lower end of the basin to a depth
greater Lan that under similar ciccumstances in a dead level basin
where the excess water is distributed over the entire basin.

In summavy, level farm irrigation systems weres used in EWUP work
because:



Table 3. Length of futrows and stream size for different soil type, land slope and depth

of water application under conditions

of perfect land grading (after FAD, 1977).

Length of Furrow (m)

Furrow Stream

Land Slope (%} Size
(1/sec)
Heavy Texture ledium Texture Light Texture

0.05 300 400 400 4C0 120 270 400 400 60 90 150 190 12
0.1 340 440 470 500 180 340 440 470 80 120 190 220 6
0.2 370 47C 530 620 220 370 470 530 120 180 250 300 3
0.3 400 500 620 800 280 400 500 600 150 220 280 400 2
0.5 400 500 560 750 280 370 470 530 120 190 250 300 1.25
1.0 260 400 500 600 250 300 370 470 90 150 220 250 0.6
1.5 250 340 430 300 220 280 340 400 80 120 180 220 0.4
2.0 220 270 340 400 100 250 300 340 60 90 150 190 0.3

Application 75 150 225 300 50 100 150 zoo 50 75 100 125

depth (mm)

-zz-
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(1) there was little danger of flooding fiom vainfall,

(2) rvice was in the crop votation at Abu Raya,

(3) 1length of rtun did not exceed 20U retecs,

(4) level systems are easier to manage than graded systems.

The Egypt Water Use and Management Project has included precision land
leveling and the design of level long furrows and/or level border
strips in icrigation trials at the three Project sites to assess the
impacts which these modifications to the farm icrigation system might
have in tevns of improved efficiencies, water savings and teduced
labor requirements. This section and following subsections provides,
in simplified t=rms, a technical and/ocr theoretical background to the
potential problems identified earlier for level irrigation systems at
the three sites.

Irrigation on Unleveled Land

The laws of nature mequire that precision land levelingl/ must be ade-
quately accomplished before laying out an icrrigation system with long
furrows and border strips oc basins if reasonably high water appiica-
tion and conveyance efficiencies are to be attained. Even in snall
basins with ov without short fuccows, irrigation efficiencies may be
adversely affected where large variations in the ground surface ele-
vations exist. A desirable limit for variation in ground surface ele-
vation fovr flat planted land is three centimeters (+ 1,5 om) and for
furrowed land, six centimeters (+ 3 cm) (USDA, 1974 and USDA, 1979).

Figure 6 shows the effect of high and low areas of unleveled land on
the distribution of water in the soil after an irrigation.

Under the high area where the depth of ponded water is shallow, the
figure shows that the moisture penetration may be too little to fill
the root zone. The high areas may be subject to salinity problems
from upward flow of saline groundwater. Also much water would be lost
to deep peccolation in the low area where the figure shows excessive
water penetration below the root zone. Crops in the low areas would
be danaged by prolonged ponding of water which would restrict soil
aeration. Leaching of fertilizer and soil nutrients would also occur
with excessive deep percolation of water aftec each icrigation.

- - g = % e m . = - -

1/ See Definitions.
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excessive under low
ground surface areas

Depth of water infiltration__J
inadequate under high
ground surface area

Figure 6. Profile showing depths of infiltration of irrigation water in a basin having low and
high areas of ground surface., (Does not include infiltration during the time of water

advance from the mesqa to the basin rail).
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An area in the field that is five centimeters lower than the
surcounding land would hold five centimeters depth of water after each
irrigation. Water recession fron the field depression would occur due
to the combined effects of infiltration and evaporation. Long-teon
infiltration rates for clay soils vary from 0.01 on/he to 0.1 cn/hr
(Hansen, et al., 1980). A typical value for evaporation would be 0.72
cn/day or 0.03 on/hr, Combining the two components of water
recession, vrates of water recession fron the field depression would
vary between 0.C4 cm/hr and 0.13 cm/hr. Five centimeters depth of
extra ponded water in low areas with clay socils will theoretically
require from 38 to 125 hours to recede from the soil surface as the

following computations show:
5 on / 0.04 aon/he = 125 hours; 5 cm / 0.13 cm/hr = 38 hours.,

Water covering the land surface for more than 24 hours after each
irrigation will retard growth of many types of crops and kill others.
Proper precision land leveling will eliminate high and low areas.

Figure 7 shows that the shorter the basins on sloping land the more
level the basins becore in that a smaller depth of ponded water will
be required to cover the sloping 1land surface as basins become
smaller., Egyptian farmers have compensated for field unlevelness
throughout the centuries by irrigating with the small basins even
though small basins require much time and energy on the farmers' part
for construction and irrigation. Even today with modevn methods of
precision land leveling with machinevy, it is difficult on some soils
to icrrigate long level border-strips or furrcows with higher water
application efficiencies than those that are attained by good Egyptian
farmers using small basins that are reasonably level. However, for
small basins, the farmer has relatively little control over the anount
applied to each basin, other than letting water intc each basin for a
given length of time or until a certain ponded depth is reached. The
unifoomity of distribution of applied '=ater— over the entire field,
from basin to basin can be very poor. A properly designed and managed
"long-basin” system will have both high efficiency and good distribu-
tion. With the more permeable soils, the favorable water-application
efficiency of small-basin irrigation will be offset considerably by
larger seepage losses from the more complex network and extra lengths
of farm distribution ditches (marwa) which are vequirved with small

1/ See Defiritions.
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Figure 7. Plan and profile of irrigated basins on a sloping land surface showing the effect of
basin size on elevation variaticn within a basin and depth of ponded water required
to cover the entire basin.
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basins.  Excessive marua lengths also remove land from production.
Long basins may be irvigated divectly from mesqas or main marwae thus
eliminating smaller marwas.

Irvigation on Leveled Land With Level Border Strips
ot level Long Furrows

Correct water management decisions based on available flow rate, soil
infiltration characteristics, surface voughness, and desired net
application are requived to achieve high application efficiency for
long runs on leveled land. Figure 8 shows different stages of wetting
fronts, as water infiltrates into a sandy soil, when irrigation water
advances on leveled land from the mesqa or marwa to the boundary at
the downstieam end of the field. The water table is assumed to lie
far below the root zone and does not influence infiltration. After
the surface stream reaches C in the figure, the gate must remain open
if sufficient water has not been applied to have enough flowing to the
point C to penetrate downward to 0. This assumes that the entire root
zone at all places is to be supplied with soil noisture. With large
non-erosive streams on flat-level land with long vuns, it is maore
usual with relatively frequent irrigations that the gate must be
closed before the advancing stream reaches the downstream boundary.
With long runs and large streams the design time of application may be
shorter than the time of advance to the end of the border. Aftecr the
gate closure the surface water will spread the rest of the way to the
end of the strip resulting in a high water application efficiency if
flow rate is appropriate focr the soil conditions (soil infiltration
vate, surface roughness, soil moisture, etc.) and area to be
irvrigated.

The wetting fronts below the oot zone ending at B', C', and D', in
Figure 8, represent deep percolation losses. The following example of
assumed conditions will show how deep percolation losses influence
water zplication efficiency. Losses to tunoff are considered negli-
gible.

Assumptions:

Wa = 12 centimeter depth of water diverted from the mesqa and
applied to the land surface of the famm,
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Figure 8. Profiles of water infiltration showing deep percolation on highly permeable soils during

the advance of water on leveled land at selected points J[rom the head to the tail of an
irrigated basin.
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Wg = 6 centimeters stored in the root zone,
(6 centimeters of water lost below the root zone as deep
percolation).

Eg = Water application efficiency equals 50 percent since half
of the water was lost, e.g.,

Ea = 100 Wy = 100 (6) = 50% .
Wa 12

Figure 9 shows a similar analysis to that of Figure B except that the
soil is a vertisol clay soil such as found at the Abu Raya EWUP site.
The water table is high, less than one meter lelow the ground surface.
These conditions lead to high initial infiltration vates, low long-
term infiltration vates and profiles of infiltration with water
advance as shown in Figure 9. Losses to deep percolation are not
likely to be as great under these conditions as for sandy soils
without a high water table., However, some deep percolation will occur
at the upper end of the field.

Figure 10 zhows how deep percolation losses may be minimized on flat
leveled land fsandy soil, no waterv tatle effect) by applying higher
non-erosive vates of flow of irrigation water to the land. A maximum
non-erosive stream will edvance relatively fast from the mesqa to the
downstream end of the strip as compared to a small stream as shown in
the figure. The quicker the time of advance to the end of the strip,
the less difference there will be in the infiltration oppovtunity
times at all points along the basin, and the more uniform will be the
storege ur moisture in the soil., With the relatively flat wetting
feont shown as A - A' and B - B', there is relatively small deep-
percolation loss in the upstream portion of the field 2 compaved to
the loss indicated by the small-stream wetting front, C - C'. For a
given discharge, increased surface voughness will slow water advance
and incrzase deep percolation losses. This analysis shows that the
proper design of a farm irrigation system using long level borders ocr
furrows requires a proper accountirg and balance between such factors
as strean size, infiltration rate, and surface roughness in order to
determine the appropriate dimensions for the strips.

The use of furrcows with large streams requives that furrows must be
relatively large if they are toc contein the high vates of flowing
water without overtopping or flooding the beds too severely. Figure
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a Yeveled basin—on highly permeaole soils.



11 shows the relative size of large furrows with 90-100 on spacing in
conparison to small furrows used conventionally in Egypt with 50 to 70
cn  spacing. The large furrows are used with large streams to
increase the application efficiency and to reduce the time vequired to
irrigate. The use of large non-erosive streams is limited by the
height of furrow ridges which may be over-topped if the water flows
too deep. Some soils develop a hard surface crust after submergence
which will prevent emergence of seedling plants unless the crust is
broken. Also, some types of seeds will not germinate if the seed bed
is submerged after planting; and some types of crops will be dawmaged
if the plants are allowed to stand in water. In these cases the depth
of flow in the furrows must be limited and held low sufficiently long
to allow water to wet the beds by capillary vise. The goal of
achieving bigh water application efficiency must be balanced with that
of getting a good crop stand and good crop yield.

It must also be kept in mind that numerous constraints may exist which
can significantly reduce ahility to perform land leveling. In Egypt
fat the three Project sites) such constraints are: limited access to
fields becausz of poor or no voads and crop patterns and/or fallow
times between crops being icrregular (as in El-Marsuriya). Also the
farm and field size (particularly the small fragmented ownership pat-
terns at El-Minya and El-Mansuriya) limit the ability to efficiently
do land leveling with the conventional equipment. The cost of per-
forming precision land leveling may also be prohibitive to farmers
with smaller land holdings. Farmer interest in-land leveling has been
very strong. Farrers in Abyuha and Abu Raya have cooperated to
arrange for fallow fields to facilitate leveling.

Water Applicatinn Efficiency and Stream Size

According to Figure 10, the larger the stream size on level basins the
higher the water application efficiency becomzs if the time of flow is
Jjust sufficient for moisture to penetrate to the bottom of the root
zone at B in the figure. This concept agrees in general with findings
by Bos and Nugteren (1974} that are presented in Figure 12 for stream
sizes from 2 to 40 lps per hectare. In this range of stream sizes,
the efficiency increased from 38 to 67 percent. However, there was a
decrease in efficiency for stream flows above 40 lps per ha. Reasons
for the decrease are not presented. Cne may speculate that the
streams above 40 lps were too large for the farmers to adjust to fram
their habitual practices. Also, it has been obsecrved throughout
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irrigated areas that favmers "worry less” about heing careful during
irrigation when there is an abundant supply of water. It is a naturael
trait of all people to be more careless with any type of resource if
the supply is abundant. '

One main reason is apparent: The larger the area of land and length
of run the more the need there is for programming the hydraulic
variables to calculate the appropriate time period required to apply
the correct wolume of water, A farmer can irrigate a small basin
reasonably well by intuition easier than a large or long basin. He
can easily see when the ground surface of a small basin becomes
covered with water to give him an idea of how soon to shut off the
water., But with a large stream entering a wide and long basin, the
proper shut-off time is not so obvious. It may occur when the strean
has advanced only two-thirds of the way to the end to the basin.
Delaying the shut-off until the stream reaches the end of the border
could in this case, result in a low water-application
efficiency.

Effects of Soil Characteristics

The previous section indicated that the thrze work sites had wery
similar soil characteristics in terms of type and texture (clay to
heavy clays), cracking upon drying, swelling upon wetting, infiltration
rate trends for dry and moist soil conditions, etc. It is also impor-
tant to point out the difficulty of soil tillage at the three areas
when the soil is dry and cracked. Chisel plowing, in this case,
causes large surface aggregates to be pulled loose creating a rough
soil surface. The possible effects of these characteristics on irri-
gation performance must be accounted for in designing new systems and
basin dimensions.

Due to the wide variation in soil infiltration vates measured (from
very rapid when the soil is dry and cracked to slow and very slow vhen
the soil is wet), it is possible that a design for one condition may
not work well at all for the cother. This is particularly true for the
case when infiltration vates are greater than expected. When this
happens, the advancing water stream is slowed down significantly and
the potential for high deep percolation losses and low application
efficiency is great. A proper design accounting for the higher intake
rate would have given a narrower or shorter strip (or essentially have
indicated that a larger non-erosive unit stream must be used to get



the faster coverage of the basin). For the opposite case when
infiltration rates are lower than expected, it is yuite possible that
too much water can be applied resulting in a ponded condition. In
this case drainapge of surface water would be necessacy to prevent crop
damage, also meaning the efficiency would be low. Careful management
is necessary so the stream can be turned off before water reaches the
end of the strip and too much is applied.

Surface roughness in basins caused by large aggregates of soil and by
plant stems retards the flow of water down the strip. Flow depth is
increased and water advance is retarded but to a lesser degree than by
using too small of an inflow stream. The boundaries of the strips
(border dikes or bunds) must be well-made and well-maintained
(especially at the first irrigetion) to allow effective water control
and no leakage outsiide the intended control boundaries.

It is apparent, fron the previous review of how different factors
affect irrigat’ - design and performance, that the need for flexibi-
lity in irrigation management for & given system is necessary. For
instance, factors beyond the icrigator's control (dry so0il, high
infiltration rvrates) cause heavy wetting applications at the first
irvigation, while lighter, more efficient applications ere obtained
during the season. The use of very small basins in El- Mansuriya and
El-Minya tend tu cowpensate for this variability with the tradeoff
being the large lahor requirements descoibed above and possible lost
land area to ditches. In Kafr El-Sheikh, fatmers use much larger
basins, but are unaware of how to design water control boundaries to
account for changes in design conditions, and thus they have low effi-
ciencies. The effecte of unlevel land complicate these problems in
all three sites, as well as the small, highly variable available
strean sizes in El-Mansuriya and El-Minya.

Irrigation activities on precision leveled land (to dead level) in the
three Project areas will he considered in the next part of this report
to find out how well actual measured results on trial fields agree
with theoretical/technical concepts presentad in this section. Also,
the designs used on the leveled basins will he evaluated for
appropriateness (i.e., correct basin dimensions, etc.) given the
me:asured values of factors affecting the design. Where water-
application efficiencies measured for irrigations on leveled land were
lower than desired, possible reasons for the lack of improvement will
be determined and remedies for obtaining improved vesults will be
recommended.
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IV. IRRIGATION TRIALS: RESULTS AND DISCUSSION

Beni Mapdul, El-Mansuriya

Irrigation field trials have been conducted on several farms in Beni
Magdul and El-Hammnani. Nurerous irrigation trials have been conducted
on Mesqa 6 served by Beni Magdul canal and are the focus of this sec-
tion. These trials were for comparison of long furrow or border
strips on leveled land with the conventional small basins used in
El-Mansuriya. Trials began with 1980/81 winter season wheat, then
corn in the 1981 summer season, berseem in the 1981/82 winter and then
corn again in the 1882 summer season (see Tables 4 to 7).

Summaries of these trials are provided in the following paragraphs.
Design analyses of the long furrow or level horder strips used are
also made to evaluate why certain results were obtained. Definite
conclusions cannot be drawn, because tests were not replicated. The
data and design analyses do indicate possible trends, however.

Table 6 shows summary irrigation data collected for wheat in 1980/81
(test nos. 1-4). Small basins and large basin irrigation systems were
studied. The large basins were leveled to zero slope before planting.
The two cases with the small unleveled flooded basin irrigation system
which is traditionally used in the area required 1351 and 1435 minute
per feddan for irrigetion during the crop season. Dne case with long
level basins (5 m width by 139 m length) vequired more time, 2547
min/fed. The average depth applied per irrigation and total seasonal
application depths for snall hasins were in the range of 4.9 to 6.0 cm
and 24.6 to 30 cm, vespectively. The average application per icriga-
tion for the large basin system was higher, 9.3 on. The total seaso-
nal depth applied was correspondingly higher, 46.4 on. As would be
expected with the figures given above, the on-farmm irrigation effi-
ciency YV (Eif) was higher for the small hasins. The 85 to 93% Ejf
found for the amall unlevel basins was higher than the 77% Ejf of the
large level basins. However, an £if above 75% in a surface irrigation
system, especially where there are variable flow conditions, is quite
satisfactory.

— See Definitions

Note: On-farm conveyance losses were considered to be negligible
for ivrigation trials on Mesqa 6. The application effi-
ciency and on-farm icrigation efficiency have the same value.



Table 4. Description of various treatments for icrigation trials on basin crops on Mesqa 6,
Beni Magdul, 1980-1982.

Test Season Crop Conditions/Practices
Nummber
Land Leveling Basin Configuration
1 Winter 80/81 Wheat Yes, dead level 6 long basins ( 5 m x 139 m)
P Winter 80/81 Wheat Yes, 0.083% slope 1 long basin ( 5 m x 119 m)
3 long basins (13.5 m x 41.6 m)
3 Winter 80/81 Wheat No Conventional small basins (11.2 m x 11.5 m);
bedded furrows prepared at .28 m spacing
4 Winter B0/81 Wheat No Conventional small basins (13 m x 15.6 m);
bedded furrows prepared at 1.1 m spacing
g Winter 81/82 Berseem Yes, dead level 4 smsll basins (8.8 m x 31 m);
2 long basins (4.5 m x 123 m)
10 Winter 81/82 Berseem Yes, dead level 6 small basins (5.5 m x 45 m)
4 long basins (5 m x 135 m)
11 Winter 81/82 Berseem Yes, dead level long basins (5 m x 135 m)

A/ Unpublished data, Mahmoud, et al., 1882a; W. S. Braunworth, 1983 (pecrsonal communcation).
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Table 5. DOescription of various treatments 'F?t/‘ irvigation trials on cocn crop  {furrows)
on Mesqa 6, Beni Magdul, 1981-1882.~

Test Season Conditions/Practices
Nunmoer
Land Leveling Basin Configuration

5 Surmer 1981 No Conentional small basins (12 m x 10 m); furcrows
at 0.75 m spacing

6 Surmecr 1981 No Conventional small hasins (12 m x 9 m); furrows
at 0.75 m spacing

7 Summer 1981 Yes, dead level | Long furrows in basin (8 m x 127 m); furrows at
0.75 m spacing

8 Surmer 1881 Yes, dead level| Long furrows in basin (17.5 m x 128 m); furrows
at 0.75 m spacing

12 Summecr 1982 No Conventional small basins (16.5 m x 27.8 m);
furrows at 0.75 m spacing

13 Sunmer 1882 Yas, dead level Long furrows (137.3 m); spacing of 0.75 m

14 Surmec 1982 Yes, dead level| Long furrvows (82 m); spacing of 1.30 m

15 Surmer 1982 Yes, dead level | long furrows (120 m); spacing of 1.30 m

16 Surmec 1982 No Conventional small hasins (4.4 m x 30 m); furrows

at Q.75 m spacing

—d

1/ Unpublished data, Mahmnoud,

gt al., 1982b; W. S. Braunwocrth, 1983 (psrsonal comwuncation).
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Table 6.

Sumary of results from irrigetion triels on basin crops, Beni Magdul, 1980-1582.

Test Tt‘eatnent-z-/ Nurbar of Total Depth of Water Applied | Average Stream Range in 3/ Range in3 / Aver;?ge

turber Ircigationd Itrigation | Average peq Total Size Aveilable | Basin Width= | Lnit Stream™ E
Tire Irrigation at Field Inlet cr
(min/ fad) (cn) (cm) (1ps) (m) (1ps/m) Eif

Wheat Crop, Winter 80/81
1 level long basins 5 2547 9.3 26.4 13.6 5-15 m 0.91-2.72 75
2 level long basins 5 1797 5.9 29.4 S.0 510 m 0.90-1.8 1c0
3 tnievel small besins 5 1251 6.0 30.0 16.1 - - €s
4 Unlavel srell basins 5 T1435 4.9 24.6 13.4 - - s3

Berseem crop, Winter 81/82
9 Level small and long basins 9 2795 7.9 71.9 18.38 - - 73
10 Level small end leng besins 8 2825 9.6 76.5 20.42 - - 77
11 teval long basins 3 () N/A 12.5 - - 5.8 160
) N/A 8.3 - - 4.0 €7
3) NA 2.2 - - 2.5 7e

X = 9.33

1/ Lnpublished cata, Mahmcud, et al., 1982a; W. S. Braunworth, 1883,

2/ Caplete treatrent description given in Table 4.

32/ Nct always known since a varying nurbar of basins were irrigatud as a sst.

4/ Ratio of cepth stored to depth epplied (see Definitions).

Frr thase trials water—conveyance losses were

negligible end epplication efficiency, Ej, was numsrically equal to on-famm irrigation efficiency, Eif.

ccnsidered

ov
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Tesle 7. Suemary of resulls from icrigation trials on corn crop (furrows), Beni Magdul, 1980-1952.1/
Test Treatmentz/ Nurber of Total Oepth of Water Applied | Average Stream| Maximum Numbet Minimum Average
NuTber Irvigaticng Irvigation | Average per] Total Size Available | of Futtows inl Fu a4/
Ea-
Time Irvigation at Field Inlet One Set—3~/ Strea‘nél or
(min/ fed) (cm) (cm) (1ps) (1ps) Eif
(%)
Corn Crop, Summac 81°
3 Unleveled =:all besins 8 2280 5.5 43.7 14.0 14 1.00 SS
g Unleveled small basins 8 . 2387 7.5 60.2 17.6 16 1.10 e
7 Level leng furrows 8 3106 10.3 82.4 16.3 12 1.53 82
e Level long furrows 8 3584 7.3 58.4 10.5 23 0.46 88
Carn Crop, Sumsr 82
12 Unleveled srall basins 7 2949 10.9 76.1 18.77 - - 70
12 tevel long futtows 7 2878 9.4 65.1 18.36 9 2.12 85
12 Ltevel leag Turrows 7 4011 8.8 62.6 11.88 21 0.57 &9
15 Level long furcows S 2964 11.8 59.7 16.43 11 1.53 77
iz Unleveled srall basins 7 - 3801 9.8 68.5 15.22 - - e4

1/ Unpublisted data, Mahmoud, et al., 1882b; W. S. Braunwcrth, 1983.
2/ Corplete treatrent coscription given in Table 5.
2/ Nct alweys knocwn since a varying number of furtows wers irrigated as a set.

4/ Peterrined
Cecnveyance

ivrigaticn efficiency, Ejsf.

from ratio of depth stored as determined from avapotranspiration estimates and depth applied (Tee Definitions).
lesses wara considered negligible so that application efficiancy, E5, was numerically equal to on-farm

|87
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The vesults show that a substantially greater amount of water was
applied on the long, lavge basins. A review of the probable range of
design parvameter values for level border design in Beni Magdul and
comparison with the trial case indicates why these rvesults were
obtained. Level border design analyses were performed using the
USDA-SCS design model (USDA, 1874; Gates and Clyma, 1980; EWUP Kafr
E1-Sheikh Team, 1983b). A summary of irrigation conditions for
El-Mansuriya area was given earlier in this report. Of particular
importance to design are the available discharge, the soil infiltra-
tion vate, the net depth of water to cpply, the surface roughness, and
the field dimensions.

Two sets of design conditions were evaluated: &' thosg at the first
irrigation when intake vate is high (SCS Intake Fanilyl/ of 1.0), soil
is dry (ret depth =f 120 nm) and voughness greater (Manning's n of
U.20), and b} those of the mid-season when intake vate is ower (SCS
Intake Family of 0.5), wetter soil conditions (net depth of 70 mm) and
roughness is less (Manning's n of 0.15). For the 138-m length, desian
analysis indicated that to obtain 90% efficiency, a unit inflow stream
of about 6 1lps/m is necessary (for both conditions). Given the
average total stream size at this famm of 13.6 1lps, then the strip
width should have been 2 m to 2.2 m and not the 5 m width used. These
required widths are excessively narrow and would require a large per-
centage of land to be used for dikes. Alternatively, given the same
conditions but using the 5 m width and designing for length, design
analysis indicates that a length of about 70 m is appropriate to
obtain 90% efficiency. Further analysis indicated that a total strveam
size of 25 - 30 lps should have been used for the 5 m x 139 m strips.
Had this been the case, then the applications would have been faster
and lighter. It appears the actual measured strean was the major
limiting factor for the long basins tested (13 1ps actual vs. 25 - 30
lps requived). It is doubtful that the small sagqias wused in Beni
Magdul area can deliver the Ilarger flow rates under the normal
operating conditions in the area. Other complications of the test
were the poorly constructed border dikes (bunds) which leaked and were
not high enough to contain the flow. These dikes must be well-
constructed and well-mainteined for proper irrigation water control.

1/ See Definitions

Note: On-farm conveyance losses were considered to be negligible
for ivrrigation trials on Mesqa 6. The application effi-
ciency and fawmm irrvigation efficiency have the same value.
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Table 7 shows tesults from several fields of cocrn during the 13981
summer season. The conventional small tasins with furrows are com-
pared with trials of long furrows (128 m) on leveled land. The major
difference was found to be the time vrequired for ivrigation ,
avevaging 2330 minutés/fea'dan for the small basins and 3545 minutes/
feddan for the long furrows. The on-famm irvigation efficiency was
an avervage of 95% for the small basins and 86% for the long furcrows.
In one set of the long furrows, the total application of 82 cm of
ater was excessive, as compared to the others.

Design @nalysis of the long level furrows was pecformed using the
level furrcw design model (USDA, 1979; EWUP Kafr El-Sheikh Team,
1983b) ., Similar to the analysic for wheat, two sets of conditions
were investigated: a) at the first irrigetion when the infiltration
rate— 1is higher (SCS Intake Femily1 of 0.7), and soil is drier (net
depth of 100 nm), b} mid-season when infiltration rate is lower (SCS
Intake family of 0.3) and wetter soil conditions (net depth of 70 mn),
For both sets of conditions, the length of 125-130 m and furrow
spacing of 0.75 m were studied. The design analysis indicated that
best performance (efficiency over 90% with irrigation time constrained
to a maximum of 90-120 min) is obtained when the stream size for each
furrow is greater than 2.0 lps. Furrow capacity evaluation suggests
that for this spacing the maximum flow vate should be constrained to
3.0 1lps per furrow to prevent overtopping of furrow vidges (assuming a
trapezoidal furrow shape with side slopes of 0.5 and bottom width of
15 an; flow depth is estimated at about 13.0 cm and top width near 30
cm).

It is doubtful, hased on qualitative observations at the site (and on
data presented by El-Kady, et al., 1879), whether the furrows were
constructed this large at the beginning of the season and whether the
cross-section was maintained through the season.

The data for 1longz furvows in Table 7 indicate the average furrow
stream size was too small. This plus the actual furrow shape con-
diticns constrained the pecrformance of the long furrows vesulting in
the excessive total icrigation times and greater average total depth
applied. Long level furrvow irrigation requires deep, well-censtructed
furrows with large well-defined cross-section and good maintenance
thiougin the season as discussed in a previous section. Such con-
ditions allow larger streamn sizes per furrow (in this case, at least 2

1/ See Definitions
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lps per furrow would be recommended) for rapid advance and coverage,
For the given trials, adjustments that wuuld have given better pecvfor-
mance would be as follows:

a) improved furrow cross-section (size, shape, maintenance by tillage).

b) irrigate fewer furrcws per set to result in 2 lps/furcow, i.e., for
test no. 7, irrigate 9 furrows per set (based on average available
flow rate); for test no., 8 irrigate 5 furrows per set.

Alternatively, the length of run can be shortened as was illustrated
for wheat. Decreasing the length of run, in successive increments,
from the long 125-130 m vuns to the short 15 m vruns of the conven-
tional system has the effect of cllowing greater management flexibi-
lity in terms of the stream size (both total and per furrow) that can
be utilized for efficient (E; » 90%) irrigation. In other words, for
longer rtuns, the farmer must exercise rore care in the nunber of
furvows to ircigate at once (i.e., for the case in hand, the total
stream size divided by the number of fuccrows per set should be at
least 2.0 1lps). For the shorter runs, this value decreases to the
point where, for the conventional basin lengths, strean size per
furrow can be as low as 0.5 lps. This effectively gives the farmer a
wide range of choices for irrigating, depending on what the sagtia may
deliver, what the soil conditions may be, etc.

Continuing with the analysis, from Tahle 7 unde'r* the column "minimum
furrow stream”, the average condition is seen to be 1.0 lps/furrow for
these trials. With this stream size and using the same two sets of
conditions described earlier for design, analysis indicates a maximum
vtun length of 75 m is appropriate (when the arbitrary condition of
constraining irrigation time to 90-120 min is used).

Table 6 presents summary data and vesults for icrigation trials of
long level basins vs. the conventional small besins on bergeem,
1981-82 winter season, on Mesqa 6 in Beni Magdul. Two fields were
tested (test nos. 8 and 10), each with portions for each system type.
Unfortunately, measurements were somewhat mixed together after the
first few irrigations, so it is not possible to determine the separate
results for each system, Essentially the same overall results were
obtained for each field, although the field with more long basing
showed a slightly higher average depth per irrigation.



Also in Table 6, some summary vesults (for the first three
irrigations) are listed for one of the fields with level long basins
only (test no. 11). It is noted that design conditions for the ber-
seem (81/82 winter) are wery similar to those presented for the 80/81
winter wheat (test No. 1). It is vecalled from that discussicn that a
unit inflow stream of about 5 - 6 1lps/m is needed for efficient (E5 >
80%) ivrigation (and oould be less as conditions change through the
season). From Table 6, the data for the first irrigation on berseem
(test No. 11) show that because the unit stream size was high (near
the indicated design value) that good results were obtained. Figure
13 is en illustraition of advance data measuved on wheat (1980/81) and
berseem (1981/82) level border strips. Conditions for each, being at
the first irrigation, were wvery similar. However, the effect of
strean size, which was different, is well illustrated. Although the
unit stream size for the wheat trial (test no. 1, first icrrigation) of
3.25 lps/m was higher than the seasonal average (0.81-2.72 lps/m} it
was still far below the 6.0 lps/m recommended. Coverage of the strips
was accomplished in about 25% less time for the berseem (where the
stream size is closer to the desipn as based on the given conditions,
whereas the wheat had a stream size near 50% of the design value). In
both of the a&bove cases, factors such as leakage through the dikes
were ignored to simplify the discussion and for comparison with design
indications.

For the second and thivd irrigations, the unit stresm used was seen to
decrease. Because the design conditions are changing this is toler-
able, and the second irrigation shows that a drop to 4 lps/m still
gave reasonable results. However, for the third irrigation, the unit
streamn size of 2.5 1lps/m used was too small and the efficiency
dropped.

The final set of trials from El-Mansuriya studied in this report are
from 1982 summer season when long level furrows were comparved with the
conventional system. The crop was again corn., Table 7 presents sum-
marvy data and results. Long furrows were for vur lengths of 82 m, 120
m and 137 m with furrow spacings of 1.30 m, 1.30 m and 0.75 m, crespec-
tively.

In general, the long furrows had a slightly smaller total irvigation
time while the total average depth was about 63 cm vs. 73 cm for the
small basins., Average icrrigation efficiency for the long furrows was
B4% vs. 77% for the snall basin systems.
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Figure 13.
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Comparison ¢f rate-of-advance data for level border strips under approximately the same conditions
showing the effect of stream size. Wheat, 1980-81 winter season, and Berseem, 1981-82 winter season,
Mghmoud BashaFarm, Mesqa 6, Beni Magdul, Mansuriva.
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There are several factors which may have contributed to the better
results for the long furrows during this season's (1982) trials.
First, consider test no. 13 where the long furrows used are similar to
the case study from 1981 summer season (in teoms of lergth and furrow
spacing). Note that the average minimum stream per furrow was about
2.1 lps. This corresponds with the design indication discussed
earlier. It is seen that good results were obtained on this field.
Second, consider test no. 14 where the furrow length was 82 m with
spacing of 1.30 m, An excessive total irrigation time is noted
because of the relatively small furrow stream size. Design analysis
for this site indicates a furrow stream of at least 1.5 lps would give
the best results through the season. Had this been the case, the
total time would have been less on this field. Finally, for test na.
15 (L=120 m, spacing=1.30 m), design analysis indicates a larger
average furvow strean size (i.e. in the vange of 2.0-2.5 1lps per
furrow) would have given better results than the 1.53 lps average
furrow strean. Total time would be less and efficiency higher. With
the larger furrow spacing, it is wery possible that the furcows used
in tests 14 and 15 wcre in better condition, vielding better water
control and thus the fairly good results, even though the stream sizes
were less than desired.

The experience gained through the irrigation trials on Mesqa 6 indi-
cate that many factors must be considered before recommendations can
be made. The data presented are a limited sample and by no means
should be considered as representative of the wide variation in crops,
crop patterns, farmer land holdings, etc. The results presented do
indicate the following:

(1) the 1long level basins and level furrows tested performed at less
than potential 1levels because predicated values of available
stream size and other design factors used in design of the
tested systems were inaccurate;

(2) design analysis indicated the dimensions of the "new" systems were
inappropriate (too long or too wide) for the given available
strean sizes;

(3) eagias in Beni Magdul are small and characteristically produce
limited, highly variable streans;
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(4) improvement to water delivery vates to the field inlet would be
cne way of being sble to utilize the longer runs (length > 100 m)
tested on widths of 5 m or more; @ minimum stream of 25 1ps at
each long basin would have to be consistently available. More
vealistically, an approach may be to simply design level basins
and long furrows for the existing conditions. Recall that run
lengths of 75 m appeared appropriate with widths of 5 m for level
basins and furrow streams of 1.0 lps (spacing = C.75 m). Further
design analysis is necessary, but these values are presented for
discussion purposes.

The ultimate analysis of these famm irvrigation system designs will be
economic. The conventional small basins appear to be efficient (as
rvepresented by data presented here), An important question to con-
sider is whether precision land leveling can be performed economically
on the small land holdings (and when cropping patterns allow), and
wnether the benefits of the level basins and long furrows (potential
water, labor, time and land savings) are enough to offset the cost of
leveling.

Abu Raya, Kafr El-Sheikh

Irrigation field trials were conducted during the 1979/80 winter
season (wheat crop) and during the 1980 summer season (cotton, vice
and corn crops) in Abu Raya. Suggested improvements to the farm ivri-
gation system were tested side-by-side with conventional systems. The
suggested icrrigation system improvements included precision land
leveling to dead level, level border strip or level long furrow irvi-
gation design and assistance to fammers on managing these new systems.
Starting with the 1980/81 winter season a package of on-famm irciga-
tion system improvement practices was implemented each season as a
demonstration program. This package included on-farm water distribu-
tion improvement through improved marwzs, field drain removal where
pe3ssible, and crop production advisory assistance to famers as well
as the above-mentioned irrigation improvements.

Table 8 shows results of efficiency measurements iy (irrigation, con-
veyance and application) on farms during 7 seasons of EWUP work in Abu
Raya. These results extend fron problem identification studies to
recent demonstretion trials. Discussion in the following paragraphs
(of seasonal results) will refer to this table repeatedly, but it is

1/ See Definitions
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TABLE B, Suminry of Un-Farmn Efficiency Resulls for Seven fensons of BWMEP Wark at Abu Raya.
, Comtitions/Practicas |
Seasorn Crop Lucatiom Ecgl/ | €At/ |
PLL § Lomaeyane: Channels Rasing it=
Wintee 78-/741 Wheal | Field 3-07 Havwt No uningtoverd conventional | eUu2/ | 35 21
Lanal
wWinter 78-79 ] Flax Field 3-0? Henod o unimproved conventional | B2/ | 4w ’q
Canal
Winter 79-80 1 wheat | 5 fields on Man- No unimproved conventional | 602/ | 63 38
shiya Canal
Winter 79-80 | Wheat | 5 fields on Man- Yes unimprovad redusigned ce?/ | gy 51
shiya Canal ’
Sumer 80 Cottan| 6 fields on GurSen| Mo uninproved cenventional | 602/ { 87 52
and Manshiya
Canals
Summer 80 Cotton| 6 fields on OmrSen| Yes unimproved redesigned 602/ | 88 53
and Manshiya
Canals
Winter 80~81| Wheat | 5 fields on Hamad | Yes reshaped redesigned 74 69 51
and Manshiya
Canals
Sumer 81 Cotton | 6 fields on Hemad | Yes reshaped redesigned 84 76 66
and Manshiya
Canals
Winter 81-82 | wheat | Field 3-10 Manshi- | Yes unimproved vedesigned 62 85 53
ya Canal
Winter 81-82 | Wheat | 4 fields on Hamad | Yes lined vedesigned 99 76 75
and and Manshiya
Barley | Canals
Winter 81-82 | Sugac | 4 fields on Hamad | Yes lined redesighed | 98 87 | 85°
Baats | and Manshiya
Canals
Sutmer 02 Cotton | 9 fields on Hamad | Yes lined . redesigned 93 69 69
? and Manshiya
Canals
Cotton] 1 fields on Hamad | Yes unimoroved redesigned 66 85 57
Canal
Corn 4 fields on Hamad | Yes lined redesigned | 100 68 68
and Manshiya
Canals

4 Ecs = on-farm conveyance efficiency (see Definitions).

Ea

= application efficiency (see ODefinitions).

Eif = on-farm irrigation efficiency ((if = Ecg x Ea).

2/ Based on inflowoutflow tests
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important here to make a few explanations. First, the efficiency
values measured are average seasonal values. Second, water losses
between the sagia and the field were not measured during the problem
identification and field trial work preventing the direct calculation
of values for on-farm conveyance efficiency, Eqf, and water applica-
tion efficiency, E3. On-farm irrigation efficiency, Ejf, was directly
measured. Water depths lifted, applied, and stnred were measured
during later on-farm work and all three efficiency wvalues could be
obtained. On-farm conveyance loss measurements taken during Lhe
1980/81 and 1981/82 winter seasons indicated that on the average as
much as 40% of the water may be lost from unimproved marwae between
the saqia and the field. The seasonal E.f average for 5 sites with
reshaped marwae on the Hamad and Manshiya canals during the 1980/81
winter season was 74% as shown in Table 8. During the 1981/82 winter
season the average Eqf value for an unimproved marwa at site 3-10 was
62%. Using these data, an estimate for Ecf for the problem iden-
tification and field trials stages is then taken to be in the area of
60%. From this estimate, application efficiencies for the same period
are also estimated.

During the 1979/80 winter season, irrigation trials were conducted on
5 famms growing wheat. The conventional basins used were compared
with level border strips (leveled to dead level) on each farm. In
general, the results obtained, which can be attributed to precision
land leveling, fatm irrigation design and ircrigation water management
advisory assistance, were:

1) increased on-farm irrigation efficiency, see Table 8, from 38% for
the :onventional methods, to 61% for the improved systems,

2) Water savings of 34%: water lifted by the conventional systems
averaged 87 on while it was 65 on for the improved systems,

3) 33% irvigation time savings: total time averaged 1907 min/ fed
for the conventional while it was 1304 min/feddan for the improved
systems,

4) the water and time savings produce these benefits: less labor by
the fammer during irrigation, less 1labor by the animal to lift
water; these translate to reduced costs for irrigeting ¥,

1/ Unpublished data (EWUP Kafr El-Sheikh Tean, 1981a)
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Level border designs used in Abu Raya for these trials were formulated
using the USDA (1874) design model. Cenerally the designed strips
were for widths of 9 m to 10 m and lengths from 50 m to 105 m. The
farmer's conventional basins vanged franm 14 m to 20 m width with
lengths from 60 m to 105 m. One basin was 48 m x 83 m. Generally,
these design dimensions are not largely different, so the benefits of
precision land leveling in temms of water savings and improved effi-
ciencies are gpparent. An analysis of flow rate data for these trials
also provides insight to the success of the improved systems. The
seasonal average stream size produced at the saqia (for all sites) was
about 31.5 1lps (renge was 24-39 1lps). After veducing this hy the
average estimated conveyance losses, the average stream size at the
field inlet was 22 1lps (for all sites, vange was 16-31 1lps). The
values of stream size at the field inlet were analyzed to determine
the stream size per unit width of basin and stream size per unit area
of basin. These were then compared with the on-famm irrigation effi-
ciencies measured. The results are plotted in Figure 14 (results from
the 1980/81 winter season are also included and will be discussed
later). A general but strong trend for on-famm icrigation efficiency
to increase with increasing unit width stream size and unit area
stream sizes is observed. This agrees with theoretical discussiens in
a previous section. Note that the designed level border strips of the
1979-80 trials consistently had higher unit width and unit area streams
and corresponding higher on-farm irrigation efficiencies. This indi-
cates the design dimensions used are an improvement over the caonven-
tional and also that the design model was &ppropriately applied,
i.e., the design factors were appropriately evaluated. Generally,
this can be translated to the concept that the improved water control
with rapid basin coverage was a result of designing the border strip
dimensions based on the site conditions.

Overall, the on-farm irrigation efficiency could have been even higher
had the marwa losses not been so high (estimated marwa conveyance
efficiency of 60%). Improving this value divectly improves on-famm
irrigation efficiency and indirectly improves watecr application effi-
ciency, because a larger strean is then available at the field.

During the 1980 suvmer season, similar icrrigation trials were con-
ducted on 6 farms growing c:otton.-l On each farm, long furrows on

1/ Unpublished data (EWUP Kafr El-Sheikh Team, 13981b)
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leveled land were compared with edjacent strips wherve the conventional
furrows in small basins were used. Note fram Table 8 that the on-famm
conveyance efficiency was estimated to again be luw (60%), causing
low on-farm irrvigation efficiencies. Marwas on all of the famms but
one were in excess of 100 m, Generally, the sare results were
obtained for the long furrows as for the conventional system:

(1) On-famm irrigation efficiencies for each case were 52-53%.

(2) total depth lifted at the sagia averaged from 102 to 107 cm for
each.

(3) the improved systems did exhibit about 7% time savings: 2148
min/feddan vs. 2309 min/feddan (average for the 6 farms).

4) the time savings translates to irrigation labor savings (animal and
human), and possibly of equal importance, the farm labor required
to construct the nunerous small basins and extensive distribution
ditches is saved when the long furrow system is used.

Many problems were observed during the ircrigation season which contri-
buted to the long furrow system performance being less than desired.
The major factor was the furrow size, shape and spacing. The furrow
spacing was 55 cm to 65 on. This narcow spacing made it difficult to
construct the lacge, deep, well-defined furrows necessary for level
long furrow irrigation. Furrow shape was not maintained through the
season. Tillage occurred up to about the second irrigation. By mid-
season the shape of the long furrows was very shallow and wide. This
condition vesulted in a loss of water control and ultimately, the
reduced perfotmance level of the long furrows.

An analysis of the flow rate data for the cotton furrow trials similar
to that presented for wheat was made. Estimates of the unit width and
unit area stream are plotted vs. on-farm irrigation efficiency in
Figure 15. It is most important to note from these data that the long
furrows were achieving the same levels of performance (range in Ejf)
as the small basin furrows but with a higher vange in unit area
stream. It is felt that the on-farm irrigation efficiencies on the
long furrows would have been consistently higher had the loss of water
control, discussed above, not occurred. Note that a wide vange of
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efficiencies were found for the conventional methods over a relatively
narrower vange of flow vates. This tends to indicate that some far-
mers manage water well, while others do not, using the small hasins.

Summary results of field trials on vice during summer 1980 on three
farms ace reported in EWUP Kafr El-Sheikh Team (1983a). Generally the
same irrigation improvements were tested. The major result found was
an average water savings of about 14% for the improved systems
(160-165 on water applied for the designed level border strips vs.
185-180 on of water applied for the conventional, unlevel, large
basins]}.

Trials on the corn crop during summer 1980 were similar to those for
cotton, however, only two farns were involved., With limited data it
is difficult to draw conclusions. Of importance, however, is the fact
that the corn was plented on 70-75 om spacings allowing better, larger
furrows to be made. The general ivrigation vesults show this may have
been a major factor in that the long furrows averaged 39% less water
lifted at the saqia compared to the small basins with furrows.

The irrigation improvement practires of precision land leveling, famm
icrigation system design and water management advice were combined
with crop production advice, farm water distribution and conveyance
improvement and field drain removal to be implemented as a demonstra-
tion package beginning with the 1980/81 wintecr season. The demonstra-
tion trials were conducted on five farms. Water losses in marwas were
directly measured and the summary of efficiency values in Table 8 was
obtained. The 74% average Ecf value vepresents conditions of both
improved but unlined marwas and unimproved marwae. Marwa improvement
consisted of rvrenovation and shaping of the cross-section by hand
labor.,

The level border systems designed were for a wide range of basin dimen-
sions in an attempt to assess the effects of rectangular vs. square
configurations. In pgeneral, the rvesults showed relatively equal
levels of performance regardless of the length to width vatio, indi-
cating the other factors, most importantly stream size, were
appropriate. Qualitatively, the longer, narrower strips seemed to
irrigate better because of seemingly move vapid advance. Detailed
analysis has been presented in a report on farm irrigation system
design considerations for Abu Raya ( compiled in EWUP Kafr El-Sheikh
Team, 1983b).



Stream size per unit width and per unit area vs. efficiency are pre-
sented for the 1980/81 famms in Figure 14 along with data from the
previous year of field trials. It is seen that these results fit the
trends discussed earlier.

Results from the 1981 summer season s and 1981/82 winter season—z-/
showed high application efficiencies of 75-87% for cotton, wheat, harley,
and sugar beet crops on leveled land (see Table B8). Marwa improve-
ments made possible by land leveling work resulted in very high on-
farm water conveyance efficiencies of 84% to 100%. Marwa improvement
work was done by lining with plastic syweets and vse of lay-flat tubing
during the 1981/82 winter season 2 . On field 3-10 where marwa
improvement was not done conveyance efficiency remained low (62%).

Long level furrows constructed during the 1981 summer season achieved
better results with the bedded furrow method of cultivation. Two rows
of cotton at 55 on spacing were planted on each bed. Irrigated
furrows were then at 1.10 m spacing. This allowed construction of
deeper, better shaped furrows. The efficiency results from 1981 con-
pared to 1980 illustrate the effect of this modification (Ej¢ increased
fran 53% to 66% for the long furrows).

Tie major improvements demonstrated in 1981/82 winter season in reduc-
tion of marwa conveyance losses resulted in the highest irrigation
efficienciez measured in Abu Raya. Because marwa losses were reduced
to practically zero, larger stream sizes were thus available at the
field inlet. Consistent with the previously discussed trends, the
larger streans procuced higher application efficiencies (75-87%) on
properly-sized fields. Marwa improvements also led to high applica-
tion and on-farm irrigation efficiencies during the 1982 summer
season,

As described in EWUP Kafr El-Sheikh Team (1983b), improved irriga-
tion systems on EWUP sites in Abu Raya have depended on precision land
leveling, farm irrigation system design and improved management prac-
tices. Management i a key factor needing improvement. Farmers must
learn how to use larger streams effectively, plus better understand
irrigation timing and frequency. Basic management questions to be
answered are:

A Unpublished data (EWUP Kafr El-Sheikh Team, 1982)
= Unpublished data (EWUP Kafr E1-Sheikh Team, 1903d)



1) When to irrigate?

2) How to icrigate?

3) How m =h watec to apply?
4) When to stop irvrigating?

Katc El-Sheikh experience has shown that correct management of the new
ivrigation systems made possible by precision land leveling is essen-
tial to obtain efficient irrigations. Precision land leveling and long
vuns can save water, labor and irrigation time and reduce water lifting
costs cnly if the irrvigator is faniliar with how to use his system.
For example, under Abu Raya conditions the irrigator must adjust his
management practices in response to changes in flow rate between irci-
gations and during en irrigation., For efficient furrow irrvigation, the
nunber of furrows ivrigated at one time must be balanced with the
available discharge to provide a furrtow stream within an appropriate
vange (2-3 lps, e.g.). Changes in the infiltration vate of the soil
and voughness of the furrow or bovrder through the season have an effect
on the farmer's decision concerni'g when to stop irrigating. For
example, when irvigating a border of length 200 metevs, the farmer may
have many choices concerning when to stop inflow into the border:

a) When the water dvances to the end of the field,
b) When the water edvances to within 30 meters of the end of the field,
cJ When the water advances to within 50 meters of the end of the field.

The correct management decision may ditpend on which ircigation during
the season is in process. Alternative "a" might be correct for the
first irrigation, "b" for the second iverigation, and "c” for the third
irrigation, for example. Changes in flow vate may further conplicate
the irrigator’s management decisions. As the farmer's knowledge about
his system and experience in manipulating the part of system aover
which he has control increase, the potential for more efficient irri-
gation also increases. With pracision land leveling, ivrigation
system design, and further on-fatm water management experience, on-
farm irrigation efficiencies even higher than those tesulting fron
EWUP field trials end demonstration progran work are possible at Abu
Raya.

On-farm icvigation system improvements carcied out by EWUP Kafr
E1l-Sheikh Team depend on precision land laveling. The follawing bene-
fits, vealized during several seasons of demonstration program work
were made possible by precision land leveling:
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1) Reduced marmua length with the related benefits of vreduced marwa
losses or reduced cost of marwa lining.

2) Improved marwa condition with or without lining which reduces
marwa losses due to leakage, seepage and dead storagsc.

3) Fields with variations in elevation brought within a tolerance of
* 2 om with associated improvements in water application effi-
ciency.

4) Construction of long level border and level furrow systems which
provide potential for reduced labor requirements, increased mecha-
nization of field oprrations and better seed bed preparation.

8) Water savings through elimination of surface runoff and reduction
in deep percolation. Oue to high water table conditions not all
deep percolation is lost since it way return to the root zone
through upward flow from the high water table. Surface drainage
water is lost to the system since it enters main drains and is
pumped into the sea.

6) Reduced irvigation time due to the improvements in on-farm irri-
gation efficiuvncy. Reduced icrrigation time reprasents decreased
water lifting costs and reduced labor requirvements.

7) Pessible yield increases due to improved water management, soil
salinity and seed bed preparation; but it was difficult to
separate yield increases due to improved agronomic practices from
‘those resulting from irrvigation improvements. Yield increases
from improved agronomic practices and yield increases from irri-
zation improvements are interdependent.

Kafer E1 Sheikh EWUP demonstrstion program work at site 3-18 during the
1980/81 winter season illustrates the benefits of precision land
leveling. Figure 16 shows maps of field layouts at the site before
and after demonstration program implementation. An crea of 4.8 fed-
dans was leveled to dead level. Three internal field drains were eli-
minated. A marwa was constructed which was less than half the length
of the previous one. lLevel border strips were designed for high
epplication efficiency in relation to the available flow rate from the
saqia. Without the initial step of land leveling the other changes
would not have been possible.
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Results of the work at site 3-19 were positive. The elimination of
field drains and marwas represented an increase in cropped area (about
6% of total farm area). A high seasonal on-famm conveyance effi-
ciency of 80% was obtained through shortening (from 545 m to 285 m) and
shaping of the marwa. A seasonal water application efficiency of 72%
was obteined although the farmer irrigated too scon on several occa-
sions. Total irrigation time for the season was 1412 min/fed.~

It is important to note that pracision land leveling does not guaran-
tee the above benefits. Ho.ever, precision land leveliry is nece-
ssary for achieving these benefits. Associated modiricatinons to
improve the farm irrigation system design and to improve the farmer's
understanding of the water management for the new systems are also
necessary.,

Monitoring of water table levels and chemical analysis of soil samples
and water samples revealed that the on-fatm improvements did not lead
to increased salinity levels or water table level. Rice cultivation
led to salinity decreases in the 0-90 on soil profile of about 40 per-
cent fram beginning to end of the season. Rice cultivation provides
effective soil salinity control at Abu Raya (EWUP Kafr El-Sheikh Team,
1983a).

Following the demonstration program implementation during winter
1980/81, sunmer 1981 and winter 1981/82, a scciological evaluation was
carried out to test farmer perceptions of EWUP trecammended practices.
Included in the evaluation questionnaire were items concerning land
leveling. The following goals for land leveling were presented to the
farmer:

1) To eliminate high and low spots in the field,

2) To establish an easy advance for the water,

3) To allow farmers to use less water feor irvigating,
4) To create good water distribution,

5) To improve the quality of the land.

6) To vemove the need for surface drainage.

7) To decrease irrigation time.

8) To decrease labor necessary to irrigate.

- - — - o . - -

y Unpublished data (EWUP Kafr E1-Sheikh Team, 1981c)



Farmurs were asked which benefits they observed during the season. The
results are summarized here.

Many farmers stated that land leveling eliminates high and low spots
in the field. Seweral farmers emnphasized that yield was increased due
to land leveling since inundation in low spots decreases yield, In
same cases farmers, while agreeing with the concept of land leveling,
complained that the land leveling work itself was not carried out
satisfactorily. The related benefits of easy advance and good water
distribution were also mentioned by the majority of farmers as results
of land leveling.

Most of the farmers stated that land leveling decreases the water
required for irrigating. They suggested that they needed to use the
saqia for less tine and this eased the work of their animals. In a
few cases fammers said that the labor requirement for irrigation was
reduced. Several farmers also stated that land leveling decreased the
need for surface drainage.

Many farmers stated that land leveling improved the quality of their
land. Soil texture was improved as large soil chunks were broken down
by the grinding action of earth moving and smoothing. Filling in of
the cracks caused by the vertisol soil type also was cited as a bene-
fit of land leveling work.

In general, such site conditions as larger farms and relatively fixed
crop patterns and fallow times facilitated the ability of the Kafr
El-Sheikh Team to do land leveling. Abu Raya farmers are also mote
aware of the benefits and need for leveling since paddy vice is part
of the votation. Such factors such & relatively larger available
stream sizes and accurate assessment of infiltration changes through
the irrigation season facilitated the ability to construct improved
farm irrigation systems in vhich the designed systems outperforined the
conventional system.

Abyuha, El Minya

On-farm water management measurements have been taken and irrigation
trials of 101n runs on leveled land have been conducted at the EWUP
Abyuha site — . Data concerning these trials are shown in Tables 9

- et - > oo v - -

A Unpublished data (Wafik, et al., 1982 and Awad, et al., 1962)
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and 10. Table 9 presents a detailed description of the various trials
including field dimensions, land leveling and basin configuration.,
Results from the trials are shown in Table 10. Applied water depth
and average stream size were weasured by cutthroat flume. Soil
sanpling wes used to determine water stored. Minimun stream size was
determined from the total available stream and the width of the field
irrigated as & unit when known. The unit area stream was estimated by
dividing the total stream by the total field area. Actual unit avea
stream would be based on the area of the field irrigated as a unit.
The following paragraphs provide a summary and analysis of vesults
from irrigation trials at Abyuha.

Ouring the 1980/81 winter season in Abyuha, two farms on Mesqa 7 were
leveled to dead level. On Famm 1, wheat was planted in the conven-
tional small basins (but leveled land) and in one level long border
strip (6.2 m x 133 m). On Farm 2, broad beans were planted in the
conventional small basins with furrows spaced at 60 cm (on leveled
land) and in two strips of long level furrows. One strip was 6.5 m x
100 m with furrow spacing of 60 cm. The second strip was 6.5 m x 100
m with furrow spacing of 90 on. Several farms growing wheat in the
conventional small hasins on unleveled land were measured for documen-
tation of the results obtained by these methods (fatms on Mesqas 13,
22, 26). Sumtmary vesults of these measurements are presented in
Tables 9 and 10.

The most striking result to be noted in Table 10 when comparing the
wheat crop results (tests 1-3) is the significant reduction in irriga-
tion time on the leveled land, regardless of whether small basins or
long runs were used. The conventional small basins showed an average
stream size of about 65-70% of the average stream size used for the
basins on leveled land, hut at the same time required ‘on average)
move than twice the amount of time to irrigate one feddan. It is
noted also that the application efficiency was higher on the leveled
land (70-75% vs. 61%).

The single long level basin performed almost as well as the small
basins on lewveled land. The small basins showed slightly better
efficiency and less total water applied. Figure 17 shows application
efficiency vs. stream size for individual irrigations on the long
basins and small basins (both on leveled land). There is a large
amount of variability; however, a general trend of lower application
efficiency for the higher stream sizes is indicated. Several physical



Teble 9.

Nescription of various treatments for icrrigaticn trials at Abyuha, 1980-19E1,

Test Seascn Crop Location Field Dimsnsionsll Conditicns/Practices
MNutbar
width isngth Are Laod Basi: Configuretic
;m) (m) (",2? LB\’BAIHg
1 wWinter 198C/.1| wWheat Farm 1, Meeqa 7 6.3 133 838 Yes Lorg basin (E.3 m x 133 m)
2 wWintar 18BG/81| Wheat Famm 1, Mgsqa 7 13 50 645 Yes Small basins
3 Winter 1980/81] Wheat 6 Faoms, Mesqas 13,22,26 - . - 130-1230 No Small basins
& winter 1380/81{ Beans Farm 2, Mesqa 7 6.5 100 650 Yes Long furrows
(60 om spacing, 100 m length)
5 winter 198C/61| Beans Farm 2, Meaqa 7 6.5 100 650 Yes Long furrows
(S0 om spacing, 100 m lenzth)
6 Winter 1980/81} Beans Farm 2, Mesqa 7 12.5 100 1250 Yes Short furtows in srall nesins
7 Sumar 1980 Cotton | 5 Fams, Nesqas 5,9,13,30 - - 227-1414 No Short furrows in grall teosins
8 S:amar 1980 Corn Farm 6, Mesqa 13 41-13 37-65 | 412- 734 No Short furtows in sTall Gasing
9 Suorer 1981 Cotton | Farms 7 & B, Msega 26 - - 715-2976 Yas Short furtows in stall tesins
1c Sumer 1481 Cotton | Farms 7 & B, Mesqa 26 7-15 120 860-1740 Yes Long furrows (60 on sgecirg)
1 Sower 1981 Corn 2 Farms on Mesqas _7,25 - - 638-3137 Yes Short furrows in small basins
12 Sumrer 1881 Corn Famm 1, Mesqa 7 5.5 171 840 Yes Long furrows
1120 & 140 om specing, 171 = le~zihl)
13 Summer 1961 Corn Farm 9, desqa 26 14 124 1736 Yes Long furilws
(60 on spacing, 124 m length)
1/ Avea irrigated varied from irrigation to irrigation due to watsr movement to and from adjoining fields.

€9



TaLie 10,

Summary of results from irrigation trials at Abyuha, 13980-1381.

Tast ‘.'raat.rrentll Nuber of Total Total Total | Average Strean | Minirwua Unit,,/ Unit Area_ \ Efficioncy

Nunher Ircigationg lcrigation| Dapth Dopth | Size Available | Streus Size,=’ | Strean pize™ £, ¥
1 Time Applied | Stored | at Field Inlet, | G, (lps/m) or Qu sr

(min/ fed) | (cm) (cm) Q (1ps) (1ps/ furtow) [(lps/m)xiCCY Ejf (%)
1 Long level basin 6 2358 57.3 40.1 18.5 2.95 2.22 70
2 €rell lavel basin E 2094 49.6 | 36.9 17.0 - 3.15 75
3 Conventisnal small 6~7 4308 62.2 37.8 12.0 - 2.132 81

unlevelad basin

4 Long level fucrows 5 2240 48.0 34.8 17.3 1.7 2.61 71
5 Long lavel furrows 5 1738 39.4 30.3 20.3 2.8 3.1 77
6 thort level furrows 5 2399 45.8 28.7 15.9 - 2.12 4
7 Shart unlevel furtows S-10 8277 8.5 56.2 10.7 - 1.82 &5
t Short wnlevel furrows 10 7158 87 52.5 9.1 - 1.67 €2
9 Short levsl furrows 1 2602 102 61.2 25.0 - 1.52 &0
30 Long level furrows 1" 3730 128 61.8 26.4 1.9-2.0 2.44 42
11 Short level furrcws 8 3122 80.3 43.3 23.1 - 1.54 ]
12 Long leval furrows 7 2344 63.5 40.0 18.9 4.0 2.01 z
13 Long level futTows 8 1978 67.9 38.7 25.2 1.1 1.45 114

1/ Corclete description in Table 11.

2/ Net elways known since & varying numbac of basins were irrigated &t one timae,

3/ Based

4/ See Cafinitions,

on total field &rea.

Conveyance losses ars me

egual to on-fem icvrigation efficiency,

gligible at Abyuha and application efficiency , E;, is numerically
Eif.

v9
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APPLICATION EFF. VS STREAM SIZE

100 ABYUMA, WINTER 1928182
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Figure 17. Stream size vs. application efficiency for basins, wheat, Abyuha,
winter season, 1980-1981. Data points represent individual
irrigations.
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factors contribute to this, plus there is a management factor (when to
irrigate and how much to apply?) which appears to affect the results
obtained. Numerous observations at Abyuha indicate that the available
stream size is widely variable. This coupled with the observation
that soils at the site exhibit a high, vapid infiltration vate when
dey and cracked and a much lower infiltration vate when soils are
wetter can tend to cause results to occur which are contrary to
established thinking. Management of farm irrigation systems under
such conditions must be wvery careful in order that irrigation timing
and application vates are appropriate for the conditions which may
exist at the time of icrrigation. Design dimensions of level basins
must also be appropriate for the wide range of expected conditions.

Analysis of design conditions for level border strip irrigation in
Abyuha (test no. 1) aids in understanding the results obtained in
Table 10 aend Figure 17. Using the USDA-SCS design model for level
border ivrigation (Cates and Clyma, 1980; USDA, 1974), several designs
to simulate results for various conditions were formulated. Two cases
were studied: 1) initial season conditions when infiltration rate is
high (SCS Intake Fanilyl of 1.0) and soil is dry (100 mm design
depth) and 2} mid-season conditions when intake vates are less (SCS
Intake Family of 0.5) and soils are wetter (design depth of 70 nm).
These sets of conditions are based on soil moisture conditions at the
area with variation through the season, on qualitative observations of
soil conditions (intake rates, cracking and swelling, etc.) and on the
similarity to soils in Abu Raya and Beni Magdul.

For the initial season conditions for test no. 1, the design model
indicates a unit width stream of 6-7 lps/m i< necessary for rapid
coverage and an application efficiency of 90%, while for the mid-
season conditions a unit strean of 3-4 1lps/m is desirable for main-
taining 90% efficiency. In Table 10 it is noted the average seasonal
unit stream for test no. 1 was about 3 1lps/m. Complications were
noted with border dikes/bunds being of insufficient size to contain
the water flow during irvigation, and leakage through the dikes was
aslso present. These two conditions further reduced the effectiveness
of the average 3 lps/m stream, For the first irvrigation of the long
strip, the available strean was large (25 1lps) but the resulting effi-
ciency low ( 57%). 1In this case, the unit stream was only about 4

1/ See Definitions.
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lps/m. This is only about 60-65% of the stream size indicated by
design. So in this case, even though the available stream was large,
it was not large enough. For the measured stream the border strips
should have been narrower or shorter. During the season, there was
also an irrigation on the long strip when the available stream was
high (23 1lps) but the efficiency low (53%). For this case, the unit
stream was in the proper vange (being about 3.6 1lps/m), but a light
application was needed (less than 70 my in this case). The farmer
irrigated too long applying too much water. The strean should have
been shut off earlier. This indicates that fammers will need to learn
to manage long vtuns by gaining experience with use of the larger
strean size and by irrvigating the proper amount of time for the con-
ditions at any given irrigation. If strip dimensions for level long
tuns appear to be on the order of 6-7 m width by 130 m length, then
delivery of water must be improved to consistently supply 30-35 1lps at
the farm inlet. This assumes some compranise between intial and mid-
season conditions, but with proper management overall seasonal average
rvesults should be very acceptable.

Results fron the 1980/81 wheat trials (test nos. 1-3) showed that the
long level tuns performed just as well as the small basins (when both
are on leveled land). The long level runs performed much better than
the small basins on unlevel land. The long lewel strip dimensions
were not entively appropriate for the given design conditions. It is
projected that if the long runs are designed according to the present
conditions or if the available stream is provided at a consistent
magnitude of about 30-35 1ps, then long level runs such as those
tested would be an improvement over the small basins. This would be
in terms of water savings, improved efficiency and labor savings (both
irrigation time and system construction), Along with further area
development, mechanization of the farm systems could be facilitated in
Abyuha.

A review of the results for long level furrows vs. small hasin furrows
on level land for broad beans during the winter B80/81 season is shown
in Table 40 (tests nos. 4-6). Owerall, the long level furrows pec-
formed better (higher efficiency, reduced time). Figure 18 is a plot
of the application efficiencies vs. strean sizes for the individual
irrigations on the three plots of land having differenct furrow
systems (see Table 10). A high degree of variability is seen,
although a possible general trend for efficiency to be less for the
higher stream sizes is again indicated. Design analyses using the
USDA-5CS design rmodel for level furrow ivrigation (USDA, 1979) for two
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APPLICATION EFF. VS STREAM SIZE

100 FURROWS, ABYUHA, WINTER 1981-82
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furrows in basins, broadbeans, Abyuha, winter 1980-1981. Data
points represent individual irrigations.
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sets of corditions similar to those discussed for level border systems
for wheat were performed. 1In general, these analyses show that furrow
strean sizes (for the 100 m vun length, test nos. 4 and 5) should be
at least 2.0 1lps/furcow for both 60 on and 90 on spacings for the ini-
tial season condition and a low as 1.50 lps/furrow for the mid-season
conditions.

Data in Table 10 show that these furrow flow rates were, on average,
available. For the individual irrigations, the high variability in
stream size, infiltration vates, soil water deficits, etc. caused a
large fluctuation in rvesulting efficiencies (as discussed for the
level border trial), indicating a need for development of management
expertise on the part of the farmer to learn how to effectively use
the large streams on long level furrows. It is noted for this trial
that the long level furrows performed better at the wider spacing.
This agrees with concepts discussed previously which dictate that
large, well-constructed and maintained furrows are necessary for effi-
cient level furrow irrigation. This condition is easier to achieve
with the wider furrow spacing. Some of the lower efficiencies
vesulting when the higher flow rates were available are due to leakage
and overtopping of inappropriately sized furrows.

Results of measurements made to determine irrigation practices on cat-
ton and corn during summer 1980, and results of irrigation trials on
cotton and corn during summev 1981 and also presented in Tables 9 and
10 (test nos. 7-13). The irrigation trials en cotton were of long
level furrows (L = 120 m at 60 on spacing) vs. the conventional small
basin furrows on level land. Trials con corn were of long level
furrows (L = 171 m at spacings of 120 on and 140 om; L = 124 m at
spacing of 60 on) vs. the conventional small basin furrows on leveled
land. The 1980 results for both cotton and corn (test nos. 7 and 8)
show very long irrigation times with relatively small average stream
size for the conventional methods. The canventional small basins on
leveled land in 1981 (test nos. 9 and 11) show much smaller average
total irrigation times, but the average stream sizes were higher. The
trials on unlevel canventional basins in 1980 showed higher average
efficiency than the 1981 trials on leveled fields. The explanation
for this unexpected vesult is not known. The long level furrows for
cotton (test no. 10) showed an average efficiency of only 48%. This
is most likely due to problems with furrow size and poor maintenance
through the season. Spacing was 60 on., Observations during irriga-
tion indicated that the furrows were ineffective for controlling the
streans due to leakage and overtopping.
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The long level furrows for corn show similar vesults, although the
average efficiency was higher. For one set of long furrows on
Mesqa 26 (test no. 13), the average stream size per furrow was 1.1
lps. This was too small based on previous discussion of design con-
siderations and indications for level furrow irvrigation in Abyuha.
The major prablems with level furrows in Abyuha seem to stem from the
poorly constructed and poorly maintained furrows used for the long
vuns and insufficient furrow stream.

In Figure 19a, average seasonal water application efficiency is
plotted with average seasonal stream size available at the field for
the various conditions of irrigation trials conducted at Abyuha.
Three categories can be defined in which the plotted results are
grouped:

1) Results from unlevel farms using the conventicnal small basins,
where average efriciencies are fram 60 68% for average streams from
8-15 l1ps.

2) Results fron leveled farms, where 4 of the 5 data points are for
long vuns, where average efficiency is from 63-77% for average
strveams from 17-20 1ps.

3) Results fram lcveled farms on Mesqa 26, both conventional small
basins and long vuns, where improvements to the mesqa were made to
provide consistently large streams for gravity irrigation; here
average efficiencies vanged from 47-60%, while average strear.
ranged from 23-29 1ps.

Excluding the recults from Mesqa 26, it can generally ko said that
precision land leveling and use of long runs has resulted in slightly
higher efficiencies utilizing slightly greater average stream sizes.
Due to the limited amount of da:a, however, this is only an indica-
tion, not a conclusion. These data vesults tend to support the
theoretical discussions presented earlier for the need for land
leveling, etc. The long vtuns (long furrows and long level basins)
were not entirely successful due to design problems. Given that
design dimensions are adjusted for the actual design pacvameters or
that the available stream size is consistently large, then design ana-
lyses indicate vesults would have been better.
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APPLICATION EFF. VS STREAM SIZE
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In Figure 18b, average seasonal water application efficiency is
plotted ws. unit area streem size based on total field area. A
general trend for epplication efficiency to increase with unit stream
size is observed, Since the area irrigated as a unit was not
measuted, results are mot conclusive. However, it can be seen that
the discharge per unit area for farms with long rums on Mesqa 26 was
not adequate for efficient ircigation. A smaller basin size would
have led to better results.

Another management problem led to lower efficiencies on Mesqa 26.
Farmers were inexperienced in wutilizing the large stream sizes
available &. the farm inlet. This is supported by the fact that the
low efficiencies were obtained by both the case of the conventional
small basins (a system the fammer is used to) as well as the case of
long runs. Two trials of the Mesqa 26 date were for conventional
small basins, while two were for long tuns, The management element
(particularly in this case: how much to apply and wher to stop) is an
integral component of the improvements to the famm system, Two other
components of famn system improvement, precision land leveling and
farm irrigation system design, may tepresent significant changes to
the traditional farmer operation of his system. Learning to operate
and manage the new systems and gaining experience with them is
necessary in order to obtain improved on-famm icrigation results.
Significant input in edvising and teaching farmers on the rew systems
and how to use them will be necessary as changes are made. The deve-
lopment for Abyuha included improvement of the delivery systen to pro-
vide large streem size with good head for gravity irrigation, as well
as improvement of farm access for possible mechanization by elimi-
nating mesqas and building roads.

In conjuction with these delivery system developments, peecision land
leveling, farm irrigation systen design and proper system management
also needed to be implemented. Fields which lay between mesqas were
often irvigated from both ends with a low spot in the field midway
between the two mesqas. Precision land leveling was necessary to
ensure that icrigation could be accomplished from the remaining
mesqa if one was eliminated. Long tuns were used to facilitate mecha-
nization. With consistently lacge stream sizes available, the
improved farm system has the potential to operate efficiently if bnth
the water delivery system and the farm irvigation system are properiy
managed,



V. SUMMARY

This veport provides a summary of the famm irvrigation system studies
conducted by the Egypt Water Use and Management Project at its work
sites in the Upper Delta, Middle Egypt and Nile Valley. A brief over-
view of the potential problems with on-farm water management at the
three sites resulting from these studies is provided. The focus of
the report is to present results of famm irrigation trials which were
designed to test suggested solutions to the problems identified.

Typically, conventional farm irrigation methods used at the three
sites are flooding of small flat basins or small basins with furcrows.
The basin size is a function of many factors such as field lewvelness,
farm size, crop, crop pattern, ownership patterns and water supply.
Farms are relatively larger at Abu Raya in the Lower Delta so basins
are larger, while at El-Mansuriya (Middle Egypt) and El-Minya (Nile
Valley) the farms are smaller and individual basins also smaller. A
common problem at all three sites has been shown to be unlevel fields
ov a large degree of variation of sucface elevation within individual
irrigated basins. Potential problems with the small basin systems
include the high labor inputs necessary for construction and for irei-
gation. At the same time, to mechanize such faom systems is dif-
ficult.

To set the stage for review of the results of ivrigation trials, a
review of serveral key concepts in farm icrrigation systems is pre-
sented. This includes discussion of the effects of unlewel fields,
stream size, svil characteristics and basin configuration on irriga-
tion water management.

Precision land leveling to dead level and use of long level border
strips or level furrows have been central practices in attempting to
improve farm irrvigation water management at the three sites. The
abjectives of trials to test suggested solutions were to increase
efficiency, save water, save icvrigation time and labor, and improve
the water table and soil salinity conditi. @ shich are affected by
overirrigation. The irrigation trials conducted are reviewed for
their impact in meeting the above objectives, and if tesults were not
successful, analysis is provided to show why. For trials showing
undesirable results, modifications or adaptations to the practices are
suggested which should enhance theiv ability to improve on-farm water
management,



The trials conducted at El-Mansuriya (Beni Magdul) site were of
limited success. The major constraint to success in the trials was
the fact that the design dimensions (of long basins or of long
furrows) were inappropriate for the given site conditions, pac-
ticularly the available strean size. Generally, the strean size
available during irrigation for these trials was too small for the
given design area to ensure rapid, efficient coverage of the strip or
furrow. Famm size is extremely small and varied in the area and far-
mers prefer to grow a large variety of crops. The ability to perform
precision land leveling in the area is limited due to crop pattern:
and the limited access to famm machinery. Measurements from Mesqa 6
in Beni Magdul show that fammers do a relatively goocd job of irri-
gating using their small basins. In this case, the efiect of unlevel
fields is less critical. Thus, it may be that the suggested solutions
are inadequate for the area due to the numerous onstraints. An eco-
nomic analysis which compares the costs and benefits would assist the
decision,

In Abu Raya, Kafr El-Sheikh, the irrigation trials of precision land
leveling and farm irrigation system design improvements have been much
more successful. Famms as well as individual Lasins are relatively
large, the crop pattern and rotation is relatively orderly, and famm
machinery access 1is not severely constrained so that precision
leveling is nore easily accomplished. Implementing level border and
level long fur ~ow designs in Abu Raya has provided more control in the
application of irrigation wvater than farmers normally have with the
conventional basins of all shapes and sizes. The benefits of improved
efficiency, water savings, labor and time savings have consistently
been demonstrated over several seasons. Further improvements to the
farm systems such as improvement of marwas for better on-farm water
delivery and distribution (also significant water savings) and the
rvemoval of non-productive open field drains (to increase productive
land area) have contributed to the benefits demonstrated. All of
these practices have had no observed adverse effect on water table
conditions; and with paddy vice in the two-year crop votation, soil
salinity can effectively be controlled.

In El-Minya, the irrigation trials met with the same problems as
encountered in El-Mansuriya. The lengths and widths of the long tuns
attempted were generally inappropriate for the existing design con-
ditions, especially the available stream size. Another important fac-
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tor demonstrated in El-Minya trials has been that precision lewveling
and farm irrigation design changes are not sufficient in themselves to
produce improvements., Management of water on the farm is a key ele-
ment to also be addresserd. This is evident in the fact that on
Mesqa 26 wheve improved water delivery provided consistently large
available streams, farmers using long runs ov small basins did equally
poorly in managing the large streams.

The results of the trials at each of the three areas indicate that
improvements must be based on the local conditions. Where conditions
are similar (from farm size to crops to irrigation water delivery
characteristics to soils), then similar solutions could be feasible
over the entire area. In general, practices such as precision
leveling, farm irrigation design (level border strips or level long
furrows) and improved water management can bring about improvements,
but only when properly applied.

VI. CONCLUSIONS

Precision land leveling to dead level and farm irrigation system
design (long level basins and long level furrows) are practices which
can produce improvements to the conventional farm systems used in
Egypt. It is necessary that farm water management advisory assistance
to fartmers be provided wit® the above, as these practices can result
in significant changes to i.e farm system. Such changes require that
the irrigator adapt and learn, and gein experience before the full
potential benefits are realized.

EWUP experience with the suggested famm irrigation system improvements
has produced mixed results: some successful and some not so success-
ful. Those trials and results which were not so successful were ana-
lyzed to identify what modifications are necessary before success is
achieved.

In El-Mansuriya on Mesga 6 served by Beni Magdul canal, icrrigation
trials of long, dead level basins and furrows indicated that farmers
could irrigate just as good or better with the conventional small
basin systems, Design analysis showed, however, that the design
dimensions used in the tests were not entirely correct for given design
conditions in the area. 1In particular, the effects of a relatively
small and highly vaviable irrigation stream, and of veriable infiltra-



tion rates through the season were not adequately accounted for. This
vesulted in less than optimal performance of the long level systems,
Altnough results were not so successful, the practices tested should
not be abandoned. Modifications and adaptations can and should be
made either in the form of increasing the size, dependability, regu-
larity, consistency of delivery, etc. of the irrigation stream by
improving the water delivery system. Conversely, the famtm systems
could be designed for the present available stream (which means
shorter tuns, narrower strips, fewer furrows irrigated per set, etc.
than those tested) The major question to be answered will be cne of
whether this is feasible for en area such as El-Mansuriya. The large
variety of crops, and the small farms and fields tend to heavily
constrain the ability to do precision land leveling and redesign of
farms except on an individual basis. It is doubtful that such an
approach is economically viable, i.e., whether the expected benefits
will outweigh the costs.

In El-Minya, irrigation trials of long level basins and furrows were
also of limited success. Those trials showed farmers using small
basins could do as well or better than by using the systems tested.
Again, however, a design analysis shows that the design dimensions
tested were inappropriate for the given conditions. Major factors
which limited the performance of the long basins and furtows tested in
El-Minya were the available stream size, infiltration vates and lack
of proper water control at the designed boundaries (i.e., poorly
construcced dikes, furrows too small and not ‘weil-maintained). The
practices of precision land leveling and long level basin or long
level furrow design should not be abandonad in this case either. The
developments in the Abyuha work plan clearly indicate the neec or
leveling and long rvuns (particularly, when meeqas ave being
ciiminated). Improved farm access will facilitate the leveling as
well as other mechanization; the long vuns will also greatly aid
mechanization. Given that the planned improved delivery of wa..c in
the new system design gives a consistently large stream (7-30 1lps) at
each farm inlet, then the long runs as tested should perform well.
Further design evaluation is necessary in this cas: to be sure the
appropriaete strip widths and/or number of furrows to irrvigate per set
are utilized. Results from Mesqa 26 (after improvements there pro-
duced larger stream sizes) show that a key element to success will be
teaching farmers how to manage the larger streams as well as the new
farm systems. In other works, providing leveling, long runs and a
large stream will not yield improved water management unless water
management practices are addressed specifically also.
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Finally, in Kafr El-Sheikh, trials of precision land leveling, famm
irrigation system designs and on-farm water management advisory ser-
vice yielded important improvements on the farms there in terms of
water savings, efficiency improvements, time savings and labor
savings. Several key factors common to the farm systems there aided
the success of the trials. These included relatively larger famms,
large available stream sizes provided by the larger eaqias  and
understanding on the part of the farmer of the benefits of leveling to
dead level (due to the paddy rice grown in the area).

Farm design improvements (improved marwas, improved farm layouts,
improved water control boundaries and field dimensions) tested in Kafr
El-Sheikh were based on the actual measured conditions which affect
design of farm systems significantly (i.e, available flow rates, soil
infiltration vates, etc.). This dependence on actual measured con-
ditions was the major contributing factor to the success of the
systems tested. As a result of major improvements in on-famm icriga-
tion efficiency demonstrated in Abu Raya, water is saved through
decreases in surface drainage and deep percolation. A portion of deep
percolation water may be reused on farm through water table contribu-
tion to evapotranspiration. Elimination of surface water losses
represents water available for use elsewhere in Egypt. As horizontal
expansion of agriculture in Egypt is attempted, water saved on farms
in the old lands such as Abu Raya is needed to irrigate new lands in
the Nile Delta and fringe areas. Delivery system operation and mana-
gement must be upgraded end improved so that farm water savings can be
utilized and not simply allowed to flow to the drains.

The field testing and technicel feasibility of precision land
leveling, improved farm irrigation design and improved management
practices for improving on-farm water management have been established
in the vesults of the trials and the analyses included in this veport.
In soe cases, technical mpdifications were found to be necessary to
achieve success. Economic fessibility of the suggested improvements
has not been addressed in this teport. Further economic analysis to
establish benefits and costs is necessary.

A final conclusion must be drawn. Much of the success of EWUP work
reported herein would have not been possible without the willingness
and cooperation of farmers involved to allow EWUP pecvsonnel to work on
their farms and test various irrigation practices. The willingness,
cooperation and interest on the farmer's part generally suggest that
the fammer's feel a need for imprcsed methrds and sre the major fac-
tors in bringing about improved irrigated agriculture in Egypt.



VII. RECOMMENDATIONS

Recommendations derived fron and based on the work and rvesults
veported herein have been developed end are aimed specifically at two
levels of the irrigation system in Egypt:

1) Water delivery system improvements: Fram the experience with limi-

2)

ted and highly variable stream sizes at El-Minya and El-Mansuriya
and with inequitable water distribution in the canals and mesqas of
all three areas it is recomended that significant effort to
improve the physical conditions of canals, mesqas and structures on
these watercourses and to improve operation and maintenance of
these watercourses be expended. It was seen that the significant
irrigatici improvements at the famm level are in major part due to
the size, dependability, consistency of delivery, etc. of the
available irrigation stream at each farm inlet. Improvements to
the delivery system physically and in operation and meintenance
should have the goal of supnlying dependably, consistently avail-
able stream size of 25-30 lps at each farm inlet. This will allow
efficient use of the lewvel farm irrigation systems of the dimen-
sions tested end veported on herein.

On-famm irrigation system improvements: Improved farm irrvigation

system designs and precision land leveling are needed on farms
throughout Egypt if the three sites studied are considered a repre-
sentative cross-section. These factors aré effective only when
propecly applisd, i.e., designs vhich are formulated according to
the local ov area design factors/conditions; precision land
leveling only in areas where it is physically and economically
feasible, etc. Teaching and advising farmers on improved water
management practices (how to irrigate, when to irrigate, how much
to apply) for the new systems is a necessary element to be imple-
mented with the first two practices.

Famm irrigation system improvements can only be effected through
involvement and cooperation of the farmer. E fective organizaticns
patterned after the teams of EWUP's three study sites are means for
gaining the farmers' confidence, for close collaboration with far-
mers in implementation of improvements and for carcying out the
necessary teaching and advising on a long-term basis described
earlier,
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Con:inued research in water delivery grohlems and farm irrigation
system problems will be necessary to complement the information
alceady collected by EWUP as improvement programs ave expanded into
other areas of Egypt.
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APPENDIX A

Maps of Irrvigation and Dreinage
Systems at the Three EWUF Work
Locations



Figure Al. El-Mansuriya Project Location showing areas served by Beni Magdul and El-Hammami

distributary canals.


http:A.-a.-.te

B Y

Figure A2.

Abu Raya, Kafr El-Sheikh Project Location showing

Daqalt distributary canal.

HAIK DRAMN

- - COLLECTOR DRLN

et @ m——— ROAD

area servad by the third reach of

T T

- 88



CANAL
MmEscA

RCAD o e
DRAIN r=sr=om

4 esaxwm e
-]
m
-
-

\
\
AN
i
|

e &
S
e

W,
\\E
\
Ve

e
’.
iy %
*
£ =
o 9 g /; o
oS = ) .
— | = = S
o, == GTAC :
! = \'"““ ’
: . o = F /.1,\\““% - N—a '
ROM FLZOH 1R e T oM :
' e ‘oz
-
—_ =
F SCAlF e e )
[ RS [ &} 1tm
- - t

Figure A3. Abyuha, El-Minya Project Jocation showing area served by Abyuha distributary canal.

-68_



90

APPENDIX B
AMERICAN EQUIVALENTS OF EGYPTIAN ARABIC
TERMS AND MEASURES COMMONLY USED
IN IRRIGATION WORK

LAND AREA IN SQ METERS IN ACRES IN FEDDANS INHECTARES
1 acre 4,046.856 1.000 0.963 0.405
1 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 2358.048 100.000
1 sq. mile 259 x 108 640.000 616.400 259.000
WATER MEASUREMENTS FEDDAN-CM ACRE-FEET ACRE-INCHES
1 bililon m 3 23,809,000.000 810,710.000
1,000 m 2 23.809 0.811 5.728
{,000 m 2 /Feddan 23.809 0.781 9.372

(= 238 mm 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
1 ardab/feddan = 5.41 bushels/acre
1 kg/feddan = 2.12 Ib/acre
1 donkey load = 100 kg
1 camel load = 250 kg
1 donkey load of manure = 0.l m?
1 camel load of manure = 0.25 m?
EGYPTIAN UNITS OF FIELD CROPS

CROP EG. UNIT IN KG IN LBS 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 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
Fenugreeck ardeb 155.0 341.41
Cotton (unginned) metric gintar 157.5 346.92
Cotton (lint or ginned) metric gintar 50.0 110.13

EGYPTIAN FARMING AND IRRIGATIO N TERMS

fara = branch

marwa = small distributer, irrigation ditch

masraf = field drain

mesqga = small canai feeding from 10 to 40 farms

girat = cf. English "karat®, A land measure of 1/24 feddan, 175.03 m?
garla = village

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

sagia = animal powered water wheel

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

Optimal Design of Border Irrigation
System

Population Growth and Development
in Egypt: Farmers' and Rural
Development Officials’
Perspectives.

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

The Rotation Water Distribution
System vs. The Continual Flow

Water Distribution System,

El-Hammami Pipeline Design.

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

Farm Record Summary and Analysis
for Study Cases at Abyuha,
Mansuriya and Abu Raya Sites,
79/80.

Agricultural Pests and Their
Control: General Concepts.

Problem Identification Report
for E1-Minya

AUTHOR

J. Layton and
M. Salizm

J. B. Mayfield &
M. Naguib

G. Ayad, M. Skold,
& M. GQuenemoen,

J. Mohan Reddy &
W. Clyma

J. Mchan Reddy &
W. Clyma

J. Mohan Reddy &
W. Clyma

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

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

M. El-Kady,
J. Wolfe, &

H. Wahby

Fort Collins Staff
Team

W.0. Ree,
M. El-Kady,
J. Wolfe, &
W. Fahim

F. Abdel Al,
& M. Skold

E. Attalla

R. Brooks
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TITLE

Social Dimensions of Egyptian
Irrigation Patterns.

Alternative Approaches in Extension
and Rural Development Work:

An Analysis of Differing Perspective
In Egypt.

Economic Evaluation of \Wheat
Trials at Abyuhz, El-Minya
Governorate 79/80-80/81.

Irrigation Practices Reported
by EWUP Farm Record Keepers.

The Role of Farm Records in
the EWUP Project.

A nalysis of Farm Management
Data From Abyuha Project Site.

Accessibility of EWUP Pilot Sites.

Soil Survey Report for Abyuha Area
Minya Governorate.

Soil Survey Report for Abu Raya
Area, i{afr El-Sheikh Governorate

Farm Irrigation System Design,
Kafr El-Sheikh, Eqypt.

Discharge and Mechanical
Efficiency of Egyptian
Water -Lifting Wheels.

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

Precision Land Leveling On Abu Raya
Farms, Kafr £}-Sheikh Goverr. rate,

Egypt.

On-Farm Irrigation Practices for Winter
Crops at Abu Raya.

AUTHOR

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

M. Sallam &
E. C. Knop

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

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

F. Abdel Al
&: D, Martella.

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

A. El-Kayal,
S. Saleh, A. Bayoumi
& R. L. Tinsley

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

A. A. Selim, M. A. E1-Nahal,
M. A. Assal & F. Hawela.

Kafr E{-Sheikh Team as
compiled by T. W. Ley

R. Slac!:,
H. Watiby,
W. Clyma, & D. K. Sunada

R. Bowen and
R. A. Young

EWUP Kafr E1-Sheikh
Team, as compiled by
T. W. Ley

A. F. Metawie, N. L. Adams,
& T. A. Tawfic
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TITLE

A Procedure For Evaluation
Crop Growth Environments For
Optimal Drain Design.

The 'nfluence of Farm Irrigation
System Design and Precision Land
Leveling on Irrigation Efficiency and
Irrigation Water Management.

Mesga Renovation Report.

Planning Irrigation Improvemente
in Egypt: The Impact of Policies
and Prices on Farm Income and
Resource Use.

Conjunctive Water Use - The State
of the Art and Potential for Egypt.

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

Hydraulic Design of a Canal System
For Gravity Irrigation.

Water Budgets for Irrigated Regions
in Eqgypt

A Meathod for Evaluating and Revising
Irrigation Rotationcz.

Farming Systerm of Egypt: With Special

Reference to EWUP Pjoject Sites.

Farming System Economic Analysis
of EWUP Study Cases.

Structural Specifications and
Construction of a Canal System for
Gravity Icrigation.

Status of Zinc in the Soils of Project
Sites.

Crop Management Studies by EWUP.

Criteria for Determining Desirable

AUTHOR

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

T. W. Ley, M. El-Kady
K. Litwiller, E. Hanson
W. S. Braunworth,

A. El-Falaky & E. Wafik

N. Illsley & A. Bayoumi
M. Haider & M. Skold

V. H. Scott & A. El-Falaky

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

K. (Gates, W. O. Ree
elal & A. Nasr

Ibrahim, T. K. Gates,

He
Helal, A Nasr,
r
0. Ree & M. Semaika

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

G
F.
F.

M
. Fawzy, M. Skold &
Abdel Al.

A

bdel Al, D. Martella,
& D. W. Lybecker

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

E. Nielsen

M. Abdel Naim

M. Abdel Naim
M. El-Kady, J. Woife &

Irrigation Frequencies and Requirements M. Semaika

and Comparisons with Conventional
Frequencies and Amounts Measured in
EWUP.
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Deslign and Evaluation of Water Delivery
System Improvement Alternatives.

Egyptian Canal Lining Techniques and
Economic Analysis

Infiltration Studies on Egyptian
Vertisols.

Cotton Field Trials, Summer, 1980
Abu Raya.

*4anagement Plan for a Distributary
Canal System

Hydraulic Conductivity and Vertica:
Leakage in the Clay-Silt Layer of the
Nite Alluvium in Egypt.

The Relation Between Irrigatien water
Managemenrt and High Water Tables in
Eqypt.

Water Quality of Irrigation Canals,
Drains and Groundwater in Mansuriya,
Kafr E1-Sheikh and E1-Minyva Project
Sites.

Watercourse Improvement Evaluation
(Mesqa #26 and Mesqa #10)

Influence of Soil Properties on Irrigation
Management in Egypt.

Experiences in Developing Water Users'
Associations.

The Irrigation Advisory Service: A
Proposed Organization for Irmproving
On-Farm Irrigation Management in
Egypt.

Sociological Evaluation of the On-Farm
Irrigation Practices Introduced in Kafr
El-Sheikh.

Developing Local Farmer Organizations:
A Theoretical Procedure.

The Administrative and Social
Environmentof the Farmers in an
Egyptian Village.

AUTHOR

T. K. Gates, J. Andrew,
J. Ruff, D. Martella,

J. Layton, M. Helal &
A. Nasr,

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

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

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

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

J. W. Warner, T. K. Gates,
W. Fahim, M. lbrahim,

M. Awad, & T. W. Ley.

K. Litwiller, M. El-Kady
T. K. Gates « E. Hanson

A. El-Falaky & V. H. Scott

R. McConnen, E. Sorial,
G. Fawzy

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

J. Layton and Sociology
Tearn

J. Layton and Socislogy
Team

J. Layton, A. El-Attar
H. Hussein, 5. Kamal &
A. El-Masry

J. B. Mayfield & M. Naguib

J. B. Mayfield & M. Naguib
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TITLE

Factors Affecting the Ability of Farmers

to Effectively Irrigate: A Case Study

of the Manshiya Mesqa, Kafr E1-Sheikh.

Impact of Turnout Size and Condition
on Water Management on Farms.

Baseline Data for Improvement of a
Distributary Canal System.

Considerations of Various Soil
Properties For The lrrigation
Management of Vertisols

Farmers's Irrigation Practices in
El-Hamnmami Sands

Abyuha Farm Record Summary
1979-1983

Kafr El Sheikh Farm Record Summary

El Hammami Farm Record Summary &
Analysis

Beni Magdul Farm Record Summary

Analysis of Low Lift Irrigation
Pumping

AUTHOR

M. Naguib & J. Layton

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

K. Ezz El-Din, K. Litwiller,
& Kafr E1-Sheikh Team

C. W. Honeycutt &
R. D.Heil

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

EWUP Field Team

EWUPR Field Team

M. Haider &
M. Skold

EWUP Field Team
H. R. Horsey, E. V.

Richardson
M. Skold & D. K. Sunada
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EGYPT WATER USE AND MANAGEMENT PROJECT

MANUALS

TITLE

Trapezoidal Flumes for the
Egypt Water Use Project.

Programs for the HP Computer
Model 9825 for EWUP Operations.

Precison Land Leveling Data
Analysis Program for HP9825 Desktop
Calculator

Thirty Steps to Precison Land Leveling

Alphabetical List of Some Crops and -
Plants with Their English, Eqyptian,
Botanical & Arabic Names and
Vocabulary of Agricultural and other
Terms Commonly Used.

EWUP Farm Record System

AUTHOR

By: A. R. Robinson.

By: M. Helal,

D. Sunada,

J. Loftis,

M. Quenemoen,

W. Ree, R. McConnen,
R. King, A. Nazr

and R. Stzalford.

T.W. Ley

A. Bayoumi, S. Boctor &
N. Dimick

G. Ayad

Farouk Abdel Al, David
R. Martella, and Gamal Ayad

*In Progress

TO ACQUIRE REPORTS LISTED IN THE ATTACHED

PLEASE WRITE TO:

EGYPT WATER USE AND MANAGEMENT PROJECT
COLORADO STATE UNIVERSITY
ENGINEERING RESEARCH CENTER
FORT COLLINS, COLORADOD 80523

Reports available at nominal cost, plus postage and handling.



