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Definitions

Meska - Generally speaking a "meska' is a privately owned tertiary
canal serving 30 to more than 200 feddans,

Marwa - In traditional irrigation systems a "marwa'" is a farmers
constructed field ditch serving a number of small (say 6
meters X 6 meters) basins,

Sakia - A water wheel, generally powered by animals for lifting
water from meskas to fields,

Tambour - A water lifting device usually powered by human labor,
also called "archemedian screw."



CONVERSION FACTORSl/

Area Sq. meter  Acre Feddan Hectare
1 feddan (fed) = 4,200.8335 = 1.03805 = 1 = 0.42008
1 acre = 4,046,856 = 1 = 0.96335 = 0.40469
1 hectare (ha) = 10,000 4 = 2.47105 = 2.38048 = 1
1 sq kilometer = 100x106 = 247.105 = 238.048 = 100
1 sq mile = 259x10 = 640 = 616.4 = 259
Water Use:

. 810,710 acre-feet
0.81071 acre-foot = 9.72852 acre-inch
0.781 acre-foot/acre = 9.372 acre-inch/acre
238 mm of rainfall

1 billign m3
1,000 m,
1,000 m~/feddan

Commodity Measurements

Egyptian Weight Weight

Unit in kg in 1bs
Cotton (unginned) Metric kantar 157.5 346.92
Cotton (lint or ginned) Metric kantar 50.0 110.13
Sugar, onion, flax straw Kantar 45.0 99.12
Rice (rough or unmilled) Dariba 945.0 2081.50
Lentils Ardeb 160.0 352.42
Clover Ardeb 157.0 345.81
Broadbeans, fenugreek Ardeb 155.0 341.41
Wheat, chickpeas, lupine Ardeb 150.0 330.40
Maize, Sorghum Ardeb 140.0 308.37
Linseed Ardeb 122.0 268.72
Barley, cottonseed, sesame Ardeb 120.0 264.32
Groundnuts (in shells) Ardeb 75.0 165.20
Other
1 ardeb 198 liters = 5.62 bushels (U.S.)

1 ardeb/feddan
1 kg/feddan

5.41 bushels/acre
2.12 1b/acre

l-/From Contemporary Egyptian Agriculture, by H. A. Tobgy.




FARM SYSTEMS MANAGEMENT
BY
Dr. Hassan Wahby - Alyx*
(for the workshop to be held in New Mexico)

August 11-23, 1980

As irrigation water plays a major role in agricultural
production, attention must be given to its management.
There are many conflicting ideas regarding its management
and effect, upon crop yield. Excessive use of irrigation
water does not necessarily mean high production, although it has
been proven, farmers generally do not agree with stated evidences.
As a matter of fact, high crop yield can only be met if one
manages efficiently all resources and elements involved in the
systen. Soil and water conservation are the main elements in
the system, and must be fully utilized before achieving optimum
production. Farmers,attitudes seem to be a major constraint
to agricultural production concerning this point. This is
due to their culture, traditions, experience, and behavior
differences from one place to another, even in the same
country. Management concepts cannot be imposed upon farmers
unless they do believe in it, and this represents the most
difficult aspect of implementing water management programs.
Someti-mes, farmers respond to the extension services offered

to them by competent governments, authorities, and international

* Director, Egypt Water Use and Management Project



agencies for development if they can see and try different
practices as put forth by the goals of such projects.

However, the objectives of such projects cannot be accomplished
unless a very good farming system is adopted to maintain the
soil and control water application to farms. Such a system
will best meet the requirements of the plants over their
various growing stages. It is important to design a farming
system that can be operated efficiently with least cost. At
the same time, it should be flexible in order to give marginal
opportunities to decision makers to adopt policies and make
modifications for implementation according to the constraintg
that may occur. A pay-off system is not necessarily of a
modern type. The system adopted will depend to great extent
on the available resources of manpower and energy along the
costs of operation and maintenance. In order to implement
such a system with success, it should be designed to provide
quick serviee on highly technical grounds to ensure efficient
operation. This needs mutual cooperation and trust among

the scientific people working in this field with farmers.

In other words, an interdisciplinary group of engineers,
agronomists, sociologists and economists should be established
to work closely with farmers in order to avoid bias and to

make appropriate decisions.



Since farm management systems are very complex and
challenging, it.must attract those competént persons
concerned with food production. Asvpopulation in the world
increases rapidly, the demand for food increases. In the
last two decades, some countries which have run short of water
resources have faced shortage of food and/or suffered from
famine and starvation. Such incideats come to attention of the
United Nations and interantional agencies to take major role
in solving these problems which might threaten mankind.
Different approaches, options, and alternatives have been
exercised in order to identify problems and look for their
solutions. Through experience, it has been found that a highly
skilled level of management must be established to lay out the
principles and methods of soil and water management on farms

in very efficient and economic ways.

In order to upgrade the farm operation for a better crop
yield, and in order to design a farming system that pays off

in the short and long run, one has to consider the following

points:
1 From the Engineering Point of View
a. Water Management

In order to satisfy the needs of plants for water



over their growing stages, without subjecting them to stresses
of any kind,.either from shortage of ifrigation water or from
high water table an irrigation system should be designed to
provide them with the proper amount of water before reaching
the wilting point. This is in order not to subject plants to

stresses, or deficiencies under any circumstances.

The rise of water table from leaching and over-irrigation

may adversely affect the farm land leading to a serious loss

‘

of crop yield from salinity or poor aeration in the root 2zone un!
improved through proper irrigation and drainage practices.
Generally, the effect of a rising water table has been to

alter cropping patterns and reduce yields rather than to

cause the land to be abandoned. Therefore control of the

water table is essential so as not to permit the water

table to be maintained in the root zone of plants. Under
conditions of excellent water quality and the absence of

soil salinity, high water tables may be tolerated to

provide water for plants provided aeration requirements

are satisfied.

In practice, a thorough knowledge and experience

in knowing the impact of each of the following items on the



system, and how they are interrelated to each other are

needed:

a.l. Availability of irrigationwater in quantity and
guality.

a.2. Type and characeristics of water courses with
respect of conveyance and distribution from main
canals to the small ditches.

a.3. Conveyance losses in the network of water
courses.

a.4. Type and cost of methods of irrigation.

a.b. Condition of water table and its fluctuation
with time.

a.6. Conditions and kind of aquatic weeds if they

exist in watercourses.

a.7. Stability of the open channels.



a.8. Type of field irrigation, basin, border,

short or long furrows.
a.9. Field irrigation efficiency.

a.10. Practice, attitude, behavior, and cooperation

of farmers.

Proper management plays a significant role in designing
drainage systems. Under conditions of the absence of soil
salinity and high gquality irrigation water, the need for
drainage systems may be diferred . or costs greatly reduced
for such systems. This is a good investment and saves
a lot of the capital amount which is to be spent to meet

drainage requirements.

When the water table is controlled; aeration can be
maintained for plant roots, which results in an increase
in the rooting zone permitting the plant to flourish,
thus creating the potential for high yields. However,
particular attention should be given to the rise of water table,
when the so0il water contains a moderate to a high degree of
salts which in turn may be detrimental to the crop yields.
Therefore, 'proper application of water in appropriate amounts

combined with other good management practices provides a
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reasonable and economical drainage depth.

From the Agronomy Viewpoint:

An objective of improved irrigation water management is
to increase crop yields not only through engineering
practices,’but also in combination with good agronomy
practices, that must be taken into consideration and
jointly implemented. These agronomic practices include
proper plant stand density and selecting good varieties
of seed, maintaining proper soil fertility, using proper

mechanization and controlling pests.

Pest Control:

The control of major field crop insectis and pests
during the plant growing stages is of paramount importance
to optimum yields. In fact, there are many plants, such as
cotton, corn, rice, wheat barley and sugarcane if not put
under pest and insect control, during their growing stages,
their yeilds will be considerably decreased. There are
many countries wherethe economy depends entirely on
agricultral production. Attention should be given to control
of these insects at the proper time. Wherein the national

economy is saved from serious loss.



Insect and Pest Control Measures:

Insects and pests control measures differ according to
the kind and variety of crop ETYOWR. Ax regards cotton,
for example, early plowing of fields is essential in order
to expose the so0il to the sun heat for the reasonable
time to become dry before sowing. The ugse of chemicals as
insecticides and pesticides has proved to be effective
as a relevant control measure applied in infested fields
through spraying. However, field observations have shown
that the application of some kinds of chemicals year
after year produces an immunity with certain insects and pests.
Therefore, laboratory and field experiments should be made
from time to time to ensure the effectiveness of chemical

insecticides and pesticides and their suitability for usage.

Weed Control:

Farm and watercourse weed consume considerable quantities
of water and creates probiems that hamper high crop yield.
In farms, weed cause a false plant density and consumes much
of the plant nutritive elements and water in the soil. Further-
more the existence of weeds on farms and watercourses increases
the application time of irrigation and creates a rough boundary

for water distribution on fields. Proper weed control well



-9-

permit good water management and an efficient water distribution

system.

Fertilizer application:

The impact of fertilizers on crop yield is well
recoghized. However, water and fertilizers used in proper
amounts and at the proper time will bring about economic

utilization of resources

Through the application of excessive irrigation water
some lands may have their soil fertility reduced due to
excessive leaching and percolation to the water table. For
example, low soil fertility occurrs in Upper Egypt, where
formerly the basin irrigatidn system was to be practiced.
Farmers are accﬁstomed to excessive applications of water
and do not recognize the advantages of the new perennial
system they are now using. On the other hand, soil alkalinity
has increased on some lands due to poor irrigation practices.
As a result of this, some lands have become alkaline.
Consequently, this needs s0il amelioration for reclamation,

and this really represents a loss of capital, money and time.

Land classification surveys are essential for providing
reconnaissance soil information for cultivated areas and
detailed soil and land information on the specific areas

selected or proposed for development.
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Very valuable information regarding soil conservation always
furnishes a basis for estimating the length of time required

for land reclamation in the proposed area.

To build the soil fertility, more attention should

be given  to nutrient balance and micronutrient requirements,

and the addition of organic -manures.

Agricultural Mechanization:

Kechanization is an important méans for raising the
productivity of the agricultural resources already available
and reducing production costs in so far as due regard is paid
to the socio-economic conditionsof the country as well as the
availability of energy and labor charges for the opermtion of
machimery. There is no doubt that the introduction of
mechasization in farming system, simply increases the efficiency
of operation and maintains fields levelled for better management
and production. It has been found that the use of surface
irrigation on uneven land leads to low germination levels. .

Thus wtilization of farmmachinery in preparation and harvesting

always pays off praticularly when labor charges are high,

The success of mechanization depends on the availability
of the regquisite number of well trained and skilled'personnel

to operate, maintain and repair the machinery.
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The Generalization of Agricultural Mechanization:

The generalization of agricultural mechanization is, in
fact, the role of the State in making mechanized services
available to the growers, especially to those who are not
able to possess such equipment, to achieve this end, the

following measures may be recommended:

1. Encouraging individual growers through extension

to make more use of machinery.

2. Supplying machinery to existing agricultural
cooperatives at reasonable prices and encouraging
the formation of others while giving them the
necessary guidance in selecting the -gpropriate

type of machinery.

3. Encouraging the companies to provide mechanized
services for the growers, especialy where cooperatives

do not exist.

However, it should be noted that labor charges have raised
as a result of the development of civilization. This is
besides, fuel prices which reached a climax on a world scale.

All this acts as a constraint for the generalization



-12-+

of agricultural mechanization, though it pays off and provides
a full automatioh system characterized mostly by quick
performance, accuracy, easy and good farm management; thus
contributes largely to raising the production yield to a

maximum.

Soil and Land Improvement:

A suitable soil is one of the basic elements upon which rests
crop production, as it provides the requisite environment for
germination, growth and fruition. Increased attention should
be directed to studying soil chemical and physical properties
as well as problems of its improvement, in order to provide

the appropriate environment for the plants.

The successive cultivation of field crops in certain areas
has led to decreasing soil nutrient contents and consequently
to affecting the mineral balance. In the meantime, the
misuse of irrigation water has led to the rise of the ground
water table and the increase of soil salinity, and alkalinity;

thus creating many problems.

Industrialization of Farm Production on Site:

The main problem confronting any developed country arises
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from the excessive pressure of population on the land. Thefe
are but two altérnative solutions to this problem: either to
maké available more land, which unfortunately naturally
limited, or to provide other means of employment in order to
absorb the surplus population. Here, industrialization
becomes a necessity, as agricultural development cannot alone
solve the problem of overpopulation, not to mention the

necessity of diversifying the economy.

Industrial and agricultual developments are guite often
viewed as competing with each other. The contrary is in fact
true, for they are both complementar& to each other. This
complementary role should be taken into consideration for
those countries embérking on economic development to attain
sustained and broad-scale results. A developing agriculture
with a population enjoying a better standard of living will
‘provide an expanded market for industrial products, whether
they are consumer goods or agricultural requisites. Moreover,
it will be able to provide raw materials for developing
industry as well as food for the growing industrial population.
On the other hand, a progressing industry gives a tremendous
impetus to the development of agriculture because of the _

increased demand on the various agricultural products.

Nevertheless, the contribution of various industries to



-14-

the development of agriculture 1s not one and the same. Some
types of industries assist agricultural development, while
others do not. Examples of the first type are the processing,
manufacturing and power industries. Processing industries
improve the value of raw materials prior to their export.

These may create new markets for various agricultural products,
provided that the processed produét meets the standard of
guality requisite for its being competitively marketable
abroad. An opposite type is the the extracting industires.
These do not benefit agriculture in the same way as the first
group since they are producers of raw materials, and
consequently they do not consume agricultural products in

the same sense.

Therefore, it will be more benefitable to the country
if manufacturing and processing industries that depend on
agricultural raw materials take place on farm sites, because
this saves time as well as transport expenses of such
materials to factories established in cities. In the
meantime, industrialization of farm products on site encourages
settlement in fields and avoid immigration to cities, particu-
larly the capitals which are suffering from overpopulation.
Moreover, this will be for the interest and welfare of farmers
themselves, as it will increase their income resources and
offer them industrial training besides their knowledge of

agriculture. The industrialization of farm products on site
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may include cotton spinning and weaving, wool and other fibres,
pulp, paper, wood, leather training, sugar manufacturing, fruit
and Vegetéble processing, fats, oils and dairy indsturies.

This is besides development rural industries and handicrafts.
These indwstries engage full and prat-time rural wokers.

However, they are now handicapped by the inefficiency of the
implements and tools in use, the lack of technical knowledge,
the non-availability of suitable raw materials and the lack

of both financing and marketing facilities. Poultry and honey-

bees breeding are also profitable for the farmres.

Specialized units should be established for the preparation
of local raw materials needed by the various industries and the
training of the largest possilbe number of workers in order to
increase their productivity. These units should be located in
the rural areas and include wool spinning for carpets and rugs,
flax spinning as well as for dyeing and preparation of cloth.
This is besides molasses production, straw work and perfume
manufacture. A special organization should be established
to look after the promotion of these industries, including
the provision of technical advice, credit and other necessary

facilities and services.

Water Management and Farming Systems From the Ecological Point

of View:

Perhaps the most effective factor, which is of paramount



~16~

importance and should be given priority in the evaluation and
development of water management and farming systems, is the

environmental conditions pervailing in a region or country.

It isscientifically known that the age of any praticular
form of life is the age of that particular environment in
which it lives; and as environment changes throughout the age,
so do the different forms of organic life which live in
its midst. To  attempt to live unadapted to environment is
to perish, and much has perished. Adaptation is evolution,
and where adaptation refuses to function, evolution stops.
This principle is almost certainly responsible for the
change and development of all modes of life on earth.

Nature is constantly adapting organisms to environment; but
perfect adaptation can never be attained. It is nature which
supplies variation. Environment, under the guise of natural
selection is the sole agent which dominates and determines

variation, sometimes discarding, sometimes perpetuating,

In our modern age, man is trying to modify and develop
all methods of his life, including those which he practices
in irrigation and farming without due attention to
environment. A certain developed method or system of irrigation,

or farming used in one country or region could not be or
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difficult to be applied in other places. The reason for this
is the differences of environments in which the users or growers
live. They are subject to their traditional methods which

they are accustomed to use during the elapse of times.

Therefore, it is difficult to change such traditional
and conventional methods, unless through conplete convincement
on their part, though this will be for their mere interest
and welfare, as it will increase their yields of agricultural
production. Because farmers,users and growers live in rural
places, i.e. with nature, their conception of variation in
their traditional practices of irrigation and farming may be
subject to external direction or directed from within.
Therefore, the change of the actual practices of irrigation
and farming should continue smoothly in stages along a course
of progressive evolution and development. Certain methods
may fail and discarded; others may show their success and

continue to evolve.

In the meantime, soil and weather conditions as well
as water resources differ from one place to another. What
could be applied in a certain place may not be applicable
in others due to the difference of these elements. Moreover,

the socio-economical conditions, education and culture of famers
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and growers and their ability to adhere to the extension
services to be offered to them by the government and concerned
agencies are of great significance to planners and design—makefs
of relevant development projects, as these elements are the

bases of the successful programs to be scheduled.

CONCLUSION

From the foregoing, it is evident that the development
of farming systems has now become of vital importance to the
survival and welfare of humanity and is the keystone to ensure
food security in the coming years for the whole populations
on earth. In the menatime, it is profitable to farmers and
national economics, as it raises their standard of living and
increases the government's revenues. It is therefore hoped
that all the interrelated and complicated factors and elements
mentioned above be well evaluated and appriased before the
implementation of any irrigation or farming development project,
due to their significant role and value in attaining successful

results and realizing the goals intended therefrom,

Owing to food shortage expected to take place in the
whole world in the coming years, due to the excessive increase
of population{ it has now become imperative to develop farming
management systems and water management projects on a large

scale to increase agriclutral production to a maximum to avoid
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serious famine and starvation in future and to accomplish benefits
which pay off with reasonalbe internal rate of return for the

welfare of farmers and nations as well.



Social Dimensions of Egyptian Irrigation Patternsl/

Edward Knop, Mohamed S. Sallam, Sheila Knop and Mona E1~Kady2/

ABSTRACT

The paper begins with an overview of Egyptian irrigated agriculture
patterns, including irrigation system operations and farm-level water
management practices. A brief comparison is then made between what
observed irrigation management patterns are and what, ideally, they
should be from the perspective of irrigation technical experts familiar
with Egyptian conditions, A sampling of those patterns identified as
problematic are then subject to empirical examination for social
dimensions which help to explain them and constitute factors in their
solution, The examination is based largely on primary data collected
from 75 case study farmers in three field areas representative of
Egypt's differing agricultural and sociocultural conditions. Major
analytic emphasis is given to correlations between a broad range of
sociological variables and various specific farmer irrigation
practices. A summary of implications for improving Egyptian irrigation
patterns concludes the paper.

1/

~ Prepared under support of United States Agency for International
Development, Contract AID/NE-C-1351. All reported opinions,
conclusions or recommendations are those of the authors and not
those of the funding agency of the United States Government.

Z/Paper presented at the 5th World Congress for Rural Sociology,
Mexico City, August 1980,



SOCIAL DIMENSIONS OF EGYPTIAN IRRIGATION PATTERNS

Edward Knop, Mohamed S. Sallam, Sheila Knop and Mona El-Kady

This paper deals with sociocultural factors influencing farmer's
irrigation practices in three representative '"old lands'" agricultural
areas of Egypt's Nile Valley, In a sampling of instances where there
is variation among farmers in how '"ideal' their present irrigation
practices are, sociocultural and situational factors are considered for
explanations of the "more ideal" and '"less ideal' farmer practices,

The purpose of such an analysis as this is to identify sociocultural
factors that can be modified by experimental programs and government
policies in support of more ideal irrigated agricultural practices in
Egypt and other arid areas to which the generalizations might apply,

This paper is a short summary of some social background and
situational factors relevant to an irrigated agriculture development
project underway in Egypt. The report is based on: 1) personal insights
of project field staff, 2) secondary data and reports, and 3) interviews
of 75 case study farmers representative of those living in the th;ee
areas of project field work., The larger project is an interdisciplinary
effort to improve farm level irrigation and agronomic practices through
prbblem identification/solution applied research to be followed by rural
neighborhood level extension/demonstration pilot programs in several
target areas of Egypt.

THE EGYPTIAN CONTEXT

Almost all agriculture in Egypt is irrigated farming, About half
of the nation's 40 million population are engaged in agriculture in the
narrow, fertile Nile Valley, where improvements in agricultural practices

have been underway for many vears. Egyptian farmers are not traditional



peasant farmers for the most part, but rather small-scale commercial farm
operators extensively influenced by an elaborate national program of
agricultural production and development.2 Presently, they have reached
a very high level of agricultural production by world stan&ards.3 But
rapid population growth, relatively little ''choice land" and limited
supplies of other agricultural production inputs, including water, calls
into question whether future consumptive needs in the nation can be met
domestically., Additionally, there is evidence that unenlightened
management of presently ample water resources is leading to the loss of
some of the best Nile Valley agricultural land to water-logging and
salinization, placing the nation's agricultural sufficiency in double
jeopardy.4

In a nation where "food is life" in both physical and socioemotional
senses, something must be done while there is still lead time, The
Egypt Water Use Project, jointly sponsored by the Government of Egypt
and U, S, AID, operates from within the Egyptian government to enlighten
and influence farmers toward practices that are more ideal in the eyes
of irrigated agriculture ekperts. It is noteworthy, here, that tough
"farmer control" approaches as well as elaborate "high technology"
approaches are being perceptively resisted in favor of the gentler,
simpler "grass roots' development approaches emphasizing improved
basic technology and farmer practices, There is awareness, as well,
that improvement in/of institutional services supporting irrigated
agriculture development must accompany self-help development efforts,

Much of the sociological literature on irrigated agriculture
development has focused on the structure and functioning of support

N 5 . . . . .
institutions,” Most attention here will be given the intermediate



analytic level of farmers' more-or-less ideal irrigated agriculture
practices, but with explanatory insights coming from the higher level
of social system's operation, and from the lower level of farmer's
cognitions, attitudes and values, Sample issues of farmer's practices
to be analyzed have been chosen as representative of different facets
of relevant farm operation,

DESCRIPTIVE OVERVIEW OF IRRIGATED AGRICULTURE PATTERNS

The typical Egyptian farmer operates small plots of land (average
size: two to three acres, in several separate pieces), all or much of
which he or his family owns. Cropping is normally continuous, allowing
two or three harvests per year, Major summer crops include cotton, rice,
corn and sugar cane; major winter crops include wheat, flax, vegetables,
beans, citrus and clover. Summer crops, considered the more important
ones, are largely subject to assignment and control by local-level
councils implementing national production and policy guidelines of the
Egyptian Agriculture Ministry,

The irrigation system in Egypt regulates the delivery of Nile water
(stored in Lake Nasser, behind the Aswan High Dam) through a physical
conveyance system, a system of water law, and an administrative system.
Since the later 1960's, most old agricultural land has been under
perennial irrigation, with water delivery being ''rotated" in on/off
cycles which vary in length (i.e., 4/4, 7/7, 5/10 days) between locations
and times of the year according to soil texture, crop patterns and
climatic conditions. In most areas, water must be lifted a short
distance from the conveyance channel to the field level, consistent with
~ government provisions to discourage excessive water application and

control water table levels, Traditionally, the Irrigation Ministry's



jurisdiction extends from Lake Nasser storage to the end of public
canals, and includes responsibility for system design, comstruction,
management, maintenance and enforcement of irrigation law (in
conjunction with other civil authorities), Water, under Islamic
tradition, is a free commodity to be shared fairly and equitably by
all with an established use right and needs which provides the
principle underlying government water codes,

Because area and local farmer circumstanceﬁ, as well as traditions,
differ somewhat throughout Egypt, the effort to develop and manage a
fair, universal body of law regulating irrigation practices is difficult,
and often results in common extralegal or illegal irrigation practices
at the local level, A well-developed national research program defines
many technically ideal water management practices which are incorporated
into periodic revisions of the water law, but only extension education
programs can eventually ensure general understanding and acceptance
of these ideals at the village level.

Other's ekperience and past research on farmer irrigation practices
in Egypt suggest:6

1. Farmers often apply greater amounts of water to fields than is
optimal for crop yields and good soil management, in part because a)
they do not understand non-visible soil-plant-water relationships occuring
beneath the earth's surface, b) water is available and they do not want
to chance stressing crops by under-irrigation, c¢) they do not appreciate
the idea of timing irrigations as well as they might, and d) they are
reluctant to deviate from the traditional practice of maximally intensive
field flooding, as was practiced during the annual Nile flood before

perennial irrigation was possible,



2. Farmer's frequently do not understand or follow appropriate
drainage practices, which, in combination with application of excess
water, contributes to the accumulation of salinity in topsoil.

3. Farmer's concerns about getting adequate water to crops are
prompted by problematic maintenance of public and/or private delivery
ditches, often limiting equitable access to water; this absence or
improper maintenance of drains is commonly considered the unavoidable
cause of water-logging and salinity problems,

4, Farmers generally do not demonstrate much voluntary cooperation
in scheduling irrigations along a delivery system, or in maintaining
the private portions of the delivery and drainage system, government
support of such cooperation has largely taken the form of official
coercion when particular situations become quite problematic,

5. Otherwise hard-working farmers often favor 'tleast effort"
irrigation and related practices because sufficient water permits them
(e.g., avoiding night irrigations and leveling land well, having young
children supervise animal-powered irrigations, etc,), In response,
the government approaches conservation of water and land productivity
by forcing farmers to work harder (i.e,, having to 1ift water, etc.).

SUMMARY OF OBSERVED IRRIGATION PATTERNS

Data from our interviews with 75 case study farmers in three
representative regions of Egypt (Minya Governate in Upper Egypt,
Giza Governate in Middle Egypt, and Kafr El1 Sheikh Governate in the
central Delta area) show:

1. Farmers often irrigate more frequently than necessary, and
often apply more water per irrigation than is ideal, Average numbers
and intervals of irrigations per major category of spring/summer crops,

and corresponding recommended figures are shown in Table 1.



Table 1. Average number of total irrigation and average intervals per
major crop category by farmer's anticipated/actual practice* and expert
recommendations

Farmer's Practice Expert Recommendations

X Total X Interval X Total X Interval
Irrigations (in days) Irrigations (in days)

Cotton (n = 25) 10.0 16.8 7-9%* 14-21**
Wheat, flax (n = 8) 8.4 15.0 3-6%* 15-30***
Corn (n = 8) 8.6 12.7 5-7** 12-14**
Sugar Cane (n = 7) 16.0 15.7 10-14** 12-18**
Vegetables 1

melons (n = 9) 18.4 12.1 7-10%** 7-15%%*
Clover (n = 12)2 11.6 14.3 4-6%* 15-30%**
Citrus (n = 1) 6.0 15.0°  Variable 10-20% %+
Rice (n = 11) unsure4 1.5 Flooded Continuously

*Farmer-reported data.

1Includes several multi-season crops like artichokes.
2Only full-season berseem included.

3During flowering and fruit-development period.

4Rice is puddled and kept under constant irrigation, with sufficient

water being added recurrently to maintain immersion.

**EWUP Agronomy Staff estimates for single-season crops under normal

conditions in study areas.

***C.L.M. Bentvelsen and G.0. Vittenbagaard, '"Crop Water Requirements
and Irrigation Schedules,' Alexandria, ARE: UNDP/FAQ, Working Paper

No. 3, p. 12 (Table 6, most comparable North Tahrir data).



2. Farmers note reliance on the following criteria for when to
begin an irrigation: 67% indicated interval since last irrigation
(related to supply rotation cycle) was a consideration: 43% indicated
when topsoil appeared dry or developing cracks and another 13% said
when topsoil resisted crushing in their hands (both of which, in
typcially heavy Nile Valley soils, occurs considerably before the
middle and lower root zones are deficient of moisture), Only one
farmer of the 75 indicated use of even a simple sub-soil moisture
inspection procedure, though this is the most ideal, Sixty-four
percent of the farmers noted that plant appearance (e.g., dry looking,
limp or yellowing) was a criterion they used, although all of these
visual cues usually mean something other than drought-stress, When
these cues do happen to indicate under-irrigation, eventual yield is
diminished as it is too late to remedy the situation, the plant having
been visibly stressed before water was applied.

3, Interviews revealed farmers end an irrigation according to the
following criteria: 67% indicated when all the field is covered
with water, while the remaining 33% said they stopped when the water
reached a point of the field from which it could be drained onto the
remainder of the field (the more desirable practice both for water
conservation and water-logging/salinity control). Just over one-third
also indicated they considered the depth of water on the border of their
basins or furrows, most of these (75%) stopping at about five centimeter
minimum average depth, although the remaining quarter said about 10 cm.
depth was one of their criteria, Usually, given the application
intervals and basin irrigation practices followed, less than five

centimeters would be ample for heavy soils, No other criteria (length



of time water had been applied, personal convenience, percolation
evidence, etc.) were noted, Often the loss of flow in the channel
prompts the interruption of an irrigation for part of a day, or even
several days.

4, Unlevel fields require the application of excessive water to
lower portions so that an appropriate amount can reach higher parts.
Rather primitive, but effective leveling techniques are known to all
farmers, but require considerable tedious labor. Thirty-three percent
of the case study farmers did note some form of land-leveling operation,
and 47% indicated irrigating their fields during seed bed preparation
to adjust water flows before planting, Most farmers growing row
crops furrowed their fields (80%), which often facilitates the even
distribution and conservation of water.

5. Ideally, farmers should apply just the amount of water the
root-zone will accept, making field drainage unnecessary. If excess
water is applied, it should be removed to prevent both super-saturation,
causing root rot and evaporation, concentrating salts in the topsoil.
Of the case study farmers, 28% indicated they had serious drainage
problems and/or inadequate drainage opportunities, and another 14%
said they occasionally had drainage problems, Nineteen percent said
they did not drain their fields because they applied not excess water.
(Most of these were among those who stopped irrigations before water
reached the end of the field), Forty-seven percent indicated they
drain extra water into collector drains when it is necessary, 30%
drain back into the supply channel, and 5% let the excess water
evaporate off (impressions are that a much higher percentage do this

to a limited extent),



6. Farmers do not have a clear understanding of the concept ''water
table," even in its popular form, and tend to over-estimate its depth
below their fields. The average measured water table in project field
areas fluxuates from approximately 60-130 cms, while farmers estimate
the water table beneath their land to average approximately 280 cms.
Related, and perhaps more important, almost none (1%) of the farmers
had a reasonable idea of root-zone water-plant relationships, and very
few had an adequate understanding of the causes of water-logging (19%)
and salinization (7%).

7. The farmers noted that, of the 75 specific land plots focused
on in this research, 12% had problems with water-logging (of which 4%
were thought minor or occasional problems) and 22% had salinity problems
(12% thought minor or occasional).

8. Most of the farmers believed that they normally received
adequate amounts of water (71%), and that the timing of delivery was
generally satisfactory (79%). Only 13% indicated they usually got
inadequate amounts (7% generally inadequate timing) and another 16%
indicated deficient supply during the summer season only (15% inadequate
timing). Those on the tail half of minor conveyance channels believed
they generally received inadequate amounts of water far more often than
others (22% tail to 5% head), although those at the head half more often
felt a summer shortage (23% head to 8% tail). There is no head-tail
difference concerning timing of delivery.

9. .The "inadequate amounts' noted above generally refer to daytime
delivery, as water is usually available at night. The Egyptian water
delivery system, with ifs long major canals, is designed for equitable

day-night supply; some night irrigation is a design feature of the system,



10

making infrequent night irrigations a violation of the ideal. Approximately
half (51%) of the case study farmers sometimes irrigate at night. The

mean relative frequency of night-to-day irrigation among those who

sometimes do is 37% of their irrigations (a 19% relative frequency for

the entire sample). The predominant condition under which night

irrigation is, or would be, practiced is in sufficient day delivery (52%).
Other reasons include being busy during the day (9%), the belief that

night irrigation is better for their particular crops (19%)7, a shortage

of day labor (4%), etc.

10. Another occasional response to inadequate delivery system
supply of water is irrigating with water from drains, an illegal practice
which assumes drain water is considerably more saline. Only 3% of the
case study farmers indicated using drain water often for irrigation
(probably truthful, given the candor of responses to many more sensitive
questions in the interviews).

11. One major factor contributing to unsatisfactory supplies of day
water is competition among farmers for what is available. 1Ideally, they
are assumed to work out some form of informal arrangement among themselves
for equitable access to water along each minor watercourse, but it often
does not happen that way. The common rule in Egypt is whoever comes
first gets the water as long as it is available at that point of the
channel, and others wait their turn. This practice may promote beneficial
socializing among farmers, but it imposes particular hardships and
inefficiencies on those further down water courses. Equitable voluntary
scheduling of turns to water, ensuring a good delivery volume for faster
application, is the official ideal, and there are statuatory provisions

for forcing equitable access to water.
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When farmers were asked if they would prefer a farmer-coordinated
scheduling of turns or the present ''who comes first' system, about
half (47%) said they prefer the present system. The most common
explanation was that it would be too difficult, or impossible, to reach
agreement on a schedule with 50-100 farmers involved, and that trying
to enforce the schedule would strain some delicate interpersonal
relationships. As well, there are various "understandings' about
turns among farmers now: 29% are involved in informal agreements with
near neighbors or those sharing ownership of a water 1lifting wheel
and 27% indicated there were informal norms on their ditch to let
"busy people'" and other ''special cases' go first. Two private
ditches (5% of the sample) are presently on a loose form of voluntary
scheduling.

12. Maintenance problems with supply and drainage channels is
another issue involving cooperation among farmers which interferes
substantially with water availability and drainage practices. Approxi-
mately half (53%) af the farmers indicated they were dissatisfied with
the maintenance of public canals and drains, which is a government
responsibility, but even more (65%) were dissatisfied with the
maintenance of the private ditches and drains serving them, which is their
own collective responsibility. Thirty-nine percent specifically
acknowledged problems with their neighbors' throwing trash and dirt in
the ditches and drains (primarily the larger government ones), and with
their taking dirt from the soil embankments of the public and private
ditches, causing them to leak water and ruin roadways as well as to
inundate crops. The Irrigation and Agriculture Ministries promote
voluntary cooperation in channel cleaning and maintenance as an ideal,

but also use coercive powers when this is not forthcoming.
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Conceptual Model

The "human factor'" operating in most topics of interest is difficult
to understand and manage primarily because it involves a variety of
causal dimensions working in interactive and feedback fashion. One way
to view this is summarized in Figure 1.

Figure 1. Basic Social Dynamics Model

Background Factors Situational Factors

Setting | Inter-personal
influences and
individuals'
\\\\>analyses of
constraints,

, expectations, —> Behaviors
—H Social Behavior/Interactiem 4 opportunities |
‘and means for:

> Social Structure and

Organization T Resultant

I e
P— : A. Individual Progess
= gg;‘{;guzl g;gi;gg:s’ satisfaction Toward
~C8C, o B. Collective Goal -
[ I achievements Attainmg

Each of the "boxed-in' sections of Figure 1 respresent a major
category causal components for behavior. Background factors are
‘”patterned," or persistent across situations and more-or-less integrated
within a '"level" of social reality as well as between them. These
levels of social reality include: (1) the "extrapersonal" level of
social structure and organization (i.e., groups, rules, authority,
pattern, division of labor, communication provisions, etc., which are
characteristics of collectives of people rather than individuals); (2)
the "interperonsal' level of mutual influence between people, and
individual behaviors that take other people into account; and (3) the
"intra-personal’ level of attitudes, knowledge, emotions and all such

considerations that contained within our individual selves.
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The need for this '"levels'" distinction is two-fold. First, we know
that the three levels do not correspond well: often, for instance,
rules and actual behaviors do not correspond, or personal attitudes
and behaviors do not correspond on a give topic. Therefore the explanation
of given behaviors may come more from one level than another and may even
involve contradictory guidance from other social levels. Second, when
we understand the causes of given behaviors and wish to change them, we
realize that different approaches to change are most appropriate for each
level. Specifically, (A) structural and organizational change is usually
accomplished by enactment of authorities and/or collective decision
making and enforcement procedures, whereas (B) social behavior and inter-
actional change is best achieved by informal interpersonal influence
in the situation of concern, and (C) change of attitudes, knowledge, etc.
is most appropriately pursued by long-term educational approaches that
use trusted guidance together with learning experiences in (or duplicating)
real-world circumstances.

Background factors provide the ''general' explanations for behavior.
In addition, the situational component may heavily influence resulting
behaviors in a "particularistic'" way. For instance, our '"normal"
behaviors may become altered in particular situations due to constraints,
expectations or opportunities of that situation. In times of rapid change,
situational factors may be the major ones accounting for our behaviors.
Part of the situation involves characteristics of the physical and social
setting, including ﬁhe intrusion of background factors. The rest of the
situation is made up of people influencing one another while analyzing

what they should and can accomplish in that situwation. Background
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factors like rules, habits, feelings, etc., play an important, and maybe
the predominant part in the process, of course.

The individual and collective behaviors that emerge in the situation
have results both in terms of progress toward goal attainment and in
terms of their 'feedback'" on the situation and the relevanat background
factors. For instance, people seeking to get continuous delivery of
irrigation water for their area may in time be successful, but in the
process also effect changes in government inspection provisions, their
own cooperative irrigation practices, and their knowledge and attitudes
about plant-soil-water relationships.

The relative importance of each category of causal component
(structural, interactional, attitudinal, situation) varies in time and
among topics, requiring exploratory work be done when dealing with a
new topic or setting of social inquiry. The theory resulting from
related past research is an important guide in such exploratory study,
of course, but the deductive approach more typical of social science
research 1s most reliable only after more-inductive exploratory research
is completed. This study represents an exploration into social background
and situational dimensions of irrigation practices in Egypt. Based
on findings, we can relate the Egyptian case to conclusions of studies
done elsewhere, giving implications for effective program action
among Egyptian farmers.

Background and Situational Factors to Irrigation Patterns

In a specific context like irrigation practices and preferences,
the major background factors have been summarized in the two preceeding
sections. Consistent with the general conceptualization summarized in

this section, we now turn attention to some specific variables of potential
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relevance fcr understanding farmers irrigation behaviors and attitudes.
There are many conventicned ways to “divide up' causal factors for
analysis, as long as variables frcm all social levels are included.

Here emphasis is given to obtaining a broad sampling of background and
situational factors thought potentially relevant to improving our
understanding of farmer's irrigation patterns. As indicated in the
paper's introduction, we concentrate here on variables related to farmers
structured backgrounds, behaviors, beliefs, and situations rather than

on characteristics of the irrigation system. The rationalle for grouping
these variables into the following categories includes considerations

of both: (1) conceptual, commonality which they share in helping to
explain observed irrigation behaviors and attitudes, and (2) programic
comrodity they have for later attempts to manage these variables by
alternative intervention approaches.

~
Pl

Specifically, we first consider: (1) physical situation factors,

iike wnether the case study plot is located nearer the head or tail of

%

the water deliverv channel, and whether the farmers are bothered by
-problers soils szlinity or unlevel fields. These both share characteristics
0¥ being physicel conditions of the setting and are factors mostly
available to technical solution as supplemented by social organization
and education.

I+ should be noted here that a varisty of additional physical
situation variables were idsntified for preliminary analysis of the kind
reportad here (e.g.. perceived water-logging, assess to irrigate water
supplemental to that provided through the public delivery system, etc.).
The variables included in this vepoirt are either: (1) those showing

tionships with dependent

jon]

the strongest or most cousistent smpirical rel

(outceme) variables chos:sn, and/or (2] those best representing the broad
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range of types of causal factors we or others thought potentially
relevant. The rationalle, then, was to obtain a relatively short
listing of differing factors contributing to an explanation of observed
irrigation patterns so that these could be more easily compared for
their relative contribution and implications for program attention.
This practice of initially examining many variables, then reducing them
to a short representative list, was followed for all of the following
categories of variables.

It should also be noted that we are dealing here with farmers'
subjective perceptions of their circumstances rather than our own
objective determination of these. Accordingly, a man's fields may
rather level or salt-free, but he thinks they should be more-so, whereas
another man may be satisfied with objectively less-favorable field
conditions. While in general we may assume that greater concern over
one's conditions means they are worse than the average conditions he
knows, in individual cases that is not necessarily so. More importantly,
the farmers' subjective perceptions tell us something about himself as
well as his land, which is as important to know when planning intervention
strategy as is only the objective characteristics of the setting and
situation (which is also being collected).

The second category of variables we examine for their causal

contributions are intervening social situation structural factors (II).

Included here are such matters as the number of local families the case
study farmer or his wife are related to, how many children they have

at home, and whether he is a full-time or part-time farmer. 1In an
intervention program, the role of such social structure factors should

be understood, but they are obviously not usually matters for experimental

manipulation.
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Next (11I), a variety of individual socio-economic and demographic

structured factors are considered. These include the farmer's age and

schooling, his present or past status as an official'(indicating local
respect and influence) and the size of his farming operation and cattle
herd (indicating his socio-economic status).

Then (IV), the farmer's integration into information patterns/
and networks is considered. Included here are such structural and
interactional variables as whether he gets government extension publica-
tions in his home, whether he gets information on periodic canal
closures directly from irrigation/agriculture department personnel, the
number of others he often turns to for advise on irrigation problems or
practices, and how many of these are officials working in a capacity
where they should be more expert in this regard.

Because ¢ne's intrapersonal satisfaction with, and beliefs about,
his local structural and interactional community is a major factor
affecting personal moralle and long-term committment reflected in most
that is done within that setting, several items examine farmer's

evaluations of their community (V). One of these concerns beliefs

about the quality of local leadership now as compared'with 10 years ago,
one concerns beliefs about how integrated or indepeﬁdent local people
are, and a third concerns whether the case study farmers are sufficiently
dissatisfied and uncommitted to their community that they would like to

leave it. Evaluations of one's self {VI} are similar to those community

poth in terms of confidence and satisfactor with one's performance and
the likelihood of extending this to influencing other's circumstances.
Items used here include whether the farmer believes he ordinarily

avoids behaviors and decisions that in time prove to be mistakes, and
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and whether he wishes he had more influence/leadership in local affairs
than he now has.
Relevant to both understanding farmers' present practices and the

prospects for changing these is their receptiveness to innovations and

change (VII)., Here several specific matters are included for analysis:
the farmer's fatalism (or belief that life's events are controlled by
others having the power to do so, making attempts to change one's
circumstances futile); whether the farmer believes changes which have
occurred are more to his benefit than detriment; whether he is following
the increasingly common new practice of paying relatives for their labor;
and whether he is engaging in some mechanization of his farming operation.
Finally, we consider a series of farmers' perceptions on appropriate,

effective general approaches to improving local living conditions (VIII).

Included here are: (A) farmer beliefs about the importance of national
policy and programs for realizing actual local development and whether
the government's passing new rules requiring behavioral changes actually
helps much in the process; (B) whether such educational processes as
special demonstrations by experts or expanding and strengthening the
effectiveness of formal educational programs operating at the village
level are important in the villagers'! eyes; (C) farmers' beliefs about
the importance of established community processes like informal local
leadership, public meetings to influence decision-making processes and
good information on events of probable local consequences for local
improvements; (D) their views on the potential of self-help organizations
and processes, including whether these approaches are valued as useful
in rural development and whether they believe more can be accomplished

by a coordinated collective approach to local problem solving; and finally,
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(E) what role the farmer sees in strengthening tradition values of the
Egyptian village, as having increased caring about one another's needs
and welfare, and having greater respect and privilege for those who
show greatest initiative and effort for community-wide benefits.

Irrigation Dependent Variables

From the range of specific irrigation practices on which interview
data have been collected, several have been chosen as dependent (outcome)
variables for this analysis.8 The variables were selected to represent
a broad range of irrigation concerns in Egypt, and are ones which show
acceptable variation in practice within each geographical area sampled._9
Each has been chosen to also represeﬁt variation in how ideal the
farmer!s practices are under the prevailing circumstances. When the
independent (causal) variables discussed above are related to this range
or irrigation topics, it is possible to determine social background and
situational factors which provide more general explanations of ideal
practices, and those which apply only to a more limited type of desirable
irrigation pattern, Knowing this enables us to examine the identified
causal factors for ease and priority of ekperimental program management
in the Egyptian setting,

The specific irrigation patterns being analyzed include: (A) whether
land leveling practices, however basic, were used in seedbed preparation
(subsequently called '"field leveling'"); (B) if the practice of stopping
the application before it reached the end of the field, with excess water
being spread to the remainder of the field, was followed during irrigations
("limited irrigation”)lo; (C) the relative frequency of night irrigations
practiced ("R,F, night irrigation"); (D) whether the farmer was concerned

about neighbors' taking soil from conveyance channel embankments, causing
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their deterioration (''ditch maintenance concern"); and (E) whether the
farmer favored voluntary scheduling of irrigations among neighboring
farmers (''scheduling turns'').

The interrelationships between these variables are shown in Table
2A and B, The first contains simple bivariate correlations; the second,
Verimax rotated factor loadings as an indicator of causal commonality.
These findings tell us that there is an underlying common dimension in
the empirical working of some variables (leveling and limited irrigations;
leveling and the relative frequency of night irrigation), but that other
variables operate as relatively distinct, independent phenomenon (concern
for ditch maintenance; preference for scheduling turns). Accordingly, we
may expect several sets of causal patterns to emerge, suggesting the
need for differing specific approaches to their improvement, or a very
broad general approach if they are to be addressed together by a single
irrigation improvement program, Fuller attention will be given applied
implications as sets of empirical relationships are explored‘

Analysis of Social Background and Situational Causal Factors

Table 3 summarizes bivariate relationships between the constant
set of independent variables and the irrigation patterns being explained.
Note that the dependent variables have been arranged with the most strictly
technical phenomenon on the left, gradually phasing to the most strictly
social phenomenon on the right, Independent variables have been grouped
to facilitate interpretation and reference during the following commentary.

Before turning attention to the explanation of specific irrigation
practices, several general observations on characteristics of relationships

in the data matrix may be made,
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Table 2(A): Correlation matrix of dependent variables

Ditch
Field Limited R.F, Night Maintenance Scheduling
Leveling Irrigation Irxrigation Concern Turns
Field
Leveling 1.00
Limited
Irrigation - h4% 1.00
R.F. Night
Irrigation .36% .15 1.00
Ditch
Maintenance
Concern J40% .18% .28% 1.00
Scheduling
“Turns ~.13 -.Q9 -.05 05 1.00.

*significant at or beyond .05 level; ns75.

‘Table 2(B): Verimax factor loadings for dependent variables

Factor 1 Factor 2 ‘Factor 3 Factor 4
Field
Leveling - b4% ~. h4% -.05 -.27
Limited
Irrigation ~.43% ~-.08 .00 -, 14
R.F. Night
Irrigation -.16 -, 60% .07 01
Ditch
Maintenance
Concern -.04 -.22 14 -.58%
Scheduling
Turns .17 .10 LT2% .10

*beyond .40 cutting point.
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Table 3: Correlation matrix of selected ideal irrigation patterns with explanatorv varishbles

Ditch
Field Limited 2 R.F. Night_ = Maintenance Schedgling
Leveling Irrigation Irrigation Concern® Turns
I.PHYSICAL SITUATION FACTORS
Head/tail location -.23% -.16 W12 -.02 .09
Perceived salinity 24% 42% W21% L29% L23%
Perceived adequacy of field levelness ~h1* .01 -.08 -.23% .05
I1,SOCIAL SITUATION FACTORS
Number of related families .13 .04 .07 -.37% -.09
Number of children at home .01 .00 W27% .03 .01
Full-time/part-time farmer .00 -.10 -.13 -, 28% ~.32%
II1.SOCIOECONOMIC & DEMOGRAPHIC CHARACTERISTICS
Age -.25% ~,23% .00 -.10 .03
Schooling -.29% -.29% -.22% -.27% -.08
Present government/council official -.33% - 27% .01 -.18 04
Past government/council official -.27% -.13 .09 -.10 .08
Total area (feddans) farmed .02 ~.02 .12 .14 -.04
Number of cattle owned .35% .19% .17 .18 ~.02
IV, INFORMATION PATTERNS
Get extension materials for home -.15 -.06 -.27% -.21% -.03
Get closure information from irrig. officials -, 32% -.31% -.02 -.13 .19
Number turned to for irrigation advice L25% L26% .16 J27% -.09
Number ag. officials asked for irrig. advice -.49% ~.34% ~-.29% -.17 .20%
V.EVALUATION OF COMMUNITY
(belief) local leadership weaker now .30% .13 .01 J29% -.09
(b.) local people toc much go own ways -.06 -.06 ~.38% ~.23% .05
Would like to move elsewhere -.37* ~.11 -.42% -.25% .10
VI.PERSONAL EVALUATION
Seldom makes mistakes -.12 -.28% ~-.05 -.18 .13
Wishes more leadership ~.25% -.23% -.18 -.21% .12
VII.RECEPTIVENESS TO CHANGE
(b.) life controlled by powerful; efforts futile L39% .16 -.02 .18 -.27%
(b.) most local changes to his benefit -, 24% .08 -.04 -, 28% .03
Pays relatives for services they give L32% 26% .15 -.02 .01
Gross index of irrig, ag. mechanization ~-.38% -.35% ~-.14 ~.22% .01
VIII.BELIEFS ABOUT APPROACHES TO RURAL DEVELOPMENT
A,GOVERNMENT RESPONSIBILITY & POWER
Natl, policy/progs. import. for loc. devel. .11 .09 ~.20% ~.09 -.38%
Government rules forcing change helps -39 .10% NG ~.2n% .02
B.EDUCATIONAL PROCESSES
Demonstrations by experts useful ~-.22% -.06 ~.22% -.18 -.02
Better adult & youth education useful -.30% ~-,35% -.21% -~.09 .10
C.ESTABLISHED COMMUNITY PROCESSES
Informal local leaders importance ~-.37% ~.36% -.10 -.29% L27%
Public mtgs. to influence officlal decisions -, 49% ~.43% ~.14 -.04 W27%
Getting better information in village import. - 42% ~.36% ~-.19% -.04 L24%
D, ORGANIZATION FOR SELF-HELP
Making organized local efforts valued ~.24% -.26% .18 -.13 .03
More accomplished by collective efforts .36% .36% 27% .08 .00
E.REINFORCEMENT OF TRADITIONAL VALUES
More caring about each others'needs valued 17 .19% .03 .35% ~-.08
More respect/privilege for altruism needed -.32% -.31% -, 25% -.01 .00

*Significant at or beyond the .05 level; n=75,

Note: signs on relationships reflect variable coding practices, not necessarily intuitive causal direction.
IMuleiple regression coefficient with these variables=.87 (76% of variance explained).

ZMultiple regression coefficlent with these variables=.79 (62% of variance explained).

3Multiple regression coefficient with these variables=.82 (67% of variance explained).

Multiple regression coefficient with these varisbles=.88 (787 of variance explained).

Multii . regression coefficient with these variables=,.81 (667 of variance explained).
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1. Overall, judging by the number of significant relationships observed
in each column, the more strictly technical the phenomenon is, the more
thoroughly it is explained by these predominately social variables, It
must be noted, however, that these variables, as with most that are
collected by interview method, concentrate on individualt's characteristics
and perceptions rather than on objective structural characteristics of
the social setting. Presumably, individual characteristics are most
useful in explaining those individual's practices, whereas system
characteristics are most useful in explaining collective features of
life.

This has two immediate implications, Inferences from personal
experience in the setting will be required to a greater extent in explaining
the variables which are more social in character. As well, their greater
degree of system-level causation implies a greater degree of system-level
facilitation in changing them, making this a slower, more complex process.
For instance, education, or incentives, or reward-punishment reinforcement,
or coercion strategies would probably be more effective in promoting
the more technical and individual of ideal practices, but the realization
" of accomplishments which are more social in character presupposes both
the modification of the institutional structure itself and the use of
individually-oriented strategies with the subject population as well as
within the changing institutional support structure, And since the
social context provides better opportunities for effective '"backlash,"
the slower, more ''gentle" of individually-oriented strategies are
ordinarily required to avoid counter-productive consequences.

2, Note also in Table 3 that few independent variables show

significant relationships in most columns. Since these irrigation
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practices represent relatively independent phenomenon (note Table 2 and
discussion), we would expect different causal variables to explain each,
and different approaches to be appropriate for targeted change of each.
The closest we come to an exception is in the category of "established
community processes,' Farmers' belief in the values of informal leader-
ship, getting many people tegether with officials to influence decisions,
and getting good information on what is happening locally provides the
broadest single basis for explaining ideal irrigation practices. Commitment
to developing and reinforcing established community processes repeatedly
appears in other analysis of these data to be a particularly significant
causal dimension in a broad range of specific topics.

In turning attention to explanations of specific irrigation patterns,
Table 3 shows:

Land Leveling

The ideal practice of trying to level one's field during seedbed
preparation is associated with; (A) being located nearer the head of
a ditch (perhaps because more people pass by there, affecting the
cherished "good farmer' image of hard labor and fine-looking crops);

(B) thinking one has salinity problems; (C) believing one has adequately
level land for good irrigation; (D) being younger; (E) having less
schooling (pfobably fewer other interests and commitments than farming);
(F) not being a present or past official; (G) having more cattle; (H)
being less likely to get information directly from irrigation officials;
(I) being more likely to turn to other farmers for irrigation advice, but
less likely to turn to agriculture or irrigation officials for advice;
(J) being more likely to think local informal leadership is weaker now
than it was 10 years ago; (K) being less desirous of moving from the

community; (L) wishing he had more an informal leadership status
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than he does; (M) being less likely to take the fatalistic position

that life is controlled by those with more power than him, so why try
changing it; (N) believing that most changes in the village work to his
benefit; (0) being more likely to have adopted the newer practice of
paying relatives for the use of their animals or labor; (P) having a

more mechanized farm operation; (Q) being less likely to value the
government's making rules to force changes; (R) seeing the importance

of demonstrations of improved techniques and improved education in general;
(S) believing effective informal leadership is essential to local
development, along with public meetings for speaking one's mind to
officials and getting good information on whatever impositions might affect
him, (T) believing it important that local people get together to try to
solve their problems in their own ways; (U) believing that more can
generally be accomplished by collective approaches than by individual
efforts; and (V) that more respect and privilege are due those people

who work hard for community benefits,

The overall pattern that begins to emerge here is that farmers who
bother to attempt leveling their fields for improved water distribution
are more proud, independent, conscientious and satisfied farmers who are
concerned about the local area's present potentials for collectively
resolving their own problems, but committed to this path in preference
to collective or personal reliance on government, save for educational
benefits, Accordingly, they favor a grass-roots level extension education
and organization approach to local irrigated agriculture development.
Conversely, those who do not attempt leveling their land show less

evidence of these characteristics,
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Thus several strategy dilemmas are introduced. Should alternative
approaches, such as incentives or government regulations and inspections,
be relied upon for those who deviate from the ideal, or should a long-
term program be undertaken to first transform the farmers following the
less ideal practice into more proud, independent, conscientious farmers
so that they will then take more care in their farming operations and be
more responsive to extension approaches? If those farmers who now follow
the more ideal practice believe less in government assistance and
regulation, what would the consequences of such a strategy be on their
conscientious farming practices, and why are not those more receptive
to government guidance now trying the advisable practice of land leveling?
The examination of causal relationships with other irrigation patterns
sheds light on the strategy matter,

Limited Irrigations

When considering the practice of stopping an irrigation before
water reaches the end of the field, the same basic explanatory theme
of the previous practice applies, The most noteworthy differences include:
(A) perceptions of how level his land is make no difference; (B)
judgements about changes in quality of local leadership and propensity
to out-migrate are inconsequential; (C) he is more likely self-
confident with his correctness in independent decisions; (D) he is less
convinced most local changes are to his benefit; and (E) he is not as
likely to value expert's demonstrations of new techniques, but does value
~general education,
The only real shift in patterning here from the previous irrigation

pattern seems to be a greater commitment to self-reliance in farm operations
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among those who stop irrigations prior to the flooding of entire field.
Otherwise, previously discussed patterns generally hold true here also.

Night Irrigation

3. Those who most frequently practice night irrigations are more
likely to have these characteristics; (A) some perceived salinity
problems; (B) more children at home (it is unclear whether he sends
the children to irrigate, or leaves the house to avoid them or having
more of them); (C) he is both less likely to receive agriculture
extension materials in his home and to turn to agricultural officials fof
irrigation advice; (D) he is more likely to believe the community is made
up of independent people who go their own separate ways; (E) he would
not like to leave the community; (F) he does not sense that national
level government has as great of value in promoting local development
as does lower levels of governments; (G) he does value expert's demon-
strations and general education; (H) he desires good information on
things having local consequences; (I) his lective efforts are more
effective than individual ones; and (J) he feels people who make
efforts on behalf of the community do not get the respect or privileges
they deserve.

It is noteworthy that location on a supply ditch does not appear
related to the relative frequency of night irrigations, although data
reviewed earlier showed location was related to whether farmers did
or did not sometimes practice night irrigation, The data in this
section suggest that those practicing frequent night irrigations are
more independent people who do so for their own personal reasons, whereas
those who practice infrequent night irrigation are prompted by day water

shortages~--for which they publicly show resentment. Other relationships
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noted here also show a tendency toward particularistic causation, where

in situational factors play a major role., The self-reliance and independent
themes appear again, for instance, but together with emphasis on getting
export advise, planning information and local cooperation (all of which

he now thinks deficient}.

An implication of the more particularistic and situational causal
pattern noted here, and to a lesser degree in the two previous irrigation
patterns, is that any standardized (university-applied, common-element)
plan for improved irrigation practices will be less effective than one
which appeals specifically to the particular needs and circumstances of
individual farmers, requiring it be more flexible, with multiple
alternative dimensions.

Ditch Maintenance Concern

4. Concerns about villagers taking dirt from ditch embankments are
associated with these situational and personal characteristics: (A)
being more likely to think one has salinity problems; (B) bélieving
one has inadequately level land; (C) having fewer relatives in the
community than most; (D) being a full-time rather than part-time farmer;
(E) being less likely to received agriculture extension materials; (F)
turning to more other farmers for irrigation advice; (G) believing local
leaderships has deteriocrated and (H) that local people go their own
separate, selfish ways; (I) all the same, being less likely to want to
leave the community; (J) wanting to be more a leader than he is now;

(K) believing most local changes are to his benefit, and (L) being more
mechanized in his farmoperations; (M) more likely to believe change

should not be pursued through laws forcing change; (N) placing of high
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value on informal leader's role in local development, and (0) more likely
to emphasize people caring more about one another's needs.

As attention turns here to a more-clearly '"social' matter of
irrigation relevance, we find a response pattern that is sometimes
popularly called the ''solid citizen" phenemenon, Those adhering to the
ideal of not altering ditch embankments, and withing others also would
not, appear to be particularly conscientious both regarding their
farming and their community, They are rather>satisfied with their
lot in one sense, their personal circumstances, but less satisfied with
how their community is realizing its potentials. They value the role
of local leadership, of which they wish they were more a part, and
believe local people should care more about their neighbor's welfare.

No one would argue with these aspirations. How they can be realized, how-
ever, is a more difficult matter, to which attention shall be turned
shortly.

Scheduling Turns

5. Those favoring the voluntary scheduling of irrigation turns on
minor supply channels have these characteristics: (A) more often think
they have salinity problems; (B) are more likely full-time farmers; (C)
more often turn to agricultural officials for advice; (D) are more likely
to be fatalistic, feeling that life is controlled by people with more
power than themselves; (E) less likely value national government's
contributions to local development as highly as those of lower governmental
levels; and (F) do not consider established community processes effective.

Since this item dealt with preferences rather than actual practices,
it demonstrates an important mind-set found in Egypt which wishes for
better practices, but shows little initiative to pursue them. Nothing--

not even government force for change--holds promise to such people.
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Given the importance of grass-roots cooperation and coordination in
support of improved irrigated agriculture, the dynamics of this situation
deserve brief attention.

Many aspects of ideal irrigated agriculture would be facilitated by
greater cooperation and coordination among neighboring farmers, which
they seem to recognize, But recognition, while a necessary condition,
is not sufficient to get the job done, Other attitudes and social
sensitivities often interfere with the realization of cooperative
efforts to ease irrigation tasks. The most common pattern is that those
most directly and adversely affected (perhaps operating land near the
end of a convéyance channel, or on water-logged or saline land), will
attempt to solve their problem by themselves--informally first, then more
.officially if necessary--involving. as few others as practical (more often
relatives than non-relatives).

Interview data show very little voluntary organization among these
case study farmers (only 22% participate in even one voluntary organization
arrangement), although there is strong commitment to the idea in
principle. Eighty-three percent indicated that the most important things
to want come only through cooperation, and nine percent said it was
more enjoyable to work on something with others, Data and impressions
suggest a deficiency of informal, voluntary leadership initiative is a
major factor, as is not wanting to risk antagonizing or offending others
sharing the crowded, sensitive village environment. Given a rélatively
low level of farmer coordination, it is not surprising that there is
both reliance on government authorities for solving individual's problems,
and reluctance to use this official resource. As well, given the

national tendency toward personal independence in such social contexts,
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there also is sometimes evidence of local resentment toward authorities
and the power resources they possess. What sdmetimes appears, then, as
a '"least effort" (or laziness) tendency among farmers on matters like
scheduling irrigations or coordinating to clean ditches, is more
correctly a 'least social risk'" tendency.

In the majority of farm-operation tasks, the farmer shows much
independent initiative, making him a good farmer by world standards, but
the irrigation context is one in which many of his practices both
directly affect, and are affected by, those of his neighbors, and so are
more officially regulated, Such regulation comprises his ability to
act in his accustomed informal and independent fashion. In such a "social
bind," it is normal to act less and worry more (which, perhaps, causes
him to exaggerate signs of potential crop stress, apply more water than
needed, be reluctant to drain off excess water when others have been
waiting for their turn, etc,).

In neutral contexts, like factual information exchange, the relation-
ships among farmers and with irrigation department officials are
gdod. Recall most said they got good advanced information on periodic
canal closures, for instance, In a less-neutral context, however, like
being forced to irrigate at night because of inadequate water supply
during the day, both neighbors and the government are blamed and
resented, undermining cooperative potentials by encouraging social
avoidance and fatalism.

Let us briefly consider one other example of difficult social
dynamics. Although the first four irrigation patterns examined showed
variation in specific causal contributions, a very general pattern

seemed to emerge; those farmers most closely adhering to ideal practices
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were more conscientious persons, oriented toward their community's welfare,
They were more knowledgeable, observant and serious about their farming,
and interested in learning more about successful practices. They seemed
quite realistic and pragmatic about their own and their neighbors!
situations, not putting much faith in grandiose or coercive development
tactics. Such personal attributes, of course, are "background" ones

that cannot be easily, quickly or simply developed in others to make

them practice ideal patterns of irrigation or anything else.

What can be done to transform those pressed into a defensive,
fatalistic, "low social risk'" posture without risking reinforcing these
problematic tendencies? Clearly, forcing behavioral compliance with
ideals in the hope that these eventually will become habit is not
realistic, The most probably result of such an approach is making the .
target people more alienated, thus more a burden than a benefit to
their social and economic systems,

The best alternative is to seduce and/or prod them out of their
captivating mind-set into a more hopeful, understanding one, Such only
occurs gradually as they are helped to develop new or stronger ideals,
and are given confidence that they can contribute to the achievement
of those ideals through successful experience and social support,
Unfortunately, national government cannot do much directly in this
process eicept help set the stage by structural changes and patiently,
persistently support the long-term self-help development process rooted
in their places of residence and work,

As matters of supportive policy or approach, appropriate indirect
actions might include: (A) promoting education aimed at increasing

basic understandings in the target population; (B) ensuring that
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reasonable incentives accompany invitations to risk, and that some
rewards (including social ones) be given for effort and increased
understanding, not exclusively for success; (C) developing the

social cohesiveness and informal communications patterns within the
community and work environments, and then encouraging social pressure

as the major prod; (D) assisting and facilitating the development of
new local leadership potential, initiative and skill by establishing
opportunities and incentives (again, largely social) for new leaders

to enter an expanded version of leadership structure; (E) ensuring

that institutional support features and regulations undergo regular
review and adjustment to keep them consistent with understandings and
behavioral patterns developing at the grass roots level, The structural
change process normally requires both departures from universal standards
and provisions for genuine input/participation from persons throughout
grass roots levels (so they may learn the process, experience the

sense of personal significance, feel identity with the outcome, and add
the benefit of their practical insights to the process),

Obviously, this is a highly complex and extensive undertaking which
works in support of various rural development objectives in addition to
ideal irrigation practices. It is not necessarily expensive in terms of
money required, but is in terms of human skill and commitment, It
should be pursued by degrees within local settings, of course, and
focused on a realistically feasible number of people, so that they
and their gradual success can serve as the best teacher for others,
Other narrower approaches to irrigated agriculture development should
parallel the institutionalization or expansion of this basic-development
process, to insure that actions tailored to specific explanatory

patterns are forthcoming and that social system continuity is preserved.
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For longer-run effectiveness, however, there seems no better option for
Egypt than to invest well in the cultivation of the 'basic" rural
development seeds now being planted around the country by an enlightened

national leadership.
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Abstract

Development processes can be hindered or helped by bureaucracy.
Most often, bureaucracy serves to promote technological development,
but impedes other more 'basic'" development processes. When this
situation prevails, reform of major bureaucracies' basic development
strategies is appropriate so that they may effectively function in
support of balances societal development. Egypt provides an ideal
case to examine the relationship between development and bureaucracy.
Historically, there is not a positive relationships between the two
there. Contemporary survey data show officials and villagers alike
feel the need for departure from bureaucratic dominance, and advocate
basic development strategies together with other development approaches.
Not coincidently, President Sadat has embarked on a unique and
promising '"corrective revolution' which combines basic development
strategies with a program of national bureaucratic reform, This
ambitious social experiment may well provide a model for others to
follow~certainly to learn from.
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Bureaucracy and Development: Insights from Egypt

The nations and peoples of the world are engaged in an unprecedented
survival challenge in which bureaucracy and development are central matters.
The responsibility for managing world order as well as basic satisfaction of
personal needs is increasingly being taken on by bureaucracies and multi-
national consortia who, in turn, point to "development" as the major means
or condition for realizing intermational order and personal well-being. But
their success in pursuit of both has been disappointing to them and their
constituients, despite the investment of extensive resources. Development
professionals, both within and outside these bureaucracies, regularly confide
that bureaucratic structuring and functioning represent the most immediate
and coﬁspicuous impediment to realizing real development in the national
contexts of their experience, whether East or West, capitalist or socialist,
"developed" or "developing" nation. Yet, they wonder, is there any good
alternative to reliance on bureaucracy?

Unquestionably, commonly-encountered features of bureaucracies do often
impose severe limitations on the effectiveness of development processes, and
yet major bureaucracies control most processes and resources upon which so-~
cietal development depends. The relationship between bureaucracy, develop-
ment and human conditions of justice, peace and prosperity are complex but
critical to understand in order that aspirations for a better life for all
can be pursued rationally and effectively. It 1is argued here that reform of
bureaucracies, in ways that support their ultimate and universal human ser-
vice responsibilities, is essential in this time of survival challenge.
Further, it is argued that this reform is best accomplished when bureaucracies
recognize, honer and incorporate '"basic" development processes in their internal
operations as well as in their service efforts. These matters are first as-

sessed conceptually, and then empirically in the well-suited case of Egypt.



Conceptual Assessment
Bureaucracy

Bureaucracy, Max Weber argued in his piloneering explorations of the
concept, is the ultimately rational means of structuring large, complex goal~
seeking efforts (Weber, 1947). The reasons were simple: bureauéracy, as an
"ideal type" of organized responsibilities and rights, was to avold irrelevant
and counter-productive common features of other organizational forms. Histori-
cal and contemporary evidence abounded in support of Weber's contention that
highly ambitious, sustained undertakings ave facilitated or enabled by bureauv~-
cratic organizational provisions,

Yet Weber and many subsequent students of bureaucracy have been bothered
by features in the functioning of real-world bureaucracies which compromise the
rationality and effectiveness of the organizational form (Ritzer, 1975; Goodmgn
and Pennings, 1977). Five of these prcblematic features of special relevance
to bureaucratic support of development processes include:

1. Bureaucratic emphasis upon impersonal, impartial rationality and univers-
alistic treatment runs counter to the frequent need for strong infusions of
affective and particularistic considerationf especiaglly relevant in matters of
human service and institutional reform--and, many would add, basic organiza~
tional effectiveness (Bennis, 1973; Thompson, 1975, Goodman and Pennings, 1977).
What is needed, especially in developing contexts, is "bureaucracy with heart."

2, In major'bureaucracies, there is a tendency to pursue many diverse,
imprecise, unprioritized, often inconsistent goals, frequently expanding the
bureaucratic jurisdiction beyond what is comprehensible and managable. What
results is a non-thematic "mixed agenda" situation that is always confusing
and sometimes paralyzing (Elgin and Bushnell, 1977). When longer-range human
service is the objective, as with develcpment, clarity of programﬁatic goals

‘is often so lacking that the development of coherent means for pursuing them



is unattainable. The absence of a concensual value-framework and diverse
vested-interests are major factors impeding idealistic and realistic goal-
definition, which are particularly problematic in developing contexts.

3. Rational means for pursuing goals presumably rest on knowledge cf
normal causal relationships resulting from research and experience (Blau,
1974). Yet such knowledge is often limited, and the specialization charac~
teristic of bureaucracles plus vested-interests promote differences of ex-
pert opinion about appropriate means to pursue given goals, particularly the
broader aqd more innovative ones characteristic of develcopment preocesses.

4. Under conditions of uncertainty about appropriate goals or means,
role performance promotes what we have come to call "bureaucratic behavior."
While at variance with the bureaucratic "ideal," conservative, non~communi-
cative, defensive rcle performance frequently emerges, as does contagious
distrust of other's competence and motives. When pressure from above, below
of outside is added, the authoritarian pattern of preoccupation with controlling
peers, subordinates or constituents becowes common, as does its counterpart
"retreatist" reaction (Kaufman, 1977; Merton, 1957). Both organizational
effectiveness and service to development processes presupposes these patterns
can be avoided or effectively reversed when apparent.

5. Many students of social organization argue that existing bureaucracies
operate primarily in support of the established socletal order of which they
afe an integral part, and, even more-so, they operate in support of their own
bureaucratic self~interest (Ferns, 1978; Coleman, 1974). This "maintenance
preoccupation" cbviously does not prepare them well to be major instruments of
developmental changes in societies (Grindle, 1977; Prasad, 1974; O'Donnel], 1978).
Some organizational scholars (Buckley, 1967; Ingalls, 1976) go evern further,
claiming bureaucracies do not even effectively promote their own maintenance,

but instead tend to take therselves and thedir society toward stagnation



(technically "entrorhy," or the loss of effective creative vigor). The counter-
point (Parsons and Shills, 1957) is that bureaucracies serve a societal inte-

grative function, keeping different sorts of develcpments "in balance,"

even
if slowed (e.g., the catch-up workings of "culture lag'").

These general limitations in ﬁhe'functibning_of many bureaucracies to
support development processes set the context for later assessment of ap-
propriate bureaucratic reform. Brief attention must first be given what
"development" is.

"DeVélOpment

Most generally, development is iﬁcreasing collective and personal
capabilities to reasonably establish and effectivély pursue commonly-held
social ideals. As such, it is both the process and the products of conceptual-
.izing,-mobilizing and institutionalizing idealistic goal-seeking and problem-
solving efforts (Warren, 1977; Meadows, 1971; Nisbet, 1969). More specificaliy,
however, the term development is used to mean several rather different things.

1. The popular conception of development fpcuses on a ﬁation's having
acquired a relatively advanced technology which enablés greater consumptive'
benefits with less productive labor (Chodak, 1973). Perhaps "industrialization"
would be a preferable term for this process, It reflects the bias.of the
Western world's historic experience (which is probably inappropriate for most of
the contemporary world); is keyed to production economics of one or another
form (which is an unduly narrow perspective on process means); depends upon the
resourcefulness of a reiatively small, exclusive category of experts as well as
surplus resources (thus depreciating the role of those who become surplus labor,
while capitalizing upon the people and resources in scarcest supply in "less
 deve1oped" settings); etc.

2. A broader and more basic conception of development gives emphasis té

"institution building" and intermediate-~levél institutional accomplishments



which become the meané for self-directed "modernization" (Thomas, et al., 1973).
Examples include raising literacy rates, increasing pervcapita GNP, improving
medical conditions, slowing population growth, etc. Unquestionably, these
are critical ingredients of societal development, and they do give reasonable
attention to approaches beyond national production economics, But they still
tend to direct developmental processes toward modernization in a Western sense,
and rely upon methods, expertise and innovations that require mainly patience
(vs. participation) from the masses. Capltalizing upon personal interest and
initiative yields the major development resource in any setting, aﬁd ﬁinimizes
the problems of alienation which often accompanies disrupted cultural. continuity.

3; Increasingly, a third conceptibn, "basic development,' is being em-
phasized within the circle of development-process professionals (Wilner, 1975;
Biddle and Biddle, 1965; Arensberg and Niehoff, 1971). This conception is
rooted in the belief that a people's aéquiring insight and experience with
self-guided developmént processes keyed to their existing resources and values
is the basic means and end of their development. Various terms summarize
aspects of this approach: "grass-roots initiative;" b"appropriate technology;"
"meaningful participation;" learning by doing;" etc. Major outcomes include
some quick, tangible accomplishments that lie within easier reach; direct
satisfaction with popular participation in the development process; and
strengthening the personal and institutional bases for further incremental
development. This conception of development is believed to best insufe ef-
ficient use of limited development resources, favor a broad distribution of
development benefits within the population, minimize cultural disruptions
which often accompany change processes, and avoid the "strings"™ of international
dependency with which most nations in time will have trouble living.

While these several understandings of development can presumably be mutually

supportive, they tend to be competitive in field application. Usually, priority



in official circles is given to pursuit of "short cut" technical acquistions,
costing the more broad and gradual 'basic" development processes the attention
and resources they deserve. It would seem logical that development efforts
begin with, or at least include, a "basic" development emphasis. On the other
hand, it is not surprising that the complex dynamics of development commonly
begiﬁ "backward," whereby initial attempts at development find governments

and other bureaucracies borrowing technology in a quest for pay-offs of modern-
ization, in time being forced to realize that ever more-basic devélopment
approaches are required to support Initial development aspiratfons that have
proved overly-simplistic.

In fact; there are no short-cuts to effective, baianced development, but
probably only the more experienced, most-developed people can appreciate this.
When the deeper level of "basic" development begins to be realized, these more
broad and subtle developmental processes feed back upon the bureaucratic infra-
structures which precipitated the development process, pushing them toward
reform. Where there is bureaucratic responsiveness, the process goes full
cycle, and complete, perpetual development processes are institutionalized.

" Conceptual Interrelationships and Implications.

for organizing purposive activities. Development, regardless of interpretation,

is innovative ratiomal processes and products of idealistic goal-seeking or

problem—solving} Accordingly, bureaucracy and development should ideally
operate in a complementary fashion, with bureaucracy playing a central role

in support of development processes, and with these, in turn, keeping bureau-
cracy more adaptive and effeétive in a changing social context. Unfortunately,
however, this complementary functioning is seldom fully realized. Too often,
the social- and self-maintenance concerns of bureaucracies run counter to the

aspirations of development proponents, especially those favoring more "basic"



forms of development.

Specifically, bureaucracies, as integral parts of an established social
order, usually support developments that extend the capaBilities>of that
order, or increase its efficiency. Such developments are typically of the
technological form characteristic by the first dnterpretation of develop-—
ment introduced above. The more '"basic'" forms of development, on the other
hand, tend to take the established order as nothing more than a starting
point from which something considerably different and better might eventuallv
emerge. Additionally, "basic" development proponents value and seek to
strengthen non—bureaucfatic forms of social organization such as community,
voluntary assocliations, social movements, etc. Not only does: this threaten
to diminish bureaucracies' relative importance in society, at 1eas£ for
awhile; it also seems to challenge the role of specialized expertise resulting
from previous development which is institutionalized in them. Thus it is not
surprising that there is often antagonism between the custodians of bureau-—
cracy and basic dévélopment advocates;

The underlying points of contention are important to consider. First,
is the long-term drift toward giving bureaucracies more responsibility for
doing things for us really development (i.e., are we now more able to
effectively and efficiently realize our human ideals)? Second, is the drift
toward increasingly-collectivized responsibility for societal and personal
welfare ultimately doomed to a self-destructive collapse (i.e., are we setting
the conditions for undermining individual responsibility, commitment, com-
petence and creativity upon which bureaucratic effectiveness rests)? Third,
are the heightened tensions of the present indicative that a collapse is
nearing as we load mofe responsibility for critical But illusive developmeﬁt
on -a source incapable of satisfactorily delivering our desires?

Such complex issues cannot be briefly assessed, let alone resolved. Some



insights central to the themes of this paper, however, follow., First,
bureaucracies have enabled some forms of development that are of considerable
realized or potential benefit, largely of materialistic nature. But these

are gained at the cost of some previous benefits like having a sense of
community, feeling of personal worth and social significance, etc. Importantly,
thesé new benefits and 1osses; if well-understood together, can precipitate
further development of a "basic" nature that in time yields a generally com-
plete and satisfying balance of benefits (Caplow, 1975; Zurcher, 1977;
Cornuelle, 1975; Brown, 1977). These should be expected to vary between
societies and most often not take the form of conventional "industrialization"
or even "modernization."

Second, the drift toward bureaucratic dependence does probably contain
the seeds of self-destruction if dominant bureaucracies refuse timely .re-
formation (Roy, 1975; O'Domnell, 1973; Berkley, 1971). Pragmatic and ideo-
logical pressures on them, and from within them, will doubtless yield the
needed reform of many major bureaucracies, while the reluctance of others will
cost them their dominance. We might expect the overall result to be a diverse
blend of communal and bureaucratic organizational characteristics based in
new conceptions of goals and rational means (Thayer, 1973; Herbst, 1976).

Third, present domestic and international tensions probably signal both
the faltering of overloaded bureaucracies and a potential approach of an
historic pivot point from which we can tip ourselves into a new developmental
era of profound accomplishment and satisfaction (Benmnis, 1973); How those
inside and outside bureaucracies respond to the challenge is decisive. If
pressures come in a form that encourage official responsiveness (ys. that
promote bureaucratic destruction) and bureaucracies are more open, flexible
and perceptive, they will probably adjust to maintain or increase their

service effectiveness (Goodman, Pennings, et al., 1977). But times of



bureaucratic faltering are not the times we might expect them to be most
responsive or prepared for substantial reform (Taub, 1969; Greenberg, 1970).

One key to a favorable outcome is bureaucracies' willingness and pre-
paredness to voluntarily undertake their own "basic" development during the
"easy times" before great pressure for their reform mounts. In the absence
of such pressure, they can experiment in a non-defensive mood, free of pre-
occupation with their organizational maintenance and without having to yield
to antagonists whose adversarial position would be strengthened by concessions.
Another key to successful reform is firm commitment to the service of éome
idealistic societal goals which transcend their own bureaucratic welfare
(always the legitimizing dimension for a societal subsystem).

Concerning the means of societal and bureaucratic development, both
the organizational effectiveness literature (Dyer, 1976; Goodman and Pennings,
1977) and the basic development literature (Biddle and Biddle; 1965; Arensberg
and Niehoff, 1971) emphasize the following to be pursued in approximately this
order:

1. capitalizing upon, and developing further, person's interest in
aspirations and procedures for achieving them;

2. assuring adequate incentives (including non-monetary ones) to
Jjustify effort;

3. providing opportunity and encouragement for increased involvement
in goal-seeking processes;

‘4. building insight (especially a sense of the "bigger picture' and what
contributes to its future realization);

5. recognizing and promoting innovativeness;

6. capitalizing upon and facilitating personal initiative;

7. 1ustitutionalizing -(incorporating into the bureaucracy as normal

operational procedures) the procedures and products of this process;
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8. integrating the structure of the whole to maintain internal consis-
tency of approach and actions.

It is important to note that in the bureaucratic context, the use of
authority in the promotion of development processes is sometimes necessary,
but more often counter-productive. The matter is a complex one, but genefa;ly
involves the following considerations. First, the forcing of compliance with
developmental processes does little to promote understanding of them, but,
rather, promotes "backlash.!" As well, it represents a precedent contrary to
the spirit of basic development processes. Accordingly, authoritarianism
should be avoided as a major tactic for most persons involyved in the process——
particularly those in the client population. It Is generally inappropriate
to assume people will "get used to" and "learn to like" changes they are
unwilling to accept voluntarily.

But when time pressufes for responsiveness are coupled with a scarcity
of development resources, it is often necessary to use authoritarian tactics
with special categories of people--especially functionaries in the process—-
who would otherwise substantially impede development progress. In this
tricky matter, the best rule of thumb seems to be: with functionaries, first
cajole, then, if essential, force them into the service of basic development
processes (1f they react negatively to the exercise of authority, it'pﬁsheS'
them toward sympathy with the spirit of basic development; if they “withdraw,”
at least they are less an impediment). And with dissident constituent min-
orities and opportunists, they sometimes mugt be neutralized when they favor
totalitarian or unduly devisive approaches (inconsistent with the "basic"

development approach), so that relative social order and democratic processes prevail.

Finally, the integrative function of bureaucracy.in development needs con-
sideration. Major bureaucracies, like governments, control the means for exten-
sion and institutionalization of developmental processes thtroughout a society,

and they hold the responsibility for keeping their society integrated
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and in balanced linkage with other societies. The tools of public policy,
fiscal allocations, education programs, etc.are important for maximizing the
diffusion of the development ethos, approach and accomplisﬁments. Further,
determined governments can best ensure an equitable distribution of develop-
ment's benefits throughout the population. As well, insightful officials

can use their coordinative responsibilities to ensure that the imbalances of
more rapid change in some sectors of life (e.g., technology adoption, creeping
materialism, etc.) .be slowed and compensated for by compensating changes in

other sectors of life (education, social cohesion, morality, etc.).

The Egyptian Context

All of the foregoing has roots in the social science literature, but
represents ideas that took on new meaning and formulation during the authors'
prolonged residence in Egypt. Because both bureaucracy and development are
predominant in that nation's situation, and because this case is superbly
illustrative of problems and options in the interface of the two, we now
examine several dimensions of the Egyptian case. One dimension is the
historic context of bureaucratic and national development there; another is
consideration of selected data from surveys of Egyptian farmers and officials
regarding national development processes; and a third is review of a bold and
unique social experiment underway in Egypt to overhaul the national bBureau-
‘eracy in support of development processes.

Historical Highlights

It is sometimes heard in Egypt that the "pharoahs' revenge" was; actually,
the creation of bureaucracy, and that the curse of many centuries of foreign
rule was bureaucratization to its problematic ultimate. There can be no
doubt that the development of rudimentary ancient bureaucracies enabled amazing
tangible accomplishments by the pharoshs, and that the ensuing years were made

difficult by the bureaucratic control of outsiders and Egyptians. As well, there
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is ample evidence that Egypt's contemporary development aspirations are
soﬁetimes compromised or frustrated by her dominant bureaucracies, and that
these are in other ways enabled and facilitated by them.

The "bureaucracies" of the pharoahs, it should be noted, were probably
effective primarily because they recognized and honored speclalized personal
competencies (particularly for creativity), and because they had surplus
resources to invest on aspirations which went far beyond survival needs.

Much of the critical competence was used to coordinate human efforts situa-
tionally in pursuit of technical aspirations. As for those bureaucracies'’
other management characterisﬁics; they presumably were clumsy, often counter-
productive, and ultimately dependent on incentives, reward and punishment

and interpersonal .respect to make them work (Gardiner, 1962). In short, they
were an embryonic form of heirarchial social organization, authoritarian con-
trol (a conceptually separate matter) and communal patterns (another separate
matter).

During the majority of recent millenia, Egypt has bBeen under the bureau-—
cratic control of alien parties. Yet this state of subjugation by changing
parties with differing traditions and aspirations apparently did not signifi-
cantly alter her culture. The strongest of the alien regimes were hated and
rather passively endured while life went on as usual. (To this day, countless
.cultural patterns can be traced to their early pharaonic precedents.) In con-
trast, several external influences that were accompanied by minimum-to-modest
bureaucratic rule had substantially more impact.

The Greeks (332-20 BC) had massive influence (even to the extent of con-—
‘tributing common philosophical orientations and much of the colloquial language),
yet their relationship with Egypt was one of mutually-agreeable union rather
than domination and operated politically via the Greek pattern of democratic

village confederations. In contrast, the Roman period (30 BC-642 AD)
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emphasized various technical accomplishments implemented through the rather
forceful form of Roman bureaucracy. The lasting influences are negligible;
what remain are only such technological antiquities as aquaducts, monuments
and administrative buildings. The first Christians filtered in (c: 45 AD)
without the resources to dominate, and began successfully converting the
country to their religion without bureaucratic mandate; In fact, the
eventual bureaucratization and politicizatfon of Christianity became a major
factor in its Egyptian decline, though its philosophic influence is evident
today throughout the Egyptian population (on the entire period, Bell, 1948).

The Arabs arrived in the latter part of the first millenium (640), possess—
ing the power to militarily subjugate Egypt. But they chose to use this power
sparingly, attempting instead an ideological victory within the country.
Using incentives, persuasion and relatively few men, they managed an enduring
transformation of Egypt which allowed for maintaining traditional patterns in
sysnthesis with the new (Lone-Poole, 1969). The Islamic faith they brought,
when subtly blended with early Christian and Pharaonic beliefs, is the cultura.
mainstay of the majority of Egyptians today.

By authority of first the Arabs and then the Ottomans, the Mameluke
slave-sultans (c: 1260-1798) served as an imported ruling class, manning
power positions in the bureaucracy. Under them, bureaucratic dominance in
Egypt reached its ultimate, bringing to a standstill development of her peoples
and the nation. Opportunities for initiative and innovation were practically
non-existent, Punitive methods of ruling and controlling, largely in the
interest of bureaucratic self-service, were the order of the day. The 500
year period of Mameluke rule has come to be thought of as the Egyptian Dark
Ages. It is interesting to note that eyen with her strong development pre-
cedent, Egypt's development was at its lowest ebb during this period—-the most

bureaucratic of her history (Moorehead, 1962).
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Napoleon came and quickly left (1798-1800), using his armies primarily
to "liberate" the land from the Mameluke bureaucracy,.but not to dominate
Egyptians. His presence was felt primarily through influence and diplomacy.

In the few years the French were there, the "high culture” influegce took
hold, precipitated a move toward education and gemeral enlightenment, created
domestic as well as foreign appreciation for Egypt's ancient civilization,
and today remains a conspicuous force in the gentility and diplomacy of the
.country (Moorehead, 1962).

The last ruling dynasty was quasi-Turkish in origin, initiated by the
strong man, Muhammed Ali, and reverted to much of the prvious bureaucratic
‘tradition of earlier rulers. Ali broke with Turkey to establish an Egyptian

oyal form of the same traditiom, with one important added dimensjon.. He

3aw need for technological development and invited foreign influence and
assistance--most noteably British. Thus; development of a planned, technological
sort took hold and has pervaded Egypt up to present times (Marlowe, 1965, 1975).

Upon reviewing the history of bureaucracy in the land of its origin; one
is left seriously questioning just how important it fs; .relative to other
organizational and operational forms, in the routines of the country or in
their development. Similarly, one wonders about the extent and nature of
influence that gradual social and cultural development have on.bureéucraciesl
in such.a cuuntry. Technological development, bureaucracies"'
forté; had a good headstart in Egypt'during her early bureaucratic history,
yet 'substantial technological development was not evident in Egypt's
bureaucratic mid-years. On the other hand, many developments of other sorts,
over which the ruling bureaucracy had little control, did occur. It woulid
seem that processes only incidental to bureaucracy, frequently not characteris-—
tic of it;'loom largest in development processes, and are slow in affecting it.

To characterize present—day Egypt, Western observers consider the country
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bureaucratically encumbered primarily due to the government's broad and deep
presence in the society. In this sense, Egypt is similar to many other
developing countries, especially those with a strong colonial precedent.
Egyptian officials generally are educated, capable and perceptive. Villagers,
as well, are impressive for their depth of understanding, astuteness, candor
and independence. In a true.sense, they are not a peasant population; rather
they are small-scale commercial farmers and businessmen (Baer, 1969; Critchfield,
1978). For .reasons as these, Egyptians consider fﬁemselveséquite‘devéloped as
nations go, but restrained by resource limitations and inhibiting regulations.
Following the 1952 revolution of independence, the country adopted a
general strategy of development similar to that of Eastern European socialist
.8tates, while retaining private ownership of small businesses and farms
(Binder, 1978). What emerged was a distinctly "mixed economy" and massive
govermment, which aspires to operate as a "benevolent technocracy" or

"bureaucracy with heart."

Expert policy bodies, composed of administrative
officials, applied researchers, professors and/or politicians regularly con-
template problems and goals, and revise or establish programs and policies
for bureaucratic management, sometimes with institutionalized opportunities
for citizen input. These procedures have yielded a set of well-conceived,
ambitious, though conventional long-range national development plans and
,strategies. Unfortunately, the country lacks the capital and materfal
.resources to implement them very fully, and is hindered in deployment of

human resources by preferences for urban amenities.

Current Surveys

During 1978 and 1979, applied research activities with the Egypt Water

Use project,l

a government-operated irrigated agricultural development effort,
afforded the opportunity to collect data from a sample of farmers- and officials

that are relevant here. A sample of 75 case study villagers are generally
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representative of the rural popula;ion in sample villages of the three
distinct areas of Egypt: the Nile Delta in the north; Middle Egypt in
general proximity to Cairo; and central Upper Egypt in the country's south.
A vast range of data were collected from them in successive rounds of inter-
views over the two years, .Near the end of 1979, a number of c¢omparable items
were put to 88 government officials responsible for various ministries' and
agencies' development work in the same areas 6f village study. These included
personnel operating at the village level, district and governate levels and
at the national level. Comparisons of general response distributions to
Selecéed items that bear on points raised above are offered here in simplest
form, accompanied by iInterpretive narrative.

Table 1 compares villagers' and officials" perceptions on how helpful
several bureaucratic and non-bureaucratic categories of people are thought
to be in development processes. Most generally, we can conclude from these
data that villagers perceive a lesser.relaﬁive contribution £0‘tﬁeir develop-
ment from higher gdvernment officials, but that the wvalue of government
.personnel at the local level rises roughly to the same level as others’
coﬁtributions. A noteagble exception is that the gfeatest confidence is
shown applied research specialists, who operate from the national level,
but often come into contact with local people in the line of work, and are
generally judged competent, productive in practical ways, and Key in what—
ever success a techmocratic government has wifh development. Offfcials at the
local level, similarly, are in a critical positién for'éffecting the'précfical
success of programs and policies, know local conditibns best, and are . generally
more flexible and particularistic in their handling of policy.

In a country wliere the government holds almost total jurisdiction and
- responsibility for.development, and where a.technocrétic approach has long

prevailed with considerable success, it might be thought surprising that
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non-bureaucratic groups are considered as important as they are by both
villagers and officials. As shall be explored further in following data,
Egyptians hold views of development processes that are quite similar to

those of Western development-process experts oriented toward '"basic" develop-
ment. Accordingly, they recognize. and understand the role of local initiative,
participation and organization in combination with government efforts. The

- .relatively low importance assigned 16ca1 leaders and inflﬁentials'reflects

a judgment about their willingness and preparation to contribute much., Other
data demonstrate villagers' desire for both strong local leadership and expert
‘professional assistance with voluntary organization and local human resource
mobilization.

The officials' responses in Table 1 most generally demonstrate they
consider everything but local leadership of about equal importance, again
indicating a belief in a balanced, broad-gauged approach to rural development
emphasized in the professional literature. It is noteworthy that the only
two items showing a significant difference in perceptions between yillagers
and officials. concerns the importance of national and intermediaﬁe-level
government. Presumably, this reflects the officials' Belief in their bufeau—
cratic work, and the villagers' occasional frustrations that their develop-
‘ment, tied to unseen distant bureaucrats’ claiming the responsibility, is
not pfogresSing as rapidly as it might.

Table 2 compares perceptions on the propriety and effectiveness of selected
development strategies and tactics, some of which are more typical of bureau-
cratic approaches, and some less so. From these data, it is clear that neither
villagers or officials put much faith in the use of bureaucratic power to
force development. Officials and villagers alike think the'profésSionél
planning approach has much merit, and emphasize the importance of thle govern-

ment providing services in the public works category (the first concept of
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development). Along with this, most think it essential that adult and
youth education be emphasized as govermment's contributioun, considering it
both a condition greatly facilitating specific development aims and the
main alternative to direct bureaucratic control/force. Understandably,
villagers favor practical how-to-do-it education consistent with their
personal interests and problems, which tends not to be typical of Egyptian
"grammar school public education.

It is interesting to note the relatively low ranking given to increasing
local money or credit as a strategy in support of development aspirations.
Egyptians, like many people, often give the impressiﬁn'they think all thedir
problems would be solved if they had more money. But upon thoughtful
- reflection, they apparently think fiscal resources a much.less important
factor in development than many other things, including having a more caring,
respectful, infomally organized social enviromment. A principle disagree-—
ment among the world's development professionals: 1is precisely the issue of
how dominant financial policy should be. The industrial/technology develop-
ment emphasis, most associated with development via bureaucracy, gives high
priority to fiscal growth as a principle means and end of development.
Development professionals of other persuasions-—particularly the "basic"
.development camp--downplay the fiscal factor on various pragmatic grounds.
Egyptian villagers and officials alike demonstrate their intuitive belief
here that a broad conception of development means, and perhaps goals, is
most appropriate.

An important item in Table 2, G, shows strong support for having
institutionalized provisions through which citizens can influence decisions
of bureaucractes which affect them--to put pressure on them, in a sense.
This is one of several similar items which showed essentially thHe same

response pattern, Egyptians seem comfortable with a technocratic approach
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to development, but believe other "grass-roots" approaches are an essential
complement. In fact, there is strong evidence that they believe more in a
balanced citizen-govermment partnership approach than in domfnance of either
govermment or themselves (Sallam, et al., 1980). Such depends upon being
able to directly influence bureaucratic processes, keeping them responsive
to the prevailing public will and conditions. In other words, they assume
bureaucracies’ service in . development will Be most effective if they remain
open.and adaptive.

Finally, Table 2 shows.four non-bureaucratic development matters to be
extremely important in villagers' and officials' thinking: building local
informal,leadérship; increasing informal organization; improving sociél
incentives for those who work hardest for local improvements; and'prbmoting
a more "caring" community atmosphere. These matters, at the core of the
"basic"’developmeﬁt approach, can be made compatible with bureaucratic
functioning; and supported by it, but presupposes the infusion of the sanme
.characteristic into bureaucracy. The Egyptian technocracy requires further
.development along these lines before a viable partnership with the people
for more effective national development can be realized there.

‘Table 3 contains response patterns to several issues introduced above;
Concerning perceptions of the main purpose of government, both officials
and villagers overwhelmingly agree it is- to promote and facilitate develop—
ment (as contrasted with-maintaining stability, mininizing deviance, etc.).
By implication, It should function more as a future-oriented societal seryice
organization rather than a present-oriented societal maintenance one. This,
of course, is difficult for a large, centralized bureaucracy operating under
conditions of high constituent expectations, severe resource limitations and
external political and military pressures, as is the Egyptian govermment.

A major strategic mistake such a centralized bureaucracy might make is to set
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on a path of forcing developmental changes when they suspect citizens would
not understand enough to willingly go along with. Fortunately, Egyptian
officials, like villagers, see this as an inappropriate'strategy, perhaps
because they know from experience it would not result in lasting effectiveness,
or because they lack the resources required for enforcement, or because they
know it to clash with other aims they are promoting. One of these other aims
is to reform the basic ways things have tended to get done in the country
which, presently, is mainly By bureaucratic dictate in the classic.colonial
tradition. Probably the Egyptian govermment has adopted this policy of
bureaucratic reform because they realize it is- the spundest, though not -
easiest,option to pursue in a setting where citizens hope for rapid change,
but are still being trustingly patient.

In settings where fatalistic attitudes prevail, there is greater
acceptance of bureaucratic control. Fatalism is often used as an indica-
tor of basic underdevelopment, . and made é first target of developmental
attention, so that other development aims can be effectively pursued. Table
3 data show Egyptians are well along the basic development path By believing
their option for effective grass~roots initiative 1Is open. Importantly,
when the people of a nation believe ihey shall not be controlled, they
‘cannot be controlled, precluding the effectiveness of authoritarian bureau-
cratic tactics. Such a.sense of independence within a nafion is- a precondition
. of ‘basic development,-but it also jeoﬁordizes the ability or willingness of
people to wvoluntarily combine forces for developments which. require a common
- effort. This dilemma probably in part accounts for reasonably weak informal
local leadership and voluntary soéial organization in Egypt. Table 3 data
and impressionistic evidence suggeét villagers are inclined to voluntarily
come together and act on good ideas for local improvements. The ingredient

which seems to let this happen is credible leadership with initiative--having
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respected persons with good ideas who are willing to step forward to advocate
them, Probably local officials or trusted outside experts could, and do,
serve this function as well as local informal leaders.

Often weaker local leadership initiative is: a function of community in-
tolerance of innovative ideas. Peéple, understandably, often do not wish to
risk their social standing by stepping forward to advocate an idea that may
prove unpopular. But, again, the data suggest that this is not a seriously
constraining factor among the Egyptian villagers sampled. In this sense,

also, Egypt shows signs of considerable progress in her basic development.

;]

Bureaucratic Reform Experiments

.Reference has been made to the unique, bold experiments in bureaucratic
reform Egypt has recently undertaken to facilitate her rural and national
development (Mansfield, 1976). It is too early to know the eventual success
of this emerging plan, but it is already noteworthy for what is Being done,
and that it is being done.

Following the 1952 revolution, very complex, centralized bureaucratic
structures and processes emerged in Egypt. In time it became apparent to
many, particularly President Sadat, that abuses and malfunctions within the
government were proving. counter—productive to development needs (Sadat, 1978).
Accordingly, he initiated a "corrective revolution" in 1973 to reduce the
excesses of the previous revolution. A first step was to open up the country
and government bureaucracy to outside influence; This was risky in several
contexts. It enabled "outsiders'" gbservation and review of authorities’'
performance throughout the ranks, which easily may have left them feeling
threatened. Also, the "opening" allowed exposure to the world of Egypt's
problems. Too, the opening raised potential for competition between power-—
ful Western and Soviet-block nations to exercise their various ideological

influences within Egypt. Soviet influence was evident early; Western
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influence has been evident more recently. Support of other Arab or Islamic
countries was apparent until the recent split over Sadat's peace initiative.

A related facet of the corrective revolution hés.been to increase the
capitalist "mix" in the basicélly—socialist economy. Privéte enterprise,
rather heavily taxed, is viewed as a means to generate capital necessary to
sponsor needed domestic programs and to arrive at a favorable international
balance of payments. Increasingly; private sector initiative is being
encouraged in areas as tourism, transportation, housing and agricultural
development. Egyptian-national and "joint venture" (Egyptian with foreign)
investments are.sought, with a.requirement that Egyptians hold cbntrolling
interest.

Modest emphasis is being placed on enhancing Egypt's infrastructure,
particularly transportation and communication. Effort is being directed toward
revitalizing and refurbishing industrial capabilities, without much additional
industrial expansion. Also, the reopening of the Suez Canal signalled Egypt's
open-door policy as well as lier interest in commerce. Heavy emphasis is being
placed on continued development in the agricultural sector, particularly on
"old lands" of the Nile Valley. And, rural devéldpment of a more general
nature is being promoted.

One major commonality of the 1952 revolution of independence and the
more recent corrective revolution is the attention given to tlie basic survival
needs of Egypt's citizens. The govermment provides extensive food, clothing,
housing and medical subsidies, old-age, disability and accidental death benefits,
élong with a variety of other social welfare programs.

More significant than the CBénges noted above, though, have been the variety
of actions taken to initiate and ensure progress towafd bureaucratic reform.
Enlightened leadership, provided by President Sadat and other high-ranking

Egyptians, has encouraged bureaucratic reform through political processes,
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administrative policies and personal example. Political parties and Parliament
have been dissolved and reformed in an effort to evolve what could best be
described as a multi-party-of-the-middle system. Only extremist views of the
far right and left are unrecognized in current political party structuring.
More moderate, though differing, positions are included. A loosening of
centralized control has, to be.sure, been accompanied by safeguards intended

to ensure stability. Periodically, when internal security/stability are
thought to be threatened, controls are tightened and people are encouraged

to "cool down." Increasingly, methods for "reform with stability" are of

the sort that do .pot intimidate Egypt's citizens.

Vast decentralization of govermment bureaucracy is underway. Initiated
in December, 1979, by President Sadat's granting of presidential powers for
domesfic concerns to each of Egypt's governors, this policy shift heralds
what could prove to be a new and significant era in both bureaucratic struc-
turing and functioning in, and development of, Egypt. Coupled with much
increased power at the governmate level hasibeen a sort of reyenue-sharing
approach to distribution of funds. Also, governors and others are encouraged
to develop pilot and demonstration pregrams to meet local needs, for which
national grants are available. Much national publicity, recognition and honor
are given these model programs and those who instftute them.

Considerable emphasis has also been placed on the up-grading of abilities
of middle-level bureaucrats at the governate and local és well as national
levels, Many programs of in-service training have been implemented, with
focus on managerfal as well as technical skills. Thus, the first avenue used
is an educational one; those who, after training, are not able tc function
according tc expectations are first encouraged, then pressured to move out
of these important bureaucratic positions. Throughout, emphasis is on pro-

moting a coupling of individual initiative and innovation with commensurate
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individual responsibility, rather than bureaucratically-diffused responsibility.

Egypt has a long tradition of education and educational institutions. In
recent years, emphasis has been placed on speeding the democratization of edu-
cation. TFree public school education for all and free uniyersity education
for those who .qualify academically have been practiced since the 1952 reyo-
lution. Today emphasis is on curriculum revisions (national curriculae has
been used; governates are now being encouraged to develop new/adapt existing
curriculae), and on less formal means to reach a large number of adults
throughout the nation with needed information and skills. A recently-established
national extension and rural development institute proyides leadership in
training and other support activities for local extension persopnel. In addition,
an extension component iIs frequently included in special-purpose projects of the
various ministries and governates. Also, there are many Egyptian. journals and
newspapers, along with national television and radio stations;, whitch serve an
educaticnal as well as- news and entertainment function. Sadat, himself, serves
as an educafor as he travels throughout the country meeting with local groups
for the purpose of explaining govermment policies, positions and programs. His
often long and emotional speeches tO'Pérliament (heard by millions via t.v. and
radio) are an excellent example or his desire for "everything to be as clear to
the people as it is with me" (Sadat, 1979, p.162).

Throughout these (and other) reform efforts, there are common elements.
Taken together, they reflect a multi-faceted attempt to overcome the five
bureaucratic problems noted earlier in fﬁiS‘paper, "And, a number of the
characteristics recessary to fulfill the aim of restructuring bureaucracy are
also evident.

More insight into the correctiyve reyolution czn be gleaned from a. review

of President Sadat's autobfography, In Search of Identity (1978). 1In particular,

his references to and identification with Egyptian village life, the spirit of
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the people and the values of the village (e.g., freedom, beauty, dignity, love,
sovereignty of the individual, collective effort) suggest the basis for common
aspirations, goals and means consistent with those values. He describes love
as "a human safeguard against 2ll social pitfalls. To love means to give,

and to give means to build..." (p.110). He is critical of materialism and
power as human values. He states that the notions of a power-based community
and a benevolent dictatorship are incompatible with the nature and temperament
of the Egyptian people.

Finally, it is apparent that Sadat is a deeply religfous-man,as are most
of his countrymen. The values nofed above are consistent with the majority
Sunni Moslem and minority Coptic Christian faiths, as they are with most other
major religions. In the practice of Egyptian Sunni Islam, the earthly locus
of authority and respcnsibility for decision-making rests with the community,
through community concensus. Thus there is a strong value-basis for “basic"
development in Egypt, as well as the pragmatic desire and unusual enlightenment
in the highest bureaucratic circles. One hopes this is sufficient for success.

Conclusions

Consideration of the relationship between bureaucracy and development
in Egypt prompts several general conclusions. Egyptians were among the
first to embark on a systematic development course which, among other things,
yielded g rudimentary form of bureaucratic organization to facilitate its
civil progress, In time, the fuller development of this organizatfonal form
began to impede its development, particularly in the hands of aliens who
wished to control and exploit the country. When periods of new influence were
felt in the development of the culture, they tended to come In non-bureaucratic
form, or during times when the bureaucracy of State was undergoing deyelopment
or transformation.

The major exception to this generalization has been with the impressive
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technological developments during the last hundred years of Western influence,
and, particularly, during the past thirty-five years of Egypt's revolutionary
self-rule., There are consequences of this recent developmental history that
are bothersome to Egyptians ranging from the President to the village farmer,
however, and they are undertaking an insightful, voluntary "corrective
revolution" before crisis befalls them, Their rationales and actions are
instructive.

They begin with concerns for the "human spirit," independence, freedom
and dignity, initiative and commitment to common social ideals rooted in their
historic communal .solidarity. They sense that their technocracy has brought
benefits, but also problems they wish to resolve, like subyverted
initiative and communal solidérity. .Perceptively, they look to building the
institutional support structures in areas like education, religion, local
services, etc. while increasing grass-roots "spirit," dignity and autonomy
through decentralizaﬁion and relaxed controls on the vast "moderate" popula—
tion. Clearly, they do not believe the force of bureaucracy can effectively
be used to mandate development--only to poinf the way while snpporting and
allowing it to emanate from the people. This process Is .resulting in an
incremental basic reform of the national bureaucracy so it can more effectively
support development processes. In. the process, national bureaucracy gains
credibility and popular support, strengthening it as a major force for on—
goiﬁg balanced societal development.

This process is not without problems, however. TInh the Egyptian case.
several matters are relevant. It must be realized that any unaccustomed
approéch,will be yviewed uneasily and suspiciously by many who are involved.
President Sadat and his fellow-reformists are doubtless: often thought naive
by those who do not share their profound insights, and many within the

country are left confused and disoriented when the familiar bureaucratic-
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authoritarian patterns are altered. Many Egyptians, in fact, show evidence
of a wait-and-see attitude. Thus it is important that persistence of the
reform/development .be followed for sufficient time so that the indirect
results of success can be felt throughout the society and so that methods
the social experiment can be improved by experience.

In the meantime, the top levels of government must ensure.the popular
credibility that underpins good faith, and control the deyisive Influences
of opportunists and extemists who could jeopordize. the societal stabilitry
on which the process depends. More particularly, heightened inflation which
accompanies developmental surges must be controlled; an eéuitaﬁlo distri-
bution of development benefits must be realized; long-term personal commit—
Mments-to national develﬁpment according to the previous model cannot.be
betrayed;Areluctant,key,Bureadcrats:must sometimes .be prodded into compliance
with the new scheme; profiteéring:must be controlled; etc. A particular
dilemma in the process is how to shift from hierarchial authority lines to
a matrix fOrﬁ.df national organization without unduly frustrating orientations
‘and efforts. For instance, former hierarchies extending down to the village
level have not been cancelled, but cross-cut by the investment of presidential
.powers .to-.governors and their staffs. Only good fai-h, good informal com—
munication and.coordination patterns, and the congenial spirit of the Egyptian
.people have prevented this situation from becoming problematic.,

The spirit and character of the Egyptian people is significant in another
regard., The bureaucratic reform/basic development process is facilitated
by the fact that Egyptians are strongly independent as individuals and a nation,
yvet highly value communal patterns and problem-solving processes. As a result,
they do not take their bureaucracies as seriously as many do, verhaps because
they have had to co-exist with theﬁ'for centuries. For such people, real
revoluﬁionvmeans, more than anything else, finding an alternative to life-by-

bureaucratic-imposition.
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Perhaps the same people who invented bureaucracy as a by-product of their
pioneering early development are now in the process of working out a new form
for the organization of developmental efforts. This may provide the world
with a model even more significant than that of bureaucracy. Unquestionably,
their experiment with voluntary govermment-initiated reyolution serves as a
‘noteworthy pioneering effort in the quest of full development despite limited
resources, One might even argue that the highest level of developmental
achievement a nation can reach is the institutionalization of "basic"
development patterns in  their societal organization. If this is so,

Egypt may now De among the most developed of nations.
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Footnoye

1. Goverpment of Egypt and US-AlD funding through the Comsortium for
International Development. (footnote on page 15 of manuscript)



OPTIMAL DESIGN OF FURROW IRRIGATION SYSTEMSl/éf

J. Mohan Reddy and Wayne Clymag/é/

Introduction

Surface irrigation is the most widely practiced method of irrigation
(Goldberg, 1974). This widespread use of surface irrigation methods
reflects its feasibility under many circumstances, low energy require-
ments and simplicity of operation (Pillsbury, 1968). The poor perfor-
mance of surface irrigation systems suggest a need for better system
design and management.,

Water is one of the limiting factors of agricultural production.
Improved designs of irrigation systems would result in more effective
and efficient use of water resources. The purpose of this paper is to
develop a design procedure using generalized geometric programming that
results in optimal system design of furrow irrigation systems considering
a number of design variables and system constraints.

An irrigation system has several variables that affect its .
performance. These are: the flow rate, slope of the field, field
dimensions, roughness, furrow shape and soil infiltration characteris-
tics. Time of inflow, inflow rate, field length, furrow spacing and net
depth of irrigation are operational variables to be determined in the
design. Variables such as infiltration rate, roughness and furrow shape
are given for a particular field. Time of inflow, inflow rate and field
dimensions usually are constrained for a particular design. An optimal
design must consider these variables and any system constraints.

Optimal design of an irrigation system should consider returns from
the crop and costs of system operation to maximize profit. Reddy (1980)
has developed such an approach for border irrigation by relating system
design variables to system performance and system performance to crop
yield. Because these relationships are not yet available for a furrow
irrigation system, optimal design of the system will be based on minimi-
zation of costs. In the design of an irrigation system, there are many
combinations of values for the variables that would fulfill the require-
ments of the system, but with different costs. There will be a combina-
tion that will involve minimum design expenditure and at the same time
meet all the system constraints.
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Literature Review

Research on optimization of surface irrigation system design has
been limited. The works of Marjai, Oroszlany, and Wellisch (1958), Wu
and Liang (1970) and Nugteren (1973) were restricted to optimizing a
single variable. Marjai, Oroszlany, and Wellisch (1958) considered
uniform wetting of the length of run as their objective, and derived
theoretical equations for optimum inflow rate into closed end furrows
under a given set of field conditions. The theoretical results were
corroborated by experimental results. Wu and Liang (1970) considered
length alone as the optimizing variable. They developed a cost function
in terms of length assuming all the other system variables are constant.
By simulating the cost function for different length combinations, they
obtained the optimum length for a furrow irrigation system. Nugteren
(1973) applied differential calculus in optimizing different single
variables holding all other variables constant.

Mathematical optimization of furrow irrigation system design was
not possible until recently for two main reasons. First, appropriate
mathematical equations expressing the relationship between the quantity
that needs to be optimized and the system variables were not available.
Even empirical relationships were not available. Recently, the Soil
Conservation Service (SCS) developed design equations for furrow irriga-
tion (USDA, 1979). Second, the theory of mathematical optimization
(geometric programming) to handle negative coefficients either in the -
objective function and/or the constraints was limited. Dembo (1972)
presented a condensation technique to handle negative coefficients.
Utilizing the available mathematical relationships for furrow irrigation
and the theory of geometric programming, a furrow irrigation system can
now be designed optimally.

Mathematical Features of Furrow Irrigation

Before optimizing any problem, the mathematical relationships
between the system design variables, the function to be optimized and
the constraints to be satisfied must be available. The mathematical
relationships used in this paper for the design variables were obtained
from Ley and Clyma (1980) as modified from the SCS furrow design proce-
dures (USDA, 1979). The relationships are summarized here and further
details are available in the references.

The equivalent average inflow depth is:

b - 60QfTi .
a WL
where Da = équivalent average gross inflow or applied depth, mm
Qf = average furrow inflow rate, lps
Ti = inflow time, min
W = furrow spacing, m

I = length of the furrow, m



The equivalent average intake depth for the furrow length is given

by:
- _ _8& <hib P+K
a(r; - B 1M+l GO, by <p, (2)
where Di = equivalent average intake depth for the entire furrow
length, mm
a,b,c = consfants‘in the infiltration function
g,h = advance coefficients for given intake family
(P+K) = equivalent average wetted perimeter where P is
defined by Equation (5) and K is a constant of 0.21
The values of g, h and P are defined as:
3.280K%%s 9/
- 1 f
2
h = 1-d (4)
P = 0.3304 (—575 k. 031526 (5
- g 172 /
o
where Cz,h,d = functions of intake family
K1 = 4,831 for metric units
n = Manning's coefficient assumed equal to 0.04 for
furrows
S0 = slope of the furrow

The equivalent average runoff depth, Dr’ is given as:
DrzDa - Di (6)

The relationship for equivalent design application depth for the desiga
length is given as:

4

P+K (7

o b
D, = [a (T, rx)Ld) tel GGr

where Du = equivalent design application depth or requirement,
mm
Ti--'l’x)Ld = intake opportunity time at point Ld, min
L, = point along furrow at which the design applicatioi

is to be infiltrated, m



The equivalent average deep percolation for this section, x = 0 to
X = Ld, is given by:

Doyvpoy = Diyar =D (8)
P)0 Ld i)0o Ld u
where DP)O-L = equivalent average deep percolation depth for the
d section, mm
Di)O-L = equivalent average intake depth for the section, mm
d

The equivalent average intake depth is given by the following:

) b P+K
Piyo-, = 12 Toaly + el G ©)

where Toa)L = average opportunity time for the section, min
d

The equivalent average deep percolation depth for the full furrow length
is estimated as:

Ly
p (DP)O-Ld) T (10)

I
i

]

where DP equivalent average deep percolation depth for the full
furrow lepgth, mm

Finally, the equivalent average root zone storage depth is defined as:

Dau = Da i Dr - DP ’(Dau < Du) (11)

i

where D
au

equivalent average root zone storage depth, mm

The relationships presented above are quasi-rational. The recession
component was assumed negligible in the derivation of the above relation~-
ships. Hence, when the recession component is significant, this optimi-
zation technique gives only an approximate solution.

Optimization Technigue

The system defined by the above equations can be analyzed by
nonlinear programming, Generalized geometric programming (GGP), which
is applicable to engineering design problems of this type, is a type of
nonlinear programming that is most appropriate for this problem. The
same technique was presented by Karmeli and Oron (1979) for closed
conduit irrigation (sprinkle and trickle) systems. Generalized geometric
programming is formulated with an objective function of the form:



6, (), =B (&) - Q) (12)

GO(E) = objective function in terms of system variables and
cost coefficients

with K2 constraints in the form:

G, (x) Pk(E) - Qk(§) <10, k=0,1,2, ..., K . (13)

constraint function in terms of system variables and
constants

it

6, ()

The quantities, Pk(§) and Qk(§) are called posynomials. They are the

terms in the objective and constraint functions with positive and nega-
tive coefficients, respectively. They have the following forms:

I .
Pk(x) = ‘21 Uik(x) , k=0,1,2, ..., K, (14)
1=
_ J
Qk(x) = 2 ij(x) , k=0,1,2, ..., K2 (15)
j=1
in which K2 = number of constraints in the problem; I = number of terms

with positive coefficients [Pk(E)]; J = number of terms with negative
coefficients [Qk(§)]. Each term in a posynomial is defined as the

product of a constant and one or more system variables with exponents.
These terms, Uik and ij, are defined as follows:

SRR TIY)
Uik = Cik 221 Xg , k=0,1,2, ..., K2; i=1,2, ..., I . (16)
L ke
ij = Cjk 221 Xp , k=0,1,2, ..., Kz; j=1,2, ..., J . (17)
where Uik’v’k = terms with positive and negative coefficients,
J respectively in the objective function and
constraints
Cik’cjk = constants in each term of the objective function

or constraints

i

Xy = system variable



. ass.., = exponents for the system variables
ik£’>jkL

L

number of variables in the system

Equations (12) and (13) are called signomials. A signomial is defined
as the difference of two posynomials. The major step in the formulation
of GGP is the transfer of the signomials into posynomials with one term,
called monomials. This is accomplished by a process of condensation as
defined by Dembo (1972). After the monomials are obtained, the con-
straints and the objective function are linearized by taking the natural
logarithm of the monomial function. This set of equations is solved by
linear programming and convergence of the solution to the original
problem is obtained by additional constraints called "cuts” to the
original problem. By solving the linear program a finite number of
times, an optimum solution to the original nonlinear problem is obtained.
Verification of a global optimum solution must be performed. Dembo (1972)
mentioned that the global optimum is assured if an initial feasible
solution is available to initiate the algorithm. The global optimum is
verified here by simulation.

The values of the variables obtainable from the above technique
will be continuous (non-integer). In the design of an irrigation system
some of the variables such as the number of lengths of run, number of
sets, and number of furrows per set should have integer values. There-
fore, a different technique must be attached to the above procedure to
obtain an optimal solution that has the values of these variables as
integers. The branch-and-bound (Benichou, Gauthier, Girodet, Hentges,
Ribiere, and Vicent, 1971) technique is chosen here to express the
related variables in an integer form.

Definition of Objective Function and Constraints

The most commonly chosen objective functions are either maximization
of profit or minimization of costs. For an irrigation system, maximiza-
tion of profit requires an explicit relationship between the system
design variables and crop yields. Reddy (1980) has developed such a
relationship for wheat and a border irrigation system. For this applica-
tion to furrow irrigation systems, minimization of system design costs
was chosen as the objective function for optimal design.

The costs involved in the design of a furrow irrigation system
include: (1) the cost of water; (2) the cost of labor; (3) the cost of
headland facilities such as the head ditch; and (4) the costs of environ-
mental effects such as deep percolation and runoff on water quality.

The effect of poor irrigation practices on yield, such as deep percola-
tion on fertilizer leaching and reduced yield and underirrigation on

crop stress and resulting yield, will be neglected in this analysis

since returns have not been computed. The environmental effects will
also be neglected for simplicity of presentation and because of a general
lack of appropriate data on the costs of water quality degradation.

When runoff recovery is to be included in the system design, then costs
of the recovery can be considered in the water costs. Benefits of the
recovery may also reduce other system design costs. The cost function
for optimal design is as follows:



6,(Qp,T;,L) = napn (cQ;T.ne  + cy0l.) + canWp (18)
cost of cost cost of
water of headland

labor facilities

¢, = cost coefficient of water (from either a canal or a well),
S/ha-m

cost function for system design, $/field

¢, = cost of labor, $/hr

g = fraction of the time labor is utilized during the
irrigation time

C3 = cost of ditch construction, $/linear meter
n, = number of lengths of run in the field

WF = width of the field, m

n, = number of irrigations per season

ne = number of furrows irrigated per set

number of sets in the width direction

=]
1]

In addition to the cost function, there are limits on the system
variables called constraints. These constraints limit the design vari-
ables to feasible values. Maximum flow per furrow based on physical or
legal boundaries, or rainfall erosion, and furrow spacings based on
crop, machinery or farmer preference are all examples of constraints
frequently specified for a particular design. All these constraints
must be met to have a feasible, optimal design.

The constraints for a given design are specified as follows:

Q% 2 Qynin 3 O1 = Uymin/ <1 (19)
Qf < Qf)max ) GZ = Qf/Qf)max <1 (20)
But Qmax is given as follows:
Q
A £
Qf)max =53 G <1 (21)
Qf)max = maximum non-erosive stream, lps
A = coefficient dependent on erosiveness of soil and
assumed 0.63
S = slope of furrow in percent



Usually the depth of irrigation is specified based on an optimal
depletion level for a given crop for maximum yields. Reddy (1980) has
used another strategy which consisted of simulating the results of a
given set of field and hydraulic conditions to result in a specific
field distribution of water. The resulting constant field distribution
of water is used to simulate crop yield for segments of the field. Yield
is then related to a constant, seasonal water requirement efficiency and
a design depth of irrigation. Other strategies are possible to result
in relationships that can be used to obtain both an optimal design depth
and optimal seasonal performance. In this application the optimal
design depth is assumed to be given.

The SCS furrow irrigation design procedure requires that the length
of the field over which the design depth is to be met by a given irriga-
tion be specified. This length, K3L, is called the design length, Ld.

An appropriate design strategy would be to determine the optimal design
length. In this application, the frequency used design length of 0.9L
(K3 = 0.9) was assumed.

The design application depth at 0.9L should be greater than or
equal to the optimum depth of requirement. The constraint for this
condition becomes as follows:

D
. - opt
Du > DOpt ; G3 Du <1 (22)
where Dopt = optimum depth of requirement, mm

The constraint can be expanded as shown below:

D

G, = opt <1 (23)
P faly- g00.90)MP + 3 BER
D W
(;3 = op P <1 (24)
{a[T, - g¢0.90)"1° + c}]0.3304(~1-%)0'31524 +0.21]
+ S
[}

The average amount of irrigation water supplied to the root zone is
defined by the product of the water requirement efficiency and the
design depth. Efficiency can also be restricted to be greater than or
equal to some specified amount for optimum yields (Reddy, 1980). There-
fore, the optimum average depth of water to be provided to the root zone
is the product of the optimum water requirement efficiency and the
optimum depth of irrigation water. The amount of irrigation water
provided for the root zone should be greater than or equal to this
optimum average. The constraint of Equation (22) can also be specified
as:



D _.E
G3 = _%BE_B <1 (25)
au -
Gy = CopR R
[{alT;- (£ el (alT;- cB (K, DMPreletalt, -g (K1 P+e}1 (5D ~
(26)

where Ep = water requirement efficiency. Equation (24) specifies that

at 0.9L of the field length, the depth of irrigation should be at least
equal to the optimal depth. This length can be any other fraction of
the length of run. But for this case 0.9L is used. Equation (26), on
the other hand, specifies that the average depth infiltrated into the
root zone must be at least equal to the product of the optimal depth
times the desired water requirement efficiency. In Equation (26), K3
determines the fraction of the field length that is irrigated to the
optimal level which is unknown at the start of irrigation. The value of
K3 is constrained by:

0 <Ky <1 (27

Either Equation (24) or (26) is sufficient. Equation (24) was used in
this analysis.

The length of run cannot be greater than the actual field length
given. A shorter length of run increases the cost of operation and the
longest length may result in a less uniform distribution of water along
the length of the field. Therefore, the field length could be restricted
at both extremes:

nzL < LF > 64 = LF/nQL <1 (28)
L< Lmax > G5 = L/Lmax <1 (29)
Lmin .
L> Lmin > G6 =TI <l (30)
where LF = length of the field; Lmax = maximum length of the run; and
Lmin = minimum length of the run

Similar constraints can be placed on time, number of furrows per
set, and number of sets with a given number of furrows and furrow spacing
for the width of the field. They are as follows:

Q
fs*f (31)

nga T, <T > Gy = <1 (32)
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D¢
none = ong > G9 = — <1 (33)
w fs

where n, = number of sets in the width of the field; ne = number of
furrows in the field; ne = number of furrows per set; Tmax = maximum
time availble per irrigation; Ti = time of application per set; and

Q = total flow rate available at the field.

Application of Technique

An example field is analyzed and an optimal design for a furrow
irrigation developed. The data for the field including the constraints
and cost coefficients are given in Table 1. The optimal design is
developed by generalized geometric programming and the optimal solution
verified by system simulation.

Table 1. Data for optimal design for example system.

Field Variables and Constants

= 1.5; Du = Dopt = 76 mm; LF = 805 m; WF

s, = 0.001; I = 402 m;

f
n=0.04; Q=158 lps; W= 0.76 m; n, = 5

From USDA (1979): I, = 1.5; a = 2.283; b = 0.799; c = 6.985; h = 2.227;

f
d = =1.227 and C2 = 13767
Constraints
DOpt = 76 mm; K3 = .9; Lmax = 402 m; Lmin = 91.5 m; Qf)min = 0.63 lps;
Qf)max = 3.2 lps; Tmax = 8000 min

Cost Coefficients
Cost of Water, ¢, = $40/ha-m; Cost of Labor, ¢, = $3/hr; Cost of

Ditch construction, cy = $3.25/meter length; and « = 1.0

The objective of the design is to minimize the cost of water,
labor, and head ditch construction. The negative effects of environ-
mental pollution by runoff and deep percolation, and reduced crop yield
from stress are not considered. Therefore, the cost function becomes:

o min = Moy [ni (0.00024 nfsQfTi + O'OSTi) + 2.5nfs] (34)
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The constraints of the system are given as follows:

_ -1
G, = 0.63Q; <1 (35)
G, = 0.31Q; < 1 (§6)
G = (76) (.76)
3 2.227,.799 Qe(.08) - 31504
{2.283[T.-g(.9L)*"““']" "7 + 6.985}[0.3304(———1)" +.21]
1 %
(.001)
(37
Similarly, length and time can be constrained as:
G, = 805/n,L < 1 (38)
G, = L/402 < 1 (39)
Gg = 91.5/L < 1 (40)
G, = ng, Q;/158 < 1 (41)
Gg = n,n T./8000 < 1 (42)
_
Gy = <1 (43)
nn -
w fs

In constraint G3 (Equation 37), a new variable v is defined to

simplify the complexity of the constraint which is given as:

v = Ti-g(.QL)h > G

10

_ veg(Lon)h
T,

1

<1

(44)

i

In order to avoid the unboundedness of the variable, a penalty function
Therefore, the cost function becomes:

is added to the cost function.

G .
o min

+ 2.Sn£n

0.0012QfTin2n

f

fs

n + 0.2
W

n_ + 10,000v
S W

STianw

(45)

In the linearization procedure the cost function is added as an

additional constraint to the problem.
again, as an upper bounding constraint by the introduction of an addi-

tional variable (u) into the problem of the following form:

Min u

G, = 0.0012QT.n

P

n_ + 0.25T.n
sw i

2

n + 2.5n
w

2" fs

+ 10,000v < u

This constraint is formulated,

(46)
(47)



All the constraints are linearized at an arbitrary initial point as
described by Dembo (1972). The initial point need not be a feasible
point. After linearization, the problem hecomes a linear programming
problem. A generalized geometvic programming code was developed to
solve the above problem.

Results and Discussion

By applying the generalized geometric pregramming technique, the
following optimal values of the variables were obtained: L = 402 m,
Qf = 3.15 1ps, Ti = 371 min, n, = 2, Ng, = 50 and n, = 10.6. These

values satisfy all the constraints imposed in the problem closely. If
more refinement is needed, these values can be reiterated until every
constraint is exactly satisfied. The above sclution is optimum, but to
verify whether this is the global optimum, a simulation study was done.
This study revealed that these values are, in fact, the minimum values,
i.e., the global optimal design was obtained. The optimal values
obtained by simulation are: L = 402 m, Qf = 3.15 1ps, Ti = 375 min,

n, = 2, ne = 50 and n = 10.6. These values are presented in Table 2.

The above values of the number of sets in the width direction (nw)

are not convenient because they do not represent an integer number of
operating sets in the width direction (nw = 10.6). Fractional sets do

not have any physical meaning. Hence, after the optimum was obtained,
the branch~and-bound technique was used in which the value of n_ was

increased and decreased to the next integer number of sets. The optimal
values of the other variables were obtained by similar procedure also
for the two different values of . A flow chart of the procedure is

depicted in Figure 1. By comparing the cost of design for the two
values of o, the minimum value was accepted as the optimal design. The

values of the variables are given as: L = 402 m, Qf = 3.15 lps, Ti =
357 min, ny = 2, ne = 48, and n, = 11. The optimal cost of seasonal

irrigation was $187.40/ha.

Summary

Generalized geometric programming and the Soil Conservation Service
design procedure for furrow irrigation systems were combined to obtain
an optimal system design considering a number of design variables and
system constraints. The optimal design was verified by simulation using
the design equations and considering the constraints. Generalized
geometric programming and current quantitative design procedures can now
be combined to obtain optimal system designs that result in improved
on~farm water management at minimum cost to the farmer. Costs considered
were water, labor and ditch construction.



Table 2.

inflow rate, time of irrigation, znd system constraints.

Seasonal cost (§/ha) of irrigation for a given field as a function of length,

Cost of Irrigation

L=100m L=201m L =268m L=402 m
Time Inflow Rate (lps) Inflow Rate (1ps) Inflow Rate (l1ps) Inflow Rate (lps)
(minutes) 1.26 1.89 2.52 3.15 1.26 1.89 2.52 3.15 1.26 1.8% 2.52 3.15 1.26 1.89 2.52 3.15
75 % -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
125 -- 412 -- -- -- - -- -- -- - - - - -- -- -
175 407 -- -- -- -- -- 244 264 -- -- -- -- -- -- -- -~
225 430  -- -- -- -- 241 267 ~-- -- -- -- 219 -- -- -- --
275 -- -- -- -- -- 258 -~ -- -~ -- 217 -- -- -- -- --
325 -- -~ -- -- 234  -- -- -- -- 207 -- -- - -- -- --
375 -- -- -- -~ 249  -- -- -- -- 219 -- -- -- -- -- 190
425 -- -- -- -- 261 -- -- -- -- -- -- -- -- -- -- --

*“Missing data (--) represent infeasible solutions.

€1
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Solution
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Seasonal Cost of
Irrigation = $187.4/ha

Figure 1. Flow chart of the solution procedure.
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]

= equivalent average deep percolation depth for the section

= the equivalent average intake depth for the section x

i

LIST OF SYMBOLS

Definition

equivalent average gross inflow depth, mm

-average furrow flow rate, lps

time of irrigation, min
furrow spacing, m
length of the furrow, m

equivalent average intake depth, mm

“infiltration constants

advarice coefficients for a given intake family

equivalent average wetted perimeter, m

4.831 for metric units

slope of the furrow

Manning's roughness coefficient
equivalent average runoff depth, mm
equivalent design application depth, mm

intake opportunity time at point Ld’ min

point, alomg furrow at which design application is to be

infiltrated, m

x=0 to x= Ld, mm

to x = LdJ mm

average opportunity time for the section x =0 to x

min

average deep percolation depth for the full furrow length,

mm

equivalent average root zone storage depth, mm

the objective function in terms of system variables and cost

coefficients
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Definition
constraint function in terms of system variables and
constants
number of terms in each constraint with positive coefficient
number of terms in each constraint with negative coefficient
number of constraints

number of variables in the problem

= coefficients of cost function or counstraints

variable of the system

= exponents of variables in the objective function and

constraints

= terms in the objective function and the constraints

cost coefficient for water ($/ha-m)
cost coefficient for labor ($/hr)
cost of ditch construction (§/meter length)

fraction of the time labor is utilized during the irrigation
time

width of the field, m

number of lengths of run

number of furrows irrigated per set
number of sets in the width direction
a constant (.63)

optimum depth of requirement, mm
number of irrigations/season
variables

length of the field, m

water requirement efficiency

maximum length of the run, m
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Symbol Definition
. = minimum length of the run, m
min
Q = total flow rate available at the field, lps
nax = maximum time available for irrigating the field, min
Qf)min = minimum flow rate into the furrow, lps

Qf)max = maximum non-ercosive stream size into the furrow, lps



IRRIGATION SYSTEM IMPROVEMENT CONCEPTSEI

Wayne Clyma and Thomas W. Leyg/é/

INTRODUCTION

There are nearly 227 million irrigated hectares in the world today
and the rate of increase each year is not more than 4 million hectares.
Thus, there is an opportunity to utilize techniques for improvement of
irrigation systems at a ratio of more than 60 to 1 when compared to
designing new systems. Increasing world food production and reducing
energy costs both require more effective and efficient operating irriga-
tion systems. Irrigation system improvement is the key to effective
system improvement for an efficient irrigated agriculture.

The purpose of irrigation system improvement is to help farmers
make decisions that result in better system operation. System design
has traditionally specified appropriate values for the variables for
operation of each system. Many farmers do not operate their systems
according to the original design or may operate without an explicit
design.

A major deficiency in irrigation water management today is the lack
of follow-up in improving system operation. This follow-up involves
evaluation of operating systems to identify deficiencies in design and
system operation. Operational levels of performance that equal or
exceed potential (design) levels are the objective.

Irrigation system design is perceived by engineers and emphasized
in textbooks as an important activity in irrigation. System design
principles embody the engineer's state-of-the-science and the farmer's
state-of~-the-art of irrigation to define the operational variables of
the system for effective, efficient operation. System design specifies
the potential level of performance of a system. Evaluation identifies
the actual level of performance. Irrigation system improvement is the
process of assisting farmers to change from their current level of
operation to their potential level. This paper will define concepts and
procedures for a systematic process of irrigation system improvement.

l~/P1f:epared under the support of the United States Agency for
International Development, Contracts AID/NE-C-1351 and AID/DSAN-C-
0058. All reported opinions, conclusions or recommendations are those
of the authors and not those of the funding agency of the United
States Government.

2/

~' Associate Professor and Research Associate, respectively, Agricultural
and Chemical Engineering Department, Colorado State University, Fort
Collins, Colorado.

éfPresented March. 1980 ASAE meeting, Las Cruces, New Mexico



IMPROVEMENT PROCESS

The irrigation system improvement process consists of the following
three steps:

1. System design

2. System evaluation
a. Field data collection and analysis
b. Design
c. Performance
d. Management
3. System improvement
a. Redesign
b. Management

This three-step process should be applied to every irrigation system
assumed to be in need of improvement. Step 1, consisting of system
design, is necessary to determine the potential level of performance of
the system. This can be an explicit system design used in developing a
new irrigated area where the system is then constructed. If the system
is already in operation, then system design defines the values of the
variables for system operation and the potential level of performance of
a particular field. The design values for system performance are
selected according to appropriate agronomic, economic, engineering and
sociological criteria.

System evaluation, Step 2, is the collection of specific field data
which are used to quantitatively evaluate the design, performance, and
management of the system (Ley and Clyma, 1980a; Ley and Clyma, 1980b).
Explicit data are collected concerning slope, infiltration rate, flow
rate of irrigation, runoff from the field, advance, recession, soil
water content and other important design variables and system parameters
as the first activity. These data are analyzed to define the values of
each system variable and parameter.

The second activity is to use the specific field data collected
during the evaluation to develop a new design. This design is compared
explicitly with the design in Step 1. The results are evaluated to
determine the adequacy of the design in terms of: -(1) knowledge about
specific values for system variables in the initial design (Step 1); and
(2) the adequacy of the design procedure to represent the performance of
the system. The results of these analyses indicate, for example, that a
furrow design was inadequate because the infiltration rate was in error
or incorrectly assumed. The results may show that the values for system
variables for the design and the evaluation are different and a differ-
ent level of system performance resulted. This indicates that the
design procedure was not appropriate for this particular field.



The third activity in system evaluation includes determination of
system performance. This is accomplished by calculation of the
appropriate system efficiencies and the spatial distribution of applied
water from the measured data. System performance as measured by the
evaluation is compared directly with the values specified from the
design which is the potential level of performance. The differences in
performance between design and evaluation indicate the need for
improvement.

A comparison of system design variables and performance parameters
from the design and the evaluation allows a determination of the ade-
quacy of management decision making as the fourth activity of an evalua-
tion. The three basic management decisions of how to irrigate, when to
irrigate, and how much water to apply can each be separately evaluated.
System evaluation collects specific data on system operation and deter-
mines the adequacy of system design, performance and management decision
making.

System improvement, Step 3, is achieved from a knowledge of
potential performance derived from design and the actual performance
measured by the evaluation. A new design for the system may be neces-
sary because of farmer preference, system constraints, farmer con-
straints, or new knowledge by the designer about how to solve system or
farmer problems. The design in this instance is a new strategy for
specifying system operation that the farmer can more effectively manage.
Examples of redesign include changes in the length of run, furrow spac-
ing or border width, and flow rate for an irrigation.

The results of the design and evaluation will produce insight as to
how the farmer makes his 'management decisions. Perhaps konowledge
about how flow rate and time influences how much water is applied during
an irrigation may be lacking. New knowledge from the evaluation can
assist the farmer to make a better decision. Perhaps an inflexible
water supply may be a constraint on when the farmer irrigates. A new
design depth, flow rate and time of irrigation that improves system
performance under this constraint may improve the farmer's management
decision. Any improvements presented to the farmer would indicate the
present level of system performance and the expected level after
improvement. The key to the improvement process is the combining of
system design with system evaluation to achieve a better understanding
of system operation and thus better solutions to system problems.

DESIGN AND EVALUATION CONCEPTS

In system improvement, design and evaluation are integral
components. Necessary to any design or evaluation is the requirement
that the system be defined. This section will present concepts for the

definition, design and evaluation of an irrigation system.

System Definition

The irrigation system consists of the following subsystems: (a)
water delivery, (b) water application, (c) water use, and (d) water
removal. In any study of an irrigation system (design or evaluaticn),



the basic subsystem to define first is the water use subsystem.
Providing water use for plants is the fundamental goal of the three
other subsystems. Thus, the functions of the water use subsystem are
the functions of the other Subsystems.

In the definition of each subsystem, a three-step procedure is
followed:

1. Define the functions of each subsystem.
2. Identify the subsystem state variables.
3. Specify the performance parameters and criteria for improvement.

The functions of each subsystem specify the reasons for the
operation of the subsystem. A traditional function is to supply water
for plant growth. Many other functions are evident to farmers. The
engineer, who engages in system improvement activities, may find a
particular irrigation by a farmer unnecessary. This classification may
be contradicted by the farmer because he considers the irrigation essen-
tial. These farmer defined functions of an irrigation are important to
system operation and essential in system improvement.

Subsystem state variables must be specified to encompass a complete
description of the system. The values state variables take on in opera-
tion may be explicit cause for poor system performance. The classifica-
tion of the system (border or furrow and level or graded) and the
boundary and initial conditions for the particular system are all
necessary in this systematic description of the system.

The performance parameters are those factors used to evaluate
system performance and commonly would include the availability factor or
other appropriate stress parameters (Hart, 1975). These would be speci-
fied for a particular crop, field, and climatic zone. Other performance
parameters to be considered are water application efficiency, water
requirement efficiency, and runoff and deep percolation ratios. A
measure of the uniformity of distribution for a particular field may
also be important. The desired values of these performance parameters
would be selected based on socio-economic conditions for a farm in a
particular area.

System Design

System design as a procedure has been described with both general
and specific steps (Hart, 1975). Experience in combining system design
with evaluation suggests several new concepts for design.

First, farmers operate their irrigation system over a season. Most
approaches traditionally design for the peak use period. Gates (1980)
suggested that these peak period designs may produce unacceptable per-
formance. Further, farmers operate their systems to achieve better
performance than current peak period designs.



Engineering designs traditionally use peak period consumptive use
and some crop stress criteria to establish a design depth. This design
depth more explicitly should be called a crop design depth criteria.
Ley and Clyma (1980c) showed that by reducing the design depth by only
15 percent, with a water requiremeﬁt efficiency above 90 percent, the
application efficiency could be increased from less than 70 to 85
percent. Thus, a design depth based on system hydraulics criteria
should be an additional design consideration. With the more explicit
design procedures available for furrows (USDA, 1979), system hydraulics
can effectively change design criteria. In the instance reported by Ley
and Clyma (1980c), the low terminal intake rates of the socil required
the application of much water to achieve the last few millimeters of
deficiency. Thus, a hydraulic design depth should become a new design
criteria.

Another system design concept needs application in irrigation
scheduling. Irrigation scheduling implies the specification of how,
when and how much to irrigate. Traditionally this has been the specifi-
cation of when to irrigate based on some stress criteria and how much to
irrigate based on a calculation or measurement of soil water deficiency.
"How" includes the specification of the operational variables for the
system. In the past, this usually has not been included but was implied
in some of the earlier concepts of irrigation scheduling described by
Jensen (1975).

Keller (1979) used the concept of specification of how to irrigate
through an explicit system design for center-pivot irrigation systems in
the San Luis Valley of Colorado. A comparison of system design param-
eters and variables to those existing during system operation was used
to enumerate and classify system assumptions in a traditional irrigation
scheduling application. Incorporation of the concepts of irrigation
scheduling into an improvement process would lead to more effective
water management. Gates (1980) and Ley and Clyma (1979) concluded that
irrigation scheduling alone does not result in the greatest improvement
in on-farm water management. System design and evaluation combined with
irrigation scheduling would result in the greatest improvement.

System Evaluation

Evaluation of irrigation systems has not been accorded much
importance in the past. For example, only recently did Merriam and
Keller (1978) publish a book devoted to the evaluation of irrigation
systems. Other texts dealing extensively with irrigation, especially
system design, have dealt minimally or not at all with evaluation
{Schwab et al., 1966; Hart, 1975; Israelson and Hansen, 1962; and
Booher, 1974; Withers and Vipond, 1974).

The authors suggest the following purposes for irrigation system
evaluation.

1. Evaluation of farmer practice in conjunction with irrigation
system hydraulics.

2. Evaluation of irrigation system hydraulics.



The major emphasis of the first purpose is the identification of
how farmers operate and manage an irrigation system., Thus, this
activity of evaluation should be focused on observing and measuring the
particular conditions and results of farmer irrigation practice. It is
imperative that activities that are related to the evaluation do not
influence farmer decisions. The data should be collected during an
irrigation that is regularly scheduled by the farmer and not scheduled
for the convenience of the evaluators.

Evaluation of system hydraulics may require the specification of a
number of variables. In this instance an attempt is being made to
compare the results of a design or a particular design model with the
actual operation of the hydraulic system. Thus, it may be desirable to
specify soil water deficiency, flow rate during irrigation, duration of
irrigation, or a number of other variables which would make the com-
parison between model and actual system more explicit.

The functions of irrigation system evaluation are as follows:

1. Determine system variable values such as intake family,
Manning's n or roughness, rate of advance, etc.

2. Measure the operation of a system to evaluate where
improvements in the system can be made.

3. Determine the applicability of design models or procedures for
refining system operation.

4. Determine in a geographic area the problems potential for
improvement of irrigation system operation.

5. Understand decision-making processes and knowledge levels of
farmers to define programs which would improve management
decisions.

The emphasis of this particular evaluation activity is on
irrigation engineering. Irrigation systems in general do not operate to
accomplish the distribution of irrigation water but operate for the
purpose of growing crops to provide economic or social benefits. Thus,
a realistic evaluation of an irrigation system should consider agro-
nomic, economic, and social aspects of a farmer's goals in addition to
irrigation engineering aspects. Clyma, Lowdermilk, and Corey (1978) and
Lowdermilk, Clyma and Early (1978) have discussed in substantive detail
such an interdisciplinary evaluation of irrigation systems. Clyma and
Ali (1977) have also suggested how a state-of-the-art concept can be
applied to the evaluation of the irrigation engineering aspects of
particular systems in a geographic area. El Kady, Clyma and Abu-Zeid
(1979) and Ley and Clyma - (1979) have also applied this particular
process to a geographic area in Egypt and Colorado, respectively. Thus,
the focus of this particular report is on the irrigation engineering
aspects of irrigation system evaluation. The procedure is directly
complementary to the research-development process for improvement of
on-farm irrigation (Clyma, Lowdermilk, and Corey, 1977).



The first function of irrigation system evaluation is to determine
values for system design variables and parameters for utilization in
future designs. For example, in a particular geographic area the rela-
tionship between intake family and soil type may need to be established
by field verification. Other irrigation system design parameters also
may need field verification.

Measurements of an irrigation on a particular farmer's field to
evaluate the system design, operation and management, and performance is
the second function of system evaluation. This evaluation is with a
specific farmer and a field at a specific time. Carefully coordinated
data of the variables of system operation such as soil moisture defi-
ciency, infiltration rate, irrigation stream, and other system variables
are measured explicitly. These variables are measured while evaluating
the knowledge and decision-making process that a farmer uses in select-
ing values for the operational variables. With this type of carefully
collected and coordinated system data, an evaluation of system design,
performance, and management can be accomplished.

Field evaluation of particular design models or improvement
procedures is an important aspect of system evaluation in function 3.
For example, Fangmeier and Strelkoff (1979) documented the validity of
the zero inertia model from irrigation system evaluations. The SCS
graded border design procedure was then validated using the zero inertia
model (Fangmeier and Strelkoff, 1979).

Frequently, while accomplishing functions 1, 2, and 3 on specific
fields and farms, function 4 is also accomplished. The emphasis in
function 4 is a study of a geographic area to accumulate reliable data
which will define the state-of-the-art of irrigation in an area. The
state-of~the~art concept requires the identification of how farmers use
known irrigation principles to manage and operate an irrigation system.
This activity defines problems, suggests solutions, and provides insight
in how to assist farmers to achieve system improvement. This function
was fulfilled in studies by Clyma and Ali (1977), El1 Kady, Clyma and
Abu-Zeid (1979) and Ley and Clyma (1979).

Function 5 required much thought before being included as one of
the activities in irrigation system evaluation. The reason for this
consideration is that this activity would best be accomplished as an
interdisciplinary study as suggested by Clyma, Lowdermilk, and Corey
(1977). The emphasis on this activity is on identifying explicitly the
knowledge 1level of farmers, their decision-making process, and the
physical results of their decision-making process or knowledge level to
determine where improvement is needed. For example, documentation of
this process in an area could result in identification of the fact that
farmers did not understand the relationship between soil rootzone
storage and the rate of consumptive use of a particular crop such as
reported by Lowdermilk, Clyma and Early (1978). With this knowledge
available, an education program could be designed to improve farmer
understanding of rootzone storage and crop water use. Advice through
irrigation scheduling would be another approach to assisting a farmer in
this activity.



IMPROVEMENT PROCESS EXAMPLE

The improvement process is illustrated in the following example.
The method of irrigation studied is furrow irrigation. A furrow irriga-
tion system near Greeley, Colorado, was evaluated during the summer of
1979 (Gates, 1979). Data for the following example was taken from this
particular system. The SCS furrow irrigation design procedure (USDA,
1979) was utilized for system design as modified by Ley and Clyma
(1980c). System evaluation procedures utilized are found in Ley and
Clyma (1980b).

An initial design was formulated from the system parameters and
variables given in Tables 1 and 2, respectively. Step 1 in Table 2 is
the initial design based on available data, site derived data and
assumptions. The soil intake family was obtained from SCS soil survey
data and the Colorado Irrigation Guide (USDA, 1978).

An evaluation of the field was conducted (Gates, 1979} at a
regularly scheduled irrigation. The measured values of the system
variables and performance derived from the evaluation are given in
Table 2, Step 2a. The major discrepancies for the system variables are
soil intake family, design depth, inflow rate and inflow time. The
result is unacceptable levels of measured system performance in Step 2a,
Table 2.

Before developing a new design, the adequacy of the design
procedure should be evaluated. The results are shown as Step 2a, Table
2 under predicted performance. Some discrepancy between system perfor-
mance from the evaluation and the design were obtained.

Study of the measured intake function and the SCS 1.5 furrow intake
family function illustrates the problem. The measured intake function
does not parallel the SCS intake functions but crosses several of them
when plotted. This means that the SCS intake function will tend to
overestimate the amount of intake during the initial stages of irriga-
tion as compared to the measured intake function, resulting in an under-
estimation of runoff losses. During the latter stages of irrigation,
the 5CS intake function may be slightly underestimating the intake. The
overall combined effect is the overprediction of water application
efficiency. A certain amount of discrepancy in simulating system per-
formance with a design procedure is to be expected. Other minor devia-
tions may also be contributing to the discrepancy but overall deviation
is still acceptable. It is assumed that in this particular instance,
the deviations are acceptable and the design procedure deemed suitable,
without further modification, as a tool to be used for suggesting
improvements to the farmer's operation.

With data from the evaluation, a new design is formulated. The
results are given as Step 2b in Table 2. The performance developed from
the design provides a high level of performance for the system. There
are a number of discrepancies between the new design (Step 2b) and the
farmer's operation. The inflow time is 1.7 times the desired time and
the inflow rate is slightly low. The major discrepancies between design
and operation are that the farmer irrigated too soon and the amount of
water applied was excessive because of the longer inflow time in system
operation.



Table 1. System parameters for example system.
Total available water = 19.3 cm Bulk specific gravity = 1.33
Field capacity = 22.84% Rootzone depth =1.2m
Permanent Availability factor = 0.4
wilting point = 10.75%
Table 2. System variables and performance parameters for various
steps of the improvement process.
Variable Step 1 Step 2a Step 2b&2c Step 3b
(initial design) (evaluation) {new design) {management
improvement j
Length(m) 275 275 275
Slope(m/m) 0.0032 0.0032 0.0032
Furrow
Spacing(m) 1.5 1.5 1.5
Intake
Family 0.5 1.5 1.5
Design
Depth(mm) 76 42.5 76 Irrigated too
soon
Inflow
Rate(lps) 0.54 1.7 1.77
Inflow Time 1200 495 300 Irrigated too
long
Performancell
Measured Predicted Step 2c
E, (%) 76 35 45 96
E (%) 90 100 100 94
Rt 0.24 0.08 0.05 0.04
RP 0.00 0.57 0.50 0.00
s/x - - - -

l/The performance parameters are application efficiency (Ea)’ water

requirement efficiency (Er)’ runoff ratio (Rt)’ and deep percolation
ratio (Rp) (Ley and Clyma, 1980b).
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System improvement, Step 3, is the next step of the improvement
process. Comparison of the new design with the evaluation have already
identified that the major improvements needed in the system operation
are the farmer's decisions of when and how much to irrigate. This
improved management of the system is presented to the farmer for his
acceptance. The explicit recommendations are as follows:

1. The farmer should increase the flow rate per furrow from 1.7
to 1.77 1ps (26.9 to 28.0 gpm).

2. The farmer should wait until the soil water deficiency is at
the design level before irrigating. Perhaps he can make use
of Colorado Extension Service information on irrigation
scheduling to improve this decision.

3. The inflow time needs to be reduced to a five-hour set for
this field to reduce deep percolation. Since a high water
table is already a potential problem for this field, the more
than 50 percent deep percolation resulting from his present
practice may influence the farmer to accept the new inflow
time and change the amount of water applied.

With the above analysis complete, the improvement process has
demonstrated how a farmer can improve his system performance. Also, the
improvement process provides direct insight into irrigation system
improvement needs.

These irrigation system improvement concepts, both the improvement
process and the design and evaluation concepts, are recommended to
individuals and organizations for adoption as a systematic method for
achieving more effective on-farm water management-both for the U.S. and
the world.

SUMMARY

Irrigation system improvement concepts are presented as an
improvement process. The improvement process explicitly combines irri-
gation system design with irrigation system evaluation to achieve an
understanding of system operation and provide recommendations for system
improvement. New concepts for design and evaluation are suggested. In
design these were as follows:

1. Specification of design water requirements based on crop
criteria and system hydraulics criteria.

2. Consideration of temporal effects on design criteria.
3. Use of design procedures to specify values for system
variables during system operation to improve existing systems

and as an explicit part of irrigation scheduling.

4. Use of design to specify potential levels of system
performance for all operating systems,
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Irrigation evaluation concepts were as follows:

1.

2.

5.

Use evaluation to verify designs.

Use explicit comparison of values of design variables and
performance parameters to evaluation values to identify needs
for improvement.

Use evaluation results to identify operational and management
problems.

Use evaluation to improve particulr fields but use area
analyses to design programs to improve on-farm water manage-
ment in an area.

Use the improvement process for an interdisciplinary approach
to water management improvement.

An example of the improvement process was used to illustrate how
deficiencies in design data result in unacceptable system performance.
Recommendations to the farmer included changing inflow rate, inflow time
and criteria for when he irrigated in order to achieve substantial
improvement in system performance.
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ON-FARM WATER MANAGEMENT PROGRAMS 1W EZYPY

by

Mahmoud Abu-Zeid* -

INTRODUCTION

Not a wary long time ago, Egypt started to focus attention on watey
management. Among the most important reasons foy that, was the nesd to
facilitate additional water for future agriculture expansion, beside pre~
serving soil fertility from salinity and water logging problems.

A central question for management of irrigation water in Egypt is
whether water can be considered as a major constraint Zor agriculiure.
Several studies have indicated that lack of water management specizlly un
the farm level is a major constraint.

The construction of the High Dam in 1970, changed the irrigation water
regime of the River Nile. It was necessary, then, to review irrigation
efficiencies estimates. Now is is possible to have full control of down-
stream discharges from the dam according to actual water requirements and
optimize water supplies for irrigation. From the agricultural point of
view, Egypt has nearly an ideal combination of environmental resources for
crop production. <Climate is excellent all the year round for most crops.

It may be useful to indicate that a close look to the subject of on-
farm water management in Egypt was not realized due to several reasons among
which the most important are the following:

1. Cooperation and harmonization between the concerned organizations
responsible for water application, management, and agriculture.
It is the policy that the Ministry of Irrigation is responsible
for water distribution up to the farm outlet. ¥From there on to
the water courses and to the fields it is mainly the concern of the
farmer with no means or capabilities to improve his practices in
this domain.

2. Maximum concern to maintain irrigation systems and minimum invelve-~
ment in farm water management.

3. Availability of irrigation water, all the year round, at no direct
cost to the farmer.

N

% Chairman, Water Research Center, Caire, ECYPT

1/
Presented at FAO Expert Consultation Meeting On-Farm Water Management,
Belitsville, Maryland, May 1980.



The inherent desire of the majority of farmers to continue tradi-
tional methods of irrigation.

Fragmentation of land into small and separated holdings.
The rigid system of water rotations.

The limited number of technicians trained in soil and water manage-
ment with poor communications between farmers and extension. agents.

Lack of institutions concerned with farm water management.

Poor links between irrigation engineering graduates and agricul-
tural graduates. Courses for irrigation graduates are more con-
cerned with engineering and hydrological questions while for agri-
cultural graduates the agronomical and agricultural aspects are
the predominent.

The great interest of the Egyptian government in developing policies
and strategies for water resources planning, and agriculture has helped
very much in focusing attention on the problem of on-farm water management.

The water policy for Egypt which was concluded in 1975 enables a better
utilization of the present available water resources, and will allow a
horizontal expansion of an area of about 2.8 million acres.

In the year 1977, the strategy for irrigation development in Egypt for
the year 2000 was developed to comprise the following main objectives:

1,

2.

3.

Irrigation should take place at the proper time and in the amount
required by the plant.

Providing all agricultural land with proper and complete field
irrigation and drainage systems which will enable optimum distri-
bution of water, with minimum losses.

Pricing of irrigation water so that the farmer pays for what he
uses.

Therefore, it was necessary to link between national water management
programs of water resources planning and on-farm water management programs.

SUMMARY OF WATER MANAGEMENT RELATED ACTIVITIES BEFORE THE YEAR 1975:

1.

Field experiments covering the country for crop water requirements
conducted by the Ministry of Irrigation.

Experiments by the Ministry of Irrigation to improve and develop
field irrigation outlets.
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3. Evapo-transpiration studles carried out by the Ministry of Agri-
culture.

4. Some dispersed activities by Agricultural Extension teams of the
Ministry of Agriculture, mainly related to agronomical practices.

5. Some researches conducted by Universities staff (Engineering and
Agricultural) on the same subjects mentioned above.

These previous activities indicate that the closer look to the problewm
of on-~farm started to be at a serious level after the year 1975. Whatever,
was the reasons, on-farm management became of main concern to authorities
with the help of several problem identification studies and feasibility
reports conducted by many national and internatiounal groups. All of these
studies have indicated that on~farm water management is one of the wmain con-
straints to agricultural development in Egypt.

In the year 1975, the Ministry of Irrigation in Egypt initiated the
Water Research Center with ten Research Institutes. One of these institutes
is the Water Management and Irrigation Technologies Research Institute.

The institute has outlined its work program having the farm water
management as its main activity. This was practically the first time in
Egypt where an interdisciplinary approach is taken. Teams of specialists
in all related fields work together in field applied programs. These teams
comprise of: Irrigation Engineers, Agronomists, Soil Scientists, Agricul-
tural Economists, and Sociologists.

CONSTRAINTS AND LIMITATIONS IN OPERATION AND MAINTENANCE OF THE EXISTING
TRRIGATION SYSTEM IDENTIFIED BY ONGOING FARM MANAGEMENT PROGRAMS

Irrigation in Egypt has been always categorized as either basin or
perennial irrigation. Basin irrigation was developed as a means to capture
the flood water of the Nile and to release it after a period of ponding.
With the construction of the High Dam, perennial irrigation became possible
throughout Egypt and the practice of basin irrigation as described-herein
was continued. The major thrust during the years 1960-1972 was to establisn
an irrigation network and the capability to convey year-round water to the
entire valley and to additional developed lands with lesser importance to
water management practices and improved on-farm water management. Some irri-
gation practices followed by the farmers in basin irrigation had to be
changed.

The approach which was developed for on-farm water management in Egypt
was put under field implementation during the year 1976.



The old agricultural lands of Egypt were selected as a first phase to
focus improvement programs on. This was for many reasons, among which is
the early economical returns which could be gained, besides saving water
at a minimum cost for horizontal expansion.

The program 1s structured to function on an interdisciplinary basis to
improve the social and economical conditions of the small farmer through
development and use of improved irrigation water management and associated
practices. The program consists of several overlapping phases with the
objectives of: 1) didentify the major constraints to improve on-farm water
management and optimal water delivery system operations; 2) deternine and
establish the use of optimal irrigation and related agronomic practices at
the farm level in representative pilot areas; 3) establish improved water
control practices for the water delivery and drainage systems in the project
areas; 4) develop plans for organization and implementation of expanded
future programs based on results in the pilot project areas; and 5) develop
and train qualified scientists and technicians who will carry on and conduct
on-farm water management national programs.,

The key concepts of this process imply a system approach which includes
the socio-economic institutional and physical aspects of the irrigation sys-
ten implemented by an interdisciplinary team, with the farmer, as the pri-
mary concern and focal point.

On the previously mentioned basis, the Ministry of Irrigation and the
USAID have initiated a five~year water management project in collaboration
with the Ministry of Agriculture,

Activities are conducted in the pilot areas, totalling 124,000 acres,
(each representing a particular cropping pattern and unique water management
problems)., Taken as a group, these three areas represent nearly the entire
range for crops and agro-climatological conditions encountered in the old

areas of Egypt.

With respect to water use on the farm level, one of the most signifi-
cant findings has been with respect to excessive use of water. There has
been several reasons for farmers to over irrigate, among which are: field
geometry, infiltration rates, fields topography, water supply rates, the
rotation system, and the depth of the water table. However, in other cases,
within the same area served by the same canal or water course, some fields
may suffer from lack of irrigation water. Surveys in such cases have indi-
cated that such canals get in general fair average water duteis for all
lands. )

Coupled with the above mentioned reasons many farmers have abandoned
night irrigation, and because the irrigation system is originally built on
24 hour operation, much of the water delivered to the branch canals at night
flows directly to the drainms.
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The lack of social organization among farmers, formal or voluntary,
causes communication problems znd does not promote cooperation among far-
mers with respect to water use. Many of the cases regarding water short-
ages at the end of irrigation ditches could largely be overcome through
improved communication and improved respect for others.

Inadequate and inaccurate communication between farmers and governmen:
officials, leads to suspicion and distrust evident towards those technical
specialists.

Several agronomical problems have been clearly identified. Altncugh
most Egyptian farmers are resourceful, yet they do not have the hzaefic of
modern research and technology available througl research in Egvot for
improved agronomic practices.

Some of these poor practices identified inciude: low density of plongs,
deficiency in macro and micro nutrients in some soils, and salinity and
sodicity management.

Agricultural economical surveys within the project have indicated that
there are some reasons behind the present inability of a farmer to accumu-
late his reserves to improve and manage his system. Among these reasons are.
1) excessive cost of lifting water on the farm level, the present canal sys-
tem designed on lifting bases, therefore most farmers in Egypt 1lift water
with simple manual, animal or power means. Gravity distribution systems in
some areas eliminate lifting costs but give the farmer a tendency to over
irrigate. 2) Excessive slack time in crop rotation., The average slack
time in crop rotation for project areas is about 16Z. This non productive
time is due to tradition or non-capital intensive methods, and could be
reduced by better farm planning, efficient land preparation methods, and
improved water distribution systems. 3) Lack of data for farm planning.
Farmers have no farm records for farmplanning and management. They depend
on memory for recalling past performance of input-output data.

Among the engineering problems identified are: 1) unequal irrigation
water distribution along canals, illegal intakes to private irrigation
ditches, problems of weed growrh in canals and drains, lack of wacter mea-
suring devices, uneven water distribucion in fields, seepage from the irri-
gation system, and inadequacy of field outlets and farm water control irri=-
gation works.

APPROACHES AND SOLUTIONS APPLIED TO INTRODUCE WATER MANAGEMENT TECHNIQUES
TO THE FARMER

Teaching and convincing a farmer tc do a different job is quite a
difficult task. It is obvious that he must be convinced through demonsirs
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tions in which he must participate with his own hands. Several demonstra-
tions and field trials have been taking place at the various project sites.
Some of these trials have been evaluated and proposed for national large
scale implementation. Among these pilot trials are the following:

1.

Land Leveling and Redesigning of the Field Irrigation System.

Lack of precisely leveled fields is a consistent and major problem
for many fields in Egypt. The project has initiated z land level-
ing program using project equipment at no cost to the farmer. The
project engineers help the farmer also to redesign his field irri-
gation system. Small basins have been eliminated and replaced with
long borders or furrows. Farmers are pleased and satisfied with
the easiness irrigations are accomplished, with minimum labor
inputs. More of them are asking for similar service.

Irrigation Scheduling. Some moisture deteraination instruments
combined with soil sampling have been used as an indicator of when
to irrigate. Under the rotation system, some limitations are
faced. However, progress is being made to convince farmers to
irrigate according to soil moisture storage in the plan-roots

soil profile.

Lining Irrigation Ditches and Modification of Water Delivery System.
In one of the project areas the branch canal is lined with several
irrigation ditches using different materials. The water delivery
in this area is changed to a continuous flow basis. Water schedul-
ing alternatives have been tried on the irrigation ditch scale
(water course, or Meska). The most difficult obsticle is the far-
mer's acceptance to carryout these trials. Assurance of the pro-
ject to the farmer of a minimum crop yield or providing some farm-
ing implements proved to be successful.

Water Delivery by Pipeline System. In an attempt to eliminate
seepage from open canals in lighter soils and provide better con-
trol of water delivery to farmers, a buried pipeline water delivery
lowpressure system is presently executed in one of the project
areas. Water scheduling will be tried and operation and mainten-
ance charges will be paid by the farmers. It is an attempt to

get the farmers to cooperate with each other in the use of water.

Irrigation Water Control Structures. To monitor and measure water

flowing in subcatchments of irrigation districts, many water mea-
suring structures have been built in the three project areas. Con-
tinuous measurement of discharges, groundwater levels, and water
quality sampling are being taken. These measurements when combined
with evapo-transpiration data, collected from project agro-meteoro-
logical stations, will provide basis for water budget analysis.
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Improved Agronomical Practices. Many field trials have occurred

with farmers to improve their agronomical practices by improviug
seed bed preparation and plant stands by use of agricultural wmact
nery. Considerable efforts have been made in working with the
farmers to demonstrate the effects of improved soil fertility and
methods of controlling insects. Considerable confidence has be«n
built between the farmers and project personnel in executing such
agronomic practices.

Economic Analysis and Farm Records. Cost enterprise darv: h

been prepared for 20 different crops. This information is valuabli-
for planning at all levels including the farmer.

Farm records sre being maintained witn the assilstance of pro-
ject staff and farme s to s2e vz valuz 0f these
records in making futuie decisions rvegarding nmunageaent zlterna-
tives.

ave

Sociological Factors. Socivclogical surveys have besn carried .ut

by project staff., These surveys: help in better understanding
the Egyptian farmers perceptions of alternative sxtension st:

-

and their cooperation in rural development. All ewtension service

for the project is carried out by the sociology team who got special

training. Contacts with farmers are first considered by the taam.
New ideas, farmers need and problems are always discussed in .
meetings. The project has tried to work out water-course organiza-
tions elected by the group of farmers served by a single watei-
course. In scme of these water~courses up to 50 farmers may irri-
gate from one water-course.

In some cases, like introduction of irrigation frequency pro-
grams. The farmers' represenfatives played an important role. Iu
other cases they took responsibliry of the watercourse and the
field drainage systems and they succeeded to get all farmers on the
water course to be involved. Good human relations between ths teas
members and the farmers hielped in breaking the barrier existing
between extensive specialists and farmers in project areas,

Training. Considerable project time and effort are being made ir
training project and mipistrics personne! In water managensnt
On~job training is given throughout the cuurse of the project
with particular emphasis during initiation of activities in each
project site. Short courses of one to three months durction of

applied training in various specialities are desizued and con
ducted periodically in ygypr and abroad.  Specisl field rouy

have been arranged in the U.S. and ocher countries to geb fov
cipants acquainted with modern deli © gystems and management

practices in other countriag. A1l levels of traimees have bLecor




considered; decision makers, water management specialists and
technicians.

The Ministry of Irrigation is initiating a national Water
Management Training Center in the vicinity of Cairo to help in
spreading water management techniques among irrigation, agricul-
ture and other related subjects' graduates,

It was also possible to initiate in one of the local uni-
versities a new department for water sciences and technclogy where
water management is one of the main majors.

INSTITUTIONAL FRAME-WORK REQUIRED TO IMPLEMENT THE PROGRAMS ON THE NATIONAL
LEVEL

Whatever the importance and the contribution of the basic measures
raken so far, which have indeed made a good start to handle a traditional
problem in Egypt, the scope and tempo of activities have to be consider-~
ably enlarged to a scale to keep pace with the needs and urgency of massive
and far reached development plans.

It can be stated that the main fundamental steps to implement a policy
for on-farm water management have already started. However, there is no
doubt that the ongoing pilot programs need a few years for evaluation before
launching large scale projects.

One of the important steps taken already is the initiation of the
Egypt on-farm water project (EWUP) with its associated training activities.
Although this project is still in its early phases, but some of the find-
ings and early recommendations are taking a national interest. Examples
of that are micro land levelling, and lining of water courses,

The project is also facilitating better communication channels between
all -involved authorities. Spreading of recommended practices in areas
adjacent to the project 124 thousand acres is considered now.

Within a few years through the ongoing training programs interdiscip-
linary water management teams shall be available to implement, monitor,
and evaluate large scale projects. '

It is being recommended that on the irrigation district scale (20 -
70000 acres) water management teams should be formed to work with the
farmers and to help them initiating farmers organizations.

The Ministry of Irrigation is preparing a water management national
project in one of the Nile Delta Governorates (350000 acres). Most of the
Governorate is provided with field tile drains. It is one of the main con-
cerns to justify the need for field drainage with on-farm water management.
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The EWUP .Project is studying now the need and scale of formulating
farmers organizations within or outside the existing semi-governmental
cooperative systems on the village scale.

It is the belief now that special water management farmers organiza-
tions are needed.



ON-FARM IRRIGATION PRACTICES IN MANSOURIA DISTRICT, EGYPTl/

By Mona El1 Kady, Wayne Clyma and Mahmoud Abu-Zeidg/E/

Background
Irrigation in Egypt began about 6000 years ago. The annual flood,

occurring from August to October, led the inhabitants of Egypt to prac-
tice both river training and irrigation to improve their existence.
Towards this objective, a series of control works such as the Delta
Barrage (1840) and Aswan Dam (1902) were built. The works were mainly
for irrigation purposes but were also for flood control.

The oldest known method of irrigation practiced in Egypt was basin
(flooding) corresponding to the annual flooding of the Nile. Basin
irrigation consisted of ponding water on areas flooded by the Nile and
growing crops on residual soil moisture after the water receeded. Since
the construction of the Delta Barrage, perennial irrigation has been
practiced in lower Egypt. After the completion of the High Aswan Dam
(1970), the entire cultivated area in Egypt was placed under perennial
irrigation.

Before the High Aswan Dam, the Sultivated area was decided by the
agnual storage in Aswan (5 billion m”/year) and Gabal Aelia (2 billion
m~/year) reservoirs, the base flow of the Nile and some use from
groundwater. This area averaged about 1.7 million ha (4 million
Feddans*) under perennial irrigation and 0.42 million ha (one million
Feddans) under basin irrigation of which about 0.25 million ha (0.6
million Feddans) were served by wells in the summer. 3

After the completion of the High Aswan Dam, 55.5 billion m”/year
was made available for irrigation purposes. This volume allowed the
conversion of all basin into perennial irrigation as well as the irriga-
tion of additional area. Perennial irrigation presently encompasses
about 2.6 million ha (6.1 million Feddans) of which about 0.4 million ha
(1.0 million Feddans) are new lands. The cropping intensity in Egypt in
1978 is very close to 2.0 or an average of two crops per year are grown
on each field.

Present perennial irrigation receives water from storage behind the
High Aswan Dam through scheduled releases of flow to the Nile (Fig. 1).
Barrages divert water to major canals at selected points and deliver
water to supply canals administered by Governorates and then Irrigation
Districts. The districts range in area from 8 to 24 thousand ha (20 to
100 thousand Feddans). The major canal flow is based on the water

l/Prepared under support of United States Agency for International
Development, Contract AID/NE-C-1351. All reported opinions, conclu-
sions or recommendations are those of the authors and not those of the
funding agency of the United States Government.

g/Team Leader, Mansouria District, Egypt Water Use and Management
Project, Ministry of Irrigation, Cairo, ARE; Associate Professor,
Agricultural and Chemical Engineering Department, Colorado State
University, Fort Collins; and Director, Water Research Center,
Ministry of Irrigation, Cairo, ARE, respectively.

*Feddan = 4200 sq. meter = 0.42008 hectare
Underlined words are those used in Egypt and could be unfamiliar for
other countries. ‘

é/Presented December 1980 ASAE meeting, New Orleans, Louisiana



requirements of the area served as determined by (1) the crops grown,
(2) soil type, (3) the area irrigated, and (4) the expected distribution
and farm area water losses. District supply canals (Wolfe, Shahin and
Issa, 1979) serve branch and subbranch canals which provide water to
private farm supply channels (Meskas).

Water is supplied to a District on a two or three interval
rotation. The length of the interval depends on the crops grown.
Intervals are typically 4 and 7 days. On the three interval rotation,
for example, the upper, middle and lower reaches of the canal receive
water for an interval in turn. For the four day and three interval
rotation, a branch canal would receive water for four days and then for
eight days would receive no water (Wolfe, Shahin and Issa, 1979).

Regulation of the flow to a branch canal is related to the
available flow in the district supply canal; however, water is supplied
based primarily on the water surface elevation on the downstream side of
the inlet gate. Usually there is no determination or allocation of a
specific flow rate at any point within the district. Thus, the more
water a group of farmers use on a branch canal, the lower the water
surface elevation and the more water supplied to that branch canal.

On a branch canal as shown in Figure 2, water is conveyed to
farmers through an outlet which supplies a private channel (Meska) that
serves individual farms. An outlet may serve only one or several farm
supply points. One farmer or a small group of farmers may take water at
one supply point. Flow through the outlet that serves each Meska is
regulated hydraulically by the size of the outlet and by assuming that
the supply rate to the branch canal results in a specific downstream
water surface elevation. The top of the pipe outlet is located 25 cm
below the design water surface elevation. This elevation is located up
to 50 cm below the surface of the surrounding land. Actually, because
of variations in supply and use rates, local topography and the instal-
lation by farmers of additional unauthorized outlets, flow rates through
each Meska outlet vary widely.

Typically each farmer or group of farmers must 1lift the water from
the supply channel to the field. Lifting is usually accomplished by the
Shadouf*, Tambour** 6 or Sakia®™** using animal or human power. Sometimes
electrical or diesel powered pumps are used. The informal rotation or
simultaneous use systems result in lifts widely varying from the offi-
cial maximum lift of 50 cm. The official government policy is to supply
water below the ground surface thus requiring farmers to lift water for
irrigation. The stated purpose of this practice is to discourage
excessive use of water by the farmers.

Primary, secondary and farm collector drains serve most irrigated
areas in Egypt. Substantial numbers of surface field drains also have
been installed. Many drains are not well maintained and as a result are
not effective.

*Shadouf - Consists of a bucket on a pole with a counter balance and a
man lifting the water supply.

**Tambour - Archimedes screw powered by human labor.

***Sakia - water wheel usually operated by animal power (bullock, donkey
or camel).
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State-of-the-Art Approach

Art according to the American Heritage Dictionary (1976) is "A
system of principles and methods employed in the performance of a set of
activities: the art of building." The state-of-the-art of on-farm
irrigation practices reveals the principles and methods employed by the
farmers in their practice of irrigation. Clyma and Ali (1977) used this
procedure to define priority problems and suggest proposed solutions
for on-farm irrigation systems in Pakistan. Clyma, Kemper and Ashraf
(1977) also applied the approach to define practices and problems for
the water delivery system 1in Pakistan. This report describes the
system, the procedure for data collection and uses state variables for
water application to describe and define the state-of-the-art of farmer
irrigation practices to identify priority on-farm irrigation problems in
the Mansouria District.
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Figure 2. Arrangements of Branch Canal, Meska, Head Ditch, Field Ditch
and Drains with Measuring Points for Fram Water Supply.



Water Application Subsystem

The water application subsystem is part of the on-farm irrigation
system. The on-farm irrigation system consists of the following four
subsystems:

1. Water Delivery

2. Water Application

3. Water Use

4.  Water Removal

The water application subsystem serves the following functions:

1. Supplies designed amounts of water to a field.

2. Distributes desired amount of water with the designed
uniformity.

3. Meets crop tolerances for seed germination and emergence,

inundation, salinity control, aereation, temperature, crusting
and other special requirements.

4. Meets minimum and maximum amounts <criteria for crop
production.

5. Satisfies erosion control standards.

6. Provides necessary surface drainage.

7 Is economically appropriate and socially acceptable to the

management abilities of the farmer.

The processes of water application to a field can be described by
the following state variables:

1. Field geometry (length and width)

Slope

Infiltration rate

Surface roughness

Channel shape

Water supply rate

. Management

The boundary and initial conditions of the system must also be specified
to completely describe the state of the system.

Water application system management is accomplished by the farmer
by operating the system to meet functional objectives (usually unstat-
ed). In the process he answers the following three basic management
questions:

1. How do I irrigate?

2. When do I irrigate?

3. How much water do I apply?

Qualitative and quantitative descriptions of the wvariables which
define the water application process and of how a farmer arrives at
answers to these management questions are used to describe the state-of-
the-art of water application. In this section, the state variables will
be discussed. First, however, the data collection procedure will be
described.

~NoUEew N

Procedure - The Egypt Water Use and Management Project (1979) has
selected three areas for improvement in Egypt of which the Mansouria
District is the first such area (see location map in Figure 1). The
project design involves four phases of a research-development process
including (1) problem identification study of the existing system, (2)
search for solutions to define problems, (3) assessment of solutions
working with farmers and (4) implementation of a development program




with all farmers in the area using farmer accepted solutions (Clyma,
Lowdermilk and Corey, 1977). The process was developed from experience
in Pakistan (Lattimore, undated). An interdisciplinary team of agrono-
mists, economists, engineers and socialogists plans and executes the
process (Egypt Water Use and Management Project, 1979).

Representative farms on three branch canals (Beni Magdoul, Kafret
Nassar, and El Hammami) were selected for the study (Figure 3). The
selection of the farms were based on agronomic, engineering and socio-
economic criteria (Egypt Water Use and Management Project, 1979). 1In
this study of irrigation practices, each irrigation was monitored for
each field for the season.

On each site the following data were collected:

1. Water Delivery Data (see Figure 2)

- Flow rate with time downstream of the inlet of the Meska
- Flow rate near the site where water is lifted
- Flow rate just out of the Sakia
- Flow rate at the inlet of the field
2. Water Application Data
- Field and bunded unit* dimensions
- Time for filling the bunded units
- Beginning and ending time of each irrigation
- Elevations of selected fields and bunded units
3. Water Use Data
- So0il moisture measured gravimetrically before and after each
irrigation, initially at one location and subsequently at
four locations in each field
- Quantity of water used in irrigation
- EC measurements for irrigation, groundwater and drainage

water
- Moisture tension at 15, 30, 45 cm depth in selected fields
on soil

- Crop evapotranspiration estimations using the Jensen-Haise
method#**(Jensen, 1973)
4. Water Removal Data
- How much runoff occurred and where it went
- Groundwater levels at several locations around the boundary
and internal to a field on a daily basis.
5. Farmer Practice Information
- Land preparation data: tools used, field geometry,
leveling, fallow time between two successive crops
~ Planting data: date of planting, the farmer's planting
practices, seeds (how much, kind, time), fertilizers (kind,
amount, time)
- Growing data: practices each time of irrigation, disease,
weeds and insect control
- Harvesting and yield data.

*Bunded unit - This describes the smallest irrigation unit with a ridge
or bund completely enclosing an area and cropped flat or on ridges
internal to the boundary.

*%Evapotranspiration estimation for El Mansouria district, Egypt, using
different equations and field data are under preparation by M. El
Kady, F. Shahin, M. Abu-Zeid.
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Figure 3. Location map for Kafret Nassar (K.N.), Beni Magdoul (B.M.C.)
and E1 Hammami (E.H.C.) branch canals in Mansouria District.



System Classification =~ The c¢lass and type of irrigation system
used by farmers must be determined before evaluating the appropriateness
of each state variable for farmer practice. In the Mansouria district
only surface irrigation 1is practiced (as opposed to sprinkler or
trickle). In general two classes of surface irrigation systems are
common, level and graded. In either system class water may be dis-
tributed by one of two types, basin or furrows. Standard critiera for
evaluating an irrigation system vary with the class and type of system.

The principles by which each class and type of system operate are
different and the method of management should reflect these principles.
Level irrigation systems (zero grade) require the addition of a specific
quantity of water to a field such that the time water covers near and
distant areas of the field do not result in significant differences in
total infiltration. While water is ponded on a field, infiltration and
the distribution of water with length (or width) is approximately
proportional to the elevation variation within the field (high spots and
low spots). Thus, level irrigation systems require precision leveling
if good distribution of water is to result.

Graded irrigation systems require the careful balancing of advance
and recession times with the appropriate flow rate to apply the desired
application depth. Degree of precision in leveling is not as stringent,
but the management knowledge and experience of the farmer must be com-
bined with an appropriate design. Otherwise, underirrigated or over-
irrigated sections in the field will result and appreciable runoff will
occur. Greater skill and knowledge and more careful management by the
farmer is required for good water management with graded irrigatiomn
systems.

Most farmers in the Mansouria district appear to assume their
fields have zero grade. They introduce water into a bunded unit until
the area is covered and allow the water to stand and infiltrate into the
soil. This practice is followed in both the sandy soil of El Hammami
and the clay loam soil of Beni Magdoul. They also irrigate bunded units
with slopes that are opposite to the direction of irrigation indicating
that they do not use the field grade in accomplishing the distribution
of water. A more detailed analysis of how farmers use slope and field
geometry to apply water will be given in subsequent sections.

In one particular area on the Beni Magdoul canal, farmers on one
particular Meska appear to use a graded system of irrigation. The
length of the field lies from Meska to drain and farmers appear to use
criteria of inflow time and ponding on the lower end of the field to
apply water. No other areas have been identified in the District which
appear to use the graded system.

Farmers in the Mansouria District use both basin and furrow types
of systems. Furrows are used for most summer crops including corn,
vegetables, and peanuts. Major exceptions are citrus and rice. Winter
crops broadcast in flat basins are berseem and wheat. Most other winter
crops are grown with furrows, especially the vegetables. Critiera for
appropriate slope (especially deviations and flow rate) are different
for furrows as compared to basins. These differences will be discussed
under the appropriate state variable.

Field Geometry ~ The length and width of a unit enclosed by a ridge
is the irrigation or bunded unit for a farm. When a farmer establishes
this unit, he establishes many characteristics of his irrigation system.
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The head ditch as shown in Figure 2 transports water from the lift
to the boundary of the field. This channel is always at the same loca-
tion with respect to the field. However, internal field channels vary
in location from one crop to the next. This is primarily because the
farmer perceives that locating the ditch in the same place may make that
land less productive. The result is more delivery losses through the
field ditches because of the higher infiltration rates after plowing.
The internal field channels use 8 to 14 percent of the field area.

Several field geometries and irrigation sequences will now be
described. Typical arrangements of bunded units and their dimensions,
field ditches, head ditches, l1ift, Meska and sequence by which the units
are irrigated are shown in Figure 5 (a) through 5 (f) from actual case
study fields. There are many minor variations of these arrangements but
these represent typical field layouts.

The major points to observe are the following:

1. The size and size variation of the bunded units even within

one field.

2. The area used by head ditches and field ditches and the

distance water must travel.

3. The wvariation in the direction water travels in the delivery
channels and within each bunded unit during an irrigation.
4. The range in number of bunded units simultaneous irrigated

even within the same field.
One case study farmer (Figure 5 (a)) began his irrigation from the
end farthest from the supply by irrigating two basins together (Sl)‘

In the next sequence, Sz, four basins are irrigated and four are

irrigated simultaneously for the rest of the field.

A second case study farmer (Figure 5 (b)) has a head ditch located
at the side of his field. Some of the field ditches are used to supply
basins on both sides of the ditch. Others serve only ome side of the
ditch. The farmer first simultaneously irrigates the four basins desig-
nated S1 and then the four basins designated SZ' Then basins S3, SA’ S5

and S6 are irrigated in sequence, one at a time.

A third farmer (Figure 5 (c)) irrigates four basins together
beginning from the end nearest the water source. Four are irrigated
each time in sequence until the field is completed. Note the variations
in dimensions of each basin even though four are always irrigated
together.

Figure 5 (d) shows a permanent head ditch along one side of a
fourth farmer's field with an interior field channel between each basin.
In every instance but the last, basins only on one side (the upstream
side from the head ditch direction of flow) of the field channel are
irrigated. They are irrigated in sequence Sl’ S2’ 33 ... and 56 as

indicated in Figure 5 (d). Only the last channel is used to irrigate
two basins (S7 and 58) simultaneously, one on each side of the field
ditch.

Figure 5 (e) illustrates a fifth farmer's field that is very long
and narrow with a head ditch on one side and irrigation that begins from
the far end. One basin is irrigated, then another, until the field is
complete. Another farmer owns the adjacent area and has another head
ditch to serve his field. The result is an extensive network of head
ditches and field distribution channels which uses land and increase
delivery losses from the lift to the field.
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The relationship between flow rate and area irrigated is established by
this unit. A farmer usually does not know nor manage an explicit flow
rate. The deviations from mean elevation are determined by the bound-
aries of the bunded unit since a farmer usually establishes these bound-
aries after leveling. The sequence and number of units simultaneously
irrigated usually become fixed by the selection of the size of the
bunded units.

In the Mansouria district, farmers use bunded units that range in
size from approximately 2 x 4 m to 8 x 18 m and areas that range from
0.0008 to 0.014 ha (0.002 to 0.03 Feddans). In general, furrows and
ridges do not have exact spacings nor dimensions since they generally
are formed by hand. Two types of furrows are prevalent with the follow-~
ing spacings:

1. Narrow furrows with spacings between furrows ranging from 20
to 40 cm, usually used for crops such as corn with one row of
plants per ridge.

2. Wide furrows with spacings between furrows ranging from 60 to
B0 cm, usually used for vegetables and sometimes having two
rows of plants per bed.

The ridge height between furrows usually ranges between 12 and 15
cm. Figure 4 shows typical dimensions of furrow systems for various
crops. The ranges for the different dimensions were taken from measure-
ments of farmers' fields. Ridges which define each irrigation unit are
usually not much, if any, higher than the interior ridges which form
furrows. The boundary ridges are frequently overtopped by irrigation
water. This may cause some damage to crops in nearby bunded units when
irrigation water is not needed.

While a farmer knows very well that he should not overtop the
furrow ridge nor inundate his plants, he frequently must do so in order
to cover the high areas in a given basin.

T\ "\

feb !c!‘ b
Top Base Channel Ridge Basin
Crop Width Width Width Height Length Width
a b c d L W
cms cms cms cms ms ms
Squash 70- 85 85-100 18-25 15-20 8-20 3-8
Tomatoes 60- 90 70-100 20-40 12-18 8-20 3~ 8
Cabbage 10~ 20 38~ 40 30-42 12-22 8-20 3- 8
Eggplant 10- 20 35- 40 18-25 10-20 8-20 3- 8
Watermelon 140-200 200-250 20-25 20-25 15-30 10-20
Corn 12- 20 35-.40 15-25 10-15 5-15 3-12

Figure 4. Typical Dimensions of Furrows for Various Crops in the
Mansouria District.
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The field in Figure 5 (f) is irrigated with flows from both ends,
most often at the same time. Two basins, one on either side of the head
ditch, are irrigated at each end. 1In the middle only one basin at a
time is irrigated. Farmers in an area between the two Meskas irrigate
most of the fields in this manner. The reader should note the small
size of each basin and the widely varying sequence of irrigation in a
field.

In summary, analysis of field geometry suggests that the size and
shape of the fields in Mansouria district are mainly a result of the
unlevelness of the land and the traditional methods used in leveling,
sowing, plowing and cultivation. The rate of the flow and the avail-
ability of water are not major factors for the farmer in designing his
field. This is demonstrated by the fact that the size of bunded units
do not change when a Tambour is used instead of a Sakia although the
flow is reduced by at least half (Table 4)).

Slope - The slope and degree, of levelness of a field is an
important characteristic of irrigation systems if good water management
is to be practiced. In graded irrigation systems, slope is combined
with flow rate and infiltration rate to distribute the desired amount of
water to a field. Slope variation is permitted but deviations are
carefully incorporated into the design to prevent uneven distribution of
water and to minimize excess runoff. Since graded systems are not
common in Egypt, further analysis of graded systems will not be
presented.

Level (zero grade) irrigation systems require precision leveling.
The deviations from design elevation within a bunded unit may not exceed
t 0.05 ft (* 1.5 cm) as an acceptable standard (USDA, 1974). No dif-
ference between level basins or furrows are suggested as many fields
change from furrows to flat planted each season. In no instance is a
reverse gradient (in the direction of irrigation) permissible. Slopes
of fields and variation of elevations within a bunded unit in Mansouria
District will now be reviewed.

Table 1 gives the field length, the fall of the field from the end
nearest the Meska to the end nearest the drain, the maximum difference
in elevation measured in the field, and the slope computed as the fall
divided by the field length. A fall between Meska and drain of approxi-
mately 10 cm commonly occurs in the Mansouria District. Farmers do not
appear to use this slope to distribute water within the basin since
water is introduced into basins from both directions.

More detailed data on bunded units, and as a result fields, are
presented in Table 2. The basic elevation data consisted of 15 to 30
elevations in each bunded unit from three or four bunded units along the
length of a field. The field elevations are computed from all units
measured while the bunded unit elevations are restricted to that unit.
Field elevations ranged from 9 to 20 cm between maximum and minimum.
This is a significant elevation differences between basins.

The individual bunded unit elevations ranged from 5 to 20 cm in
elevation. All exceeded the critiera for a level basin given as 3 cm.
Only 10 percent were less than double the required range and 80 percent
were more than double the required range. The minimum range of the
other 10 percent was 5 cm. Furrow bunded units also exceeded the range
in elevation criteria. In addition, 20 percent of the furrows had a
reverse slope which is unacceptable.
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Table 1. Slopes of Fields in the Mansouria District.

Field Length Fall

Canal Site Field (m) (cm) Max. Dif. Slope
B.M. 1 1 147.2 2 9 0.0001
2 1 26.80 4 4 0.0015
3 64.60 9 11 0.0014
4 118.00 8 10 0.0007
5 119.75 10 10.5 0.0008
3 1 145.10 9 9 0.0006
4 1 163.0 13 14 0.0008

5 1 58.30 0 9 0
2 58.30 9.5 9.5 0.0016
6 1 227.5 20 21 0.0009
E.H. 1 1,2,3 204.30 18 18 0.0009
4 1 62 8 13 0.0013
8 1 72.10 8.5 17.5 0.0012

2 68.30 6.5 7.5 0.001

These data suggest that unlevel fields are usual in Mansouria since
all fields exceeded the levelness criteria. Furthermore, serious un-
levelness exists since the criteria are usually exceeded by several
magnitudes. Lack of precision leveled fields is a consistent and major
problem for the Mansouria district. Proper leveling is a prerequisite
for application of the proper amount of water as well as for deriving
the benefits of good water management and proper inputs for increased
crop production (Johnson, Khan and Hussain, 1978).

Studies by Ali, Clyma and Early (1975) of level systems in Pakistan
have shown that deviation from level of only 3 cm significantly affect
farmer's irrigation practices. First, to cover a high area on a level
field requires additional water. Farmers must cover the high area or
salinization of the area will eliminate the growing crop or severe
stress from inadequate water will drastically reduce crop yield.
Second, since water is ponded on a level field, the distribution of
water will be approximately proportional to the difference in elevation
resulting in excess water in low areas and inadequate water in high
areas.

Infiltration Rate - Infiltration data* for Beni Magdoul and the
clay loam soil is characterized by a terminal intake rate of less than
0.2 mm/min (1.2 cm/hr). In El Hammami where a sandy or a sandy loam
predominates, terminal intake rates of 1 to 2 mm/min (6-12 cm/hr) were
measured. An evaluation of design criteria suggests that successful
level and graded irrigation systems can be designed and managed for
goils with infiltration rales exceeding 7.5 cm/hr such as exists at
El Hammami .

*Developed by M. Semaika and Harold Golus, agronomists, using a double
ring infiltrometer.



Table 2. Range in Elevation of Bunded Units for 3Selected Fields.
Field Variation Unit°to Unit
Mean Field : Standard
Location Elevation Rauge Max. Min. Deviation
(m) {cm)
Level Basiu without Furrows - Field Variation
B.M. Site 2, Field 2 16.59 .9 16.64 16.55 0.02
Field 4 16.58 20 16.67 16.47 0.07
Field S 16.58 21 16.69 16.48 0.07
B.M. Site 6 16.40 12 16.46 16.33 0.03
B.M. Site 7 16.64 13 16.71 16.58 0.03
B.M. Site 1 16.70 17.5 16.795 16.62 0.05
B.M. Site 4 16 .49 20 16.60 16.40 0.07
B.M. Site 5 16.43 12.5 16.485 16.36 0.03
Level Basin Without Furrows -~ Bunded Unit Variation
B.M. Site 3 16.43 10 16.48 16.38 0.03
16.43 10.5 16.485 16.38 0.026
16.43 12.5 16.485 16.36 0.026
B.M. Site 2 16.59 9 16.54 16.55 0.019
Field (2) 16.59 6 16.61 16.55 0.014
B.M. Site 2 16.59 8 16.62 16.54 0.0199
Field (4) 16.59 8 16.62 16.59 0.0199
16.60 6 16.61 16.55 0.0166
16.60 10 16.67 16.57 0.029
16.59 5 16.62 16.57 0.017
16.57 7 16.60 16.53 0.018
16.56 i 16.60 16.53 0.033
16.52 9 16.56 16.47 0.326
B.H. Site 2 16.61 9 16.66 16.57 0.022
Field (5) 16.61 8 16.66 . 16.58 0.019
B.M. Site 6 16.40 5 16.43 ) 16.37 0.021
16.42 10 16.45 16.36 0.024
16.41 7 16.44 . 16.37 0.015
16.37 9 16 .42 16.33 0.02
B.M. Site 7 16.63 5 16.65 16.60 0.014
16.62 6 16.64 16.58 0.015
16.67 8 16.71 16.63 0.016
B.M. Site (1) 16.75 9.5 16.795 16.70 0.03
16.72 8 16.76 16.68 0.025
16.71 8 16.75 16.67 0.026
16.69 10 16.72 16.62 0.030
16.68 5 16.70 ) 16.65 0.018
16.68 10 16.74 16.64 0.021
E.H. Site (8) 17.04 20 17.15 16.95 0.07
16.93 11 17.00 16.89 0.029
Level Basin with Furrows - Bunded Unit Variation
Ridge Furrow R F R F R _ F R F
E.H. Site 6 17.70 17.62 8 7 17.73 17.65 17.65 17.58 0.026 0.022
E.H. Site 6 17.72 17.63 4 5 17.75 17.65 17.71 17.60 0.016 0.016
E.H. Site 8(X) 16.96 16.86 9 6 17.01 16.88 16.92 16.82 0.026 0.017
-- -- 16.92 16.78 8 23 16.95 16.93 16.87 16.70 0.023 0.071
-- -- 17.66 17.54 10 8 17.705 17.575 17.61 17.51 0.0226 0.0196
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Table 3. Amount of Water Applied Per Irrigation for First Irrigation
and All additional Irrigations for Beni Magdoul, El1 Hammami
and Kafret Nassar Canals for Summer Season, 1978.

First Irrigation All Additional All Canals
apphed BM EH KN BM EH KN All Irrig.
ater —— —= — - = —
(mm) Percent Percent No. Percent
0 < 20 1 7 8 3
20 < 40 8 4 26 32 13
40 < 60 8 8 11 25 33 43 17
60 < 80 8 40 37 24 42 70 28
80 < 100 8 17 27 6 17 39 16
100 < 120 8 10 4 15 6
120 < 140 8 20 6 1 9 4
140 < 160 22.5 26 2 3 11 4
160 < 180 22.5 8 20 3 3 8 12 5
180 < 200 15 17 1 5 2
> 200 8 .8 2 1 4 _2
Total (Pct.) 100 100 100 102 100 100 100
Total (No.) 13 12 5 104 102 12 248

Table 3 suggests that the farmers apply heavy irrigations early in
the season. Perhaps these irrigations are needed to leach salt from the
soil surface during the time when plant seedings are most sensitive.
However, previous studies (Clyma and Ali, 1977) have shown that these
heavy applications are the accidental result of high infiltration rates
after tillage and before or just after planting. The difference between
the median amount of 60 to 80 mm (Table 3) for most irrigations and the
median for early irrigation must be attributed to initial intake rate.

Infiltraion rates affect the distribution of water in a field. The
time difference between when water first covers an area and when it
recedes from an area is called the "opportunity time" for infiltration.
On high infiltration rate soils, small differences in opportunity time
result in large differences in amount of water infiltrated and poor dis-
tribution of water results. The average amount of water applied to a
field may equal consumptive use estimates. When most of the water
infiltrates in only one part of the field, major overirrigation and
underirrigation still occurs. As discussed under slope for level (zero
grade) systems, differences in elevation produce differences in
opportunity time and result in low irrigation efficiencies because of
poor distribution.

Surface Roughness - Surface roughness is variable throughout the
season. In some areas surface clods formed during tillage may compli-
cate water distribution and require a higher flow rate for the greater
depth of flow necessary to cover the clods. Vegetation density
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especially in sugarcane and tedder crops, increases as the season
progresses. The reszult 1s that the amcunt of water required to cover a
field as well as the depth of f[low are increased. On such crops the
amount of water applied per irrigation may initially decrease after the
pre-irrigation but then b@gan to increase as vegetation density in-
creases during the season. For many crops aund fields, roughness is not
a significant variable.

Channel Shape - A number of fields and crops are broadcast in small
basins. Distribution of water to these fields is not materially affect-
ed by channel shape. A majority of the summer crops (except rice) and
numerous winter crops (except berseem and wheat) are grown on ridges and
irrigated by furrows. Furrows in the Mansouria [District have a variety
of dimensions but some typical spacings and profiles are shown in Figure
4. Farmers also appear to regulate the flow rate and depth of water
applied to attempt to insure that mest crops, especially vegetables, are
not inundated during irrigation. This factor more than any other ap-
pears to influence the number of basins filled simultaneously and the
time of filling according to farmers. Some fields appear to be drained
if excess water is applied or the ponding time becomes excessive. No
data are currently available on the effect of channel shape on infil-
tration rate, water distribution or salt movement.

Water Supply Rate - A farmer irrigates a field of a given geometry,
slope, infiltration rate, surface roughness and channel shape. There is
an appropriate flow for the given conditions that should be used for
effective, quantitative water management. In some instances the value
of one of the above variables on the values of a combination of
variables result in limiting the level of water management that a farmer
can achieve. For example, an unlevel field limits the efficiency of an
irrigation even when the proper flow rate is used. An unlevel field
combined with a high infiltration rate further reduces the efficiency of
an irrigation for a given flow rate. If an inappropriate flow rate is
used, the maximum achievable efficiency for an irrigation is further
reduced. Flow rate may be considered to be the final variable by which
farmers can make management decisions that result in good water
management.

Quantitative approaches to water application to a field require
that the flow rate and time of irrigation of a field be known. The
conventional approach is to measure the flow rate. If the water de-
livery system supplies a constant, known flow rate, then the measurement
of the time of water application can be used to quantitatively apply
water to a field. The constant flow rate must be within a specific
range if an efficient irrigation is to be achieved. The flow rate must
also meet adequacy criteria for erosion control, for an appropriate flow
depth and for proper distribution in the field.

Proper distribution of water within a bunded unit requires the flow
rate to be sufficiently high such that the difference between opportun-
ity times for each end of the basin will not result in substantial
differences in total water infiltrated. With the very small bunded
units, flow rates appear to be adequate for proper distribution within
each bunded unit. Flow depth appears to be adequate for each bunded
unit whether the crop is on ridges or flat. The depth of flow sometimes
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Tzble 4. Summary of measured flow rates for case study farms.

Flow Rate 1lit/sec.

[N RN Ne

Area Farm No. Field No. Crop Type of Lift Max. Min Av.
1978
K.N. (1) (1N Corn gravity 14.80 2.70 7.50
K.N. (1) (1) Berseem 13.10 1.2 6.0
B.M. (1) (1) Corn Tambour 18.0 6.0 12.0
B.M. (2) (1) Corn Tambour 16.0 7.4 11.0
B.M. (2) (2) Corn Tambour 16.0 8.0 12.0
B.M. (2) (3) Corn Tambour 12.0 5.0 10.0
B.M. (2) (4) Corn Sakia 17.4 3.1 12.0
B.M. (2) (3) Corn Sakia 22.0 5.3  14.0
B.M. (3) (n Corn Sakia 19.3 11.2 15.0
B.M. (3) (1) Berseem Sakia 13.5 6.8 11.0
B.M. (4) (1) Corn Sakia 29.4 6.2 18.2
B.M. (5) (2) Corn Sakia 23 8 16.0
B.M. (5) (1) Veget. Sakia 23 8 16.0
B.M. (5) (1&2) Berseem Sakia 20.4 5.5 17.0
B.M. (6) (D Veget. Sakia 21.3 5.3 12.0
B.M. (6) () Veget. Tambour 12.6 5.2 8.7
B.M. N (D Corn & Veg. Sakia 15.5 6.5 12.0
.H. (1) (1) Berseem & Corn Sakia 50 20 40
.H. (1) (2) Corn & Veget. Sakia 36 15 28
H. (1) (3) Corn & Pepper Sakia 61 27 40
H. (1) (&) Corn Sakia 50.5 28.5 35
H. (1) (5) Corn & Pepper Sakia 52 25 35
E.H. (1) (6) Corn & Pepper Sakia 38 16 29
E.H. (1) (7N Corn & Pepper Sakia 64 18.6 41
E.H. (1) (8) Corn & Pepper Sakia 65 26 45
E.H. (» (1) Squash Sakia 38 13 28
E.H. (1) (N Squash Sakia 54 20 35
E.H. (1) (8) Squash Sakia 46 25 35
E.H. (1) (6) Squash Sakia 58 25 35
E.H. (1) (5) Squash Sakia 38 15 28
E.H. (1) (3) Squash Sakia 37 13 25
E.H. (6) (1) Veget. Sakia 22 8 17
E.H. (8) () Peanuts & Veget. Pump 24 8 18
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overtops ridges but this is probably related to high areas and reverse
slopes with too large a flow rate. 1inadequate ridge heights are provid-
ed in some instances for the ponded depth resulting in overtopping. The
extremely short lengths of run largely prevent erosion from being a
problem.

A constant flow rate can be substituted for a metered flow as
mentioned earlier. Since farmers do not know or measure the flow rate
in Mansouria District, an evaluation of the constancy of the available
flow rate provides some measure of their ability to quantitatively
manage water.

The water supply rate to fields depends on the method used for
lifting water. Table 4 indicates the range in flow rates for each study
farm as a function of the method of litting water. A Tanbour supplies
water at between 5 and 18 1/s while the Sakia flow ranges between 3 and
61 1/s. Another effect is also illustrated in Table 4. The flow for
both methods tends to range from near zero to at least 50 percent more
than the mean. Since the flow rate varies so widely, it is exceedingly
difficult for a farmer to apply a uniform amount of water to each small
basin in a field.

The farmer irrigating a variable number of basins of widely
varying size with an unmeasured and highly wvariable flow rate is
unlikely to achieve efficient application of water even if all other
conditions are ideal. Since the farmer uses criteria other than flow
rate to irrigate a basin, the geometry of his irrigation units makes
good water management difficult if not impossible.

Two additional factors affect the rate at which water is supplied
to a field. Water is supposedly supplied to the farmer at the necessary
rate at an elevation. There is no internal regulation by farmers on a
Meska of the time of use (formally or informally). Meska outlets also
have been enlarged without authorization. Therefore, simultaneous and
heavy use of the water at the upper reaches of the Meskas lowers the
water level below the authorized level. The result is a higher lift for
a given flow rate. Since the power required to lift a given flow rate
is directly proportional to the 1lift, the lowered water level increases
the effort required for a constant flow rate. Humans, when using the
Tambour, or animals, when using the Sakia, must rest more often, other-
wise there will likely be an overall reduction or variation in the flow
rate as the lift increases and decreases. At a given lift point in a
particular area, flow rates vary widely over time because the human and
animal power supply, the power required, and the water supply available
all are variable. The result is a constraint to good water management
by farmers.

Management - The farmer operates his water application system based
on his perceived objectives and manages the water based on his knowledge
and skills. His management of the system results from how he answers
the question: When do 1 irrigate? How much water do I apply, and how?

Mansouria District,farmers use level basins or bunded units ranging
in area from 8 to 120 m™ with length to width ratios ranging from 1 to 2
(see Figure 5). Depending on the crop, the basins may be flat or have
furrows, but each is irrigated as a level irrigation unit. The farmer
basically introduces water until the area is covered, perhaps to a given
depth, and this determines how much water he applies. Thus, the
decision of when to irrigate is his primary management variable and



19

Table 5. Irrigation Frequency in El1 Mansouria District.

Distribution

Irrigation
Frequency El Hamami Beni Magdol Kafar Nasar All Canals
in days No. Percent No. Percent No. Percent No. Percent

1< 4 31 25 31 12
5< 8 17 14 25 21 42 16

9 <12 41 33 37 33 6 43 84 33
13 < 16 19 16 23 20 5 36 47 19
17 < 20 3 2 24 21 1 7 28 11
21 < 24 8 7 6 5 1 7 15 6
25 < 28 1 1 1 7 2 1
29 < 32 1 1 1 0.5
33 < 36 1 1 1 0.5
37 < 40

> 40 3 2 L L L L 3 1

Total 123 100 117 100 14 100 254 100

appears to be based on several considerations (Table 5). A farmer's
objectives appear to be to manage his available water supply for
adequate crop production including salinity control, for crop residue
management, to facilitate tillage, to promote germination and emergence,
to provide early seedling growth and to maintain adequate soil moisture.

The methods farmers use to irrigate limit severely the level of
effective water management they can achieve. The methodology for
regulating flow rate and amount of water applied results in much
variation of the amount. Methods for distributing water result in an
extensive distribution system. Fields are unlevel to an unacceptable
degree, bunds are of inadequate height and the size of each field varies
" by several magnitudes. The system of irrigation limits the potential
level of water management for farmers.

Amounts of water applied by farmers during an irrigation are
extremely variable. This variability results directly from their method
of determining how much water to apply. The time to cover a given area
with water depends on the flow rate, slope, geometry, infiltration rate,
surface roughness and channel shape. Farmers' criteria for applying
water, when combined with the system of applying water, limits good
water management. Other factors influence the amount of water applied.

The amount of water applied during the first irrigation and all
additional irrigations are given in Table 3. On all three branch canals
the first irrigation results in a greater amount of water applied than
do subsequent irrigations. The median amount of water applied for the
first and subsequent irrigations for each branch canal was as follows:

First Subsequent
(mm)
B.M. 160 > 180 60 > 80
E.H. 120 > 140 40 > 60
K.N. 120 > 140 60 > 80
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The results suggest the first irrigation is a large amount of
water. The primary cause of the irrigation amount is probably the high
infiltration rates after plowing for the irrigation. The estimates of
soil moisture deficiency and observations of the water table both indi-
cate the irrigation is excessive.

The median application for subsequent irrigations are much smaller
and in the 60 to 80 mm internal for Beni Magdol and Kafar Nasar and 40
to 60 mm for El Hamami. The smaller median amount on El Hamami may not
be statistically significant for the limited data collected but could be
explained by the predominance of vegetables at El1 Hamami. Farmers'
perceptions that vegetables need smaller irrigations may cause the
result observed. A significant number of irrigations exceed 80 mm on
all branch canals indicating considerable variability in the amount of
water applied during an irrigation.

The next management decision farmers make is when do I irrigate.
The frequency of irrigation for selected crops at Beni Magdol and El
Hamami is shown in Table 5. The results are different for each site
since at least bota the rotation and soils are different.

Beni Magdol, an area of predominately heavy textured soils, was
provided water continuously. Thus, farmers may irrigate whenever they
feel their crops need water. Under the "demand" system, the median
irrigation frequency was 9 to 12 days (Table 5). Furthermore, no
farmers irrigated during the interval of four days or less. The longer
intervals between irrigation (28 percent of the irrigations were 17 or
more days apart) represent irrigations early and late in the cropping
season or during the interval between crops.

El Hamami, an area of predominately sandy textured soils, was
supplied water for four days and for eight days water was unavailable.
Previous general observations had suggested that some farmers irrigated
at the beginning and end of the four-day period when water was
available. Twenty-five percent of the irrigations by study farmers came
at a frequency of four or fewer days (Table 5). Fourteen percent at
five to eight days and 39 percent were less than nine days. The median
frequency was still 9 to 12 days with one-third of the irrigations
coming during this time interval. In principle, all irrigations at El
Hamami should have come in the 9 to 12 or 21 to 24 day intervals since
those are the intervals on the rotation. Since 57 percent of the
irrigations came at intervals other than a multiple of 12 days, then the
water came from canal storage, drains, ground water, water made avail-
able outside the official rotation or from more than one irrigation
during the four days water is officially available.

Limited data on Kafret Nassar suggest the same pattern of
irrigation frequency. However, no irrigations came at a frequency of
8 days or less. The median frequency for all canals was 9 to 12 days.

The short irrigation intervals at El Hamami suggest farmers apply
water at more frequent intervals than desired in attempting to provide
water to crops from rotations that are longer than preferred. The high
frequency irrigations probably increase over-irrigation. The farmer
probably thinks the succeeding interval without irrigation would affect
crop growth and yield. On some portions of the branch canal water sup-
plies are inadequate (Wolfe, Shahin and Issa, 1979). When water is
available, the farmer continues to irrigate all crops to insure against
expected future shortage.
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Farmers also appear to irrigate for reasons other than to replenish
soil moisture. Need for tillage, for example, may require that a field
be irrigated. Removal of crop residue may require an irrigation.
Sometimes removal of residue and tillage are both accomplished from the
same irrigation. Providing water for germination and emergence and
salinity control would appear to be the purpose of the preplanting
irrigation. While considerable excess water may be applied, the irri-
gation is still necessary for crop production. Perhaps a more careful
inventory of why farmers give particular irrigations to particular crops
at particular times may reveal additional reasons why farmers apply
water in addition to soil moisture replenishment.

Seasonal application of water to crops, farms, fields and canals
are given in Table 6. For corn the range in seasonal water applied was
from 401 to 1170 mm. Seasonal evapotranspiration is estimated at 600
mm. Thus 40 percent of the fields received less water applied than the
estimated consumptive use. However, the highest corn yield occurred on
a field that received only 480 mm. Average seasonal water applied by
canal was as follows:

Canal mm
Kafret Nassar 518
El Hamami 650
Beni Magdol 712
The small number of observations for K.N. limits any

interpretation. The difference between E.H. and B.M. is small and could
reflect an unavailability of water rather than a difference in farmer
preference of use. The continuously available water on B.M. did not
result in a greatly increased average seasonal application of water.
Water application to squash at El Hamami ranged between 388 and 590
mm. The highest yield was on 12 percent less water than the maximum and
the minimum amount applied resulted in only 25 percent less yield.

Water Table Conditions

Depth to water in the project area ranges from 60 to 150 cm with
small, isolated wvariations on an annual basin. The water table
fluctuates during the season with a rise immediately after each
irrigation and a decline between irrigations, but usually an overall
gradual build up of the water table during the season occurs. The rate
of decline of the water table during the season between irrigations is
greatest during the period of higher consumptive use suggesting that
declines occur both from lateral outflow and water use from the water
table by plants. A general decline occurs during the period of annual
canal closure. Figure 6 illustrates this phenomena for the summer
season.

Careful delineation of the relationships between water applied,
water stored in the root zone, downward flow to the water table as deep
percolation and subsequent use of water from the water table by the
growing crop has not been quantitatively defined to date (1979). Care-
ful, quantitative definition of these relationships is important to
defining the exact effect of the application of irrigation water to the
fluctuation of the water table. Approximate budgets based on estimates
of consumptive use and published data on crop water use from a water
table in a given soil at an approximate depth were used to develop a
sample water budget for a field.
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Table 6. Seasonzl Applications of Water to Corn and Squash.

Area Farm No. Field No. Applied Water Yield
mm Ard/f
CORN
B.M. 5 2 749 11.92
B.M. 2 3 481 14.4
B.M. (1977) 2 5 810 10 Min. 401 mm
B.M. (1977) 2 4 690 10 Max. 1170 mm
B.M. (1977) 2 3 700 8
B.M. 2 1 850 11.07
B.M. 2 2 870 11.0
B.M. 2 1 1170 6.0
B.M. 7 2 500 12
B.M. 2 4 634.9 12
B.M. 2 2 870 6.29
B.M. 3 1 525 6.55
B.M. 4 2 411 10.5
K.N. 1 1 536.9 8
K.N. (1977) 1 1 500 8.5
E.H. 1 8 839.1 8
E.H. 1 7 535.7 9.5
E.H. 1 6 599.8 10
E.H. i 5 401 9
E.H. 1 3 864.0 9.2
SQUASH kg/f
E.H. 1 1 417.1 257.9 Min. 380
E.H. 1 8 525.5 5618.9 Max. 590
E.H. 1 6 590.7 5254
1 5 419.7 5071.3
1 7 380.4 4348

Studies (Doorenbas and Pruitt, 1977; Clyma and Ali, 1977) have
shown where the water table is less than one meter from the surface, 80
percent or more of the crop consumptive use can be supplied from the
water table. When calculations of consumptive use are made and compared
to water applied, excess irrigation water is applied early and late
during the cropping season. When the high water table is considered,
the resulting, estimated seasonal water balance suggests that more than
50 percent of the seasonal consumptive use was met by upward flow from
the water table. Soil moisture tensions in a limited number of sites
gave values greater than field capacity at the 15 c¢cm depth but less than
field capacity at all times for the 30 and 45 cm depths. Since no net
annual rise in the water table presently occurs, the surplus seasonal
water application is compensated by non-beneficial consumptive use
and/or drainage outflow.
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Circumstantial evidence of the rise in the water table and basic
data on contributions of the water table to consumptive use both suggest
that excess water is applied during each irrigation. This excess water
causes the fluctuating water table and is very effective at leaching
fertilizer out of the crop root zone. The presence of the water table
at a shallow depth assures the upward migration of salts and saliniza-
tion of the soil while preventing the leaching of salts past the water
table. Areas that presently are rapidly becoming saline could be con-
trolled or reclaimed if the water table were lowered. Preliminary data
suggest that the fluctuating water table effectively restricts the root
zone of crops to the minimum depth of the water table or less. This is
30 to at most 50 cm. During periods of peak consumptive use, the crop
is stressed from the lack of an adequate root system. Crop stress can
significantly reduce yields.

Factors Affecting Crop Yield

In connection with the study of on-farm irrigation practices, the
yield of the crop and a number of factors that influence yield were
measured. These variables and their values for each site are listed in
Table 7. Because the number of sites were inadequate to provide suffi-
cient accuracy for a step-wise multiple linear regression analysis, the
number of independent variables were limited to three and a regression
analysis conducted. Nineteen different combinations of three indepen-
dent variables were evaluated. The results suggested that seeding rate,
total water applied, and harvest data were the most significant vari-
ables (Table 8). That model and three additional ones are shown in
Table 8. The coefficients for all variables were negative except manure
and nitrogen fertilizer applied. Only the coefficient for total water
applied appears to not include zero in the confidence interval which
suggests that as the water applied increases, the yield decreases.
Nearly 75% of the variation in yield can be explained by seeding rate,
total water applied and harvest data and is significant at the .009
level. This effect is supported by the previous sections which suggest-
ed over-irrigation was the practice. A study by Johnson, Khan and
Hussain (1979) suggested that when a factor or a number of factors are
limiting, yield is not significantly affected by many of the factors of
production.

Additional data and analyses are needed to identify the factors
that affect production under traditional farming practices. The identi-
fication of these factors is important in determining those factors
which limit crop production and would identify the priority problems
needing solution.

Summary and Conclusions

Irrigation practices in the Mansouria District of Egypt were
studied during the summer season of 1978. The principal crop was corn
although a number of vegetable crops were also grown.

The state-of-the-art of farmer irrigation practices related to the
state variables for water application were as follows:

1. Field geometry - Farmers irrigated small basins (0.0008 to
0.014 ha) with row crops on ridges or broadcast crops on the flat. The
number and size of bunded units irrigated simultaneously vary. From 8
to 14 percent of the field area is consumed by field distribution
ditches. The size of the basin does not appear to vary with the water
supply rate.




Table 7. Regression Variables for Corn Yield.

(1) (2) (3) (4)  (5) (6) (7) (8) (9) (10)  (11)  (12)
K.N. K.N. BM78 BM78 BM/8  BM78  BM78  BM78  BM78  BM77  BM77  BM77

1978 1977 F7 F4F2 F3 F2F4 F2F2 F2F3 F5 F2F3 F2F5 F2F4

Yield (Ard/F) 8.0 8.5 12.0 10.5 6.6 12.0 6.3 14.4 11.9 8.0 10.0 10.0
Seed Rate 42.00 42.00 17.57 26.98 26.67 22.44 33.71 28.67 23,68 28.67 23.95 22.44
(kg/f)
No. of
Irrigations 6 6 9 5 6 10 7 6 10 8 8 7
Area (f) 1.90 1.90 0.34 0.44 0.44 0.52 0.09 0.21 0.55 0.21 0.49 0.52
Manure 200 230 250 0 220 300 200 250 0 0 200 200
(d2/F)
Fertilizer N 66 57.75 105.5 118.8 33 33 132 82.5 138.5 66 33 66
(kg/£)
Total Water
Applied 0.54 0.51 0.61 0.40 0.52 0.45 0.87 0.47 0.60 0.69 0.70 0.68

3,2
(m~/m")
Pre-plant
Irrigation Yes Yes No No No Yes No No No No No No
Plantingl/
Date = 39 8 13 56 45 27 18 18 -17 g 12 10
Plowingz/
Date = 39 8 ~-42 47 41 27 12 18 -19 g 5 9
Harvest3/
Date = 10 1 0 30 31 15 3 10 -13 7 6 7

Frequency of
IrrigationA/ 12.5 12.0 12.5 17.5 16.5 12.5 14.0 14.5 13.5 14.0 13.5 14.5
(days) =

Y4

l/Days from May 15 Z/Days from May 15 §/Days from September 1 é/Median value of range



Table 8. Results of 4 3 - Variable Models.

Variables In Value of F-Value Beta Overall Overall F ~ (for)
Model Model Coefficient Significance Elasticity rZ Significance eqn.
std. error

Seed Rate -0.17/0.58 3.00/0.017 -0.54/-0.50
1 Total Applied -14.11/3.79 13.82/0.006 -0.76/-0.84 0.746 7.82/0.009
Water
Harvest Data ~0.12/0.41 8.34/0.02 -0.59/-0.11
(Constant) 24.08/3.01 64.14/0.00 -
Seed Rate -0.17/0.82 4.33/0.071 -0.53/0.49
2 Total Applied -8.67/4.70 3.40/0.102 -0.47/-0.52 0.489 2.55/0.129
Water
Manure Applied 0.0021/0.0058 0.13/0.73 0.09/0.04
{Constant) 19.4/3.85 25.44/0.001 --
Seed Rate ~-0.17/0.078 4.49/0.067 -0.51/-0.48
3 Total Applied -9.73/4.60 4.46/0.068 -0.52/-0.58 0.533 3.04/0.093
Water
N-Fert 0.015/0.016  0.89/0.37 0.23/0.12
Applied
(Constant) 19.07/3.62 27.76/0.001 --
Seed Rate -0.20/0.074 7.05/0.029 -0.61/-0.56
4 Total Applied -10.23/4.23 5.85/0.042 -0.55/-0.61 0.605 4.08/0.050
Freq. of -0.55/0.35 2.52/0.15 -0.37/-0.78
Irrigation

(Constant) 29.06/6.70 18.83/0.002 -
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2. Slope - The bunded units in a field were irrigated without
regard to slope (assumed zero or level). Elevation variations within a
basin ranged from 5 to 20 cm while the maximum range specified (USDA,
1979) for level basins is 3 cm.

3. Infiltration rate - Early season infiltration rates appear to
result in excessive applications of irrigation water at the first irri-
gation. Terminal intake rates ranged from 1.2 cm/hr on a clay sloam
soil to 6 to 12 cm/hr on a sandy loam soil.

4. Surface roughness - No significant effects of surface rough-
ness on irrigation practices were observed.
5. Channel shape - Furrows were used with crops that are sensi-

tive to inundation. Farmers appear to attempt to regulate rate and
amount of water applied to control inundation but are not always
successful.

6. Water supply rate - Variable flow rates and variable areas for
bunded units limit farmers ability to apply a specified amount of water
to a field. Tambour flow rates range from 5 go 18 1/s and Sakia flow
rates range from 3 to 61 1/s. The maximum flow rate is frequently twice
the mean.

7. Management - Farmers appear to irrigate field systems which do
not permit good water management because they are unlevel, and the area
irrigated and flow rates are variable. His decision on when to irrigate
is influenced by the canal rotation with 25 percent of his irrigations
on a four day interval. When water is continuously available, no fre-
quencies less than four days occurred and the median frequency was 9 to
12 days. The amount of water applied appears excessive with the sea-
sonal average application estimated to be more than twice as much as can
be stored in the soil. The result is leaching of fertility and a fluc-
tuating water table. Both limit crop production.

8. The factors which affect crop yield were evaluated but
inadequate data did not permit quantification. Preliminary results
suggest that increased water application decreased yields suggesting
that excess water was applied. No factors except fertilizer had a posi-
tive affect on yield out of 10 factors evaluated. More data are needed
to define the cause and effect relationships but results from other
studies suggest one or more factors are limiting with the result that
supplying the traditional factors of production do not result in
positive increases in yield (Johnson, Khan and Hussain, 1978). Level
borders were recommended for improvement of the on-farm system. Evalua-
tion of the new system is presently (1979) being conducted in Egypt.

Recommendations

The authors recommend the following activities be evaluated as
potential solutions to the above defined problems.

1. Design an improved, precision leveled, water application
system for a farm on both Beni Magdoul and E! Hammami branch canals
using the criteria defined by USDA (1974) for level borders.

2. Construct the irrigation system and provide irrigation
advisory assistance to the farmers on the operation and management of
the system.

3. Collect evaluation data on the social, economic, crop

production and engineering aspects of the operating irrigation system.
The results for the improved system will be compared with the tradi-
tional system to evaluate appropriateness of the new system and further



28

understand the farmer's management decisions. Final recommendations
must await these results before suggesting solutions to the above
defined problems.
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FURROW IRRIGATION PRACTICES IN NORTHERN COLORADO?
T. W. Ley and W. Clymal

INTRODUCTION

For the past three irrigation seasons, furrow irrigation
evaluations have been conducted on several farms in the Fort Collins
and Greeley areas of Northern Colorado. A data base consisting of six
farms has been established. These data were used in a structured
analysis to define irrigation practices in the area. This analysis
provides a definition of priority problems in furrow irrigation in the
area. The solution of these problems is the basis for improvement of
on-farm water management. This paper presents an analysis of “.rigation
practices and a definition of priority problems.

PROCEDURES

The on-farm irrigation system consists of the following four
subsystems:

Water delivery.
Water application.
Water use.

Water removal.

P T R

This paper focuses on a study of the water application subsystem.
The state variables affecting the application of water to field are as
follows:

field length

field slope

furrow inflow rate
furrow intake rate
furrow roughness
channel shape

OV W N

With the boundary and initial conditions specified, the state of
the system is defined. Qualitative and quantitative descriptions of the
above variables and of farmer decisions on management of the system in
terms of how to irrigate, when to irrigate, and how much water to apply,
completely define and describe the state-of-the-art of water application
for the irrigation system.

A structured analysis of the state variables and farmer management
has been used by Clyma and Ali (1977) and El Kady, Clyma and Abu-zeid
(1979) to define irrigation practices in areas of Pakistan and Egypt,
respectively. In these traditional irrigation systems no explicit design

1Research Associate and Associate Professor, respectively,
Agricultural and Chemical Engineering Department,
Colorado State University, Fort Collins, Colorado.

2Prepared under support of United States Agency for International
Development, Contract AID/NE-1351. All reported opinions, conclusions
or recommendations are those of the authors and not those of the
funding agencies of the United States Government.

3Presented December 1979, ASAE meeting New Orleans, Louisiana



procedures were available. When explicit design procedures are available,
a detailed analysis of operational and design values for each state
variable and each farmer management descision provides a quantitative
comparison of the appropriateness of irrigation practices in the area.

Not only are irrigation practices defined, but deviations of system
performance from potential performance (as determined by design standards)
are quantified. The suitability of present irrigation practices are
evaluated and priority problems identified by the magnitude of these
differences.

A detailed furrow irrigation system evaluation procedure presented
by Ley (1978) was used to collect system operation and management data
during a total of 21 irrigations on 9 furrow irrigated fields of six
different farms in the area. On several of these fields evaluations were
conducted throughout the irrigation season. Only limited data are avail-
able on two of the fields. The evaluation procedure and methods of data
analysis (see Salazar, 1977 and Ley, 1978) were originally designed to
evaluate each of the state variables and farmer management of the system
as previously listed. In all cases, the water application subsystem under
study was classified as graded furrows with the free-outflow downstream
boundary condition. Corn, sugar beets and field beans represent the
majority of crops grown in the area irrigated by furrows. Other crops
were cucumbers, onions, carrots, sorghum and other vegetables.

Results obtained from the data collection and analysis procedures
were combined and categorized by state variable. Actual system perform-
ance as a result of management decisions by farmers was determined.
Values of the state variables observed were compared to overall design
recommendations as ﬁormulated using an SCS design procedure for furrow
irrigation systems. SCS design recommendations (USDA, 1978b) such as
maximum lengths of run for erosion control and erosion control criteria
for maximum slopes and furrow flow rates were also compared to farmer
practice. Actual levels of performance were compared to design (or
potential) levels of performance in conjunction with the state variable
and management decisions to determine key state variable and management
deficiencies. This leads to identification of priority problems and
ultimately improvement of on-farm water management.

The SCS furrow irrigation design procedure uses a volume balance
approach to determine appropriate set time and furrow inflow rates for
storing a given depth in the root zone given design parameters such as
length of run, irrigated furrow spacing, furrow slope and a furrow intake
family. Design levels of efficiency (irrigation performance) can be
specified and then only acceptable combinations of variables result.

This design level represents the potential performance of the system.

A design was formulated for each of the systems studied. The
approach was to design the system to apply the crop requirement during
the peak use period. Thus, an irrigation scheduling procedure based on
climatic data for the area; crop growth characteristics; design avail-
ability factor f, the fraction of the total available water within the
root zone of the crop that is readily available (Hart, 1975); and soil
water holding characteristics was used to determine design application
depths for the peak use interval of each crop. Soil intake characteristics

2Harlan Collins, USDA, Soil Conservation Service, Private Communication.



for each field were represented using a single furrow intake family.
The value was taken roughly as the mean intake family determined using
irrigation evaluation data. In the formulation of each design, an
attempt was made to select values for the design parameters as close as
possible to the actual operation, i.e., the same slope, length, irrigated
furrow spacing, etc. This allows direct evaluation of farmer operation
and management of the system when successful designs could be formulated.
The following sections present the state variable analyses by
comparison to design recommendations and summarize the results of the
designs as compared with the actual system. The same comparison of
farmer management decisions with recommended management decisions follows
to illustrate deficiencies in management. Finally, key results and con-
clusions concerning the state-of-the-art of furrow irrigation practices
in the area are presented. Recommendations for improvement of on-farm
water management in the area are also suggested.

STATE VARIABLE ANALYSIS

Field Length-- Although furrow lengths ranging from 175-725 m
(575-2380 ft) were observed, the majority of observed lengths fall

between 350-650 m (1150-2130 ft). Depending on the farm size and farm
boundaries, fields generally were laid out between established roadways
[i.e., county roads nominally spaced at 800 m (one-half mile) intervals]
or traditional farm roadways. This accounts for the prevalence of longer
run lengths. In general, little or no regard was given soil boundaries
or soil intake rates in determining run lengths, e.g., lengths of run
much too long were found on sandier soils, while shorter lengths were
found on loam and clay loam soils. The prevalence of the longer lengths
of furrows allows more efficient use of farm equipment, less labor during
irrigation and less investment in field distribution facilities.

The SCS (USDA, 1978b) provides a procedure for determining maximum
run lengths based on adequate drainage of rainfall-runoff without erosion
or overtopping of furrow ridges. The process involves determining a
maximum furrow length for a given spacing and slope such that the pre-
dicted runoff volume from a 6 hr-2 yr storm for a given hydrologic soil
group is drained at a non-erosive flow rate. The average rainfall from
a 6 hr-2 yr frequency storm for the Larimer and Weld county areas of
Northern Colorado is approximately 33 mm (1.3 in). From SCS (USDA,1964),
the soils in the area were classified in hydrologic soil groups B and C
with runoff curve numbers 80 and 85 assumed. Predicted runoff depths
ranged between 4.8 to 8.4 mm (0.19 to 0.33 in). Based upon a predicted
runoff depth, field slope and furrow spacing, a maximum run length was
determined. The results of this analysis for the fields studied are
presented in Table 1. Several of the actual run lengths (nearly 50
percent) observed were slightly longer than recommended. These were
furrow lengths greater than 600 m (1970 ft) on the soils with higher
clay content.

Maximum design furrow lengths are a function of soil intake rate,
depth of application, furrow grade and maximum non-erosive furrow stream.
In most instances, farmers appeared to be aware of these factors and
acted accordingly. They generally achieved uniform applications, though
usually inefficient due to lack of proper management. One farmer used
a length of run more than twice the maximum recommended (as determined
from SCS Colorado Irrigation Guide, USDA, 1978a). Although he actually



Table 1. SCS Maximum Lengths of Run as Limited by Rainfall Erosion.
(Average 6 hr-2 yr rain # 33 mm (1.3 in.). Hydraulic condition of furrows assumed good.)

Predicted 2 Length (m)
Hvdrologic Soil Gr?up/ Runoff Slope Allowable Actual

Site Runoff Curve No. depth (mm) (percent
1 c/85 8.4 0.45 600 625
2 B/80 4.8 0.38 > 900 183
3 B/80 4.8 0.43 1227

183
4 c/85 8.4 0.36 1091 175
5 c/85 8.4 0.98 374 364
6 B/80 4.8 0.66 625 640
7 c/85 8.4 0.33 762 285
8 B/80-C/85 6.6 0.50 700 725
9 c/85 8.4 0.41 625 640

1From sCS (USDA, 1964)

Zprom SCS (USDA, 1978b)



was doing a fair job of irrigating, problems with over-irrigation at the
upper end and under-irrigation at the lower end naturally occurred.

In all but one instance, acceptable designs were formulated for
the actual furrow lengths studied (see Appendix 1 for tables of design
results and evaluation results). For that case [site 1 where the actual
length was nearly 800 m (one-half mile) on a clay loam soil], an accept-
able design was formulated for a length one half of the actual length.
All of the designs for furrow lengths approaching 800 m (one-half mile)
were only marginally acceptable (designs were acceptable if water applica-
tion efficiency, the fraction of total water applied made available for
plant use, was greater than 70 percent, with less than 10 percent deep
percolation and 20 percent runoff losses, while water requirement effi-
ciency, the fraction of the plant water requirement actually met bv an
irrigation, was greater than 85 to 90 percent). There is a definite
indication that the longer furrow lengths, 400 m to 800 m (one-fourth
mile to one-half mile) place a limitation on efficient water application
in the area. Designs formulated for shorter runs on the same fields
indicated improved system performance could be attained. Agronomic,
economic and institutional factors may constrain the farmer's ability to
change his system and improve his water management. The more efficient
use of water in the future may become an important factor in the arid
Western states causing farmers to alter their length of run.

Field Slope-- Furrow grades ranging from 0.3% to 1% were observed
on the fields studied. The average grade and several measures of the
variation in the slope along the evaluated length are provided in
- Table 2. Included is the root mean square (RMS) error (see Table 2 for

definition) of the actual field elevations versus a least squares pre-
diction of field elevations at stations along the run. The RMS error is
an indication of the uniformity of the actual furrow grade. Larger
values indicate larger variation in the grade, while smaller values
indicate a more uniform grade. Although somewhat large values were
encountered (10 to 15 percent RMS error), the uniformity of application
for an irrigation on these particular fields was still acceptable. 1In
all cases, the furrow grades observed were less than the SCS maximum
grades for erosive soils based on a 30 min-2 yr frequency rainfall and
given in Table 2 as 1.3 to 1.9 percent.

All of the fields studied had at one time or another been graded
or land-planed supposedly to a uniform grade. Seedbed preparation,
planting and cultivation operations contributed to the deviations
observed. v

In all cases, there were no problems in formulating acceptable
designs for the actual field slopes (least squares slopes) studied. The
uniformity of grade, however, is an important factor in obtaining uniform
water application. In at least one-third of the cases studied, the uni-
formity of grade should be improved (as indicated by RMS errors greater
than 10 percent) to improve the uniformity of application.

Furrow Inflow Rate-- Furrow inflow rate is perhaps the most easily
controlled state variable and the single most important factor in effi-
cient water application given particular field and site conditions.

In all the fields studied, water was introduced to the furrows by means
of siphon tubes. Farmers usually knew a rough estimate of their total
water supply rate and would accordingly set a specific number of siphon




Table 2. Furrow Slope Data Analyses.
i/ 2/
Length Least Squares— Root~ Total Max. Fall Min. Fall
Evaluated Slope (m/m) Mean Square Fall in 25 m X Diff. from in 25 m X Diff. from

Site (m) () Error (m) (m) L.S. Slope (m) L.S. Slope

1 625 0.0045 0.1062 2.61 0.134 +19.2 0.043 -62.1
(0.999)

2 150 0.0038 0.0512 0.58 0.122 +28.3 0.079 -16.6
(0.995)

3 150 0.0043 0.0574 0.62 0.140 +30.43 0.067 -37.6
(0.994)

4 175 0.0036 0.0210 0.64 0.149 +66.0 0.050 ~44.1
(0.991)

5 350 0.0098 0.0320 3.42 0.268 + 9.4 0.223 - 9.2
(0.999)

6 625 0.0066 0.1545 4.14 0.270 +63.6 0.060 -63.6
(0.985)

7 275 0.0033 0.0162 0.94 0.120 +45.5 0.060 -27.3
(0.997)

8 725 0.0050 0.0411 3.46 0.149 +19.5 0.058 -53.7
(0.999)

9 640 0.0041 0.1654 2.51 0.177 +72.8 0.028 -72.8
(0.996)

l/SCS (USDA, 1978b) recommended ma;iﬁuﬁisiopes for erosion control: Smax = P30-1.3 -

where

for N. Colorado

2 n
—/RMS error = / z (Yact - Ypred)z

N-1

where Y = actual elevation of station

act

Ypred = least squares prediction of elevation of station

N = number of stations

P30 = 2 yr-30 min rainfall (in.)

P30 % 0.6 - 0.8 in. (15 mm ~- 20 mm)

S =1.3 -1.92
max



tubes per irrigation set with a particular size and number of siphons per
furrow. The farmer's experience and general knowledge of what happens on
his field from irrigation to irrigation was his basis for determining how
many tubes to set and how to set them. Only limited knowledge of siphon
discharge versus head relationships seemed to be used by farmers. By
visual inspection of the tubes and conditions in the head ditch, farmers
attempted to achieve equal flow rates into all furrows by use of ditch
checks in the head ditch. 1In a few instances, an irrigated furrow was a
"guess row" (the result of overlap in tillage operations) and the farmer
used a larger flow rate there. However, the observed prevalent practice
was to attempt to compact all furrows equally during tillage operations
to eliminate variations in intake. -

In most cases, mean furrow flow rates for each irrigation, Qi’

(Table 3). The furrow inflow rate was much larger for the f st irriga-
tion than for other irrigations on two sites (Sites 6 and 7) where
seasonal data are available. With more friable soil conditions and higher
intake rates early in the season, farmer use larger inflow streams in
order to obtain faster rates of advance. Other reasons for the trend in
decreasing inflow rate as the season progresses include reductions in
total water supply available and farmer perception that reduced flow
rates are required to get the water through the field as the soil intake
rate changes.

Other seasonal furrow inflow characteristics are shown in Table 4.

The mean seasonal inflow, QS, for each site when compared to the indivi-
dual irrigation mean, Qi’ shows that for three sites where seasonal data

are available the flow rate decreases during the season. The standard
deviations (Si) for these sites ranges from 0.17 to 0.27 £ps, another

indication of this change. The standard deviation of individual furrow
flows from the mean flow for a set, (s;)f, is a measure of the farmer's

ability to regulate the same flow rate to each furrow. These ranged
from 0.08 to 0.18 £ps, about 5 to 15 percent of the average flow.
Variations in individual observations of flow rate down a furrow are
given by standard deviations, (Sﬁ)t’ for individual furrows that ranged

from 0.03 to 0.26 ¢ps representing about 2 to 30 percent of the average
flow. 1In three of the seven sites flow variation with time down a single
furrow was 10 to 30 percent of the average flow. Salazar (1977) states
these variations in observed flows are due to:

a) head stabilization in the head ditch and water level
fluctuations in the head ditch during an irrigation,

b) obstructions to siphon discharges such as weeds,

c¢) farmer adjustment of siphon discharge after start of
irrigation,

d) errors in measurement of furrow inflow rate.

No farmers attempted to use cutback inflow rates during an irrigation.
In 90 percent of the irrigations studied, farmers used non-erosive

furrow streams. Erosion criteria for limiting the maximum allowable

furrow stream to 3.15 £ps/furrow (50 gpm/furrow) or (0.79/30, percent)

Lps/furrow [(12.5/80, percent) gpm/furrow] whichever is less were used.



Table 3. Mean Furrow Inflow Rate, Qi

each Irrigation.

(2ps), for Three Furrows for

IRRIGATION NO.

SITE 1 2 3 4 5 6
1 NA 1.53 1.48 1.12 1.09 --
2 1.19 1.34 -- -- - -
3 0.85 0.81 -- -- -- —
4 0.62 - -~ -- -- -
NA NA 0.77 0.73 -- --
6 1.41 1.14 1.10 NA 1.06 0.96
7 1.70 1.17 1.32 -- -- --
8 2.47 -- -- -- - -

NA = not available



Table 4. Seasonal Characteristics of Furrow Inflow Rates.1

Site No. of Observations Seasonal Mean Inflow Standard Deviation (ps)
Rate (Zps) Qs Sezfon . Furr?g_) Singie Obsigfition
X x f X't
1 4 1.31 0.23 11 0.08 126 0.06
2 2 1.27 0.11 6 0.12 48 0.03
3 2 0.83 0.02 6 0.16 65 0.26
5 2 0.75 0.03 6 0.15 72 0.04
6 5 1.11 0.17 15 0.18 345 0.17
7 3 1.40 0.27 9 0.11 250 0.15

1Ouly one irrigation was observed at Sites 4 and 8.

sz = Standard deviation of seasonal mean furrow inflow (£ps).

(s;{)f = Standard deviation of mean individual furrow inflows from mean
inflow for an irrigation set.
(Si)t = Standard deviation of single observations of furrow inflow rate

from mean individual furrow inflow rate.
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The average inflow rate for two out of the 21 irrigations evaluated
exceeded the maximum allowable inflow rate. These were both during the
initial irrigation. In those instances, post-irrigation furrow profile
data showed that substantial erosion at the upper end and sedimentation
at the lower end of the furrows had occurred when compared to perirrigation
furrow profiles.

In practically all instances, farmers used furrow inflow rates
larger than those formulated from design (see Appendix A). The differ-
ences ranged from one to two-and-one-half times the design flow rate in
18 out of 21 irrigation evaluations. This is particularly obvious for
the initial irrigation of the season. The direct impact of this practice
was that runoff losses greater than 25 percent occurred in nearly 60
percent of the cases. In the designs, runoff losses were consistently
held to a maximum of 20 percent and frequently less.

Furrow inflow rate is indirectly part of the farmer's minagement
decision of how much water to apply. An inflow rate/inflow time combina-
tion defines an average application depth for given irrigated furrow
conditions. Design results for various inflow rate/inflow time combina-
tions result in the same applied depth but yield different levels of
performance. Thus, while farmer's ofter perceived a need to use larger
heads for quicker advance rates, they may not be aware that better
performance may be achieved with smaller inflow rates and longer set
times. Further discussion is presented in the analysis of farmer
management.

Furrow Intake Rate-- A volume balance procedure was utilized to .
determine the SCS furrow intake family (If) for each of the irrigations

evaluated. The results are presented in the right hand column of

Table 5. The trend of these data show a decrease in furrow intake rate
as the season progresses. This general trend is to be expected and has
been observed by other researchers (Clyma and Ali, 1977; El Kady, et.al.
1979). The seasonal mean value and the most likely design value (taken
as the seasonal mean value rounded to the nearest furrow intake family)
are also given. Table 5 also includes a determination of furrow intake
family for each of the fields studied based on an SCS soil series classi-
fication and use of the SCS Colorado Irrigation Guide (USDA, 1978a)
design group and furrow intake family tables. Determination of furrow
intake family for design purposes based on a soil series classification
is fair but in some instances may yield unreliable designs, as can be
seen by comparison of the two different intake family values in Table 5
determined by different methods. Information on soil type and texture
only may not be adequate for design purposes. Field trials are then
necessary to determine intake characteristics.

Seasonal values of furrow intake family obtained by volume balance
methods were utilized in the formulation of designs for each of the
fields studied. In general, the value used in design was nearly equal
to the mid-season (peak use interval) value.

Evaluation results (see Appendix A) show that the trend for
decreasing intake rates as the season progresses made it increasingly
difficult for the farmer to meet the crop requirement. Farmers did not
appear to be fully aware of the effects of decreasing intake rates on the
amount of water applied. The results showed that in several instances
management decisions of farmers resulted in the development of cumulative
soil water deficits causing crop stress as the season progressed. Other
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Table 5. Comparison of Furrow Intake Family as Determined by SCS
Soil Series Classification Versus Values Obtained by

Volume Balance Procedure for each Irrigation.
SCS Colorade irrigation Culde betermination of Furrow
Data Based on Soil Series? Intake Family (If) by
Volume Balance
Ave. AWC
1 SC5 Soil Series Destign in 1.2 m Furrdw Intake
Site Soil Type Classification Group (mm) Family (I;) Irrig. # l%
1 Clay loam Nunn Clay 5 208.3 0.5 # 0.40
loam, 0-1% 2 0.40
slopes
3 0.50
4 0.35
5 945
mean = 0,42
design value (0.45)
263 Sandy clay Mixture of: Site 2
Loam #1. 1.40
Soils have Altvan L & SL, 11 172.7 0.5 ~ 1.0 2 . i.00
been highly 0~1% slopes an ~ 1.20
mixed Otero SL & FSL, 16 129.5 0.5 - 1.0 wean
0-1% slopes design value (1.00)
Nunn CL, 5 208.3 0.5 Sire 3
0-1% slopes T 1.00
2 0.45
mean 0.72
design value (0.70)
4 Clay loam Nunn Clay loam 5 208.3 0.5 #1 0.45
0-1% (dominant) .
(some Santanta loam) design value (0.45)
5 Clay loam/ Kim loaw 0-3% 12 193.0 0.5 #3 0.45
SCL (dominant)
(some Nunn CL) 4 030
mean -~ 0.42
design value (0.45)
] SL Vona LS and 14 142.2 1.0 #1 0.50
SL, 0-3% 2 0.35
or 3 0.45
Ascalon SL 14 142.2 1.0
f 4 4
0-3% 0.40
5 0.40
6 0.30
Map shows large part of fileld to have moderate salinity and W.T. e e e
effect. Smaller area has severe salinity and W.T. effect, mean  0.40
design value (0.40)
7 SCL Haverson L, 0-1% 12 193.0 0.5 #1 1.7
cue Otero SL, 1-3% 16 129.5 0.5 - 1.0 2 0.9
3 1.0
(mostly Haverson L) mean  1.20
design value (1.0)
lﬁesults from particle size analysis of samples collected in field.

2
SCS Colorado Irrigation Guide (USDA, 1978a).
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design deficiencies such as improper furrow lengths and improper inflow
time/inflow rate combinations also contribute to this effect.

Furrow Roughness-- Manning's equation and roughness factor was
assumed to adequately represent furrow flow conditions in all case
studies. Although furrow irrigation represents non-uniform, spatially
varied flow, a condition of steady state flow is approached as the soil
reaches its basic intake rate. Assumptions are that the furrow is
prismatic and that the cross section is symmetrical about a vertical
centerline.

Salazar (1977) presents procedures to determine Manning's n which
were utilized to determine roughness for each furrow. Values measured
ranged from 0.010 to 0.047. The majority of values were less than 0.03.
Ramsey and Fangmeier (1976) determined Manning's n values rarging from
0.02 to 0.04 with a mean near 0.03 in controlled furrow irrigation trials.
Values of Manning's n in the literature (King and Brater, 1963; Chow,
1959; Schwab, et.al., 1966) for straight, uniform earthen channels range
from 0.015 to greater than 0.04 depending on the conditions of the channel,
In furrows, where the hydraulic radius is small and the relative effects
of channel obstructions (clods, weeds, etc.) are large, higher values near
0.04 are feasible. The SCS furrow design procedure assumes a constant
n value of 0.04.

Salazar (1977) showed that assuming a constant value for n 1in a
furrow irrigation simulation model does not significantly affect predic-
tions of irrigation performance. The study did show that significant
variations in furrow roughness can occur along a single furrow length for
an irrigation and through the irrigation season. Roughness variations,
however, cause differences in total furrow intake due to the correspond-
ing changes in furrow wetted perimeter. The real effect of roughness
variations on predicting irrigation performance is dependent on the
relationship between furrow intake and furrow wetted perimeter. Ramsey
and Fangmeier (1976) showed that intake rate varied as a linear function
of furrow wetted perimeter. Ley (1978) showed that roughness variations
from a constant average value can result in moderate deviations in pre-
dictions of irrigation performance when a 1:1 linear relationship between
furrow intake and furrow wetted perimeter is assumed. For instance,
changing the furrow roughness over a range from 40 percent to 160 percent
of a given average value for an irrigation resulted in corresponding
changes in predicted water application efficiency from 84 percent to
110 percent of the measured value (Ley, 1978). Further study of the
effects of furrow roughness variation on furrow intake and ultimately
prediction of irrigation performance is indicated.

Channel Shape-- Channel or furrow shape defines the furrow wetted
perimeter for a given set of flow conditions and ultimately may have an
effect on total furrow intake. Assuming other factors constant, it is
obvious that two different cross sections will yield two different flow
depths, two different wetted perimeters and most likely two different
intake volumes. The actual relationship between furrow wetted perimeter
and intake has not been substantially quantified as previously stated.

Salazar (1977) found that describing furrow cross-sectional flow
area as a power function of flow depth was most representative of the
cross-sectional profile data collected through an irrigation season.
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Even though the cross sections approached a trapezoidal shape as the
season progressed, a power function fitted better because the bottom

of the furrows actually never became horizontal. Salazar (1977) also
presented results which showed that the assumption of a single furrow
shape to represent the entire season did not result in significant error
in volume balance computations of irrigation performance. This was true
even when significant shape changes occurred along the furrow length

from the beginning to the end of the season. Furrow profile data from
these studies showed that the average cross-sectional flow area increascsy
through the irrigation season (Table 6). The cross sections become wider
with flatter bottoms. In all cases, at the end of the season the furrows
exhibited deep, wide, nearly flat-bottomed cross sections at the upper
end and somewhat shallower sections at the lower end. The occurre-re of
erosion and sedimentation at the upper and lower ends, respectiv vy,
seemed to produce this effect. ‘

Misrepresentation of the furrow cross-sectional flow ar=a can result
in significant error depending, of course, on the relationship between
furrow wetted perimeter and intake. Ley (1978) showed that, when a 1:1
linear relationship between furrow wetted perimeter and intake is assumed,
changing the cross-sectional flow area over a range from 70 percent teo
130 percent of the average value resulted in corresponding changes in
predicted water application efficiency from 70 to 130 percent of the
measured value. Errors in measuring cross-sectional flow area therefore
produce equivalent errors in determining system performance under this
assumption. Further study of this phenomenon in furrow irrigatiom is
indicated.

The SCS furrow design procedure assumes furrows are represented as
small trapezoidal channels. An empirical relationship (which encompasses
a range of trapezoidal shapes) defines furrow wetted perimeter as a

1
~function of the hydraulic characteristic (Qn/Soé). A constant is added

to this relationship to convert the trapezoidal wetted perimeter to an
equivalent horizontal wetted width. The resulting value is ultimately
used to define equivalent and equivalent average infiltration depths
using the SCS infiltration functions. The procedure is not meant to
account for the effects of wetted perimeter variations on furrow intake.
Instead, it is a means for converting intake volume through a curved
furrow surface to an equivalent average depth as is commonly defined for
other surface irrigation methods where the entire surface is inundated.

FARMER MANAGEMENT

In determining how farmers irrigate, the conclusion is that they
use furrow irrigation as a traditional method for irrigation of row
crops. It is a practice used from generation to generation with refine-
ments mainly being made in the methods of in-field delivery and
distribution. While gated pipe is used in the area, the prevalent prac-
tice uses siphon tubes for directing water into each irrigated furrow.
Another decision farmers make about how to irrigate is whether to irrigate
every furrow or alternate furrows. Design results indicate either method
is acceptable. Lighter, more frequent applications are necessary,
however, when irrigating alternate furrows on a heavier soil in order to
satisfy the crop requirement at each irrigation. On the other hand



Table 6. Seasonal Variation in Channel Shape and Surface Storage for Various Flow Depths.

Site Irrigation No.2 Cross-sectional Flow Cross~-sectional Flow area (cmz) for Flow Depth (cm):
Area Equation y=1 y =2 y =3
AF(cmz), y (cm)
1 1b 7.7y 120 7.7 21.8 40.0
la 12.2y 1-2° 12.2 29.8 50.3
2a 12.7y -39 12.7 33.3 58.5
5b 16.5 y 1+26 16.5 39.4 65.7
5 3 ave 1.6y 1.27 11.6 28.0 46.8
4 ave 10.6 y 1-3 10.6 27.8 48.8
6 2 ave 4.1y 128 14.1 34.2 57.5
3 ave 16.4 y 1-21 16.4 37.9 62.0
5b 19.7 y 1-10 19.7 42.2 66.0

1after Salazar (1977)

2b--before irrigation profiles
a--after irrigation profiles
ave--average of before and after profiles.

VaS
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irrigation of every furrow on lighter soils may result in over-irrigation
and leaching of nutrients from the crops root zone. Both extremes were
observed as can be seen in Appendix A, Tables Al and A6, for Sites 1 and
6, respectively. The most common practice in the area is to irrigate
alternate furrows.

As a result of this practice and combinations of other factors such
as improper application times, incorrect irrigation timing and decreased
soil intake rates as the season progresses, farmers were not meeting crop
requirements. Cumulative soil water deficits formed through the season
as opposed to a given deficit level at each irrigation (see evaluation
results in Appendix A). The compensating factor seems to be that fairly
consistently overirrigation at ipitial irrigations of the season provides
soil water storage in the potential crop root zone for the crop to draw
upon later. In one instance, a farmer realized he was not applying the
desired amount and changed his management at the third irrigation of the
season to irrigate every furrow. Evaluation results indicated the crop
requirements were thusly satisfied at the expense of some deep percolation
losses through the rest of the season (Table A6, Appendix A).

It may often be the case, however, that farmer's are constrained by
their available water supply to irrigate only every other furrow in order
to sequence through in time to start the irrigation process again and in
doing so, are doing an inadequate job of irrigating. This indicates a
design deficiency attributable to possibly several factors or combina-
tions of factors. These include improper stream sizes, furrow lengths
which are too long, insufficient system capacity, etc. Information needs
to be supplied to farmers concerning their particular operation as to
whether or not they should be irrigating every furrow, if they have the
system capacity for this and if not, if they can sucessfully irrigate
alternate furrows. System design alterations may be required.

Several factors appear to determine how farmers decide when to
irrigate. The decision is based on experience from previous seasons,
visual observation of the crop, a fixed time interval, or the time
required to cycle through his fields. Institutional factors may often
require him to "call" for water on a particular day to have water on a
later day in the week. This may require the farmer to use the water
even though he is aware that he doesn't need it. Depending on the water
supply available, farmers may start irrigation based on visual observa-
tions of the crop. They then continually irrigate through the peak use
period or some stage of crop growth with the irrigation interval the
time required to cycle through their fields.

In approximately two-thirds of the irrigations studied, results
indicate farmers had decided to irrigate too soon (i.e., the actual
availability factor at irrigation time was less than the design
availability factor). Approximately half of those irrigations resulted
in some deep percolation. The remainder were underirrigations and
resulted in the cumulative root zone soil water deficit (see Appendix A).
For the other one-third of the irrigations studied, in approximately
60 percent of those, the farmers waited too long (soil water deficit
larger than design allowable) and in general water requirement efficien-
cies much less than 50 percent resulted. Thus, in only 14 percent of
the cases studied did a farmer decide, by coincidence, to irrigate at the
correct allowable depletion. When this did happen only marginal perform-
ance was still the result, as the farmers were not using inflow rate/
inflow time combinations to achieve good levels of performance. Poor
irrigation timing and the observed inability to apply the correct amount
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of water combined with such factors as decreasing intake rates and
decreasing water supply through the season result in the cumulative soil
water deficits and poor water requirement efficiencies.

The farmer's decision on how much water to apply is linked to the
fact that they often will operate with a constant set time through the
season. The set time chosen was based on farmer experience and most
often was two 12-hr sets per day on the fields longer than 400 m (one-
fourth mile) and was anywhere from 3 to 8 hours on the shorter fields
studied. In combination with this, farmers would set so many tubes per
furrow to achieve an advance time within two-thirds to three-quarters
of the total set time, indicating that advance time is often a factor
in a farmer's decision on how long he should irrigate. There are no
conclusive data to support this, however, at this time. At any rate,
evaluation results (Appendix A) show highly variable application depths
even though set times were fairly constant. This is due to tiie variation
in inflow rates from irrigation to irrigation as described earlier.

With basic knowledge of his total flow rate and the area irrigated
per set in a given set time, the farmer can obtain a rough estimate of
the average applied depth. However, there does not seem to be any
account for runoff or deep percolation losses in adjusting this amount
to some stored depth. Thus, a large variability in the root zone storage
at each irrigation with corresponding variability in irrigation performance
at each irrigation also resulted.

The inability of farmers to apply the right amount of water at the
right time is more closely related to improper system design and lack of
knowledge of total available water supply, siphon head-discharge rela-
tionships and correct inflow rate/inflow time combinations to achieve
good system performance rather than to lack of knowledge of plant-soil-
water relations. This seems to be evident in that some of the farmers
and irrigation systems evaluated were achieving fairly good seasonal
performance even though there may have been large deviations from system
design recommendations.

IRRIGATION PERFORMANCE

Furrow irrigation performance was defined by four parameters:

water application efficiency (previously defined),
water requirement efficiency (previously defined),
runoff ratio, the fraction of applied water lost as
runoff from the end of the field,

deep percolation ratio, the fraction of applied water
lost as deep percolation and not beneficially used by
the plant systenm.

=~ W N wd

Irrigation performance at all sites was unacceptable based on
previous criteria for acceptable water application and water requirement
efficiencies, and allowable losses. At two sites, (Sites 6 and 7), some
acceptable performance occurred. However, only one of six irrigations
(Site 6) and two of three irrigations (Site 7) were at acceptable levels
of performance. Thus only three of the 21 irrigations monitored had
acceptable performance. Eighty-five percent of the irrigations needed
improvement.
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Water application efficiencies ranged from 35 to 88 percent with
a median near 70 percent. Water requirement efficiencies ranged from
33 to 100 percent with a median near 86 percent. Deep percolation
ratios ranged from 0.00 to 0.57 with a median of 0.00. Runoff ratios
ranged from 0.08 to 0.48 with a median near 0.26.

SUMMARY AND CONCLUSIONS

Structured analysis of the state variables and factors which define
the state of irrigation practices in an area have been performed with a
limited set of furrow irrigation evaluation data on several furrow irri-
gation systems in Northern Colorado. A preliminary descriptien of the
state~of-the-art of furrow irrigation practices in this area has thus
been presented. Detailed analysis of the evaluation data and comparison
of actual conditions with design standards and recommendatio.s yield the
following conclusions:

1.

Field Length. -~ Nearly 50 percent of the systems studied had
furrow lengths longer than recommended for erosion control.
These occurred, in general, on the heavier soils. Design
results show that while marginally acceptable results can be
achieved on the longer run lengths from 400 m to 800 m

(1/4 mile to 1/2 mile), improved system performance can be
attained on the run lengths of 400 m (1/4 mile) or less.

Field Slope. -~ Acceptable grades ranging from 0.3 percent-

to 1 percent were observed. The uniformity of grade in at
least one-third of the fields studied could be improved to
increase uniformity of application. No grades greater than
the 1.3 percent to 1.9 percent maximum recommended grades

for erosion control in the area were encountered.

Furrow Inflow Rate. -- Furrow inflow rates were observed to
generally decrease through the season. In most instances,

the inflow streams observed were less than the maximum allow-
able non-erosive stream, except for the first irrigation of
the season, when farmers tended to use relatively larger
streams. In nearly 85 percent of the irrigations evaluated
the observed inflow rates were larger than those formulated

by design. The result was large runoff losses.

Furrow Intake Rate. -- Intake rates were observed tc generally
decrease through the irrigation season. Determination of an
SCS intake family based on soil series classification may be
unreliable as compared to values obtained using volume balance.
Farmers do not appear to be aware of the effects of decreasing
intake rates on the amount of water stored in the root zone.
Furrow Roughness. -- Furrow roughness was characterized using
Manning's n. Values ranging from 0.010 to 0.047 were observed.
SCS design procedures use an n of 0.04. The effects of
roughness variations on total intake volume and finally on
irrigation performance needs further study. Roughness was found
to vary significantly along a single furrow and from irrigation
to irrigation through the season.

Channel Shape. -- Furrow cross sections were represented by

a power relationship between cross-sectional flow area and
flow depth. SCS design procedures define furrow shape as
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a trapezoidal cross section. Significant shape changes were
found to occur along a furrow from the beginning to end of
the season. The effects of shape variations on total intake
volume and irrigation performance requires further study.
Management. -- A significant decision farmers make in deciding
how to irrigate is whether to irrigate every furrow or only
alternate furrows. The prevalent practive is to irrigate
alternate furrows, however, this may be a major factor in the
underirrigation which is occurring, particularly on the
heavier soils. Farmers may be influenced on when to irrigate
by delivery constraints. In approximately two-thirds of the
cases studied, farmers irrigated too soon. In combination
with an inability to apply the right amount of water, ineffi-
cient (over- and underirrigation) irrigations often reslted.
Improper inflow time/inflow rate combinations resuit in this
inability to apply and store the right amount of water
efficiently.

Irrigation Performance. -- Eighty-five percent of the
irrigations evaluated had unacceptable performance. High
runoff losses resulted in low water application efficiencies.
Low water requirement efficiencies resulted from cumulative
soil water deficits, poor timing and insufficient applications.

RECOMMENDATIONS

1.

There is potential for improvement in on-farm water management
in the area, particularly in aiding farmers in determining the
correct amount of water to apply, using the appropriate range
of inflow rate/inflow times for effective application and then
determining when to irrigate. Perhaps the greatest aid can be
accomplished offering design recommendations to farmers on the
ranges of furrow inflow rates and set times they should be using.
Irrigation advisory services through extension or by irrigation
scheduling can effectively improve timing and amounts of water
applied.

Design recommendations should be readily available and
implemented on the longer fields to improve system

performance on these fields.

Social, economic, agronomic and institutional constraints

to improved system designs and management alternatives need

to be fully developed to determine the most feasible problem
solutions. The ultimate goal would be to improve existing
water application and water requirement efficiencies from
observed ranges of 35 to 88 percent and 33 to 100 percent,
respectively, to potential values of 75 to 95 percent and

85 to 100 percent respectively.
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Design and Evaluation Results for Site 1.

IRRIGATION NO.

PARAMETER DESIGN 1 2 3 4 5
Furrow spacing,
m (ft) 0.76 (2.50) 1.52(5) 1.52(5) 1.52(5) 1.52(5) 1.52(5)
Furrow length, 1 625 625 625 625 625
m (ft) 312 (1025) (2050) (2050) (2050) (2050) (2050)
Furrow slope, % 0.45 0.45 0.45 0.45 0.45 0.45
Design depth or
soil water 40 44 67 87 128
deficit, mm (in) 88.9 (3.5) (1.6) (1.7) (2.6 (3.4) (5.0)
Furrow inflow 0.50-0.63 1.22 1.53 1.48 1.12 1.09
rate, £ps (gpm) (8-10) (19.3)  (24.4) (23.3) (17.8) (17.3)
Inflow time,
min 720 670 714 698 705 691
Average depth 91-115 53.3 68.4 64.4 43.5 48
applied, mm (in) (3.6-4.5) (2.1) (2.7) (2.5) (1.7) (1.9)
Average root
zone storage, 76-83 35.2 43. 49.6 35.7 42.2
mm (in) (3.0-3.3) (1.4) (1.7) (1.9) (1.4) (1.7)
Furrow intake
family (If) 0.45 0.40 0.40 0.50 0.35 0.45
Availability
factor (f) 0.4 0.18 0.20 0.30 0.39 0.57
Irrigation
interval, days 13 -- 11 13 9 12
Water applica-
tion efficiency,
E (W 72-84 66 63 77 82 88
Water require-
ment efficiency,
E_ (%) 86-93 88 98 74 41 33
Runoff ratio,
Rt (dec) 0.16-0.28 0.33 0.36 0.23 0.18 0.12
Deep Percola-
tion ratio,
0.00 0.00 0.01 0.00 0.00 0.00

Rp (dec)

Soil type is clay loam.

Total available water =
Crop is corn with assumed maximum root zone of 1.

0.19 m/m (2.24 in/ft).
2 m (4 ft).

1Note that design is for irrigation of every furrow and one-half of

observed length.
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Table A2. Design and Evaluation Results for Site 2.
TRRIGATION NO.

PARAMETER DESIGN 1 2
Furrow spacing, m (ft) 1.52 (5.0) 1.52 (5.0) 1.52 (5.0)
Furrow length, m (ft) 175 (575) 175 (575) 175 (575)
Furrow slope, % 0.38 0.38 0.38
Design depth or soil 1
water deficit, mm (in) 73.1 (2.9) NA 72 (2.8)
Furrow inflow rate, £ps 0.63-0.82

(gpm) (10-13) 1.19 (18.9) 1.34 (21.3)
Inflow time, min 480 430 300
Average depth applied, 68-89

mm (in) (2.7-3.5) 119 (4.7) 91.1 (3.6)
Average root zone 65-70
storage, mm (in) (2.6-2.8) NA 58.3 (2.3)
Furrow intake,

i

family (If) 1.00 ~1.30 1.00
Availability factor (f) 0.4 NA 0.4
Irrigation interval,

days 11 -~ 10
Water application 2
efficiency, Ea (%) 79-96 (<75) 64
Water requirement
efficiency, Er (%) 89.5-96 (100) 81
Runoff ratio, Rt (dec) 0.04~0.21 (>0.25) 0.36
Deep percolation ratio,

Rp (dec) 0.00 (>0.00) 0.00

Soil type is sandy clay loam.

(1.83 in/ft).
(4 ft).

1NA = not available

2Estimated values for performance parameters.

Total available water = 0.15 m/m
Crop is corn with assumed maximum root zone of 1.2 m
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IRRIGATION NO.

PARAMETER DESIGN 1 2
Furrow spacing, m (ft) 1.12 (3.67) 1.12 (3.67) 1.12 (3.67)
Furrow length, m (ft) 175 (575) 175 (575) 175 (575)
Furrow slope, % 0.43 0.43 0.43
Design depth or soil 1
water deficit, mm (in) 50.8 (2.0) NA 50 (1.97)
Furrow inflow rate, 0.44-0.57 0.85 0.81

2ps (gpm) (7-9) (13.4) (12.9)
Inflow time, min 360 418 300
Average depth applied, 49-63 111.6 73.1

mm (in) (1.9-2.5) (4.4) (2.9)
Average root zone
storage, mm (in) 46-49 NA 38 (1.5)
Furrow intake,

family (If) 0.70 1.00 0.45
Availability factor (f) 0.35 NA 0.35
Irrigation interval,

days 7 -- 10
Water application 2
efficiency, Ea %) 78-95 (<73) 52
Water requirement
efficiency, Er (%) 91-97 (100) 76
Runoff ratio, Rt (dec) 0.05--.20 (>0.27) 0.48
Deep percolation
ratio, Rp (dec) 0.0-0.02 (>0.00) 0.00
Soil type is sandy clay loam. Total available water = 0.16 m/m

(1.93 in/ft).
0.9 m (3 ft).

1NA = not available

2Estimated values for performance parameters.

Crop is dry beans with assumed maximum root zone of
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Table A4. Design and Evaluation results for Site 4.

IRRIGATION NO.

PARAMETER DESIGN 1
Furrow spacing, m (ft) 1.12 (3.67) 1.12 (3.67)
Furrow length, m (ft) 175 (575) 175 (575)
Furrow slope, % 0.36 0.36
Design depth or soil
water deficit, mm (in) 58.7 (2.3) 80 (3.2)
Furrow inflow rate,

ips (gpm) 0.25-0.35 (4-5.5) 0.62 (9.8)
Inflow time, min 720 202

Average depth applied,
mm (in) 56-77 (2.2-3.0) 42.4 (1.7)

Average root zone
storage, mm (in) 50-55 (2-2.2) 27 (1.1)

Furrow intake

1

family (If) 0.45 0.45
Availability factor (f) 0.30 0.41
Irrigation interval,

days 7-10 -
Water application
efficiency, Ea (%) 71-90 64
Water requirement
efficiency, Er &3] 86-93 34
Runoff ratio, Rt (dec) 0.1-0.3 0.36

Deep percolation ratio,
Rp (dec) 0.00 0.00

Soil type is clay loam. Total available water = 0.18 m/m (2.2 in/ft).
Crop is cucumbers with assumed maximum root zone of 1.05 m (3.5 ft).
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Table A5. Design and evaluation Results for Site 5.

IRRIGATION NO.

PARAMETER DESIGN 3 4
Furrow spacing, m (ft) 1.12 (3.67) 1.12 (3.67) 1.12 (3.67)
Furrow length, m (ft) 365 (1200) 365 (1200) 365 (1200)
Furrow slope, % 0.98 0.98 0.98
Design depth or soil
water deficit, mm (in) 61 (2.4) 70 (2.8) 95 (3.7)
Furrow inflow rate, 0.57-0.76

2ps (gpm) (9-12) 0.77 (12.2)  0.70 (11.1)
Inflow time, min 720 450 696
Average depth applied, 60-80

mm (in) (2.4-3.2) 53 (2.1) 80.9 (3.2)
Average root zone
storage, mm (in) 52-56 (2-2.2) 38 (1.5) 44 (1.7)
Furrow intake

]
family (If) 0.45 0.45 0.30
Availability factor (f) 0.33 0.38 0.52
Irrigation interval,

days 9 12 12
Water application
efficiency, Ea %) 70-86 71 54
Water requirement
efficiency, Er %) 85-92 54 46
Runoff ratio, Rt (dec) 0.14-0.30 0.29 0.46
Deep percolation ratio,

0.00 0.00 0.00

Rp (dec)

Soil type is clay loam.

Totat available water = 0.15 m/m (1.83 in/ft).

Crop is sugar beets with maximum assumed root zone of 1.2 m (4 ft).
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Table A6. Design and Evaluation Results for Site 6.

TRRIGATION Nol

PARAMETER DESIGN 1 2 3 5 6
Furrow spacing, 0.76 0.76 0.76

m (ft) 0.76(2.5) 1.52(5) 1.52(5) (2.5) (2.5) (2.5)
Furrow length, 625(2050) 625 625 625 625 625

m (ft) (2050) (2050) (2050) (2050) (2050)
Furrow slope, % 0.66 0.66 0.66 0.66 0.66 0.66
Design depth or
soil water 47.1 46.6 56.3 84 51
deficit, mm (in) 65(2.56) (1.85) (1.8) (2.2) (3.3) 2.0)
Furrow inflow 0.76-0.88 1.41 1.14 1.10 1.06 0.95

rate, fps (gpm)  (12-14)  (22.3)  (18) (12.5)  (16.8) (15.2)

Inflow time,

min 720 596 574 561 674 671
Average depth 68-80 52.6 40 100.9 92 85
applied, mm (in) (2.7-3.2) (2.1) (1.6) (4.0) (3.6) (3.4)
Average root
zone storage, 55-58 40 31 56.3 66 51

mm (in) (2.2-2.3) (1.6) (1.2) (2.2) (2.6) (2.0)
Furrow intake ‘
family (If) 0.40 0.52 0.35 0.45 0.40 0.30
Availability

factor (f) 0.40 0.29 0.29 0.35 0.52 0.31
Irrigation
interval, days 9 - 8 7 13 21

Water applica-
tion efficiency,
Ea (% 72-81 76 78 56 71 59

Water require-
ment efficiency,
Er %) 85-89 85 67 100 78 99

Runoff ratio,
Rt (dec) 0.16-0.21 0.21 0.22 0.20 0.29 0.25

Deep percola-
tion ratio,
Rp (dec) 0.04-0.07 0.03 0.00 0.24 0.00 0.16

Soil type is sandy loam. Total available water = 0.14 m/m (1.63 in/ft).
Crop is corn with assumed maximum root zone of 1.2 m (4 ft).

1Incomplete data for Irrigation No. 4. Irrigation interval from No. 3
to No. 4 was 8 days. ET data show a soil water deficit of only 44 mm
(1.7 in), every furrow was irrigated, over-irrigation was indicated.
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Table A7. Design and Evaluation Results for Site 7.

IRRIGATION NO.

PARAMETER DESIGN 1 2 3
Furrow spacing, m (ft) 1.52 (5.0) 1.52(5.0) 1.52(5.0) 1.52(5.0)
Furrow length, m (ft) 285 (938) 275 (902) 275 (902) 275(902)
Furrow slope, % 0.32 0.32 0.32 0.32
Design depth or soil
water deficit, mm (in) 85.3 (3.4) 42.5(1.7) 54.4(2.1) %85.8(3.4)
Furrow inflow rate, 1.01-1.39

2ps (gpm) (16-22) 1.7 (27) 1.17(18.6) 1.32(20.9)
Inflow time, min 600 495 378 504
Average depth applied, 83-115

mm (in) (3.3-4.5) 122.5(4.8) 71.3(2.8) 96.3(3.8)
Average root zone 81-84
storage, mm (in) (3.2-3.3) 42.5(1.7) 54.4(2.1) 77.7(3.1)
Furrow intake

: t
family (If) 1.00 1.50 0.9 1.00
Availability factor (f) 0.40 0.20 0.26 0.40
Irrigation interval,

days 14 -- 10 13
Water application
efficiency, Ea (%) 73-97 35 76 81
Water requirement
efficiency, Er % 95-98 100 100 91
Runoff ratio, Rt (dec) 0.02-0.21 0.08 0.19 0.19
Deep percolation ratio,

0.01-0.06 0.57 0.05 0.00

Rp (dec)

Soil is loam.

Total available water

0.18 m/m (2.13 in/ft).

Crop is corn with assumed maximum root zone of 1.2 m (4 ft).
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Abstract

Interdisciplinary applied research in on-farm water management
involves the collection, analysis, storage, and utilization of large
amounts of data. A carefully defined system of data management is,
therefore, an important part of the total research effort.

This paper describes such a data management system which has been
developed by the Egypt Water Use and Management Project. The system
includes the following components: (1) realization of information
requirements (2) an identification of data needed to provide this
information (3) design of data collection program (4) procedures for
recording and preparing data for computer processing (5) methods of
data analysis including the necessary computer programs (6) methods of
data storage and retrieval and (7) strategies for data utilization.

The operation of the data management system is described for a
study of irrigation practices for a cotton crop in the region near
Kafr E1 Sheikh, Egypt. An identical framework for data management is
suggested for other intimately related sociological, agronomic, and
economic agricultural subsystems, The combined data management program
applied to the project as a whole provides for interdisciplinary data
utilization,

Introduction

The Egypt Water Use and Management Project is one of several

~ interdisciplinary research/demonstration efforts which have sought

or are seeking to facilitate increased crop production in developing
countries through improvement of on-farm water management. Such research
projects involve the collection of large amounts of data. Consequently,
the problem frequently encountered is that data tend to '"pile up" with-
out being analyzed and shared among the various disciplines for the
intended purpose of answering the questions addressed in the project's
goals and objectives.

1Prepared under support of the United States Agency for International
Development, Contract AID/NE-C-1351, All reported opinions, conclusions
or recommendations are those of the authors and not those of the funding
agency of the United States Government,

2Research Assistant Professor and Associate Professor Agricultural and
Chemical Engineering Department, Colorado State University, Fort Collins,
Co.

3Presented December 1979 ASAE meeting New Orleans, Louisiana



Out of recognition of this rather serious problem, the Egypt
Water Use Project has recently devoted considerable effort toward
a study of data management systems and has begun to apply a ''systems
approach" in some of its data management activities. The purpose of
this paper is to present the results of a general study of data
management systems and to illustrate the application of these results
through an example data collection program.

General Considerations in Data Management

The term ''data management' is often thought to refer merely to the
mechanical and procedural means whereby data are placed into some
organized storage so that they may be easily retrieved at a later time
for analysis. A data management system would then consist of a storage
device along with a catalog or index for finding stored data,

This is a rather limited view of data management, though, and one
which poses several problems., The most serious of these problems is
probably that no account is taken of the quality or usefulness of the
data. Quality is used to refer to the degree to which the data »
collected actually represents the field situation. Usefulness refers
to the suitability of data for its intended purposes, Another problem
is that the medium for storing the data might not be suitable for the
types of analyses which will need to be performed.

Still a third problem exists, namely that a given observation
can have different meanings, depending on the method of collection or
laboratory analysis. This is particularly a problem when data are
collected in an interdisciplinary research effort since individual
disciplines often have very different accepted procedures for measuring
the same quantities.

Because of these and other problems commonly encountered in data
management, it becomes necessary to expand and generalize the common
perception of the term to include design of data collection procedures,
methods for processing data and a plan for ultimate utilization of the
information, The broader or "systems' perspective for data management
has been discussed by Ward (1978) and Ward (1979) for water quality
monitoring networks.

The terms ''data'" and "information' will sometimes be used inter-
changeably; however in the strict sense, data refers to observations
as they are recorded in the field or laboratory while information refers
to the results obtained from analysis and synthesis of data, There is,
of course, considerable overlap between the two terms.

Defining Information Needs

An outline of a generalized data management system is shown in
Table 1, The first phase of the system is the definition of information
needs, The investigator must ask several questions: What system am I
working with? What are the boundaries of that system? In how much
detail do I need to describe that system? What do I need to know in order



to make an adequate description? etc. Once the information needed to
describe the nature and operation of the system has been identified,

the investigator may proceed to list as many of the factors which may
limit the performance of the system as possible, This second step of
course assumes that the research objective is to improve the performance
of the system.

As an example of defining information needs, consider the water
application subsystem of the on-farm irrigation system. Conceptually,
this subsystem is bounded on one side by the water delivery subsystem
and on the other by the water removal subsystem (El Kady, Clyma and
Abu-Zeid, 1979). The unit of interest is the field which has well-
defined physical boundaries. This system must be described in enough
detail to perform a reasonably accurate water balance for the system
for individual irrigations with particular emphasis on the quantity of
water supplied to the root zone of the crop or water use subsystem. Thus,
the quantities of water (input, output, and storage) for the system
as a function of both time and space (uniformity over the field) must
be determined. The factors which limit the performance of the system
are nonideal rates and timing of water input to the field and nonideal
distribution of infiltrated water volumes over the field surface,

Defining Data Needs

The second phase of the data management program is a definition of
data needs. This is largely an extension of the first phase, but on
a more specific level,

The performance of a system under consideration is conveniently
evaluated in terms of a set of performance indices, For example, a
useful performance index of an agronomic system is crop yield. It is
important to select and carefully define those performance indices which
will be used for each system or subsystem under consideration as early
as possible, Much thought must be devoted to the issue of whether the
selected performance indices actually contain the information one wishes
to know.

Performance indices may be measured directly or may be a function
of one or more measured variables, The second phase of data management
should include a listing of all variables which must be measured in
order to evaluate the underlying nature of the system, the state of
the system at a particular time, or the performance of the system.

Returning to the water application subsystem example, two useful
performance indices are application efficiency and water requirement
efficiency. Application efficiency is defined as the volume of water
stored in the root zone for a particular irrigation divided by the volume
applied. Water requirement efficiency is-defined as the volume of water
stored in the root zone divided by the volume available for storage
or the deficiency.



In order to adequately characterize the operation of the water
application subsystem, the appropriateness of the state variables must
be determined and the system parameters (both variables and constants)
measured to determine the performance of the system, Since management
decisions of the farmer also influence system performance, these
decisions should be evaluated,

The state variables of the system (El1 Kady, Clyma and Abu-Zeid)
are as follows:

N U PN

Field geometry

Field slope

Surface roughness
Infiltration rate of soil
Channel shape

Water supply rate

The system constants and variables necessary to evaluate performance
are as follows:

O\ UT £ DN

Soil properties (bulk density, field capacity and wilting point)
Soil water status

Runoff from the field as a function of time

Advance and recession of water on the field

Infiltration volumes as a function of time and space

Inflow to the field as a function of time

Management decisions to be evaluated are how, when and how much to

irrigate.

These are evaluated with the performance indices and the

system variables and constants,



From a systems modeling viewpoint, the first six of these variables
(field geometry, slope, roughness and soil properties) may be considered
as state variables, those which describe the state of the system at a
particular time. Additionally inflow would be considered as an input
to or excitation of the system while runoff and infiltration would be
considered as. outputs from or responses of the system.

Evaluating the performance of this system involves measuring and
comparing the useful output of the system (water stored in the root
zone) against inputs (water applied) or against nonuseful outputs
{runoff and excess infiltration), The comparison is made using the
irrigation efficiency parameters described earlier.

Design of a Data Collection Program

The third phase of data management is the design of a data
collection program. The design begins with the listing of variables to
be measured as discussed above and goes on to specify the number of
observations to be taken for each variable and how these observations
are to be located in both space and time., The design is based on the
answer to a question from phase one, "In how much detail must the
system be described?" and on the additional consideration of what
degree of confidence must be placed in the resulting description,

The design problem should generally be viewed in a statistical
context. A common approach is to determine the number of samples
required in order to achieve a specified confidence interval width
about the sample mean of the measured variable, In order to utilize
this approach, it is necessary to have some estimates of the spatial
and temporal variability of the measured variable.

As an example, the design of the data collection program for the
water application subsystem should include the frequency in time with
which inflow measurements are made, If the inflow rate is nearly
constant or slowly variable, as might be the case with a canal gravity
flow system or pumped well, flow measurements taken every two hours
or so might be sufficient. On the other hand the use of manual or
animal-operated 1ift devices (such as Sakia or Tambour*) would produce
highly variable flow rates which should perhaps be measured continuously
or very frequently. Consider also the case of measuring infiltration
rates and soil properties at various points in the field. The number of
points at which observations are to be taken will be larger for fields
which have a large spatial variability of soil properties. A more
complete discussion of the confidence interval approach to sampling
frequency selection is presented in Ward et al (1979),.

A further consideration in sampling program design is the quality
control of data in the field, This item must be dealt with by the
investigator on an individual basis and should include such things as
preparation of easy-to-use data forms and supervision and spot checking
technicians who collect data,

*
Sakia ~ draft-animal powered water wheel
Tambour - Archimedes screw type pump, hand powered



Data Analysis

Data analysis is the process by which measurements from field or
laboratory experiments are converted into information which is useful
to the investigator. The types of data analyses which are to be
performed are determined by information needs and intended uses of the
data, It is, therefore, important to outline intended data analysis
procedures in the planning stages of a project,

Common methods of data analysis include (1) calculation of summary
statistics, (2) analysis of variance and regression, (3) tests of
hypotheses, and (4) mapping and graphical display of data, Summary
statistics are used for the purpose of condensing the information
contained in many recorded pieces of data into a single number. Two
commonly used summary statistics are the sample mean and variance of
a set of observations. A measure of '"how goocd'" an estimate of the mean
is may be obtained by placing confidence limits on it. Although
less straightforward, it is possible and quite desirable to place
confidence limits on the estimates of other summary statistics as well,
Irrigation efficiency parameters are examples of summary statistics which
are appropriate for the water application subsystem, These parameters
summarize large amounts of data including advance and recession data and
soil moisture data.

Analysis of variance and regression are used to determine cause and
effect relationships between variables under investigation and to
evaluate whether or not these relationships are significant. An
example application of analysis of variance for an agronomic subsystem
would be a study of several years of corn yield data from several
farms to see whether or not there is a statistically significant difference
in yield among the farms., For the water application subsystem example,
an application of regression is the determination of the functional
relationship of infiltration depth to opportunity time, Confidence
limits may be placed on regression coefficients, just as they can for
summary statistics, providing a useful measure of the '"goodness! of the
estimate.

The analysis of variance example mentioned earlier was a test of the

hypothesis that there was no significant difference in corn yields among
several farms. Many other types of tests of hypotheses are useful.
For example it might be desirable to test whether the regional mean
value of some irrigation efficiency parameter in an area where 1lift
devices are used was statistically different from the regional mean
value of the same parameter in an area where gravity flow is used.

Data may also be analyzed in a sense simply by displaying it
properly through the use of maps, charts, graphs, etc. Visual
presentations such as these are probably one of the most effective
means of conveying information on a particular subject to a nonexpert
in that field, and should, therefore, have much potential application
in interdisciplinary research.

The possibilities are almost limitless, and an exhaustive list of
data analysis procedures is not necessary, The key point is that
the types and amounts of data which must be collected for the data to



convey meaningful information without being redundant is highly
dependent on the nature of the analysis to be performed. Data analysis
should, therefore, be considered well before the collection process is
begun.

A final consideration in data analysis is that of quality control
of recorded data. This would usually take the form of a preanalysis
check to eliminate data points which are obviously incorrect. Simple
preliminary analysis may often be performed to eliminate data which are
counter-physical. For example data which indicate that a mass balance
is violated should not be included in one's analysis,

Data Storage and Retrieval

Data storage and retrieval are the terms which commonly come to
mind when data management is mentioned, The important considerations
in planning a data storage and retrieval system are (1) minimization
of time and effort required in both the storage and retrieval operations
(2) minimization of errors due to handling of data, and (3) maximization
of availability of data to potential users. Decisions must be made
regarding the method of data recording in the field and the means by
which data are to be converted into a form suitable for electronic
data processing and storage,

Data forms for use in the field should be constructed in such a
way that they are easy to use and are as self-explanatory as possible.
In addition, calculations involved in filling out forms and transferrring
data from one form to another should be minimized, The use of pencil-
marked computer cards or of precoded data forms suitable for direct
keypunching is therefore desirable, Computer cards could then, if
necessary, serve as the primary storage medium for the data.

More compact forms of data storage are afforded by computer tapes
or disks. Small desktop computers such as the HP9825 calculator
system allow data to be stored on tapes or disks without a card
punching operation. Data may also be transferred to tapes or disks
from punched or pencil-marked cards, Disk storage is preferable to tape
storage because it allows faster access of the data.

Although the choice of a storage medium is important, the critical
decision is one of how the data are to be organized within the
storage medium. Proper selection of file content and arrangement on
a tape, for example, can greatly facilitate future efforts at data
analysis., A logical approach to this problem is to prepare data
analysis programs and data storage programs at the same time and perhaps
to incorporate both in one program, Data can therefore be stored on
the same tape, or disks, as are the primary analyses routines. An
important concept in preparing programs of this type is that provision
should be made for convenient updating of the files by adding,
substracting, or correcting data entries,

A practical means of providing for interdisciplinary data utiliza-
tion is the establishment of a data bank. Under a data bank system one
or two sets of all of the data collected for a project would be kept in
a central location for convenient accessibility by all investigators.



Each investigator would also maintain his own data files and would be
responsible for regularly adding his data to the data bank.

Some important considerations in establishing a data bank system
are the following: '

1. Data should be stored along with appropriate identification.
This would normally include the time and place of collection. The
method of collection or analysis and the person or group doing the
collecting should often be recorded also.

2. Provisions should be made for investigators to duplicate
parts of the data bank for their own analysis, Storing the data on
computer tapes and disks will allow this to be done easily,

3. A single storage medium, i,e., computer tape, disk, or punched
cards should usually be chosen as the primary storage medium,

4. A regular time-table for updating the data bank should be
agreed upon in order to minimize the time lag between data collection
and data availability to other investigators.

5. An extensive data index or catalog should be prepared in order
to let all the researchers involved know what data is available and
how to access it.

Data and Information Utilization

A plan for data utilization closes the loop of the data management
system by defining the ways in which data and information will be used
to meet the needs set forth in the first phase. As discussed earlier
the data may be used initially to describe the system and to identify
problem areas or factors which limit system performance, Also the
data collected early can serve as a baseline or standard of comparison
for evaluation of proposed solutions in the future. As time goes on
data may be used for the actual formulation and evaluation of alternative
solutions.

An important consideration in the data utilization plan is the
identification of potential data users, including those outside the
discipline by which the data are collected, Data collection and
storage efforts may then be adjusted so that collected data may be
utilized to the fullest. For example soil moisture data is needed for
agronomy, irrigation engineering, and groudwater budget studies. 1In
order to be useful to the various disciplines, the meaning of recorded
observations, as dictated by the methods of analysis, must be clear.

The data catalog should therefore specify that soil moisture data are
recorded as ''grams of water per gram of soil, dry weight basis,

samples dried at 105°C" or whatever is appropriate, Furthermore, an
irrigation or agronomy study would probably need soil moisture data

only as deep as the root zone, while a groundwater budget study requires
data throughout the soil profile to the water table. An early definition
of such needs would allow a collection procedure to be developed which
could serve both purposes without unnecessary duplication of effort,



Example Application: Regional Measurement
of Irrigation Water Volumes

Let us now consider the application of each of the above components
of the data management system to a single study with well-defined
information needs. One of the goals of the Egypt Water Use Project is
to evaluate the adequacy of the existing system of water delivery by
canals considering the distribution of water to the fields in both
space and time,

Information Needs

In order to study this question in detail for a specific situation,
the following hypothetical information need is established. ''How
much water is applied (under the present system) to the cotton crop
in the Nile Delta region near Kafr El1 Sheikh?"

Data Requirements

One would like to know the volume of water applied to each field
of cotton in the region during each irrigation of the cotton season
over a period of several years, This would be very costly to measure, .
Since time and money are both in short supply, the first step in
agreeing on reasonable data requirements is to select a small study
region of a couple of hundred hectares (corresponding to the current
Abu Riah study region of the EWUP) and to decide to limit the study
to a single season. It would still be very costly to measure all of
the water applied within the study area, The next step, therefore,
is to design a program of sampling or measuring water applied at
intervals in both space and time rather than measuring continuously.
The design problem consists of deciding how often to sample.

Design of the Data Collection Program

The physical variables to be measured periodically are flow rates
into fields and times associated with each flow measurement. Initially,
field areas must also be measured so that measured water volumes may
be translated into application depths and then extrapolated into volumes
of water used for the entire region.

There are two major criteria for deciding how often to sample
water applications. The first consideration is to sample often enough
so that the results will contain sufficient information. The second is
minimize costs by sampling at the lowest acceptable frequency. A
statistically sound way of dealing with this problem is to choose
sampling intervals in space and time such that an acceptable confidence
interval width about the desired statistic (regional volume of water
used) is achieved. For present purposes a confidence interval may
be defined as an interval containing the sample estimate of the regional
volume of water used for which there is a given probability that the
true volume lies with the interval. For example if 95% confidence
interval about the regional application volume is given by [X - A, X + A],
where X is the sample estimate of volumes, there is a 95% chance that
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the true volume is contained within the interval, It is apparent that
the smaller the interval, the more information is obtained by the
sampling progran,

An expression for a 95% confidence interval width about the sample
estimate of regional water application may be developed as follows:

The estimate of water applied is given by
N

N, .
R = NI_ 1 Z2,1 Q. iAt
1i=1 j=1 7°

P o Z

where R = estimate of water volume applied to entire region (cubic meters)

NT = total number of hectares occupied by crop

N1 = number of hectares over which water applied is actually measured

N2,1 = number of flow measurements taken for hectare i during the
season

Qj,i = jth measured flow (ms/min taken for hectare i)

At = time interval between observations (assumed constant for
sampling program)

In order to find a confidence interval about R, we need to know
the variance of the estimate as given below.

2
T NN

var [R] = - var I by Q. .At

1 i=1 j=1 3,1

2

Now assume that the variance of the flow rates is a constant for
the region. (Let var [Qj,i] = o° for all i and j). Let us further
assume that the measured flow rates are independent and remember that
At = constant. We can now write

N N N, .

var [R] = I Atz ¢ 2 1l 22’1(1)

1 q
Noui

Now observe that £’ (1) = N

i=1

i=1 j=1

2,i
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N
and that Zl N, . =N, (N,,avg)

. 2,1 1 2

i=1
where Nz’avg = the average number of flow measurements taken at each
point during the season.

| NS av Tav
iti =._...L._..g.._...g
In addition, NZ’ avg At

where N = the average number of irrigations during the season for

3’avg

an individual farm in the region

Tavg = the average length of an irrigation (minutes)

At = time interval between flow measurements (minutesj

N, N, . N, N, T
Therefore, El 22’1 1) = 1 szzg ave
i=1 j=1
and var [R] = NT2 At 0 2 N_,
N q 3’avg “avg
1

Finally, a 95% confidence interval above R is given by
1/2 1/2]

where 1.96 is the standard normal deviate corresponding to a probability

[R < 1.96 var [R] , R+ 1,96 var [R]

level of 2.5%, and var [R] is given by the above expression.

One can now select a sampling frequency in time, At, and in space,
N
1
NT

in the estimate, R. An underlying assumption here is that sufficient

which will provide any desired confidence band or level of precision

information has already been gathered in order to obtain reasonable

estimates of the quantities 02; N This assumption is

3’avg;Tavg'
justifiable for the Egypt Water Use Project, which has at present been
collecting data for over a year, but might be restrictive if one were

to apply this approach to sampling program design to a brand new research

effort.

The remainder of the sampling program design, such as the
selection of fields to monitor, will be based on more subjective criteria
including representatives, accessibility, and farmer cooperation.
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Note that this design approach assumes that the same farms will be
monitored during the entire season, which is reasonable since it
provides for simpler operation and for dealing with a minimum number
of farmers.

Data Analysis

Routine analysis would include computation of applied volumes
and equivalent depths for each monitored plot for each irrigation.
Regional mean depths and variances from field to field should also
be computed for each irrigation. In addition monthly and seasonal
means of application depths should be computed along with variances
over time (from irrigation to irrigation) for individual forms. An
average temporal variance for all monitored farms is also a useful
statistic.

The ultimate quantity of concern is the total volume applied
over the study area for the season expressed as a depth and converted
to a total water volume for the region,

Data Storage and Retrieval

Data forms are designed for convenient recording of heads in
flumes and times of measurement, Computer programs are designed so that
data can be entered directly from farms for computation of flow volumes
for each irrigation. The data management policies of the Egypt Water
Use Project provide for data storage on both the original form and
on computer cassette tape, For irrigation flow measurements one file
is used per irrigation, and a file catalog is kept separately, The
user is able to retrieve the raw data from the tape as well as from
the original forms,

Data Utilization

Water application data is routinely used by the engineering group
in Cairo in order to assess the effectiveness of traditional and
improved irrigation methods, This particular study is designed to
provide information for evaluating the existing delivery system and
for performing a cost-benefit analysis of improvements in that system.
The main portion of the study is to be performed by an engineering
graduate student at Colorado State University in cooperation with
both the engineering and economics groups in Fort Collins and in Cairo,
It is important, therefore, to provide for the smooth exchange of
information and ideas between Egypt and the U.S.

The mechanics of the study will involve the comparison of actual
water use with estimated requirements of the crop, accounting for
system and field efficiencies.

If it appears that substantially more water is being used than is
necessary - ''substantially" is evaluated via confidence limits on the
results - the water saved by reduced allocation can be estimated. Also
the water savings from improved system efficiency can be estimated.
Conversely, if less water than required is being used, the economic
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benefit due to increased water allocation can be estimated from crop
production functions.

The important consideration is that the required accuracy of
results for the economic study should have some influence on the
design of the sampling program.

Summary and Conclusions

The general data management system discussed here consists of
seven components, beginning with a delineation of information needs
and ending with a statement of data utilization strategies. The system
should be viewed as a closed or ''feedback' loop which constantly updates
and improves itself over time. It is extremely important that each
data collection effort of a project should give attention to all seven
components, leaving none out as trivial or irrelevant. It is equally
important that all data users (disciplinary groups) should have
adequate input in the design of data collection programs. As an
illustration of this point, consider the water application measurement
example. One would normally look to an engineering group alone to design
the water measurement system. If however the accuracy of estimated water
application volumes required for a reasonable cost-benefit study is not
considered in the data collection program design, it is probable that
either too little or too much data will be collected. The input of
economists should, therefore, be solicited at the outset,

This illustration of the relevance of the ultimate uses of data
to the design of sampling programs may also serve to illustrate one
final point. The interactions of the various components of a data
management system are extremely complex, There are, therefore, no cut
and dried approaches toward effective data management, The problem
is one which deserves the careful and continual consideration of all
scientists involved in a joint research effort and requires an extreme
amount of communication and cooperation for an effective solution,
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AN ECONOMIC ANALYSIS OF WATER LIFTING WITH A DIESEL PUMP
FOR A FARM AT EL HAMMAMY 1/

Studies suggest mechanization of lifting water could
generate more food production and income for Egypt. Any general
shift to mechanical lifting, however, will require thousands of
individual farmer decisions. This paper looks at this question

from the point of view of a typical Egyptian farm.

The analysis is focused on a farm of 2 feddans and 11 kerats
located near Kafr Hakime Village in the Giza Irrigation District.
It emphasizes the economic aspects but the engineering, socio-

logical and agronomic relationships are apparent.

We identify and show the economic interrelationships among
variables which are important to farmer's decisions about water
lifting methods. Simply on the basis of intuition one would
expect that capital intensive systems would not likely be
profitable for small farms of 2 or 3 feddans. The authors
believe the important point is to consider the decision making
framework herein presented rather than the absolute gains or

losses to the specific farm.

The analysis considers the net economic effect to a specific
farm measured as changes in net farm income, from shifting to

a system of lifting water with a diesel pump. It evaluates the

1/ This paper was prepared by Economists Gene Quenemoen and
El Shinnawi for presentation at a training seminar on
water management for middle eastern countries sponsored
by the Research Institute for Wate€r Management and Trrj
tion Technolo Mini , i i Tgt9as

gy, Ministry of Irrigation, November 1979.



profitability to the farmer of purchasing a portable diesel

pump. In the first case he will use the pump only for irrigating
his own land; in the second case he will pump water for his
neighbors as an additional area. The first case assumes he will
abandon his share in two sakias; the second case assumes he makes
an agreement with his neighbors to sell the two sakias and he

will pump their water for an annual fee.

The Existing Situation

The farm consists of three parcels of land. Two feddans
and 1 kerat are owned, while 10 kerats are rented. The map on
page 4 shows the general location of these parcels. Note the
rented parcel is more than 3.0 kilometers from the farmer's

home in Kafr Hakime Village.

A farm plan for the agricultural year October 1, 1978 to
September 30, 1979, indicates that the farm expects to have gross
receipts of LE 1,900, expenses of LE 333, and a net farm income
of LE 1,567. The economic objective of most farm families is to
maximize net farm income within certain constraints reflecting
family attitudes toward risk, work, leisure, and conformity to
social norms. Many of the variables in the following analyses

reflect these constraints which were determined by talking to



the farmer. The changes in income shown in the following
analyses then, may be considered as changes in net farm income

subject to certain family determined constraints.

The Farm Plan, in the form of a complete farm budget,
depicts cropping patterns and practices, livestock production,
resources controlled and general production technology. The
analyses of two systems using a diesel pump are intended to be

specific to this farm.

The farmer in this example is probably representative of
many rational and progressive Egyptian farmers. He is interested
in considering alternatives which would mezke his life better
“through higher income and/oxr non/monetary amenities. He 1is not,
however, interested in adopting technology of any kind if it makes

him worse off.

The two cases which follow are presented as partial budgets.
They consider the changes in income and'expenses. Using the Farm
Plan as a base we ask, "What things will change if the farmer
decides to 1lift water with a diesel pump?" Such changes may:
(1) add costs; (2) reduce returns; (3) aéd returns and (4) reduce
costs for the entire farm considered as a whole. The net effect
of all these considerations interacting will indicate the magnitude

and direction of change on the farmer's net farm income.
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Each case is presented on a single page as a partial budget.
This is followed by a detailed explanation of the computations

for each entry.



CASE NO. 1

CHANGE FROM USING TWO SAKIAS TO USING A DIESEL PUMP

Added Costs:

1. BAnnual cost of storage and security LE 22
2. Annual fixed costs of pump, motor and carriage 76
3. Annual cost of fuel, oil and grease 10
4., Labor to operate the pump 0
5. Annual average maintenance and repairs 5
6. Moving pump between land parcels with donkey 0

Reduced Returns:

7. None 0

TOTAL ANNUAL COSTS LE 113

Added Returns:

8. Value of more crops produced LE 10
9. Value of more milk production 42
10. Value of more calf production 11

Reduced Costs:

11. Boy to drive cow turning sakias 16

12. Repairs and maintenance of sakias 2
TOTAL ANNUAL BENEFITS LE 81
TOTAL ANNUAL BENEFITS LE 81

TOTAL ANNUAL COSTS 113

LE 32 (loss)



DATA AND COMPUTATIONS FOR CASE NO. 1

This analysis assumes the farmer would purchase a pump for
use on Field #1 and #2, They are 49 kerats in size. He would
not use the pump on Field #3 because this field is three kilo-
meters away and it is already irrigated by an electric pump on

a fee basis.

The following data and computations explain the entries in

the partial budget for Case No. 2:

1. The farmer lives approximately 1500 meters from fields
#1 and #2. Consequently he feels it would be necessary to
construct a building for the security of a portable pump. A

small building could be constructed at a cost of LE 200.

Depreciation, LE 200 ¥ 20 years LE 10

LE 200 x .10

Interest on investment LE 10
2

Maintenance and repairs LE 2

Total Annual Cost LE 22

2. Basic information and assumptions about the pump:
Make: Klisler, made in India (K . Dl)
Size: Motor, 6.5 horsepower diesel

Pump, 6 inch intake, discharge lSOcm3/hr. or

42 liters/second.



Initial investment is LE 765 for pump, motor, carriage and

intake/discharge pipes.

Depreciation, LE 765 # 20 years 1/ LE 38

Interest on investment LE 765 x .10 LE 38
2

Total Annual Fixed Costs ' LE 76

3. Fuel, 0il and grease is computed at LE 0.066 per hour.
This is based on fuel consumption of 1.4 liters per hour at a
price of LE 0.025 per hour. The remaining cost is for grease
and oil. The hours of use assumes 24 irrigations per year of 3
hours each on 2.08 feddans.

24 x 3 x 2.08 x .066 = LE 9.88

4. Labor to operate the pump would be furnished by the
farmer. He has experience with diesel pumps and is willing to

assign an opportunity cost of zero for his time.

5. Based on experience with other portable pumps it is
estimated that on the average for 20 years the annual maintenance
and repair costs would be about LE. 2.5 per feddan or LE 5.0 for
t+he farm. Maintenance and repairs are primarily associated with
use and are assumed to increase in direct proportion to the

numbers of feddans irrigated.

1/ The manufacturer estimates the working life of this pump to

~  be 50, 000 hours Its annual use on 2.08 feddans will be about
150 hours¢unceria1nty about potential obsolescence we choose
to place the life at twenty years recognizing that wear-out
life is longer.



6. The pump weighs about 350 kilograms. It will be moved
between Fields #1 and #2, a distance of % kilometer, with the
farmer's donkey. The farmer assumes zero opportunity cost for

the donkey time required to move the pump.

7. After discussing the matter with the farmer it is
believed that a shift to lifting water with diesel pumps would

not reduce the production from any farm enterprises.

8. It is expected that lifting water with a diesel pump,
vhich has a capacity of 42 liters per second compared to 35 for
a sakia, will result in higher crop yields. A larger flow of
water should permit more timely irrigation of crops, better
distribution of water in the fields and less leaching of nitrogen.
The combined effect is expected to add =zt least LE. 5.0 per feddan

annually or LE 10.0 for the farm.

9. The cow will produce more milk when relieved of the work

of turning the sakias. The expected increase is:

With no work: 183 days lactation x 4 kg. x LE. 0.15 LE 110

Current production LE 68

Increase LE 42



10. The cow would be expected to produce a larger calf if
she did not work the sakia. Also she would produce more consis-
tently. This can be represented by an increase of 25 percent

over present.

25 percent x LE 45 LE 11.0

11. Presently the farmer finds it necessary to pay a boy
LE 0.08 per hour to drive the cow when turning the sakia. He

estimates irrigating time to be 96 hours per year for each feddan.

96 hours x 2.08 feddans x LE 0.08 LE 16.0

12. The farmer curréntly pays his share of repairs for the
two sakias each year which he estimates at LE 2.0 per year. If

he used a diesel pump he would avoid this obligation.



CASE NO. 2

CHANGE FROM USING TWO SAKIAS TO USING A DIESEL PUMP, SELL COW, DISMANTLE

AND SELL SAKIAS, LIFT WATER FOR FORMER SAKIA OWNERS ON A FEE BASIS

Added Costs:

1. 2Annual cost of storage and security LE 22
2, Annual fixed costs of pump, motor and carriage 46
3. Annual cost of fuel, oil and grease 57
4, Labor to operate the pump 86
5. Annual average maintenance and repairs 30
6. Moving pump between land parcels with donkey 0
7. Purchase of fertilizer to replace cow manure 12

Reduced Returns:

£, Milk produced from cow €8
¢, Value of calf 45
TOT:L ANNUAL COSTS LE 366

Added Returns:

1¢. Value of more crops produced LE 10
11. Fees colliected for pumping water 168
12. Rent cf land formerly occupied by sakias 1
13. Sale of crops used for cow feed 161

Reduced Costs:

14. Boy to drive cow turning sakias LE 16
15. Repairs and maintenance of sakias 2
16. Breeding services and misc. expenses for cow 1
TOTAL ANNUAL BENEFITS LE 359
TOTAL ANNUAL BENEFITS LE 359
TOTAL ANNUAL COSTS LE 366

LE 7 (loss)



DATA AND COMPUTATIONS FOR CASE NO. 2

This analysis is similar to Case No. 1. However it also
includes the effect of selling the sakias and the cow and lifting

water on a fee basis for the former co-owners of the sakias.

The following data and computations explain the brief

entries in the partial budget for Case No. 2.

1. The building for storage and security is the same as

for Case No. 1.

2. The annual fixed ccsts for the notor, puup and carriage
is computed the same as for Case No. 1 except that the salvage
value of the sakias and cow is subtracted from the initial

investment of the pumpset.

Salvage of sakias:

Sakia No. 1 Szkia No. 2
Sale of sakia LE 130 LE 130
Labor for dismantling -10 -10
Net Salvage LE 120 LE 120

The farmer shares one-fourth of sakia No. 1 and one-sixth
of sakia No. 2 for a total of LE 50. The sale of the cow is
for LE 250. Therefore, the initial investment in Case No. 2 is

LE 765, the amount in Case No. l)less LE 300 which equals LE 465.



Depreciation LE 465 % 20 years LE 23

LE 465 x .10
2

Interest on investment LE 23

Total Annual Fixed Costs LE 46

3. Fuel, oil and grease is computed at LE 0.066 per hour
just as in Case No. 1. The number of hours pumping was deter-

mined for 12 feddans rather than 2.08 as in Case No. 1.

24 times x 3 hours x 12 feddans x LE 0.066 = LE 57.02

4. The farner requires some hired labor to operate the
pump for 12 feddans. He will hire and train a boy to help him
and will pay the boy LE 0.10 per hour for th:¢ running time of

the pump.

24 times x 3 hours x 12 feddans x LE ©.17 = LE 86.40

5. Maintenance and repairs are charged at LE 2.5 per

feddan. Twelve feddans times LE 2.5 equals LE 30.

6. The same as in Case No. 1 - no charge will be made

for this operation.

7. In order to maintain the soil condition at its present
level the farmer believes he will have to purchase manure to
replace that lost resulting from the sale of his cow. The cow
produces 80 camel loads annually which will cost him LE 0.15

per load. He will use his camel to transport the manure at zero



charge.

80 camel loads manure x LE 0.15 = LE 12.0

8. From the farmer's Farm Plan it will be seen that the

cow produces milk valued at LE 68 per year.

9. The Farm Plan indicates that on the average, calf
production is valued at LE 45 per year. This takes into account
the fact that some years it is higher but some years no calf is

produced.

10. As in Case No. 1 we assume better irrigation efficiency
will result in LE 10 more income from the farmer's 2.08 feddans

each vyear.

1ll. We assume the owners of the dismantled sakias will
agree to pay the pump owner for lifting water. These owners
have a total of 10 feddans and will pay at least LE 0.70 per

time of irrigation for each feddan.

10 feddans x 24 times x LE 0.70 = LE 168.00

12. The farmers will be able to farm the land formerly
occupied by the sakias. To capture this value without consider-
ing all the income and expenses associated with farming this
land let us simply use the market rate of land rental, LE 3 per

kerat. The farmer's share of the sakias, land rents and net



gain are computed as follows:

.25 share x LE 3 LE 0.75

L]

.17 share x LE 3 LE 0.50

Farmer's share

of rent LE 1.25

13. A significant savings to the farmer from selling his
cow will be the value of crops formerly fed to cow. These are

taken from the farmer's Farm Plan.

90.0 kilograms of concentrate » LE 3
7.5 kersts of berseem x LE 15.0 113
2 camel loads of straw 20
5 kerats maize forage x LE 5 25

Total Value of Cow Feed LE 161

14. Presently the farmer finds it necessary to pay a boy
LE 0.08 per hour to drive the cow when turning the sakia. He
estimates irrigating time to be 96 hours per year for each

feddan.

96 hours x 2.08 feddans x LE 0.08 LE 16.0

15, The farmer currently pays his share of repairs for
the two sakias each year which he estimates at LE 2.0 per year.

If he used a diesel pump he would avoid this obligation.



16. The Farm Plan indicates ‘the farmer has been paying
LE 1 per year for breeding services and miscellaneous expenses

for the cow.



Evaluation of Case No. 1

Case No. 1 indicates the farmer will lose LE 32 per year
if he invests in the pumpset. In other words his net farm
income would be reduced from LE 1,567 to LE 1,535. Even though
not large, a negative change in income does not provide justi-
fication for the farmer to learn a new system of irrigation
and take the added risks. It would provide nothing for the
farmer's labor to operate the pump or for the use of his donkey
to move the pump between parcels of land. It is also likely
that if the farmer and his resources were more fully emploved
he would assign a positive opportunity cost t» his labor and
the use of his donkey. This would result in an even cgreater

loss of income.

It is not surprising that this case indicates a negative
change in income. The capacity of even a small diesel pump
exceeds the requirements of a farm which would use it for only

two feddans.

Evaluation of Case No. 2

The bottom line of Case No. 2 indicates the farmer would
lose LE 7.0 per year if he purchased and used a diesel pump
according to the specified plan. The potential gains neigh-

boring farmers may receive from this arrangement are not included



in the analysis. Even though fixed costs are spread over
twelve feddans in Case No. 2, other costs change 52 that

the alternative is nearly as unprofitable as Case No. 1l.
Hired labor for pumping becomes a significant factor in

Case No. 2. This illustrates that farm management decisions
involve production variables which are not necessarily li-

near and/or continuous with respect to scale or farm size.

The results 6f Case No. 2 are contingent on the neighbor
farmers paying LE 0.70/feddan/irfigation for hiring the pump
to lift irrigation water. The variable ccsts of lifting
water (fuel, oil, grease, maintenance/r«-eirs and labor) are
LE 0.60/feddan/irrigation. The differerce is LE 0.10,
assuming twenty four irrigations per year, we can see the
farmer would gain LE 2.40 annrually for each additional feddan
he irrigated on a fee basis. For exemple if he could convince
other farmers having 10 feddans to hire his pump he would gain

LE 24.0.

This is shown clearly in Figure 1. At point E, with 12
feddans of land being irrigated by the diesel pump, the farmer
will lose LE 7 per year. If he could add 10 feddans at LE 0.70
per irrigation, his annual net income would increase LE 24
(point C). If he charged the neighbor farmers LE 0.80 per

irrigation his income would increase LE 48 (point D).
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Points A and B show the break-~even acreage for this

farmer at pumping charges of LE 0.70 and LE 0.80 respectively.

The maximum acreage which could be irrigated depends on
the number of hours each day the pump will run. At Kafr
Hakime water is delivered 4 days on and 8 days off. With a
pump capacity of 3 hours per feddan it can be seen the maximum
is 32 feddans per irrigation turn.

4 days x 24 hours = 32 feddans maximum
3 hours per feddan

If farmers are willing to pump only 12 hours the maximum would

be 16 feddans.

It has been demonstrated theat the razte charged the neighbor
farmers for pumping water is & sensitive variable in the analysis.
Notice also that a part of the variable corie of pumping irriga-
tion water is labor, LE 86 for the diesel puwmp and LE 16 for the
sakias. If family labor is used the "cost" of these factors
may be retained as family incom=. In Cas=2 no. 2 the potential
net gain to the farm family would be the dilference between
diesel and sakia "labor costs" or LE 70.0 per year. These
gains could also be extended if additional contragts were made

with neighboring farmers to hire the pump.



In both cases 1 and 2 it may not be necessary to construct
a building for security of the pump. Some farmers would find
it convenient to keep it in their: house. This would, of

course, save LE 22 of expenses per year.

Case No. 2 has important agronomic implications. The
loss of cow manure needs to be compensated for in soil main-
tenance and management. Are there more economical methods
of doing this than purchasing manure? Also what alternatives
are appropriate if many farmers dispose of animals and the
supply of manure for purchase is exhausted? Another agronomic
Juestion inveolves crop alternatives for berseem and maize
forage which are no longer needed for cow feed. Are there

more profitable alternetives?

The farm family's "way of life" may be substantially
disturbed by the alternative proposed in Case Xo. 2. The
family}i%;gzéidependent on outside sources for the 450 kilo-
grams of milk which is lost with the sale of the cow. Also
the social arrangements involving the opération of the two
sakias are affected. Perhaps the disturbances are not serious.
However they are almost certain to enter into the farmer's

decision framework as he ponders the feasibility of alternative

system.



Conclusions

The analysis indicates that small acreages are not
pesitive

likely to show a pesitien response to alternative water
lifting systems that require substantial amounts of capital.
It also indicates there are inter-relationships between
family food requirements, family labor supply, water
delivery capacities, soil maintenance, animal numbers and
cropping patterns. When one factor is changed, e.g. the

méﬂﬁod of lifting water, each of the inter-related factors

must be considered.

This analysis suggests that lifting water by diesel
pumps may be one method of increasing farm family inccme
if substantial scale can be achieved. As with most capital
intensive technology sufficient size or scale of operation
must be achieved to reduce unit fixed costs to acceptable

levels.
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ABSTRACT
Egypt is moving forward to take advantage that the completion of
the Aswan High Dam has given her to improve the living conditions of her
people. To optimize the utilization of the Nile water, studies are being
conducted to improve the total utilization of the Nile River. These
Studies range from the macro level "Nile River master plan' to the micro
level "on-farm water management.' Both are needed. This paper describes

the on-farm water management project and some of the findings to date.



FARM WATER MANAGEMENT IN THE NILE VALLEY

E. V. Richardsoni/ and R. H. Brooksz/

Introduction

The completion of High Aswan Dam in 1965 changed the irrigation
water regime of the Nife River. Prior to High Aswan Dam the Egyptian
irrigation farmer through centuries of irrigation practice had developed
water management systems in coordination with the Nile River fluctuations.
The construéfion of High Aswan Dam with its immense storage capacity of
1.9 times the average annual flow of the Nile River (127.6 million acre
feet) gave the Egyptian government complete control of the Nile River.
Prior to completion Egypt and her irrigation farmers were at the mercy
of the fluctuations that naturally occurred in the Nile River. Flows
could be as low as 36 x 106 million acre feet or as high as 122 x 106
million acre feet per year. Average annual flow is 87 x 106 million
acre feet. With the low flows there would be no flooding and no crops
would grow., With the high flow, excess flooding would occur. In
either case disaster of major proportions did occur.

There are those who disparage the accomplishments of the High
Aswan Dam saying the side effects are too costly a price to pay to obtain
an assured water supply. The side effects of High Aswan Dam have been
mostly overstated, for ekample}'the loss of fertility. Recent studies
on the loss of fertility indicate that the loss of nitrogen, potassium
and other nutrients supplied by the flooding Nile waters are insignifi-
cant in comparison to the amounts needed in order to take advantage of
the potential production that could be provided by Egypt's soil, water
and plant resources.

To obtain‘the maximum benefits of this new resource, the High
Aswan Dam, the Egyptian goVernment has started many significant studies.
These include the Nile Master Plan study to optimize the use of the
Nile waters and studies at the farm levei to determine the appropriate
irrigation practices to maximize food and fiber production from the
abundant water resource that is available.

With the assured water supply of the magnitude that will be

available from the High Aswan the Egyptian Government now has the

1 .. . . ‘
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— Professor of Agricultural Engineering, Oregon State University.



opportunity for both vertical and horizontal expansion of the irrigated
agriculture industry. Simple calculations from the amount of water
available and the water requirements in the old lands indicate that
there is approximately 12 million acre feet of water available for
horizontal expansion qf the agricultural industry. More sophisticated
studies -looking at the return flow, drainage water and available ground
water in the old lands significantly increase this amount. Horizontal
expansion will probably require more sophisticated irrigation techniques
such as sprinkler, drip, macro-driphbr bubbler, because the new lands,
or soil do not have the excellent characteristics as the alluvial soils
in the Nile Delta and Valley. Vertical expansion will require new
.irrigation techniques. The irrigation techniques that the farmer
practiced in the old lands will probably have to be changed because now.
the Egyptian farmer has an entirely new system under which to operate.
Prior to High Aswan there were frequent shortages of water. These
shortages by necessity required the farmer to very carefully manage the
water. With the abundant water supply that is now available from High-
Aswan, the Egyptian farmer has become careless. His old methods with an
abundant supply wastes water. His old methodologies of irrigation and
related practices will need to change. The On-Farm Water Management
Project objective is to work with the Egyptian farmer and deteTmine
those modern practices of irrigation and related agronomic practices
that are best suited for the old lands of Egth and the Egyptian cul-

tural and social characteristics.

Egypt Water Use and Management Project

Project objectives are to (1) identify the major constraints to
improve on-farm water management and optimal water delivery system
operations; (2) determine and establish the use of optimal irrigation
and related agronomic practices at the farm level in representative
pilot areas; (3) establish improved water control practices for the
water delivery and drainage systems in the project areas; (4) develop
plans for organization and implementation of expanded future programs
based on results in the project areas; and (5) develop and train qualified
scientists and technicians who will carry on and conduct on-farm water

management activities.



Activities are conducted in three pilot areas, each representative
of a particular cropping pattern, soil conditions and unique water
management problems. Taken as a group, these areas represent nearly the
entire range of crop and agro-climatological conditions encountered in
the "old lands."

The E1 Minya area in the Upper Nile is typical of areas with loamy
soils, fragmented holdings, drainage problems, a gravity-fed irrigation
system and ctropping pattern centered on sugarcane, cotton, maize and
sorghum. The Mansouria area near Cairo typifies lighter sandy alluvial
soils, lesser drainage problems, a 1ift irrigation system, fragmented
holdings and a croppihg system largely of citrus, fruits and vegetables.
‘The Sakha area in the north central Delta contains heavy clay loam
soils, somewhat larger holdings, major drainage and galinity problems,
a 1ift irrigation system and major crops of paddy rice, cotton and
wheat.

In each of the areas, project activities will be implemented in
three overlapping and interrelated components. The first component
involves on-farm surveys to obtain the data base concerning existing
farm production, ideﬁtify problems (Problem Identification), and to
determine the research required to solve the problems (Solution-Search).
Information gained would serve as the basis for design of applied
research programs with farmers and eventually for the design of
production/demonstration programs in the pilot areas (Implementation).

The second component of the project is to develop a data
base concerning quantity and quality of water entering and leaving each
irrigation district. This data will be used for management decisions
for water delivery and drainage on a district basis. Activities in the
first two components would be undertaken in the earliest stages of the
project to provide a basis for applied research and demonstration
‘programs to be conducted as the third component and would continue
throughout the project as a source of feedback information for continual

improvement of water management practices.

The third component has two major stages in which the first stage
will involve on-farm research programs based on information developed in

the first two project components and on results already obtained from



on-going research in Egypt. The on-farm testing may vary from a few
farmers and a few feddans to several hundred farmers and their holdings
depending on the type of research involved. Included in the first stage
of the third component are studies of delivery systems improvements
which will, by necessity, require relatively large blocks of land
determined by delivery canal configuration. These studies will include
evalugtion of water delivery on a demand basis as well as studies of
water delivery on a gravity basis at various rates of flow. OQutlet
design and a continuous evaluation of the delivery system will also be
major aspects of the program.

Other aspects of the first stage of on-farm research include
salinity balance experiments, particularly in Kafr E1 Sheikh district,
and correlation between soil tests and fertility experiments. 'The
lTatter will depend on results from a soil. test program undertaken as
part of the first component and will be directed toward otpimization of
fertilizer input for small farmers.

A second aspect of the first stage of on-farm research will be that
of improvement of farm application systems. Studies will be conducted
to develop optimum combinations of such factors as flow rate, field
configuration, slope, infiltration rates and field leveling, all leading
to higher application efficiencies. Studies wiil also be conducted
related to replenishment of soil water deficit and control of water-
logging and soil salinity.

As a result of the above research activities and based on data
developed by the on-farm surveys, optimal management systems will be
designed for on-farm use. Programs will be conducted with farmers to
determine their feasibility of adoption and acceptability. Management
factors will include irrigation methods, field cultural practices, seed
and fertilizer application and pest control. Experiment station research
will also be suggested where basic data are not available and where new
problems surface from applied research.

The second stage of the on-farm research program is the\design and
implementation of pilot programs in each of the three areas, incor-
porating high benefit technologies developed in the first stage. These
programs will test the acceptability and rate of adoption by farmers of

improved management practices. Of equal or greater importance will be



the determination of the most efficient organization approach or
approaches, the technical competence of personnel required and the costs
and benefits involved for the successful conduct of such programs. The
emphasis during the pilot demonstration/production phase will be on the
development of a program or programs which farmers will accept and adopt
and which can be reasonably replicated for production programs at the
regional and national levels.

The program is planned and implemented by an interdisciplinary team
of Egyptian and U.S. professional staff. General supervision and
training will be handled from the main office in Cairo with field office
personnel in each pilot location executing day-to-day programs. Each
project site is expected to have a team of five or more Egyptians with
training at the MS level in the specialties of irriéétion, engineering,
agronomy, agricultural engineering, agricultural economy and sociology.

Training is an essential element of this project and will be
coordinated and supervised by the main office staff in Cairo. In-
service training will be given throughout the course of the project with
particular emphasis during initiation of activities in each project
site. Short courses of one to four months' duration of applied training
in various specialties will be designed and conducted periodically in
the U.S. and in Egypt. Training tours to other countries may also be

organized ‘as appropriate and as required.

Preliminary Findings

With the objective of improving existing management practices of
irrigated agriculture in Egypt, the problem identification work is
proceeding as outlined above for the three areas. At present preliminary
findings are available for Mansouria. A summary of the problems identi-
fied are presented below in qualitative form. Supporting quantitative
data and detailed findings will appear in subsequent reports pertaining

to individual disciplines.

Social and Economic Problems

Social Problems: The social problems in Egyptian agriculture relate

both to the farm level organization of agriculture and to national policy

and controls:



1. Social Organization Among Farmers. Presently in the Mansouria
District there is a virtual absence of formal, voluntary organization
among farmers on contiguous lands, and at the village level. Standing
cooperative relationships, on a large scale, are not evident. Unques-
tionably, the project will have to give emphasis to assisting farmers
to form voluntary mutual-aid associations, perhaps along the lines of
ﬁ.S. local water-users associations, but probably broader in function
here. : '

2. Problematic CommunicationéT There.exist various problems
with inadequate and inaccurate communications among neighboring farmers
and with government officials. This situation leads to ineffective
decision-making by farmers. It also underlies much of the suspicion
and distrust evident between farmers and toward government officials
and technical specialists. Such conditions are counter-productive to
development processes. Accordingly, improving the frequency and quality
of information flow must be implemented as a part of project activities.

3. Low Mutual Understanding and Respect Between Farmers and
Official Technical Personnel. Common perceptions of problems, shared
knowledge, consistent definitions of abilities, and so forth, are now
not an apparent feature of relations between farmers and the technical
experts with whom farmers have contact. Such has obviously deleterious
consequences for rural development activities which depend upon close
working cooperation and trust between these parties to agricultural
improvement. '

4. Tendency Toward Simple Technical Solutions When More
Appropriate, Enduring and Efficient Alternatives Exist. Many examples
could be offered; one related to project activities should serve this
purpose. Presently there is a tendency to assume that less irrigation
water will be applied to fields if the farmer must '"work harder'" to
1ift the water a greater distance to field level and if amounts of
water supplied are curtailed. Thus, control structures are built and

the levels of ditches are lowered. Hardship is imposed on all farmers

but particularly on those at the last reaches of watercourses who, even
now, often do not receive the water they need at appropriate times.
Demanding more effort from the farmer takes him away from other priority

alternative activities which contribute to increased agriculture



production. He may even be forced to make heavy expenditures for
alternative irrigation methods such as pumps.

If the farmer perceives the crop needs water, observations indicate
he will 1ift the amount of -water he thinks is required regardless of
the effort. From his knowledge base it is better to over-irrigate,
even if it costs him in time and effort, than risk poor yields or loss
of crop from not applying enough water.

Education about topics such as efficient water management, farmer-
policed local agreements about appropriate water application, scheduling
of irrigations, are far more appropriate solutions to the problem of
excessive applications of irrigation water, both from the standpoint
of the small farmer and for the nation as a whole.

5. Small-Sized Land Holding and Fragmentation of Plots. 1In
addition to problems noted by others of poor economies of scale and
difficulties of using many implements and procedures which would improve
farming practices, there are socio-political implications. Some of these
fall under the general heading of complicatiﬁg organizational processes
and cooperative arrangements among farmers. Others under divided
loyalties and commitments, and still others under impeded rationality.

Economic Problems: The economic team presented three problems for

consideration in developing project plans:

1.  Excessive Costs of Lifting Water. Most farmers in Mansouria
1lift water with sakias and tambours. Lifting water with a tambour costs
three times more than with a diesel or electric pump; a sakia about two
times more. Gravity distribution system§_shou1d, in some areas, eliminate
1lifting costs completely. However, one should recognize that changing
the present canal systems to a complete gravity 'system could entail con-
siderable cost in construction of barrages, new canal system, etc. The
analysis here deals only with small scale 1ifting on a meska basis.

The determination of water 1lifting costs is based on the assumption
that human and animal labor has a market value. The studies indicate
that human labor has a value of not léss than L.E. 0.15 per hour at
Mansouria even during seasons of low labor demand. The market rate for
animals is about L.E. 0.32 per hour for turning a medium sized sakia.
Assuming further that the opportunity cost of power on farms supplying
their own labor and animals closely approximates the market rate at

__the margin.



2. Excessive Slack Time in Crop Rotation. The average slack
time in crop rotations for the study farms at Mansouria was 16 percent
(58 days per vear) for the agricultural years 1977 and 1978. This slack
time should be reduced by better farm planning, cooperation on more
capital intensive land preparation methods and improved water distribu-
tion systems (some land was idle because water was not available in the
meskas).

3. Lack of Data for Farm Plagping. Farmers lack the data needed
for farm planning and management. They have-no farm records and must
recall past performance of input-output relationships from memory.
Furthermore, they have almost no access to secondary sources of input-
output information. Substantial increases in productivity and net farm
income could result if farmers were (1) given assistance in establishing
record systems, (2) provided access to secondary input-output data, and
(3) helped to utilize this information in systematic budgeting and farm
planning.

Agronomic and Engineering Problems

Agronomic Problems: The agronomic team identified three problems

which are limiting agricultural production in the Mansouria area:

1. Crops Stand Population. The number of plants per unit area
of land is low as percent of optimum number of plants per feddan.
Table 1 shows the optimum number of plants per feddan for many of the
major field crops grown in the Mansouria area. Table 2 summarizes the
percent of the optimum stands found on the on-farm work sites in the
El Hammami and Beni Magdoul areas of Mansouria. 1In the case of corn,
stands were from 24 to 49 percent Below optimum. Beni Magdoul had
better staﬁds of corn than did El1 Hammami farms. However, considerable
improvement in both areas can be made. One factor that may explain why
stands are better in Beni Magdoul than stands in E1 Hammami are the
differences in soil. The soils in El1 Hammami being sandy and coarse
have a lower water holding capacity and also have higher bulk density
values.

2. Fluctuating Ground Water Table. High ground water levels
affect crop growth by affecting soil aeration and the crop rooting
zone. High crop 'yields can be obtained under high water table condi-

tions providing there is a low level of salinity in the ground water



Table 1. Optimum Number of Plants per Feddan for Some Field Crops
Grown in Egypt.

Wheat 600 fertile -heads per m2
if plant has 6 tillers - §g9-= 100 plants m2
4200 (m%/feddan) x 100 = 420,000 plants per feddan
Cotton 60,000 plants per feddan
Corn 24,000 plants per feddan (10 rows in 7.10 m and 25 cm
between plants within plants in a row)
Rice 33,000 hills per feddan and 3 plants per hill which
totals 99,000 plants per feddan
Berseem 1st cut 5 - 6 tons/feddan on green weight basis
2nd cut 7 - 8 tons/feddan on green weight basis
3rd cut 9 -10 tons/feddan on green weight basis
4th cut 5 - 6 tons/feddan on green weight basis
Vegetables Squash 4,000 plants per feddan
Cucumber 3,000 plants per feddan
Watermelon 2,000 plants per feddan
Pepper 12,000 plants per feddan
Eggplant 10,000 plants per feddan
Tomato 10,000 plants per feddan
Oilcrops Peanuts 16,000 plants per feddan
Sunflower 13,000 plants per feddan
~ Table 2. Percent of Optimum Plants, Per Feddan
Site Corn Eggplant Tomato Corn + Other Crops* Pepper
El Hammami 51.4 73.3 -- 62.2 --
Beni Magdoul 75.5 -- 84.0 79.8 128.0

*Other crops
sunflower.

tomato, okra, jew's mallow, cucumber, eggplant and
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and that the level of ground water does not fluctuate during the

growing season. In the Mansouria area the ground water quality is good
but the level fluctuates markedly. Ground water depths on the on-farm
work sites in E1 Hammami and Beni Magdoul were measured during the

months of June and July. The data are summarized in Table 3.

Table 3. Ground Water Depth Before—and After Irrigation Average Depths
of Water Table Below the Soil Surface Before and After
Irrigation - cm

Location Before Irrigation- Range of Depth Values
E1l Hammami 69.6 55-90
Beni Magdoul 79.8 46-105

After Irrigation

El Hammami 58.1 54-65
Beni Magdoul 70.0 43-104
3. Soil Salinity and Sodicity. Soil survey and classification

pointed out that salinity is a problem or could be a potential problem
on 25 percent of the land area in Beni Magdoul and on 17 percent in

El Hammami. Soil sodicity as measured by SAR shows that 9 percent of
the area in Beni Magdoul and 23 percent in El1 Hammami pose potential
problems if present management practices continue.

Engineering Problems: The problems identified by the engineering

team deal with both the delivery system and on-farm use of irrigation
water:

1. Unequal Irrigation Water Distribution Canals. Irrigation
water delivered by the‘Maﬁsouria canal system is not distributed equally
among all the lands it serves. Water available per feddan decreases

with increasing distance from the intake of a canal or branch. As a

result some land receives more water than it needs, while some gets
an insufficient amount. Identified reasons include:
a. Extra (illegal) pipe intakes to private ditches have been

constructed. Those near the canal intake can rob water from legitimate
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pipe inlets further down the canal. In El1 Hammami there are three
times as many illegal as legal intakes. The other regions have only
a few less.

b. A severe problem of submerged weeds occurred in the
concrete-lined Beni Magdoul canal, during the spring and early summer
1978. Apparently the weeds were nourished by an accumulation up to
20 cm of silt in the canal. El Hammami canal was also affected, but
it had a severe infestation of emerged weeds as well. Two cleanings
were required in each canal during the spring and summer. Prior to
cleaning, irrigations were delayed for lack of water.

c. Water delivery to a canal or to a private ditch is not
usually measured, but is controlled only by the head at the inlet.
Consequently, the users on a branch canal can get more by using more
because the gradient is increased. On the other hand, they get less
when weeds choke the canal.

d.” Those users near the canal intakes, who have more water
available, are less inclined to irrigate at night. Consequently, water
is more likely to spill over the tail escapes of the first branch
canals, due to the diurnal fluctuations, than it is over the last or
lower branches. The result is less total water remaining for delivery
to the last branches.

2. Uneven Water Distribution in Fields. Irrigation water is
often not evenly distributed over a field. High spots and low spots
appear as water infiltrates after an irriéation of a basin. One
observed consequence is a poor stand in the low spots due to prolonged
ponding. A high spot could suffer from too little water absorbed,
especiallyiif the low spot receives no excess.

3. Excessive Water Table Fluctuation. The average water table
in Beni Magdoul rose to within 0.72 m, 0.80 m, and 0.76 m from the
soil surface, respectively, at different times during the spring and
summer. Just before the canal closure in January it was observed at

only 0.5 m below the ground surface. In an individual field, it

usually rises sharply with each irrigation. Very little sustained

root activity has been observed below these points of highest rise.
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PRICE POLICY IMPLICATIONS FOR SMALL FARMS IN

KAFR EL SHEIKH GOVERNORATE a

Historically government has played an important role in
the agriculture of the Nile Valley and the Delta. Egyptian
agriculture development has taken place within a relatively
compléx man-made irrigation water delivery system,. ‘As a
result the institutional arrangements which have evolved in

agriculture inciude a strong central role for government.

The cur .7 Government policy is to set farm prices for
certain crep: 2t levels below world prices. Although there
may be jusfiiy;;g "pulrliz interest' reasons for these policies
they do hLave a signiiicant effect on the incomes of small:
farmers. I2is is point«d out in the case of twelve farmers in

Kafr El1 Shei®ii Governorate. Prices assumed for cotton, wheat

and rice, tl»z crops in Thnzt Governorate most seriously effected
. o e (2
by price ¢<~viminavicr, rtre as follows:
Y AN
(1 Prepav o by M. E. Cuenemoen, Agricultural Economist, Egyptian

Water Uze Project, Ministry of Irrrigation for ""Workshop
on Improved Farming Systems for the Nile Valley', FAO
Project EGT/77/001, Cairo, May 7-13, 1979.
(2 These are the approximate prices which prevailed during
the agricultural year 1977-1978,



Crop Unit Farm Price World Price
LE LE
Wheat ardab 8.0 10.0
Rice ton 65.0 130.0
Cotton kantar 37.0 74.0

The price differences represent a form of taxes on farm

earnings and even though farmers do not pay directly for water

they do pay indirectly into the national treasury. Examination
of Table 2 indicates that income to the farm families in Kafr
E1l Sheikh would be substantially higher if world prices pre-
vailed &t the farm level. Some of these gains would be
absorbed bv higher food costs as riee and wheat are used
directly by the farm families for home use. Also there are
subsidies for fertilizer, insect control, tractor rental and
for some other inputs which maybe would be discontinued if

public funds were reduced through elimination of price dis-

(1

crimination.

Although we could argue the magnitude of the effect of
price discrimination policies on individual farmer income it

seems to be irrefutable that farmers producing controlled

.

Input subsidies are substantial in the case of cotton
amounting to approximately LE 45 which must be added to
the farmer's cost of approximately LE 185 per feddan if
one wants to account for full costs. However, this is
relatively insignificant when compared to gross income
differences of LE 350 per feddan for farm gate prices and
LE 750 per feddan for world prices. These were typical
price relationships in Egypt during 1978.



Fe 1: Summary of Case Study Farm Budgets from Kafr E1 Sheikh Governorate, Agricul-
tural Year 1978-1979.

. Crops Grown Animal Gross Value| 6TO5S r Return to Water, |Average Return to Water,verage Return to Water,
Size gri‘\i/::tgik Crops Grown Farm Ei;;:nses I:and and Land and Management f.and and Man?gement
¥heat [Flax |Berseem [Beans| Cotton (Rice [Maize|Other Income ‘anagement Per feddan per farn family member
-k | £f-k | f-k f-k f-k f-k £-k f-k | £~k AU LE LE LE LE LE LE
6-9 1-15] 0-16] 4-2 2-20 2-21) 0-16 5.0 1389 1315 SZé 787 123 87
6-19} 2-16 0-12 3-10 1-2 3-16 ) 0-10] 1-13 7.6 1329 1805 923 882 130 147
8-8 1-12) 1-12 4-8 1-0 2-0 5-8 1-0 6,7 1626 1667 751 816 110 51
4-0 | 2-0 3-0 1-12 2-0 § 0-12 2,8 872 901 471 430 108 54
6-16 1-0 | 0-12| 4-16 0-12 3-16 2-0 | 1-0 3.6 1326 1422 770 652 98 65
10-18§ 1-0 | 2-0 5-6 5-6 4-0 1-0 10,7 2226 3027 1260 1767 164 221
4-14 1 0-14 2-19 1-14 } 0-10} 3-319 3.8 1037 1042 277 464 101 116
10-6 3.3 1-12 4-22 0-17 3-6 5-14 1 1-10 7.2 2375 2841 919 - 1922 18k 91
3.0 1-0 i 2-0 1-0 1-0 1-0 5.¢ 646 831 274 557 186 111
3-0 {0-0 [ 0-12] 1-16 2-12 0-12 0-20 8.9 857 3314 2316 998 333 250
3-4 0-18 2-10 2-10 0-18 4,4 764 1104 534 570 180 114
3-4 -0 | 0-8 1-18 2-8 6.2 721 1014 284 730 231 91
70-2 {16-6 7-13 | 40-8 2-5 25-12 [51-15 | 6-10| 7-3 72,9 15,168 20,284 Q307 10,977 - ———
\ 5-191] 1-8 0-15 3-9Q 0-s 2-3 2-15 ;1 0-13 1 0-14 6,1 1264 ee 770 915 157 104




Table 2:

4 -

Effect of Using World Prices on Planned Income for
Case Study Farms in Kafr E1 Sheikh Governorate,
Agricultural Year 1878-1979.

arm jIncrease in Gross Income Increase In Return to Water,
No. (Per Farm by Crops Land and Management
" Wheat Cotton Rice Per Farm Per Feddan|Per. Capital
LE LE LE LE LE LE

1 29 407 428 864 135 96
2 48 241 546 834 122 139°
3 20 444 794 1258 151 70
4 36 333 298 667 137 83
5 18 814 298 1130 169 113
6 18 1166 595 1779 €5 222
7 11 235 24¢€ 4 62
8 20 722 831 1573 el 75
9 18 222 149 3 10 78
10 555 74 €0 210 157
11 14 536 112 ¢t 208 ic2
12 18 299 31c 100 40
b 250 5439 4658 10347 -—— -——
X 21 453 388 852 147 98




crops have substantially lower incomes than they would have

under world prices.

Implications for Crop Enterprise Selection

The signals given farmers under a price discrimination
policy will lead them toward resource allocation which may not
be consistent with national objectives. Following an analytical

(1

procedure explained by Upton we present a partial budget
for shifting one feddan of land from cotton to soybeans for

a specific farmer at Kafr E1 Sheiinh.

Before proceeding vwith 7 diccossion of the analysis
let us describe brieflv thz scouciic legic of a partial bud-
get. 1In its simplest {erm ¢ partici budget invelves the
following questions for_a srecificd farm and a specified
change to be analyzed:

(a) What extra returns (gains) can be expected?

(b) What extra costs will be incurred?

Where the propdsed change or new activity substitutes
for something already existing on the:«specified farm, as

YA
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Martin Upton, Farm Management in Africa - The principles
of Production and Planning, Oxford University Press, London,
1973. See pages 282-286.




when one crop substitutes for another or a machine substitutes
for labor, then we must also ask:
(c) What present costs will no longer be incurred?

(d) What present income will be sacrificed?

Hence the gain will be (a)+(c), the extra returns plus
the saved coéts, and the total cost will be (b)+(d), the extra
cost plus the present income foregone. The‘total gain minus
the total cost then represents the nét gain or expected

increase in profits.

Table 3 suggests that a specific farmer at Kafr EI
Sheikh would gain LE 33.0 per vear if he shifted one feddan
of land from the precduction of cotton to the production of

soybeans.

Given current cost-price relationships faced by fumers,
soybeans 1ook’prcfitab1e. It should Le noted that a la-ze
part of the cost of producing soybeans, to the ihdividual
farmer, is the income he foregoes by not producing cctton,

We see that the returns associated with cotton have ur

important influence on the profitability of producing scybeans.



Table 3: Partial Budget of the Economic Effect on a Farmer,
Kafr El1 Sheikh Governorate, from Shifting one
Feddan of Land from Cotton to Soybeans.

1. Specification:
Planting of soybeans and the replacement of an existing
crop of cotton. Farm prices are used in the calculations.

2. Items in the present system likely to be changed:
Cotton and cotton stocks no longer available,

Soybeans require four months growing season in the mid-
dle of the 8 month growing season for cotton.
Soybeans will apply as credit toward required cotton

area.
The cost of producing cotton will be eliminated.

3. Estimeted gzins and losses:

a. Extr: value of soybeans b. Extra production costs
anc lorzge crops. of soybeans and forage
LE 170 crons.,
LE 80
<. Saved costs ef producing d.  FRsouced reiturr from
cotton. covton,
LE 134 LI 1¢3
Total gains LE 304 Tiral cogte 1L 271

Net gains LE 20




If all the prices and costs used to construct Table 3
were generated in the market system (and if no externalities
existed) we could conclude our analysis. It implies that
shifts from cotton to soybeans would be appropriate‘in Kafr
El Sheikh. However the real world is more complex than this.
Egypt, like most countries of the world, has national policies
which cause deviations from market prices. Hence it is
important to ask a second question which can also be dealt
with by using a parfial budget, '"What is the effect at the

national level of shifting from cotton to soybeans?"

For analyzing ti+« economic impact of’this Question at
the national level it is necessarvy to adjust costs and
returns in order to represent the real prices (shadow prices).
For example the price a farmer pays for fertilizer is a good
indication of its cost to him but if the government subsidizes
part of this cost then the amouni of the subsidy should be
considered for natic:2l analyvesis. Likewise the price the
farmer receives for cotton may represent his return adequately
but the return to the nation may be more correctly represented

by world prices.



The problems of determining ''shadow prices" are complex.
Estimates have been made by others and are used in the con-

(1

struction of Table 4. Compare Tables 3 and 4. Note that
(a), Extra value of soybeans and forage crops, is the same

in each table. This implies that soybeans and forage crops
are priced at market values to the farmer and to the nation.

The cost of producing soybeans, (b), is higher in Table 4

reflecting the subsidy value of fertilizer and other inputs

to the government. The saved costs of producing cotton,

(c), is also higher in Table 4 for the same reason. The

Lirgest change takes place in (d) Reduced returns from cotton.
“liis value is much 1arger in Table 4 than in Table 3 reflecting
a¢ loss of foreign exchange.to the government based on

v.2r1ld prices. The bottom line of Table 4 shows a net loss

2f LE 108 compared to a net gain in Table 3 of LE 33. This
ﬁeflects the difference in using "farmgate prices'" and 'shadow

virices'". The latter account for the national opportunity
costs asscciaved with shifting resources from producing

cotton to rroducing soybeans.

e ———— e At Smn i G ——— - - T — A —

See James B. Fitch, Khedr and Whittington, '"The Economic
Efficiency of Water Use in Egyptian Agriculture: opening
Round of Debate" unpublished draft of paper from the
Ministry of Agriculture and the Ford Foundation, 1979.
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Table 4: Partial Budget of the Economic Effect on Egypt

of Shifting One Feddan of Cotton to Soybeans.

Specification:

Replacing one feddan of cotton, an export crop, with one
feddan of soybeans, an import crop. Shadow prices are
used to estimate costs and returns.

Items in the present system likely to change:

"Costs of producing cotton will be reduced.

Foreign exchange from exporting cotton will decline.
Foreign exchange needed for importing vegetable oil will
decline.

Estimated gains and losses:

a. Extra value of soybeans b. Extra production costs

and forage crops. of suvbeans avcd iorage
LE 170 crope.
LE 92
c. Saved cost of producing d. Reduced return from
cotton. cotion,
LE 196 LE 382
Total gains LE 366 Total costs LE 474

Net gains LE <108>
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Of course there are other considerations which must be -
considered in national policy decisions. For example food
sufficiency goals may weigh heavily in favor of producing
soybeans in order to be more nearly self sufficient in
vegetable o0il rather than generating foreign exchange with
cotton exports. The most important point is that national
policy should be carefully developed to give the desired
signals to farmers. As suggested by Tables 3 and 4 the out-
come of resource. use analysis may be greatly effected by

the selection of prices attached to input-ocutput relationships.

Capital Yormation

Partial budget analy=es cof meclinicsl teciiology for

individual or groups of fa:ms often zLow substontial poten-

(1

tial income gains. The adoption of such technology invar-

- iably requires some investmeni capital. Examination of the
budget summaries from Table 1 indicates that inceme per capita
‘on even larger than averazge farms in Kafr Kl Sheikh Governor-
ate is low indeed, ranging from LE 51 to LE 250 pesr year and

averaging LE 104. After obtaining o@ly bare necessities of

S
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For examples see M. E. Quenemoen and Shinnawi Abdel Aty
El Shinnawi, "An Economic Analysis of Water Lifting With
a Diesel Pump for a Farm at El Hammami'| a paper presented
at the UNESCO training conference on irrigation develop-
ment, EWUP, February 1979,
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life these incomes cannot leave much balance for capital

investment.

Would increased income, of a level associated with world
prices at the farm gate, result in more capital investment?
The answer is almest certainly yes but the magitude is impor-
tant. It may be interesting to conduct experiments in

pilot areas to assess this magnitude.

For example a package of higher farmgate prices, avail-
able proven technological alternatives, extension type educa-
tional programs, credit, birth control information and
general home economics assistance may prove to be a good way
cf generating capital formation, new investment and economic
growth. Such packages are appropriate to ”farmingvsystems"

and should be of interest to this project.

MEQ/sa



THE AGRICULTURAL ECONOMICS PROFESSION 1/
IN EGYPT - CURRENT STATUS AND SPECIAL NEEDS™

The agricultural economics profession got its start in
Egypt in the 1940's under the leadershié of Professor Monear
Zalaki who is still active in the Agricultural Economic
Department at the University of Alexandria. At least a dozen
of his best students were sent to the United States after
World War II, for training (the University of Wisconsin was
especially favored). Several of these individuals occupy top
posts in Egypt today, e.g. president of a major university,
director of the Agricultural Economic Research Institute and

special economic advisor to President Sadat.

Prior to 1950 agricultural economics training in the
Egyptian universities was insignificant. However with the
influx of U.S. trained agricultural economists, departments
were established in the major universities and leadership by
agricultural economists was established in units of government

responsible for gathering agricultural statistics.

l/ Prepared by Gene Quenemoen, EWUP and Jim Fitch, Ford
Foundation for the American Agricultural Economics
Association, March 1979,



In the early 1960's the University of Cairo had an
exceptionally strong agricultu:al economics department with
a large component of Iowa State University trained professors.
However a combination of factors including economic ideology
drift in Egypt, internal departmental dissentidn and attrac-
tive out-of~-country positions for agricultural economists
caused a gradual decline in this department which has never

been restored to its former position.

During the 1960's the balance of emphasis moved from
Western to Eastern ideology in Egypt. Opportunities for
graduate training in Western countries was replaced by
Eastern Bloc nations. From 1965 to 1975 there were practi-
cally no Egyptian graduate students being trained in American
universities and only a few in Western Europe. Graduate
training in agricultural economics shifted to U.S.S.R.,
Bulgaria, Czechoslovakia, East Germany, Rumania and Hungary.
Agricultural development was not given high priority during

these years of Egypt's history.

During this period another change was taking place
which worked against the establishment of centers of excellen-
ce in agricultural economics training. Regional universities
were established and professors from the urban universities
were required to staff them. At the present time all ten of
the public universities in Egypt have faculties of agriculture

and agricultural economics departments.

o-./-.o



By 1975 the Egyptian government abolished many general
economic organizations -~ the holding companies that owned
and controlled the nation”s business. This was precipitated
by a definite policy shift toward a more market oriented-
economy and an obvious need for bold action to relieve a
strangling economy. A concurrent diplomatic break with
U.S.S.R. dried up the opportunity for sending Egyptian students

to Eastern Bloc countries for graduate training.

The Present Situation

Colleges of agriculture in Egypt offer most students a
general degree in agriculture. Classes are large. Lectures
typically include 300 to 500 students. Some of the better
students are allowed to specialize during the last two years
in disciplines such as agricultural economics. Most of the
professors at the regional universities live in Cairo or
Alexandria and spend only three or four days per week on their
respective campuses. Thus students have very limited inter~
action with professors. 1In addition books are scarce and
foreign books are both scarce and expensive. Libraries and
dormatory space are minimal. With these and other limitations

undergraduate training is weak compared to developed countries.

The ten Egyptian universities, number of faculty in
agricultural economics and number of graduate students is

shown below.

cos/ e



Approx.Size of Estimated Number of

University
name/Location Faculty in ~ Students Enrolled
Agricultural in Graduate Programs
Economics in Agricultural
Economics
Cairo U., Cairo 6 * 20
Ein Shams U., Cairo 8 45
Al-Azhar U., Cairo 8 25
Alexandria U;, Alexandria 7 25
Assiut U., Assiut 4 18
Mennofiya U., Shebin
El Kom 4 18
Minya U., Minya 3 20
Mansoura U., Mansoura 3 8
Tanta U., Kafr El Sheikh 3 15
Zagazig U., Zagazig 10 : 25
TOTAL 56 219 *x*

* Includes four holding degrees in Extension and Rural

Sociology.

** Approximately one~fourth are Ph.D. candidates.

These figures were obtained by indirect inguiry in some

cases, and could be off by as much as 20 percent. Neverthe-

less, the picture of scattered resources and small faculty

sizes emerges quite unmistakably.



As indicated above there are approximately fifty Ph.D.
agricultural economists on the faculty of agricultural economics
in Egyptian universities. There may be an egqual number in
private business and government ministries but no one seems
willing to make this estimate with much confidence. It is
estimated from 15-20 Egyptians are now enrolled in graduate
programs in Western countries. The Institute of Agricultural
Economics Research employs 20 Ph.D. agricultural economists
and eleven are employed by the Institute of National Planning.

The directors of both are Ph.D. Agricultural Economists.

We estimate that the source of training for Ph.D. agri-
cultural economists presently professionaly active in Egypt
is about evenly divided among U.S., Eastern Bloc, and Egyptian
universities with a few from Western European countries.
Since attempts to organize a professional society have not
been successful there is no central source of information on
numbers and training of agricultural economists. The Institute
of Agricultural Economics Research has 5 Ph.D. trained agri-
cultural economists from the U.S., 8 from Eastern Bloc countries
and 7 from Egyptian universities. It also employs 35 M.Sc.
trained agricultural economists, all from Egyptian universities.
The Institute of National Planning has two Ph.D. agricultural
economists from Egypt, 5 from Eastern Bloc countries and two

each from U.S. and Western Europe.

e/ e



As a general rule all M.Sc. agricultural economists
receive their training in Egypt. There is no financial aid

for students without an M.Sc. degree to go abroad for training.

System of Training in Egypt

The general structure of agricultural economics graduate
training in Egypt is patterned after the U.S. Most depart-
ments have been strongly influenced by graduate training
systems developed in Wisconsin, California, Iowa and Cornell.
Each professor will typically have at least one teaching
assistant. Graduate level courses are offered in areas which
parallel the standard offerings of U.S. universities, e.g.
economic theory, mathematical economics, statistics, production
economics, marketing, econometrics, agricultural policy,
economic development, etc. In most cases graduate courses
are taught in English, however, comprehension is a serious
problem so the discussion frequently resorts to Arabic. English

textbooks and references are used almost exclusively.

Monthly salaries of university professors in Egypt are
estimated to be about $ 140 for beginning professors, $ 210
for associate professors and $ 280 for full professors. Some
professors supplement this income by working for international
research organizations and/or by selling their booké to

students.
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Most professionals feel the graduate programs in Egypt
are analytically weak. This is due in part to weakness of
courses at the graduate level and to lack of significant
research experiences by the faculty who help plan and supervise
the research. A review of graduate research theses reveals
~a strong orientation toward descriptive research. The in-
frequent cases where analysis is attempted often demonstrate
the use of techniques which are either inappropriate to the
data being analyzed or are simply exercises in the use of

techniques on irrelevant data.

About half the graduate students are supported by assis-
tantships from the university. The others are usually em-
ployed by a government ministry which permits them to be
away three days per week to pursue graduate study. Admitance
to a graduate program requires approval by the respective
department and college. Generally an undergraduate average
of "very good" is required for admission (at graduation
B.Sc. students are ranked "pass", "good", "very good" and

"excellent").

The usual time required to complete an M.Sc. degree in
agricultural economics is four years. Seven years are usually
required for a Ph.D. These time periods can be shortened
somewhat but the shortage of staff, books, library facilities,
transportation and communications makes it unlikely. In many
cases the student finds that more time is required rather than

less.



Quality of Training

As indicated before the political-economic ideologies
of Egypt have undergone rather abrupt changes in the past
guarter century. The present trend is toward market oriented
democracy. This should be kept in mind when considering the
response of Egyptian professional agricultural economists to
inquiries about the quality or appropriateness of graduate

training.

All U.S. trained Egyptian agricultural economists rate
U.S. training first, Egyptian training second and Eastern
Bloc training third. Some even go so far as to say Ezstern
Bloc training is completely irrelevant to the current needs
of Egypt's market oriented ecohomy. Some economists with
Eastern Bloc training agree that what they learned is largely
inappropriate to Egypt's institutional setting and present

directions.

The interviews with in-country agricultural economists
and employers of'agricultural economists was somewhat helpful
in determining weaknesses of U.S. training. Except for
individuals who completely disregarded Eastern Bloc training
there seemed to be general agreement that the U.S. universities
should give more attention to marx/socialist ideology in order
that U.S. trained professionals could better understand their

Eastern Bloc trained colleagues.



Several respondents mentioned the need for more’attention
to economic development strategies for developing countries.
As discussed in the last section of this report they were
divided on how U.S. and Western European trained professionals
should be assisted to make the transition from working with
the problem of developed countries to the problems of less

developed countries.

Project evaluation (feasibility analysis) was freguently
mentioned as important in Egypt at the present stage of her
development. Under the present "open dcocor" economic policy
the Egyptian government is attempting to attract foreign
capital into partnership arrangements with Egyptian firms.

Carefully developed feasibility reports support this process.

Other areas suggested for more emphasis in U.S. training
include (1) administrative skills, (2) quantitative analysis,
(3) techniques of data collection and (4) computer analysis
of economic data. Administration or management of public and
private organizations is considered by many people to be the
single most serious constraint to Egypt's development. Agri-
cultural economists who have had administrative responsibility

especially recognize this need.
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Major Problems Ahead

The most pressing problem for agricultural economists
to address in Egypt during the next decade is that of
increasing food production for a bufgeoning population.
Population growth currently exceeds 2% percent per year and
most people expect it “to continue at that rateAat least
through the next decade. Given the base of some 40 million
this means the addition of about one million people per year.
The most recent Five Year Plan projects a population of 67

million by the year 2000.

Meanwhile growth rates for agricultural production are
disappointing. The five year period from 1971 to 1976 produced
growth rates in yield per feddan of less than 2 percent fcr
wheat and maize and actual declines in yield for rice, beans,
sugar cane and cotton. Although yields per unit of land
are higher than many developing countries they fall short
of average yields in developed countries by 20 - 40 percent.

As stated in the most recent Five Year Plan these poor yields
are attributed to an inefficient agricultural policy for

research and extension of research results.

The Plan calls for expansion of agricultural mechanization,
implementation of a price policy aimed at optimal crop for-
mation, land reclamation and establishment of new rural
communities, expansion of animal and fish protein production,

expansion of private sector activity, agricultural integration



with other Arab countries for the purpose of attracting
capital funds, integration and coordination of agricultural.
research, improvement of food storage facilities, and re~
building of cooperative societies. These are objectives
which clearly offer a vital role for pefsons trained in

agricultural economics.

Achievement of these objectives require the solution of
difficult and complex economic problems. For example poli-
tical considerations apparently require national subsidization
of bread which is priced to Egyptian consumers at about ten
percent of U.S. prices. #4is a result of such policies Egyptian
farmers received only 80 percent of world prices for their
wheat in 1977. Yet at the same time government policy calls
for increasing production of Wheat. Similar situation occur
for cotton aﬁd rice where farmers received 50 percent of world
prices in 1977. Meanwhile meat is priced throught the free
market where high prices result in strong incentives for
farmers to allocate resources to livestock. Other resource
allocation problems include loss of one sixth of the water
from the River Nile due to use inefficiencies, shortage of
foreign exchange for commercial fertilizers and misallocation
of existing supplies, land reclamation, exploitation of under-

ground water and under-employment of labor.
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How Can American Universities Help?

All the persons interviewed reacted positively regarding
the potential role of American universities in building the
Egyptian agricultural economics profession. It was hard to

find a consensus, however, in what this role should be.

One of the most experienced and respected Egyptian
agricultural economistsstated there is no substitute for
thorough training in a developed country which has a favorable
academic climate (implying books; library; quiet places for
study, reflection and discussion; scientifically oriented
colleagues; etc.). He felt research should be done by the
Ph.D. candidate in the developed country and that if the
result of such education was a thoroughly trained scholar
than transference of methods to the developing country would

be a trivial problem.

On the other hand a majority of the Egyptian professionals
felt that other useful measures could be implemented by
American universities short of complete reliance on U.S.

training for Ph.D. course work and thesis research.

Faculty exchange between American-Egyptian universities
was frequently mentioned. This would have a two-fold effect
of providing useful opportunities for Egyptians to update their
training and to keep up on developments in the U.S. The latter

would be helpful in advising Egyptian students who are slated



for U.S. training. Secondly it would give American professors
who are teaching and guiding research of Egyptian students
knowledge of conditions in Egyptian universities and the

Egyptian research environment.

Collaborative research between American and Egyptian
professionals was also mentioned . It was pointed out that
this is now taking place with joint work between Egyptian
professionals and U.S. professibnals from Ford Foundation
and several American universities supported through USAID
grants. There did not appear, however, to be much interest
in joint degree offerings for Ph.D. candidates. The problem
c¢f communications was given as the most important rezson for
making this impractical. A slight modification of joint
c¢egrees, favored by several professors, would be to approve
a specified body of coursework to be taken in the U.S. with
the thesis and administration of the degree handled by an
Egyptian university. This could be done at the M.Sc. or Ph.D.

level.

Post doctoral programs in the U.S. was encouraged by some
respondents but they mentioned the problem of developing serious
and meaningful work. Post doctoral work should not be considered
as a vacation. Faculty exchange between U.S. and Egypt, with
specified teaching and research responsibilities, was judged

to be a more satisfactory alternative.



None of the interviewees suggested training in the U.S.
for M.Sc. degrees as important. They were unanimous, however,
in their support for selecting M.Sc. graduates from Egyptian
universities for U.S. training. Every respondent mentioned
the need for an inflow of at least a few foreign trained Ph.D.
agricultural economists over the next decade and most volun-
teered the opinion that the U.S. was the best place for this

training.

Lack of English skills by faculty and students was often
mentioned as a serious constraint to the development of the
agricultural economics profession. The ability to read the
literature and discuss economic ideas in English needs improve-
ment at all levels of the profession within Egypt. 1In this
respect all people interviewed were encouraged at the prospect

of increased interaction with American universities.

The following topical list summarizes the needs of the
Egyptian agricultural economics profession and potential roles

of American universities.

1. Comprehensive Ph.D. training in the U.S§. All

respondents mentioned the need for training at least a few
Egyptian agricultural economists in the U.S. There was
generally high regard for U.S. trained people. Opinions
differed about the magnitude of this activity. One highly
respected senior Egyptian felt there was no substitute for
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U.S. training while others felt a mix of U.S., Egyptian and
Western European training would be realistic and desirable.
All agreed that some means of outside financing for U.S.
training must be found. As one Egyptian stated, "Egypt can
hardly afford the wheat it must purchase from abroad to say
nothing of graduate education." Egypt has a large supply of
people trained at the M.Sc. level who could benefit from

U.S. training.

2. U.S. course work for credit in Egyptian universities.

This assistance would be planned under the guidance of the
students' graduate committee in Egypt. In certain cases

the students' graduate committee may include qualified
Americans residing in Egypt. It was pointed out that some
courses are weak in Egypt, especially in resource economics.
Specially selected courses from U.S. universities could help

strengthen a graduate program for an Egyptian Ph.D. candidate.

3. Faculty exchange. The potential benefits from faculty

exchange were perceived as important. Egypt needs the
assistance of U.S. professors for teaching and research
counseling. At the same time these professors would gain
understanding of the teaching-research situation in Egypt
which would help them work with Egyptian students in the U.S.
Egyptian professors on leave to American universities could
update their skills and prepare their abilities to advise

students going to the U.S. for training.
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4. Visiting professorship. Egypt is woefully short of

well trained academic staff to meet the needs of the many
students. U.S. professors could help with teaching, graduate
student advising and research counseling. Also the opportu-
nity for presenting seminars at gatheringsiof faculty and
students could contribute substantially to the establishment

of an Egyptian community of scholars in agricultural economics.

5. Post-doctoral work for Egyptian professionals. A well

designed post-doctoral program especially for agricultural
economists trained in Egypt and Eastern Bloc countries should
be considered where a faculty exchange program cannot be
arranged. Exposure to economic and social institutions gained
from travel to developed countries could have a valuable

impact on the present development process in Egypt.

6. Short term specialized training. This may be consi-

dered for periods of 2 to 6 months when a specialized need
is recognized for training Egyptian professionals. Often
times there are no good substitutes for hands-on training

and the opportunity to make personal observations.

7. U.S. graduate students come to Egypt for research

on Ph.D. theses. This would be welcomed by qualified Egyptian

agricultural economists in several Egyptian universities.
However it would probably require more development of professor
exchanges, collaborative research, etc. before it could be

successful.



8. Collaborative research. Several Egyptian professionals

are already involved in collaborative research with American

agricultural economists. They welcome more opportunity for

such contacts.

9. Provide textbooks, journals and related reference

books. It may not be possible for American universities as
such to fulfill this need but it was mentioned as a serious
problem by most respondents. The development of well stocked
libraries with multiple volumes of the most important works

would be highly useful.
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Abstract

The paper reports field data characterizing 43 Bgyptian
farmer's perceptions of the suitability and effectiveness of
various extension strategies and tactics which might be used
by an irrigated agricultural development project beginning
applied rescarch work in their several communities. The
sample of farm operators were given. inventories of structured
interview items measuring a) beliefs about who might have
the greatest effect on imporoved local living conditions; and
b) judgem=nts about how valuab e alternative extension
approaches would be in local development efforts.

A range of specific findings are presented in the paper
which are gannrhlly consistent with the theories found in
the soczial science and estension literatures., Most generally,
these Egyptian farmers show a realistic understanding of.the
valune and ch”ODfluLOHPQQ of spacific alternative develop-
mept sitrategies and tactics, probably far beyond that which
is usually assunaed by Lochn;c&l scientific personnel and
covernment officials. Likewise, they believe they, then-
salvas, can bae the: most effective category of people guiding
and implemsnting non-teshnical local improvemant.
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DEVELOPMENT AS PROCESS

Many people hold the understanding of "development" as
the level of material and economic accomplishments of a
nation. Thié leads them to conclude some rich and powerful
nations have achieved development, while most others who are
poor and less powerful or prestigeous remain clearly "under-
developed”. On the other hand, when development is viewed
as a problem-solving or goal seeking process (as most develop-
ment experts view it), the conclusions can be quite diffel-
ent. Although material wealth is part of the development
picture, it is more a result of development than the proceés
itself.

The process‘is what deserves our attention, for it is
what we have to work with when we hope to benefit our nation
or others. Most simply, development is best thought of as
realizing a growth in our human abilities to achieve our
realistic aspirations. Mostly, it is progressing in our
effectiveness as human beings,'given that we have desires
and appreciations‘for'others. Growth in human sensitivities
and abilities is both development's basic method and object-

ive.!

Given this "process" meaning of development, it is the
way people deal with their natural and social environment.
Put another way, it is their activity in "developing" more
than their level of material worth of power that lets us
call them "developed". Perhaps the word "progressive" is a
better way to think of development, for it emphasizes a
society which makes opportunities available for citizens to
grow in their capacity to accomplish their goals. The pro-
gressive society also provides educational, social and econ-
omic incentives to encourage people to use their productive
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ensrgies at a very active level. In contrast, the under-
developed or non-progressive society is that which is not
showing its dynamic human potential, even if it has achieved
a rather high level of material and economic accomplishments.

Problems in the development of poor nations largely
concern conditions of the rural population, which typically
forms the society's massive base. In these cases, improving
agriculture plays an important part in the society's deVelop~
misht processes both because so much of the society is direct-
ly involved in it, and also because it is often the pfimary

basis of the society's welfare and stability.

In Bgypt, agriculture depends upon the productive act-
ivities of more than one-half of Egyptian society, and pro-
vides satisfaction of the basic needs of evefy one of its
40 million pecple. Also, agricultural produce and processed
goods make up the largest portion of Egyptian exports. These
are a major source of hard currency which supports many basic

developinent processes in the country.

Egypt has limited agricultural lands, industrial cap-~
acities and natural resources, and a high rate of population
growth.? These factors make it essential that human efforts
be stimulated and effectively used as a basic means to
achieve goals of a high level of social welfare, security

and standard of living for all.

- The approach Egypt has talen for realizing development
depends largely on applied research. As national develop-
ment activity has increased, so have its applied ressarxch
institutions. Particular attention has been paid devaloping
new means for increasing agricultural production {(most Egyp-
tian agriculture is irrigated) and inproving the welfare of

the rural population.
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It is clear that having found answers to rural problems
is not enough to solve them, however. The results of the
reéearch must be diffused and utilized effectively before
advantage can be realized. Much of the research, in fact,
must be on the processes by which the rural population can
receive and understand information on improved irrigated
agricultural practices. In many cases this includes the
ﬁrocesses by which farmers themselves must cooperatively

implement improved practices.

THE EGYPT WATER USE AND MANAGEMENT PROJECT (EWUP)

To meet applied research needs in Egypt, the EWUP was
begun just over a year ago tO provide unique guidance and
support to the development of irrigated agriculture in
selected target areas of Egypt representing different types
of old lands strategically iocated as diffusion points of
the country. The project approach to irrigation development
has three emphases:

1) developunent of new appropriate technologies for
field diffusion, including bothmaterial and social (proced-
ural) techniques and tools;

2) extension work-~-bridging the often large and criti-
cal gap between scientists and farmers (the emphasis of this
paper); and,

3) training/institutionalization among professional
workers so that more effective means for accomplishing sus-
tained agricultural development processes may be realized.

The project is jointly funded by the Government of Egypt
(GOE) and the U.S. Agency feor International Development
(USAID). It brings together a team of Egyptian and American
professionals froin several disciplines (agricultural and

civil engineering, agronomy, economics, sociology and
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extension) to provide a broadly balanced team in true inter-
disciplinary fashion.?® ©Part of the uniqueness of the EWUP
approach is that it honors the themes and cautions of the
more recent rural developmént literature 1) that natural
diffusion processes be the ultimate/basic means of extending
the program; 2) that it focus on economically feasible
approriate technology for farmer adoption; 3) that the inter-
mediate objectives be broad and balanced to keep the develop-
ment process unitary and appealing to general felt needs of
constituent farmer population; 4) that the ultimate object~
ives be the most basic ones--improving social living con-
ditione for the farmers (e.g., not "development for appear-
ance's sake", having "signs of development”, but actually
realizing general processes for achieving improvement of
farmers' living and labor conditions, of community and

society).

The conceptualization of the project identifies the
dgeneral objactive to be improved socio-econonic conditions
for the small farmer in Egypt. This is to be accomplisheé
through improved management practices of precious water,
land and other agricultural resources." As background, it
should be understood that a factor generally believed to be
effecting present agricnltural production and, more impor-
tantly, threatening sustained future agricultural production
of Egypt on limited old lands,is high water table, soil
salinization and by-products of sub-optimal on-farm waterxr
management-~leaching nitrates, etc. Expressed as a casual
sequence, beginning with the most immediate concerns, it is
assumed that improved managsuent of irrigation and related
agricultural practices will result in improved crop yields
and conservation of scarce land and other agricultural input
factors. %his provides the basic means for general rural

and societal development so that farmers and all Egyptian
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citizens can experience more satisfying and effective lives.

The operational approach of the project conforms to
what is often called "action research"--or, the applications
of the procedures of relevant scientific areas to the identi-
fication and solution of present and anticipated problems of
irrigated agricultuvre, with constant feedback and involvement
of the constituent population. For instance, the "on-farm"
emphasis of work means that all development experiments are
conducted on the field being worked by participant farmers
(vs. separate "demonstration plots") who have been invited
to join the project in a full working partnership, and who
are thoroughly integral in the process at all stages and in
all ways. This means, as well, that the ressarch foci
include both determining l) technical improvements in irri-
gated agriculture pfactices and 2) procedures for being more
effective in facilitating farmer understanding and cooperation
in €he joint venture activity. The latter concern is empha-
sized in this paper.

Some of the philosophy contained in the developmant/
extension literature deserves summary to provide a fuller
explanation and justification of the EWUP approach.

EXTENSION PROCESS AND METHODS

In the extension process, considerable time and effort
must be invested between the time a new idea is available
and the time it is widely adopted and applied. This often
is due the existence of impediments which slow or prevent
the diffusion and/or application of an idea. Some of these
impediments are due to psychological or cultural factors
related tx:sociefy, individuals or to situational factors
surrounding them. Every society has cultural, social, econ-
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omic and political circumstances which make that society
distinct from other societies. Impediments may also result
from characteristics of the innovation itself. Or, there may
be problems with the systems which are concerned with dif-
fusing the alternatives and innovations and the methods or

aids which they employ.®

Extension always aims to remove impediments to effective
diffusion and application, in order that desirable and neces-
sary behavioral changes be effected in the client population.
It has created and used a variety of methods and aids to
diffuse agricultural alternatives and innovations among
farmers. It encourages farmers themselves to participate in
the process by diffusing information to other farmers.

Since the choice of extension methods is of great import-
ance to program effectiveness, it is necessary for extension
workers not only to know advantages and limitations of avail-
able extension n=sthods, but also to know farmers' perxceptions
of these methods. This allows extension workers to make
decisions about which methods to use taking into account both
what thz literature advocates and what the farmers consider
appropriate. In this way we can be more sure of using the
rost effective and efficient methods for the particular

circumstances in which the work is taking place.

Concerningbextension methods, the professional litera-
ture emphasizes scveral basic themes®.

1) The development process should be flexible and
involve farmer participation in all development activities
aimed at his realizing satisfaction of felt needs, so that
he not only enjoys concrete gains, but even nore inportantly,
gets an understanding of and confidence-building experience

with grassroots development processes themselves,
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2) Extension strategy should emphasize capitalizing on
"felt needs" of farmers to facilitate their personalAinterest
and involvement in the process, making relations with con-
stituents largely a learning/experimenting process for them.

3) Tactics should emphasize activities (or other tan-
gible "proofs" of the process), keeping decision-making as
close to grassroots level as possible, improving communica-
tions and social organization in support of the process,
allowing it to be a flexible, incremental process with ample,
early, if small successes to justify enthusiastic participa-
tion and broad-based interest in the development process.

In brief explanation of these themes, we begin with the
fact that extension workers must fully understand and con-
sider worthy and appropriate the alternative or innovations
to be diffused. This implies that the extension worker must
have good knowledge of the innovation itself and of the
client population and its environment. To understand new
or alternative agricultural practices is a matter of tech-
nical knowledge. Understanding of the client population and
its environment is accomplished through studying those people
and their circumstances. Of critical importance, the worker
must learn aboﬁt: the needs, interests and characteristics
of the client population; social, cultural, economic and
political conditions/setting of the local area and the nation;
formal and informal communication and leadership patterns;
how receptive the client population is to geneval change
(e.g., receptivity to adoption of new practices, ideas) and
how knowledgeable they are about particular innovations; and
how and why all of these various factors are related one to

another?.

Such background gives the extension worker the insights
and understanding to be able to decide if a particular agri-
cultural practice is of relevance and appropriate to farmers
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in a given area. It also provides the basis for making
decisions about how to encourage diffusion and adoption of

new or alternative practices.

A variety of general methods, too many to specify here,
can be used to promote diffusion and adoption®. Briefly,
several broad- categorics include mass media, public meetings,
on—~farm visitations and use of experimental or demonstration
plots. Decisions about which method(s) to use when and with
which people, are guided by insights gained from previous
infornaztion the extension worker has collected. For example,
if the worker knows that many farmers are completely unaware
of a new practice, a large number .of them can be reached
gquickly and with little effort through amass media and public
neeting information campaign which focuses on explanation of
the practice, its advantages and limitations. Later, when
farmers are aware of the new idea, more personal contact and
perhaps the opportunity to view results of the practice (on
a demonstration plot, for example) may be appropriate. At
thase later stages in the adoption-diffusion process, back-
ground information about the client population and its con-
text is particulerly important, as it suggests to the exten-
sion worker whether his appeals should be based in psychol-
ogical, economic, social or other motivational approachesS.

Finally, it is imporiant to note that farmers themselves
are critical to the extension process. The most effective
proponent of a new practice is the person who has had suc~
cessful exparience with it. Thus, the extension worker who
convinces a small number of farmers to experiment with a new
practice on a part of their own lnad, often finds that his
efforts are multiplied many times when the few farmers

experience success and tell their peighbors about it.
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STUDY PROCEDURES

We began this research aware that local and societal
circumstances vary and can have an effect on the applicabi-
lity/perceived appropriateness of tactics. As well, the
situation in recent Egypt is one whre farmers are not accus-
tomed to much openness, informality and collaboration between
technical agriculture personnel and themselves. Therefore,
the quastion arose early, "is the general extension litera-
ture, resulting largely from other situations quite differ-
ent than the Middle East and Egypt, good guidance in this
case?" Expressed another way, we wondered: "are the advo-
cated approraches too different from the expectations and
recent experiences of Egyptian faremrs, government personnel
and institutional structure, and technical/scientific per-
sonnel to be easily accepted by them?" Thus a first exten-
sion research priority fell on studying constituent popula-
tion perceptions of what were appropriate, acceptable and
effective ways of working with them in irrigated agricultural

development.

Data were collected by structured interviewwith a sample
of 43 farmers who had agreed to work closely with the project
on all or a portion of their farms. The selection of these
farmers was based on engineering, agronomic and socio-economic
criteria. Main criteria were: 1) Farm location with respect
to source of irrigation water; 2) Irrigation systems and
methods (gravity, different types of 1lift); 3) soil types;

4) Ownership and other social aspects; 5) Kinds of crops;
6) Shape.and Leveling of fields; and 7) Continuous flow and

rotational deliveryl.

The study units wexe case study farm operations, from
which a range of detailed information is being collected by

all scientific disciplines represented in the project.
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Presently two geographic areas are included in the intensive
study work: 1) several water course areas in Giza Govern-
ate--a small-farm area of broadly mixed crops including
vegetables, near Cairo; and 2) a water course area in Kafr
El Sheikh Governate, in the center of the Nile delta area.
Work is just beginning in a third area representative of old
lands-~-along the upper Nile near E1 Minya--though data are

not yet available from this avea for reporting.
Y

Three separate rounds of structured interviews were con-
ducted in colloquial arabic by the project field sociologists,
who received supervision and training from the project's two
senior sociclogists. The interviews were conducted in 1978.
The first interview largely concerned agronomic and irriga~
tion practices of the case study farmers and used mahy open-
ended guestions, The second round represented more conven-
tional rural sociology measurement of social participation,
leadership, communication, organizational matters, and sone
follow-up focused on ettitude questions, agricultural and
irrigation practices and policies. The interview schadule
us2d containad nostly structured items with relatively few
open-ended guestions. The third round of interviews focused
on perceptiong of appropriate developmont strategies and
tactics and other general attitude matters like community
satisfaction, general ceceptivity to innovation and change
procaesses, self-confidence in decision-mnking, etec. The
third round, emphasized in this paper, was entirely forced-
choice items, frequently using Likert~type "agree-disagree"

response categorieslt,

The schedule was daveloped by a normal sccial science
procedure. A litorature review and long discussions of con-
ceptual issues was involved. Extended discussions were held
with soecial science collegues on other projects in Egypt and

elsevhere known to b caperienced in handling such topics as
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ours. Sample items wre compiled and discussed. The trans-
lation process was a critical, difficult and extremely impor-
tant part. It involved extensive discussion of the compara-
bility of local Egyptian conceptions and western-oriented
social science conceptions of the ideas involved. This was

a particularly valuable learning experience for all partici-
pants. Attention had to be given finding empirical referents
that could be offered farmers as clarification of the general
item without "leading" them. The discussions led to much
clarification of concepts and measurement procedures. Before
use, the interview schedule was pre-tested and revised. It
will undexrgo further revision before use in a large-sample

study to be undertaken later.

We are just beginning systematic analysis of data from
the subjects whose responses are reported here. - Shortly, the
results of computer analysis will be available to determine
the scale characteristics of these and to enable correlations
with a range of other data collected (including farmer's demo-
graphic characteristics, irrigation and agronomic practices,
social participation and communication characteristics, and
attitudinal variables like community satisfaction, recep-
tivity to change, self confidence with'decision-making, etc.)

It should b= noted that data other than these interview
responses were used in the interpretation of findings. We
have drawn personal recollections and impressions from field-
work contacts, data and impressions of other social science
researchers working in similar Egyptian circumstances, and
secondary data available on related rural devélopment matters

in Egypt.
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FINDINGS AND INTERPRETATIONS

Data are summarized here in percentage distributions
accompanying the actual interview questions used in their
collection. Following data presentation, comments call atten-
tion to major features of the separate results, and note
implications of them. In the interpretation process, insights
from various other data sources are introduced when they con-

tribute background or clarification.

The data on farmers' perceptions of extension strategies
and tactics are presented in response to three basic questions:
1) What kinds of people make the bigygest contribution to
local rural development success? 2) What, generally, should
ba done to promote and facilitate rural development processes
(i.e., what are good strategies)? and, 3) How, more speci-
fically, should these strategies be implemented (i.e., what
are effective tactics)? For each of these questions, respond-
ents were asked to choose from a range of often-advocated or
used coptions, in this way indicating the importance or value

of that particular item.

Contributors to Rural Development

Responsas to th- first issue, "Who makes the biggest
difference?" are summarized in Table 1. The data show the
farmers hold views consistent with professional views in the
rural development and extension literature. That is, people
at the local ("grassroots") level, assuming théy are funcg-
tionally viable as individuals or groups, are thought to he
the main ones who provide the initiative and practical in-
sights upon which effective rural development depends. ASs a
person moves upward in levels of administrative power and
responsibility, the presumed contribuaticn he makes diminshes.

In the farmers' view, persons in central government ministry
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TABLE 1. FARMERS' PERCEPTIONS OF WHO MAKES THE
BIGGEST DIFFERENCE IN RURAL DEVELOPMENT PROCESSES
IN PERCENTS (N=43)

"What are your ideas about how much !tk each of the following

‘Item: groups of people can help improve life in a village like this?"

can bt most mipght be wouldbeno

helpful somc help helpat all Total

A. Ministry officials and

Parliament 27.9 18.6 53.5 100
B. Covernment officials at

governorate and district

level. 37.2 44,2 18.6 100
C; Chairman and members of

the governorate council

(elected). 41,9 18.6 39.5 100
D. Government officials at

village level. 83.7 14.0 2.3 100
E. Chairman and members of

village council (elected). 27.9 37.2 34.9 100
F. Local informal leaders/

influentials. 72.1 20.9 7.0 100
G. Local citizen's organiza-

tions (as coop.) 88.4 9.3 2.3 100
H. Experts in applied scienti-

fic research. 76.8 20.9 2.3 100
I. Villagekpeople making an

effort to solve their prob-

lems by themselves. 81.4 14.0 4.6 100

J. Can you think of any other
groups of people who might
be helpful? What kinds?




- 15 -

and political positions are thought to maka the least dif-

ference.

Several factors help account for limited local feelings
of dependence upon direct assistance from high levels of cen-
tral government for their development. It must be noted that
this is a healthy national situation and realistic as well
as insightful on the part of the local population. This
attitude of local self-reliance is doubtless partly a reaction
to extensive national-level regulation of agricultural pro-
duction and marketing, which 1is more oriented to satisfying
national needs than local farmer interests directly. Thus
many farmers often see government activities in the agricul-
ture sector as an unwelcomed imposition (as seems to be a
common characteriétic'of farmers around the world). AsAwell,
most assume intervening factors make national-level actions
less effective or—efficient than local ones. Specifically,
a) the farwers assume their local situations and problems
have limited visibility to high officials; b) the layers of
bureaucracy between them and the ministries/assemblymen are
often thought to filter information flow up and implemanfé*
tion of policy down; ¢) most understand that national lead-
ers are faced with a range of highly pressing problems
(national security, urban'growth, development resource limi-
tations, etc.) that occupy attentions of the top; d) import-
antly, too, the ruralpopulationsknow’that the natidhal
design and implementation intentions for rural development
in Egypt ere good. They recognize that only problems of
limited resources and the sometimes ineffective functioning
of intermesdiate-level bureauvcracy interfere with the realiza-
tion of local development according to plans. They are also
awara that notional-level policy must be uniform in order for
justice to b2 served, but that a vniform national policy

often interferes with the government's ability to deal with
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differing local circumstances in different ways. In realiza-
tion of these facts, the Egyptian President, as of January,
1979, set an official course of decentralization of authority,
vesting governors with presidential powers, and District
officials with a Vice-Minister status so that autonony and
localized initiative in problem-sqlving night become reality.

The point is, the farmers realize what the President
does: that people nearer the local level who know the prob-
lems the best and feel them the strongest are the same people
who are most critical in their solution. Intermediate levels
of government are viewed as being the most appropriate for

coordination and institutional factilitation.

It is important to note that one category of partici-
pants in the rural development process~-scientists and tech-~
nical experts--are outside of the adminstrative heirarchy.
They are valued by farmers as contributors who can give prac-
tical advice directly at the local level where they are work-
ing. They can also give general counsel to the top levels,
where they have an input into policy deliberations.

A final observation about this set of data is important.
Since rural development is largely a process depending upon
realistic perceptions of possibilities and prerogatives at
the local level, these farmers give evidence of being well
along the path of developmeht. They are already quite
"developed" in important ways. They display basic attitudes
and understandings in support of the process. They assume
that local initiative and responsibility are a major factor
in their enjoying a better life in the villages. They should
not be considered "ignorant undeveloped peasants" (although
they often seem to enjoy playing this role for.non—local
audiences). Ih fact, they are best thought of as clever,
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hard-working people who are "developing” in the truest mean-

ing of the term.

Rural Development Strategies
We turn now to the second basic question raised: “What

are farmers' perceptions of effective strategies for local
rural development?" Themes in the professional literature
on this matter have been summarized above. Table 2, presents
the farmers'® views on the relative effectiveness of alterna-

tive strategies.

High priority (i.e., "essential") approaches acknow-
ledged by most respondents include: 1) improved adult and
youth educational programs; 2) better information on things
that affect village life; 3) nore effective local leader-
ship; 4) improved cooperatioh and organization among local
people; 5) improved public-sector service structure (roads,
potable water, etc.); 6) better availability of occupational
ahd other tools; 7) additiocnal locally-based industry to
supplement employment opportunities; 8) strengthened morality
{or conscientious propriety) in daily behaviors; 9) gregter
respect and privileges for those who invest themselves in

community improvements.

The views of sample farmers on needed elemaents of
development stiategies are highly consistent with the emphases
of the professional literature. Both agree attention should
be given providing learning experiences for the constituents,
BO their personal effectivenzss can be increased as a basic
part of the process. This includes acquiring improved abili-
ties to successfully attend to beth routine farming, homs
and conmunity tasks, and to the special challenges of chang-
ing local life throuah locally-based developmental processes.
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TABLE 2. FARMERS' PERCEPTIONS OF ALTERNATIVE
RURAL DEVELOPMENT STRATEGIES IN PERCENTS (N=43)

Item:

"I have a list of some general things other people have thought

might be helpful for improving conditions in the village.

As 1

read each idea on the list, would you tell me whether you, your-

self, consider it:

essential
More and better education
for adults and children. 97,7
More effective local
leadership. 93.0
Having local people care
more about each other's
needs. 76.7
Having the government do
more developments like
roads and water systems
for the village. 100.0
Having more money or
credit for the village. 55,8
Having new industry come
to the village area. 93.0
Having better cooperation
or organization among _
local people. 90,7

Having more morality
(basic good and proper
behavior) in village life. 100.0

Cotrolling population growth., 46.5

Having new machines and

tools available in the

village to use for one's

farming or other work. 100.0

Having more respect and
privileges for those people

who work hard for village
improvements. 97.7

somewhat not
important important

2,3 -

7.0 -
14.0 9.3
14.0 30.2

7.0 -

7.0 2.3

9.3 44,2

2.3 -

essential, somewhat important or not import-
ant for improving life in the village?"

Total
100

100
100
100
100
100
100

100
100

100

100
.C./O..
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TABLE 2 CONTIN. FARMERS' PERCEPTIONS OF ALTERNATIVE
RURAL DEVELOPMENT STRATEGIES IN PERCENTS (N=43)

. somewhat not

gssential important important Total
Having better informa-
tion on what is going to
happen that will affect
the village. 95.4 4.6 - 100

Having the government make

new rules to require that

some people change their

ways {behaviors) in the

village. 39.5 25.6 34.9 100
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This second matter involves procedures for improving
the effectiveness of local leadership and local communication
and coordination patterns as key private-sector parts of the
facilitating structure of development. Related, public-sector
supports that help satisfy basic needs of the population~--
roads, food and water supply--must be developed as a facili-
tating condition. As well, technical supports for develop-
ment processes like tools used in improved processes need to
be obtained. 1In places where population pressures are having
effect, acquiring additional employment opportunities may be
important support for more basic development processes.

There is also a qualitatively different dimension, but
one as important as all the others. It provides the sensz
of values that are central in the procesé, and also functions
to prevent unreasonable local disruptions as a by-product of
development., Specifically, farmers realize that conmon con-
ceptions of moral standards generally, and respect for and
recognitioh of human contributions, specifically, must be
strengthened as a part of the development processes.

The number and range of items given highest priority
demonstrate a mature perspective on rural development pro-
cesses among these farmers; they do not naively look for
simple or single approaches to their development. This is
particularly evident when items judged relatively less
critical (i.e., lower proportion of people thinking them
essential) are considered. For instance, a factor often
thought to be the basis of development (even, unfortunately,
among many professionals) is feeding money or credit into
the social system. Given the farmers' undexrstanding of gras-
sroots development processes, they are realistic enough to
know that the purpose of new capital can only be in support
of other development efforts, and that it often carries with

OOG/OOD
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it distribution injustices (i.e., the quesion of who really
benefits, or has access to new fiscal resources). »Further,
they assume it would probably involve sufficient application
and regulation difficulties to discourage its effective util-
ization by them. Islamic cultures promote concepts of fiscal
self-sufficiency within families or among friends, and do not
accept the concept of "interest." Recent changes in the
local bank syste:n have made some new sources and conditions
of credit available, without much immediate effect on local
development processes. In balance, most farmers probably
feel they have sufficient access to investment capital to
satisfy their imnediate private-sector development expecta-
tions, and are suspicious of the "strings" often attached to

new capital.

Population control as part of integrated rural develop-
ment strategies doubtless received relatively low ranking for
saveral reasdns. In part, it is commonly thought of as and
indirect casval component of development (if it is thought of
at all). More importantly, however, the Islamic tradition
is generally thought opposed to contraceptive birth control,
and farmers fecel basic needs for nutrition and shelter are
being satisfactorily met in Egyptian villages thus supporting
both Islamic and Chrisltian conceptions that God will provide
for those He has created. Given this, it is perhaps nost 7
noteworthy that almost half of the sample thought growth con-
trol a very important strategy matter.

It is not surprising that farmers see the lowest~priority
strategy cption as government coercion to effect changes,
even if the changes are thought important ones. This approach
appears a most comuonly practices one in recent Egypt
(although changes are presently underway in this regard).

There is a negative reaction to the approach by some; among

AT
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others it is a familiar approach thought to be an effective,
though not always pleasant, means of getting change. Farm-
ers, like extension professionals, seem to realize the coer-
cion strategy yields “"development" only in the sense of
material accomplishments, but not as a path to greater indi-
vidual initiative, cooperation or satisfaction.

Rural Development Tactics

These matters of general strategy set the stage for a
consideration of farmers' perceptions of operational tactics.
We congider here their perceptions of how appropriate strat-
egies can be effectively implemented by development field
programs. As before, sample farmers were presented a series
of frequently used tactics which they were asked to rate in
terms of probable value of each in realizing their aspira-
tions. These data are summarized in Table 3.

It is noteworthy that farmers give emphasis to three
general themes: 1) they put more value on tacﬁics intended
to facilitate their learning how to be more effective farm-
ers and village citizens, which they assume to be tactics
emphasizing highly visible demonstration teaching keyed to
their present personal interests; 2) they put more value
on tactics that interface farmer interests and efforts with
the special abilities and powers of development resource
experts £o that a balanced developmrent partnership can be
realized as a process largely implemented by their actions,
which, in turn, are guided and facilitated by speciaiized
knowledge and resources; 3) they understand that it is essen-
tial in this process to have and use good local leadership
in support and coordination of the process. For instance,
specific items which are judged highest-priority tactics

include:

oo/ oo



- 23 -

TABLE 3. FARMERS' PERCEPTICNS OF ALTERNATIVE
RURAL DEVELOPMENT TACTICS IN PERCENTS (N=43)

Item: "How valuable do you think each of the followxng ideas would be
in helping change things that need improvement in the village?"

most some- no
valu- what real Total
able valu- value

able
A. Films and rural theatre telling how
to do things better. 83.7 11.6 4.7 100
B. Pamphlets telling how to do things
better. 25.6 46.5 27.9 100
C. Expert speakers telling how to do :
things better. 83.7 14.0 2.3 100

D. Occasional demonstration by experts '
that show how to do things better. 93.0 4.7 2.3 100

E. Permanent demonstration farms and

shops that prove how to do things
better. 95.4 2.3 2.3 100

F, Having experts available to answer
guestions when you want to know how
to do things better. 93.0 4,7 2.3 100

G. Posters and slogans reminding
people what they should do for
improvements. 27.9 44.2 27.5 100

H. Having local public meetings at
which citizens can speak their
minds to influence decision-makers. 95.4 2.3 2.3 100

I. Having citizen's opinions and ideas
collected by researchers so deci-
sion-makers can know how the people
feel about things. 55.8 41.9 2.3 100

J. Having expert. consultants make
recommendations for change. 62.8 37.2 - 100

'vo/o-.
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TABLE 3 CONTIN.: FARMERS' PERCEPTIONS OF
ALTERNATIVE RURAL DEVELOPMENT TACTICS IN PERCENTS (N=43)

Local citizens discussing what they
need and what they can do to got it.

Having an effective, representative
village council to influence govern-
ment decisions.

Having a village committee or asso-
ciation for guiding local develop-
ment.

Having trained government planners
direct and coordinate local changes.

most
valu-
able

51.2
95.4

53.5

65.1

some-~
what
valu-
able

16.3

30.2

23.3

no
real
value

32.5

16.3

11.6

Total

100

100

100

100




- 25 -

A) Permanent and special demonstration activities,
showing how things can be done better, so farmers can under-
stand and consider personal adoption of innovative practices;

B) Availability of expert resource persons whom farmers

can turn to for information and guidance;

C) Expeért speakers, films and rural theatre that pre-
sent infdrmation on practices in a way that is easy for then

to understand and relate to.

Written materials were understandably judged less valu-
able by these farmers, the majority of whom do not read.
Since they were asked to view the development process from
their personal perspectivés, many specifically commented that
written materials would be useful for Agricultural Coopera-
tive personnel and others who advised them on improved prac-
tices. Side comments reported by interviewers indicated
posters and slogans were judged relatively lexs valuable for
several reasons. First, they are recognized as superficial
actions that don't contain enough substance to provide mean-—
ingful guidance. Second, they are often thought to symbolize
an approach to local development--decisions imposed from the
top down--which the farmers have limited confidence énd trust

in;

D) Highly valued is the bringing together of local
citizens and public decision-makers for dialogue, so that
locals can have a direct influence in that substantial por-

tion of their lives that is administered for them;

F) Related, they put very high value on having an
effective village council structure (which includes lay citi-
zens and local representatives of the local government ser-

vice structure).

o/ o
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In both of these last cases, as was generally true of
education tactics noted earlier, citizens and experts or
officials are combined as an interactive force for local
development, cach having something important to cotribute,
in complementary fashion. This point is clarified when we
considexr some similar tactics that were not rated so highly.
For instance[/having researchers collect opinions, analyze
them and present them to decision-makers was considered
distinctly inferior to having the opportunity for direct
dialogue with the same people (although in many ways it would
be easier and safer to work through intermediate data collec-

tors).

Similarily, they put less value on having the process
be entirely their own, without expert or official support.
Autonomous local citizen discussions or a grassroots organiz-~
ation guiding activities do not hold as much promise, largely
because the farmers realize they lack certain competencies

necessary to make it work well.

In contrast, they also do not think it valuable to turn
the development process over to the experts alone. Their
confidence in the performance of expert consultants operating
independa2ntly of normal community processes, or of go#ernment
planners implementing the process in their behalf, is less

than with a combined local-expert effort.

IRRIGATED AGRICULTURE APPLICATIONS

Based on this review of local perspectives on general
development strategies and tactics, we should briefly con-
sider their specific implications for the development of
irrigated agriculture practices, where they are egqually

applicable.
.,.'/"‘
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First, we should note that the development of Egyptian
agriculture is primarily a process of improving farmer's
irrigation and agronomic practices so that their efforts and
production inputs are used more effectively, resulting in
imnproved yields. As & process, it nust emphasize encouraging
and facilitating farmer's understanding the value and tech-
niquzs of alternative farm managemént'préctices so they will
voluntarily adopt appropriate practices, later adapting them
to fit netr situvations and problems. Further, they must be
5o satisfied with the results that they e¢ncourage their
neighbors to do the sane, serving informally as the most
effective possible extension agents. Good knowledge of when
to apply how much irvigation water or fertilizer or herbi-

cides is basic in the process, of course.

As well, the development process must emphaszize coordin-
ation amonyg neighboring farmers in the Egyptian irrigated
agricultvrs casz, for many aspects of improved farm manage-
went require alternztive practices be adopted by grouvps of
edjacent farmers rather than just some individuals. Coor-
dinating in the maintcecnance of private ditches and drains,
cooperating to cbtain eguipment or services, prachticing area-
wide ingect control, ctc., are important parts of developing
agriculture. They are recognized by both farmers and experts
as som= of the more difficult aspects of the process, but
ones which must be included as the conplewment of iwmproved
individual practices. Twprove undecstanding among farners
for how and when to pursus véluntary coordination of indi-
vidual efforts is & natiter requiring a dilferent sort of
expert assistanca--the extension of alternative "social

technology®—-~but is as basic to thae agricultural development

process as anything elss, and the extensive "spill-over

well.
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Improving information flow between farmers and experts,
and among farmers themselves, is central in the'processu
Experience has shown that canal closures, new water measur-
ing devices or structures, the presence of agricultural
equipment, etc., must be understood by farmers to alleviate
disruptive suspicions and rumors, as well as work in support
of the adoption and diffusion of innovative practices they

enable.

Strengthening local leadership, cooperation and organ-
izational effectiveness is likewise an important aspect of’
the process. 1If farmers who adopt procedures for more effi-
cient application of water to 1%Z:i#¥ fields @re strengthened
in local influence, their role in extending these procedures
will be more effective. The process, in fact depends upon
them, for there are not cnough extension agents available to
convincingly reach all Egyptian farmers. In the same vein,
the effectiveness of land-leveling efforts as part of imprcv~
ing irrigation efficiency and crop yields depends upon farmers
coordinaticn in planning and implementation. Land plots are
usually too small to do this on a single-farmer basis and the
government does not hold the legal or manpower resources to

effectively accomplish this by itself.

Building the public-sector service structure in support
of irrigated agricultural development largely means assist-
ing the Coopzratives or Village Service Centers to be more
effective in Egypt. Partly, this ¢an be done by increasing
the technical knowledge and sense of responsibility of its
officials, but also it may involve augmenting the implements
it has available, arranging it to be exempted from some
locally imprudent policy passed down from above, Or encourag-
ing farmers to learn how to use it and appreciate what it can

do for them.

e/ onn
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Encouraging and faciliteting support industry may be a
part of the process. As small-scale land scrapers or new
canal lining materials are developed, there comes need for
their production. Promoting the government or private sector
manufacture-~-preferably in a "surplus labor" rural area--is
something that is part of the technical expert's role that
is often ecasily fulfilled.

It may not seem, on first consideration, that promoting
rorality or mutuul respzct among farmers is a part of devel-
oping irrigated agriculture. It is a very important part,
however. Acknowledging, capitalizing upon and sltrengthening
najor value themes of the target community can be critical
to the success of developwent if, for instance, village
people think proposed changes will undermine their valus
positions. In contrast, beliefs about the almost-sacred
gualities of water ox congsnial relations among family and
friends can be usced effectively in support of irrigation or
agronoiric objecotives., In the final analysis, any social
problems which occuxr awong Kgypiian farmers that can be even
hypothetically traced to development processes underwyay will
lead to a gensyal negative rsaction that can undermine ths
pecimanency of accowmplishments and the prospects for more.
Experience bas shown that using the assembly at the mosques
on Friday, working tbrouvghreligious leaders and support-
ing local conceptionz of morality by one's exanple is some-

thing irrigated agriculture experts must pay attention to.

When attention turns to technicuess for successfinl agri-
culture development, geveral matiters deserve emphasis. A
farmer's energetic participation in the process will coms
primarily by his seeing personal value in its accomplish-
ments for him. If cxperts pay fivst attention to what farm-

ers thlnk their farm management problews are, what metho

n»o/ooo



farmers consider appropriate, and what contributions techni-
cal expertise can make to these within the limits of local
resources, then there should be little trouble in getting the
farmers attention. Once attention is obtained, the farmer's
extensive input to the solutions of these problems should be
added. The siwple rule of thumb is: never do for farmers
what they could possibly do for theaselves with your help,
and never encouvrage them to undertake efforts that cannot be
succassfully replicated by farmers once they have learncd
how they are done. This enakles innovations to diffuse
through the national agricultural sector at the hands of
farmers, and builds in a "safety valve" for screening out

innovations which will likely not work out well.

Whenever a new practice can be demonstrated in advance
of its trial application, it should be. Similarily, it
should be explained as fully as the farmer's level of under-
standing will allow. The use of a variety of the most visual
tnd enjoyable cducational techniques available produces the
greatest comprehension. With this understanding cowmes the
ability to explain to others, and to find modified applica-

tions of the technigue thus adding to its wvalue.
1

From small successes the farmars had a role in realiz-
ing comes pride and enthusiasm for more of the same. In this
way, sinple development efforts in time lead to more alibi-
tious ones that may be more basic to the development of irri-
gated agriculture. Encouraging three neighbors to cooperate
in uniform leveling of their adjacent fields, for instance,
may be a significant step toward getiting «ll farmers on the
watercource to develop a schedule for their irrigations.
Although the process may be a slow and indirect path to

achieving those objectives the experts in the process value,

-oa/'.-
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it is often the only way to be effective in the longer run.

Since the data considered here show Egyptian farmerxs in

the areas of Egypt Water Use Project activities to have a
developed understanding of and preference for the strategies
and tactics discussed here, and elaborated in the development
process literature, the major implications for development
success among the farmers seem to be: respect them, their
desires, their ideas and their efforts; work with them pri-
marily as a resource person, and in time the fruits of the
partnership for progress should be a wide range of specific

benefits for all parties concerned.
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When cdase study of common research units is done by disciplines with
quite differvent data needs and methodological traditions, it is
usvally necessary for all to compromise somz desires for case
selection criteria so that comparable observationy are aveilable

for cross-disciplinary analysig, This situation prevailed here.

As a methodological note on the use of structured schedules for such
a population, we beguan by being skeptical that it would work well,
but had reason to trxy so that couparable cross—cultura?! data on
these mattars could be collected and enalyzed. Also, we thought it
might expedite the collection and processing of such a range of
specific items. Generally, we found the procedure worked well, and
only had tha deficiencics that apply to the use of the procedure
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{e.g., refecvents must be clear, as subjects do not ordinarily deal
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other scales provoked careful thought in these subjscts; there wis
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Irrigation Technology for Desert Land Reclamationlf

2/

E. V. Richardson and V. A, Koelzer~

Introduction

The irrigation of desert lands provides both an opportunity for
agricultural development and economic gain and the potential for an
economic disaster. Aridisols of the desert with irrigation can be
very productive. However, those lands outside of alluvial valleys
may contain large quaﬁtities of salts, have no organic matter, may be
low in fertility and often have low moisture holding capacity. These
quantities require very careful water management. Sprinkler, drip
and bubbler irrigation systems provide an effective method of water
management and can usually provide better water management than the
traditional basin, furrow and border surface irrigation systems.

This paper is confined to a discussion of center pivot sprinklers,
drip and bubble irrigation systems. There are many different sprinkler
systems, such as buried solid set, side roll, toQ—a—line, big gun, hand
move, traveling, or boom in use today. But by far the largest single
sprinkler system in the development of new lands in the United States
is the center pivot system. It has unique capabilities that recommend
its use for field crops in desert land development.

Drip and a variation of drip called the bubbler have special
qualifications for certain applications, in particular, for orchards
and some vegetable crops, in water scarce areas and in the use of
l/Presented at the International Conference on the Applications of

Science and Technology for Desert Development. The American
University in Cairo, Egypt, September 1978 and published in Advances
in Desert and Arid Land Technology, Volume 1, Adli Bishay and

McGinnies Editors, Harwood Academic Publishers 1979.
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=~ Professors of Civil Engineering, Colorado State University, Fort
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highly saline waters. Because there is considerable interest in these
two systems for desert land development; discussion of these methods
is included in this paper,.

The paper cannot discuss all aspects of these systems, but can
only briefly describe them. For more information the reader is referred
to the literature cited. However, the bibliography is not all inclusive.
The paper will describe some of the general advantages of the three
systems in contrast to surface irrigation and then will describe each
system in more detail. In general, the paper deals with the experi-
ences and investigations of the authors in developing new croplands in
Nebraska and Colorado. In the process of our work we have had to
investigate various sprinkler systems, drip and bubbler rather than the
traditional basin, furrow and border surface irrigation because the

former systems provide more effective water management.

General

Water Management is applying the correct amount of water to the
soil to meet plant water requirements, evaporation from the soil and any
additional water needed for salinity control without excess runoff or
deep percolation.

The water requirements of plants is not constant but changes with
plant growth with the largest requirements generally occurring during
flowering. Water available for plant use is that water held in the soil
between field capacity and the wilting point. Fiéld capacity is
amount of water soil will hold against drainage by gravity and wilting
point is the amount of water in the soil when plants begin to wilt.
Saturation is the amount of water in a soil when all air space is

occupied by water. Plants ability to extract water from the soil



decreases with a decrease in the amount of water available in the soil
and with an increase in concentration of soluble salts. Soils at
saturation for any length of time adversely affect plant growth.

Water holding capacity and infiltration rate (rate water moves
down and into the soil) of soils depends on its texture and structure.
Coarse textured soils--sandy soils--have low water holding capacity
and high infiltration rates. Whereas fine textured soils--clay and
silty clay soils--have high water holding capacity and low infiltration
rates.

Salinity management is required on all irrigated lands but is
especially important with desert soils. Salinity management requires
efficient irrigation and is necessary not only to maintain the
productivity of the lands being irrigated but also to prevent deteriora-
tion of the groundwater aquifer or surface water supplies by the return
flow from excess irrigation.

All irrigation waters contain a certain concentration of salts.
Salt concentrations may range from one to two hundred parts per million
(ppm) of total dissolved solids to as large as 2 to 3,000 ppm.
Successful surface irrigated agriculture has been maintained in the
Arkansas River Valley of Colorado, USA, using surface irrigation
techniques with concentrations of salts of 2,000 ppm. However careful
water management practices have to be used.

Traditional salinity management practice has been to put excessive
amounts of water on the field to leach the salt from the soil. Excessive
water is watering greatly in excess of the water required by the plants
for transpiration and the water lost from the soil surface by evaporation;

the evapotranspiration (ET) requirement of the crop. This ET varies



with crops and there are various equations for calculating the ET of
various crops such as the Penman, 1948; Blaney, Criddle, 1947; Jensen,
Haise, 1963 equations.

Water greatly in excess of the ET of the crop leaches the salts
from the root zone. However, the excess water returns to the aquifer
contaminating it or returns to the river via surface and subsurface
drains. These return flows either to the aquifer or to the surface
water system create problems downstream.

Research has shown (Agricultural Research, 1974) that crops utilize
mostly the water from the top portion of the root zone and that plants
can tolerate larger salt concentrations near the bottom of the root
zone. Thus, it is not necessary to apply excess water to leach the
salts from the profile. With proper water management whereby excess
salts are moved out of the upper part of the root zone, good yields are
maintained, and deep percolation and salt water contamination is
prevented. The applicability of the research has been demonstrated
in field studies in Colorado (Agricultural Engineering Department, 1976),
Arizona and other areas.

Not only does good water management decrease the hazards of salinity
but is saves water that can be used elsewhere, decreases the capital
costs of the irrigation system (smaller ditches, laterals or pumping
plants and decrease drainage requirements) and leaves valuable nutrients
in the root zone.

All good irrigators, regardless of the irrigation methods, practice
good water management and profit from the increase in crop production.
Water management increases yields. Good fertilization practices
increase yields. Good agronomic practices increase yields and good

seeds increase yields. But any one of the practices doesn't increase



yields as much as all of them would in total. In fact, there is a
multiplying effect of water management in combination with the others.
Yield often triples and quadruples when water management is used along
with the others.

Sprinkler, drip, and bubbler provide an effective method of
providing good water management. That is not to say that good water
management cannot be obtained with surface irrigation but only that
with sprinkler, drip and bubble and other controlled closed conduit
systems that bring the water from source to the consuming plant water
control is easier to accomplish. These methods can be utilized on land
that is too rough for surface irrigation (center pivot sprinklers can
be used on any land that can be farmed). In Nebraska, where over 16,000
center pivot sprinkler systems are installed, the only requirement
with regard to land slope is that farm machinery can traverse it.

Sprinkler, drip and bubble, because they apply the correct quantity
of water to the crop at the time it is required can be used on soils
ranging from light sandy soils with large infiltration rates and small
holding capacity to heavy clay soils with small infiltration rates and
large holding capacity.

In sandy soils surface irrigation methods, even with lining of
ditches, small runs, etc. will use excess water and cannot replenish
the soil moisture content often or fast enough to prevent crop loss.
This is often also the case for hand set, wheel roll and drag sprinkler
systems. In the sandhills of Nebraska and Colorado, USA, crops of
100 to 200 bushels of corn are raised on sand with less than two percent
organic matter. All nutrients are supplied, often by the center pivot

sprinkler.



In heavy soils surface irrigation may require that water be held on
the land for excessive times in order to replenish soil moisture. This
may result in excessive tail water runoff with furrow irrigation or
excessive ponding with basin irrigation. However, level basins with or
without furrows, or tailwater return system and other improved surface
irrigation techniques that are being developed provide methods to utilize
surface irrigation on these soils. With any soils except for the very
rough or the very sandy good water management can be obtained with
surface irrigation. However, training farmers, water distribution
managers and government officials to practice good water management (both
on-farm and in the distribution system) with surface irrigation is more

difficult than with center pivot sprinklers, drip or bubble,

Center Pivot Sprinkler System

A center pivot sprinkler system consists of a machine that has a
series of sprinklers (either impact type or spray nozzles) mounted on
a pipe (pipe diameter being 4, 6, or 8 inches in diameter or combination
of diameters depending on size of area to be irrigated) that is in
turn mounted or carried by a row of five or more mobile towers., The
towers move in a circle around a center pivot where watexr is pumped into
the pipe. The source of water may be a well located near the pivot or
from a canal with ditch or pipe to the pivot. The movement of the
towers around the pivot is controlled by the outermost tower and an
alignment device that uses simple micro switches to move the other towers
to keep up with the outer tower. The rate of advance is variable--usually
from a complete circle in 18 to 24 hours to a complete circle in three
or four days. Water application rate is directly proportional to the

rate of travel. Thus, the moisture needs (ET) of the crop can be



exactly met by varying the rate of advance. The towers are driven by
either electric motors or water drive and the pumps may be electric,
diesel or gas driven. Pipe pressure at the pivot range from 60 to 100
pounds per square inch (psi) for high pressure systems and 30 to 70 psi
for low pressure systems. The systems as developed are simple to operate,
easy to assemble, relatively fool-proof, and need few spare parts. In
fact, plants to manufacture the machines using some readily available
components would be relatively easy to construct in any country and do
not require a large capital outlay.

Because center pivots cover a circular area they miss the corner
and thus only cover 79 percent of the area in any square. If land is
scarce then the loss of 21 percent of the land from production could be
important. By nesting the circles, the use of cornering devices or other
sprinkler systems, the land loss can be decreased. However, if land
is not expensive then it is usually better to leave the corners fallow
or utilize them for storage, homes, etc.

If one center pivot is used in isolation crop production is less
at the outer edge because of the large loss of soil water to the surrounding
land and higher evaporation from the land and transpiration from the
plants resulting from the dry desert air. That is, the inner part of
the circle benefits from the oasis effect. A big gun sprinkler on the
end tower enlarges the circle and helps decrease crop loss. To take
advantage of the oasis effect it is well to install a number of center
pivots on a block of land and confine the loss of production to the outer
edge of a large area rather than around a single center pivot.

In a recent land development (1977) in eastern Colorado ten center

pivots were installed on 1900 acres. In total 1475 acres were irrigated.



The land was hilly, in one area the slope was so steep that tractors
could not go up the slope and had to operate downhill. The soil was

sand (less than two percent organic) and all nutrients had to be supplied
using commercial fertilizer. The installation started in September and
the first corn crop planted the following April. The crop averaged 137
bushels or 4.1 tons per acre.

Cost of installing the center pivots were as follows:

Pumps and motor $ 99,744
Wells 74,343
C.P. Sprinkler 308,260
P.P 24,182
Concrete pads 2,367
Power (line, transformer etc) 26,350

$ 535,246

or $363/acre. In addition to the above costs, $26,600 was spent in land
development--filling in some gullies, eliminiating a small ephemeral lake
so that the towers and farm machinery could operate.

Operating costs, exclusive of labor, insurance, taxes, etc. were

as follows:

Seed $ 14,140
Herbicides, pesticides, 54,159

and fertilizer
Utilities (electric) 46,024
Repair & Maintenance 7,150
$ 121,473

Overall the capital and operating cost can be recovered with an average
yield of 130 bushels per acre at a price of $2.00/bushel.

The above costs are for installation where irrigation equipment,
labor and equipment to install the machines and the total infrastructure
is all set up. In desert lands of Egypt near Cairo a recent estimate
of the installation of a single machine pilot project for 130 acres
using a tubewell was $1270/acre. These costs would decrease as the

infrastructure to install and service the machines developed. A



pilot project would of course help develop the needed infrastructure
needed to construct and operate the system and develop the methodology
for farming with center pivots. For example, the towers tend to cause
ruts in heavy soils. Sands normally are no problem. It is easier

to operate farm machines in straight lines (across tower tracks) than
in circles. The pilot project would develop techniques to farm where
rutting may be a problem.Also, other questions that a pilot project
would answer are costs, water efficiency method of applying fertilizer,

maintenance and so forth.

Trickle Drip

Trickle or drip irrigation systems are a network of closed conduits
that supply small amounts of filtered water periodically to the soil at
each plant. The system operates at low pressure (5 to 14 lbs per square
inch). Only the soil in the root zone of each plant is supplied with
moisture. The network of conduits (usually plastic pipe of 1/2 to 3/4 inch
in diameter) is laid on the ground along the crop row. The crop is usually
fruit trees and grapes, but vegetables and in Hawaii, sugar cane, have
been irrigated by trickle systems. From these lines outlets called
emitters are placed to provide the water to the plant area. These emitters
are needed to dissipate the pressure of the pipe network and provide a
trickle of water to the plant.

The soil moisture in the root zone of the plant is kept in the
desired range by intermittent operation of the system. This intermittent
operation can be either manually or automatic. Water scheduling can be
accomplished by calculations whereby on and off times are established or
by soil moisture sensors that determine when a given water deficiency

should be replenished.
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The advantages of the system as given by Keller and Karmeli (1975)
and K. Shoji (1977) are efficient use of water, because only a small
surface area of the soil is wetted evaporation is a minimum, Weed growth,
and loss of water by weedé, is inhibited, Although weeds grow around
the emitters, in orchards, there are large areas of bare ground that trickle
irrigation keeps dry. Trickle, as with the other systems mentioned,
allows for good water management and the control of salinity, Also, bej
cause it can provide a continuously high soil moisture content trickle
is advantageous when water with large concentrations of salt must be used.
Trickle also moves the large concentrations of salt to the outer or
fringe area of the root zone which keeps the salt concentration in the
soil in the major part of the zone at tolerable levels. Trickle in con-
trast to sprinkler irrigation eliminates leaf burn and fruit spotting
because of salt accumulations on the plant, Of course, fertilizer can
be applied through the system and it is only supplied to the root zone
of the plant being irrigated, thus,decreasing the amount of fertilizer
required.

The major disadvantage to trickle is clogging of the emitters
either by sediment in the water, algae growth or chemical precipitates.

To prevent clogging by sediments filters must be used, chemicals are
added to prevent algae growth and possibly acids or other chemicals are
added to remove or precent precipitates. Rodents sometimes damage pipes,
All of the above increase cost and in particular filtering increases
energy requirements and the complexity of operating the system, In
general, trickle will be an efficient, effective and economical system
of irrigation for high value crops, scarce water supply, sediment-free

water, and high labor costs,
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Bubble Irrigation Systems

The bubble irrigation is a closed-conduit system similar to trickle
but operates at much lower pressure (0.7 psi or less vs. 5 to 14 psi for
trickle) and no emitter. Pressures available from open ditches are
often sufficient. Bubble does not require filtered water but if sur-
face water is extremely dirty a method of flushing the main lines and
laterals may be needed. This can be simply a valve at the end of the
line so that most of the pipe flow can be periodically discharged.
Generally the main line and laterals are buried (about 2 ft) to protect
the pipe and to aid in cultivation.

The bubble system consists of a network of low pressure pipes of
2 to 4 inches in diameter. Inexpensive, thin-walled, corrugated plastic
pipe is sufficient. Small hoses (1/4 to 1/2 inch) go from the plastic
pipe to the plant to be irrigatéd. Water flows full in the pipe by
gravity and delivers the water to the plant by way of small hoses
which take the place of emitters in the trickle system. The flow rate
to the plant is controlled by the elevation of the end of the small

hose either by fastening the end to a stake or the tree.

The proper elevation of the hose end is determined by trial and
error with the system in operation until each plant is getting the
proper amount of water to replenish the soil moisture as determined by
calculations. Simple calculations of head loss and surveying in a
preliminary elevation line speeds up the trial and error process.

Bubble irrigation is well described by Rawling (1977) and is an
attractive alternative to trickle. It has the same advantages and

doesn't require the filtering and associated high energy requirements.
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It does, however, require fairly uniform land. The land can be sloping
but because the system operates by gravity large changes in grade
cannot be tolerated. Costs for materials for the bubble irrigation
system is estimated by Rawlins (personal communications) as around $370
per acre. Materials for the same system in Polyvinyl chloride pipe

required for trickle would be $690 per acre.
Summary

Successful irrigation of desert lands requires good water
management which is difficult to obtain with surface irrigation systems.
In particular, when developing new lands center pivot irrigation
systems provide an excellent method of obtaining good water management
and large crop yields at relatively low overall costs for field crops
such as beans, corn, sugar beets, and cotton. The system is particu-
larly well suited for rough ground and is a good method for soil types
from sand to light.

For fruit trees, and some vegetables, a low head, closed conduit
irrigation system called bubble has many advantages such as low cost,
simplicity of operation, low energy requirements and water savings. It
does require relatively uniform land surfaces although it can be
engineered for fairly steep slopes if they do not have large adverse
breaks in grade. Where, energy may not be a problem and rough land,

a system called trickle or drip may be a good alternative to the bubble.



13

References

Agricultural Engineering Department, 1976. Irrigation Field Day report.
Colorado State University, Fort Collins, Colorado.

Agricultural Research, 1974. '"Attacking salinity on irrigated land,"
USDA, Vol. 23, No. 6.

Blaney, H. F. and Criddle, W. P., 1947. "A method of estimating water
requirements in irrigated areas from climatological data,"
USDA Soil Conservation Service Memo.

Brody, Nyle C., 1974. '"The nature and property of soils,'" 8th edition,
McMillan Pub. Co., New York.

Doorenbos, J. and Pruitt, W. 0., 1977, "Crop water requirements,"
FAQ Irr. & Drain. Paper 24, Rome.

European Commission on Agriculture, 1973, "Trickle Irrigation,"
FAO Irr. & Drain. Paper 14, Rome.

Jensen, M. E., and Haise, H. R., 1963, "Estimating Evapotranspiration
from solar radiation," Jour. Irr. & Drain. Dir. ASCE v. 89, NIR4.

Keller, J. and Karmeli, D., 1975. "Trickle Irrigation Design." Rain
Bird Sprinkler Co., Glendora, California.

Lockwood Corporation, 1977. '"Center-pivot design manual," Gering,
Nebraska.

McCulloch, A. W., Keller, J., Sherman, R. M., and Mueller, R. C., 1976.
"Irrigation handbook,'" American Division of Lockwood Corporation,
Woodland, California.

Rawlins, S. L., 1978. '"Uniform Irrigation with low-head bubbler system,"
U.S. Salinity Laboratory Publication No. 602.

Shoji, K., 1977, '"Drip irrigation," Scientific American, Nov.

Splinter, W. E., 1976. '"Center-pivot irrigation,' Scientific American,
June.



	Egyptian_Vol4_0001
	Egyptian_Vol4_0002
	Egyptian_Vol4_0003
	Egyptian_Vol4_0004
	Egyptian_Vol4_0005
	Egyptian_Vol4_0006
	Egyptian_Vol4_0007
	Egyptian_Vol4_0008
	Egyptian_Vol4_0009
	Egyptian_Vol4_0010
	Egyptian_Vol4_0011
	Egyptian_Vol4_0012
	Egyptian_Vol4_0013
	Egyptian_Vol4_0014
	Egyptian_Vol4_0015
	Egyptian_Vol4_0016
	Egyptian_Vol4_0017
	Egyptian_Vol4_0018
	Egyptian_Vol4_0019
	Egyptian_Vol4_0020
	Egyptian_Vol4_0021
	Egyptian_Vol4_0022
	Egyptian_Vol4_0023
	Egyptian_Vol4_0024
	Egyptian_Vol4_0025
	Egyptian_Vol4_0026
	Egyptian_Vol4_0027
	Egyptian_Vol4_0028
	Egyptian_Vol4_0029
	Egyptian_Vol4_0030
	Egyptian_Vol4_0031
	Egyptian_Vol4_0032
	Egyptian_Vol4_0033
	Egyptian_Vol4_0034
	Egyptian_Vol4_0035
	Egyptian_Vol4_0036
	Egyptian_Vol4_0037
	Egyptian_Vol4_0038
	Egyptian_Vol4_0039
	Egyptian_Vol4_0040
	Egyptian_Vol4_0041
	Egyptian_Vol4_0042
	Egyptian_Vol4_0043
	Egyptian_Vol4_0044
	Egyptian_Vol4_0045
	Egyptian_Vol4_0046
	Egyptian_Vol4_0047
	Egyptian_Vol4_0048
	Egyptian_Vol4_0049
	Egyptian_Vol4_0050
	Egyptian_Vol4_0051
	Egyptian_Vol4_0052
	Egyptian_Vol4_0053
	Egyptian_Vol4_0054
	Egyptian_Vol4_0055
	Egyptian_Vol4_0056
	Egyptian_Vol4_0057
	Egyptian_Vol4_0058
	Egyptian_Vol4_0059
	Egyptian_Vol4_0060
	Egyptian_Vol4_0061
	Egyptian_Vol4_0062
	Egyptian_Vol4_0063
	Egyptian_Vol4_0064
	Egyptian_Vol4_0065
	Egyptian_Vol4_0066
	Egyptian_Vol4_0067
	Egyptian_Vol4_0068
	Egyptian_Vol4_0069
	Egyptian_Vol4_0070
	Egyptian_Vol4_0071
	Egyptian_Vol4_0072
	Egyptian_Vol4_0073
	Egyptian_Vol4_0074
	Egyptian_Vol4_0075
	Egyptian_Vol4_0076
	Egyptian_Vol4_0077
	Egyptian_Vol4_0078
	Egyptian_Vol4_0079
	Egyptian_Vol4_0080
	Egyptian_Vol4_0081
	Egyptian_Vol4_0082
	Egyptian_Vol4_0083
	Egyptian_Vol4_0084
	Egyptian_Vol4_0085
	Egyptian_Vol4_0086
	Egyptian_Vol4_0087
	Egyptian_Vol4_0088
	Egyptian_Vol4_0089
	Egyptian_Vol4_0090
	Egyptian_Vol4_0091
	Egyptian_Vol4_0092
	Egyptian_Vol4_0093
	Egyptian_Vol4_0094
	Egyptian_Vol4_0095
	Egyptian_Vol4_0096
	Egyptian_Vol4_0097
	Egyptian_Vol4_0098
	Egyptian_Vol4_0099
	Egyptian_Vol4_0100
	Egyptian_Vol4_0101
	Egyptian_Vol4_0102
	Egyptian_Vol4_0103
	Egyptian_Vol4_0104
	Egyptian_Vol4_0105
	Egyptian_Vol4_0106
	Egyptian_Vol4_0107
	Egyptian_Vol4_0108
	Egyptian_Vol4_0109
	Egyptian_Vol4_0110
	Egyptian_Vol4_0111
	Egyptian_Vol4_0112
	Egyptian_Vol4_0113
	Egyptian_Vol4_0114
	Egyptian_Vol4_0115
	Egyptian_Vol4_0116
	Egyptian_Vol4_0117
	Egyptian_Vol4_0118
	Egyptian_Vol4_0119
	Egyptian_Vol4_0120
	Egyptian_Vol4_0121
	Egyptian_Vol4_0122
	Egyptian_Vol4_0123
	Egyptian_Vol4_0124
	Egyptian_Vol4_0125
	Egyptian_Vol4_0126
	Egyptian_Vol4_0127
	Egyptian_Vol4_0128
	Egyptian_Vol4_0129
	Egyptian_Vol4_0130
	Egyptian_Vol4_0131
	Egyptian_Vol4_0132
	Egyptian_Vol4_0133
	Egyptian_Vol4_0134
	Egyptian_Vol4_0135
	Egyptian_Vol4_0136
	Egyptian_Vol4_0138
	Egyptian_Vol4_0139
	Egyptian_Vol4_0140
	Egyptian_Vol4_0141
	Egyptian_Vol4_0142
	Egyptian_Vol4_0143
	Egyptian_Vol4_0144
	Egyptian_Vol4_0145
	Egyptian_Vol4_0146
	Egyptian_Vol4_0147
	Egyptian_Vol4_0148
	Egyptian_Vol4_0149
	Egyptian_Vol4_0150
	Egyptian_Vol4_0151
	Egyptian_Vol4_0152
	Egyptian_Vol4_0153
	Egyptian_Vol4_0154
	Egyptian_Vol4_0155
	Egyptian_Vol4_0156
	Egyptian_Vol4_0157
	Egyptian_Vol4_0158
	Egyptian_Vol4_0159
	Egyptian_Vol4_0160
	Egyptian_Vol4_0161
	Egyptian_Vol4_0162
	Egyptian_Vol4_0163
	Egyptian_Vol4_0164
	Egyptian_Vol4_0165
	Egyptian_Vol4_0166
	Egyptian_Vol4_0167
	Egyptian_Vol4_0168
	Egyptian_Vol4_0169
	Egyptian_Vol4_0170
	Egyptian_Vol4_0171
	Egyptian_Vol4_0172
	Egyptian_Vol4_0173
	Egyptian_Vol4_0174
	Egyptian_Vol4_0175
	Egyptian_Vol4_0176
	Egyptian_Vol4_0177
	Egyptian_Vol4_0178
	Egyptian_Vol4_0179
	Egyptian_Vol4_0180
	Egyptian_Vol4_0181
	Egyptian_Vol4_0182
	Egyptian_Vol4_0183
	Egyptian_Vol4_0184
	Egyptian_Vol4_0185
	Egyptian_Vol4_0186
	Egyptian_Vol4_0187
	Egyptian_Vol4_0188
	Egyptian_Vol4_0189
	Egyptian_Vol4_0190
	Egyptian_Vol4_0191
	Egyptian_Vol4_0192
	Egyptian_Vol4_0193
	Egyptian_Vol4_0194
	Egyptian_Vol4_0195
	Egyptian_Vol4_0196
	Egyptian_Vol4_0197
	Egyptian_Vol4_0198
	Egyptian_Vol4_0199
	Egyptian_Vol4_0200
	Egyptian_Vol4_0201
	Egyptian_Vol4_0202
	Egyptian_Vol4_0203
	Egyptian_Vol4_0204
	Egyptian_Vol4_0205
	Egyptian_Vol4_0206
	Egyptian_Vol4_0207
	Egyptian_Vol4_0208
	Egyptian_Vol4_0209
	Egyptian_Vol4_0210
	Egyptian_Vol4_0211
	Egyptian_Vol4_0212
	Egyptian_Vol4_0213
	Egyptian_Vol4_0214
	Egyptian_Vol4_0215
	Egyptian_Vol4_0216
	Egyptian_Vol4_0217
	Egyptian_Vol4_0218
	Egyptian_Vol4_0219
	Egyptian_Vol4_0220
	Egyptian_Vol4_0221
	Egyptian_Vol4_0222
	Egyptian_Vol4_0223
	Egyptian_Vol4_0224
	Egyptian_Vol4_0225
	Egyptian_Vol4_0226
	Egyptian_Vol4_0227
	Egyptian_Vol4_0228
	Egyptian_Vol4_0229
	Egyptian_Vol4_0230
	Egyptian_Vol4_0231
	Egyptian_Vol4_0232
	Egyptian_Vol4_0233
	Egyptian_Vol4_0234
	Egyptian_Vol4_0235
	Egyptian_Vol4_0236
	Egyptian_Vol4_0237
	Egyptian_Vol4_0238
	Egyptian_Vol4_0239
	Egyptian_Vol4_0240
	Egyptian_Vol4_0241
	Egyptian_Vol4_0242
	Egyptian_Vol4_0243
	Egyptian_Vol4_0244
	Egyptian_Vol4_0245
	Egyptian_Vol4_0246
	Egyptian_Vol4_0247
	Egyptian_Vol4_0248
	Egyptian_Vol4_0249
	Egyptian_Vol4_0250
	Egyptian_Vol4_0251
	Egyptian_Vol4_0252
	Egyptian_Vol4_0253
	Egyptian_Vol4_0254
	Egyptian_Vol4_0255
	Egyptian_Vol4_0256
	Egyptian_Vol4_0257
	Egyptian_Vol4_0258
	Egyptian_Vol4_0259
	Egyptian_Vol4_0260
	Egyptian_Vol4_0261
	Egyptian_Vol4_0262
	Egyptian_Vol4_0263
	Egyptian_Vol4_0264
	Egyptian_Vol4_0265
	Egyptian_Vol4_0266
	Egyptian_Vol4_0267
	Egyptian_Vol4_0268
	Egyptian_Vol4_0269
	Egyptian_Vol4_0270
	Egyptian_Vol4_0271
	Egyptian_Vol4_0272
	Egyptian_Vol4_0273
	Egyptian_Vol4_0274
	Egyptian_Vol4_0275
	Egyptian_Vol4_0276
	Egyptian_Vol4_0278
	Egyptian_Vol4_0279
	Egyptian_Vol4_0280
	Egyptian_Vol4_0281
	Egyptian_Vol4_0282
	Egyptian_Vol4_0283
	Egyptian_Vol4_0284
	Egyptian_Vol4_0285
	Egyptian_Vol4_0286
	Egyptian_Vol4_0287
	Egyptian_Vol4_0288
	Egyptian_Vol4_0289
	Egyptian_Vol4_0290
	Egyptian_Vol4_0291
	Egyptian_Vol4_0292
	Egyptian_Vol4_0293
	Egyptian_Vol4_0294
	Egyptian_Vol4_0295
	Egyptian_Vol4_0296
	Egyptian_Vol4_0297
	Egyptian_Vol4_0298
	Egyptian_Vol4_0299
	Egyptian_Vol4_0300
	Egyptian_Vol4_0301
	Egyptian_Vol4_0302
	Egyptian_Vol4_0303
	Egyptian_Vol4_0304
	Egyptian_Vol4_0305
	Egyptian_Vol4_0306
	Egyptian_Vol4_0307
	Egyptian_Vol4_0308
	Egyptian_Vol4_0309
	Egyptian_Vol4_0310
	Egyptian_Vol4_0311
	Egyptian_Vol4_0312
	Egyptian_Vol4_0313



