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ON-FARM WATER MANAGEMENT

SYSTEM ANALYSIS TRAINING MANUAL

PREFACE

A. Objectives of the Manual

This training manual and training program is central
to the purposes of the Egyptian Water Use Project (EWUP;.
Training skilled personnel in Water Management is essential
to the achievement of the project goals and objectives. The
stated purposes of the EWUP Project are:

1. "Develop and demonstrate repeatable improved irrigation
water management and associated practices that increase
agricultural production and improve the social and
economic conditions of small farmers."

2. "Increase the institutional capacity to develop and

sustain an improved on-farm water management program
for the betterment of economic and social living
levels of small farmers."
Egypt has a noble history of thousands of years of
expertise in irrigated crop production. The application
of an on-farm water management program using a process
of Problem Identification (PI), Search for Solutions (SS),
and implementation of improved practices is however, a new
approach to on-farm water management improvement. Special
training therefore, is needed to increase Egypt's institutional
capabilities in the maximization of this new approach. Egypt

is one of the first countries where a systematic approach for



the evaluation of existing water management systems is being
implemented. The particular Research-Development process
being used will identify the significant problems, search

for viable problem solutions, assess these solutions for
farmer use and implement appropriate technologies within

a comprehensive development program. Unlike some approaches,
few initial assumptions are made about the physical and
economic problems prior to PI studies, and farmers' attitudes,
knowledge, and constraints are not ignored.

As described in this manual, to define how an irrigation
system operates requires special technical skills along with
the willingness of technical personnel to work closely
together as members of an interdisciplinary research team.
This manual will focus on developing trained personnel to
initiate and sustain a program of Problem Identification in
irrigation systems for the improvement of on-farm water
management in Egypt.

The manual will be utilized as a supplement to a formal
training program with the purpose of providing basic materials
to accompany lectures and the laboratory field exercises
that are included in the training program. The materials
are structured to provide trainees with:

a. An understanding of the process and specific
procedures for Problem Identification studies of
irrigation systems.

b. An understanding of the principles by which individuals
can work closely as members of an interdisciplinary

team including farmers.



c. Systematic use of the basic discipline skills and
experience at integrating information from all
disciplines in the Problem Identification process.

d. Experience in the definitions, development, and
use of field data management systems and procedures
to assure quality control of the data.

e. An understanding of how to utilize PI findings to
guide the Search for Solutions and Implementation
phases of on-farm water management improvement
activities.

B. Basic Philosophy of the Manual

The philosophy upon which this manual is based is more
fully described in another publication.* The basic parts
of that philosophy are: 1) use of a systems approach to
on-farm irrigation evaluation, 2) an interdisciplinary
rather than a single discipline approach to research, 3)
team work, cooperation, and exchange of data and 4) a
search for problem solutions with an on-farm focus and a
management orientation. Training is given central focus
throughout all phases of the process. Both the structure
and the format of the manual will reflect these key concepts
and major emphases. The major themes throughout this

manual are interdisciplinary team work and a management

orientation to agricultural production systems which considers

the farmer as a central figure in the process.

*A Research Development Process for Improvement of On-Farm
Water Management (Clyma, Lowdermilk, and Corey, 1978).
Technical Report, Pakistan Water Management Project - AID
Contract with Colorado State University, Fort Collins.




The manual will focus primarily on skills and skill
utilization and will incorporate the development of knowledge
and positive attitudes required for successful team
implementation of Problem Identification studies. One of
the great challenges in this training for EWUP is to create
attitudes and behaviors related to the principles and
procedures of team building. Unlike formal educational
training, this particular type of job training has immediate
recognizable usefulness in that it:

1. 1Is specifically related to defined tasks.

2. Is designed to meet current needs,

3. Has immediate field application.

4. Is a "hands on" skills training.

It is hoped that the philosophy of on-farm water
management and the training of interdisciplinary teams
will increasingly become a part of Egypt's research and
development activities in irrigated agriculture.

C. Glossary of Terms Used in this Manual

(Key concepts and terms will be defined in both English
and Arabic)

A new approach to research in irrigated agriculture is
being taught to individuals from several deisciplines whose
native language is not English. Thus, it is essential that
both trainers and trainees understand the terms used to
define the major concepts, attitudes, and procedures used
in training. Without this shared understanding of basic

vocabulary, communication can be poor and misunderstanding



can be expected. Both the English and Arabic definitions
are given to assure a better understanding of the basic

terms.



DEFINITION OF KEY TERMS

System Analysis

The procedure through which the understanding of an
irrigation system is attained in order to define specific
shortcomings that prevent the irrigation system from being

fully effective in its operation.
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Systems Approach

A research program which has as its objective the

study of all the component parts pertaining to a specific

research problem. With respect to on-farm water management,
the components would include the physical properties,
sociological properties, agronomic properties, and economic

properties of the agricultural system.
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Interdisciplinary Reseaxrch

A research approach where different academic disciplines
come together to examine a problem. The output of the studvy
consists of an integrated understanding of the system where
each discipline takes into consideration the effects c¢f th=

other disciplines in both analysis and recommendations.
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Research Team

Individuals who work together on a research problem,
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Reconnaissance

Preliminary observations of a research area by the
members of a research team to obtain general information
which can guide the initial directions of the major research

activity.
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Water Management

The control, administration, and use of water from
the point of storage through conveyance, delivery to
farms, application to crops, utilization by plants, and

removal or drainage.
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Farmer Client

The focus of a research project which encourages the
researchers to concentrate on the farmer and seek the

involvement of the farmer in the research process.
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Action Research

A systematic investigation which is conducted
specifically to guide an action program and continues beyond
the presentation of the data collected. Testing is
conducted under the actual conditions of the recipient of

the research.
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Applied Research

The direction of activities to provide knowledge for

the improvement of specific conditions,
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Evaluative Research

The process in which the scientific method is applied
for the purpose of making a judgment about the value of
certain methods, processes, programs, etc., This utilizes
various types of data. The decision rules, and criteria

that are agreed upon in advance of the data collection.
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Adaptive Research

An investigation whose purpose is to fit a new
technology into different environments.
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Communication

The transmission of thoughts, ideas, or information,
from one individual or group to another individual or

group.
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Team Building

The process in which individuals involved in a research
program change from single purpose investigations by each
participant to an integrated study involving the shared

contributions of all the participants.
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Conflict Resolution

The process where disagreement between members of a
team is discussed openly. Then a decision is made on how
the disagreement will be solved.
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Management Focus

Researchers must understand that a farmer is the decision-

maker on his farm and that the operation of the farm is due

to a rational approach of identifying a problem, assessing
alternatives, and applying the chosen solution. Any
recommendations by the research group must be analyzed as

to their consequences to the farmer.
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D. Basic Format of the Manual

The manual is organized to answer some basic questions.
Chapter I is based on the guestion, "What is Problem
Identification?" Chapter II the question, "What are the
subsystems (dimensions) of a farm irrigation system?2?"
Chapter III the question, "How is the farmer's decision-
making process affected by the interaction between the

subsystems?" These questions are related as shown in the

diagram:
FARM IRRIGATION SYSTEM
WATER PLANT- RESOURCE STRUCTURAL-
CONTROL SO1L ALLOCATION CULTURAL
DIMENSION DIMENSION DIMENSION DIMENSION

\ \ y -

- e e e am wes e e e

Chapter I will provide information about the Problem
Identification concept. This will include the dimensions nf
Problem Identification, the procedure involved in -te Prablem
Identification process, and certain aspects of team building

and teamwork.
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Chapter II will examine each of the four major dimensions
in the farm system: a) resource allocation, b) structural-
cultural, c) water control, and d) plant-soil. Within each
of these dimensions, the most important elements will be
discussed. After reading this chapter, the trainee should
understand what is needed to analyze a farm irrigation systemn.

The final chapter examines how the various dimensions
are connected with each other to form the farm irrigation
system. The major concern of this chapter is to examine
the complexity of the farm irrigation system and to show
what the farmer has to confront in making management
decisions. After reading this chapter, the trainee should
understand the various parts of a farm irrigation system,
and be aware of the possible interactions in the system
and the complexities which plague the farmer in his attempt
to produce a crop. Understanding the farm experience, the
need for a systematic interdisciplinary research approach
to the problems of the farmer should be apparent,

The remaining content of the manual includes technical
How-To-Do-It materials for specific measurements and methods,
For example;

How to evaluate furrow irrigation.

How to make a topographic map.

How to do cost-benefit analyses.

How to do social systems mapping.

These "How-To-Do-It Series" will be referred to in the

text but given in detail in Volume II.
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Where possible, data from recent field studies in Egypt
will be utilized. In the presentation of the material, several
methods will be used in the text to increase clarity and
usefulness. These will include checklists, flow charts,
diagrams, graphic figures and photographs, The level of
English used is set to meet the need of technical personnel
who use English as a second language.

This manual contains the basic materials to be covered
in a formal training course; however, it is not designed
to substitute for such a course. It is prepared to complement
structured and non-structured learning situations which
include lecture sessions, lab exercises, panel discussions,

films and videotapes, field trips and field exercises.



CHAPTER I

ORIENTATION TOWARD PROBLEM IDENTIFICATION

Summary of Chapter

This chapter will provide the following information:

1.

2'

Definition of Problem Identification

Essential Components of the Problem Identification
Process

Value of Problem Identification

General Aspects of Problem Identification
Management/Organization for Team Work

Barriers to Problem Identification

Framework for Problem Identification
Implementation Checklist

Team Builders Checklist




CHAPTER 1

ORIENTATION TOWARD SYSTEM ANALYSIS

The system analysis procedure is a method of evaluating
an irrigation system to guide the effort of solving the major
problems in the system. This chapter will introduce the
trainee to the problem identification process and explain
how to perform the problem identification task. This
procedure will first be defined and its essential components
described. After an explanation of the value of problem
identification, the general aspects of the procedure will
be explained which will lead the reader to the critical
feature of managing a problem identification team. Barriers
to problem identification will be examined, All of the
material described sets the context of problem identification
and serves as an introduction to the remaining sections.
These sections define the problem identification procedure
and explain how to implement it, After completing this
chapter, the trainee should understand the importance of

problem identification and know how it is performed.
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DEFINITION OF PROBLEM IDENTIFICATION

The word problem is difficult to define because each
discipline has a different definition. The definition
used in this manual is that a problem is the gap between
what is and what ought or could be. For example, a farmer
might perceive a problem as, "I am not getting as high a
yield of cotton as I know is possible." An Agronomist
might perceive a problem as "yields of this crop are not as
high as they could be." The simple figure below suggests

the problem as what is and what should be.

Problem
A B

What Is What Should Be

Figure 1.1. Problems.

The gap between A and B could refer to the problem
of low yields, low profits, or crop quality. The problem
gap rpresents lack of data, knowledge, information, or
supplies.

Problem Identification is one phase of the research
development process. It consists of an interdisciplinary
approach, with farmer involvement, to understand how the
farm irrigation system is operating. The end product of
Problem Identification is an understanding of why the system
is not operating as it should be. Problem Identification

includes both quantitative and qualitative methods, as well



as techniques for deciding which problem is most important.
From these techniques and methods, solutions to the problem

can be found later in the process.

ESSENTIAL COMPONENTS

OF THE RESEARCH DEVELOPMENT PROCESS

The basic concepts and essential components of the
research development process include: a) a systems
approach, b) an interdisciplinary focus, c¢) on-farm farmer
involvement, d) a management focus, e) open communication,
f) training of personnel, g) building institutional
capacity, evaluation and valuation. Those which are most
essential to the Problem Identification Phase* are:
interdisciplinary approach to a known systems problem, and
on-farm involvement and full participation of the farmer.

Interdisciplinary Approach

The interdisciplinary team approach which involves
agronomists, engineers, economists, and sociologists working
closely together is a relatively new concept for Egypt.

The single discipline approach will not completely identify
the major problems at the farm level. For example, low

water conveyance efficiencies may be related to the lack of
cleaning and maintenance of channels, which in turn may be

related to lack of adequately enforced regulations or well

Other phases include development of solutions, assessmen
of technologies, and project implementation. A Re%edggf
Development Process for Improvement of On-Farm Water M
ment. Clyma, Wayne, Max Lowdermilk and Gil Corey. Wa
Management Technical Report #47. Colorado State Universiiy,

Fort Collins.




developed farmer organization. Economic incentives or
farmer knowledge may also be part of the problem. Almost
any problem at the farm level has interdisciplinary

implications.

Farmer Participation

The dimension "farmer involvement" is also unigque because
in most countries research is done without much involvement
by the farmer. In fact, the farmer is often thought of as
an obstruction to the work rather than as a participant in
the research. The focus of Problem Identification is to

involve the farmer on his farm in a search for priority

problems and their possible solutions. It is not enough
to identify through measurements or observations that

farmers over irrigate, one must also learn from the farmer

how and why he applies water to crops, if the purpose is
to change his irrigation behavior. Much has been written
in Egypt about the lack of understanding by research
personnel of the Egyptian farmer. The Problem Identification
approach which you are learning, and helping to introduce
to Egyptian policy makers and researchers, may well be one
of the outstanding contributions of the EWUP. With its
interdisciplinary and farmer participation focus, the
potential to discover meaningful solutions is greater
than with the traditional research methods, A major
contribution of the EWUP project will be in introducing
this concept of research and development throughout Egypt,

as well as in other countries.



A major purpose of Problem Identification is to helyp

us better understand the farmer and his irrigation systeu.

We will emphasize several times in this manual that far
too often researchers conduct their work as though they
already know what the real problems are. We, thereforc,
are often tempted to bypass Problem Identification to Lot
on with what we think is the "important business of solvii:
critical problems." There is, however, substantial evidernc:
from research projects around the world that researchers
do not always know what the real problems are, and often
begin work on the first problem assumed to be important
or interesting. This is especially true where most of the
research is conducted on a single discipline basis at
research stations, in the laboratory, or under other non-
farm conditions. We stress the simple fact that the more
we are removed from the daily farm situation the more we
tend to deal increasingly with assumed problems.

Basically, Problem Identification is a learning proces:s
where researcher and farmer are mutually involved in

learning how the system operates and what parts of the syst

are not working well. Usually researchers approach research

and development as though only involved in finding propblewms
and the solutions to teach the farmer. Seldom do the mous
educated and specialized view the process as one in which

there is also something to be learned from the farmer. Wiih

such an attitude and approach there should be little wood

why farmers often refuse to adopt our findings which i



perceive as totally irrelevant to their real problems. After
all, the farmer is engaged daily at the farm level, and he

should have much to teach us about how he views his own situation.
We, therefore, strongly advocate an approach to learn what we

can from the farmer through the Problem Identification Process.

We make no apology for the position that there is a need
to adopt a farming systems* approach whereby researchers and
clients learn together how the farm irrigation system operates,
what constraints exist, and how they can be removed for improved
system performance for farmers. We should also stress that the
purpose is not only to identify "problems," but also to discover
which parts of the system are currently operating effectively.
Often some farmers have evolved good production practices which

should be explained to other farmers.

VALUE OF A SYSTEMATIC ANALYSIS
Many of you may not agree that little is known about the
content and structure of the traditional farming system in
Egypt. Certainly specific problems are understood, In Egypt

you have done outstanding research in the fertility requirements

The work system refers to a number of components within certain
boundaries which interact with one another. These objects work
together towards some goal and the entire system is surrounded
by a particular environment. A farm system, therefore, might
consist of the farmer, his fields, his crops, and his livestock,
all of which are surrounded by other farmers and fields. An
irrigation system might consist of objects which help in the
conveyance, application, use and removal of water. The goal of
either the farm system or the irrigation system might be to
increase the gross production of the farm.



of crops, the water requirements of certain crops, in seed
viability and germination, and in many other areas. The
area that is missing is in understanding the content and

structure of the farming system, it's constraints, and solutions

to the problems. (Note that the focus is on the gystem).

In Egypt there is sufficient farm level data available
for planners. Much research takes place in laboratories, at
research stations, and in other places which are far removed
from the farms., Although we attempt to simulate farm conditions
at research stations, and often develop sophisticated computer
models, we run the risk of misrepresenting actual farm conditions
and problems. This is not to say that the research station
results, laboratory findings, or computer model results are
not useful; however, often wrong assumptions are made because

they are not based on farm realities.

Again we stress to you, the trainee, that while much
research data may be available in Egypt related to farm
irrigation systems, it is usually fragmented and generally
it has neglected system problems.

A major objection is that Problem Identification is
costly and requires too much time. After all, "We know the
problems at the farm level, so why waste the time and money
this process requires?" The time needed for adequate
Problem Identification varies greatly depending on previous

research and the particular need of a country. Our view is



that time spent in defining the system problems is time saved.
Often the results of agricultural research are not implemented
because the wrong problems were researched. Perhaps you can
identify cases of this in Egypt. Also, if the problems really
have been known in a country, why has something not been done

to solve them? Rather than assume that we know what the problems
are, we take the opposite stance that we do not know what the
system problems might be. We go to the farm level to find out,
and in so doing we obtain a more valid indication of specific
problems. When we try to solve these problems this farm based
knowledge allows for a more effective use of our time, personnel,

and resources.

PROBLEM IDENTIFICATION OBJECTIVES

The value of the Problem Identification process may be seen
by its objectives:

1. To provide an understanding of the farm irrigation
system.

2. To identify the major constraints which currently
limit agricultural production.

3. To provide the priority problems for which a search
for solutions will be made through more intensive
research.

4. To provide data quickly for policy makers about the
state of farm irrigation.

5. To provide training to farm level investigators in the

team research approach.
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6. To provide base line data that can be used to

evaluate project success.

7. To provide a means by which time and other scarce

resources may be used more effectively.

GENERAL ASPECTS OF SYSTEM ANALYSIS

The several aspects of Problem Identification include:
requisites for Problem Identification, management and organi-
zation, farmer involvement, and barriers to Problem

Identification.

Requirements

The essential requirements for Problem Identification
studies include committed team members, management, team com-

munication, and farmer involvement.

Each of these are defined briefly:

Commitment ~ Refers to the professional and personal pledge

of team members to Problem Identification as a valuable
process, to working on an interdisciplinary team, and to
being involved at the farm level in research activities
to benefit the chief clients - the farmers

Management - Refers to effective, efficient, and judicious

use of means which provide all concerned with the facil-
ities, coordination, and incentive to function at a high
level of professional productivity providing positive feed-
back to each team member and useful results which will

help the farmer to improve his performance.
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Team Collaboration - Refers to close cooperation and team

work which makes each endeavor a useful experience.

Communication - Refers to an open process by which infor-

mation is shared with all parties concerned including
researcher to farmer, farmer to researcher, and both to

and with authorities. To be successful mutual understand-

ing must occur.

Farmer Involvement - Refers to the active involvement of

the farmers in the Problem Identification Process.

Essential requirements for successful Problem Identification
are given below with a list of attributes which suggest the types
of things that need to be considered by the team. Examples are

provided in the remainder of this chapter about each requisite.

(See Figure 1.2.)
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Requisites Checklist of Attributes

a. Commitment Knowledge and skill in discipline

Broad training and experience

Respect for contributions of other
disciplines

Flexibility

Demonstrated ability to work well
on teams

Committed to ID research

Commitment to farmer clients

Willingness to learn

b. Management Demonstrated management abilities
Skills in program planning
Skill in settling disputes
Skills in task assignments
Gives attention to detail
Ability to communicate
Does not favor a single discipline
Evaluation skills
Ability to communicate and skills
in human relations

c. Communication Open communication

Regular staff meeting for planning

Communication to and from clients

Communication to and from all team
members

Communication to and from officials

Desire to understand each person
and situation

d. Teamwork Goal setting
Developing a framework and design
of study
Agreement on methodologies
Selection of sample
Problem solving
Evaluation of work
Data management plans
Analysis of data and reporting

Figure 1.2. Basic requirements for successful team work.
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MANAGEMENT/ORGANIZATION FOR TEAM WORK

Organization for team work has the two major dimensions of

coordination and integration. Coordination means, "to achieve

a harmonious common action or effort." Integration means "to
make into a whole by bringing all the parts together into one."

While coordination deals more with the basic organizational

structure of project personnel, integration refers to the ability

of project leaders and team members to achieve unity of purpose.
The organizational chart of the EWUP is provided in Figure 1.3.
This shows the relative position of project personnel. The
organizational chart, however, does not make a team; it simply
shows the relationship of project directors, senior research
officers, researchers and other personnel. Coordination refers
to organizing personnel as well as locating, maintaining, and
distributing material and equipment. Logistics which include
the procurement, distribution, maintenance, and sometimes re-
trieval of material and personnel. Unless the team has the
equipment it needs, a time frame, and transportation, it cannot
do its work. Often a good team may be developed but because of
simple transportation problems, it is unable to do its job. A
checklist similiar to the one in Annex III, is needed by every
team leader for all the equipment required and the logistics

needed for Problem Identification studies.

Integration refers to how all disciplines are put together

to form a unified team. That all project personnel have their

place on an organizational chart and are coordinated by the
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project leaders does not mean they are a team. Even the
knowledge of each member's role or responsibilities does not
assure a team. There are often soccer organizations which have
assembled players but in some games they play as individuals
rather than as a team. In Arabic one of the most essential terms
is ITAHAD which means unity and cooperation. A well-integrated
team is one with ITAHAD where each discipline becomes a vital
part of the whole. Integration never just happens, the team
leader must continually work at integrating the team. This
requires that each member is committed to the same goals, knows
his or her specific role, and works for the good of the team.
This is often a difficult task because it requires team members
who watn to learn, a supportive group climate, motivation, and
skills in dealing with people. Needless to mention that if the
team leader cannot do this, this team will suffer. Again, let us
refer to the soccer team. Unless there is unity of purpose of
teamwork even superstars cannot win the crucial games against

teams with lesser starts who are well integrated and play together

In the Hadith, one of the Holy Books of Islam, there is a
significant statement about learning that relates to Problem
Identification studies. It is translated as "If there is know-
ledge in China, go there and learn." We are saying to all
researchers, "There is knowledge at the farm and village level
and from the farmer; go there and learn how the farm irrigation
system works.” We are asking all of you and ourselves to be

true Talib Elm, searcher of knowledge, and search for knowledge
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at the farm and village level and from the farmers involved.
The Problem Identification process focus is on the farm level
conditions and the farmer client. This also implies focus on
the village level, however, the central focus is on the farmers

at the meska level.

This is why we view Problem Identification as a learning
model. Figure 1.4 below represents a very simple diagram which

emphasizes mutual learning on the part of the farmers and the

researchers.
Researchers Farmers
Environment Environment
Communication
Research Understanding Farm
Situation Situation
Knowledge Mutual Knowledge
& Learning &

Experience Experience

Figure 1.4. Mutual learning model.

Unless the environments of the researchers and farmers are
linked properly, then learning is inhibited. Unless the research
situation is geared to the real farm situation, it is unlikely

that farmers can be significantly helped by researchers.
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If mutual learning is accepted as basic to Problem

Identification, then the following general principles should

prevail throughout the training:

1.

Problem Identification should involve teamwork and
include all disciplines required as well as farmers
to assure that a systems approach is made to a
systems problem.

Problem Identification should be task oriented rather
than discipline oriented.

Problem Identification should be a learning experience
for researchers and farmers alike and lead to greater
understanding of the farm system and its subsystems.
Problem Identification should be experimental in the
sense that it is never final in the research and
development process. At stages other than problem
identification, the researchers may have to go back
and search for the sources of problems ignored

earlier.

BARRIERS TO PROBLEM IDENTIFICATION

Problem Identification is a process whose origin is based

on certain assumptions and whose procedures demand certain

criteria to be followed. What follows is a list of situations,

attitudes, and behaviors which are barriers to the effective

use of the Problem Identification procedure.
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1. 1Inability to see the system as a system.

2. Confusion of the researcher's image of how the system
should work with how the system really works.

3. Lack of interaction and communication among researchers
in planning for Problem Identification.

4. Lack of patience for identifying the real problems
first before solutions are sought. Attitude of "Let's
go on with the real work."

5. Trained inability to appreciate the contributions of
other disciplines.

6. Assumptions that the "expert" should know what the
problem is and how to solve it without verification
in a specific situation.

7. Lack of appreciation of folk knowledge which clients
have acquired and of the client's role in decision
making.

8. Assumption that development problems can be solved
quickly by application of more technology without need
to consider the social factors.

9. Lack of understanding and sensitivity to cross-cultural
differences that exist between researchers and clients

and among farmer clients.

FRAMEWORK FOR SYSTEM ANALYSIS

This section outlines some of the procedures involved in
Problem Identification field studies. Figure 1.5 provides a

flow of major activities for Problem Identification. The basic
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of farm production constraints in Egypt.
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dimensions of Problem Identification include the following

activities:

a.

b.

Clear statement of objectives of Problem Identification.
Reconnaissance activities.

1. Gather background information.

2. Farmer interviews.

3. Preliminary field survey.

Review of findings for preparing the detailed Problem

Identification study.

First, there is a need for clearly stated objectives. The

goals of the project are increased food production, and improved

level of living for small farmers. This is too general for

Problem Identification studies. The more specific objectives

of Problem Identification listed earlier are:

a.

To gain an understanding of how the organization of the
system and the conditions of the situation infiuence
farm decisions.

To identify the major physical, biological, socio-
economic, and organizational constraints in the farm
system which limit agricultural production.

To determine which problems are most important so that
more intensive research can be done for solution of

problems.

These objectives are such that they provide definite focus

to those involved. The focus is on-farm, constraints to agri-

cultural production, and developing a priority list of problems
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which limit production for more intensive research. This

indicates that Problem Identification is not to include

intensive research at the Research Station but to determine

what the major problems are.

The Reconnaissance phase is basically a learning situation

which provides an overview of the farm situation for the team
members. This includes getting background information from
previous available research which should be summarized in usable
form. An agronomist, for example, will want to have information
on climate, soils, current soil-water management practices, and
levels of current yields. Reconnaissance visits should be
arranged with selected officials of organizations related to
agriculture such as governmental departments, universities, and
selected personnel at research institutes. Team members must
remember in such visits, however, that there is usually an
"official view" which may or may not represent completely the
"real world view." Team members involved in Problem Identifi-
cation should remain objective and reserve their views about

the "real problems" until empirical field data document what

the real problems are.

Reconnaissance activities also include informal interviews
with selected farmers where information is sought about the
farmer's views concerning crop production levels and constraints,
management practices, economic and sociological aspects of his
operation. Experience in Egypt has shown that the number of

researchers approaching the farmer should be relatively small
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so as not to overwhelm or frighten the farmer. Questions
should be carefully prepared in advance to yield useful infor-
mation. Also, those who interview farmers should be skilled
in interviewing techniques. The team must prepare for these
farmer interviews and not simply ask what is of interest to
only a few team members. The information obtained from the
farmer should be compared to that provided by officials and
research stations by team members who should conduct meetings

at the end of each day's activities.

Reconnaissance also includes preliminary field surveys
which are not to be confused with the more detailed surveys
to be conducted later. The preliminary field survey is designed
to provide an understanding and overview of the farm and general
areas where more intensive focus may be needed in the detailed
survey to follow. For example, the agronomist will want to
gain understanding of the general soil and water conditions,
the growth status of various crops and current cropping practices.
Likewise, the engineer may want to learn about current irrigation
practices, flow rates, and other factors. Prior to the field
visit each team member should have gathered sufficient back-
ground information to develop a checklist of things to observe
or questions to ask to acquire information. For example, the
agronomist may want to observe plant growth characteristics. His
experience will help him decide if growth is "normal" or
"

"abnormal." He may want to observe "above ground characteristics

such as status of plant nutrition, water relationships, pest
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infestation, or weeds. The agronomist may also want to make
observations of root systems, crop stands, physical soil

characteristics, and current crop management practices.

Each member of the team will collect preliminary data

which is to be used for planning the detailed field studies.
Remember that for reconnaissance purpose there is always the
danger of collecting too much data or information. Remember
that the purpose is to collect information from farmers,
farmer's fields, selected individuals who work directly with
farmers, and officials about the farm level situation. This
information will be utilized in preparation of the more detailed

or formal Problem Identification field study.

Figure 1.5 shows another set of activities as preparation

for detailed field studies. This is a basic.planning activity

where what has been learned from reconnaissance is utilized as
input for the more formal studies. Decisions on specific Problem
Identification objectives, site selection, methodologies, data
management, responsibilities of personnel, time frames, and

the logistics must be carefully planned. (A checklist is
provided on pages 25 to 26 of some of the activities which are

planned by the team in close collaboration.)

The detailed field studies are then implemented to confirm

constraints to production, some of which may have been tentatively
identified in the informal preliminary survey. Using the example

from agronomy again, more detailed measurements may be needed to
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ascertain the following data: yield and quality of crops,
plant nutrient status, infiltration rates, soil water salinity
and sodicity, soil pH, irrigation practices, crop variety
adaptability, and classification of pest infestations and
control measures. Engineers, sociologists, and economists

will also make more detailed measurements of significant
variables and their interactions growing out of insights gained

from reconnaissance activities and experience.

After the data are collected, data analysis must be

completed. Data analysis, however, must be carefully planned
long in advance if it is to provide useful findings. Most
often data management including analysis is not planned.

After the data are collected it may be too late. Individual
researchers may know how they will analyze "their" data; how-
ever, they seldom know how the data of several disciplines will

be analyzed as a whole.

As seen from the Mansouria case study (see Annex I),
inadequate preplanning was done; therefore, each discipline was
forced to analyze its particular data separately. Using such
an approach definite problems result for team research. For
example, we may want to know what the major factors are which
influence the yields of specific crops. Data may be available
on fertilizer use, seed rates, water application, sowing dates,
and farmer extension contacts from several of the participating

disciplines. In order to run a multiple regression or a step
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wise regression, these date have to be such that they can be
correlated. It is not sufficient to have data on the above
factors. Unless data are in a form where correlations can be
made with the dependent variables, many types of analyses cannot
be complted. In other words, data never speak for themselves;

they must be analyzed and interpreted objectively and correctly.

In brief, data analysis should be designed in such a way
that the results will indicate what the priority farm problems
are which limit production. To provide a long list of problems
without showing their relative significance in relationship to
each other is not sufficient. Problems or constraints to crop
production must be ranked in relationship to specified criteria,
such as constraints to crop production, or levels of living of
small farmers. Quantitative analysis alone will not necessarily
provide the ranking of problems for it must be remembered that
all research findings evolve from the value judgments of the
researcher and will be interpreted along the lines of those

judgments.

Figure 1.5 provides only a broad general framework for
Problem Identification studies. While a more detailed explana-
tion is provided in this manual, the point to stress here is
that the framework presented does not imply that P.I. is a
"locked step" sequence of events. Often several activities
will overlap, others may take place simultaneously, and usually
there will be a process of going back and forth between the

steps or phases shown in Figure 1.5.



IMPLEMENTATION OF SYSTEM ANALYSIS

While there are no fixed steps for conducting Problem
Identification field studies, the following sequence is given
with the understanding that steps often overlap. Often several
activities take place simultaneously. A step is not necessarily
completed for one may go back and forth among steps as more
information is made available. The idealized list of steps
is given in the form of a checklist to help team members

organize their activities.

a. Preparation for Problem Identification Studies
Selection of Investigators
Selection of a Team Leader
Team Building Training
____Discipline Training in Field Techniques

Setting of Purposes and Objectives of Problem

Identification Studies

b. Gaining an Overview of System
Identification of Available Research
Discussion with Officials of Relevant Organization
about their Values
Obtaining Maps and Other Relevant Resources
Development of Checklists of Possible Problem Areas

Development of Lists of Other People to Contact
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Organization of Initial Field Visits

Criteria for Field Sites to Visit
Responsibilities of Team Members for Initial

Field Visits

Logistics for Initial Field Visit

Implementing Initial Field Visits (activities and

procedures)

Visits to Farms

——

msn———

Observation Methods for All Team Members
Nonstructured interviews with Farmers and Those
Who Work with Farmers Directly

Selected Measurements

Team Work and Preparation of Preliminary Report
on Initial Field Visits

Establish Criteria for Selection of Sample Sites

for Formal Problem Identification Studies

Design of Formal Problem Identification Studies

Decisions on Site Selection

Develop Objectives for Confirmation/Delineation
of Problems

Decision on Methodologies

Design and Test Survey Instruments

Design Selection Criteria for Field Workers
Establish Responsibilities for All Field Workers

Design Evaluation Methods for Field Workers
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Develop Checklist for Equipment Needs and Logistics
Establish Time Frame for Problem Identification
Studies

Establish Data Management Plans

f. Implement Formal Field Investigation
____ Develop Physical Maps Required
Develop Methods for Data Quality Control and Field
Supervision
_____Collect Data
Analyze Data and Interpret
Write Team Report on Findings

—

Rewrite Report for Selected Audiences

g. Establish Criteria for Selection
Explain Assumptions Used
Clarify Quantitative or Qualitative Methods

Rank Problem in Terms of Criteria

As explained earlier, the sequence of activities is not
established as an inflexible set of steps. Rather, it is to be
utilized as a guide or checklist to keep all team members headed
in the right direction. The checklist may be added to/or changed
and refined depending on the particular circumstances confronting

the teamn.

Initial field visits, or reconnaissance, provide the team

an overview of the system. This phase provides input into the

design of the formal Problem Identification studies. Reconnaissance
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is essentially a scanning process as used often by the military.

Before a battle there are usually scouts who attempt to scan the
enemy to find the most vulnerable places for a campaign. Recon-

naissance is to determine major boundaries, problem areas and

possible variables to be investigated. It is not an exhaustive

exercise where the system is examined in detail. An analogy is
the use of two types of cameras on weather satellites. One
camera (reconnaissance) takes broad angle pictures covering
large portions of the sky in order to gain a broad picture. Where
there is an indication from cloud formations and other phenomena
that there is a likelihood of a storm, the other camera on the
weather satellite (detailed investigation) focuses in on the
potential trouble spots and investigates the smaller segments in
greater detail. Thus, the Problem Identification process
constitutes two different phases, reconnaissance and detailed
investigation, both of which when properly used help the

researchers to delineate problems in a most effective manner.

A successful Problem Identification venture is contingent
upon all members of the research group working as an integrated
team. Teamwork is crucial for the effective gathering, utili-
zation, and analysis of necessary information which will be
used for the proper identification of specific problems. Special
sessions will be provided for the discussion of team building
during the training program and the following checklist will
provide some of the guiding principles behind proper team build-
ing. Despite these guidelines, the best way to learn team build-

ing is by participating on a team.
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TEAM BUILDER'S CHECKLIST

1. Does each team member, including myself, have a clear

understanding of the agreed goals of the team?

2. 1Is every team member, including myself, sufficiently

committed to the team goals to devote the necessary

effort to achieve them?
3. Does every team member, including myself, clearly

understand his or her assigned role on the team and the

the importance of that role to team success?

4. 1Is every team member, including myself, committed to

fulfilling his or her assigned role to the best of his

or her ability?
5. Does every team member, including myself, clearly

understand the plan for reaching team goals and,

especially, does every team member understand precisely
the part of the planned activity he or she is responsible
for?

6. Does every team member, including myself, accept the

performance standards for individual activity and the

total team activity necessary for the team to achieve
its goals?
7. Am I sharing information on each team member's performance,

and the team as a whole on team performances?

8. Am I providing the coaching and supervision necessary to

help each team member and the group as a whole reach the

required performance standards?
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9. 2Am I providing the initiative, the enthusiasm, the

W—

sense of purpose, and an example of the appropriate

behavior and attitudes that team members expect of

their leadexr?

10. Am I helping to support group activities, and am I

controlling the group process?

Problem Identification is a procedure which comprises
many different aspects that must be taken into consideration
before it is successfully completed. What this chapter has
presented is the nature of the Problem Identification procedure
and how that procedure is performed. A principal focus of
this procedure is on team management and teamwork. The remaining
chapters in this manual will elaborate this theme. Chapter II
will present in more detail the input of the four major dimen-
sions of an irrigation system into the Problem Identification
process and Chapter III will concentrate on how these dimensions
must be integrated in order for any Problem Identification study

to be effective.



CHAPTER II

APPLICATION OF

SYSTEM ANALYSIS

Summary of Chapter

This chapter will focus on the following major subject areas:
- Systems Environment of a Problem Identification Study
- The Physical and Institutional Environments of the Farmer
- The Physical System: Water Control Dimension
- Water Use Subsystem
- Water Application Subsystem

- Water Delivery Subsystem

Water Removal Subsystem
~ The Physical System: Plant-Soil Dimension
- Physical
- Chemical
- Biological
- The Institutional Environment
- Structural-Cultural

- Economics




APPLICATION OF

PROBLEM IDENTIFICATION PROCEDURE

Chapter I describes the process of problem identification
and explains several major concepts important for successful
team work in understanding and identifying priority irrigation

systems problems.

This chapter will examine the general situation of the
problem identification process. Two critical features of the
problem identification study will be emphasized in this chapter.
These are: (1) the study will take place in an environment which
is composed of identifiable subsystems and their components
which interact with each other in a systems framework; and (2)
the successful completion of any problem identification study
must incorporate the principle of interdisciplinary teamwork.
Both features will now be discussed in terms of how problem

identification study may be applied.

Systems Environment of a Problem

Identification Study

Based on the assumption that the focus of the situation
is concerned with on-farm practices, Figure 2.1 shows that a
problem identification study will be located within the farmer's
situation. That situation depicts the major factors which
influence a farmer's behavior. The component parts of the
diagram and how those parts are integrated into a systems will

now be examined.
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The central focus of a problem identification study
is the behavior of a particular unit, whether it is to be
an organization, a village, an individual, water, soils or
crops. Such behavior is evaluated and if farmers, researchers,
officials, or all parties determine that there is a gap

between what is and what should be then the setting for a

problem identification study is established. The investigators
are to analyze the factors that influence such behavior and

the conditions that can change such behavior.

Figure 1 depicts a farmer or a group of farmers and the
situational factors which operate as incentives or disincentives
in his management decision making for crop production. As
shown in Figure 2.1 the farmer or farmers are influenced by two
major environments: (1) the physical and (2) the institutional.
These environments comprise the limits and conditions which
the farmer must manipulate or which manipulate him in crop

production.

The physical environment includes the water control

dimension and the plant-soil dimension. Further discussion of
this environment is included in Chapter II. The major factors
in the physical environment are: the type of soil that the
farmer has, the nutrients in the soil, the climate, how the
water is delivered, applied, used, and removed from the field,
and the crop itself. It should be understood that the farmer
both manipulates and is manipulated by these factors. Each

farmer in his own environment exercises various degrees of
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control over these and other factors. For example, he may

have little or no control over climate or price policy, some
control over application of water to crops, and much control
over the organic and inorganic fertilizer to be applied to a

particular crop.

In addition to being placed in a physical environment,

the farmer is also part of an institutional environment.

Again, a more detailed discussion of the institutional
environment will be included in Chapter II. The major
dimensions to be considered in the institutional environment
are: the economic and the socio-cultural. The economic

dimension involves the allocation, and use of the specific

resources which the farmer requires. In the socio-cultural

dimension, key factors include: the rules, relationships, and
characteristics that influence farmer behavior, and social
organizational factors which interact with the farmer. Such
factors will center on the individual and the organizational
network surrounding the individual farmer. The theoretical
premises of human behavior are summed up in the following

statements: (1) behavior takes place in situations; (2) behavior

is regulated by norms or rules; (3) behavior is goal oriented;

and (4) behavior requires motivation or energy. Therefore, an

Egyptian farmer has a goal of increasing his crop production
and is motivated to do so because he wants his family to have
a high level of living. His behavior in working toward this

goal takes place in a physical and institutional setting. 1In
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reaching the goal his behavior is regulated to some degree by
the rules of society and his social organization which he is
part, as well as organizations which may nor may not provide
incentives and services for improved production possibilities

that also regulate the farmer's behavior.

Thus, the farmer is placed within these two environments,
the physical and the institutional, where certain key factors
operate to influence his farm management practices, at a given
point in time. While the manual's focus is primarily on
individual farmer behavior and the on-farm level of management
and performance, as the diagram in Figure 1 suggests, we can
"think up" to collective behavior of groups of farmers, villages,
regions, or the nation. We do stress that decions made at the
highest levels of government in Egypt, such as policy and
programs, strongly influence each farmer's individual decision

making behavior.

What is of importance in Figure 2.1 is that all of the
factors shown in the diagram are placed within a system per=-
spective. Therefore, we will utilize the word systems often

as well as an interdisciplinary approach to a definite farm

irrigation system. We strongly urge each discipline member of

a team not only to look to his subsystem, but understand how
each subsystem and the factors involved act and react in re-
lationship to each other. We stress that the farm irrigation
system designed by and for man's benefit is a dynamic system
which can be improved and maintained by man for greater benefits

to farm families and the nation.
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We now turn to the physical and institutional environments
of the farmer and discuss in detail some of the critical factors

which influence farmer behavior.
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THE PHYSICAL SYSTEM:

WATER CONTROL DIMENSION

The primary purpose of the water control dimension is to
supply water to an area for crop production. This dimension
contains four subsystems: water delivery, water application,

water use, and water removal.

The purpose of each subsystem is as follows:

Water Delivery: Convey water from the water supply

source to the field.

Water Application: Distribute water over the field to

fulfill the water requirements of the crop.
Water Use: Storage and supply of water to plants for
crop production.

Water Removal: Remove excess water for optimum crop

production.

The water control dimension consists of subsystems as a
flow process shown in Figure 2.2. By accomplishing the water
use subsystem the goals of all other subsystems (delivery,
application, and removal) should be met. Thus, the effective

operation of the overall water control system depends on the

water use subsystem.

The performance of the water use subsystem is tied to
each of the other subsystems. For example, if stress reduces

yield, then the most efficient delivery subsystem will not
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(c) water use, and (d) water
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produce optimum crop production. The functions of the water
use subsystem become functions for each of the other sub-
systems. In fact, in a series, the output of each subsystem
must be regulated by the functions of each succeeding sub-
system as the output becomes the input to that subsystem. The

water use subsystem will be discussed first because of its key

role in the water control system.

Field Surface &
Water Wator Field Water surface Water Subsurface%~ﬁg€52f
Supply Delivery Supply Zpplication Intake Use Outflow | Remove

Figure 2.la. The water control system.

The Water Use Subsystem

The water use subsystem (Figure 2.4) accepts water from
the water application subsystem and transmits water through
the soil for storage or deep percolation. The subsystem trans-
ports water to plant roots through the plant structure and then
leaves where it is transpired and to the soil surface where it
is evaporated. The excess water flows through the root zone
as deep percolation and it is the input to the drainage or

water removal subsystem.

The water use subsystem has the following functions:
1. Supply the water requirements for crop growth
{(quantity and quality) for:
a. The peak rate of use.

b. The total seasonal requirement.
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Figure 2.4.

The water use subsystem.
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c. To prevent excessive stress.
d. To provide adequate aeration and acceptable
inundation.
2. Maintaining acceptable levels of soil salinity.
3. Maintaining appropriate environmental (soil and air)
temperatures.
4. Insuring adequate nutrients.
5. Providing soil conditions for:
a. Plant support.
b. Preventing soil crusting.
c. Facilitating tillage or harvesting operations.
d. Providing water for germination and seedling

emergence.,

Function 1 and its subset are of direct concern to the
management of the water use subsystem. Generally the soil
water deficit at the time of irrigation determines the desirable
amount of water to apply. Exceptions do occur, such as when
the inundation time to permitting the desired amount of water
to infiltrate is too long and would cause crop damage. In
high frequency irrigation, maintaining some soil water deficit
may utilize rainfall more effectively. Knowledge of the soil
water deficit directly or indirectly specifies the amount of

water to be applied.

Crop stress is a function of a number of factors. Primary

factors are as follows:
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l. Crop and stage of growth.

2. Soil.

3. Climate.

4. Irrigation System characteristics.

5. Economic.

Comparing different crops, a given level of stress has
more of an effect on the yield of one crop as compared to
another. Wheat, for example, is irrigated at an availability
factor (f) of 0.5 while corn is more commonly irrigated at 0.4
or even 0.3. Sorghum, a drought resistant crop, may produce
well if irrigated at f=0.6. The stress level for a given
crop without reducing yield usually varies throughout the
season. Corn, for example, appears to yield best with £=0.3
during the silking through soft dough stage. Early in the
season f=0.5 does not appear to significantly affect yield. The
most sensitive stage of growth for most crops appears to

correspond to the period of peak consumptive use.

The soil type also affects the level of stress for a
given availability of water. Fifty percent available water for
a clay as shown in Figure 2.5 occurs at a tension of 3 bars. In
a loamy sand, 50 percent of the available water occurs at a
tension of 0.5 bars. Thus, 50 percent of the available water

is obtained at a higher tension in the finer the textured soil.

Climate affects the amount of water available at a given

tension. In Figure 2.5a, the interaction of evapotranspiration
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(a) Clay

(b) Silty clay loam
(c) Sandy loam

(d) Loamy sand
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Figure 2.5. Available water as a function of soil
moisture tension and soil type (Withers
and Vipond, 1974).
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Figure 2.5a. Relative evapotranspiration as a function of soil
moisture tension and rate of evapotranspiration
(Withers and Vipond, 1974).
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Figure 2.5b. Relative evapotranspiration as a function of
available water for different theories of water
availability to plants (Withers and Vipond,
1974).
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rate with soil moisture tension is illustrated. At a slow
rate, 1.4 mm/day, soil moisture tension approaches 8 bars
before evapotranspiration is reduced. When the rate is 6.4
mm/day, the rate is reduced at a tension of approximately
0.2 bars. Thus, a given stress criteria in a humid climate
may produce maximum yields which in an arid climate could

result in excessive stress and a yield reduction.

Considerable discussion has occurred in the scientific
literature concerning the relationship between water avail-
ability, stress, and rate of evapotranspiration. Figure 2.5b
illustrates the three most common and contrasting theories.
Line A represents the theory that water is equally available
to plants at all levels of stress up to wilting and then is
not available. A linear decreasing availability of water as
stress increases is illustrated by line C. Line B suggests
that at high levels of water content only limited reductions
in water availability occurs until at high tensions a rapid

reduction occurs.

Given the interaction of soil moisture tension with
evapotranspiration rates, these interactions affect yield,
however, there are contradictions in the literature which
result from different methods of measurements. Thus, other
factors contribute to the contradictions. First, the method
of tension measurement is an average over some relatively large
volume. Roots would appear to experience much higher tensions

in their immediate vicinity. Results would also appear to be
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affected by rooting depth and root density. These are not
measured usually in most of these studies. Most engineering
criteria for times of irrigation are related to the avail-
ability factor, f. Until more adequate criteria are available,
these criteria are recommended for design and management of

irrigation systems.

System Constants, Variables and Performance Parameters

The soil-air-water (water use) subsystem is illustrated
in Figure 2.6. In this diagram the different components are
separated instead of mixed as they occur naturally. These
components are then used to define the system constants as
illustrated in Figure 2.6. System variables are also given
for both the atmosphere and the soil. A more detailed dis-
cussion of the constants and variables are given by Corey

and Hart (197e6).

System performance is measured with the parameters given
in Figure 2.6. These parameters allocate water for storage in
the root zone, deep percolation and runoff. When less water
than the requirement is applied then the water requirement

efficiency gives the system performance.

Knowledge of the system variables for the water use
subsystem defines the state of the subsystem. The availability
factor, £, defines when a farmer irrigates and the water re-
quirement is determined from an analysis of the water applica-

tion subsystem.
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Definition of constants and some variables for the

soil-air-water subsystem.

Soil-water—-air Subsystem

Symbols Constants
Va = volume of air Porosity, ¢ = VV/V
Vv = volume of voids Particle Specific Gravity, Ys = WS/VSYw
Vw = volume of water Bulk Specific Gravity, Yy = WS/VYw
Vs = volume of solids Field Capacity, FC
V, = total volume Permanent Wilting Point, PWP
Total Available Water, TAW = FC - PWP
Variables Performance Parameters

Water Content, W = Ww/ws
Volumetric Water Content, 6 = Vw/vy 86< ¢
Degree of Saturation, S = VW/VV

Readily Available Water, RAW = f£(FC - PWP)
Soil Water Deficit, SWD = FC - W
Electrical Conductivity, EC

Sodium Absorption Ratio, SAR

Availability Factor, F = RAW/TAW
Evapotranspiration Rate, ET

Transpiration Rate, T

Evaporation Rate, E

Water Application, Da

Water Requirement, Dou

Water Requirement Supplied, Dau

Deep Percolation, D

d
Runoff, D
r

Application Effici = D
pp iciency, E, = D_ /D
Water Requirement Efficiency,

E =
r Da/Dau

>
Dau/Da' Da -Dau

Deep Percolation Ratio, Ep = Dd/D
£ = P/Py

Distribution Uniformity Coefficient,

r D <D
a — au

i

a
Tail Water Ratio, E

UCH
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The variables which define the state of the water use
subsystem describe the static condition of the system. Models
are available which describe the steady-state and dynamic
operation of the system. Changes in the static condition of
the system are obtained by defining time distributed inputs
and outputs of the water application and water removal systems.
The water application system, for example, applies 25 mm of
water as an output which is an input to the water use sub-

system.

Water Application bLubsystem

The water application subsystem supplies water to the
water use subsystem by distributing the water over the
surface of the field (Figqure 2.7). Water application must
provide water for the functions of the water use subsystems
as well as fulfill the functions of water application. The
traditional functions of the water application subsystem
are as follows:

6. Distributes the desired amount of water with the

designed uniformity.

7. Satisfies erosion control standards.

8. Provides necessary surface drainage.

9. 1Is economically appropriate and socially acceptable

to the management abilities of the farmer.

The process of water application to a field can be

described by the following state variables:
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Figure 2.7. The water application subsystem.
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1. Field geometry (length and width).
2. Water supply rate.

3. Slope.

4. Infiltration rate.

5. Surface roughness.

6. Channel shape.

7. Management.

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

system.

Water application subsystem is accomplished by the farmer
by operating the system to meet functional objectives (usually
unstated) of both water use and application. 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?

Performance standards include an analysis of the
effectiveness (technical, social, economic) of the water appli-
cation system. Performance parameters for the water application
subsystem are included in those previously defined for the water

use subsystem.,

The operation of the water application subsystem can be

described by measurement of the subsystem state variables.
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Knowledge of the appropriateness of these variables can be
determined by comparing the existing values with the values
of an appropriate design. Performance can also be determined

by measurement of the state variables.

The Water Delivery Subsystem

The water delivery subsystem is that structure which
delivers a water supply to an area served by the water supply
source. The area served by the water supply is the fields
receiving irrigation water. The water supply source may be
a well, a storage reservoir, or a canal, and may be operated
by a private, public, or governmental organization. The
purpose of the on-farm water delivery subsystem is to convey
the water from the water supply source to the field based
upon the functional requirements of the water application and

use subsystems.

The water delivery subsystem serves both the water
application subsystem and water use subsystem. The functions
of the water use subsystem and the water application subsystem
must also be provided by the water delivery subsystem. For
example, a major design variable of the water application
system is the design water application rate for a border. This
specifies a desired flow rate that is necessary to properly
irrigate a field. Thus, a primary function of the water
delivery subsystem would be to supply this design flow rate

to the field. Likewise, the water use subsystem must supply
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the peak consumptive use rate for a field. Thus, the flow
rate through the water delivery subsystem must be sufficient
to supply this peak demand by the water use subsystem. All
other defined functions of the water use and water application

subsystems must also be met by the water delivery subsystem,

The additional functions of the water delivery subsystem
related to convergence of water from the supply source to the
field in relationship to the following conditions:

a. At a constant, regulated rate.

b. At the proper elevation.

Cc. With seepage controlled.

d. Without excessive erosion or sedimentation.

e. At appropriate water quality.

f. With safety (cross flows, accessibility, drainage

damage) .

The subsystem must be built, maintained, and operated
within socio-economic limitations. These functions are
performed by a delivery system based upon the physical and

management factors which influence water delivery.

System State Variables

The factors or state variables which influence water
delivery are as follows:
l. Flow rate.

2. Cross section
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3. Hydraulic radius.
4. Roughness.

5. Slope.

6. Seepage rate.

7. Management.

The seventh factor which influences water delivery is
reflected in the management decisions of the farmer as affected
by the allocation rules and operational norms for the system.
The first five physical factors are the basic parameters in
Mannings equation and are used for design of the delivery
channel. The sixth factor, seepage rate, affects all aspects
of the previous five primarily by increasing or decreasing
the flow rate. How the above factors affect the operation of

the water delivery system will now be discussed.

The flow rate supplied to the field must be regulated
according to the following factors:

a. Total quantity.

b. Supply peak demand (rate).

c. Constant flow at an appropriate time for application.

d. Dependable flow.

The total quantity of water supplied by the delivery system
must be sufficient to meet the seasonal volume of water require-
ments for the particular crop. The quantity of water supplied

must also meet the other functions, such as the crop consumptive
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use rate and/or the water application rate. These are key

factors which establish the capacity of the delivery system.

A dependable flow rate must also be insured by the water
delivery system. Figqure 2.8 illustrated the seasonal range flow
rates delivered at the field as monitored for a water delivery
system in Pakistan. The variation in flow during the season
varied by greater than an order of magnitude (10 times) as
indicated by the distribution of average flow rates. This
extreme variability in flow rate makes it impossible for the
farmer to quantitatively apply water since the only alternative
to knowing the flow rate is to provide a means for flow
measurement. If a regulated flow rate is provided, then time
could be used as a substitute for slow measurement. With such
variability in the flow rate, however, the farmer cannot
quantitatively supply water to the field. Another major effect
of the variability of the flow rate is that the appropriate
flow rate for proper application of water to the field cannot
be provided. Under the functions of the water application
system, a particular flow rate is needed for efficient applica-
tion of water. When the flow rate varies from turn to turn in
such fluctuating manner, then this appropriate flow rate for
water application is not provided. When faced with a fluctuating
water supply rate, the farmer must manage his irrigation practices
dependent upon the minimum flow rate. The result is that crop
area and crop requirements will be a function of the minimum
flow rate and all flows delivered above this minimum flow rate

will tend to be excess.
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An appropriate, constant cross section must be provided
to maintain a head and to deliver water at an appropriate
elevation. The cross section must also be provided for the
design flow rate as defined by the functions of the various

subsystems.

The hydraulic radius should be a minimum for the design
flow in order to minimize the cuts and fills associated with
channel contruction as well as to minimize the cost of
construction. When unlined channels are used for the delivery

system, the minimum cross section also provides minimum seepage.

The Mannings n or roughness for a channel must be carefully
selected for the design. A range in n between 0.02 < n > 0.10
is a common range used for design. Thus, the appropriate n must

be carefully selected.

The design slope is important in maintaining the minimum
cross section in order to reduce the cost of channel construc-
tion and to ensure that sedimentation or erosion does not occur
also. For some water delivery systems such as those using
siphons, a level or nearly level section must be provided to
supply water to the field. Thus, the selection of the design
slope is important to several aspects of the operation of the

water delivery and water application subsystems.

The seepage rate accepted for the design should first
consider that losses in delivery water are an important factor

in the operation of the water delivery subsystem. A very high
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loss rate accepted for design will likely affect the dependability
of the delivery of the water supply. Also, the effect of the
seepage rate on the depth, in-channel storage and operational
losses of the delivery system should be evaluated and explicitly
included in the design. Realistic assumptions concerning the
system's maintenance should also be considered in selecting
design seepage rate that will be included as part of the design

parameters for the subsystem.

Because of the influence of seepage rate on the various
functions of the water delivery subsystem, alternative systems
such as pipelines or a lined channel should be considered when
the effects of seepage losses that are high are explicitly
considered. Selection is frequently based on the best benefit:

cost ratio.

The Water Removal Subsystem

The water removal subsystem is defined as the removal
and disposal of surface and subsurface waters from land to
improve agricultural operations. The objective of drainage is
to provide an environment for plants that will result in optimal
production of crops. The sources of water may be from precip-
itation, irrigation, seepage from ponds and canals, seepage
from adjacent aquifers, floods and application of water for
special purposes such as temperature control. 1In most irrigated
areas, natural drainage is adequate and drainage systems are

needed to supplement natural drainage. We must be careful,
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however, to identify drainage as either a problem or a symptom
of another problem such as over-irrigation or an undesirable
leaky canal system. The major components of the water removal

subsystem are depicted in Figure 2.9.

The water removal subsystem has the following primary
functions:
1. Maintain given salinity levels within the soil
profile.
2. Provide proper root aeration.

3. Improve workability of lands.

1. Maintain given salinity levels within the soil profile:

All irrigation waters contain salts which, if allowed to
accumulate within the root zone, will reduce crop yields. Some
water must be allowed to percolate through the root zone to
the level within the root zone. This excess water must be
removed from the area either naturally or by artificial drains

in order to prevent waterlogging.

The amount of water that must pass through the root zone
to keep salinity at acceptable levels is called the leaching
requirement. To evaluate this, we need to know the following
information:

a. Amount of salts in the irrigation water.

b. Evapotranspiration rates.

c. Crop type to select appropriate salinity levels

within the soil.
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d. Disposal site.
On a unit area basis, the amount of salts entering the soil
is roughly proportional to the product of electrical conduc~-
tance of irrigation water EC; and the volume of applied water
D, . Additional salts may be added due to sources such as
fertilizers but this will be small compared to that added by
the irrigation water. The amount of salts leaving is propor-
tional to the product of electrical conductance of the drainage
water (or ground water) and the volume per unit area of drainage
water Dj. Salts removed by the harvesting of crops is small

and may be neglected.

The leaching requirement, LR, is:

=)

EC,

d i
LR = —= = (2.1)
Di ECd

if the period of time considered is too long. Eci and ECd are

average values during the period.

Over a sufficient period of time, water added which is not
removed by evapotranspiration will drain out of the root zone.

In other words:

where D, is the volume per unit area of water representing
evapotranspiration. Since Dy may be evaluated in terms of LR

by Equation 2.1, then

= 2
D, (2.3)
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for a situation in which a given level of soil salinity is
being maintained. An equivalent equation in terms of elec-
trical conductivity is:

D. =D T I-Y (2.4)
i e ECd ECi

If the value of ECd currently is too high, then water in
excess of that given by Equation 2.4 will have to be applied
until a new equilibrium is established at a lower value of
ECy- Acceptable guides for the selection of permissible values
of EC4 are given in Table 2.1. Except in very special cases,
it is probably not feasible to permit Ecd or ECi to exceed about
4,000 micromhos (umho) per cm. This is equivalent to about

2,600 ppm total dissolved solids.

The permissible value of EC4 depends in part upon the kinds
of salt as well as the type of crop. A high percentage of
sodium, in particular, results in a smaller permissible Ecd.

An index of the sodium hazard is the sodium-absorption ratio,

SAR, given by:

V/bA++ T Mg++ (2.5)

where concentrations are expressed in milliequivalents per
liter. 1If ECq4 is greater than about 200 umho per cm, the SAR
value should not be greater than about 23 even for the most
tolerant of crops. For crops having a low tolerance, an SAR of

about 4 should not be exceeded, if the EC4 is greater than
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Relative tolerance of crop plants to salt™.

1

Vegetable Crops

EC X103 = 12
Garden beets
Kale
Asparagus
Spinach

EC X103 = 10

Tomato
Broccoli
Cabbage
Bell pepper
Cauliflower
Lettuce
Sweet corn
Potatoes (White Rose)
Carrot
Onion

Peas

Squash
Cucumber

EC X103 = 4
Radish
Celery

Green beans

Fruit Crops

High salt tolerance

Medium salt tolerance

Low salt tolerance

Date palm

Pomegranate
Fig

Olive

Grape
Cantaloupe

Pear
Apple
Orange
Grapefruit
Prune
Plum
Almond
Apricot
Peach
Strawberry
Lemon
Avocado

1

The numbers following EC x103

are the electrical conductivity

values of the saturation extract in millimhos per centimeter
at 25°C associated with 50 percent decrease in yield.
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Table 2.1.(continued)l.

Forage Crops

EC X103 = 18

Alkali sacaton
Saltgrass

Nuttall alkaligrass
Bermuda grass
Rhodes grass

Rescue grass

Canada wildrye
Western wheatgrass
Barley (hay)
Birdsfoot trefoil

EC XlO3 = 12

White sweetclover
Yellow sweetclover
Perennial ryegrass
Mountain brome
Strawberry clover
Dallis grass

Sudan grass

Hubam clover

EC X103 = 4
White Dutch
clover

Meadow foxtail
Alsike clover
Red clover
Ladino clover
Burnet

Alfalfa (California common)

Tall fescue

Rye (hay)

Wheat (hay)

Oats (hay)
Orchardgrass
Blue grama
Meadow fescue
Reed canary

Big trefoil
Smooth brome
Tall meadow oatgrass
Cicer milkvetch
Sourclover
Sickle milkvetch

Field Crops

EC X103 = 16

Barley (grain)

EC x10° = 10
Rye (grain)

EC X103 = 4
Field beans

Sugar beet Wheat (grain)
Rape Oats (grain)
Cotton Rice
Sorghum (grain)
Corn (field)
Flax
Sunflower
Castorbeans
1 3

The numbers following EC X10

are the electrical conductivity

values of the saturation extract in millimhos per centimeter
at 25°C associated with 50 percent decrease in yield.
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2,000 umho per cm. Figure 2.10 may be used as a conservative

estimate of permissible values of EC4-

Normally the conductivity of the drainage water is less
than that of water obtained from the saturation extracts. Soil
samples should be taken to assure that the desired salinity

level within the soil profile is maintained.

It should be pointed out that the drainage water must go
somewhere and many times one man's drainage water is another
man's irrigation water. Consequently, the disposal and quality

of drainage water must be considered in terms of downstream

users.

2. Aeration Requirements

Excess water in soils will prevent the development of an
adequate root zone. If the gaseous phase does not exist through-
out the soil profile, oxygen will not diffuse through the root
zone at a rate sufficient to supply respiration needs of the
plant. Carbon dioxide and other products of metabolism will
not diffuse away as fast as it may be produced by micro-organisms
and the plant roots may then accumulate in toxic concentrations.
Anaerobic decomposition may occur and produce toxic gases and
chemicals such as sulfides and methane. Also, some minerals
may become insoluble and consequently unavailable to plants. All

of these factors limit production of most crops.
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A notable exception is rice which is able to survive in
submerged soil for long periods of time due to the fact that
diffusion of gas can also take place through the plant
structures. In addition, oxygen can diffuse from one portion
of the root to another, through the intercellular ventilating

systen.

Plant species vary widely in ability to transfer gases
from atmosphere to root tips and to withstand the products of
anaerobic conditions. Although some plants will grow only in
soils submerged in water, the majority require aerated soil.
All plants, however, are able to extend their roots into un=-

aerated soil for a limited distance.

It has been estimated that if the soil contains air to
£ill approximately 15 percent of the void space then aeration
problems are minimal. To provide the proper aeration zone
requires that the depth to water table be maintained at an
adequate level. In order to do this one must know the
following information:

a. Capillary pressure head - moisture content relation.

b. Depth to water.

The capillary pressure head - moisture content relation
is needed to evaluate the moisture content at given heights
above the water table. Figure 2.11 gives qualitative

relations between two extreme types of soils.
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To provide adequate aeration, approximately 5 percent of
the bulk volume should be air for most of the root development
period. Thus, for a soil having a point of 0.35 aeration will
not be a problem if the maximum moisture content of 0.35 - 0.05 =
0.3 or less is maintained throughout most of the root zone. For
a given capillary pressure - moisture relation one can estimate
the desired depth to water table to provide adequate aeration.
Figure 2.12 shows moisture distribution above the water table

for the static case (i.e., several days after irrigation).

G, S.

Desired depth for
proper root development

depends upon soil characteristics

Figure 2.12
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The depth to water table should be considerably greater
for heavy clays as opposed to uniform sands. The zone of
aeration will be more difficult to maintain for clay than
for sand due to capillarity. It should be pointed out that
the soil was assumed to be fairly homogenous while in nature
we would expect layering and consequently less permeable zones
may restrict and even prevent downward movement of the excess
water. This will create local perched water table conditions
and will have the same effect as high water conditions on a
regional basis. We would want to maintain a depth to water
sufficiently large to provide an adequate zone of aeration for

the root system.

3. Workability of Lands

The presence of water in soils reduced the capacity of
soils to resist shearing and compressive stresses. When plowed
or worked over by other equipment in a wet state, soil compresses.
Upon drying, the compressed soil may form hard clods and less
permeable dense layers below the cultivated layer. Large clods
would interfere with the preparation of the seed bed, and the
dense, less permeable layers would interfere with normal root
extension, thus reducing the volume of soil that may be occupied
by roots. It is desirable to have a well-drained soil so that
cultivation or other soil preparations can proceed with a mini-
mum delay following rains or irrigations. The effect of water
on compressibility of soils is more important as the amount of

clay in the soil increases.
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Another mechanical effect is the increase in heat capacity
due to the presence of water and more heat is required to raise
the temperature of wet soil than would be required for the same
volume of dry soil. Furthermore, evaporation of water requires
heat and may take place without change in temperature. The
combination of these factors results in wet soils remaining
colder during periods of increasing atmospheric temperatures
and can delay seed germination during the planting season as
well as retarding growth after germination. Conversely, wet
soil remains warmer during periods of decreasing atmospheric

temperature and can reduce the effects of freezing conditions.

The concentration and type of salts in the water affect
the mechanical behavior of soils due to the reaction of clay
minerals to electrolytes in solution. Three general types of
clays are recognized and differ in chemical composition. In
addition, there are many sub-types differing in respect to
crystalline form. The three main types are: kaolinite,

montmorillonite, and illite.

Of these three types, montmorillonite is the most sensitive
to variations in salt content; kaolinite is least sensitive
and illite is intermediate. The ion exchange capacity of
montmorillonite is large and is due to the fact that clay will
swell and disperse when water enters the space between the clay

plates.
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Water that is highly concentrated with electrolytes has
less potential for entering space between the clay plates. In

ot

addition, some ions such as Al inhibit swelling and dis-

persion more than for example ca™t of nat,

In the dispersed state, the clay will have lower permeability
and poored aeration due to the fact that the clay plates would
tend to occupy the large pore spaces. Dispersed soils are not
desirable for optimal crop production and should be avoided.

If these soils are to be used for agriculture, and the water
contains excess sodium, it is particularly important to provide

good drainage in order to avoid salinity problems.

A given field may contain one or more problems in that
the excess water may be due to one or more sources. The identi-
fication of the problem and a solution to the problem depends
on the source of the excess water. In most cases it is
necessary to control the water table from rising too high for

too long a period of time. Specific sources of problems may

a. Impermeable substratum - The source of the excess water

is local and enters the area by infiltration from the
ground surface. The impermeable substratum is too
shallow and level over a large area so that the perched
water cannot drain sufficiently under natural conditions.

b. Artesian aquifer - Excess water enters soil due to

water pressure in an artesian aquifer below the

agricultural lands. The source may be local in that
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it enters the soil at the point near where the problem
exists.

Non—-local Source - Seepage from canals, lakes, etc.

flows through the soil to a lower spot where an excess

amount accumulates.

Low Permeability -~ The soil will not transmit water

adequately to provide proper aeration and/or leading.

Excess Application - Water is supplied in excess of

that which normally good drainage can remove in a
reasonable period of time.

Large Level Area - Hydraulic gradient of subsoil

aquifer is too flat to remove water as fast as perco-
lation to the water table takes place.

Elevation too Low - Land may be at an elevation too

near that of a nearby lake, sea, or ocean. There is
no subsoil outlet at a sufficient low elevation.
Basin - Subsoil of surrounding land all drains
towards the area. There is no natural drainage away

from the area.

need for drainage will be evident from:

Shallow root penetration.

Prevalence of plants normally found in swamps, such
as cattails.

Soil mottling (soil marked with spots of different
colors, usually gray and bluish gray) due to reduced

compounds.
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d. An odor of methane or other gases of reduced compounds.

e. Soil which dried slowly, even during prolonged dry
periods.

f. A high water table, that is, water stands in open holes
and ditches at a depth less than a meter below the
surface.

g. Presence of salts on the soil surface.

h. Standing water for prolonged periods of time.

To properly identify the drainage problems, the following
items should be determined during the reconnaissance phase:

a. The extent of the existing and probable problem area.

b. The possible sources of excess water.

¢. The extent of a salinity problem.

d. General topography and geology.

e. The elevation of water in observation wells in the
area.

f. Present crop productivity and an estimate of maximum
productivity if the land is drained.

g. Existence of adjacent drainage projects which may
indicate effectiveness of drainage.

h. Water quality of all waters.

i. Hydraulic characteristics of typical soil types such
as:
1. Hydraulic conductivity
2, Pressure-moisture content of the soils

j. General direction of sub-surface flow.
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k. Soil profile data to depth of 5 to 10 meters.

1. Bulk density or porosity to depth of 5 to 10 meters.

Data Analysis: For Water Removal Subsystem

a. Mapping (base)
The extent of the existing and probable problem area
should be located on suitable base maps. The purpose of
this would be to provide a means for location drainage
systems. On this map, all structures (above and below
ground) should be identified and properly located. This
map will be used for constructing other maps such as water
table contours.

b. Identification of Sources of Excess Water

This is important as the nature of the sources will dictate
the type of removal system. For example, if a pond or
ditch is identified as the source, an interceptor drain
will be used to cut off the water before it reaches the
affected area. If the source is over irrigated, then
relief drains will probably be selected to lower the water
table. Some of the sources of excess water can be iden-
tified by constructing water table elevation contours

described in part e.

Salinity Problem and Leaching Requirements

Data required for identifying the salinity problem are:
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1. Chemical analysis of all waters such as irrigation
water, saturation extract, groundwater, and drainage
water.

2. EC measurements of surface water and groundwater with
time at various locations. This EC should be cali-
brated with the chemical analysis to obtain total dis-
solved solids in ppm (as a guide, 640 ppm = 1 mmohs/cm).

3. Base map.

The saline areas are identified by plotting EC contours on

the base map. Areas of high EC may require leaching of the

soil profile in order to maintain acceptable salt levels.

Topography and Geology

A topographic map showing all physical features should be
constructed. It should show details such as existing drain-
age facilities, wells, area boundaries, and distribution
network. Major elevation differences should be noted on

the topographic map as well as ground surface elevation
contours.

The topographic map will be used to locate drainage
facilities, outlets and inlets for the water budget and
drainage problems. Maps of bedrock elevationsg soil classi-
fication, and geological features should be constructed

using the base map.

Water Table Elevation
Water level elevations above a common datum along with

ground surface contours will provide data on depth to
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water. This should be plotted on the base map to help
identify where high water table may be a problem. The
direction of flow as well as gradients can be obtained
from this contour map.

Water levels are measured in observation wells which are

located at critical locations in the field.

Hydraulic Conductivity K

The hydraulic conductivity is determined by the auger
hole test. Normally a grid system of auger holes is used
and contours of equal K values are plotted to get estimates
of K at other locations. The location of the auger holes
depends upon field conditions and accessibility. A
heterogeneous area requires more auger hole tests than
for homogeneous areas. The amount of auger hole tests
conducted depends upon the variability of the hydraulic
properties of the soils within the area. This data along
with data obtained in e and g can be used to evaluate

groundwater flows.

Bulk Density Data

Bulk density (pb) data are needed to determine the porosity
of the soil. For most purposes the density of the soil
grain may be taken as 2.65 and the porosity 6 is given by

g = 1 - 75%3 . Once porosity is obtained, the maximum
moisture content (by vol) would be equal to the value of

porosity. If no data are available for residual moisture

content, one may assume as a guide, a residual moisture
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content of 1/3 6 max. The apparent specific yield, S

ya'
may be calculated by:
2 . . -A
Sya = (6 = 8.) (1 - g5
where 8. = residual moisture content

m
(assume 6. = 1/3 O if no data are available)

A = pore size distribution index
(assume 1.5 < A < 3 if no data are available)

K 0.4

in. cm
by

8d = 9.7 [ 1"
m

hydraulic conductivity in cm/sec

=
]

distance from water table to ground surface

R
it

The apparent specific yield is the amount of water released
(or stored) per unit of soil for a unit decline of water
table. If the water table is close to the ground surface,
Sya would be very small since most of the pores above the
water table will be filled with water held by capillarity.
Sya would increase as the depth to the water increases and

would reach maximum values of S (e, =~ sr) when 8 is

va = ‘'m

very large. Below is a definition sketch of the capillary
fringe (Figure 2.13). The pore size distribution index is
the slope of the line of the log-log relation between

capillary pressure head and effective moisture content,
e-—er
e = -

e 9m~—6r
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THE PHYSICAL ENVIRONMENT:
PLANT-SOIL DIMENSION

This section will describe the plant-soil subsystem of
the farm irrigation system. First, a general overview of
the subsystem is provided. Second, the major natural resources
are described, followed by a description of important agronomic
components. Finally, the operation or management components of

the subsystem are described.

Subsystem Overview

The objective of the plant-soil subsystem is to produce
food, fiber, oil, and specialty crops at optimum levels with

the desired quality to ensure long term productivity.

An analysis of this objective will provide an understanding
of the individual components of the plant-soil subsystem and the
interrelationships between them. The actions undertaken to
modify the environment and manage a crop are termed agronomic
practices. These practices are the basic agricultural or farm-
ing practices for the crops that are produced in a particular

area.

The function of the agronomic subsystem is to utilize the
natural resources of an area by the proper management of the
physical, chemical, and biological resources to produce food,

fiber, o0il, and specialty crops at desired levels. The crop
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production should be done in a way to ensure the long-term
productive potential of the farm resource base. Some of the
major physical, biological, and chemical factors, which must
be carefully managed for the subsystem to function adequately,

are shown in Figure 2.14.

The agronomic subsystem will function without human
involvement; however, the system may not meet the demands of
people or livestock without strong human intervention. For
example, under natural conditions an area will support a varied
plant community with each type of plant in competition with each
other. Intervention into natural plant communities with domes-
ticated plants combines the system's natural resources with
management practices and new plant varieties for man's purposes.
Some areas will produce no useful plants under natural conditions,
and other areas will produce only a few with low-level production

under natural conditions.

Farming activity uses the natural environment with certain
modifications to produce crop plants yielding much higher levels
than normal. Farming, as we use the term, includes the entire
range of agricultural activities and support operations that
man uses to produce crops. The purpose is not only to produce
higher yields of desirable crops, but also to maintain these
yields under varying environmental conditions and to improve
quality. The wise management and conservation of these natural
resources in order to ensure sustained production over time is

also an important concern.
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The plant and its environment are the focus of our
understanding of the plant-soil subsystem. The plant dictates
what is needed from the environment and when it is needed. The
natural resource base determines what practices are needed to
provide this optimum environment for the crop plants. Agro-
nomic practices which have been developed over time by farmers'
experience and pragmatic agricultural research provide realistic
practices for an area. Scientific activities can develop
solutions to problems which the farmers have been unable to
solve. Both the farmers and researcher require information
about the plant and its immediate environment to determine
which conditions are most suited for a particular crop. Agro-
nomic practices then are a means to modify the natural environ-
ment so as to best serve the needs of the plant and to make the
best use of the area's natural resources. Economic, physical,
or social restraints may make it impossible to provide optimum
conditions or to manage plants effectively. The needs of the
plant, however, still determine the "ideal" conditions, and the
constraints determine how close we can get to that ideal. The
result is the "practical” set of practices for an area given the

local situation.

You must understand what constitutes optimum plant growth
conditions. The process is to ask, "What is the production
potential for this area?" Also, "What are the modifications to
the natural conditions that are needed for the plants to produce

at the maximum potential?"
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Natural Resources

The agricultural areas of any country are limited areas
which have specific environmental conditions allowing crop
plant production at some agreed upon level of optimum yield.
Crop production usually requires some modification of natural
resource conditions. For example, the modification might be
how fertilizer is applied. Other modifications include irri-
gation water application or control or removal of the natural
vegetation. In other cases, modification is made to the crop
plant itself through plant breeding (or selection) to develop
a plant type that is either better adapted to the existing
conditions or that will produce at higher levels under new

improved conditions.

Each agricultural area has specific conditions that will
indicate different sets of management activities and crops.
Areas that have some similarities of conditions and requirements
are often grouped together into agricultural zones on the basis
of climate, soils, or water resources. Using climate as the
criteria for the types of agriculture, we often use such terms
as Lowland, Humid Tropics, the Arid Tropics, the Humid Temperate
regions, and the Arid Temperate regions. These are some of the
major agricultural areas of the world, but they also suggest

that the main differences are in water supply and temperature.

An expansion of agricultural activities into locations

that are considered marginal, from a natural resource



II-54

perspective, is made possible by practices that either modify
the natural conditions or modify the plant to better fit the

environment.

These modifications include irrigation to supply the water
needs of crop plants; drainage to bring new areas under produc-
tion; insect and disease control to make areas inhabitable by
man and animals; land leveling to allow for surface irrigation
methods; soil conservation techniques to provide for long term
agricultural operations and salt control and land reclamation

to remove excess salts and toxic substances from the soil.

In summary, the management and modification of natural
resources is the basis of the agricultural system. The success
of these methods in making areas suitable for crop production
largely limits the areas that will be inhabited in the world.
Most people live in active agricultural areas where crops are

produced or can be traded for other products.

The modifications that will be required are not only a result
of natural conditions, but they are also influenced by the needs
of the crop plants that can then be produced in the area. The

natural state must be modified to approach the ideal.

The practicality of making these modifications is determined
by the natural conditions, the feasibility of making the changes,
the cost of the changes, and the benefits obtained. This will
be followed by a consideration of ways to modify the resources

to improve plant production. Resources can be divided into
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physical and biological. The physical resources are climate

and land.

Physical Resources

A, Climate

Temperature is the primary factor in determining which
areas can best be used for various crops. Large areas of the
world are currently unsuitable for crop production because of
low temperatures, Short growing seasons also limit crop pro-
ductivity. Some crops require total freedom from frost which
limits their distribution, while others can stand frost during

certain growth stages.

Temperature is not easily controlled or managed. Instead,
crop selection and timing of planting dates are developed to
match prevailing climatic conditions. Temperature modification
is usually too expensive except for high value crops which can
be grown under glass, or for short periods of time such as the
control of brief frosts in citrus and early flowering deciduous

or time fruits.

Day length or photoperiod is another important climatic
factor and, like temperature, the major management approach is
to modify agronomic practices which suit the prevailing condi-
tions. Plant breeding has been quite successful in providing
new varieties of crop plants that can be grown under varying

photoperiod conditions.
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Water supply is perhaps the most important climatic
resource in agricultural operations. Irrigation provides a
means for crop production in areas where no crops could be
grown. It can be used to expand production in areas of marginal

natural water supply.

Major water supply problems usually include conditions of
excessive or insufficient water for good crop production. In
cases of excess water, adequate drainage systems can lead to
the development of productive lands, as in Egypt. In cases of
a water deficit, irrigation is used to supply water for improved
plant growth. In a given area, often both drainage and irriga-
tion are needed for improved crop production. Irrigation systems
supply water for plant growth, while drainage systems control
the water levels and residual salts which are usually a major

problem of irrigated areas.

Dryland farming, or alternate year cropping, as practiced
in parts of Colorado, is basically a water resource management
technique. In such areas, the water supply from two seasons
is needed to produce small grain crops. This technique, however,
is mostly adapted to small grain production on deep soils having
a high water storage capacity. Under climates in which the
stored moisture, supplemented by rain, is sufficient to produce

a crop.

The water needs of plants, much like temperature, are not
constant but change in relationship to the growth stage of the

plant; and with the changes in the climatic factors. With
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the exception of some dryland areas, most soils have sufficient
storage capacity to hold enough water for plants throughout the
growing season. Where natural precipitation is limited during
a given growing season, supplemental irrigation is needed for
good crop production. Where natural precipitation is lacking
altogether, irrigation becomes an absolute requirement because

it is the sole source of water for plant growth.

Temperature, photoperiod, length of growing season, and
water supply largely determine the areas where cultivated agri-
culture can be practiced. Temperature and photoperiod are largely
uncontrollable but fortunately there are many areas having good
conditions for plant growth with respect to these factors. The
expansion of agricultural operations into these areas often
requires that the water supply be controlled or supplemented.
Therefore, irrigation is the primary management technique that

allows these areas to be used for agricultural pruposes.

B. Land Resource

The other physical natural resource is land. In a
consideration of the land resources we are primarily interested

in topography, soil formation, and the nutrient supply of soils.

Many areas are too steep to allow cultivation without
excessive soil erosion. In such cases, cultivation is not
practiced unless the area is greatly modified by the building

of terraces. This is most practical in climatic areas that
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allow intensive cropping practices, or in areas that have

limited alternative areas for crop production.

At the other extreme are those areas of nearly level or
gently rolling topography. These areas have few insolvable
problems limiting cultivation and therefore constitute the major
world agricultural area. Water supply is usually a limiting
factor so irrigation is usually required in these areas. To
irrigate the area, some land leveling is often required for

better control of surface irrigation.

Topography and soil formation are intimately linked. Steep
areas are subject to natural erosion preventing formation cf a
deep soil. More level areas often have deep soils. The reverse
may be more applicable in flood plain areas where the deposition
of soil material by water over time has resulted in an almost

level topography.

Other important soil characteristics include water holding
capacity, nutrient supply, freedom from plant toxie substances,
and the soil's physical conditions. Some of these characteristics
can be modified, such as salt removal, while others like texture,
are essentially fixed. For example, water holding capacity of
a soil can only be slightly increased without a high investment.
Also soil temperature can only be slightly modified at low cost.
You must delineate those modifications which can be made within

the given economic limits for increased crop production.
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The Components of the Subsystem

The overall purpose of the plant-soil dimension is to
produce a crop with economic or social value to man. An
examination of this dimension then, must begin by listing
the specific needs of crop plants as shown in Figure 2.15.

Crop plants vary in the amounts of particular inputs required
for optimum growth and production. Within limits, basic re-
quirements for crop growth are similar. Figure 2.15 suggests
that the plant, its physical, biological, and chemical environ-

ment are all interrelated.

PHYSICAL FACTORS

BIOLOGICAL FACTORS k g PLANT PRODUCTION

CHEMICAL FACTORS

Figure 2.15 Physical, Biological and Chemical
Factors Important for Plant Growth.

Basic plants needs can be subdivided for convenience into

physical, chemical, and biological components. Physical needs

include solar energy, temperature, mechanical support, and space.

Chemical needs include water, oxygen, carbon dioxide, major and

minor mineral nutrients, soil pH, and freedom from yield-

decreasing toxic elements or compounds. Biological needs
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protection or freedom from pathogens, destructive insects and
rodents, competition plants, and animals. Other biological
needs include beneficial insects which are necessary for fer-

tility, insect control, and pollination of some plants.

There are no areas in the world where all of these needs
are met naturally for particular types of crops. Those few
areas which approach ideal conditions will usually have popula-
tions of many plants which may not be of current interest or
of use to humans. Some modification of the natural conditions
is required to utilize the natural resources for plants that

are of primary interest to man.

To gain a better understanding of the functions of the
plant-soil dimension, the major plant needs are examined in
detail. Examples are given of specific management practices

that are used to direct these inputs to the crop plant for use.

A. Physical

1. Sunlight

The input of light energy drives the photosynthetic
mechanism of plants. For plants to use light, it must be
absorbed by the chlorophyll and photoactive pigments in the
plant leaves. The intensity of the light must be high enough
to provide energy at or within the ideal range for a particular
type of plant. In addition to the intensity, the quality of

light is also as important as is the duration or day length.
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Sunlight intensity and duration varies throughout the year.
Control is limited to selecting the growing season for a crop
that will best match the needs of the plant with the natural
conditions. Breeding and selection work can sometimes result
in improved varieties that better match the natural conditions

or can be grown in different periods of the year.

2. Tenmperature

The temperature of a plant is primarily controlled by the
environment. Plants can stay slightly cooler than the air
temperature, but cannot maintain an internal temperature much
above the environment. Temperature changes the rate at which
reactions occur within the plant, thus placing limits upon the
growth and photosynthetic rates. If the temperature is above
freezing, this rate of reaction is the primary effect. If the
temperature goes below freezing, the plant can be damaged or
killed. Many plant processes, such as flowering and seed
development, are directly linked to temperature with the com-

panion effect of day length.

As with sunlight, which is the provider of the environmental
temperature, the major control is the timing of the growth period
to match the needs of the plant with the environmental supply.

In addition to air temperature, soil temperature is also impor-
tant. This can be varied to a limited degree by cultural

activities such as mulch, irrigation, and drainage.
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3. Support

Plants require soil deep enough to develop a root system
that is strong enough to support the plant. Soil depth and the
ability of the roots to penetrate the soil profile are important.
This penetration is a factor of the physical characteristics of
the soil and how well the plant roots can grow as well as the

temperature and aeration of the soil.

Control methods are both physical and biological. The soil
can be mechanically disturbed so that root development is not
hindered by impenetrable layers and the structure of the soil
can be improved to increase aeration. High water tables can
be lowered by drainage so that the plants can develop deeper
root systems. Toxic substances can be removed so that the roots
can penetrate new areas. Irrigation can provide a water supply
so that the plants can grow roots into deeper layers that were
dry. If the soil is too shallow, additional material can be
moved to the area, but this is expensive and is only justified

with high value crops.

4., Space

Plants need room to grow. Crowding has a depressing effect
upon the yield and quality. Also affected are leaves. Their
access to sunlight is another problem caused by too much compe-
tition among plants which causes a decrease in the plant's

nutrient and water supply.
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Proper plant spacing and plant populations are of prime
importance. Spacing varies among crops, growing seasons, and
the quality that is desired. You can control this by spacing
the rows and the plant intervals along the row, by controlling
the seeding or transplanting rate, and by thinning the crop at

an early stage of growth.

C. Chemical

1. Soil pH

The pH of the soil solution influences the availability
of mineral nutrients to the plant not only by the direct effect
upon the solubility and form of the nutrient, but also by the
effect of pH on the symbiotic organisms in the soil. Many
pathogenes are likewise affected by soil pH and some plants,
such as potatoes, are grown at a pH which is not optimum for

their growth, but provides control of the soil pathogens.

Soil pH can be changed by adding ground limestone or by
the addition of acidic materials, or by the removal of excess
salts. Before making such changes, the crop rotation pattern

should be determined as the pH requirements can vary among crops.

2. Major Mineral Nutrients

Mineral nutrients are divided into major and minor groups
based primarily upon the amounts of each that are needed by

plants. The range in amount is quite extreme, going from
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hundreds of kilograms per hectare in the case of nitrogen,

to a few grams per hectare in the case of molybdenum. The
major plant nutrients are N, P, and K with Ca, Mg, and S
sometimes included as secondary major elements. Plants re-
quire these elements in the correct amounts, the correct form
(available) and in the correct proportions. Also, due to the
supply and cost of nutrients, economic considerations are
important in making decisions about modifications to the natural

supply of these materials.

The major control methods consist of the addition of the
nutrients to the soil in mineral form or as animal manures or
green manure crops. Crop rotations that include the use of a
legume to supply nitrogen to following crops are also widely
used. Modifications must carefully consider the balance that
must be maintained among the levels of each nutrient, the form that
is used to supply the nutrient, the needs or limitations of crops
that will follow in the rotation, and the method and time of
application. When additions are required, it will probably be
necessary to supply these elements on a regular basis. The
intervals will vary every two to four years with Ca and Mg, to
as short a time period as providing nitrogen at two to three
times during a given crop season. Soil tests and tissue tests

coupled with plant observations are useful guides.
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3. Minor Mineral Nutrients

The minor elements are required by plants in much lower
amounts than are the major elements. This in no way changes
their importance; however, because most of these elements are
involved in the control of plant growth, development, or re-
production, a deficiency of any one can severely limit the

growth of plants even though all other mineral needs are met.

The minor elements, like the major elements, can be add-
ed to the soil. 1In addition, foliar application may be the
best method because the element may be in a nonavailable form
in the soil. Great care must be used in modifying the supply
of the elements because they can also be toxic to plants at
higher levels. The gap between optimum levels and toxic levels
can be quite narrow. With the exception of application by
foliar methods which can occur more than once in a crop season,
these elements are usually applied once and will last for a

number of years.

4. Freedom from Toxic Elements or Compounds

The minor elements can be toxic at levels above that needed
for good growth. Boron is a prime example of this effect. Na,
Cl, Fe, and Al can also produce toxic effects. Bicarbonate
ions can also exhibit detrimental effects, but these ions are
usually associated with the irrigation water. Selenium and some

of the heavy metals can be toxic to plants, although the levels
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of these elements are most often below plant toxic levels but
will accumulate in the plant tissues and produce toxic effects

on the animals or people that eat the plants.

Usually removing toxic elements involves leaching with
irrigation water. The specific leaching methods vary from
simple leaching in the case of Cl to cases which will require
the removal of the soil material by inversion plowing or the

abandoning of the field.

5. Carbon Dioxide

The supply of carbon dioxide to the leaf tissues involves
the uptake of the CO2 from the atmosphere through the stomates
of the plant and the transfer to the cells that are active in
PSN. This uptake through the stomates involves the loss of
water to the atmosphere. The supply of Co, to the plant is one
of the major growth rate limiting factors. It is the plant
activity that requires the greatest amounts of water. In most
crop plants, 80-90% of the plant's water use is used in 002
uptake. Low water supply to the plant has a direct effect upon
growth rates by causing the stomates to close, thus cutting off

the CO, supply and stopping PSN activity.

With the exception of greenhouse or other controlled

atmosphere environments, the only way to control CO, uptake is

2
to ensure that the plant has an adequate supply of water so

stomates can remain open and provide a steady supply of CO2 to

the cells involved with PSN. Adding the organic matter to the
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soil may be beneficial in increasing the supply of 002 because
it will be released during the decomposition of the organic
matter in the soil. This effect is difficult to determine and

probably will be negated by even a slight wind.

6. Oxygen

Plants release 02 into the atmosphere through the stomates
as oxygen is a by product of PSN. Plants need oxygen to metabo-
lize sugars in the growth process. The need for O2 is usually
most critical in the root system since most plants cannot trans-
fer 0, from the leaves to the roots (rice being the major
exception) and thus the roots are dependent upon the soil air

for the 02 supply.

Control is limited to maintaining the structure of the soil
in a loose condition so that the atmospheric oxygen can diffuse
to the root system. Of equal importance is keeping the water
in the soil at levels less than saturation by controlling
irrigation applications and/or providing for the drainage of

excess water.

7. Water

A continual supply of water to the plant is crucial so
that the photosynthesis (PSN) rate can proceed at the maximum
possible speed consistent with the limits imposed by the other
inputs. Water is only important as a medium of reaction in the

plant, but also takes part in many of the reactions of growth
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and development. Except for soil, water is the largest single
input to agriculture. Water quality is also important with
consideration given to temperature, nutrient levels, toxic
elements and compound, and general salt contractions. These
factors are important because of their effects upon both the

soil and the plant.

Plant water control methods vary widely. Agricultural
operations are sometimes classified on the basis of water
supply regimes or methods. Thus, rainfed agriculture, irrigated
agriculture, and dryland agriculture, are commonly used as terms
which divide agricultural methods on the basis of the water
supply to the plants. The degree of control varies from none
in humid area agriculture where all plant water is provided by
precipitation, to total control in the case of irrigated oper-
ations in the arid regions that do not receive precipitation
during the growing season. Specific operations vary from
alternative cropping methods, to crop selection, planting times,
plat populations, mulching, soil fertility control, and irriga-
tion as either a supplement to natural precipitation or as the
total supply of water. The plant's needs for water is continual
and changes throughout its life cycle. The supply of water,
therefore, is not only a factor of amounts, but also of distri-
bution. 1In addition, the application of the water must be done
in ways and at times that are not detrimental to the other needs

of the plant.
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D. Biological

1. Protection from Pathogens

The plants growth rate and the development of the yield
can be adversely effected by the parasitic actions of various
pathogens. The specific effects of these organisms is both
direct and indirect. It is direct in that part of the plant's
carbohydrate production or part of its tissue is consumed by
the pathogen, it is indirect in that products of the pathogen's
metabolism are detrimental to the plant by inhibiting the plant's

metabolism even to the point of killing it.

Control methods vary depending upon the crop and the type
of pathogen. The most usual methods are to prevent the plant
infection by controlling insects that spread the pathogens, by
using seeds that are free from infection, by using plant vari-
eties that are resistant to the pathogens, by removing the
pathogens from the environment as in soil sterilization, and
by using the plant's natural defense mechanisms to ensure the
plant growth at its best level and not being weakened by
deficiencies of minerals, water supply, toxic substances, or

physical damage.

2. Protection from Destructive Insects

Insects feed upon plant tissues or upon the fluids in the
plant. This decreases the plant growth rate by the tissue loss

and carbohydrates, but many insects can facilitate the infection
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by plant pathogens by providing entry into the plant through
the destroyed tissue or by using a carrier of the pathogen and
infecting the plant during feeding. The action of insects
shows the plant growth rate and decreases the yield by eating
the reproductive organs. Only in extreme cases do insects

destroy the crop.

As with pathogens, control methods vary with the types of
insects and the plants involved. In addition, the growth stage
of the plant and the insect are important. Specific methods
include killing the insects by chemical or biological means,
preventing the growth of the insect by chemicals or by destroy-
ing the eggs or larval stages. Rotating crops decreases the
build up of insect populations by growing plants that are not
food sources to specific insects, by planting border or buffer
crops that inhibit the movement of the insects are more attrac-
tive to the insect thus protecting the crop plant, and by using

varieties that are resistant to the insects.

3. Supply of Beneficial Insects

Many insects have beneficial effects upon crop growth.
Fertilization of the flowers by insects is a necessity in some
areas. In addition, many insects are parasitic upon other

insects and can thus provide protection to the plants.

Control involves the movement of beneficial insects into

the field during the flowering period as in the case of bees



I1-71

and wasps, and using and selecting chemical control methods
in order to effect only the target insects and not harm the
beneficial species. Crop rotation and planting border plants

that attract beneficial insects is also used.

4. Freedom from Competition by Other Plants

The water supply, sunlight, nutrients and other plant
needs are usually limited. To ensure that the crop plant makes
maximum use of these factors requires that other plants be con~

trolled and not competing with the crop plant.

Land preparation is primarily performed to destroy the
natural vegetation. The cultural activities that follow plant-
ing of the crop are also involved with the removal of competing
plants. In addition to mechanical control of the plants,
chemical and biological control can be used. Crop rotations
are also used to decrease the seed supply of the unwanted plants.
Irrigation or drainage can also be controlled to prevent or

inhibit the growth of these plants and their production.

5. Protection from Grazing Animals

Pasture crops are raised for the direct use of animals.
But even in this case, the crops need periodic protection so
they can continue to produce and reseed. Other crops are intended

for later use by animals.
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The control methods recommended are controlling the times
and duration during which the animals can feed on the crop, or
by preventing the animals from having access to the crop. The
specific control method will depend upon the animals involved.
In the case of wild animals it may involve their destruction

to prevent damage.

The plant-soil dimension's primary function is to provide
an environment which will allow crop plants to produce accept-
able yields. The yields must not only be at levels of produc-
tion that are economic, but of the quality that is required by

producers and consumers.
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THE INSTITUTIONAL ENVIRONMENT:

RESOURCE - ALLOCATION DIMENSION

As shown in Figure 2.16 the Resource-Allocation Dimension
is part of the Institutional Environment and focus in this

section is on resource allocation.

The economic dimension at the farm level deals with the
resource allocating process as traditional farmers and their
families seek to survive, or commercial farmers attempt to
maximize returns from production efforts. The decision makers
must go beyond mere technical efficiency (attempting to maximize
production) decisions. Farmers are influenced and constrained
by social and institutional factors off the farm and by many
physical and monetary constraints of resources on the farm. In
order to effectively assist farmers in their resource allocation
decisions, an understanding of the linkages between (1) macro-
economic objectives and policies, and microeconomic considerations
and principles; and (2) the various farming activities and

decisions is essential,

Economic decisions in farming are greatly influenced by
the various macroeconomic objectives and policies. The macro
development objective of policy and infrastructure building
would require an increase in government revenue collection which
in turn affects the individual farmer's resource allocation
decisions when various revenue collection techniques are devised
and set in motion. Government policy and programs to assist

farmers would likewise enter the farmer's decision-making process.
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The discipline of economics deals with optimal resource
allocation. This underlying criterion requires that all the
resource~utilizing and revenue-generating activities of the
farming unit be assessed. If greater income can be generated
by making improvements in the irrigation aspect of production
activity than in some phase of marketing activity for the
investments considered, then the resources need to be allocated
in that direction. Other than resource allocation there are
essential and direct linkages between various farming activities
and operations. For an increase in effective water supply to
make the desired maximum contribution to farmers' well-being,
marketing constraints may need to be removed. For an economist
to determine the optional resource allocation of a particular
farming unit and assess the possible contributions that various
undertakings could make to the individual farmer, information
from other relevant disciplines such as agronomy, engineering,

and sociology needs to be acquired.

In this section we will:

1. Define the role of the discipline of economics in
farming and explore its relationship to the other
farm-related disciplines.

2. Briefly explore the various farm management activities.

3. Illustrate the utilization of some of the economic
principles in decision making in various farming
activities. (Detailed illustration of the use of
economic principles and analytical techniques is
presented in the "How to do it" section of the

training manual.
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ECONOMICS, ROLE IN AGRICULTURE, INTERACTION WITH

OTHER DISCIPLINES, —-- AN INTRODUCTION

ECONOMICS AND FARMING

The principles of economics applied in decision making at
the farm level are classified under microeconomics. The
concern at this level is to maximize the return to the farm or
individual farmer by an efficient allocation of natural resources
such as land and water, man-made resources such as irrigation
canals and machinery, and human resources of physical labor and
know-how. This is to be accomplished in an environment of
physical and human resource constraints, social and governmental

regulations, and changing market conditions (see Figure 2.16 ).

The above characteristics of the function of the discipline
of economics applied to farming illustrated the diversified
information that it requires and the complexities to consider
in a particular study. In investigating a particular farm
problem several types of information are needed including:

1. The on-farm and off-farm resources such as land, labor,
water, fertilizer, credit, and others that can be made
available for farming,

2. The technical information from various relevant disci-
plines of irrigation engineering, agronomy, and animal
science regarding improved farming practices such
as in irrigation, planting, weeding, and animal breed-

ing.
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3. Market price information.

4. The governmental and socio-cultural constraints
such as an upper or lower limit in production of a
particular crop, none price allocation of inputs
such as water and fertilizer, farmer's attitudes and
behavior toward adoption or non-adoption of new in-
puts, changes in cropping pattems, and farming

practices.

It would be upon such a comprehensive and complete assess-
ment that an economically efficient and viable solution to

farming can be found and successfully implemented.

ECONOMICS AND THE OTHER FARM RELATED DISCIPLINES

Given the market condition and governmental policies,
significant interaction between the various disciplines of
engineering, agronomy, economics, and sociology are required
for the identification of various problems in agriculture and
the search for feasible solutions and their implementation. The
nature of the interaction and the stage of investigation at
which the discipline of economics participates depends on the
problem under investigation. In the case of an irrigation
problem, the engineers may suggest a number of alternative
solutions which can resolve or reduce the magnitude of a problem,
but evaluation by economists would be needed to identify the
resource efficient solution before implementation. The decision

to undertake a particular project or to choose among alternative
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projects is ultimately based on economic considerations rather
than engineering efficiency criterion. In these instances the
discipline of economics takes the investigation a step further

toward the implementation phase.

The role of economics in agriculture and its relation to
other disciplines involved can be further highlighted by explor-
ing the concept of efficiency, the difference between economic
efficiency and physical efficiency and by the reason for pro-
ceeding beyond physical efficiency in determining resource

utilization.

Physical efficiency can be defined as achieving the maximum
level of output from the given amount of input or conversely
achieving a certain level of output with the least possible in-
put utilization. Output can be a physical good or a service,
and the input can be a physical input or knowledge. Economic
efficiency consists of technical and allocation efficiency.
Technical efficiency measures the differences in output that
can arise from:

1. Full utilization of resources versus over or under

utilization.

2, Different methods of production.

Allocative efficiency deals with optimal use of input combinations.

An objective of the irrigation engineering applied to a
farm is to improve the physical efficiency of the irrigation

system for improved crop production. More specifically, it
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deals with such elements as achieving minimum water loss in
delivery and application, uniformity of application, and
minimum erosion from irrigation. The discipline of agronomy
concerns itself with various factors which affect production
of crops with the ultimate objective of yield maximization on

a sustained basis. (See the engineering and agronomic sections.)

Would achieving the optimal physical efficiency condition
in an irrigation system or maximum yield per acre provide the
desired and sufficient conditions that can lead to the achieve-
ment of ultimate goal of the enhancement of the farmers' welfare?
A positive answer can only be given if the resources are free.
The inputs and practices that achieve maximum physical efficiency
such as maximum output per unit of land may turn out to be

undesirable or inefficient from the economic point of view.

The difference between physical optimization and economic
optimization is illustrated by the following example. In the
production of a particular crop a number of inputs such as
land, water, labor, capital, and management, are utilized. In
this case we consider all other inputs as fixed or given and
focus on the application of water in order to achieve maximum

output per unit of water input of maximum yield (see Figure 2.17).

The total output curve describes the response of yield or
output of cotton to water application. At zero supplemental
or irrigation water an output level W is achieved from application

of other inputs and water from the rain. Water application
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level A leads to output level Y at which the average physical
output per unit of water is at its maximum. Application level
B leads to maximum achievable output. Water application beyond
point B leads to over irrigation and possible waterlog, there-~

by lowering yield and output.

Without consideration of the cost of the water and price
of the output produced or under the condition of a zero cost
for water, the rational choice would be to apply water level B
and achieve maximum output level X. But water is generally not
free though in Egypt often it is assumed to be a free good.
There is cost associated with its provision due to costs of
storage, lifting, delivery, and application. If water is priced
on the basis of supply and demand conditions, then the cost of
water would include its scarcity value as well. Suppose the
price of water is fixed at L Egyptian pounds per unit as shown
by horizontal line LS. Since the increase in yield from each
additional unit of water continues to decline as more and more
units of water are applied (law of diminishing returns), then
so does the value or return from each additional unit of water
applied decline. This relationship is shown by the downward

sloping marginal value product curve.

At the point of maximum output per unit of water input,
(application level A) the per unit value return to water applied
is P and cost of water is L. An increase in application of
water from level A toward level C continuously adds more to the

return than to the cost of the water. This is shown by segment
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PT of the marginal value product curve which lies above segment
QT of the water price curve. This demonstrates that increasing
water application from level A toward level C increases the net

benefit to the farmer.

THe cost of water per unit and return from consecutive
units of water used are equal at point T. This equality repre-
sents the economic optimum and suggests that the farmer should
apply level C rather than A or B. At the economic optimum, the
total gross return ot the farmer is equal to the area ORTC and
cost of water equal to area OLTC and the return to the other in-

put factors and farmer's effort is equal to LRT.

Application of water beyond point C adds more to cost than
to return from water applied and consequently lowers the net
return on the farmer compared to application level C. Application
of water at physical optimum of B would add area CBST to the
water cost of the farmer and the smaller area CBVT to the farmer's
return. The net loss to the farmer is area TVS from the

application of additional water units of CB.

The difference in focus and efficiency criteria between
physical sciences applied to farming and economics as illustrated
in this section, highlights the indispensable role of an inter-
disciplinary investigation of a farming system. In the following
section the economic aspect of farm management activities which
is a component of the overall farm management decision making

process (illustrated in Chapter I) could be explored.
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FARM MANAGEMENT ACTIVITIES

Farm management in general includes five broad categories
of production activities, capital building activities, commercial

activities, financing activities, and accounting activities.

General Farm Management Activities

Production activities: input level and combination
enterprise choice and combination
tillage practices
irrigation practices

Capital building activities: purchase of machinery
lining ditches
building drainage
leveling land

Commercial activities: marketing outputs
purchase of inputs

Financing activities: acquiring fund
using fund
forecasting future needs

Accounting activities: production records
transaction records

tax records

These activities require a series or large number of decisions

that are to be made by the farm manager.
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It is mainly in the production and capital building farming
activities where various farm related disciplines of engineer-
ing, agronomy, economics, and sociology are brought together
to assist farmers in their decision making. Farm production
activities involve making decisions on resource allocation,
adoption of new inputs such as chemical fertilizer and high

yielding varieties, and changes in farming practices.

Capital building activities refer to accumulation of fixed
inputs. These activities include investment in fixed cost in-
puts such as sakias, and investment in farm improvement such as
irrigation and drainage systems. Improvement could also be made
in human capital such as in know-how of farmers. Capital build-
ing activities generally require large investments and the
benefits from these inputs and improvments would occur over an

extended period of time.

Commercial activities involve decisions on marketing
agricultural commodities and purchase of farm inputs. Financing
activities are concerned with obtainment and utilization of
funds or financial capital. Commercial and financial activities
fall primarily in the realm of the discipline of economics.
These activities and relevant decisions are influenced by insti-

tutional and socio=-cultural factors.

Accounting activities are undertaken in order to assist
farm managers in their decision making in the technical,

commercial, and financing activities. Certain types of records



II-85

are kept and accounting statements prepared in order to meet
the requirements of government agencies and various other

institutions.

PRODUCTION AND CAPITAL BUILDING ACTIVITIES

In view of the focus of the EWUP project and its
inter-disciplinary feature, the following discussion of the
economic section in this training manual will be primarily
devoted to the description of the role of the discipline of
economics in technical farm management activities of production
and capital building. More specifically, a number of decisions
that are needed to be made by the farmers in this area along
with the appropriate economic analytical techniques and rele-

vant principles of economics will be explored.

Decisions on various farm management technical activities
of production and capital building which may be undertaken by
farmers can be classified as being made with respect to:

a. Variable or short-run production activities.

b. Fixed or long-range investments and commitments.

c. Farming practice for both short- and long-range

activities.

In any particular year the decisions on what to produce
and how much to produce are further based on the decisions on
the combination of inputs, levels of input application and the

allocation of these inputs among various enterprises. Costs
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and returns associated with short-range production decisions

generally occur within that particular production season.

Decisions on long-range investments (such as undertaking
major improvements, introduction or greater utilization of farm
machinery, and extension of the size of the operation by pur-
chase and long-term lease of land) entail long-range and greater
impacts on the profitability and well-being of the farmer due

to their high cost and changes in the structure of farming.

The farming practice or method of production is included
both in short and long-range nature farm operations. A change
in the method of irrigation or application of fertilizer without
a major change in the structure of the irrigation system and
investment in machinery illustrate a variable change. A shift
toward utilization of machinery and major improvements would
most likely entail a change in farming practices. The intro-
duction of machinery or major improvements and changes in use of
such variable factors as chemical fertilizer are recognized as
intensive farming practice. Expanding the land area by renting
or buying is recognized as an extensive farming practice (see

Figure 2.18.

Farm management economics has devised and applied different
analytical tools which utilize various principles of economics in
order to assist the farmers in their decision making. The tool
of the analysis itself is a format within which information can

be brought together and the relevant principles of economics
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applied. The principles of economics serve as guides toward
optimal decision making as it explains the why of profitable
farm management. All economic decisions such as allocation of
a particular input among various uses, choice of product combi-
nations, investments in machinery and improvements should be

made in terms of economic principles.

Some of the principles of economics and analytical
techniques applied in the production aspect of farming will be
illustrated in section III. The role of financing, marketing,
and farm record keeping, on farm income and profitability are

briefly explored in the following pages.

FINANCING ACTIVITIES

As farmers in developing countries evolve out of the low
productivity subsistence farming and enter the stage of diver-
sified or mixed agriculture, farm financing activities become
important. The amount of funds at the farmer's disposal could
be viewed as another factor of production which can affect the
farmer's production decisions. Funds are required for the
purchase of various traditional and non-traditional inputs that
are essential for production and profitability of the farming
operation. Such funds can be acquired by production of cash
crops such as cotton, off-farm employment, and borrowing from

various governmental and private lending institutions.

The use of high payoff non-traditional inputs, such as

chemical fertilizer, fuel, pumps and others, have particularly
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necessitated the use of economically sound financial decisions.
The decisions involved may include borrowing, saving attitude,
production of cash crops, and off-farm employment. In view of
this, a farmer needs to identify his various sources and uses

of cash fund and engage in cash flow analysis of his farming

operation. Shortage of funds to purchase fertilizer in critical
periods of the growing season may prove detrimental to the
profitability of his operation. (See the "how to do" section for

cash flow analysis.)

COMMERCIAL ACTIVITIES -- MARKETING DECISIONS

Farmers are engaged in a series of after-harvest activities
which are classified under marketing. These activities include
some on-farm processing, storage, and transportation. These
activities involve cost and in the meantime add to the value of
the farm commodities. Increasing the efficiency of these
activities may increase the supply of agricultural commodities

available for sale as much as an increase in production.

Proper storage may reduce the physical loss from storage,
and storage for the optimal length of time as can be determined
by change in market price of the products stored compared to
the cost of storage. Reducing the loss due to on-farm processing
of certain crops which may be accomplished by switching from
traditional methods to some modern method, such as rice milling,

can add to effective supply available for marketing.
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Large seasonal price fluctuations are observed in low
income countries. The farmers' need for cash to pay debts or
make cash purchases have forced them to sell their crops soon
after harvest when the influx of commodities forces the post
harvest price to a very low level. Good financial planning by
farmers can remove this pressure and consequently allows an

efficient marketing practice to be undertaken.

When faced by monopoly buyers of agricultural commodities,
information about prices in other farming regions of the country
and urban centers improve the farmer's bargaining position.
Likewise, information of agricultural cooperatives can provide
farmers with collective and stronger bargaining positions in
the sale of their products. Knowledge of market conditions and
farm cooperatives can also assist farmers in the purchase of

inputs such as fertilizer, seeds, and others.

ACCOUNTING ACTIVITIES

Farm records serve as an essential source of information
which can be utilized by farmers in the improvement of their
farming operations. Such information could be analyzed by the
farmers themselves and by the researchers and various government

agencies involved in assisting the farmers.

Farm records on the yield of various crops, levels of
various inputs used in the production of various crops, costs

of purchased inputs used and family labor allocated to farm
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operations serve as a base for comparison with operations of
other farms and improvement of a particular farm over time.
Where there are differences in the profitability of farms of
similar natural endowment in similar regions of a country, an
evaluation of farm records would assist in identifying the

factors responsible for such profitability differences.

Quantification of the differences in operation between
progressive and traditional farmers as made possible by farm
records is essential. Quantitative evidence can make a strong
case to the traditional farmers for the need for change to a

more profitable type of farming operation.

Progressive farmers who are in closer contact with research
institutions and government extension agencies are more responsive
to adoption of new techniques and utilization of new inputs that
can improve their farm output and income. Farm records maintained
by these farmers would then make it possible for them to evaluate
the contributions to their farm profitability made by the use
of new inputs such as chemical fertilizer and adoption of new
farming practices such as in timing of irrigation, level and

method of water application,

Experienced researchers and extension workers who are
familiar with a particular farming region can utilize the farm
production record to identify the possible sources of problems
which could then be further evaluated by an interdisciplinary
team for farm experts. Such an evaluation could then be used
to find, evaluate, and recommend solutions to existing farm

problems.
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Overall, the farm records are used for the following

reasons:

1. To establish factual basis for comparison with
performance of other comparable operations, past
years performance, and goals set.

2. To aid in planning for the future by providing
data that can serve as a base in estimating the
effect of operational changes on productivity and
income of the farm.

3. To aid in obtaining credit.

4. To meet the tax reporting requirement and to assist

in tax planning and management.
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APPLICATIGN OF PRINCIPLES OF ECONOMICS IN FARMING

OPPORTUNITY COST PRINCIPLES APPLIED TO LABOR UTILIZATION

In the traditional farming sector labor is one of the major
inputs. The farm family contributes a large number of man days
or man hours to farming and it is essential for a farmer to
recognize and estimate the contribution of this labor input to
the total farm output and income. The members of a farm family
may be able to obtain a job working on another farm or work in
the industrial or service sectors and receive an income from
such employment. The money that could be earned in alternative
employment is given up if family members work in their own farm.

The income from other employment foregone is an opportunity

cost to the family farm and must be considered in decision making.
The farm family labor should be divided so that the total family
income from both the family farm and other employment is at a
maximum. The economics optimization principle applied to this
situation is the equalization of the marginal value product of

a unit of labor to the opportunity cost of a unit of labor. The

opportunity cost is estimated on the basis of unit labor wage

that the farm family member can obtain from outside employment,

and the marginal value product is estimated on the basis of

contribution that the labor could make to farm output if hLe
worked on the farm. The farm family labor is optimally allocated
between the family farm and other employment when the earning

per unit of labor from the last unit of such labor employed in
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outside employment is equal to the marginal value product of
that last unit of labor when utilized on the farm. However,
in real world situations, the sociocultural factors such as
high value placed on staying in close proximity of one's family
would lead to an allocation of labor which may not be justified

on economic grounds.

PRINCIPLE OF RETURN--EQUAL MARGINAL RETURN--APPLIED TO ON-FARM

WATER UTILIZATION AND ALLOCATION

Where there is a cost associated with water input or a
limit is placed on the quantity of water available for each
farm, the return to a farmer would be affected by thz farmer's
water allocation decision among his various fields or crops.
If water is unlimited and free, each field or crop could be
given water so that the yield from each crop or field would
be at a physical maximum. In this evaluation the physical
maximum would be equal to the economic optimum. However, in
the real world this is not the case. Even when unlimited
water is provided at no direct charge to farmers, there are
costs associated with its application such as pumping and
irrigation labor time. In the instances where these costs are

also very low, the potential for over utilization and waste

exists.

Under the economic allocation principle of marginal return,

water as a scarce resource would need to be allocated between

various crops such that its contribution to the value of
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output (MVP) of a particular crop is equal to that of each
other crop. For example, if a farmer has a limit of 20 units
of water at zero cost per unit and is producing the three
crops of wheat, cotton, and berseem, then the optimal resource
allocation condition would require that:

MVP W = MCP C = MVP B

MVP, = MPPi X Pi

=
)
1)
]

marginal physical product or increase in
physical output of a particular crop (i)
from application of one additional unit
of input (water).

P, = price of the unit of output (i) produced.
This equality would have to occur at the positive range of
values as shown in the following table (Table. 2.2 ) the optimum
allocation of the 20 units of available water occurs when 5
units is applied in wheat production, 7 units in cotton produc-
tion, and 8 units in berseem production. The value of total
farm production has reached a maximum of 215 pounds under this
pattern of water allocation. If water is allocated such that
the marginal value product of wheat is greater than the marginal
value product of cotton and berseem then the farmer's income can
be increased by changing the farmer's irrigation practice where

more water is applied to wheat and less to cotton and berseem

until the marginal value product of the three crops is equal.

Where there is a cost per unit of water .;ade available,
then the marginal value product of water applied to each crop

could need to cover the cost (LE 10) of the water.
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TABLE 2.2

COST, ALLOTMENT, RETURN, AND
THE LEVEL OF WATER APPLICATION

Input Cost Per Wheat Cotton Berseem
Water ~ _Unit =~ TP WP TP WP TP WP

1 L.E.10 15 15 16 16 15 15

2 L.E.10 27 12 30 14 29 14

L.E.10 37 10 42 12 42 13

4 L.E.10 45 8 52 10 54 12

5 L.E.10 51 6 61 9 65 11

6 L.E.10 54 3 69 8 75 10

7 L.E.10 54 0 75 6 33 8

8 L.E.10 50 -4 79 4 89 6

9 L.E.10 45 -5 81 2 93 4

10 L.E.10 39 -6 81 0 95 2

11 L.E.10 32 -7 78 -3 95 0

12 L.E.10 24 -8 73 -5 93 -2
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MVP W = MVP C = MVP B = per unit cost of water (MC)
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Figure 2.19. Return, cost, and the level of water

utilization.

In this hypothetical situation the water is distributed
between various crops with total utilization of 13 units (3
units for wheat, 4 units for cotton, and 6 units for berseem
production) which is less than the maximum available water.
Farmers attempt to use more than the 13 units would lead to

an increase in cost of water which is greater than the return

from the additional units of water.

This pattern and level of water application results in a

maximum farm production value of 164 pounds. Given no change

in level of other inputs, input costs, and crop values, the
purchase and application of additional water to any of these
farm enterprises would lead to a decrease in the net farm in-

come (see Table 2.2).
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1f water was provided free of charge and in an unlimited
amount, then the criteria for optimal level of water application
would be to maximize the value of each crop based on water
application. This would occur when seven units is applied in
the production of wheat, nine units in the production of
cotton, and ten units in the production of berseem. The value
of total farm production has reached a maximum of 230 pounds
with this higher level of water application. It needs to be
acknowledged that in the real world situation the water is

neither free nor unlimited.

PRINCIPLE OF SUBSTITUTION APPLIED TO CHOICE OF FARM ENTERPRISE

In resource allocation analysis we viewed the various crops
produced as given and searched for optimal allocation of inputs
between them. Conversely, a farmer needs to assess the various
inputs such as land, labor, machinery, water, as well as the
market value of various crops in order to make the selection of
an optimum combination of farm enterprises. In addition, the
farmer needs to consider the social constraints and government
policies in making this decision. This is an extremely important
economic decision that needs to be made by farmers before each

planting season once or twice a year.

Economic optimality condition requires that the combination
of farm enterprises and consequent allocation of resources
should be carried out where the return to the farmer's efforts

is maximized. The maximum profit is achieved when the expansion
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of size of one farm enterprise (such as cotton production) and
the consequent reduction in size of other enterprises from
associated resource reallocations on the farm, cannot lead to

a further increase in farmer's income.

In the simple case of one input and two outputs the economic
optimality condition requires that the marginal rate of product
substitution between the two products such as wheat and cotton
should be equal to the inverse of the price ratio of these two
products (for detail see "how to do it" manual).

MRPS of Wheat for Cotton = - °W AC _ _ PW

pC °F W T T BC
MRPS = rate at which one product substitutes for another
in utilization of resources
PW = price of wheat per unit
PC = price of cotton per unit
AC = change in cotton production

AW = change in wheat production
When cross multiplied the equality between marginal value product
of wheat and cotton becomes apparent. This represents the optimal
allocation of inputs between the two enterprises or optimal

choice of farm enterprises.

However, in a real farm situation a large number of inputs
and outputs enter the decision making process. Linear program-
ming is often used as the analytical technique in determining

the optimal choice of farm enterprises. (See the "how to do"
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marginal analysis and linear programming sections for

methodology and analytical detail.)

FIXED INVESTMENT DECISIONS

The discipline of economics applied to on-farm decision
making goes beyond short-term resource allocation in the pro-
duction aspect of farming. Long-range investments in and
improvements of the farm such as land leveling, and construction
of lined ditches and drainage systems, or the introduction of
machinery such as irrigation pumps and tractors would also need
to be evaluated on the basis of their economic merits. Such
on-farm investments have both national or macro and farm level
or micro implications. Investments in farm machinery which
replaces labor may directly increase the benefit of a number
of individual farmers but may add to the national unemployment
problem and to demands for more of the nation's scarce resources

of skilled labor, capital and foreign exchange.

An individual farmer makes his investment decisions on
the basis of costs and benefits directed at his operation rather
than the economy and society as a whole. Changes in national
valuation and macro policy would be reflected in cost and price

structure which in turn affects the farmer's investment decisions.

For example, consider the case where an improvement in
the irrigation system in the application stage could be made by

land leveling. Land leveling would require a large investment
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in terms of equipment and labor when undertaken, while the
benefits from it may continue over an indefinite period of
time. The benefits that may arise from yield increase, re-
duction in water waste, and other increases in benefits and
reductions in cost from a more efficient water application
needs to be evaluated over the future years. The cost of
leveling may include the actual leveling cost plus an interest
which reflects the cost for the funds borrowed or the opportu-
nity cost of farmers savings used for the improvement. The
discounted value of the returns can then be compared against
the costs of leveling. If the benefits are greater than the
costs, then land leveling may be considered beneficial from the
economic point of view. However, land leveling would need to
be compared to other alternatives available to the farmer to

determine if it should be undertaken.

Suppose another area of improvement as suggested by the
team of farm researchers is a reorganization and improvement
of the on-farm water delivery system. Still a third alternative
where a major investment could be made is to engage in a joint

venture with a neighboring farmer in poultry production.

The above mentioned three areas of investment are not
technically mutually exclusive. However, the large investments
required by each one of these investment opportunities and the
financial resource constraint of the farmer necessitate that
a choice be made by the farmer. The three alternatives

considered have somewhat different initial investment requirements
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considered have somewhat different initial investment requirements

which are assumed to fall within the farmer's resource constraint.

The farmer's decision on the choice of alternative investments
open to him depend on a number of variables which affect their
profitability and implementation. A number of these variables
are as follows:

1. Initial investment required.

2. Productive life of the investment.

3. The discount rate.

4. Annual operation and maintenance cost.

5. Amounts and schedule of receipts.

6. The nature of complementarity and competitiveness with

other operations of the farm.

7. Socio-cultural factors.

8. Government policies.

Assuming that each one of the three alternatives were
implemented and equally desirable from the social and government
points of view, then the choice would be based on the net in-
crease in the farmer's income which these investments could
bring about. Such an economic analysis and comparison can be
made by means of estimation of the internal rate of return or

simple partial budget analysis.

The investment alternative which makes the maximum
contribution to the enhancement of the farmer's income and
consequently his well-being would be chosen. To allocate

resources in the disposal of farmers such that the income
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and well-being of the farmers are maximized is the role

attributed to economics as applied in farm management.
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THE INSTITUTIONAL ENVIRONMENT:

THE SOCIAL ORGANIZATIONAL DIMENSION

Irrigation water is of social organizational interest”
because people must organize collectively to secure it,
transport it, divide it into usable shares, enforce rules
for its application, pay for it, and dispose of unused
portions. The kinds of social organizations, the patterns
of power, decision=-making, conflict, and cooperation which
people create and maintain for the social control of water
intimately affects the productivity of its use. When water
moves efficiently from rivers, through a network of canals,
to plant root zones, it is because people have effectively
organized a decision system capable of enforcing technically
sound rules for pursuing the collective interest. Defects
in the delivery and application of irrigation water are
typically associated with deficiencies in social organization.
Many engineering and agronomic technologies of irrigated
agriculture must be exercised through the medium of farmers
organized for collective action. Lack of organizations for
sustaining such collection action, or their breakdown,
constitute a central constraint to development of irrigated
agriculture.

The central premise of this sociological section therefore,
is that programs to improve the management of irrigation water
either in existing or newly constructed systems - must center
on the design and improvement of irrigation organization at

local, regional, and national levels.
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The multi-faceted process or organization building and

reform so central to the transfer of improved irrigation

technology encompasses a range of crucial tasks such as:

1.

6.

Gaining an understanding of the irrigation system

by mapping strategic variables accounting for

behavior associated with poor irrigation efficiencies
in existing systems, including identification of
central constraints;

Identification and testing of potential alternative
organizational-technical "packages" for relaxing
constraints;

Assessment and verification of organizational-technical
"packages" through systematic adaptive research;

Pilot project organizational design and implementation;
Organizational evaluation which "feedsback" progress
and problems to policy makers and members;

Diffusion of the "improved" organizational-technical
"packages" with focus on communication with, and
supporting services for, farmers thereby altering

the strategic factors identified in step one.

No single discipline can adequately deal with any specific

area mentioned above. Interdisciplinary efforts are essential

in all phases of water management improvement programs and

we stress interdisciplinary collaborative teamwork. Second,

each listed item requires extensive analysis - no discussion of

modest length can adequately comprehend all materials devoted

to analysis of all the complex interdependent problems, the
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available tools, and the many uses and limits of potential

analytic approaches for all six tasks. Many variables are

possible candidates for sociological analysis. Some are:

Setting

1. Physical Setting

1.1

Demographic Patterns

Births/Deaths

Migration

Population Size

Growth Rate

Population Density

Age/Sex Composition/Marital Status
Occupation

Education

Ethnic Origin

Household/Families

Income

Mobility

Urban/Rural

Size of Area

Location

Fragmentation

Arrangement of Fields in a Command Area
Arrangement of Village to Farmers and Fields
Arrangement of Family Groups to Each Other
Arrangement of Farmers to Each Other

Arrangement Along a Canal, Watercourse, etc.
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Arrangement of Infrastructure
Urban/Rural Arrangement
1.4 Time
Within cropping season (crop management, i.e.,
cutting, weeding, irrigating, harvesting,
etc.)
Cropping Seasons
Multicropping
1.5 Resource Base
Institutional Setting (Types of Organizational
Linkages)
Enabling - Organizations and groups which control
the allocation of needed resources (for example,
the Ministry of Irrigation).
Functional - Organizations performing functions and
services which supply the inputs and which use the
outputs of the institution (for example, Fertilizer

Agencies).

Normative -~ Institutions which have norms and values

(positive and negative) which are relevant to the
program of the institution (for example, the
Groundwater Research Institute, religious, heodus).
Diffuse - Elements of society which can be clearly
identified with membership in formal organizations
(for example, the local government officials such
as the ONDA).

Technological Setting
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Physical Technology

Development and Use of Ideas

Adoption-Diffusion Situation
Culture

1. Activities
(Look at specific activities performed by the unit
being analyzed).

2. Normative Condition
Absolute/Relative Standards
Dejure/Defacto Laws/Policy Statement

(Formal/Observed Laws)
Folkways
Mores
Norm Conflict
Sanctions
Integration/Coordination
Isolation
Competition
Conflict
Accommodation
Cooperation
Communication

3. Values/Perceptions/Beliefs
Self
Values
Frame of Reference

Rationalism



I1-109

Defintion of the Situation
Traditionalism
Affect/Sentiments

Morale

Tension

Structure

1.

Nominal Parameters

Role

Associations

Communication Networks/Patterns
Division of Labor

Reference Group

Special Interest Groups
Boundary Maintenance

Systematic Linkage

Degree of Homogeneity
Complexity

Graduated Parameters
Authoritarian Structure

Caste

Communication Networks/Patterns
Access to Services

Division of Labor

Influence

Power/Control

Rank

Social Distance
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Status
Leadership
Centralization/Decentralization

The above list of concepts and variables should only
serve as a general guide. The particular circumstances
surrounding the analysis must determine what is to be
examined.

To get started, however, we suggest that one should
begin by studying some central variables small changes in
which may have large impacts on the capacity of the farmers
to operate and organize effectively to manage their irrigation
water and farm systems. We suggest that consideration
be given to three kinds of social inquiry:

1) A study of the dejure/defacto situation. What

the formal rules and regulations call for (dejure
situation) is often not found to exist in the real
world of the farmer (the defacto situation). You
might be well served if you were to begin your
study of the farmers' management situation by under-
taking a systematic comparision of the dejure and
defacto situations in the irrigation system of
interest. You will find detailed guidance for the
conduct of such a study in Volume II of this training
manual.

2) A study of the adequacy of important farmer services.

Are farmers served by a set of organizations which
can reliably provide important services of high

quality? Such services include credit, transportation,
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seeds, fertilizers, pesticides, and extension
advice. To find out the adequacy of inadequacy
of such services, and to examine the problems of
service organization cooperation with each other
and with farmers, you may want to conduct a study
of farmer services such as is outlined in Volume
ITI of this manual.

A study of conflict among farmers. One of the
biggest obstacles to improved irrigation water
management is the fact that some farmers believe
that they will gain much from a change program
and other farmers fear loss of much. These

gains and losses, real or imagined, are the source
of much conflict., If you wish to study the
conflict behavior of farmers, and to diagnose the
extent to which social conflict might hinder
farmer cooperation please turn to the sociology

section of Volume II.



CHAPTER I1II1

MANAGEMENT DECISION MAKING IN THE CONTEXT

OF A DYNAMIC FARM IRRIGATION SYSTEM

Summary of Chapter

This chapter will provide the following information:

The Nature of the System.

Integration of Farm System Components

- Major Functions of Farm System Components
- Interaction of Farm System Components

Illustration of a Farmer Decision Maker




CHAPTER III

MANAGEMENT DECISION MAKING IN THE CONTEXT

OF A DYNAMIC FARM IRRIGATION SYSTEM

The purpose of this chapter is to integrate the four
major dimensions discussed in Chapter II and demonstrate how
a farmer combines the different aspects of these dimensions
in order to farm the land that he has (Figure 3.1). What
will be presented is (1) a discussion of the nature of a
system, (2) the integration of the farm system components as
described in Chpater II, and (3) how a farmer utilizes the
various components through management decisions to farm his

land.

THE NATURE OF A SYSTEM

A system is an orderly collection of interrelated parts
whose organization exhibits some goal or purpose. This orga-
nization is a result of the component parts interacting with
each other in a specified manner. How the system operates is
also dependent on the environment with which it is a part.

We will now look at a farm irrigation system in order to describe
how specific component parts make up a system and how that

system interacts with its environment.

Figure 3.2 provides an idealized sketch of the physical
boundaries and components of a farm irrigation system as

described in Chapter II. The first major boundary is the canal
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itself which is linked with the total irrigation system
including the river system and storage reservoirs. The drain-
age system is also a physical boundary which delimits the farm
system in space. Within the farm system there are physical
boundaries such as conveyance channels for water delivery.
Field channels which supply water to specific farms of the
system are also physical boundaries. Each farm is separate
from other farms and minor drainage channels are linked to the
major drainage system. Within the geographic area of the farm
system there exists many physical components pertaining to the
plants and soils which make up that farm system (Figure 3.3).
Also added to the physical dimension of the farm irrigation
system is a cultural and an institutional framework which
encompasses an individual farmer and influences how that farmer

thinks, feels, and behaves (Figure 3.5).

The major point which is to be made is that a farm system
is composed of many physical and institutional components which
are organized in a particular manner which ultimately influences
how a farmer makes decisions on what to plant, how to irrigate,
and so on (Figure 3.1). What will now be discussed is how
these many components interact with each other in order to
create a meaningful farm system which in turn results in deter-~

mining many of the farmer decisions.
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INTEGRATION OF FARM SYSTEM COMPONENTS

The purpose of a farm irrigation system is to provide an
adequate physical (water control and plant-soil) and institu-
tional environment for the production of crops. This production
of crops would meet basic human needs and provide a surplus
for the betterment of the social and economic lives of indi-
viduals and the goals of their communities. Such a purpose
defined the goal of the farm irrigation system. In order to
achieve this goal, the specific subsystems described in Chapter
II and referred to in the previous section of this chapter are
integrated in a specific organized manner. What this integration

is will be the topic of the following section.

In accomplishing the goal of a farm irrigation system
many functions must be performed. Figure 3.6 described those
functions and shows which elements previously discussed perform
what functions. What is of interest here is that in order for
a crop to be adequately produced, a farmer must take into
consideration a number of factors pertaining to the delivery,
application, use, and removal of water. In addition, that same
farmer must be concerned with the climatic and soil environments
into which the crop will be grown. If that was not enough, the
farmer is also constrained in his actions by the institutional
environment surrounding him. The farmer must be concerned with
these functions because only when all of these functions are

achieved will the crop adequately develop. What is even more
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MAJOR FUNCTIONS

MAJOR ELEMENTS

1. Water Control

a. Water Delivery

b. Water Application

c. Water Use

d. Water Removal

2. Agronomic

Figure 3.6.

Delivery sufficient
quantity and gquality
of water to the
field.

Application of desired
amount of water at
the proper time in a
uniform manner to
meet crop tolerances
for production de-
sired while satisfy-
ing leaching and
erosion control
standards.

Supply water require-
ments for crop
growth, maintain
acceptable levels of
salinity, maintain
appropriate environ-
ment (soil-air) tem-
perature, insure
adequate nutrients,
provide appropriate
soil conditions.

Provide necessary sur-
face drainage, main-
tain given salinity
levels, provide root
aeration, improve
workability of land.

Management of physical
and biological re-
sources to produce
food, fiber, and
specialy crops; en-
sure long term pro-
ductivity of crops.

irrigation subsystem.

Canal, main ditch,
field ditches, slope,
size and shape of
channels.

Water supply rate,
field geometry, field
topography, soil in-
filtration rate, ir-
rigation method.

Water quantity and
guality, soil type,
nutrient availability,
evapo-transpiration.

Leaching regquirement,
evapo-transpitration
rate, drainage facil-
ities, soil type/sub-
soil type.

Plants, climate, temper-
ature, water topography.
soil physical, bio-
logical, chemical
aspects, nutrient suppl!
insect control, manage-
ment practices.

Major functions and elements of farm
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MAJOR FUNCTIONS

MAJOR ELEMENTS

3.

4.

Social

Economic

To provide the social
and organizational
supports needed for
successful manipu-
lation of farm ir-
rigation systems to
achieve individual
and social goals in
both the short and
long run.

Appropriate resource
allocation, maximi-
zation of production
optimize decision
making process.

Figure 3.6 (continued).

Facilities (institu-
tional services),
activities (collective
etc.), rules (norms,
laws, etc.), communi-
cation (extension,
etc.), linkages (ins-
titutions), beliefs,
knowledge.

Land, labor, capital,
markets, risk/
uncertainty, cost/
benefits, consumption.
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critical is that such functions do not operate alone but
interact with each other and thus the farmer must work with

these functions together as a "whole" system in order for him

to become successful.

To illustrate these interrelationships, Figure 3.7 provides
a diagram showing selected parts of the water control system and
how they affect each other. The particular components were
chosen as an example though other components could have been

chosen to illustrate specific relationships.

CONVEYANCE
CHANNELS
[SOIL CONDITIONS DRAINAGE _|
[WATER USE F;-~h~,-~wN-*N~NM-‘ OPOGRAPHY ]

FIELD APPLICATION
METHODS

Figure 3.7. System interrelationships.

Figure 3.7 can be viewed in several ways. First, each of
the components listed is related to all the other components. No
component is viewed as major or minor. All components tend to

act and react on each other. A full explanation of all possible
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relationships is not yet possible because the science of
irrigation itself is still developing. However, we can ex-
plain many of the relationships based on present knowledge.
For example, the particular soil conditions on a given farm
relate to channel losses through seepage. Soils with high
infiltration rates result in seepage to groundwater which can
create drainage problems. Soil conditions also affect convey-
ance, application and water use efficiencies because the volume
of water delivered depends on conveyance efficiencies and in
turn the water delivered influences how efficiently water is
supplied to the fields and used by crops. Also the particular
topography of the command area and farmers fields influences

all the other factors both directly and indirectly.

A second concept of system interactions is that a change
in one of the components influences changes in all other compo-
nents in various degrees. For example, if the topography of
command areas and farmers' fields is made more level both positive
and negative results would occur. Level fields could increase
field application efficiencies, water use efficiencies by plants,
and improve soil conditions through more uniform distribution
of water. However, dead level fields could result in drainage

problems.

This leads to another concept that is of vital importance
to improving the farm system. A change in one component alone
is probably not sufficient to improve the system significantly.

For example, an improvement of conveyance channels alone will
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not ensure improved irrigation efficiency. More water may be
applied to fields but with less efficiency and too much water
as well as too little can be detrimental to soils and plants
and create substantial drainage problems. Also, soil condi-
tions may be improved with the addition of organic matter or
new methods of cultivation. This, however, may not improve

the overall functioning of the total system.

Combine the complexities of this one subsystem with the
equally intricate, if not more so, interactions of the other
subsystems and we can have some sensitivity as to the compli-
cated situation which faced the farmer. The critical point is
that the subsystem described in Chapter III have particular
functions in the production of various crops. Within each of
these subsystems are many component parts (elements) which must
be managed or taken into consideration by the farmer. All of
these subsystems must then be examined and managed together or
in other words, they all must be integrated as a whole farm ir-
rigation system. What will not be presented is an example of
how a farmer integrates these subsystems into a decision making

framework.

ILLUSTRATION OF A FARMER DECISION-MAKER
Let us assume that there is a small farm in Egypt owned and
operated by farmer Abdul Mootizim., Mootizim is an Arabic noun

which means organizer. Mootizim comes from an Arabic verbal

root meaning to organize. This word is used because Abdul
Mootizim, the manager, is the single most important building

block of the farm irrigation system. He not only makes
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daily and often hourly management decisions that affect his
crop yields, but also he is under a set of constraints which

often dramatically limit his decision making capabilities.

Figure 3.5 and a verbal description will provide an
idealized picture of farmer Mootzim's farm level situation.
The farm is located on a perennial canal which provides water
on an 8 day off 4 day on rotational system. There is an ample
supply of water throughout the year. The water is supplied
through earthen convyeance channels to the farm of five
feddans located about midway of the command area. The fields
on the average are about 5 meters by 10 meters and brought to
a level based on Abdul's judgement and experience. The drain-
age water from his fields flows to the main drain. The crops
grown are wheat, berseem, and year round vegetables for both

home consumption and the market.

Abdul is middle age, hard working, educated to the 6th
standard, and supports a wife and five children. As an owner
operator he makes rational decisions and earns his income only

from the operation.

Abdul is linked with a number of organizations which greatly
affect his decisions making. These organizations include the
total irrigation bureaucracy which establishes policies, erforces
water laws and codes, provides services and regulates the supply

of water to the canals and to the command area.
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For example, the irrigation engineers of the district
and the local gatekeepers control the water distribution
schedules by maintaining specified water levels in the main
canals. These local authorities have control over closing
and opening sluice gates to allow water to flow to the command
area servicing Abdul's farm of 5 feddans and about 150 feddans
belonging to 70 other farmers. To most farmers the gatekeeper
represents the main authority with which farmers have regular
contact. At times Abdul and other farmers find it necessary
to circumvent the local authorities by installing illegal pipe
intakes and pumping directly from the canal to increase irri-~

gation supplies.

Usually Abdul has little control over policies, laws,
services, and decisions about water supplies, canal closures,
maintenance and operation of canals above the outlet which
serves his area. Included in organizations are also service
organizations including suppliers of fertilizer, seed, insecti-
cides, credit, and extension services. The inputs are usually
supplied through the local government cooperative established
to serve farmers. Abdul as an individual farmer, however, has
little control over decision making in the cooperative but must
depend on services provided. Often supplies are limited and
extension services are not available in the quantity and
quality he needs for best decision making. BAbdul is also linked
with the revenue department by those who make collection. He

is also tied to the local village administration by the local
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civil officials including police and the sherf who represents
the government. As a resident of the village he is also linked
to other organizations providing health, education, and reli-

gious services.

Abdul is a part of the village social system and therefore,
his decision making is influenced by the cultural values, beliefs,
status roles, and power relationships which are generally well
established. Several expamples of factors which may influence
his irrigation behavior include: mutual cooperation in clean-
ing and maintenance of the farm conveyance system, fairness in
sharing water, water as common property of the community, his
status role versus that of other farmers, and the power and

influence of large farmers and local authorities.

Abdul as an individual is involved in a network of relation-
ships and interactions with other farmers, local leaders, and
local authorities which influence his decision making capacity.
For example, if other farmers do not cooperate in cleaning and
maintaining the main conveyance channel or the private ditch,
or if they do not cooperate in maintaining the cooperative
sakia for lifting water then his supplies are restricted. He
must maintain good relationships with local leaders who have
influence over some of the crops he grows and the inputs allotted
to him, Interactions are important with the gatekeeper to obtain
extra amounts of water when needed. One way to obtain extra
water is to install extra legal pipe intakes to rrivate ditches

which at the first reaches may double the supply rate. At the
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end reaches these intakes are often a necessity to get enough
water to supply a sakia.* Interactions with canal authorities
may be very widespread. For example, on one farm system it
was found that "illegal pipe intakes to private ditches con-
stitute one of the most important factors causing unequal
shares of water to farmers. While this practice contradicts
the basic Islamic principles of equity in water distribution
for all, local irrigation authorities must find it beneficial
for farmers and themselves to allow the widespread practice to

continue."

There are many norms or rules that also regulate Abdul's
irrigation and farm behavior. For example, there is a norm
that water is common property and should be shared equally.
When this norm is broken Abdul can expect some disapproval or
other sanction by other farmers and perhaps the irrigation
authorities. There is also an established rule that the
maintenance, cleaning, and weed control in the private ditches
are responsibilities of Abdul and other farmers. When this
responsibility is not met by the farmers, the Irrigation Depart-
ment can clean these ditches and charge the farmers for the
expense. Likewise, the Irrigation Department has the right to
install field drains at farmers' expense and to regulate the
price farmers can charge other farmers for lifting water for
various types of pumps. All of these rules and other rules
and norms have an influence on the decisions Abdul makes at

the farm level.

* Sakia is a water 1lift provided by animals.
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Let us assume that Abdul Mootizim is aware that his crop
yields are not adequate. He is aware that crop stands and
growth of plants in some fields are often much less than
optimum. He contacts the local extension worker who brings
an agronomist to investigate his problem. After examining
the crops there is an indication from visible inspection that
nitrogen levels may be low. Analysis of both plant tissue and
soil samples indicate that only about half the nitrogen recom-
mended is available to the plants. Abdul is surprised and
insists that he applied the correct amount and the coop
officials who issued the fertilizer agree Abdul is still
worried and somewhat upset that the extension worker and
agronomist may not believe that he is telling the truth. On
another occasion an engineer was making a tour and Abdul, by
chance, met him and asked if he would visit his farm and offer
advice about his problem. The engineer also asked about
nitrogen rates but from observation he noted that the drainage
system was chocked with weeds and not functioning adequately.
He therefore, gained permission to make measurements of the
water supplied to the farm, to each field, and groundwater
levels. He found over time that roughly the proper volume of
water was supplied to the fields but groundwater levels were
within 1 meter of the ground surface. He recommended that the
farmer clean the drains which was done but with little change
in the basic problem of poor plant population and growth of
crops. When this did not solve the problem, field drains were

recommended and Abdul took a long term loan to be repaid over
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twenty years to install an expensive tile drainage system.
After a year Abdul still found little improvement in his crop
production levels and observed that there were still areas of
poor crop stands and visible signs of nitrogen deficiency in
plants. Abdul began to place pressure on the worker, threat-
ening to report his costly case to a high level official in

the directorate who was related to a friend of his wife's
father. Therefore, the extension worker, with help from a
sociologist and an economist, came to the farm. They documen-
ted the case of Abdul and confirmed from information that Abdul
used the recommended seed rates, type of seed, fertilizer,
insecticides, and other inputs that whould have produced higher
yields. It was evident that Abdul was not only losing money
but was quickly getting into a bad debt situation. In inter-
views with Abdul it was found that his knowledge levels of
soil-plant-water relationships was limited. As a result, they
recommended that the extension worker get more information from
subject matter specialists related to irrigation methods. Even
after using a furrow system for row crops instead of a border
system there was little improvement. Even closer borders did
not remedy his problem situation much. By now Abdul, known

for his great suber (patience), was almost ready to give up

and go to Cairo to seek work on a construction crew.

By chance a team of researchers from a new EWUP arrived
about this time and included Abdul's farm in a study they

termed Problem Identification. Though at first the members of
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the team could not agree as to the causes of the problem of
Abdul and other farmers on the farm system, they collected
data over a period of two months which at many points con-
firmed previous data. Working together they checked out many
combinations of factors and found that while the proper
volume of water was applied, roughly a third of the nitrogen
applied was leached to the groundwater. It was also found
that during the summer season, the groundwater levels caused
problems of salinity due to capillary action. These ground-
water levels also caused danger to root systems especially
of some fodder crops. Studies of field application methods,
including water advance time, patterns across fields, and a
topographical survey of fields, provided data that suggested
critical problems had been overlooked previously. The level
of the basins was off in places ranging from 4 cm to 10 cm
over the field. High spots in the basins resulted in plants
in a constant drought situation and salinity levels inhibited
seed germination and plant growth. In low spots plants were
receiving an excess of water which not only leached costly
nitrates but added to the already dangerous water levels for
much of the year. Interviews indicated that while Abdul
thought his fields are about dead level, he did not have the
equipment or the technical knowledge to do a better job of

leveling his irrigation basins.

To make a long story short, Abdul Mootizim and the team
of water management researchers finally arrived at a set of

improvements. By one cropping season these improvements
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had resulted in higher yields and an improved level of living

for Abdul's family.

In summary, as researchers focus on irrigation problems on
farms, they learn to view farm level problems from the perspective
of Abdul Mootizim or the manager who can never afford to focus
on a single set of problems. To focus on only one set of problems
is not only costly but is contrary to the nature and structure of
a complex system. Single problems are relatively easy for an

expert to identify, but the real problems and their interdepen-

dencies with other problems require a systems approach and

interdisciplinary team work.

Figure 3.9 provides a view of some of the factors or problem

areas on Abdul's farm which depressed crop yields.

POOR SEED GERMINATION

SALINITY \\\\\\\\\\\«\\\\\A AND CROP STANDS

DRAINAGE LOW CROP L LACK OF XNOWLEDGE
YIELDS
OVER AND UNDER / \ NITROGEN DEFICTENCY
IRRIGATION

Figure 3.9
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There is no attempt to show the complex interdependencies
because these hav: to be identified on each farm through Problem
Identification. Problem Identification at the farm level is im-
portant because there are no universal or general recommendations
that will fit all farms even on a single farm irrigation system.
The point is that a management orientation is essential to iden-
tify problems and find their solutions. To assist the millions
of farmers in Egypt, improvement to increase the efficiency of

the total farm system requires a focus on all factors.

In summary, a definition of farm water management for im-

proved agricultural production is:
.+. the process by which water is manipulated
and used in the production of food and fiber.
Management utilizes water, soils, solar energy,
infrastructure, legal codes, and institutions
to provide water and other inputs for plant
growth.

There are many reasons why there are few definitions of
farm water management. The management concept is difficult for
many to understand due to the lack of farm field experience,
lack of opportunities to work with and understand the perspec-
tives of other disciplines, and the biases we all have learned
in our professional work and strictly disciplinary training.

In the training program you will be exposed to the management
concept in research, much farm level field experience, an
opportunity to learn from and appreciate other disciplines, and

an opportunity to get to know a team of trainers who have

experience in interdisciplinary team operations.
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Let us keep in mind throughout this training program
that we all must continue to overcome certain professional and
disciplinary biases of which those coming from our previous
professional and disciplinary experiences and training are prob-
ably the most powerful. Chambers* reminds us of a major reason
why the management concept has not been given sufficient attention
in the past. He states

Hydrologists concern themselves with the water
cycle and the movement of water from one farm

or location to another. Engineers concentrate
on the design and construction of works, using
their mathematical skills to calculate stresses,
capacities, flows and the like. Soil scientists
may try to measure percolation rates in differ-
ent soils with different water applications.
Agronomists investigate the crop water require-
ments. .Sociologists study the micro-level
village community, the allocation and appropri-
ation of water, the origins and resolution of
conflicts. Economists try to calculate the costs
and benefits of alternative ways of obtaining or
using water and argue about price policies. Each
profession and each discipline is pointed towards
certain aspects of irrigation such as these and
is programmed with relevant research skills.
Moreover professional prestige and advancement
are achieved through work which is highly re-
garded by fellow professionals. Research tends
to use conventional methods and be designed to
refine existing paradigms. Is it not often true
that research priorities are generated lacking
the situation of rural people rather than by the
presupositions of professionals?

If we are to help Abdul Mootizim, we must take the know-
ledge and experience of each discipline and utilize it in an

interdisciplinary team approach to on-farm system problems.

In so doing we improve Abdul's management of the system

* Chambers, 1978



III-23

to better achieve his goals of increased crop production.
Let us review some disciplinary views of the system and

integrate them.



ANNEX I

SYSTEIM ANALYSIS CASE STUDY:
MANSOURIA DISTRICT

A case study is presented to introduce you to the problem
identification field study that was completed by EWUP staff in
Egypt. The purpose is to show how the present training course
is relevant to what you will be doing in your own country. You
are requested to study this case study and use it as a reference
in the training as we attempt to refine our methods throughout
the training program. After the presentation of the case study,
ve attempt to identify ways and means the approaches can be im-
proved. The evaluation of the case study is that arrived at
from the EWUP staff members themselves and CSU staff members
Who assisted on temporary assignments in Egypt. The purpose
is not to criticize those involved but to derive lessons learned
for improvements. All those involved are fully aware of the
short comings of this first P.I. attempt in Egypt. You are here
to discover with the trainers how we can refine our approaches
and methodologies.

To emphasize, each trainee is requested to do the following:

1) Careful study of the Mansouria case.

2) 1Identify the ways P.I. can be improved.

3) Indicate areas where you need additional expertise.
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The philosophy which we all should internalize from the out-

set of the training is that we are all involved in a learning ex-

perience.

We are more interested in your ability to ask the

right questions than your ability to give "bookish" answers

before you know the questions.

The case study is presented in the following format:

1.
2.
3.
4.
5.
6.
7.

Overview of Mansouria District

Objectives for the P.I. studies

Team preparation

Reconnaissance and site selection

Formal problem identification and team activities
Major findings in Mansouria District

Evaluation of the Mansouria case study
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1 Overview of Mansouria District

The Mansouria District, chosen as the area for the first P.I.
studies, is located within the Giza Governate which is in close
proximity to Cairo including much of Cairo's sister city of Giza.
The District contains approximately 24,745 feddans and is unique
from many other districts in that it is primarily a vegetable
£addan producing area which is influenced by the demands of Cairo
city. Unlike most other districts it is exempt from many of the
government crop allocation policies. Year round cropping is done
because the climate is adequate year round for good crops. Common
winter crops include berseem, clover, flax and vegetables and sum-
mer crops are dominated by maize and vegetables. Orchard crops
include citrus, mangos and dates. Given the constraint of small
holdings intercropping is common.

The irrigation and drainage system is similar to other parts
of the country and water is made available to farmers on a 4 day
on and 8 days off rotation schedule. Most of the water delivered
by the irrigation system to the farm must be lifted by Sakia, Tambour
and modern pumps powered by diesel fuel or electricity.

Farmers typically live in compact villages ranging in size
from several hundred individuals for sub-villages to several
thousand for larger villages. Government services provided include
cooperative, village banks, schools, health services, transporta-
tion facilities and local law enforcement.

2 Objectives

The objectives for P.I. are related to the major purposes of

the EWUP. These are stated in the official project documents as:
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a) "To develop and demonstrate repeatable improved water
management and associative practices that increase agricul-
tural production and improve the social and economic condi-
tions of the small farmer."

b) "To increase the institutional capacity to develop and
sustain an improved on-farm water management program for
the betterment of economic and social levels of living of
small farmers."

Note that as in most projects the initial purposes give dir-

ection as to the focus. Water Management and associated practices

point to the areas for which attention is to be directed. Agri-

cultural production increases are a target along with sustained

institutional capacity. Social and economic improvement for small

farmers suggest areas of concern and the target is to be small
farmers. The two purposes also delimit the area for P.I. which
is the farm irrigation system. The purposes further imply the
need for engineering, economic, agronomic, legal and sociological
analyses needed for the P.I. studies. The specific purpose of

P.I. stated earlier is to gain an understanding of the farm sys-

tem and to identify the major or priority problems which require

more intensive research and solutions.

3 Team Preparation

The initial preparation for P.I. did not include all the per-
sonnel actually involved in the first field studies. Only some
of the senior researchers of the EWUP were selected and sent to
CSU in the fall of 1977 where they took specialized classes and

participated in meetings with CSU project personnel. All Egyptian
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personnel took part in an interdisciplinary course related to the
Research Development Process. This course only dealt with the
framework to be used for P.I. studies and did not provide much
focus on how to do it. At that time no training course had been
designed for field implementation procedures for P.I. It was not
possible for the project director and the technical project dir-
ector as well as two senior CSU staff members to take part in this
course. Therefore, the concept was new to them as well as for
many of the EWUP field staff who did not come to CSU. As a part
of the first training program at CSU weekly meetings were held
along with private sessions with CSU staff to discuss the proce-
dures to use for the first P.I. studies. A special two day ses-
sion was also conducted by a private consulting firm and CSU staff
related to team building. Again it was unfortunate that all pro-
ject personnel could not participate. Prior to departure for Egypt
the American staff members received some general orientation to
work in Egypt. Again all the project members could not partici-
pate due to various constraints.

In Egypt as field personnel were being selected and logistics
were being developed, meetings were held by team members to plan
the initial P.I. studies. As is usually the case the first months
of setting up a project take considerable time because in the real
world there are substantial constraints and problems that must be
resolved. For example, facilities for personnel itself is a major
Problem and new staff require a period of time for adjustment.

Ideally, it would have been useful to have had a separate farm
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water management research and development center where all dis-
ciplines would feel at home and be able to develop loyalties to,
however, the only facilities available were those provided by the
Irrigation Research Center. Also as research and experience has
shown it would have been more ideal to have members of several
disciplines housed together but this was not possible in the be-
ginning. Therefore, as expected, much time was needed for members
of the various disciplines involved to get to know each other and
to learn how to work together. An interdisciplinary team does
not just come into being, it has to be developed gradually over
time.

The first major formal document to give direction to P.I.
was the development of a project work plan in January of 1978
which was revised and approved in April 1978. This document, de-~
signed as a guide for the EWUP staff, includes information on the
following topics:

Project organization

Procedures for P.I. studies

Procedures for field trail activities

Team coordination, cooperation and training procedures

Procedures for project evaluation

Reporting procedures

This document, which was developed by senior staff, should
be carefully studied by each trainee who participates in the sum-
mer 1979 training program. It is made available to each trainee

in English or Arabic and is required reading. Each trainee will
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be evaluated on his understanding of this work plan. This work

Plan and continued efforts at regular staff meetings for informa-
tion and planning indicate that substantial preparation has taken
place. Unfortunately all EWUP personnel were not involved and
field staff especially were often not aware of the content of the
work plans on the results of informational meetings. This was
due primarily to the long period of time required to select and
train personnel and organize an action oriented project.

Training of field personnel for the first P.I. field studies
also was faced by considerable constraints that are understand-
able, Location of good staff is always a problem because parti-
cipation in new projects involves personnel who are willing to
leave secure positions for a new job which always is a risk.

Though some individual training of field personnel did take place,
P.I., it was not formalized until the summer of 1978. This was

not ideal as all agree but given large constraints quite a lot of
preparation for the first P.I. studies in Mansouria did take place.
It should be realized that the level of preparation was greater than
that of many similar projects.

4 Reconnaissance and Site Selection

Reconnaissance is for the purpose of doing an overview of the
farm system and sensitivity to large problem areas. Reconnaissance
began early at CSU in an attempt to identify previous relevant
research. This search for information was continued both at CSU
and in Egypt in early 1978. Senior researchers and project dir-

ectors held meetings with government organizations and international
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development agencies in Egypt to ascertain what previous rescarch
data were available. Attempts were made to learn from government
officials their views of the farm level problems and areas of
needed investigation.

Team members also took part in the preliminary field recon-
naissance to gain an overview of farm system problems. Though
there was a lack of objectives established prior to field visits
senior and junior researchers visited farm sites in Mansouria
District and talked with farmers and personnel working directly
with farmers about their perceptions of farm level problems. With-
out a detailed plan and a division of responsibilities there was
the tendency for large groups of project members to go together
on these visits. Though it is not possible to judge the impact
upon farmers by such large groups there is always the damage of
overwhelming farmers in such a way that they will not provide re-
liable information. Such visits can also establish an image that
the government has come to intervene in a large way therecby re-
ducing incentives for farmers to participate. After these ini-
tial visits there was not sufficient time to evaluate what was
learned. Ideally prior to such farm visits team members should
decide what information is needed and who should conduct the
key informant interviews with whom. This would necessitate a
division of labor which would probably result in more efficient
work.

Senior researchers have reported on the problems involved in

Sample site selection and the gize of the sampling units. Usually



A-I-9
this is one of the initial problems of team research because the

Sampling methods and size of sample is related to the particular
measurements to be made. These differ for each discipline because

the sampling methods and size of sample is related to the particu-
lar measurements to be made. These differ for each discipline
because methodologies differ. The first real test for the team
is to decide on criteria for site selection. In the Mansouria
District it was not sufficiently clear as to what the criteria
were except as the work plans of April 1978 state "The research
areas will be chosen on the basis of irrigation districts which
have different soils, cropping and irrigation problems." Three
irrigation districts including Mansouria, Kafr El Sheikh and El
Minya were selected as research sites. Within each district as
for example, Mansouria hydrological units such as Kafret Nasar,
Beni Magdoul and El Hammami were chosen. Within the hydrological
units sample farm units were chosen in order that hydrological,
agronomic, sociological and economic data could be correlated.
Project reports indicate that instead of clear initial concensus
on criteria for sample farm selection each discipline developed
their own criteria. After long deliberation some agreement was
estahlished and the following specific farm sites were selected

by team members as shown in Figure 1.
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Figure 1 Farm Site Selection Criteria For Beni Magdoul and E1 Hammami

Discipline
and
Place

Agronomy
Beni Magdoul

El Hammami

Economics
Beni Magdoul
El Hammami

Engineering
“eni Magdoul
El Hammami
Sociology

Beni Magdoul
El Hammami

Number of sites and criteria

7 sites because work had begun by
engineers and to the degree possible
representative crop and soil conditions
7 sites with representative crop and
soil conditions

7 sites above and 11 farm family units
7 sites above with 12 farm families with
variation in farm size

3 or 7 sites above at different water
course locations
4 or 7 sites above at different water
course locations

sites and farm families used by economists
sites and farm families used by economists
to show differences in farm size
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In addition to these sample sites comprehensive soil testing and
soil land classification surveys were conducted in the Beni Magdoul and
El Hammami areas. In the farmers5 sites in 4villages were selected about
4 feddans each and 448 soil samples were taken. Likewise in E1 Hammami
ten sites per village of about 10 fedans were selected and 280 samples
were taken. The soil land classification survey covered 800 feddans in
the Beni Magdoul area and 2000 feddans in the E1 Hammami area.

With the exception of the soil testing and soil land classification
surveys, tough decisions and substantial compromises were made in selection
of farm sites for the PI studies. Under the circumstances, especially
the constraint of time, the sites selected have yielded much data but a
major question can be raised about the adequacy of sample size for both
the economists and the sociologists who by nature of their research
methods and the variables they measure require larger samples. Also data
is needed from those fields and farms outside the sample site which sample
farmers have because farming decisions by the farmers are made often
consideration of their total operation. Data is also needed at the village
level which was collected by use >f key informants and by observation.

It must be realized, however, that especially in working with small farmers
and for purposes of PI that traditional research methods and ideal sample
surveys can not be used- often because they are time consuming and expensive.
The collection of adequate data for understanding the system and identifi-
cation of major problems is the goal of PI.

5 Formal Problem Identification And Team Activities

After the reconnaissance which resulted in an overview of the farm
problems and the selection of sample farms, the information gained was
used for the preparation of the formal PI field investigations. Variables

were identified, measurement procedures were developed, field workers
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were trained, and logistics were planned. These activities were planned-
primarily by each of the disciplines separately with a minimum of close
collaboration. Time was a major constraint and without an overall frame-
work or design the tendency is for each discipline to work out its own
plans. Without a framework and closecollaboration it was not possible
to implement joint plans for data management. This, however, did not
hamper data collection and with more experience more team planning can be
done at future research sites. It should be mentioned that the senior
sociologists involved documented their training procedures, developed
their own work plan, established validity and reliability checks and
instructions to field staff, maintained notes on field problems, documented
all field visits and activities, pretested interview schedules Such records
are invaluable in reviewing all activities for future PI studies.

One activity which can be used to develop improved cooperation and
collaboration between disciplines early in PI studies is the development
of maps needed by all researchers. Existing maps in Egypt are often out
of date therefore the following maps of total water .ourses are useful in
PI studies: topographic, general features showing all conveyance channels,
drains, location of water lifts, roads, buildings, bunded units and basins
and cuts made for irrigation, ownership and farm size, crops. Such maps
can be used for baseline studies and if updated during the life of the
project they can show changes over time. Of equal importance, mapping
will necessitate close team work because good quality maps are needed by
all researchers. A special section of the training program will be devoted
to mapping techniques.

While each discipline group prepared detailed checklists of variables
to measure and measurement methods, the major areas delienated by the EWUMP

for PI investigation were set forth in several objectives. These are
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provided to indicate the areas of investigation decided upon after the
reconnaissance of the Mansouria District. These were as follows:

Problem Identification Field Survey

a) The objective is to identify and characterize the basic physical
chemical properties of the system under study.
1) Ground water conditions
2) Surface water delivery
3) Drainage conditions
4) Site water budgets
5) District water budgets
6) Water quality and quantity
7) Soil classification and capability survey
8) Soil fertility surveys
9) Soil moisture relationships
10) Climatic factors
b) To evaluate present on-farm irrigation practices in relationship
to crop yields.
1) Irrigation efficiencies
2) Conveyance efficiencies
3) Field application efficiencies
4) Consumptive use
5) Macro and micro field topography
6) Field size and geometry
7) Irrigation methods and practices
8) Water distribution methods, (rotation systems and non rotation
systems.)
9) Farm delivery structures

10) Farmer irrigation behaviors and perceptions
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a) Decision making processes
b) Perception of constraints

c) Knowledge of soil - water - plant relationships

c) To catalogue and evaluate farmer's agronomic practices as possible

constraints to increasing crop production.

1)
2)
3)
4)
5)
6)
7)
8)
9)

Cropping patterns

Irrigation methods

Seedbed preparation

Seed quality and methods of seeding

Fertilizer utilization and practices

Pest control, weed control, and plant disease control
Harvest and storage methods

Farm mechanization

Soil - water - plant relations

d) To identify major macro and micro institutional constraints to

increasing production and farmer's responses to present constraints:

1)
2)
3)
4)
5)
6)

7
8)
9)

10)

Price policy measures

Credit availability and utilization

Essential input availability and utilization

Farm size and tenure arrangements

Formal and informal cooperation

Local Government services (agricultural irrigation, extension
health, education, local government, etc.)

Markets and transportation

Information sources and channels (availabity and use)
Production quotas and regulations

Macro and micro water regulations (charges, pumping distri-

bution, rotation, de jare and de facto.)
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The work plan of April 1978 provides the detailed lists of factors

to be investigated by each discipline group. Without time spent in
reviewing farmer research, discussions with officials, and the farm level

reconnaissance the team members would not have been able to develop

their PI study adequately.

6 Major Findiqg§ of the Mansouria PI Study

In roughly six months of field investigations with several inter-
ruptions the following major findings were obtained. These findings
point to some areas that require more intensive research at the search
for solutions stage and some areas that suggest government intervention
for solutions. The major findings are given by discipline as they were
reported in the December 1978 summary report.

Engineering Constraints

- Irrigation water is not distributed equitably to all reaches of
the farm system

- Lack of a scheduling of irrigation turns and many illegal intakes

-~ Water table rising sharply after each irrigation

- Undetermined seepage from canals and ditches

- Loss of water over canal tail escapes probably due to reduced
night irrigation

- In some areas need to add large leaching factor which adds to
watertable problems

- Water in drains have high sodium content and requires special
management when served for irrigation

- Over irrigation at planting common but other irrigations undeter-
mined

- Basins are not as level as expected and D produces problems of

water distribution on fields
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Lack of adequate maintenance of government canals and private

ditches as well as drains

égronomic Constraints

-

Poor crop stands and low plant populations which are from 51 to
75 percent of optimum for corn

Possible problems with micro nutrients

Salinity can be a problem on 25 percent of Beni Magdoul land and
17 percent of El Hammami land. Potential problems of soil

sodicity on 9 and 23 perxcent of Beni Magdoul and E1 Hammami land.

Socio~Economic Constraints

Excessive slack time in crop rotations or 58 days per agricultural
year.

Excessive costs of lifting water estimated costs savings of LE

30 per feddan

Lack of voluntary farmer organizations especially related to sched-
uling of irrigation, clearing and maintenance of canals and drains,
sharing implements and labor

Lack of communication between farmers and government officials
Possible problems of illiteracy in farmers use of new technology
Weakened local leadership overtime and differences between "official
leaders" and "real leaders."

Low level of understanding and respect between farmers and officials
Weak incentive system for farmers due to attempts of government to
regulate agriculture

Ineffective quantity and quality of extension services and weak
local cooperatives which are primarily for inspection and control

rather than for services
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- Lack of an integrated rural developnent concept by government

- Fragmentation of holdings

The data for this first P.I. study in Egypt is available. The
purpose here is only to present the major findings and attempt
to draw lessons from the case study that will provide insights
of how we can improve our approaches to P.I. studies. The next
section attempts to evaluate the case study utilizing the views
of project personnel who were involved in the field studies. Also
we will utilize insights from CSU TDY staff who were involved in
the P.IL. studies on a short term basis.
2. Evaluation of the Mansouria P.I. Case Study

A general summary of problems from the perspective of the
EWUP staff is given and secondly, a more specific analysis is
made of selected aspects that were missing in the first P.I. ef-
forts are presented. Figure 2 is a summary of problems perceived

by project personnel.
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Figure 2 Summary of Problems Reported By Senior Researches of EWUMP

Problem Area Nature of Problem

Understanding of PI Concept - Lack of understanding by senior
— and junior project personnel
- Some skepticism about PI and
interdisciplinary approach
- Need for a framework for PI

Interdisciplinary Concept - Project organization in practice
focuses more on disciplinary focus

- Lack of interdependence between
disciplines

- Lack of team collaboration

- Project is more multidisciplinary
than interdisciplinary

Coordination - Lack of knowledge of what is
expected by team members

- Lack of initiative from team
leaders

- Lack of clarification of authority
roles

- Better implementation of work plan

- Lack of direction

Communication - Lack of communication of activ-
ities of disciplines

-~ Lack of sharing data

- Need more social as well as
professional interaction

~ More opportunities for feedback

- Need to learn how to accept criti-
cism

- Need more positive communications
and less hidden agendas

Facilities - Members of disciplines have
— offices set-up similar to an
academic institution
- Need a facility which has own
identity rather than that of a
single ministry
- Work schedule needs more flexi-
bility
-~ Need to strive to remove some
inequities in benefits

Logistics - Transp?rFaticn problems need better
e T supervision and scheduling
~ Need better supervision of field
staff
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Linkages With Other Organizations

Decision Making § Planning

Data Management

Equipment problems

Better selection methods
and orientation of new per-
sonnel

Need to continue to build up
and maintain linkages by
design

Need to develop more credit-
ability with local organiza-
tions

Need to keep all interested
organizations better informed

Need more flexibility and
need to play larger role in
some areas of decision making
Too much emphasis on getting
into field before we know
exactly what we need to do

Need to develop a system so
we can correlate all data
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After the presentation of the ways project personnel perceive PI can
be improved a more detailed evaluation is presented from the case study
of ways PI can be improved. Focus is given to Planning and Implementing
Reconnaissance, improved team communication and collaboration, sample
selection, mapping of farm systems, data management, and ranking of
problems from research findings.

1. Planning and Implementing Reconnaissance

The initial reconnaissance by the EWUMP team supplies must of the
information that will be useful for the remaining research sites thereby
saving much time. As discussed earlier reconnaissance efforts should
provide the following: First hand understanding of form system; input
for design of formal PI studies, building an interdisciplinary team,
over-view of relevant prior research efforts. and creditability with all
organizations interested and involved in the project. To accomplish these
objectives reconnaissance can not be left to random activities but must
be planned. The initial efforts of reconnaissance required much more time
than following efforts due to lack of planning. Efforts were piece meal
and due to lack of planning large numbers of researchers visited famm sites
together. Such large groups with several vehicles not only confuse farmers
but can lead to much rumor in the village as to "what is the government
up to now?" Instead of developing creditability with farmers such approaches
can lead to much speculation. Another problem observed was the fact that
no one was designated to ask questions of farmer clients, all the visitors
often ask questions. It was also observed that inadequate note keeping
was done and few attempts were made to discuss observations after field
visits. Check lists of questions to be asked by a designated individual

team member has been found to be more efficient. Also another problem
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observed was the tendency to take windshield tcurs of sites without taking
the necessary time required for useful information. Such brief ill
organized tours indiciate frustration "to do something even if it is
not productive'" rather than team planning. As discussed earlier there
was a tendency to get to the field before careful plans were made as to
who should be involved and what was to be accomplished.

In visiting government offices and the offices of international
organizations there was also lack of planning. Usually a decision was
made by one discipline or individual without consultation with team members.
After such visits often there was no reporting in the farm of memos to
communicate information to the team. Sometimes each discipline group
visited the same organizations separately.

This evaluation suggests the need for more planning for future
reconnaissance efforts. It should be mentioned that many of these problems
were expected in the first efforts due to lack of experience by team
menmbers as they were getting adjusted to each other and to the new
research approach.

2. Improved Team Communications and Collaboration

Probably the major problem perceived by the team was the lack of
good communication and collaboration. Communication is one of the most
important components of successful team work. Good communication never
just happens, it must be designed. Research on team building suggests
that the location of project personnel is related to communication. The
conventional approach is to segregate disciplines in special rooms, however,
this does not enhance team work. Project leaders need to carefully design
situtations such as meetings for increased communication. Such meetings
have been established in the project but often they have not provided

sufficient feedback from all personnel. Team leaders also must provide
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opportunities for communication. A method to ensure improved communication
is the use of memos which contain information of activities. For example,
the senior sociologists have documented most of their activities including
training methods, visits to agencies, field work problems and preliminary
reports of findings.

Team collaboration requires that all members understand project goals
and their specific job assignments. Job specifications are needed even
before personnel are selected. Also good team collaboration requires that
there is a clear understanding of authority roles and responsibilities.

It is one thing to develop an organizational chart and another to implement
the same. Team leaders often have not exhibited the leadership expected.
Figure 3 provides some of the requisites for both effective communi-
cation and collaboration. Time taken in planning for team collaboration

is not wasted. There is a notion by some that interdisciplinary research
requires too much time in planning and communication, however, this can
also be viewed as time saved if team work results in accomplishment of
project objectives.

3. Sample Selection

Sample selection required much time for the team because there was
lack of concensus on criteria for both site selection and the selection
of sample farms. Again this requires team leadership and collaboratiion
by all disciplines involved. There will always be a need to compromise
because the "scientific ideal" is not always what is either possible or
needed for PI field studies. First, decisions must be made about the
criteria which must be specified byall disciplines. Secondly, the sampl-
ing units must be the same for all disciplines if there is to be a corre-
lation of physical, economic and social factors. Thirdly, it must be

realized that some disciplines such as economics and sociology require
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additional sampling units which will need to include the village as a unit
of analysis. While the sample farmer is interviewed for data about his
operation key informants can be used effectively for village level data.
When chosing the sample farms considerations should be made as to his total
holdings on the study water course and other water courses which influence
his farm decision making.

4, Mapping of the Farm System

A major oversight in the initial PI studies was the development of
maps for use by project personnel. As suggested earlier there is a need
for maps which show general features, topographical protlems, size of
basins, fields and farms, ownership patterns, all conveyance and drainage
channels, all field inlets and pumping stations. Mapping in Egypt is
important because available maps are often out of date. Mapping not only
provides much base line data, they provide a means of understanding the
system, and also can be used later to document changes over time. Maps
are also an excellent means of presenting some types of data. Since the
number of sample farms is quite small at both sites, maps provide informa-
tion about the total command area. Maps also are useful in sample selection.
It is hoped that appropriate maps will be developed for future research
sites.

5. Data Management

As team members realized there is a need for a plan for data manage-
ment. Without such a plan each discipline will analyze their own data
and there is not adequate means for correlation of data from all disciplines
to rank priority problems. Several attempts have been made to develop such
a system but none has yet been implemented. This is why the first PI data
did not produce a definite ranking of priority problems. Statistical

evidence is needed to supplement judgements as to what the priority problems
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Figure 3. Key elements in interdisciplinary team
research systems.
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are. It is hoped that a special consultant will be made available to
help design and implement an adequate Data Management scheme in the near
future.

6. Ranking of Priority Problems From PI

While the team has collected much data there is no indication of what
the ranking of the major problems is. The purpose of the PI is to provide
such a priority ranking in order to identify those problems which require
research to discover solutions. Needless to say all the problems identi-
fied can not be researched in depth,therefore some means short of objective
analysis must be developed to sort out those problems which require imme-
diate attention. One approach is to combine as much data as possible from
the disciplines to identify those factors which influence yields. Criteria
can also be developed for selecting out those problems which are primary
and those which are of secondary importance. Also those problems that
require policy changes can be delineated and separated from those that
require project intervention. The team can establish valuation criteria
to be used to separate out those problems with which the project must give
its primary attention.

In conclusion of the case study, the major question is what you as
a trainee intend to do to improve Problem ldentification studies. You
will be given an opportunity during the training to analize this case
study as a team and also the challenge of helping to design and implement

a PI study on selected farms in Colorado.
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Questions for Trainees

The purpose of the following questions is to stimulate your
thinking. These are some of the questions similar to those we
will be facing throughout this training program. There are no
easy answers.

1. List the major physical and socio-economic factors which
were not examined in the Mansouria case study.

2. Which of the findings of the Mansouria study are most
significant constraints to crop production? How did
you make this decision?

3. What were the major problems faced in the Mansouria case
studies that inhibited the work of researchers?

4. what factors would you look for in a reconnaissance to
determine why a farmer operates as he does?

5. Would you suggest how to arrive at criteria for site
selection?

6. What do you think reconnaissance means?

7. What do you think is meant by team building?

8. What 1s problem identification as you understand it at
the beginning of the training course?

9. What is interdisciplinary field work as compared with

single discipline field work?



ANNEX II

RESPONSIBILITIES OF THE RESEARCH TEAM

This annex will discuss the responsibilities of the team with
focus on mutual data need, data collections, work plan development,
fields trials, and analysis and reporting data.

Given the nature of the farm irrigation system the approach
to problem identification and other phased activities of the EWUP
must be interdisciplinary. While team members representing various
disciplines will have their specific tasks to perform, many respon-
sibilities will overlap. It will be the purpose of this section to
1) discuss the interrelationship between the performance of disci-
plinary tasks that demand the cooperative effort of more than one
discipline, and 2) discuss how this interdisciplinary effort is or-
ganized to collect data.

Disciplinary vs. Interdisciplinary Study:

The key concern related to what activities are performed by
whom is that the data collected bv one team member will often be
of immediate use by another team member. For example, on given
farm systems all team members need data on crop yields, crop stands,
cropping patterns and cropping intensities. Also, the work done
by one team member is often essential to other team members for
their collection of data. For example, maps will be used by all
team members for the collection and recording of data. If the en-
gineers develop or obtain a base map of sites to be studied, this
map can be copied and made available for crop surveys, soil sur-

veys, topographical surveys, cross section slope and length of
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convergence system, location of outlet structures, field ditches,
lifts, drainage system, ground water fluctuations, farm yield
size, irrigation basin size, ownership patterns, tenure patterns,
fragmentation, etc. These examples are to illustrate the inter-
dependence of activities and the joint efforts of team members.
Figure 1 shows the importance of team coordination in the plan-
ning of activities. Note that there must be close coordination of

team members in major tasks.

Figure 2. Disgram to shov Team Coordination

4~—JAgronomy
+—>Engineering
-—>Economics

+->50ciology

Detailed Pleld
Work
> Pl > Implementation

an

Team Building

Y Vv ¥V VvV

eam Coordination
and
Integration

C

*This process demands constant communication among the team members for reviewing, eval-
uating, and revising the work plan. The responsibility for this communication lies
with the team leader who must call the team meetings necessary for facllitating this
communication. The team leader has a crucial job regarding this team building process.

Each discipline has the necessary expertise to perform spe-
cific tasks that are needed. For example, in referring to the
Technical How-To-Do-It Series in Annex II, one can see specific
tasks such as the installation of flumes, the measurement of
water entering those flumes, installation of observation wells,

and other activities which only engineers can perform. Likewise,
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agronomists will take soil samples, measure crop yields, examine
plant diseases and pests, determine consumptive use and be in-
volved with other investigations related to their expertise. As

for the social sciences, their expertise lie in analysis of eco-
nomic conditions of the area (economists), organizational and inter-
personal relationships (sociologists), and other socio-economic
considerations. Each discipline legitimately has specific areas
which they concentrate on, but again these specific studies must

be placed into the context of "team" research efforts.

In the process of team consultations the questions must be
answered as to what types of data collected by one discipline is
required by other disciplines. The team must decide who will be
responsible for the collection of data related to these factors
and how these data will be made available quickly and efficiently
for other team members. In the foregoing, Engineer is denoted

by Eg, Agronomy by Ag, Economics by E, and Sociology by S.
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Figure 2 Illustration of Types of Data Collected by One Discipline
and Used by Other Disciplines
Ege—S 1. Farmers perceptions about
-night and day irrigation
-major problems inhibiting increased yields
~solutions to major problems
Eg€—S + E 2. Farmer decision making processes related to
-crop decision making
-when to irrigate a given crop
-when to stop on irrigation
-water lift methods
-who applies water at given irrigation
Ege—S + E 3. Farmers estimation of
-depth of infiltrations of water
-depth of crop root system penetration
-crop water requirements
-critical water demand periods and stages growth
-sources of major losses
-magnitudes of losses
-water logging
Ege-S 4. Propensity of farmers to cooperate
-in water lifting
~trading of irrigation turns
~farms implements - machinery sharing
~sharing of work

-patterns of both formal and non-formal coop-
eration



Egqe—E + Ag 5.

Age—~S + E 6.

Ag + Eg&E 7.
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Farm management practices

—-cropping patterns and intensities
-seedbed preparation

~levels of farm technologies

-seed rates, quality, and seeding methods

~fertilizer inputs, timing, amount and placement
methods

-plant protection measures

~harvest methods

-storage methods

Adoption-diffusion of improved technologies
-rate of adoption

-time required for adoption

~later rejection of adopted technology

—-channels and courses of information used at each
stage in the process

-characteristics of the innovation

-farmer creditability with information source
Economic returns and costs

-lifting water (alternative methods)

-various crop mixes

~storage systems

—-transportation

-marketing
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E + Ag + Eg S 8. Legal and organizational factors
-delivery of water to command area
~distribution of water
-pricing of water
~settlement of disputes formally and informally
~-farmer interaction with river irrigation officials
~dejure vs. defacto
-sanctions
-incentives
Eg, Ag, E S 9. Information for farm decision making
-marketing
-irrigation schedules, closures, etc.
-extension - agronomic

-quality and quantity of information

From this partial list of activities, it can be seen that much

of the data gathered will be used by more than one discipline. It
is therefore the responsibility of the research team to delineate
the specific approaches to be taken that will coordinate the ef-
forts needed to gather the data. One such coordinated effort is
described in the next subsection.

Responsibilities for Data Collection:

The team members from the various disciplines must also estab-
lish a strategy for obtaining data. The following is an example

of a work plan for the gathering of socio-economic data.
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1. Review of Literature and Preliminary Field Surveys

Literature and available data in English and Arabic must
be reviewed and summarized. Such data may be obtained from re-
Search institutes, FAO, Ford Foundation, and other organizations
in ggypt. The literature search should include the sources of
university researchers and others. When available, information
retrieval systems may be utilized such as the ones at CSU. Senior
researchers are responsible for this initial search activity and
should provide summaries or abstracts for each team member of all
previous research that is relevant to the project goals. This
activity should take place at the beginning of the project and
not left until much later.

Preliminary field surveys are then to be completed to provide
information for the development of the formal problem identifica-
tion surveys. Several farms can be chosen for socio-economic case
studies in particular irrigation districts. The sources of data
will be key informants from the area including cooperative exten-
sion and irrigation personnel plus the decision makers of selected
farms. These farms should be chosen to represent differences that
are expected such as farm size, soil type, water quantity, etc.
Senior researchers should conduct these surveys to gain experi-
ence for designing the formal survey methodologies.

2., Tentative Work Plan for Problem Identification Field Surveys

2.1 Major factors to investigated
2.2 Major sources of field data
2.3 Methods of data collection
(@) Published and un-published data available
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(b) Structural interviews with key informants in-
cluding farmers, cooperative personnel, and
local government officials.

(c) Structured interviews with a random sample of
farm families.

(d) Field observations of activities

2.4 Recording of field data
{a) Maps
(b) Precoded questionnaires
(c) Field dairy of data collection personnel

2.5 Field supervision of data collection

The field work is the direct responsibility of the advisers
and the site team. At each site a junior research officer
will be responsible for all daily supervision.

2.6 Data management plans

All field data should be recorded on precoded data forms.
Intensive field supervision to assure good quality data
should take place throughout the survey to check for va-
lidity/reliability, and objectivity of data. Data should
be carefully checked by a specific individual for re-
cording errors and then punched directly on computer
cards. The data management master plan must be developed
jointly by all teams.

2.7 Training requirements

Training should be given to all field data collectors by
the research advisers after the preliminary survey and
development of data collection instruments. Training
should include interview techniques, sampling procedures,
recording of data, use of field diaries, internal checks
for quality of data and mapping techniques. This training
will require about one week and should be done under field
conditions. Training should include the pretesting instru-
ments and interview techniques. Field data collectors
should be given orientation about irrigation agronomic
practices by the advisers for agroncay and irrigation.

3. ©Sampling Procedures

Stratified random samples can be selected within each grid of
the hydrological unit. Available data can be examined to decide
if a stratified random sample should be selected on the basis of

farm size or other variables. It is important that the sample farms
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selected be used by all teams. Otherwise the data cannot be cor-
Xelated in the form of regression analysis.

4. Time Frame for Completion of Problem Identification Fielgd
Survey

5. Methods for validity and Reliability of Data

5.1 Pretesting questionnaires

5.2 Checks from outside sources

5.3 Internal check questions

5.4 Test, re-test methods

5.5 Data recordings reliability

5.6 All schedules will be in simple Arabic

The checks for validity and reliability will be the direct
responsibility of the supervisors and the senior researchers.

6. Applied and Evaluative Field Trials

Where technologies are tested such as conveyence systems
improvements, land leveling agronomic improvements, etc., "before"
and "after" studies can be conducted by the socio-economic team.
The data collected in the problem identification survey provides
the "before" data. Data later can be collected to ascertain farmer
acceptability, cost-benefit environmental and social impact of the
improvements. These data also provide insights and guidelines for
developing programs for transfer of findings to other farmers. It
is suggested that senior researchers be responsible for the col-
lection and analysis of these data after improvements have been
made.

7. Analysis and Reporting Data

Given the large volume of data to be generated by the socio-
economic and other teams it is suggested that the problem identifi-

cation data be analyzed by computers. This requires joint data
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management and a uniform coding system. Several standard programs
are available for such analysis. One that has been widely used

by the social and physical sciences is SPSS system available from
North Western University, USA. Decisions should be made about

the program that will best serve the purposes of the project and
the types of analyses needed. Farm management data can be analyzed
by small hand calculators and these should be utilized whenever
possible. Data obtained from applied and evaluative research can
also be evaluated, coded, and analyzed in the main office by
trained staff,

Reporting of field investigations should be of several types.
Preliminary reports are needed even during the field data collec-
tion period for decision makers as a part of the progress reports.
Brief reports should appear often for non-technical audiences
in language they can understand. More comprehensive reporting
can be done as specific activities are completed. It should be
stressed that reports should be designed for specific audiences

in order that findings can be used.
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EQUIPMENT NEEDS

In pursuing a proper and adequate problem identification
program, it is necessary to utilize various pieces of equipment
which are integrally involved in the numerous measuring practices.
The following list of equipment needs evolved from the different
aspects of problem identification with regard to water management.
Developing an equipment list and procuring the same is a task
of management. Far to often this is left until the last moment.

(1) Water Delivery Measurement:

(1.1) Mogha Delivery
~Flumes
~Staff Gauges
~Levels
-Field Notebook
~Flow Meters
(1.2) Tubewell Delivery
-Carpenter's Square
-Folding Rule
-Field Notebook
~Flow Meters
-Flumes

(2) On-Farm Measurements:

(2.1) Mapping: Topographic
-Farm Level and/or Alidade

-Steel Tape
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~-Stakes and Range Poles
-Field Notebook
(2.2) Mapping: Field and Watercourse Orientation
(2.2.1) Plane Table
-Tripod
~Map Paper (plain, grided, transparent)
-Drawing Board (18 x 31" or 46 x 79 cm)
(2.2.2) Alidade equipped with peep-sight alignment hairs
(2.2.3) Other Equipment
-Rod
-Measuring Tape
-Scale
~Compass
-Small Spirit Level
-Field Notebook
(2.3) Surveying
-Level
~Staff Rod
~-Stakes or Chaining Pins
-Pucca Turning Point
-Field Notebook
(2.4) Soil Moisture Sampling
-King-tube Sampler (or other type)
-Plastic Bags (15 x 15")
-Scales

-~Hammer
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-Straight Edge
—Touch-Feel Chart
-Field Notebook
~Oven
~Plastic Sheet 2 6 ml thick, 24 in?)
(2.5) Soil Fertility/Salinity Sampling
-Shovel or Spade
-S0il Sampling Augers
-Tubes and Buckets (Stainless Steel or Plastic)
-Field Notebook
(2.6) Observation Well Installation
-Pipe
-Threaded Cap for Pipe
~Auger
-Coarse Sand
—-Concrete
-Plastic Tube (3 mm diameter)
-Plug
-Measure
-Field Notebook
(2.7) Socio-~Economic Observations
-Field Notebook
~Check Lists
-Calculator

~Computer Cards and Keypunching Facilities
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(3) Miscellaneous Equipment
-Data Management Facilities to store records and data
-Writing Materials
~-First Aid Kits
-Snake Bite Kits
-Medicines

-Red Cross Manual



ANNEX IV
DATA SUMMARY FORMS

A. Irrigation Data Forms

Irrigation Data Summary Sheet

Soil Moisture & Irrigation Data Summary Sheet

Change in Soil Moisture Between Irrigations: Data Summary Sheet
On Farm Flume Data Sheet

Semi-Leg Chart For Grading Curves

Hydrometer Analysis

Sieve Analysis

Soil Moisture Sampling Report

Table of Linear Dimensions

Suggested Tabulation Form

Flow Depth and Top Width Data

Flow Rate Data

Water Advance/Recession Data

Cylinder Filtrometer

Bulk Density Data

Soil Moisture Content Data

Irrigation Evaluation Summary Sheet

Summary Sheet For Flooded Rice Irrigation Evaluation
Dead Storage In Watercourse

Record of Wastage of Full or Part of Mogha Discharge
Soil Moisture Status vs. Water Applied--Summary Sheet
Water Application Summary Sheet

Cylinder Ineiltrometer Data Sheet

Furrow Infiltration Data Sheet

B. Irrigation Data Forms in Arabic

Observation Well and Piezometer Data Sheet

Daily Sounding in Wells

Soil Moisture Sample Data Sheet

Daily Gauge Record for Canals & Drains/Hydraulic Unit No. 3
Weekly Job Planning and Record Sheet

Data Record Sheet-Technicians

Water Application & Runoff Summary Sheet

Water Budget Summary Sheet

On Farm Irrigation Runoff, Conveyance Loss Summary Sheet

C. Farm Management

Estimation of Receipts from Crop Sales
Estimation of Cash Farm Receipts: Crop and Other Income
Estimation of Cash Farm Receipts: Livestock Products and
Livestock Sales
~Family Living Expenses
Scheduled Debt Payments
Estimation of Cash Farm Expenses: Labor and Feed and Live-
stock Purchase

Estimation of Cash Farm Expenses: Machinery
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Estimation of Cash Farm Expenses: Crops

Estimation of Cash Farm Expenses: Real Estate Expenses
Estimation of Cash Farm Expenses: Utilities, Marketing, Misc.

Summary of Cash Farm Expenses

Capital Purchases Planned

Cash Inflow and Outflow for Next Year: Including Nonfarm,
Excluding Credit

Projected Cash Flow Budget

Partial Budget Form

Basic Input-Output Data and Related Costs and Returns

Matrix 1

Matrix 2
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L0IL MOISTURE & IRRIGATION DATA SUMMARY SHEET Page
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CHANGE IN SOIL MOISTURE BETWEEN IRRIGATIONS:

DATA SUMMARY SHEET

Study Site Season Crop Area (feddan)
Pate Data
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ON FARM FLUME DATA SHEET
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HYDROMETER ANALYSIS

Sample description Date
Specific Gravity Tested by
Location Hydrometer Correction
Hydrometer Sample % Finer than sieve. Mass dry soil W =
Elapsed Hydrometer Reading % L K D % Finer
Time Time Tgmp Finer (Table 2) (Table 3) K YL/t in
t - min C Original Corrected p cm mm Total Sample

8-AI-Y
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Table 3: Value~ « 7 K" Fnr Computing Particle
Diameter In Hydrometer Analysis
‘p ¢ fic G avity - G
Temp °C
2.6 2.65 2.7 2.79
16 0.0146 0.0144 0.0141 0.0139
18 0.0142 0.0140 0.0138 0.0136
20 0.0139 0.0135 0.0134 0.0132
22 0.0135 0.0133 0.0131 0.0129
24 0.0132 0.0130 0.0128 0.0126
26 0.0129 0.0127 0.0125 0.0124
28 1,.0126 0.0124 0.0122 0.0121
30 _ ".0124 0.0122 6.0 " 0.0118
|
SIEVE ANALYSIS
Dry mass of sample after washing on 0.075mm (No. 200) steve
Size Mass {umulative % Sediment % Total
Opening Sieve Retained M:zss Mass Sample Sample
mm No. g Retained Passing Passing Passing
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SOIL MOISTURE SAMPLING REPORT

Observers and Weight of plastic bag .

Date Hours Drying Time D

Date Last Irrigation Diameter of king tube C

Date of next irrigatiocn Volume of sample 6" = cc 12" = c
Rep Trtmt Depth WetWt(g) DryWt(g) WtH,0 NetDryWt IMC-Wt DBD %MC-Vol ASM(in/ft)
1(0-6")

2(6~-12")

3(12-24")

4(24-36")

5(36-48")

6(48-60")

7(60-72")

i
1

Rep Trtmt Depth WetWt(g) DryWt(g) WtH,0 NetDryWt 3MC-Wt DBD RMC-Vol ASM(in/ft)
1(0-6")
2(6~-12")

3(12~-24")

4(24-36")

5(36-48")

6(48-60")
7(60-72")

i
]

|

Rep Trtmt Depth WetWt(g) DryWt(g) WtHp0 NetDryWt $MC-Wt DBD ¥MC-Vol ASM{in/ft)
1(0-6")

2(6-12")

3(12-24")

4(24-36")

5(36-48")

6(48-60")

7(60-72")

]
1]

Rep Tritmt Depth WetWt  DryWt(g) ¥gl’~0 JetDryWt %! " DBD $MC-Vol ASM(in/ft)
1(0-6")

2(6-12")

3(12-24")

4(24-36")

5(36-48")

6(48-60")

7(60-72")

]
1]

Trtmt  Depth WetWg(g) DryWt(g) WgH,0 NetDryWt $MC-Wt DBD $MC-Vol ASM(in/ft)
1{0-6")

2(6-12")

3(12-24")
4(24-36")
5(36-48")
6 (48-60")
7(60-72%")

g

11

i
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TABLE OF LINEAR DIMENSIONS Tolerance ({(0.005 ft.)

Speci-
fication Top Middle Botton Other

W

L

Lli‘-“‘wL/ 3

L2=2L/3
Lp=5L/9

H

Ha

Hp

TABLE OF ANGLES MEASURED

Angles are measured from the vertical wall (or staff gauqge)
to the floor of the flume in the direction corresponding to the
arrows in the attached diagram.

Tolerance: 0.5 degree

Spec. Measured Spec. Measured Spec. Measure
. o 6. i. e
2. . 12, o
3. o 8. o 3. o
4. ‘ 9. 14.

5. 10. 15.
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SUGGESTED TABULATION FORM

WATERCOURSE

Date

Type of Observation

Depth of WT

Location

HMT
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FLOW DEPTH AND TOP WIDTH DATA

Ident (RE,FA,FI,I,Fu): Length: Observer: Date:
Crop: Furrow Spacing (m):
Remarks: d -~ Flow depth (cm)
w ~ Top width of flow (cm)
Start End Start End Start End Start End
Time
Station
d/w
Start End Start End Start End Start End
Time
Station

d/w
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FLOW RATE DATA

IDENTIFICATION OBSERVER DATE
CROP LENGTH INFLOW or RUNOFF
FURROW/BORDER NO. FURROW SPACING/BORDER WIDTH
MEASURING DEVICE START TIME STOP TIME
COMMENTS:
z
Elapsed Flow Average Volume Volume

Clock™ Time AT Reading Rate Flow Rate ( ) ( )
Time (min)  (min) ( ) ( ) ( ) (6) x (3) 2 (7)
(1) (2) (3) (4) (5 (6) (7 (8)

‘a1l clock times are on 24-hour basis.



{dentifi
Soil:

WATER ADVANCE/RECESSION DATA

cation: Date: _Crop:

Irrigatjon Start:

Observer:

Comments:

Border:

Finish:

Bovrder:

Stream Size:

Total Time:

Border:

Stream Size:

Strcam Size:

Advance Recession Advance Recession Advance Recession
Station(m) . Time Station(m) Time Station(m) Time
clock | cum {clock | cum clocik | cum | clock | cum clock | cum {clack | cum
A Moeiul ]
1 _

o ——— e —_— — = ———— b
e e e - o s e o —— - -fe— ——
.____.___.__._—._.._..{ —_ ———— - -—
- —— — e i e e - v e et i e — —— e e —
- e——— e r——— —— - .-

‘. lock “twmes are oo 24-hour basis.

GT-AI-V



tdentification:

CYLINDER  FILTROMETER

e Ohserver: Date:
RTINS S
Station: Station: Station:
Intiltrometer No Infiltrometer No Infiltrometer No.
Time Infiltration B Time Infiltration Tine Infiltration
Crock | Diff.] Cum |Depth | Diff.| Cum|{Clock | Diff. | Cum | Depthj Diff.! Cum.]|{ Clock { Diff.| Cum | Depth | Diff. | Cum

*All clock times are 24-hour basis.

9T~A1~¥
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BULK DENSITY DATA

Tdentification: Observer: Date:
Cro;
sdarks:
Wt. Wt.Can | Wt.Can | Wt. Soil Bulk

Soil Can & Soil | & Soil | Soil | Ist 2nd Vol Density
Depth | Can | Tare | Moist. | Dry Dry Read. | Read. . “w

Station em No. g g g g Inst. | Inst. | cm® b

r

j S——

i o e




SOIL MOISTURE CONTENT DATA

A-1V-18

identification: Observer: Date:
- . Before Irri .
Soil Tiype: Crop: After rrigation
marks:
F”*" Wt. | Wt.Can| Wt.Can| Wt. Moist. ] Bnlx' Moist. [ Moist.
Can | & Soil | & Soil} Soil | Wt. Content | Density|Content | depth
Depth | Can | Tare | Moist. | Dry Dry | Moisture |s by Yy % by d
Station cm [ No. | g g g g g Weight Volume min

g - 17 o ——

i s
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Location

Start Date

Finish Date

SUMMARY SHEET FOR FLOODED RICE IRRIGATION EVALUATIONL/

————

WATER BALANCE COMPONENTS IN INCHES ON AlACRE BLOCK OF LAND
N\
Depth Depth Depth Initial Depth Tinal depth Depth Change Pan eva~ Residual* Water us
of of of of of of poration scepage & effi-
Irrig. rainfall drainage Surface Storage surface storage surface storage depth percolation ciency
Day IR RN DR IS FSs AS =z IS-TS ET depth WUE
residual %
S&P
1
2
3
4
5
6
7
weeil summary
' 1
2
3
4
5
0
7
LJOCE . Sunnary
nasic cfficieney relationship % S&P residual caleulation *% Water usce cfficiency «
£if, = output INFLOW ~QOULFLOW = change in storage
fnpuc * 0 INFLOW = IR + RN (ET_+ 8&Py 100 = 100528 ) 4100
OUTI'LOW = S&P + ET + DR IR + RN IRTRN

CHANGE IN STORAGE = IS-FS = 4S
IR + RN - S&P -ET = DR = AS
IR + RN - ET ~ DR - A§ = S&P

0C~AI-Y
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The following form is provided in the Irrigation Evaluation

Field Book to record the data.

Dead Storace In Watercourse

A
Q
DA\
Al
Ruagavegd

‘ﬁ\‘\t LAY

TR N

% N.

Te T

b FSEVVENR
Wasked

Aty W
G-t

D \k . Q :;'{‘W\\\““&\‘ ‘(‘\‘“\\ \T \ ( P\) I K\‘“W
Wi [N [SSR  Wewes [ & R AN
o Wy VLEMSR ‘?\\?‘“\Q\k QAxie v % s¥
Faas N | N ‘&\\:\“«s\.
ATV
Figure 2
Figure 2. Record of wastage of full or a part of the mogha
discharge.
Responsibility:

collecting this

He will have to

the help of a Cutthroat flume.

The Agricultural Assistant is responsible for

Remash..

kind of data with the help of his Field Assistant.

measure the discharge which is being wasted with

If the full mogha supply is

being wasted, the readings of the mogha flume will serve the

purpose.

If a part is being wasted, then he will have to install

a flume at the point where it is being wasted.

The data will include the following:

1.

Water delivered to a drain

When it rains, water of the mogha is frequently turned

into a drain, or the mogha is shut off.
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2. Viater delivered to a pond

The vond may be a traditional village rond, or a fish

onda.

g

w
o]

rick making or other nonaariculturzl uses

Cenerally for construction purposes.

4. Accidental failure of nakka or watercourse bank upstrean

It frequently happens causing the farmer to suffer
accidental losses due to inundation of his cropo.

The data is recorded on this form:

RECORD OF WASTAGE OF FULL OR PART OF MOGHA DISCHEARGE

Mogha Number Month
Distributary Chak/Village
Canal District

Field Office

Date Average Time Volume Remarks
discharge start end | hours wasted
(Qxt)

acre inches




Season

lHydraulic Unit

Study Site

Date Crop Date} Omeration Time of Ovperation 0(Ins) Vol} Total Crop Ave No. of
Cnde .
Start| Fnd| Interval| max| min| ave (ms) Aream3 Arcam2 Depth(EnY Readines

- bt e et il

] o s e 2 e s e i, st o S

JEPREP———

£Z-AI-¥Y



Soll Moisturc Status vs, Water Aponlied--Surimary Sheet

Fils Type

Subfile

Hydraulic Unit
Stuly Site

(anr-tcr

Stwudr Field

Arca

Cron

Scason

Ohserver

Operator's

Nates ; i ;. PNays ToT

Sa (cm) Camgein S o cpeal oL
, = - SN SR GRS Retween | Chonce dnd (en) | Chanze | 4 IR
IS S LY TUTEE e | WA e sw o xaegwe— o - i ) & 80 Ind (cn)| (em
——— —_ L - ——— . e ——

—————— e e e ———

e ———
-
——— —— . > - o ——

PZ-A1-¥Y



vATER APPLICATION SUMMARY SHEET

strict Area Area Served
. al Farm oo Fig¢ld No. ————  Season Crop Yield
tate Inter-s Hater |Averagsl Averagel Per- Water |Appli. Poten. | Crop Cons.| Ave. "H.T, Yater | Cons,
per- val applied!appli- | appli. | contage |storad | oeffi- ev. faciov, uzw W, T. eontci- use USe
.+ operation]| forued | siuce | (facser) catien | over of in the {clency | tyans. aepth | bution effic. | effie,
last | prac.) jdepth last growth |root E, E'I’p Ke ET, Eg Ecu
irrig. inter. zone h
- days m3 mm mm/day % mm % mint. mint. cn mm/day % % [

GZ—-AI-NY




CYLINDER

District

Area

—————— S r— s o — o~ - oo

Canal
Site
Feild no

o e ———— < — g oo s

PR —

— i s o
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INEILTROMETER DATA SRBEET

i uma——— 1 . —

- e 50
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o
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TIME

INFILTRATION

TI

T
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TTIME
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|
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FURROW INFILTRATION DATA SHEET

District Field No.

-

Area Season

. e ——

Canal Crop

—

focation

O O T T o —

Shape

e it

mpisture content

furrow identificatiecn
Soil

cond ition

Observer.

_ Date

ane

Comments

slone

TTTIME - Ctatinn A TUYNTRVE S

Station ¥

S

7

Flowrate

[l e o o o |
4 3 e 4 |

Qéégegg, cunulat,

Flow rate

+ tiﬂct -

SR DU

e

— e e e

:
I
|

i

&
USRS — f
o > b it e - — ———— . > = e S . o fon 3100

T
i

Locatinn

furrow identification shan

Nhserver

- -

Snil . moisture content sloo L
cchments I
1 Time staticn A TVIAYE Station
e o e [ i '
A S B X 7 A
fom . e : R ———
. . | ¢ '
i Nagch ! Differs | . ' Flow rate! ' Flow rate | /00
| "Ftine, eng¢ of | ; | i |
: s LT . —
[ i o i ] i ] ; '
e s e + S LA R, SO, A N
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OBSERVATION WELL AND PIEZOMETER DATA SHEETw ,oue 5 ot 3, ¥l bty J 302

HYDRAULIC UNIT [ PYUoE [y RSP Season PO
Site No, adoadl pd, Crop J el
Field No. S dl e, Observer Loyl
Month )
Irr. sl Day Last Reading Remarks
or U et WS N LR R 1] e WR——
Rain o

8Z-AI~Y




WDIMRI Gl Gk sl gt G e WDIMRI s Gkttt grop one S

EWUMP SV okt ol EWUMP oIt ks pate
VS| R Uy SUPY NEOW [ RrEH B se el eladt ol
Daily sounding in wells Daily sounding in wells
Form No. 6 Vo
istri Form No. 6 District:
District : — L S : SS_re
Area o . b Area ik
. .. Date : . .
Date : C_,,JL._H _;@JLJ\
[ERNEES, Y oloadl Gae | 2l o, [C BTN, 1IN o ol s J_‘_._Hr_n e lbade  |olowdt gas yiaat L ps, w Lias> Yo oot gas yed ‘f"J
JUSS FLES I CUSI e
Notes Water ‘Sur— Well Notes |Water Sur- Well Notes |Water Sur- Well Notes |water Sur- Well
roudings No. roundings No. roundings No. roundings No.

o Seiagead | e el i St ot ol )

6C-NI-Y



SOIL MOISTURE SAMPLE DATA SHEET

District

Area PEETION I Gyl gy bad ] et g p
Canal P ACTION PERSON | TIME | DATE
s Hheasel o2y Collected Sampl Cn
Field No. § i 0 ollected Samples Gl pan
Season It Delivered Samples et S
Crop P Jsenadl L R
Received Samples e e
Location Weighed Samples el 00
Made Calculations Sloluodl s
Drain
pe | o
Middle Checked
Marwa
s j:é adLasy jz: ,ijh Bl s Jaiadinny (Rl 0 ol ol o | o
. e gl 11 o athdl f iy VoAb it , s L R P " L Aandl
M L dadl i 1 H/ G af:'L?«Jl s Lt Y e e e L Remarks
X J E D C B A =
£d d aD | P Ag P gg;izﬁie o g;Shs;il Dish + Dish |Can | Dish [Sample bl
(cm) (emy| vol g C ¥ Wet Soil [Wt. [No. | No.  [Depth | Remarks
W x K) %) (% (D-E) (E-C)
(Hx 1) (G/F)

0E€-AI-VY



LUV IPCE I UOIE VS IVLIDE T I SUPWS TR WS 1

DAILY GAUGE RECORD FOR CANALS & DRAINS/HYDRAULIC UNIT NO, 3

STAFF GAUGE STAFF GAUGE
Notes Observer Flumes 2nd Readgng 1st Reading Site Date
o bnbin e JasYad O PN N UEROLIE R TR ST PSS I T e pEroul ottt
D.S.L. { U.8.L.| Time Level Time Level Time .
CUBEIE RS RS PUTY ST LA | o geeeadt e L

walsdi] ale¥i

1€-AI-V




WEEKLY JOB PLANNING AND RECORD SHEET

U‘J‘*“"y‘ Jrond S -E PR TN PN W

Name : (»-...—-——.-.._qu
Date H MJL;J\
Site 2o pdedl p3)
Filed No. it e,

JOB ON-FARM DATE WATER BUDGET DATA

Da Irri-l Run | SMS | Obs. [Obs. Wells | Staff | Irrometer Obs. Flow In flow Water | Staff Piezo Off Other

Y bation Off Wells [Recorders | Gage Wells | Out Recorders Quality | Gage mezer* ¢
dosdt |y e T DLT elebe, |t N IO (e . ) . A
f_’-.e-—“ K‘VJJ"J ) e ‘4“!_)".))5-#,_) ot o L..AJ.)JJS.,) e wl gl e 8 e Pt St Jbes

ZE-AI-Y



wdraulic Un

S udy Site § Field: =mmmmemen

it mesocmcnenens

DATA RECORD SHEET - TECHNICIANS

Area:
Crop:

-

- - -

Month: «ewwcsceceee=
OLSCIVer: =mewmemens

TIDEX

Soil
damples

Adv/Rec

DRAINAGE

Piezome-
ter

Tensio-
meter

Water
Samvles

Fertili-
zation

Pest
Control

Wced
Control

-]

P R L R T
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VATER /PPLICATION £ RUNOFT SIMPAARY SHEET

—

File Type

Onerainr Season
Subfile Study Fieid Observer
i!-:ydr alic Mhit Area o Overator's
Study Site Cros
Date Vater Accumulated Mator Accrrmilnted RUN / DEL
Delivered “ater Munnf€ Ruunff %
{18R+DPT) (em) {cm) (cm) (em)
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WATER BUDGET SUMMARY SHEET

PUNSRUOUDRS v ———

DATE

-
-

[} S Y

T. IE
MATN Supnile
canal
3 )

PN .. .. RO

nﬁaigs

¥

‘f. .

1
wel1s

kA

m

2 3

o ooy -

5

4
Storale

kS
m

ki ke i+

6

£
Nitcles

— ...-.m.._..,.._..r RO —
e U
s e s s n L e e s ]

F -

L —

o o o

ot memh e ¢ o

B T

[T R

o -

B el IR R

- RO P .- e e
B TR T RE ey,
SUSUNSIIN S S PP

o et

R

O p———

- - oy o

. s it

PPV

- .0

1

B Rt

+

P

i tign?

A v A meras

0.
meecin

PR —

9

ot ittt

PTR—. p—— J S

- ——— -

“OthIOJ consnet‘»

trans | uso
candl |

w1

S T

f

TofrL
outflow

B T

12 13

i P T [T roma—— 1

R

L ,..,.--.4
i

]

e

!
r
.. .4 "-“--.i »"-“~‘,t-i - e ‘é
N o S v
i

B e IR
O — i..u..‘......m...‘ v i

RO {.., [E—

s 1 me
b
- ammemcre ] e ain o s s b

e e o e e

P Y g—— -
h
o - o .—q}--».o P -
m.-..n-..-.,u.-i. R -

SE~AI~V



RUNOFFE,
ON FARM IRRIGATION,/CONVEYANCE LOSS SUMMARY SHEET

District dedai Laed Season PRSP}
Area bty Crop Jpamatt
Canal PR W ) Observer o Moot | pu |
Site : CW~JJmJl
Field No. S C LN N

Date TIME IRRIGATION RUNOFF CONVEYANCE LOSS INFILTRATION

App. Eff. Con. Loss
Start Finish | Hours Q Dypr Q Dinf Q Qx Deon ratio ratio
el I e I B B e e T (Dirr-Drnf-Deon) | (Dinf/Dirr) Q - Q*
et s | Gl | G et T

Qi = Ave. Flow at Sakia

Qy = Ave. Flow at Drain

Qz = Ave. Flow at Flume Placed for Conveyance Loss

9¢-AI-V
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A-IV-37

District : T S
Area : S
Month . Year: 1 cwdt o et
Field No.: e ¢ J3J1s3,Site No. o=t eS8, Canal

de ndi

Remarks Soil Moisture < te——izadt Aerometer e ¥l B84 3
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+ +DENTIFICATION

SUPPLEMENTAL WORKSHEET l. ESTIMATION OF RECEIPTS FROM CROP SALES

PRODUCTION SALES

EXPECTED

Cand®?

TOTAL

FEDANS YIELD PRODUCTION MONTH QUANTITY PRICE

VALUE

8E~-NAT-Y



FARM IDENTIFICATION

WORKSHEET 1A. ESTIMATION OF CASH FARM RECEIPTS: CROP AND OTHER INCOME

MONTH

CROP SALES

OTHER ., CASH

" 1/ FARM INCOME FARM
N

LHIS YEAR NEXT YEAR THIS — NEXT OPERATING

. CROP QUANTITY PRICE VALUE QUANTITY PRICE VALUE YEAR YEAR RECEIPTS

3/

Jan,
Feb.
Mar.
Apr.
May

Jun.
Jul.
Aug.
Spt.
Oct.
Nov.
Dec.

TOTAL

6€‘1’\I"""§

1/ From zupplemental worksheet No., l~~Estimation of Receipts from crop Sales.
2/ Include income from work performed for others, rental of land, water, draft animals, or machinery
to others and sales of used machinery of equipment. Do not include income from livestock or

livestock products.
3/ Value of next =2ar crop sales plus other farm income next year plus total expected receipts for
livestock products {from Worksheet No. 1B).



I. JENTIFICATION

WORKSHEET 1B. ESTIMATION OF CASH FARM RECEIPTS: LIVESTOCK PRODUCTS AND LIVESTOCK SALES

RECEIPTS
. LIVESTOCK
LIVESTOCK PRODUCTS SALES: MILK & EGGS ] SALES TOTAL RECEIPTS
EXPECTED FROM LIVESTOCX
MONTH NUMBER PRODUCTION TOTAL PRICE MONTH RECEIPTS | THIS NEXT |PRODUCTS & LIVE-
(PRODUCED) OF PER PRODUCTION PER RECEIPTS (RECEIVED) NEXT YEAR| YEAR YEAR |STOCK NEXT YEAR
I - — THIS YEAR
Dec., Jan.
Jan. Feb.
Feb. Mar.
Mar. Apr. ?
Apr. May <
|
May Jun. S
Jun. Jul.
Jul. Aug.
Aug. Spt.
Spt. Oct.
Oct. Nov.
Nov. Dec.
TOTAL




FARM IDENTIFICATION

SUPPLEMENTAL WORKSHEET 2. FAMILY LIVING EXPENSES

MONTH

PAYMENT

INTO

PROPERTY UTILITY & SAVINGS
& INCOME TRANSPORT., & NON-FARM
TAXES EXPENSE

DWELLING&
HOUSEHOLD
EXPENSE

OTHER
FAMILY CREDIT

FOOD INVESTMENTS EXPENSES PAYMENTS

CLOTHING

TOTAL
FAMILY
LIVING
EXPENSE

Jan.
Feb.
Mar.
Apr.
May

Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

Dec.

TOTAL

Ty-AL-Y



r'ARM IDENTIFICATION

SUPPLEMENTAL WORKSHEET 3. SCHERULED DEBT PAYMENTS

DEBT PAYMENTS - PRINCIPAL AND INTEREST¥*

TOTAL
SCHEDULED
MONTH DEBT PAYMENTS

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

n———
——
Ve m—————
e oo —
e ——
i ———
mm——— n—————— mmp———— ————————
————
e ———
B ———
ot ——
———

Dec.

TOTAL

*Include all scheduled payments: Real estate loans, liens on livestock and equipment, payments to
machinery dealexrs, etc. Be certain to include payments on lcans that will be added during the vear.

Zy-NA1I-¥



WORKSHEET 2A. ESTIMATION OF CASH FARM EXPENSES: LABOR AND FEED AND LIVESTOCK PURCHASE

LABOR

PERCENT CHANGE

THIS
YEAR
MONTH EL

NEXT
YEAR
EL

FEED PURCHASE
PERCENT CHANGE

THIS NEXT
YEAR YEAR
EL EL

LIVESTOCK PURCHASE*
PERCENT CHANGE

THIS NEXT
YEAR YEAR
EL EL

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

TOTAL

*Livestock purchased for feeding - growing and later resale should be included here.
Livestock purchased for draft or head expansion should be included as capital items

in worksheet 4.

£EV-AI-Y



FARM IDENTIFICATION

WORKSHEET 2B. ESTIMATION QF CASH FARM EXPENSES: MACHINERY

CUSTOM WORK HIRED REPAIRS FUEL TOTAL
PERCENT CHANGE PERCENT CHANGE PERCENT CHANGE MACHINERY
EXPENSE |

THIS NEXT THIS NEXT THIS NEXT NEXT
YEAR YEAR YEAR YEAR YEAR YEAR YEAR

MONTH LE LE LE LE LE LE LE

Jan. —_— N

Feb. - — — - -

Mar. — - - - -

Apr. - - - - -

May - - - - —

Jun. — — — - —

Jul. - - -

Aug. -

Sep.

Oct.

Nov.

Dec.

TOTAL

Py-nL-Y



FARM IDENTIFICATION

"

WORKSHEET 2C. ESTIMATION OF CASH FARM EXPENSES: CROPS

MONTH

LIME AND FERTILIZER
PERCENT CHANGE

THIS NEXT
YEAR YEAR
LE LE

SEEDS AND SPRAYS
PERCENT CHANGE

THIS
YEAR
LE

———

NEXT
YEAR
LE

CROP
EXPENSE
NEXT
YEAR
LE

LAND RENT

PERCENT CHANGE

THIS
YEAR
LE

—————

NEXT

YEAR 1

Jan.
Feb.
Mar.
Apr.
May

Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

Dec.

TOTAL

|

ERAREREREEE
AR RERREREN
AR RN
NERRREREREEE

e ————
s ———
————
——
——————
———————
i —————
——————————
n————
n————————
rt——
A——————
i —————

|

|

Sy -AI-Y



FARM IDENTIFICATION

WORKSHEET 2D. ESTIMATION OF CASH FARM EXPENSES: REAL ESTATE EXPENSES

LAND AND BUILDING EXPENSE PROPERTY TAXES
(REPAIRS, ETC.)
PERCENT CHANGE __ PERCENT CHANGE
THIS NEXT THIS NEXT
YEAR YEAR YEAR YEAR
MONTH LE LE LE LE
Jan.
Feb.
Mar.
Apr.
May
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.

TOTAL

9y -AL-V



FARM IDENTIFICATION

WORKSHEET 2E. ESTIMATION OF CASH FARM EXPENSES: UTILITIES, MARKETING, MISC.

MONTH

UTILITIES

PERCENT CHANGE

THIS
YEAR
LE

NEXT
YEAR
LE

MARKETING

(TRANSPORTANTION, ETC.)

PERCENT CHANGE

THIS
YEAR
LE

NEXT
YEAR
LE

MISCELLANEOQUS
PERCENT CHANGE

THIS
YEAR
LE

NEXT
YEAR
LE

Jan.
Feb.
Mar.
Apr.
May

Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

Dec.

TOTAL

r——————
omvir———————
o o————
o ————
Av——————
S—————————
————————
e —————————
o ————————
a————
e————————
———————
r—————

L~AI-Y



FARM IDENTIFICATION

WORKSHEET 3. SUMMARY OF CASH FARM EXPENSES

o

LAND
M. NTH LABOR FEED LIVESTOCK MACHINE CROP RENT BUILDING TAXES UTILITIES MARKETING MISC.

(232) (23) (23) (2B) (2C) (2C) (2D) (2D) (2E) (2E) (2E)

TOTAL

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

OTAL

8Y—-AI-Y




FARM IDENTIFICATION

WORKSHEET 4. CAPITAL PURCHASES PLANNED

DRAFT AND
PRODUCING
LAND & BUILDING MACHINERY LIVESTOCK*

MONTH ITEM COST** ITEM COST*** ITEM COST

TOTAL
CAPITAL
PURCHASES

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

TOTAL

T

I

*Capital purchases of livestock include all livestock purchases for planned expansion. Replacement

purchases are livestock expenses and should be entered in Worksheet 2A.
**Cost is monthl ' payment on loans.
***Cost 1s cost aiter trade-in is deducted.



FARM IDENTIFICATION

CASH INFLOW
(COL.3) MINUS
CASH OUTFLOW
(Col. 7)

WORKSHEET 5. CASH INFLOW AND OUTFLOW FOR NEXT YEAR: INCLUDING NONFARM; EXCLUDING CREDIT \\\\

e

3

e

-

&

7 g

MONTH

CASH FARM
RECEIPTS
(FROM WORK—
SHEET 1A)

NET
NON-FARM
CASH INCOME¥

TOTAL CASH
INFLOW (EX.
BORROWING)

CASH FARM
EXPENSES
(FROM WQRK-
SHEET 3)

CAPITAL

PURCHASES
(FROM WORK-
SHEET 4)

FAMILY
LIVING
EXPENSE**

TOTAL
OUTFLOW
(EX. PRIN-
CIPAL PAY~

MENTS)

Jan.
Feb,
Mar.
Apr.
May

Jun.,
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.

TOTAL

*All non~farm receipts minus non-farm business expenses.

column 6.

**Supplemental worksheet 2 is provided tec assist in calculating family living expenses.

Family living expenses are included in

05-AI-Y



FARM IDENTIFICATION

WORKSHEET §. PROJECTED CASH FLOW BUDGET

& 2

4

L

o

MONTH

CASH INFLOW
LESS OUTFLOW SCHEDULED

EXCLUDING DEBT PAYMENTS: CAPITAL UNCOMMITTED

FARM CREDIT PRINCIPAL PURCHASE

TRAVSACTIONS AND INTEREST* LOANS
Lo 25K 57 LA

CASH

[JFLQXL~7

NEW SHORT
TERM DEBT
r+ 7

ADDITIONAL
DEBT
PAYMENTS
e

CASH FLOW

“THIS
MONTH .

f T o 1

BALANCE

Jan.
Feb.
Mar.
Apr.
May

Jun.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.

TOTAL

n———————
P ————.
s ————————
—————————
———————
————————
o genp————

*Supplemental worksheet 3 is provided to assist in projecting monthly debt payments.

18~AI~Y



PARTIAL BUDGET FORM

" :p 1. Proposed Change:

=:p 2, Key Information and Assumptions: 1.

2.

3.

Step 3. Economic Analysis

ITEMS THAT REDUCE NET INCOME ITEMS THAT ADD TO NET INCOME

Part I. Added Costs: Part IV. Added Returns:

LE LE

Total Added Costs LE Total Added Returns LE

Part II. Reduced Returns: Part V. Reduced Costs:
LE ’ LE
Total Reduced Returns LE Total Reduced Costs LE
Part III. Total Added Costs and Part VI. Total Added Returns
Kedueed Returns LE and Reduced Costs LE

PART VII. NET CHANGE IN FARM INCOME (PART VI MINUS PART III): LE

Step 4. Noﬁ~monetaryyconsiderations :

ZS-AT-Y



Table 1.

Berseem with Alternative Members of Irrigationl/

Basic Input-Qutput Data and Related Costs and Returns for the Production of

Physical Input-Output Data

Economic Data

Total Costs Average Costs Margical Costs Returns

1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16

Units of Kerat Marginal  Average Fertilizer All Other Total |[Average Average Average|Cost per (Cost per [Total Net Marginal Marginal
Water Cuts of Product of Product of| Cost Costs Cost |Variable Fixed Total |{[Unit of Unit of Return Returns Return Return
Applied Berseem Fertilizer Fertilizer| (Variable (Fixed Col 5i(Cost Cost Cost Additional Additional [(TR) (Profit) per Unit per Unit
(input) (total per Unit per Unit | Cost) Costsy<« + |Col 5 Col 6 Col 8 [|Input Output Col 2 Col 13 of Input of Out-
product) Col 2 + Cel 1 x Col 6| + + + (MFC) (MC) x1E2 - Col 17 (MVP) put (MR)
Col 1 LE 4 Col2 Col12 Col9 [ColS+ Colll+ Col 3  Col IS
Col 1 3 Col3 ¥ 1F 2 +Col 13
Irrigations Kerat Cuts Egyptian Pounds

0 0 0 0 0 20 20 0 - - Lk/ - - -20 - -

1 5 5 5,00 4 20 24 .80 4,00 4.80 4 .80 10 -14 10 2

2 16 11 8,04 8 20 28 .5C 1.25 1.75 4 .36 32 -4 22 2

3 26 10 8.70 12 20 32 .46 .77 1.23 4 .40 52 20 20 2

4 35 9 8.75 16 20 36 .46 .57 1.03 4 .44 70 34 18 2

5 42 7 8.49 20 20 40 48 .48 .96 4 .57 84 44 14 2

[ 47 5 7.80 24 20 44 .51 .43 .94 4 .80 94 S0 10 2

7 5t 4 7.30 28 20 48 .55 .39 .94 4 1.00 102 54 8 2

) 54 3 6.75 32 20 52 .59 .37 .96 4 1.33 108 56 6 2

9 56 2 6.20 38 20 56 .68 .36 1.04 4 2,00 112 56 4 2

10 5% 1 5.50 40 20 60 .73 .36 1.09 4 4.00 110 40 2 2

1/ The data do not

represent actual output, costs and returns for berseem production,
Egyptian terminology has been used to facilitate the learning process.

2/ Fixed costs per feddan are assumed to be LE 20.

3/ Difference between successive total products divided by differences between suc-
cessive total input units.

4/ E ch unit of variable input costs LE 4.

£€G~-AI-Y
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A-IV-55

Title: _Eqypt Farms
Matrix 2
FY ) e} ) ") L 2 I} i) I ") N
o o s = < < o IS g o IS S o
[} > gl wd -t - el — . el - o A e
- - O o I s o o o o @ I G T o
EeRRvE BN e 0 0 M o] 12 2] N 3} b1 151 M o] 19 N
W o] O PluwT juwT . VAl al el DogjuoonP ol Peejd o fo Hdoju~loaw
-~ .Q] o vlo & jo & | Variable 0 n 0 ®n 0 u u 0 0 neHl vl v
M E] malz 3 joTiNa ] o o =} o1 j o [ =4 8 g 5 g g Pl
S2|8238|58| mame S IS |8 S |S S |38 |8 |8 (S |8
117211 9 | Wheat 110 3010 BRe.21 85 10 0
2 M3 10 3.5 Flax 1 10 139.5 0 B2.3] 6 | O 0
3 {103 [ 1 4 | Berseem 110 {18 0_f#3.2111 {0 0
4 15510 9 | Beans 110 128 Q P6.71 410 0
5 {135 11.5 1 9 | Cotton 0 11 0 _170.505.31 7 10 0
6 {84 (1 9 | Rice 0|1 0 148 B0.1}34 | O 0
7 12631 0 2 | Eggplant 0|1 0 12341265136 | O 0
8 1304 | .21 2 |Tomato 0 11 0 12481296122 10 0
9 1491 0 9 {Maize 0 11 0 32 155.3 9 10 0
10 {-1.0]1 0 1200 | Hire WL 010 -1 011 010 0
11 1-1.01 0 1250 | Hire SL 010 0 -11 1 010 0
12 1-30 1 011001 Rt wld -1.10 0 0130 | -121 1 0
13 129.81 0O 5 1Rt wido 1 0 0 04+29 1210 ")
14 1-30 1 0 11001 Rt sld 0 1-1 0 0130 1-1210 1
15 129.5]1 O 5] Rt sldo 0 {1 0 0 £29.9 121 0 0
Constraint Type (<=, =, >=) = ¢ = < = < = < = j< = < = < = .
Constraint Values 51 51300 {300f9501120] 4| 4 i
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