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| ﬂ! PREFACE

Procedures, scientific and otherwise,
normally are explained in terms of concepts and methods.
You need to understand where you are going, why you are
going, and how to get there.

Volume 1 of DIAGNOSTIC ANALYSIS GF
IRRIGATION SYSTEMS examined the conceptual framework of
that specific investigative procedure. The framework is
structured so as to incorporate interdisciplinrary teamwork,
farmer involvement, field-level data collection, and a
system perspective. The methodology essential to implement
the procedure also was outlined. Upon reading Volume 1, a
workshop participant or an individual reader wou'd possess
a solid understanding of Diagnostic Analysis.

Volume 2 is intended to expand that
understanding--particularly the "how" of investigation.
Indeed, the draft version of this present volume was
entitled the "How-To-Do-It Series”. That original volume
was the result of extensive professional involvement and
labor in Pakistan and Egypt. The primary focus was, and
continues to be, the improvement of disciplinary skills.

As such, the articles are grouped now into disciplinary
sections, an arrangement which also makes field use of the
manual easier.

Despite such disciplinary grouping,
however, there is nothing to stop the agronomist from
venturing into the economics section thereby becoming more
familiar with another area of expertise. Particular
articles also may be located under one discipline, but
applicable to others. For example, the article dealing
with sampling techniques is located in the sociology
section, but is of use to economists and agronomists as
well. '

If this manual, therefore, is approached as
a companion to Volume 1, an inseparable comparnion, it can
only strengthen the interdisciplinary process while improv-
ing disciplinary skills. You then will understand where
you are going, surely why you are going, and above all, how
to get there!
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FIELD DATA COLLECTION*

by M. Lowdermilk, R. Laitos,
and J. Wilkins-Wells

INTRODUCTION

Data collection is one of the most impor-
tant steps in the early phases of any project. It is then that a
team must define a problem and begin to search for solutions. An
interdisciplinary team's aim is to study the interrelated system of
irrigation, crops, soils, marketing, and social relationships.
Because these factors influence each other, they are of equal
importance to the engineer, agronomist, economist and sociologist.

The social scientists' understanding of
economic conditions and social relationships enables the engineers
and agronomists to determine the type of physical technology most
acceptable and beneficial to the farmer. A watercourse may be
technically efficient with concrete-lined channels and an optimal
route. However, it may not be beneficial to the farmer if the high
price of cement makes construction costs too great. It also may
not be acceptable, for example, if the channel runs through
property belonging to opposing kinship groups who refuse coopera-
tion in repairing or cleaning it.

Accurate information collected 'by an inter-
viewer helps the project team know which technology will be most
useful to the farmers. Inaccurate or incomplete information may
cause the wrong technology to be used which may harm rather than
help farmers and their families. The interviewer has direct con-
tact with a large number of farmers. The goodwill he or she
creates can contribute greatly to a project when the team or
government attempts to implement new technology in the villages.

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. UJ.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.



Interviewing requires skill. Interviewers
must understand completely the meaning of the questions they asks.
They must also understand enough about the subjects to know if the
answers are reasonable. They must understand the farmer so as to
gain his cooperation. Developing these skills requires a great
deal of training: the work is hard. However, there are rewards.
Interviewers can gain a better understanding of other people and
learr much about the problems of farmers. They also
may form lasting friendships with the people in the area where they
work.

The work done during a Diagnostic Analysis
will involve primarily the use of two separate, but related, data
collection techniques: qualitative field studies and quantitative
survey questionnaires. The techniques of the field study include
interviewing one or more key informants. These procedures are most
useful in gathering qualitative data on formal status positions,
roles, and rules of behavior. Survey questionnaires, on the other
hand, are best for gathering quantitative data on the distribution
of certain population traits.

FIELD STUDIES

An excellent method for gathering certain
types of data is the more informal, non-structured interview which
helps to describe a particular social setting. These interviews
are qualitative in nature, meaning that they are not concerned with
numbers, but with the actual social processes in a rural village or
irrigation system. These studies emphasize systematic observation
and informal interviewing that provides much in-depth knowledge
about the farmer's social setting. These interviews take place in
the local rural area and offer an opportunity to examine a farmer's
environment in very rich detail.

What is Studied? ’

Although any number of possible issues can
be examined by using this unstructured interview approach, there
are four primary areas of study:

1. Life Histories - A participant in
Diagnostic Analysis may study the social experience and
duties of the individual as a community member. This might
involve questioning a farmer about his role as the head of
a farming family.




2. Cultural Patterns - One could also
study the attitudes and values of a culture. For cxample,
how does the village culture deal with the issue of
tenancy? What values are placed on land ownership?

3. Community Organizations - Such
organizations may or may not have written rules and/or an
organizational charter. The investigator may study the
rights and duties associated with different roles (coop
leader, irrigation association official) in order to under-
stand the stiucture of relations between people. Another
area of study might be the rules of behavior associated
with various positions and roles, in order to understand
the dynamics of social interaction. Finally, the par-
ticipant might study the social patterns that occur in
different social settings. For instance, how are social
arrangements different in an area of high tenancy compared
to an area of low tenancy?

4. Behavior Patterns - What patterns of
behavior occur over and over again, either in the village
or the irrigation community? Is it common and proper for a
large landholder to take more water than smaller farmers?
Does this pattern of behavior occur at all times? When
does it not occur?

All these major areas of qualitative field
studies deal with some aspect of social relationships. Examining
the history, rules, and consequences of tenure and land use in a
particular area, for instance, might be done with the use of these
more unstructured interviews. ‘

How Are These Issues Studijed?

Before beginning the actual unstructured
interview, there are some preliminary issues that need to be
considered. Properly dealing with these issues will help to ensure
the quality of the field studies.

1. Before entering the field, the par-
ticipants in the Diagnostic Analysis should participate in
developing guidelines for possible issues and problems to
ask about. Variables and concepts should be clearly
defined before the informal interviewing begins. For
example, the participants may wish to expand their inves-
tigation of water distribution, system maintenance, con-
flict management--topics mentioned in Volume | of this
manual. '

2. The farmers, officials, or organiza-
tions to be studied should be clearly defined and carefully
selected as representing the general population. The
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specific observations and interviews needed should be
decided upon before entering the field.

3. Some preliminary planning is always
necessary, including defining the objectives and time table
for the study. A field reconnaissance shouid be carried
out, in which the Diagnostic Analysis participant looks for
significant variables and decides what kind of questions
would be useful for the sample survey techniques.

4. Some attempt should be made to seek a
variety of contacts in the group or community being
studied, to check with leadership groups, and to enter the
community with an unbiased attitude towards any party.
Both farmers and officials should be informed as to what
the investigator is doing; the investigator should be
honest and consistent.

5. The ideas expressed by the interviewer
need to be culturally relevant to the person being
interviewed. For instance, "water use efficiency” may be
defined one way by the interviewer, and another by the
local farmer.

Once these issues have been addressed, the
open-ended interviewing can begin. The questions asked should be
formulated so as to examine the issues and perceptions that
facilitate an understanding farmer behavior.

_ Perhaps the most relevant people to inter-
view are key informants. Any member of a group under study who
provides information to the Diagnostic Analysis participant is
called an informant. A key informant, however, is an individual
who is selected deliberately to provide detailed information on
various special topics or areas of knowledge. Such people as
village leaders, local elected officials, and/or the staff of local
irrigation organizations can be used as key informants. These same
people also can help the investigator to gain the trust of the
local community.

Key informants are usefu! in several ways.
They can help the participant develop a local perspective of the
social organization of irrigation. A group of key informants can
be selected and interviewed to gain an in-depth picture of a par-
ticular issue, such as the structure and function of the local
irrigation organization. Key informants can be used to provide
background information, or to investigate problem areas in the
community.

Finally, an investigator also can aim for
an equal number of key informants, as well as comparable role
representation, in each of the community sectors studied. As each
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key informant is interviewed he or she should be asked about other
important people in the area who could provide valuable data for
the Diagnostic Analysis.

The choice of key informants does not
involve a random sample from the farmers and officials under study.
Rather, the researcher is selectively sampling specialized
knowledge. The successful use of key informants greatly depends on
the use of proper interviewing techniques and field diaries as
discussed in- later chapters.

Advantages/Disadvantages of Qualitative Field Studies

There are a number of advantages to using
relatively unstructured interviews of key informants to collect
certain data.

1. Qualitative field studies put the
Diagnostic Analysis participart in
close touch with the phenomenon under
study.

2. Such studies provide much rich,
detailed information about the village
or irrigation system under study.

3. These interviews and observations have
the potential to reveal patterns of
farmer behavior that a structured
questionnaire might not discover.

4. The investigator studies irrigation
behavior in its social setting. The
participant is not removed from the
farmer's world, but comes into close
contact with that setting and resulting
behavio..

All of the above factors make qualitative
interviews a valuable tool for a Diagnostic Analysis of an irriga-
tion system. These same types of studies, however, also have
certain disadvantages.

1. If a participant is conducting these
studies in the field, he or she likely
affects the farmers' behavior and
responses. Simply by being in the
field, the participant's presence
alters the behavior of the farmer.



2. The investigator takes interview notes
from his/her own perspective. The
biases each interviewer takes into the
field unintentionally can alter later
interruption.

3. The overall design of such studies
often can be very unsystematic; later,
the participant may have trouble making
sense out of recorded observations.

4. The unintended selection of community
elites as key informants may result in
an elite bias in the data.

A second, and somewhat different type of
data gathering technique is the survey questionnaire.

DEVELOPMENT OF THE SURVEY QUESTIONNAIRE

The structured questionnaire is the inost
frequently used instrument for collecting socio-economic data.
Understanding its design and purpose helps project personnel make
the best use of it. Most socio-economic surveys are designed to
obtain information from a single structured interview. The single
interview reduces the cost of obtaining data, both in terms of
money and time. Information not asked for or not recorded during
the first interview usually is lost, therefore, it is essential
that the questionnaire be designed as carefully as possible before
interviewing ever begins. It is far less costly to spend addi-
tional time designing the questionnaire than te return for a second
interview to obtain important missing informaton.

DEFINITION

A questionnaire is a written form with 1) a
set of questions to be answered by a respondent, and 2) instruc-
tions for the interviewer on how to ask the questions and record
the answers. The questions are organized so the answers can be
easily tabulated and statistically analyzed.

The questionnaire usually contains open-
ended questions that require the respondents to give their opinions
and closed-ended questions that contain predetermined answer
categories into which the respondents' answers are placed. Other
questions directed to the interviewer ask for objective and subjec-
tive observations. There also may be requests for information
about the interview, such as identity of interviewer, location of
the interview, date, and time.



DESIGNING THE QUESTIONNAIRE

: The person most responsible for the ques-
tionnaire is the social scientist. He or she should have extensive
training and experience designing questionnaire formats that are
used easily by the interviewers and data analysis personnel. The
questions also need to be formulated so as to be easily understood
by the farmers and key informants.

: All team members, however, should be
involved in determining the topics to be covered in the question-
naire and should be encouraged to submit questions. Team meinbers
can provide technical background and insights related to their
disciplines.

People familiar with computers should be
consulted if the data are to be mechanically tabulated and
analyzed. They may suggest format designs that reduce tabulation
error or increase flexibility for cross tabulation of data.

The host country's workshop coordinator
should receive a draft of the guestionnaire to ensure that the
project's personnel and sponsor are in agreement. The final draft
of a questionnaire should be reviewed and approved by all team
members.

WHO USES THE QUESTIONNAIRE?

1. An interviewer uses the questionnaire
to obtain information. An interviewer must understand the
questions (know the correct interpretation) and be able to
follow the instructions.

2. A field supervisor or training officer
is responsible for seecing that the interviewer completes
the required number of interviews and for ensuring that
each of these interviews is of high quality. He/she also
must edit the questionnaires for accuracy and completeness,
and may be required to do some of the preliminary
tabulations. '

3. Data processing perscnnel transfer the
data from the questionnaire to the computer. These people
must be familiar with many computer applications.

4. The data analyst uses the statistical
information to write a report reflecting the conditions cf
the survey area.

Often, all four of these roles will be
assumed by the same individual.



A PROFESSIONAL CREED

A creed expressing the general attitudes
the interviewer should have in regards to his/her job and the
farmers should be kept in mind at all times. The creed should
reflect the cultural and professional emphasis for the specific
region and project. Following is an axample of a creed that may
provide general guidelines.

: 8| come as a guest to the village and
into the house of the farmer. | will accept hospitality
graciously, but never demand it. ! will pay all debts and
in no way take unfair advantage of my position.

® | shall rospect the farmer, his family
and all villagers. | will ,iever be discourteous when | am
with them. | will respect the opinion of others, no matter
what that opinion is.

® At all times my personal conduct will
reflect respect for religious, social and family
traditions. Whenever invited and appropriate, | will
participate in religious and social celebrations. | will
follow village customs. | wili wear appropriate clothing.
I will treat villagers with proper courtesy and respect: |
will speak with the villagers as equals.

® Because my work will be of service to
the people of the area and my nation, | will fulfill my
responsibilities to the best of my ability. This will be
done with honesty and goodwill to reflact honor on myself
and on those with whom | work. | will work always in such
a manner that when | leave, researchers who follow me will
be welcomed in the village because the people will know
that we have come to help.

CONTENT OF THE QUESTIONNAIRE

The questionnaire should require the fol-
lowing information at the beginning of the interview: 1) name of
interviewer; 2) name of the respondent(s); 3) location of
interview; 4) date of interview; and, 5) time of interview.

Introduction

A short paragraph written in the local
language should be provided at the top of the questionnaire to be
read by the interviewer as a basic introduction to the interview.
The paragraph should include: 1) what the interview is about and
how the information will be used; 2) how the respondent was chosen;
3) that names will not be associated with answers; and 4) who is
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sponsoring the survey. The interviewer should be prepared to spend
time expanding on the introduction and answering any questions the
respondent may have.

Questions: Nature and Sequence

Questions should be short and to the point.
Ideally, they should be written in the language of the country and,
as much as possible, in the local dialect. Time constraints,
however, may make this impossible. It is useful to have a person
from the local area read the questions and suggest changes to make
them more understandable. Questions should use Incal units of
measurements and weights. Farmers or respondent may become unin-
terested or uncooperative if they have trouble understanding the
questions. They also may become defensive if they think the ques-
tions are unreasonable or if the answer is obvious. For example,
if an interviewer is standing near the farmer's electric irrigation
pump, one does not need to ask how the farmer pumps his water!
Many questions can be answered by observation.

Closed-ended questions provide the respon-
dent with a set of alternative answers to choose fron - provide
categories into which the interviewer can fit the answer. For
example, how many hectares of land do you own: 1) none; 2) one to
two; 3) three to five; 4) six or more.

A major advantage of closed-ended questions
is that the interviewer can easily and accurately record answers.
If the question is ambiguous, the interviewer immediately sees it
does not fit a category and can clear up any misunderstanding. In
additicn, it is easy to hand tabulate data in the field for
preliminary reports.

The biggest disadvantage of closed-ended
questions is that they force answers inte predctermined categories
thereby losing some of the richness an< variation that can provide
insight into areas being explored. As a result, the categories
themselves must be carefully designed. Categories usually are
based on the designer's experience and knowledge of the subject
areas, and on the pretest responses. When the survey is done in an
area in which little is known about the socio-economic variables,
it is easy to miss important information by using inappropriate
categories. Experience shows multiple choice questions are not
easily understood in some cases. Multiple choice questions also
may bias the respondent's answer in a certain direction so as to
distort replies.

The open-ended question usually asks for
the farmer's opinions. For example, the interviewer may ask, "Do
you think it is fair for the government to charge the farmer
directly for the amount of water he uses?" "Why?" Open-ended
questions encourage the farmer to share his opinion.

11



An important advantage of such questions is
that the respondent has the opportunity to provide an answer from
his own perspective. The cultural perspectives of the project team
may be entirely different from those of the farmer whom they
interview. The farmer may have a different rationality set from
what was expected by the project team.

The open-ended question, however, is more
demanding for respondent, interviewer, and analyst. A "What is
vour opirion about..." may bias the respondent to an answer that he
thinks will satisfy the interviewer. The interviewer is expected
to distinguish between relevant and irrelevant answers and probe
vague or ambigious answers. If data are used for statistical
purposes (rather than for case studies), answers must be coded.
Coding open-ended questions requires careful interpretation of
replies: errors reduce reliability.

The order in which questions are asked can
add to the quality of the answers as .ell as increase the
respondent's cooperation. Most suiveys require several different
types of information that can be thought of as information blocks.
Questions should be ordered so one block of information is obtained
before going on to another. Questions should progress from the
general to the specific. If events involve some chronological
sequence, questions should follow the chronological order.

An exception to the above is the sequence
of sensitive questions. Such questions may differ within different
cultures, but usually include most dealing with family and income.
The most sensitive questions should be ‘asked at the end after the
interviewer has gained the trust of the respondent and the respon-
dent is more at ease.

Well-trained and experienced interviewers
may be able to disregard the question order on the interview form.
If the interviewer guides discussion toward the questionnaire
topics, the farmer may provide much information without being asked
for it directly. The natural flow of conversation puts the farmer
at ease and helps insure his cooperation.

LENGTH OF THE QUESTIONNAIRE

A long questionnaire is tiring for both the
interviewer and the respondent. |t may cause the farmer to become
restless or give incomplete answers. The interviewer, on the other
hand, may hurry through the questions without giving adequate
explanations and become less alert to answers that should be
challenged. The questionnaire should be limited so that the inter-
view lasts an hour or less. If the survey requires more than an
hour, it may be necessary to make a second appointment with the
farmer.
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The 8-1/2 x 11-inch paper size, e.g. the
size of this page, usually is easier to handle than larger sizes.
Paper quality should be good as questionnaires are handled a great
deal. Lost or torn pages occur more frequently with low grade
paper. If there are subsamples within the survey, the question-
naires may be color coded.

SURVEY PRETEST

What Is a Pretest?

The survey pretest is much like the first
test flight of a2 new airplane. It is the research team's oppor-
tunity to try out on a limited scale the questionnaire,
interviewing, sampling, tabulation, and logistics before doing the
actual survey. The pretest should be carried out under the same
field conditions as anticipated for the main study. In a
Diagnostic Analysis study, the field reconnaissance is often used
as the pretest.

Purpose of the Pretest

Most socio-economic surveys are designed to
be carried out over a short period of time and involves single
contact with each respondent. Once the survey interviewing is
begun, major problems may be costly in terms of money and the
quality ard quantity of information.

The purpose of the pretest is to discover
and correct problems before the full-scale survey begins. The
survey design at this point is not finished, but it should have
progressed to nearly a complete stage. Discussio:: with informants,
interview training, and small-scale trials for each category should
be complete. Results will show where modifications still need to
be made. If serious faults are revealed and major changes are
necessary, a-second pretest is conducted following revisions.

The number of pretest interviews should be

large enough that each category has an adequate review. Following
is a more detailed review of specific areas of pretesting.

13



Questionnaire Pretest

Interviewing Pretest

There may be possible problems with the
questions.

a. The question may be vague or
unclear.

b. The question may be too long making
it difficult for the farmer to
follow.

c. The farmer may not understand some
of the words because the dialect of
his village is different.

Measuring devices may be necessary to
obtain better estimates. The farmer
may have difficulty accurately estimat-
ing crop yields, the amount of feed
given to animals, and so forth.

Memory aids may be necessary to help
the farmer with certain questions.
Such aids include records he has kept
or information previously obtained from
the reconnaissance survey.

Change in the sequence of the questions
may increase the farmer's willingness

to give answers or improve the quality
of his answers.

Sensitive questions may need to be
worded or positioned differently in the
questionnaire. In some cases, they may
need to be dsleted.

The interviewer will become familiar
with using the questionnaire.

The interviewer can report problems
back to the field supervisor or train-
ing officer.

Field supervisors have an opportunity

to evaluate the interviewer's training,
honesty, and enthusiasm.

14



Sampling Pretest

Tabulation Pretest

The pretest can provide important
sampling information concerning

a. Population size,
b. Geographic dispersion,
c. Settlement patterns, and

d. Suitability of stratification
classifications

Adequacy and accuracy of maps and
sampling lists can be checked.

Frequency tabulations may indicate data
consistency problems or a need for a
change in closed-ended question
categories. This is especially evident
by examining the "other" category in
these questions

Coding and tabulating open-ended ques-
tions may make it possible to change
these questions to closed-ended
questions.

Further training of the interviewer may
be indicated if the tabulator has
difficulty understanding the responses
or the interviewer's handwriting.

Pretest tabulations should indicate
significant differences in responses
among different sample groups which may
affect how the questions are worded.

15



Operations and Logistics Pratest

1. Pretest can provide a realistic
estimate of the average number of
questionnaires per day that can be
completed.

2. The training officer can determine the
amount of supervision necessary to
maintain quality control.

3. Realistic deadlines can be set from the
above information.

4. The pretest period is a goud time to
listen to interviewers' complaints
caused by the stress of living and
traveling in strange surroundings.

CONCLUSION

Whether the narticipant in the Diagnostic
Analysis uses a qualitative, unstructured field study, or a more
quantitative, structured survey questionnaire, there are some
general rules to follow. These rules help to ensure that the data
are both valid and reliable.

1. Cross-check the data gathered from key
informants with other key informants.

2. Use different strategies of collecting
and analyzing data. For instance, try
both a qualitative and quantitative
approach to the data.

3. Use different times, persons, and
social situations to provide several
accounts of the same event.

4. Use community members to verify the
meanings of important concepts. For
instance, does your meaning of "system
maintenance" have the same meaning as
it does to the farmer at the tail of a
watercourse?

5. Use personal observation whenever
possible to verify interview data.

6. Use interdisciplinary research teams to
evaluate interpretations.

16



Although in this article we have divided
the data collection techniques into two general catagories, the
best overall strategy is to combine the methods to take advantage
of the strengths of cach approach. Though more time-consuming,
such an approach most likely will produce a better and more
accurate final product.
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FIELD DIARIES*
by J. Layton and M. Lowdermilk

Field diaries are used to record the
researcher's observations and thoughts during the research process.
A field diary provides an organized method of observation which
supplements formal measures of the research design. For a field
diary to serve a useful purpose, it must meet four major
objectives.

OBJECTIVES FOR THE FIELD DIARY

: 1. A field diary should help the inves-
tigator understand the physical and social setting. The diary can
be used to describe the situation so that the participants can view
the setting from a proper perspective. For instance, before start-
ing a research program a researcher must be aware of the social and
physical situation of the rural area. Aspects of the situation
that can help place the research program in its proper perspective
include such factors as average age and level of education of the
population to be studied, the degree of complexity in the society,
the degree and type of stratification and the values and beliefs of
the population. The physical environment of the population to be
studied also can reveai many things about the population. Writing
down observations and impressions of the social and physical

* Modified from an article in The Problem l|dentification Handbook
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO,.
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environment sensitizes the researcher to the boundaries of the
research activity.

2. A field diary should describe the
research process: who, what, why, where, when, and how. Who
refers to the sample being surveyed. If the sample includes
specific persons, the diary can be a record of the relationship
between the researcher and the people studied. Questions can be
explored such as: What effect does the researcher have on the
people and how does that influence the answers that they give him?
Is the researcher an outsider, a member of the group, a leader, or
someone else?

The what question concerns the information
gathered. Does the surveyed information create conflict, make
people suspicious, or is it perceived by the farmers and officials
to be of help?

The questions of why, where, when, and how
are procedural questions. When a researcher begins to interpret
information surveyed about a selected group of people, for example,
farmers, the information has greater meaning wher the researcher
can interpret that data from a particular perspective. The diary
helps the researcher recall various influences that were present
when the information was obtained.

3. A field diary should be able to
evaluate the research activity. The researcher can record succes-
ses and failures, unique events, problems, and other conditions
that shape the form of the research activity. Such information
helps the researcher evaluate how the project is proceeding.

4. A field diary should sensitize the
researcher to conditions affecting the project. Recording observa-
tions and beliefs enables a researcher to pick up clues about how
the project is progressing. The researcher then can begin action
to modify an activity and thus, feel closer to the project and its
workings.

PROCEDURE FOR WRITING A FIELD DIARY

In writing the field diary, there is no
special format. Three general considerations, however, should be
addressed: schedule, administrative support provided for writing a
diary, and the method of recording. Field diaries should be writ-
ten daily in chronological ordar so information is not forgotten or
changed because of forgetfulness. Various administrative incen-
tives help motivate a researcher to keep a diary. Forms containing
a checklist of what to consider when writing a diary can be
printed. Information for diaries can be directly written into
notebooks or recorded on tapes which are then transcribed. The
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critical concern is that a diary is written on a regular schedule
according to a systematic outline.

CONTENT OF THE FIELD DIARY: OBSERVATION

Diary content should be organized under two
general categories: observations and impressions. Observations
include the more formal descriptions of the physical setting, the
demographic setting, and the organizational setting of an area.
The physical setting includes climate, geographic area, resources,
and so forth. Demographic setting includes descriptions of the
concentration of people, movement of people, and general charac-
teristics of the people (e.g., age, sex ratio, fertility).
Organizational setting includes a description of the different
social levels in the social system, the communication network, and
the degree of complexity in the system. These observations place
the research project in the perspective of the researcher,

Within the situation, units of analysis are
observed such as, individuals, small groups, clans, families,
tribes, villages and so on. Observations can be made of situations
and interactions. Observation of interactions include that between
team members, between the team and pertinent governmental agencies,
and between the team and the studied population.

Observation also should focus on the
research process itself. This involves evaluation of how the
research is being implemented: how thinking about the problem is
progressing; and, how data collection and analysis are being
conducted. This again includes observation of personnel
interaction. ‘

CONTENT OF THE FIELD DIARY: IMPRESSIONS

The second general category in a field
diary is the more subjective impressions of the recorder,
Impressions are important in that they provide a perspective for
the researcher to evaluate the observations. Thus, impressions
should be given on all observed aspects of the research process:
individual opinions, concerns, and general comments on various
conditions of the research project. As a result of this exercise,
new ideas may emerge and a better understanding of the dynamics of
the research process may occur. '

In conclusion, field diaries are instru-
ments by which personal observations and impressions are recorded
in an organized manner. Diaries should be written daily. The
diaries are personal and subjective: they supplement the formal
method of the reseach process. Field diaries can make the research
process more complete and thus more responsive to its stated goals
and objectives.
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FIELD INTERVIEW TECHNIQUES#*
by M. Lowdermilk, J. Layton and W. Smith

OBJECTIVE

The objective of a field-level interview is
to obtain information that reflects the farmer's actual socio-
economic conditions. The farmer's "social web", that is, family
group, community affiliations, and organizations is part of that
desired information.

RESPONSIBILITY

The primary responsibility of the inter-
viewer is: 1) interview all the assigned respondents;: 2) record
all responses accurately, but be alert for answers that may not be
fully correct (The interviewer then needs to ask for further
explanation of. the answer, for example, "Do you mean.." or "Does
this include all..?"); and 3) obtain all data required by the
questionnaire. You also must understand how the data will be used
SO you can report questionnaire design problems to the supervisor
early in the data collection process.

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.
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GUIDELINES

Good interviewing is a combination of
carefully following instructions and using good personal judgment.
The following section contains instructions to use as guidelines
rather than as unbreakable rules. Although the instructions should
be followed whenever possible, each interview situation is
different, so the interviewer's technique must be flexible.

: 1. Meet with key opinion leaders and
authorities in the village before interviewing. Explain who is
sponsoring the survey and how the information will be used. In
some cases, village leaders may wish to be interviewed to show the
farmers that they approve of the survey thereby adding status to
those chosen to be interviewed.

2. Be sensitive to the traditions and
customs of the village. Interviewers often will work among farmers
whose lifestyle and customs differ from their own. Interviewers
can do several things to minimize these differences and gain
greater acceptance. Wear appropriate informal work clothes when
interviewing farmers. When speaking to farmers treat them as
equals, not as an officer might treat one of his subordinates. Try
to use the language dialect of the village in which you are
interviewing. Carefully follow all local customs with regard to
religious observances. Although a village generally may be recep-
tive to the interviewer, political events may occur that tem-
porarily make the interviewer unwelcome. Announcements by the
government or other countries may make farmers unwilling to give
interviews for a few days.

3. Take time to explain the purpose of the
interview. Farmers often are suspicious of strangers. They may be
afraid an interviewer will be responsible for increasing their
taxes or will discover illegal activities in which they are
involved. Before beginning the questions, explain how the farmer
was chosen and why the study is being done. Answer honestly all
the questions the farmer may have. Assure him that the data will
be kept confidential, that reports will refer only to summaries of
numbers, and that no one will be able to trace answers to a
specific respondent. Then be sure to keep these promises.

4. Be thoroughly familiar with the ques-
tionnaire. Complete familiarity with the questionnaire helps
determine the relevancy of an answer and helps you interpret ques-
tions for the respondent. When answering a question, a farmer may
continue his discussion and provide answers to other questions
without being asked. These answers should be noted in the
appropriate places on the questionnaire.
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5. Be sure to have adequate directions for
locating the farmer-respondent. Valuable time can be lost search-
ing for a respondent. Village leaders are a good source of infor-
mation about the location of a respondent's house or farm. They
also may know if the respondent is likely to be at his fields. A
guide who lives in the area may be hired. He may not only know the
farm of the respondent, but also where he most likely can be found.
If the guide is well liked in the village, he may be useful in
introducing the interviewer to the respondent.

6. Interview the family member best able
to answer the questions. The head of the household often is an
uncertain term when extended families are involved. The oldest
male member of the family may be the head in terms of social
status, but have little decision-making power or knowledge of farm
operations. Crop and irrigation data may be known only by a person
who works in the field. Marketing, price or cost dat> may have to
come from a different person. Older family memhers may be best
qualified to answer questions about sociological relationships.

7. Put the farmer at ease and gain his
confidence. Offers of cigarettes to adults and candy to children
help to gain the farmer's cooperation. Walking with the farmer
through his fields and discussing farm topics show him you have a
sincere interest in his work. At the same time, you can make
observations that relate to information required by the
questionnaire.

, 8. Whenever it is appropriate, make actual
counts or take actual measurements. Livestock may be counted and
storage areas measured. Field areas may be estimated by counting
the steps required to walk around the field. Amounts of livestock
feed fed daily may be weighed.

9. Interview the farmer in private if
possible. The presence of other persons, especially other farmers,
may cause the respondent to give answers he wants his neighbors to
hear rather than true answers. Interview the farmer in his fields
to ensure a private interview. However, if others are around, do
not make the farmer or others persons uncomfortable by insisting
the two of you be left alone. Use your best judgment.

10. Think critically about the information
you receive. The farmer may misinterpret a question, an answer may
not be complete, or an answer may not be consistent with other
answers or with what you observed on the farm. Use your best
judgment in rephrasing the question or probing for a better answer.
Do not confront the respondent with the suspicion that he is not
answering honestly. Note inconsistencies on the margin of the
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questionnaire and finish the interview. It is better to lose one
piece of information than to have the respondent become angry and
stop the interview before it is finished.

11.  Ask to complete the questionnaire at a
later time if the farmer wishes to stop the interview before it is
complete. Farmers may not have time to complete the questionnaire
during the first interview. In that case, make an appointment to
complete it at another time, but as soon as possible. The ques-
tionnaire must be completed, even if it requires a second visit.

1z. At the end of the interview check to
see that all questions are answered. At this time, you may discuss
any inconsistencies you may have noted; however, avoid antagonizing
the respondent. Write comments you may have about the interview
that may be useful to those who tabulate and analyze the d-ta.

13. Thank the respondent for his coopera-
tion. It is important that the interview be concluded on a note of
good will. Other farmers will ask the respondent about the
interview. Their cooperation may depend on the attitude of the
respondents already interviewed. In addition, you may need to
return to obtain further information or clarify an answer.
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SAMPLING

by J. Wilkins-Wells
and R. Laitos

INTRODUCTION

Perhaps the first question to ask when
considering sampling is why do we do sampling in the first place?
Why is sampling stressed so much not only in the social sciences,
but in agronomy and engineering as well?

Very often, people involved in Diagnostic
Analysis studies need to study some specific population: a group
of farmers within a command area, rice plants in a paddy field, or
tubewells in an improvement project. By using correct sampling
procedures, we do not have to study every farmer, every rice plant,
or every tubewell. Instead, we can accurately study the farmers,
rice plants, and tubewells by choosing only a limited number of
them for study. Sampling is easier and less time consuming because
fewer units need to be examined.

It is generally acknowledged that sampling
is the best way to make generalized statements about population
characteristics without entering into the costly and time-consuming
task of surveying a whole population. Sampling also can provide
greater accuracy than large-scale population surveys. The logis-
tics of sampling are more manageable; better quality data is
provided; and follow-up research is easijer.

As mentioned previously, sampling is based
on the assumption that vou can select and examine a small section
of the larger population that accurately reflects all the important
characteristics of that population. What we discover about the
sample also should be *rue for the population. However, this is
known as a probability statement for with sampling, there is always
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a small chance of being wrong. You abandon certainty and replace
it with probability, ,but you also know the chances of being wrong.

Sampling involves selecting or randomly
choosing a set of units from a larger population or subpopulation
for statistical purposes (Figure 1).
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L S T L s e e e e 25 s o e o o E RN B BT IR

+4++++++
+4++++++
+4+++++
+4++++++

SUBPOPULATION ++++++++++++ +

+4+++

+4+++d 4+

+++++
++++ +

SAMPLE ++++++++4+++
LR 0 A e s e B

UNIT

Figure 1. Diagram of the Sampling Process

For

example, a population would include all

the farmers who use water from one particular irrigation system.
The subpopulation would include all the farmers within one par-
ticular command area. The
selected or randomly chocsen from the population and subpopulation

to be interviewed.

farmer within the sample.

In o

sample would include all the farmers

An individual unit is simply one particular

ther words, a population is simply a

specified collection of things to be surveyed: farms, income
levels, soil or plant features, irrigation command areas, kinship
groups, people, or simply a collection of numbers. A population is
whatever the researcher wishes it to be. A subpopulation is a
special category within a population. A unit is the individual
object drawn from a population or subpopulation. It is the basic

unit of analysis
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There are two important scientific and
theoretical goals to sampling. The first is to maximize the
ability to generalize findings. The goal is to have the values of
the sample match the values of the population as closely as
possible. For instance, if the mean landholding size of the
population is one hectare, a proper sample also would show a mean
landholding size of approximately one hectare. The second goal is
to maximize the opportunity for new insights by guaranteeing that
the sample chosen truly represents the variation found in the
population. A scientifically useful sample is representative of
the population. For example, if the plant height in the population
in a selected field ranges from 20 to 50 centimeters, then a cor-
rect sample also should contain plants from 20 to 50 centimeters.

The individual units chosen also must be
quantified in some way, that is, be given a number so that statis-
tical methods can be utilized (See the subsequent article on
reliability and validity measurement checks.)

PROCEDURES FOR SELECTING A SAMPLE

Certain rules and procedures must be fol-
lowed if sampling is to have any scientific value. The following
brief discussion will cover the most important rules and procedures
needed when selecting a sample from within a population. From this
presentation, the reader should achieve a basic understanding of
how to organize methods of sampling.

Various sampling rules and procedures must
be followed to control research bias and statistical error. In
establishing a specific sampling design, one must ask the following
general questions:

1. What resources are available for the
study?

2. How much does the researcher already
know about the population?

3. How acccessible is the population?
4. How does the researcher want to

generalize the results of the sample
findings?
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APPROPRIATE SAMPLING PROCEDURES

Certain sampling rules can guide the
researcher in choosing the appropriate sampliny procedures.

® Define the Population. A clear defini-
tion of the population is needed along with a cancise
definition of the sample units. What do we want to
generalize from the sample to the whole population? It is
important initially to make some statements about the
population under evaluation and the units being examined.
If ones does not have an adequate understanding of the
population in advance, it is difficult to select an
appropriate sampling procedure. This also allows future
researchers to replicate the sampling procedure and statis-
tical analysis.

® Choose the Sampling Frame. If a
Diagnostic Analysis participant wanted to study the
behavior of irrigation officials in a particular area, a
list of all those officials would have to be made. This is
called a sampling frame. From this list, the participant
would select a representative sample of officials using one
of the methods outlined later in this artic'e in Tables 2
or 3. A sample is only as accurate as the list o1 units
from which it is drawn. All members of a popuiation must
have an equal chance of being selected. Potential omis-
sions from the list must be identified. The reason for
this is that sample survey findings are representative of a
population to the degree the units include all the
variability in the population.

® Select the Sample Size. The task of
choosing the sample size, one of the most important aspects
of a sample survey, varies greatly depending upon the
selected sampling frame and procedure. Thirty units or
values are usually considered the minimum for statistical
purposes. Many researchers, however, advocate larger
minimum numbers. There are four important points to remem-
ber when considering sample size:

1. The greater the estimated variability or
variance around a population mean, the larger
the sample size needed. This is illustrated in
the following diagram, where the larger
variability displayed in (b) would require a
larger sample size than (a).
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(a) (b)

| |
| |
I |
| ]

o

X Estimates n X Estimates n
More Accurately Less Accurately

Population Mean -- n (Frequantly Estimated)
Sample Mecn --X

Any population element has an average (mean)
frequency, and a spread (variance) around that
average. It is helpful to note that if every
unit in a population had the same value, then a
sample of one would be sufficient. Conversely,
a wide distribution spread of measurement
values for a population of units would require

a large sample. For instance, if all farmers

in the selected population owned only one
hectare of land, and landholding was the impor-
tant variable studied, then only one farmer
would need to be selected. Conversely, if a
field contained many different heights of

plants, thern many plants (the units in this
case) would have to be chosen.

2. The greater the heterogeneity (diversity) in a
population of elements, the larger the sample
size needed. However, large samples from
populations of dissimilar units tend to
increase the probability of sampling error--
the degree of error between the known or
unknown population values and the sample
values; however, these large populations can be
effectively sampled by more controlled
procedures. Such procedures include developing
special categories called sub-populations. For
example, a population of farms could be broken
down intc joint versus individual operation,
land holding size, tenure pattern, type of
irrigation water source, cropping pattern, or
head versus tail in the distribution of water.
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The greater the number of categories in the
population the larger the sample size needed.
Although using categories reduces the
diversity, and therefore reduces potential
sampling error, each category must be repre-
sented in the overall sampling procedure--
unless the population is redefined as simply a
given category. To generalize from the sample
to the population, a sample must contain the
same variation that exists in the population
defined. An acceptable rule is that sampling
error is reduced by an increase in the sample
size and a decrease in internal diversity of
the units.

The greater the precision desired, the larger
the sample size neceded. For a sample to be
truly meaningful, :oth its value and its prob-
ability of representing the population value
need to be stated. The probability value
represents the degree of precision with which
the sample statistic estimates the population
value,

With a probability of .95, it is estimated that
some sample value, such as farmer age, will
occur within one standard deviation of the
unknown farmer age in the population. A prob-
ability of .99 implies that this sample value

will occur within two standard deviations of

the unknown population value. These are con-
fidence limits (intervals) for sample estimates

of population values.

For example, if the sample values (such as age)
should not exceed a 1% or 4% difference from
the population values, then to guarantee a
probability of .95, the researcher would have
to choose a population size of 9,604 or 600 as
shown in Table 1. :
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Table 1

. Simple Random Sample Sire for Several Degrees of Precision

Confidence Limits (intervals)

Tolerated 95 Samples 99 Samples
Error in 100 in 100
%
1 9,604 16,587
2 2,401 4,147
3 1,067 1,843
4 600 1,037
5 384 663
6 267 461
7 196 339
Source: Parten, Mildred. 1958. Surveys, polls, and samples.

Harper and Row, NY.

®Reduce Sampling Error. There are
several common sources of sampling error which cannot be
corrected by increasing the sample size. Some of these
are:

1. 'An incomplete population list and/or
sampling frame;

2. Non-responses in a questionnaire sam-
- pling frame;

3. Non-coverage of units that should
properly belong in the sample; and

4. Poor sampling distribution assumptions.

In such cases, sampling error is reduced by
improving the quality of the sampling procedure.

o Reduce Non-Sampling Error. The major
sources of non-sampling error include:-

1. Non-randomized features in the overall
sampling procedure;

2. Error in measurement;
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3. Error in the assigning of numerical
values to units sampled from the
population; and

4. Data processing errors.

PROCEDURES (DESIGNS)

Tables 2 and 3 present a brief description
of several sampling procedures or designs that are often used in
Diagnostic Analysis studies. They are equally applicable to soil,
crop, and water analysis. The main distinction between the various
procedures involves the notions of probability and of chance selec-
tion of population units.

PROBABILITY VERSUS NON-PROBABILITY

The basic difference between probability
(Table 2) and non-probability (Table 3) sampling is that, in the
former, the probability of selecting each unit is both known and
non-zero, whereas in the latter it is not. In probability
sampling, it is expected that every unit chosen has a known, non-
zero probability of being in the sample, yet it is not necessary
that these probability values be equal. We can apply weighting
procedures to those that are not.

Probability sampling allows one to utilize
good statistical inference tests by avoiding conscious or uncon-
scious biases in the selection of population members.
Non-probability sampling does not have this facility despite having
good samples. Probability sampling maximizes the ability to
generalize the sample findings to the whole population.

Sampling procedures that do not involve
chance selection are called non-probability designs.
Non-probability sampling is generally less complicated and
expensive, and is clearly adequate for exploratory studies and even
theory construction. However, it often limits the researcher's
ability to generalize from the sample to the population.

RANDOM SAMPLING

Random sampling refers to a selection
process in which each unit of a population has an equal chance of
being selected. There is random sampling with or without
replacement. The most commonly used form of random sampling is
that without replacement, often called "simple random sampling".

If the population size is relatively large
and/or one has a small sample size, the effects of random sampling
without replacement are very small. Each draw out of a sample
frame increases the probability value of remaining population
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Table 2.

Types of Sampling Designs:

Probability

Type of Sampling

Brief Description

Advantages

Disadvantages

A.

Simple Random Sampling

Systematic Random
Sampling

Stratified Random
Sampling

Cluster (Area)
Sampling

Multi-Stage Cluster
Sampling, Stratification

Assign each population unit a
unique number. Randomize, and
sélect units with or without
replacement.

Choose sampling ratio (propor-
tion of units to be sampled from
the popuiation). Then, choose
units from the randomized sampling
frame in a specific order, i.e.
every 10th unit.

Select a simple random sample
from each defined category of
the population. Maximize inter-
category variation, and minimize
intra-category variation.

Sampling of groups or clusters,
followed by the selection of

units within each of the select-
ed clusters. Maximize the

number of clusters selected, and
minimize the number of units with-
in each cluster.

The successive random sampling of

clusters and groups within clusters,

with the addition of defining
stratification variables for
clusters. Maximize heterogeneous
clusters.

1.

1.
2.

Minimum knowledge of
population character-
istics needed.

. Free of possible class-

ification errors.

. Same results as simple

random sampling, using
smaller sampling frame.

. Assures representation

of all research cate-
gories in population.

. Reduces sampling error.

. Good for very large pop-

ulations and/or when
sampling frame is diffi-
cult to consider.

Good for large popula-
tions.

Can handle several rele-
vant stratification
variables at same time.

3. Reduces variability of

simple cluster sampling.

1.

Does not make use of
of knowledge of popu-
lation possessed by
researcher.

. Sampling may be biased

by an unobserved
periodicity in the
population.

. Increases sampling bias

derived from classifi-
cation procedures.

. Larger errors for com-

parable size than
other probability
samples.

. Sampling errors are

cumulative in multi-
stage cluster designs.
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(Table 2. (continued)

Type of Sampling

Brief Description

Advantages

Disadvantages

F.

G.

Probability Proportionate
to Size Sampling (PPS)

Disproportionate
Sampling and Weighting

A two-stage sampling procedure,
where clusters are given a chance
of selection proportionate to
their size, then followed by the
same number of units being chosen
from each cluster.

Giving units a disproportionately
better chance of selection, or
making sure that the units in the
sampling frame are represented by
the same proportions that exist in
the overall population.

1. Reduces selection bias
of most cluster (area)
sampling designs.

1. Allows manipulation
of sampling frame for
research purposes.

1. Weighting affects
statistical infer-
ence tests con-
siderably.
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Table 3.

Types of Sampling Designs:

Non-Probability Sampling

Type of Sampling

Brief Description

Advantages

Disadvantages

A.

Quota Sampling
(Stratified)

Dimensional Sampling

Purposive (Judgemental)
Sampling

Snowball Sampling

Contrast Sampling

Each category chosen for sampling
is generally represented in the

sampling list in the same propor-
tion as exists in the entire popu-

lation.

Developing a research typology,
then choosing randomly from each

cell of the typology.

Select units in the population
which, on the basis of available
information, can be judged to be
representative or the total popula-
tion; take a complete count or sub-

sample of these units.

Conducted in stages. The first
stage involves selecting units
(people) having reguisite charac-

teristics for research.

second stage involves selecting
people recommended by first stage

informants.

Sampling from the extreme values
of a trait or variable in the
population, or drawing samples
from groups which contrast in the
variables most important to re-

search.

. Guarantees inclusion

of minority population

groups in sampling frame.

. Frequently useful for

developing research
hypotheses.

. Good for exploratory

studies on population.

. Good for sampling sub-

cultures or particular
networks, or when the

distribution of population

categories is not known.

1.

Requires considerable
knowledge of popula-
tion trait distribu-
tions and/or propor-
tions.

. Can result in consid-

erable sampling error.

. No generalizability

from sample to popula-
tion.

. Veriability and bias

cannot be controlled.

. Requires considerable

krowledge of population
and/or units selected.

. No generalizability

from sample to popula-
tion.




members. However, as long as the sample remains small enough, the
effect of these higher probability values for remaining population
members is negligible unless the sample size is equal to or more

than one-fifth of the population. If this is so, then there are
correction formulas that can be used to estimate the appropriate
standard error.

In the sampling designs presented in Tables
2 and 3, most are probabilistic, although a few popular non-
probabilistic designs are described. Depending on the situation
and the research problem at hand, the more effective samples will
include a combination of these various types of sampling designs or
procedures. Depending upon tke overall goals of the research, it
should always be remembered that both probabilistic and random
sampling may or may not be warranted.

CONCLUSION

The size of the sample is of primary con-
cern when selecting a sample plan. The population must be
precisely defined to construct an appropriate sampling frame. In
addition, the type of data required must be determined.

Previous studies on the selected population
will need to be reviewed. Degrees of precision are established in
advance. The relative efficiency of various sampling procedures
then are evaluated in relation to how they apply to the problem,
the data, and the available financial and human resources,

The form of data collection, having been
determined, is pretested on the sampling frame. A regular sample
survey follows the pretest and includes the final step of data
intrepretation, that is, the ability to generalize.

For more in-depth descriptions of sampling
please see the following references.
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RELIABILITY AND VALIDITY CHECKS:
INTERVIEW DATA*

by M. Lowdermilk and J. Layton

When evaluating a questionnaire, the
primary concern is whether the information obtained reflects what
is truly occuring in the world. Two types of tests are used to
determine how well an interview achieves what it is intended to
achieve: reliability tests and validity tests.

Reliability is the consistency, stability,
or dependability of a measuring instrument. Examp':: wher: wo
independent investigators use the same interview ins. ument and
come to the same results, the reliability of the instrument is s3id
to be good. Validity, on the other hand, is a test to see if a
measure does in fact measure what it is supposed to measure.
Example: in asking farmers to rank their farm problems in terms of
importance, they may give the highest ranking to water because the
interviewer is involved with water munagement. This results in a
ow degree of validity bzcause the answer is based on the farmer's
perception of what thz interviewer can do for him.

Tests haie been designed it evaluate
reliability and validity. The outl.ne which follows addresses
these procedures. '

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.
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1. Reliability Tests
a. External Consistency Procedures
- Test-Retest
- Parallel Form
b. Internal Consistency Proredures
- Split-Half
2. Validity Tests
a. Face Validity
b. Content Validity
c. Criterion Validity
RELIABILITY

As indicated, two procedures help determine
the degree of reliability of a questionnaire: (a) externa! consis-
tency procedures and (b) internal consistency procedures. External
consistency procedures compare the cumulative test rest:ts against
themselves to verify the reliability of a measure. Two examples of
this procedure are the test-retest measure and the parallel form of
the same test.

: With test-retest, the researcher interviews
a farmer for the first time after a predetermined time period, the
interviewer (or another interviewer) returns to the same farmer and
conducts the same interview. The purpose is to see if there is
measurable agreement between the first and second tests. If there
is, it can be inferred that the questions have a degree of
reliability.

Table 1 presents an example of the test-
retest measure of reliability. As the table indicates, the vari-
ables "Nitrogen Fertilizer Applied to One Crop" and "Nitrogen
Fertilizer Applied to Second Crop" had a lower reliability than the
other variables, based on the "r" correlation figure. The farmers
retested, then, gave very similar figures for the other variables
listed in Table 1, but not so similar figures for "Nitrogen
Applied."” A participant in Diagriostic Analysis would treat these
two variables with a great rleal of caution.

With the parallel form of the same test, a
farmer's knowledge, for example, of watercourse management is
measured during an interview; after a period of time, he again is
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Table 1. Test Re-test Reiiability of Selected Measures

Number Pearson Product

Item of Farmers Percent of Sample Moment Correlation
Interviewed Retested ° B
Total Acres Owned 75 19.3 .996
Acres Cultivated This Watercourse 76 19.6 .978
Cropping Intensity (Wet & Dry Seasons) 74 19.1 .814
Nitrogen Fertilizer Applied to One Crop 73 18.8 .680
Crop Yields (Acre) 69 17.8 .840
Trading Full Irrigation Turns 74 19,1 .826

(Wet & Dry Seasons)

Nitrogen Fertilizer Applied to Second Crop 74 19.1 .686
Percent Increase in Yields 75 19.3 .926
Percent Increase in Acreage - 72 18.6 .846

*A fuller discussion of Pearson's "r" as well as Spearman's rho immediately follows this article.



interviewed measuring the same knowledge, but using different
questions. If there is a measurable agreement between the
responses, a degree of reliability can be inferred for the surveys.

Several problems occur in determining
reliability from the above two procedures. The major problem is
that the first test affects the farmer's subsequent responses by
exposing him to the points brought out by the questions. When the
second test is administered, the farmer's awareness of the ques-
tions may cause him to change his answers. The interviewer should
be sensitive to this problem when interpreting the results of such
procedures.

The second major procedures measuring
reliability are internal consistency procedures. Such procedures
attempt to increase the reliability by seeing if respondents’
answers to various questions are based on some pattern of
agreement. In other words, if a number of questions are used to
measure one variable, a respondent who answers low on one question
should also answer low on other related questions. One technique
to measure such agreement is the split-half technique.

The split-half technique uses a large
number of equivalent questions. After the data is collected, the
questions are divided into two halves and compared for their
equivalence. For example, a researcher wishes to measure the
degree of innovativeness of farmers based on their income,
education, and so forth. To do this, a questionnaire is con-
structed that contains a list of innovations adopted in the region.
The list then is presented to a respondent who checks the innova-
tions he uses. In testing the reliability of the instrument, the
list of innovations is divided into two equivalent parts (that is,
both parts have an equal number of easy and difficult innovations).
A reliable instrument would be one where a farmer who scores high
on one set of innovations also scores high on another set of vari-
ables that measure the same degree of innovativeness.

In addition, two types of errors, random
and non-random, can occur which affect the reliability of a
questionnaire. Random errors are the most. difficult to recognize
as they lack any pattern. Non-random errors, on the other hand,
occur consistently throughout the questionnaire and can be more
easily detected and corrected by a supervisor."

There are three reasons why either type of
error transpires: 1) the questionnaire is not pre-coded; 2) the
interviewer incorrectly codes the responses onto the questionnaire;
and/or 3) the data is inaccurately entered in the computer.

Reliability is a practically critical
problem when open-ended questionnaires are converted into quantita-
tive data. Those persons coding and/or entering the information
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must be instructed and supervised carafully to insure consistency

of coding responses. A check should be made of the process after a
few questions have been coded to see if there is standardized

unity. If errors are discovered such as, coders making individual
decisions about answers, they must be corrected and the responsible
persons once again must be instructed according to the defined
procedures.

VALIDITY

There are three types of validity tests:
(a) face validity, (b) content validity, and (c) criterion
validity.

The procedure that is least objective and
perhaps most subject to error is face validity. One simply looks
at the concept to be measured and makes an assumption based on
observation. For example, measuring a farmer's wealth by counting
the amount of equipment he has on his farm would be a measure
having face validity.

With content validity, the question
becomes: is the substance or content of the measure representative
of the content of the property being measured? For example, if a
Questionnaire measuring a farmer's degree of wealth only asks
questions regarding the number of items in his house while neglect-
ing the ownership of farm equipment, the measure would not have
high content validity. A measure with a high degree of content
validity includes all aspects of a concept it is to measure.

Criterion validity is measured by comparing
the researcher's test with another test known to measure the con-
cept under study. For example, if a researcher measures and com-
pares results of a test with a previously used and recognized
measure that also was used and the results are equivalent, then it
can be said that a high degree of criterion validity is present.

EVALUATION OF MEASURING DEVICE

Evaluations concerning validity and _
reliability are used to determine if any biases occurred in the
data gathering. The following questions should be asked when
constructing a measuring device (such as a questionnaire) to deter-
mine the degree of validity and reliability.
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Does the form of the questionnaire
introduce any bias?

- Is the questionnaire too long? A
respondent may become tired toward
the end of a long questionnaire and
provide poorly thought out answers.

- Are the sensitive questions placed
in an appropriate position within
the questionnaire? |Inappropriate
placement may cause the respondent
not to answer truthfully.

- Do the questions actually extract
the information desired, either
directly or indirectly?

- Do questions parallel other ques-
tions so as to see if the answers
given are consistent?

Does the cultural aspect of the
measuring instrument lead to patterned
biases?

- Are the questions appropriately
worded so as not to offend anyone?

- Is the phrasing inappropriate?

- What bias emerges from an open-ended
questionnaire versus a closed-ended
one?

What mechanical factors may emerge to
create a patterned bias?

- What is the reading and writing
abilities of the respondent?

- What is the time schedule for each
interview? If time is too short,
the interviewer may hurry to com:
plete his assignment and negatively
affect the quality of the answers.
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4. What environmental factors impede the
validity and reliability of the
measure?

- Is the personal interaction between
the respondent and the interviewer
appropriate? The following
questions, among others, need to be
addressed: Does the interviewer ask
questions in a leading manner; does
the socio-economic (class) dif-
ference between the two parties
affect the questions; does the
ethnic difference or similarity
affect the interview?

- Do the questions call for a respon-
dent to depend on his or her memory
and if so, over what period of time?

- What are the physical facilities in
which the interview is conducted?
Is the atmosphere comfortable,
hostile, or friendly?

5. Does the interpretation of the data
lead to patterned biases occurring?

To ensure a proper degree of reliability
and validity these questions must be considered when preparing the
instruments and gathering data. Every effort should be made to
alleviate conditions brought out by these questions that interfere
with proper reliability and validity.
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AUXILIARY INFORMATION:
RELIABILITY MEASUREMENT

When using reliability measurements, two
possible statistics to employ are Pearson's "r" or Spearman's
“rho". Both of these are correlation coefficients, which examine
how a change in one variable is related to the change in another
variable.

"on

Pearson's "r

Pearson's "r" is a measure of association
that indicates the strength and direction of a linear relationship
between two variables. This measure of association ranges from +1
to 0 to -1. An r = +1.0 indicates that as variable "x" increases,
variable "y" also incre:ses in a straight line. An r = -1.0 indi-
cates that as variable "x" increases, variable "y" decreases in a
straight line. This is referred to as statistical dependence. If
there is no relationship at all between an increase in variable "x"
and variable "y", there is statistical independence and r = 0.
Interval level data is required for Pearson's "r". This correla-
tion coefficient is calculated by the formula:

z(xi-Y) (Yi-V)

r = -
w2 T\ 2
[2(-02] [e(v,-1)?]
where Xi = ith observation of variable x
Y; = ith observation of variable y

X = mean of variable x

mean of variable y

Spearman's Rank-Order Correlation (rho)

Spearman's rho is a measure of association
used to determine whether two sets of rank-order data are related.
To calculate the statistic rho, at lcast an ordinal level of
measurement is required for both variables. The correlation coef-
ficient for rho, however, can vary from -1 to 0 to *1. Complete
statistical independence would be indicated by a rank-order c..-
relation of 0, while complete inverse statistical dependence would
be indicated by -1, and complete positive statistical dependence
would be indicated by +1. Spearman's rho is calculated by the
formula:
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rho = 1 - 5202

N(N2-1)

where D = difference score between each X and Y pair

N = number of pairs of scores
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FARM ENTERPRISE BUDGETING

by A. Madsen and
M. Haider

A farm enterprise budget is a systematic
collection of relevant costs and returns associated with a specific
crop, livestock, or other farm enterprise. Enterprise budgets do
not remain the same from year to year. Continuous effort is
required to keep input costs and product prices current and to
accurately estimate production costs and potential revenue.

Without current information, serious errors may be made in evaluat-
ing the economic consequences of available alternatives.

In some countries, public agencies assume
responsibility for preparing enterprise budgets for major crop and
livestock enterprises. Where this service is not available,
producers or local organizations must prepare the budgets to the
best of their ability.

Individual cost items are different for
each enterprise budget: see Tables 1 and 2 which are budgets
prepared by the Egypt Water Use Project teams for rice and wheat.
The monetary unit is Egyptian pounds (LE). For example, the wheat
budget identified seed costs and planting seeds by hand. The rice
enterprise budget, on the other hand, identified costs for nursery
plants pulling and transplanting. Cost items are different because
there are various production input items and production operations
that are unique to each crop. However, certain costs categories
called variable costs and fixed costs, are common to all enterprise
budgets. -

Variable costs (or operating costs) are
those that change with the production level during a given time
period. As the production of rice increases, the farmer has to
purchase more seed, use more labor, apply more water and
fertilizer, and so forth. Thus, such costs vary with the rate at
which they are used up in the production of crops or livestock.
Variable costs are avoidable in that they need not incur when
production is not undertaken.
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The second cost category is fixed costs.
Fixed costs also are referred to as ownership or overhead costs
because it is often difficult to allocate some costs to specific
products or enterprises. Fixed costs are costs not related to the
level of production--they continue to incur whether or not produc-
tion occurs. Such costs include depreciation, interest, taxes, and
so forth. The crop enterprise budgets shown in Tables 1 and 2 have
classified land rent and a management overhead charge as fixed
costs.

To minimize economic losses, producers must
receive returns sufficient to at least cover all variable costs and
make some contribution to fixed costs in the short run. [If vari-
able costs are not covered, other things being equal, it is better
not to produce the particular product.

Tables 3 and 4 provide information on labor
and water use to help decision makers select enterprises and plan
labor and water use. The infcimation identifies labor and water
requirements by month for each crop. After noting the crop mix,
the total monthly requirements for labor and water can be estimated
from the relevant tables. The next step is to estimate the amounts
of labor and water available to the farm each month. By relating
the input requirements and the input availability, it is possible
to identify when there is surplus labor or water that can be used
for other purposes or where there may be shortages of labor and
water. |f shortages occur in a particular month, the farmer must
arrange to hire additional labor and to acquire additional water
when possible. If financial or other constraints prevent farmers
from obtaining the necessary inputs, different enterprise combina-
tions must be considered. Although iabor and water flow budgets
are much simpler than cash flow budgets, they are important to the
farm's overall success.

Enterprise budgets in Tables 1 and 2 can be
used by individual producers as basing points for on-farm
Diagnostic Analysis. When farm costs, production, or returns seem
to be out of line with those of enterprise budgets, in-depth
analysis of management and production practices can be made to
identify where problems may exist. Such analysis involves consult-
ing with engineers to evaluate water application and drainage
practices, and with agronomists to consider the adegquacy of
cultivation, seeding rates, fertilization. Sociologists also can
help determine why certain practices are followed that may reduce
production or family income.

54



Table 1. An Example of Cost and Return Per Feddan* of Rice Production:
Abu Raia, Egypt, 1980

Number Price Total
of .or Income
Item Unit Units Cost/Unit or Cost
INCOME
Rice Grain Sold to Government Kg 900.00 0.075 67.50
Rice Grain Consumed/Marketed Kgt 900.00 0.085 76.50
Rice Straw C.L. 3.50 1.400 4.90
Total Income 148.90
VARIABLE COSTS
Purchased Inputs:
Seed Kai]a* 6.00 1.080 6.48
Ammonium Sulfate, 20.6% N Kg 141.00 0.048 6.77
Ammonium Nitrate, 33.5% N Kg 5.00 0.074 0.37
Urea, 46.0% N Kg 12.00 0.108 1.30
Super Treble, 42.0% P Kg 14,00 0.089 1.25
Production Practices:
Plowing Feddan 1.00 5.400 5.40
Seeding Man Hr. 1.00 0.300 0.30
Rice Puddling Man Hr. - 3.00 0.300 0.90
Cow Hr. 3.00 0.080 0.24
Transplanting
Pull and Transport Man Hr. 20.00 0.300 6.00
Planting Woman Hr. 40.00 0.200 8.00
Weeding B&G Hr. 24.00 0.050 3.60
Chemical Fert. App. Man Hr. 6.00 0.300 1.80
Organic Fert. Transport D.L. 50.00 0.050 2.50
Irrigation
Water Lifting Cow Hr. 58.00 0.080 4.64
B&G Hr. 58.00 0.150 8.70
Water Application Man Hr. 29.00 0.300 8.70
Ditch Maintenance Man Hr. 12.00 0.300 3.60
Harvesting and Transportation
Harvesting Man Hr, 35.00 0.300 10.50
Threshing Mach. Hr. 3.00 3.000 9.00
Winnowing|| Kaila 7.50 0.850 6.38
Bundling Man Hr. 8.00 0.300 2.40
Loading Man Hr. 10.00 0.300 3.00
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Table 1. (continued)

Number Price Total
of or Income
Item Unit Units Cost/Unit or Cost
Harvesting & Trans., cont.
Transporting C.L. 10.00 0.500 5.00
Taxes, Marketing and
Weighing Ton 1.80 0.68 1.22
Total Variable Costs 108.65
Return Over Variable Costs 40.25
FIXED COSTS
Sakia (waterwheel) Hour 58.00 0.110 6.38
Land Rent Month 6.00 6.000 36.00
Land Tax Month 6.00 0.830 5.00
Management Month 6.00 1.000 6.00
Total Fixed Costs 53.38
Grand Total 162.03
Return Above all Costs (13.13)

Source: EWUP Farm Management Survey, Farm Records,

and Abu Raia Cooperative.

*Feddan = .42 hectare.

tC.L. = Camel Load .

$One Kaila of rice - 10 kg.
§B&G Hr. = Boy and girl hour

|IPaid in Kind at the rate of half kaila per ardab (

or 5 kg for every 120 kg of rice processed .
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Table 2. An Example Cost and Return Per Feddan of Wheat Production:

Abu Raia, Egypt, 1980

Number Price Total
of or Income
Item Unit Units Cost/Unit or Cost
INCOME
Wheat Grain Ardab 7.70 11.100 85.47
Wheat Straw C.L 5.00 9.600 48.00
Total Income 133.47
VARIABLE COSTS
Purchased Inputs:
Seed Kaila 6.10 0.910 5.55
Ammonium Nitrate, 33.5% N Kg 60.00 0.074 4.44
Urea, 46.0% N Kg 33.00 0.108 3.56
Super Phosphate, 15.5% P Kg 5.00 0.046 0.23
Super Treble, 42.0% P Kg 8.00 0.089 0.71
Production Practices:
Plowing Feddan 1.00 5.400 5.40
Smoothing Feddan 1.00 2.200 2.20
Seeding Man Hr 3.00 0.300 0.90
Weeding B&G Hr 12.00 0.150 1.80
Organic Fert. Transport. D.L.* 100.00 0.050 5.00
Chemical Fert. App. Man Hr 4,00 0.300 1.20
Organic Fert. App. Man Hr 4.00 0.300 1.20
Irrigation
Water Lifting Cow Hr 20.00 0.080 1.60
B&G Hr 20.00 0.150 3.00
Water Application Man Hr 20.00 0.300 6.00
Ditch Maintenance Man Hr 12.00 0.300 3.60
Harvesting and Transportation:
Harvesting M&W Hr.  36.00 0.250 9.00
Threshing Mach. Hr. 3.00 3.000 9.00
Winnowing + Kaila 7.70 0.930 7.12
Loading Man Hr. 8.00 0.300 2.40
Transporting C.L. 8.00 0.500 4.00
Total Variable Costs 77.91
Return Over Variable Costs 55.56
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Table 2. (continued)

Number Price Total
of or Income
Item Unit Units Cost/Unit or Cost
FIXED COSTS
Sakia Hour 20.00 0.110 2.20
Land Rent Month 6.00 6.000 36.00
Land Tax Month 6.00 0.830 4.98
Management Charge Month 6.00 1.000 6.00
Total Fixed Costs 49.18
frand Total Costs 127.09
Return Above A1l Costs 6.38

Source: EWUP Farm Management Survey, Farm Records, Staff Paper No. 21,
and Abu Raia Cooperative.

*D.L. = Donkey Load .
tPaid in kind at the rate of one kaila per ardab (150 kg) of wheat processed,
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Table 3. Monthly Labor and Water Requirements Per Feddan of Rice:
Abu Raia, Egypt, 1980

Month Labor Requirements in Hours Water Requirements
Man Woman Boy/Girl M3

May 21 18 732*%

Jun 42 40 31 2,188+

Jul 22 16 1,762

Aug 12 12 1,378

Sep 5 5 534

Oct 53

sSeason 155 = 40 82 6,594

Source: EWUP Farm Management Survey and Farm Records.

* Water applied in the rice nursery.
t Includes the irrigation for rice transplanting.

Table 4. Monthly Labor and Water Requirements Per Faddan of Wheat:
Abu Raia, Egypt, 1980

Labor Requirements in Hours Water Requirements

Month Man Woman Boy/Girl M3

Nov. 22 3 410

Dec 3 3 334

Jan 2 14 205

Feb 1 7 755

Mar 5 5 529

Apr

May 26 18

Season 69 18 32 : 2,233

Source: EWUP Farm Management Survey and Farm Records.
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l PREPARING A CASH FLOW BUDGET
' by A. Madsen

Preparation of a cash flow budget, whether
formal or informal, is critical to decision-making on farms. A
budget that shows the sources, amounts and timing of cash income
and expenses is espocially relevant to decisions concerning invest-
ments for irrigation systems. Partial budgets may show the
economic benefits from improvements in water application or
drainage, but do not show the ability to pay off debts that may be
incurred to make the improvements.

A cash flow budget may consists of two
tasks. The first is to identify the actual cash flow during the
previous year. This involves documenting monthly income and expen-
ditures for each of the last 12 months. The information may be
prepared from farm records or from the farmer's best estimate. The
second, and more difficult, task is to project next year's cash
flow. The estimate may be guided by historical results and crop
and livestock plans for the future. For major investments, such as
land leveling, installing lined ditches and irrigation water pumps,
or land purchases, it is necessary to pay off loans over time
periods of more than one year. Therefore, this requires projecting
expenditures and incomes for longer time periods to better estimate
the ability to repay investments.

The following worksheets provide a step-by-
step procedure to construct the cash flow budget. The entries are
mostly self-explanatory, but every area of the world and every farm
has its own particular cash flow characteristics. The forms may
have to be adjusted to meet the conditions of individual producers.
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To illustrate the use of the worksheets for
monthly cash planning, a hypothetical example of an Indian farm is
presented. The 2 hectare case farm is assumed to produce paddy and
wheat. The monetarv unit is rupees (Rs).

CASH FARM RECEIPTS

Worksheet 1A, "Estimation of Cash Farm
Receipts: Crop and Other Income", indicates that paddy was sold in
November. Note that only one fourth of the paddy is sold; the rest
is kept for family consumption. All wheat produced is used in
family consumption.

For Worksheet 1B, "Estimation of Cash Farm
Receipts: Livestock Products and Livestock Sales", it is assumed
the farm has two cows which are used as draft animals and for milk
production. Only one cow is shown to produce milk during June
through November which provides time for each cow to be dry for a
period and produce a calf. It is assumed that one calf is sold
each year in September and the other may die or is butchered for
the family. The totals in the last column of Worksheet 1B are
included in the final column of Worksheet 1A

Because only two crops are produced, it is
not necessary to use Supplemental Worksheet i, "Estimation of
Receipts from Crop Sales”, to compiete Worksheet TA. However,
Supplemental Worksheet 1 is included to show the type of informa-
tion it provides.

CASH FARM EXPENSES

Worksheets 2A through 2E and Worksheet 3
are used to estimate cash farm expenses. All expenses should be
recorded when they are expected to be incurred. The expense
categories commonly are used in farm records. Interest expenses
are not included in this series of worksheets because it is dif-
ficult to separate the principal payment and interest in future
debt payments. Debt payments including interest expenses are
entered in Worksheet 6 and Supplemental Worksheet 3. To project
future costs, estimate the inflation or deflation for each category
and then make further adjustment according to individual circum-
stances for a particular farm. For example, labor wage rates and
the amount of labor used may increase. Therefore, the expected
cost of labor would be larger than the simple adjustment for wage
rates.

Labor, feed and livestock purchase cash
farm expenses are estimated on Worksheet 2A. It is assumed that
the cows are fed farm produced feed and some purchased feed. One
animal was purchased in September in this example. The labor
expenses are distributed among the months in which labor must be
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hired as shown in the first columns. Worksheet 2B, "Estimation of
Cash Farm Expenses: Machinery", contains entries for custom work.
No custom work was hired in the example, The farm has no machinery
repairs or fuel expenses.

Worksheet 2C, "Estimation of Cash Farm
Expenses: Crops"”, identified cost estimates for fertilizer, seeds,
sprays and land rent. It is assumed the farm does not rent. The
estimated change in fertilizer costs reflects the expected ten
percent price increase of this input.

"Estimation of Cash Farm Expenses: Real
Estate Expenses" identified in Worksheet 2D are not substantial
because the farm does not have buildings. Property taxes are not
large.

Worksheet 2E, "Estimation of Cash Farm
Expenses: Utility, Marketing, Misc.", identifies farm expenses for
utilities. This hypothetical farm does not have any utility expen-
ses or marketing expenses, but water charges are shown in the
miscellaneous column.

Worksheet 3, "Summary of Cash Farm
Expenses” pulls together all farm expenses identified to this
point. The worksheets from which the monthly data are taken are
identified with parentheses at the top of each column. The row and
column data can be summed to check accuracy.

Worksheet 4, "Capital Purchases Planned",
provides for detailed itemization of expected capital purchases.
The hypotheticai farm does not anticipate such expenditures during
the coming year.

The preparation of Worksheet 5, "Cash
Inflow and Outflow for Next Year: Including Non-farm; Excluding
Credit", is a critical step in arriving at potential cash flow for
a farm. The "Cash Farm Receipts" in Column 1 are taken from the
last column of Worksheet 1A. The "Net Non-farm Cash Income" in
this case is assumed to be zero. The sources of information for
other columns are identified within parentheses. Care must be
taken in calculating Column 8, "Cash Inflow Minis Cash Outflow."
Negative results should be enclosed by parentheses. Family expen-
ses must be estimated for each month and entered in Column 6.
Families frequently find it difficult to estimate expenses, so
Supplemental Worksheet 2, "Family Living Expenses", is provided to
act as a guide in preparing the estimate of monthly family
expenditures,

Worksheet 6, "Projected Cash Flow Budget",
is the end product provided by preparing the previous information.
It is a guide for the use of short-term credit and for decision-
making in assuming long-term debt. The manager .nust evaluate
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constantly the ability of the farm and family to service debt.
Following is a column by column explanation of Worksheet 6.

® Cash inflow less outflow excluding
credit transactions (Column 1): The numbers in this column are the
difference between cash inflow and cash outflow on Worksheet 5,
Column 8.

® "Scheduled Debt Payments" (Column 2):
Listed on this column is the principal and interest the business is
required to pay each month. Supplemental Worksheet 3 can be used
to project debt payments for next year.

® "Capital Purchase Loans" (Column 3):
For many capital purchases, the farm manager knows in advance that
he will borrow all or part of the money from a bank, a government
agency, machinery dealer, or other source. When this is the case,
the amount of the loan is included in this column. When he starts
making payments on the loan (probably the following month), the
amount of the payment (principal and interest) is included in
Column 2, "Scheduled Debt Payment" (Supplemental Worksheet 3 also
can be used).

® "Uncommitted Cash Flow" (Column 4):
This is the money projected to be left over or that must be
obtained after the cash inflow-outflow, debt payments and new
capital loans are considered. If figures in the column are
positive, money is available: 1) to pay back short-term borrowings
or make additional payments on longer term debt, or 2) to add to
the family's ready cash fund. (Family living expenses have been
accounted for already.) If these data are negative, the deficit
must be covered: 1) from reductions in the family's ready cash
fund, or 2) by short-term borrowing from a bank, individual, or
some other source, and/or by charging teed, fertilizer or other
bills.

® "New Short-term Debt" (Column 5): This
column is used to record new short-term debt which is projected to
be required to cover a negative uncommitted cash flow.

e "Additional Debt Payments" (Column 6):
These are payments of interest and principal on short-term debt and
additional principal payments on longer term debt. (It is assumed
that interest paid on longer-term debt is covered in the scheduled
debt payments).

® "Cash Flow This Month" (Column 7): This
is the projected change in the family ready cash fund for the
month. ,
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® "Cash Flow Balance" (Column 8): Note
that the farm ended the past year (or started this year) with Rs
400 in the family ready cash fund. The column is the running
balance of cash on hand. Remember that transactions occur daily,
not monthly, and that a significant balance may be required to meet
day-to-day fluctuations. The August balance of Rs 75 may be too
low and additional borrowing required.

In parentheses at the top of each column
the sequence of adding and subtracting is identified as follows:

Cash Inflow Less Outflow Excluding Credit

- Scheduled Debt Payments

*+ Capital Purchase Loans

= Uncommitted Cash Flow

* New Short-Term Debt

- Additional Debt Payments

= Cash Flow: This Month

*+ Balance from Last Month

= Cash Flow: Balance

Good short-term credit management is indi-
cated if at least one of the columns, "New Short-Term Debt" or
"Additional Debt Payments,” is zero for each month. Short-term
credit should be managed to maintain a somewhat constant cash flow
balance without paying back money and then turning around and
reborrowing it immediately. One rule of thumb is to repay short-
term debt whenever the money will not be reborrowed for at least
two months; otherwise, the money could be left in the family ready
cash account to cover the cash flow deficit in the following month.
REFERENCES
Milligan, R.A., S.F. Smith, and E.L. LaDue. 1976. Monthly cash

flow planning. Department of Agricultural Economics,
Cornell University, AE Ext. 76-2, Ithaca, NY.

A5



99

WORKSHEET TA. ESTIMATION OF CASH FARM RECEIPTS: CROP AND OTHER INCOME

Farm Identification: 2 Hectare Farm

Grap sales - cas
This Year Next Year This  Next Operating
Month Crop Quantity Price Value Quantity Price Value Year Year ReceiptsI
Jan . ' Rs 100
Feb Rs 100
Mar Rs 100
May Rs 100
Jun Rs 100
Jul Rs 55 Rs 55 Rs 105
Aug Rs 50
Sep Rs 1250
Oct Rs 50
Nov Paddy 1.5T Rs 1500 Rs 2250 1.5 Rs 1500 Rs 2250 Rs 2300
Dec i Rs 50
TOTAL : Rs 2250 Rs 55 Rs 55 Rs 4405

* From Supplemental Worksheet No. 1--Estimation of Receipts from Crop Sales.

+ Includes inzomz from work performed for others, rental of land, water, draft animals, or machinery to others
and the sales of used machinery of equipment. Do not include income from livestock or livestock products.

I Value of next year's crop sales plus other farm income next year plus total expected receipts for livestock
products (from Worksheet 1B).

NOTE: Although 2 hectares of wheat and 2 hectares of paddy are grown only 25% of the paddy is sold. Also,
none of the wheat/paddy straw is sold.
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WORKSHEET 1B. ESTIMATION OF CASH FARM RECEIPTS: LIVESTOCK PRODUCTS AND LIVESTOCK SALES

Farm Identification: 2 Hectare Farm

Receipts
Livestock Products Sales: Milk & Eggs Livestock Total Receipts
Expected Sales From Livestock
Month Number Production Total Price Receipts Month Receipts This  Next Products & Live-
(Produced) of Cows Per Cow Production Per £* This Year (Received) Next Year Year Year stock Next Year
Dec 2 60 2 ;lgg_g Rs 0.8 Rs 100 Jan Rs 100 Rs 100
dJan 2 60 ¢ 120 & Rs 0.8 Rs 100 Feb Rs 100 Rs 100
Feb 2 60 & 120 ¢ Rs 0.8 Rs 100 Mar Rs 100 Rs 100
Mar 2 60 2 _120 ¢ Rs 0.8 Rs 100 Apr Rs_100 Rs 100
Apr 2 60 2 120 2 Rs 0.8 Rs 100 May Rs 100 Rs 100
May 2 60 2 120 ¢ Rs 0.8 Rs 100 Jun Rs 100 Rs 100
Jun 1 60 £ 60 2 Rs 0.8 Rs 50 Jul Rs 50 Rs 50
Jul 1 60 2 . 60 £ Rs 0.8 Rs 50 Aug Rs 50 Rs 50
Aug 1 60 2 60 2 Rs 6.8 Rs 50 Sep Rs 50 Rs 1200 Rs 1200 Rs 1250
Sep 1 60 £ 60 2 Rs 0.8 Rs 50 Oct Rs 50 Rs 50
Oct 1 .60 L 60 & Rs 0.8 Rs 50 Nov Rs 50 Rs 50
Nov 1 60 2 60 ¢ Rs 0.8 Rs 50 Dec Rs 50 Rs 50
TOTAL 1080 + Rs 900 Rs 900 Rs 1200 Rs 1200 Rs 2100

* 2 = liter(s).
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WORKSHEET 2A. ESTIMATION OF CASH FA

Farm Identification: 2 Hectare Farm

RM EXPENSES: LABOR AND FEED AND LIVESTOCK PURCHASE

Labor Feed Purchase Livestock Purchase*

Percent Change U Percent Change 0 Percent Change 0
This Next This Next This Next
Year Year Year Year Year Year

Month Rs Rs Rs Rs Rs Rs

Jan 15 15

Feb 15 15

Mar 15 15

Apr 15 15

May 15 15

Jun 15 15 —

Jul 15 15 15 15 —_

Aug 15 15

Sep 15 15

Oct : 15 15

Nov 10 10 15 15 900 900

Dec 15 15

TOTAL 25 25 180 180 900 900

* Livestock purchased for feeding -
Livestock purchased for draft or h

growing and later resale should be included here.
erd expansior should be included as capital items in Worksheet 4.
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WORKSHEET 28B.

Farm Identification: 2 Hectare Farm

ESTIMATION OF 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 Rs Rs Rs Rs Rs Rs Rs
Jan Not Applicable This Farm Not Applicable This Farm Not Applicable This Farm
Feb - -
Mar . . - - -
Apr - - - - -
May - - - - -
Jun - - - - -
Jul - - - - -
Aug - - - - -
Sep - - - - -
Oct . - - - - -
Nov - - - - - - -
Dec - - . - -
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WORKSHEET 2C. ESTIMATION OF CASH FARM EXPENSES: CROPS

Farm Identification: 2 Hectare Farm

Lime and Fertilizer Seeds and Sprays ) Land Rent
Percent Change 10 Percent Change 0 Crop Percent Change _
Expense

This Next This Next Next This Next

Year Year Year Year Year Year Year
Month Rs Rs Rs Rs Rs Rs Rs
Jan Not ApphF This
Feb - - - - - -
Mar - - - - - - -
Apr - - - - - - -
May - -
dun 314 345 80 80 425 - -
Jul - -
Aug - - - — - - -
Sep - - - - - - -
Oct - -
Nov 157 172 300 300 472 - -
Dec - -

TOTAL 471 517 380 380 897




LL

WORKSHEET 2D. ESTIMATION OF CASH FARM EXPENSES:

Farm Identification:

2 Hectare Farm

REAL ESTATE EXPENSES

Month

Land & Building Expenses (Repairs, etc.)

Percent Change

This
Year
Rs

0

Next
Year
Rs

Property Taxes
Percent Change

This
Year
Rs

Next
Year
Rs

dJan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

TOTAL

Not Applicable to This

Farm

Rs 8

Rs 8
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WORKSHEET 2E. ESTIMATION OF CASH FARM EXPENSES: UTILITIES, MARKETING, MISC.

Farm Identification: 2 Hectare Farm

Marketing Miscellaneous
Utilities . (Transportation, etc.) Percent Change 0
Percent Change _ Percent Change . (Water Charges]
This Next This Next This Next
Year Year Year Year Year Year
Month Rs Rs Rs Rs Rs Rs
Jan Not Applicable to This Far Not Applicable to This Farm - -
Feb - - - . - -
Mar - - - -
Apr - - - - 152 152
May - — P - - -
Jun - —_— —_— - - -
Jul - - - -
Aug - - - —_
Sep - —_ - - - -
Oct - - . -
Nov - - -
Dec - - - — 212 212
TOTAL - - . - Rs 364 Rs 364
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WORKSHEET 3. SUMMARY OF CASH FARM EXPENSES

Farm Identification:

2 Hectare Farm

Month Labor Feed |Livestock Machine Crop Rent Bui%g?gg Taxes Utilities Marketing Misc. Total
(2A)  (2n) (2A) (28) (2c)  (2c) {2D) {2D) {2E) (2E) (2E)
Jan 15 . - 15
Feb 15 - 15
Mar 15 . _ - 15
Apr 15 - 8 o 152 175
Hay 15 - - 15
Jun 15 - 425 - 440
Jul 15 15 - . - _30
Aug 15 o o 15
Sep . 15 . - 15
Oct ] 15 - - . 15
Nov 10 15 900 - 472 —_— - 1397
Dec 15 - - 212 227
25 180 900 897 8 364 2374

TOTAL
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WORKSHEET 4. CAPITAL PURCHASES PLANNED

Draft and
Producing Total
Land & Building Machinery Livestock* Capital
Month Item Costt Item Costi Item ) Cost Purchas«s

Jan

Feb No capital purchases are anticipated this year.

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

TOTAL

* Capital purchases of livestock include all Tivestock purchases for planned expansion. Replacement purchases are

lTivestock expenses and should be entered in Worksheet 2A.
t Cost is monthly payment on loans.
i Cost is cost after trade-in is deducted.
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WORKSHEET 5. CASH INFLOW AND OUTFLOW FOR NEXT YEAR: INCLUDING NONFARM, EXCLUDING CREDIT

Total
Cash Farm Cash Farm Capital Outflow
Receipts Net Total Cash Expenses Purchases Family (Ex. Prin- Cash Inflow
(From Work- Non-Farm Inflow Ex. (From Work-  (From Work- Living cipal Pay- (Col. 3) - cash
Month  sheet 1A) Cash Income* Borrowing sheet 3) sheet 4) Expenset ments) Outflow (Col. 7)
(1) (2) (3) (4) (5) (6) (7) (8)
Jan 100 Noie 100 15 None 70 85 15
Feb __100 100 15 70 85 15
Mar 100 100 15 70 _ 85 15
Apr - 100 100 175 70 245 (]452
May 100 100 15 70 85 15
Jun 100 100 440 70 510 54]02
Jul 105 105 30 70 100 5
Aug £0 50 15 70 85 (352
Sep " _1250 | 1250 15 70 85 1165
Oct 50 50 15 170 185 5135!
Nov 2300 2300 1397 70 1467 833
Dec 50 50 227 70 297 247
TOTAL 4405 4405 2374 940 3314 1091

* A1l non-farm receipts minus non-farm business expenses. Family 1iving expenses are included in Coiumn 6.

1 Supplemental Worksheet 2 is provided to assist in calculating family 1iving expenses.
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WORKSHEET 6. PROJECTED CASH FLOW BUDGET

Cash Inflow
Less OQutflow Scheduled

Excluding Debt Payments: Capital Uncommi tted Additional Cash Flow

Farm Credit Principal Purchase Cash New Short Debt This
Month Transactions and Interest* Loans Flow Term Debt Payments Month Balance

(Worksheet 5) (-) (+) (+ Sum) (+) (-) (+ Sum) Rs 400

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

Jan 15 - - 15 - 15 45
Feb 15 . - 15 . 15 __430
Mar 15 - - 15 . 15 _ 445
Apr (145} - - (145) . _(145) _300
May 15 o — 15 e 15 315
Jun (410) - (410) 200 (210) _ 105
Jul 5 o ' 5 5 10
Aug __(35) o _ (35) __(35) 75
Sep _1es o 1165 206+ 959 1034
Oct _(135) - (135) _(135) 899
Nov __ 833 - 833 L _ 833 1732
Dec _(247) - (247) 247 1485
TOTAL __1091 - 1091 200 206

* Supplemental Worksheet 3 is provided to assist in projecting monthly debt payments.
1+ Rs 200 x 11% interest x 3 month ~ Rs 6.
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SUPPLEMENTAL WORKSHEET 1. ESTIMATION OF RECEIPTS FROM CROP SALES

Production Sales
Total Expected
Crop Hectares Yield Production Month Quantity Price Value.

Not Necessary for This Farm.
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SUPPLEMENTAL WORKSHEET 2. FAMILY LIVING EXPENSES

Farm Identification: 2 Hectare Farm

Payment
into Total
Dwelling & Property Utility & Savings Other Family
Household & Income Transport. & Non-Farm Family Credit Living
Month  Food Clothing Expense Taxes Expense Investments Expenses Payments Expense
Jan 50 s None None None _5 None 10
Feb 50 _ s _ _ _ _5 _ 10
Mar 50 15 _ _ _ _5 _ _10_
Apr 50 15 _ _ _ _5 _ 10
May 50 5 _ _ _ _5 _ 70
Jun 50 5 _ _ _ _5 _ 70
Jl 50 15 _ _ _ 5 _ 10
Aug 50  _ E R - - -5 - 10
Sep 50 5 _ _ _ _5 _ 70
Oct 50 100" 5 - _ _ _5 _ 170
Nov 50 15 - _ . _5 _ 70
Dec 50 15 _ _ _ _5 . 70
TOTAL 600 100 180 _60_ 940_
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SUPPLEMENTAL WORKSHEET 3. SCHEDULED DEBT PAYMENTS

Farm Identification: 2 Hectare Farm

Debt Payments - Principal and Interest*

Total
. Scheduled
Month . Debt Payments

Jan

Feb

Mar

Apr

May
Jun
Jul

Aug

Sep )

Oct

Nov

Dec

TOTAL

* Include all scheduled payments: Real estate loans, liens on livestock and equipment, payments to machinery dealers,
etc. Be certain to include payments on loans that will be added during the year.



PARTIAL BUDGETS

by A. Madsen

Farmers often face choices between two
alternatives. Such choices may involve such questions as: Should
| purchase a new diesel water pump or continue with the animal
powered irrigation wheel? Should | line irrigation ditches or
maintain ditches in the traditional manner? Should | produce corn
rather than rice? These types of questions can be evaluated using
partial budgeting procedures.

Partial budgeting is an organized method
for appraising the effect a proposed change may have on the net
returns of the farm. The four main steps in construciing a partial
budget are:

1. State the change contemplated;

2. List a) key information required to
estimate the impact of the potential
change and b) the assumptions made;

3. Make the economic analysis to estimate
the net effect of the changes on
income; and

4. List all considerations or factors on

which placing a monetary value is
difficult. .
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The typical partial budget consists of
seven key parts (see the attached "Partial Budget Form" for basic
format):

® Part | is a listing of additional costs
that will be incurred if a new enterprise or factor is
introduced. For example, identify and add all costs that
will increase if the decision is made to introduce a new
diesel powered irrigation pump. Fixed costs include an
allowance for depreciation, interest on borrowed funds,
taxes, shelter, and so forth. Variable costs include fuel,
oil, grease, repairs, and labor. The hypothetical example,
which follows this article, uses American dollars, and
shows the added costs to be $2,000 during the expected
useful life of the pump.

® Part Il identifies the reduced receipts-
-returns that no longer will be received after the change.
In our example, returns may not be reduced because the
farmer would still be able to maintain the previous level
of production and combination of products with the new
means of lifting water. Thus, total reduced returns are
zero in Exhibit 1. If a certain crop or product can no
longer be produced after the diesel pump is installed, the
sacrificed income is the value of the product not produced.

® Part |1l of the partial budget is a
summation of the estimate of total additional costs from
Part | and the reduced returns from Part It. In Exhibit 1
this value is $2,000.

® Part IV is a listing of all additional
returns expected if the new enterprise or factor is
introduced. In our example, it is the total value of
additional crops or livestock produced from the
availability of more irrigation water and more timely
application because of the diesel pump. In the example,
increased yields or higher value crops are assumed to
increase returns by $1,650 during the pump's useful life.

® Part V consists of estimates of all
costs eliminated if the old enterprise or factor is
replaced. In our example, when the animal powered water
wheel is replaced, a reduction in the number of draft
animals to feed and irrigation wheel repairs, and perhaps
in irrigation labor requirements would occur. in the
example these cost savings equal $1,020.

® Part VI contains the total of the gains-
~additional returns (Part V1) plus reduced costs (Part V).
In the example these gains are $670 over the useful life of
the pump.
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® Part VIl shows the net change in income
from the potential introduction of the new enterprise or
production input. The change is calculated by subtracting
Part I1l (the negative impacts) from Part VI (total gains).
If Part VIl shows income can be significantly increased
through the proposed change, action can be taken to make
changes considered. If Part VII indicates income will be
reduced or there will be little positive impact, the farmer
can see the risk in making the change before action is
taken. It is best to identify potential benefits or costs
before money or labor is committed to an unprofitable
project. In the example, there was benefit ($670) from
introducing the irrigation pump. But before a final deci-
sion is made, the producer should make a "sensitivity
analysis” of the proposed change by testing various levels
of crop yields, prices, or costs to see the effect on net
changes in farm income. Non-monetary considerations also
should be carefully examined before the final decision is
made.

CAUTION: Partial budgeting is only as
accurate as the data used. A positive net change implies it may be
wise to proceed with the alternate plan. A negative amount implies
it would not be profitable to proceed with the change. Erroneous
data lead to serious mistakes.

REFERENCES

Budgeting a change. University of Neb'raska, Neb Guide, G77-333.
Lincoln, NE.

Partial budgeting in farm management. Ohio State University,
Extension Facts, No. 142. Columbus, OH.
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PARTIAL BUDGET FORM

STEP 1. Proposed Change:

STEP 2. Key Information and Assumptions: 1.

STEP 3. Economic Analysis:

ITEMS THAT REDUCE NET INCOME ITEMS THAT INCREASE NET INCOME
Part I. Added Costs: Part IV. Added Returns:
- $
Total Added Costs $ Total Added Returns
R
Part II. Reduced Returns: Part V. Reduced Costs:
3
Total Reduced Returns $ Total Keduced Costs
Part III. Total Added Costs and Part VI. Total Added Returns and
Reduced Returns $ Reduced Costs

Part VII. Net Change in Farm Income (Part VI minus Part III): $

STEP 4. Non-monetary Consideration:
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PARTIAL BUDGET FORM

STEP 1. Proposed Change: Replace animal powered waterwheel with a diesel powered water pump.
STEP 2. Key Information and Assumptions: 1. More irrigation water will be made available.
2. Fuel costs will increase at about the same rate as the past 5 years.
3. Crop prices be about the same as the past 5 years.
STEP 3. Economic Analysis:
ITEMS THAT REDUCE NET INCOME ITEMS THAT INCREASE NET INCOME
Part 1. Added Costs: Part IV. Added Returns:
Variable costs: fuel, grease, $ 1500 Maize (better yield) $ 100
repairs, oil, etc. Forage (better yeild) 150
Fixed costs: interest on loan, 500 Rice (better yield) 300
depreciation, taxes, etc. Tomatoes {increased acreage) 800
Total Added Costs $ 2000 Total Added meturns $ 1650
Part II. PReduced Returns: Part V. Reduced Costs:
A11 _crops & livestock produced § 0.0 Draft animal feed $ 500
when waterwheel was used can be Waterwheel repair 100
produced using a diesel pump Labor 420
(Milk & meat may be reduced if =
animals used for power are sold)
Total Reduced Returns $ 0.0 Total Reduced Costs $ 1020
Part IIi. Total Added Costs and Part VI. Total Added Returns and
Reduced Returns $ 2000 Reduced Costs $ 2670

Part VII. Net Change in Farm Income (Part VI minus Part ITI): ¢ 670

Diesei pump repair parts may be difficult to obtain.

STEP 4. Non-monetary Consideration:

Farmers are more familiar with animals than with machinery.




DISCOUNMTING
by A. Madsen

CONCEPT EXPLAINED

When farmers evaluate the potential payoff
of investments such as land leveling, a water drainage system, or
lining canals and ditches, they want the investments to eventually
pay for themselves. As a consequence, the time value of money must
be considered--both the cost and income aspects of an investment
must be weighed over time.

If money is borrowed to finance a project
and repayment made at different periods through time, certain
questions arise. What is the present valye of the future payments?
What is the present value of the future income that will be earned
during the useful life of the investment item?

An associated problem is evaluting the net
recults of two alternative investment possibilities, i.e., ditch
lining versus installing a drainage system. Project alternatives
may have different earnings each period, different amounts of time
during which the investment is useful in producing farm income, and
different lcan repayment arrangements v/hich complicate efforts to
make ccmparisons. Discounting is an economic tool which
facilitates comparing investment alterrnatives when future income or
costs are a factor.

Using an Egyptian farmer as an example, the
basic concept to consider when understanding income is that a pound
received today is worth more than a pound received one or more
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years from now. The income received today can be invested for
future profit or loaned to earn interest. Thus, income received in
the future must be discounted by some factor to estimate the com-
parability between having a pound now versus a similar amount in
the future. If the farmer must pay 20 percent interest to borrow
funds to purchase seed, fertilizer, and other inputs, the borrowing
cost becomes burdensome. In view of this cost, 1 Egyptian pound
(LE) available one year from now is worth only .83 LE compared to 1
LE today. The discount formula for this future value is:

PV = 1.0 LE where
1.0+ r
PV = present value of the future income
r = the discount rate (the same as the
interest rate of 20 percent in this
case).
Thus, 1.0 LE = .83 LE
1.0 + .20

Present Value of a Fixed Income for Indefinite Future Time

If a farmer expects to earn the same amount
each year from an investment for the foreseeabl~ uture, the
present value of each 1 LE annual income is 1/r. If the discount
rate (r) is 20 percent, each pound per year has a present value
(pv) of 5 LE (1/.20) = 5 LE. If 3 farmer invested in a drainage
system that increased the value of crop production 100 LE each year
indefinitely into the futura, the present value of this income
stream is 100 LE/.20 = 500 LE. Farmers should compare this present
value to the cost of the drainage system. Other things being
equal, if present value of the investment exceeds the present value
of the income stream, the investment should not be made.

Present Velue of a Different Income Amount Each Period

Frequently, the expected earnings from
investments in land, machinery, equipment, or capital improvements;
vary from period to period. The discounting formula for this
situation becomes:

LE LE3 LE
+
o)l )2 (143

n

to——

(1+r)"

where LE; (i =1 to n) represents amounts earned during Period 1
through n.
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For example, assume that an Egyptian farmer
invests in a water pump which he expects to increase crop produc-
tion valued at the equivalent of:

50 LE the 1st year
200 LE the 2nd year
100 LE the 3rd year
15 LE the 4th year

At the end of the fourth year, the pump will be sold for 150 LE.

So the farmer can determine how much he should consider paying for
the pump, discount the annual returns as follows, assuming a dis-
count rate of 20 percent:

pv = _50LE 4 200 LE , 100 LE , _75LE , 150 LE salvage
(1+.20)]  (1+.2002  (1+.20)3  (1+.20)" (1+.20)%

The present values of the income each year are summed to obtain the
total present value of the pump.

PV = 41.67 +138.89 + 51.87 +36.25 +72.46 = 353.12

In this example, the farmer should not pay more than 353 LE for the
pump.

The Present Value of Alternative Investments

Assume that farmers in a one sakia
(waterwheel) command area decided to pool their money to improve
the irrigation system. They can raise up to 10,000 LE for
investment. The group must choose between purchasing a large pump
or lining the main feeder ditches. It will cost 9500 LE for a
pump. The yearly increase in net value of the command area's crop
production is:

4000 LE the 1st year

3000 LE the 2nd year

2000 LE the 3rd year

1500 LE the 4th year

1000 LE the 5th year

- 900 LE the 6th year
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After the sixth year, the used pump will be sold for 2500 LE. The
present value of the investment, assuming a discount rate of 20
percent, would be:

pv = 4000 LE_, 3000 LE 2000 LE . 1500 LE , 1000 LE
3 " 4 { 215
(1+.20)1  (1.2)2 (1.2) (1.2) (1.2)

+ 900 LE + 2500 LE silvage _ 12,575 LE
(1.2) (1.2)6

The second investment considered is lining
the main feeder ditches at a cost of 9700 LE. This ditch improve-
ment is expected to increasz net crop returns 2000 LE per year for
the next 11 years.

The present value of lining the ditches is
the sum of each year's discount value, i.e., years 1 through 11:

PV = 2000 LE + 2000 LE . 2000 LE = 8653.589
(1+.20)! (1.2)2 (1.2)1

To eliminate such laborious computations, tables were constructed
to include conversion factors by which the expected costs or
returns can be multiplied to obtain the present value. Use of
these tables is explained in the section below entitled "Using
Dischunt Tables".

In comparing the present value of the two
investment alternatives, it can be seen that the pump is the better
investment because it yields the highest returns above investment
cost (3045 LE for the pump versus a loss of 1046 LE for ditch
lining). :

Discounting Future Costs

A concept paralle! to discounting future
income to estimate present value of an income stream is discounting
future costs (o estimate a present value of the future costs.

Using the previous rationale, it can be seen that paying a bill one
year from now is cheaper than paying now. Delayed payment allows
the investor to deposit his money in a bank and earn interest or to
invest in a profit-making enterprise for one year before making the
payment.
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The procedure for estimating present value
of a series of future payments (costs) is the same as the procedure
for estimating present value of future incomes. To obtain a true
picture of net benefits from investments thot have payments and
incomes over time, both costs and returns should be discounted.
The discounted costs must be subtracted from the discounted
benefits to arrive at the net benefit figure. For example, if the
discounted cost of an investment is 1200 LE and the discounted
income is 1500 LE, the net benefit from the investment is 300 LE or
1500 LE minus 1200 LE.

Using Discount Tables

Using discount tables saves time and
simplifies calculating present values of future returns or costs.
Table 1 can be used when the same amount of money is reccived each
time period (an annuity), as was assumed in our example for lining
feeder ditches, or when payments are the same ecsh period. To use
Table 1, identify the applicable discount rate at the top of the
page and go down the appropriate column to the number of years or
periods considerad. For example, assume a discount rate of 15
percent and a 5-year period of earrings. The conversion factor is
3.353. This factor was derived by summing

1 . (I N 14+ 15
(1+.15)1  (14.15)2  (1+.15)3  (1+.15) (1+.15)

If 100 LE is received each year, the present value of the invest-
ment is 100 LE x 3.353 = 335.30 LE. '

If a different amount of income is received
each year, the discocunt rate conversion factor for each individual
year must be taken from Table 2 and multiplied by the income
received that year. The muitiplied totals then are summed. For
example, assume a discount rate of 12 percent and returns of 50 LE
the first year, 100 LE the second year, and 150 LE the third year.
The 12 percent rate column is identified at the top of the table
and conversion factors for each year noted.. The computations are
as follows:

1

50 LE x .89 or (1/1+.12) = 44.50 LE
2

100 LE x .80 or (1/1+.12) = 80.00 LE
3

150 LE x .71 or (1/1+.12) = 106.50 LE

Present value of three years income 231.00 LE
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It was previously demonstrated that the
investment has a salvige value, the relevant income should be
considered in the year the item is sold and the r.ie/ant conversion
factor selected from Table 2.
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Table 1. Present Value of a Uniform Income Each Period

n* 8% 9% 10% 1% 12% 13% 14% 15% 16%
1 .926 .915 .909 .901 .893 .885 .887 . .870 .862
2 1.783 1.759 ©1.736 1.713 1.690 1.668 1.647 1.626 1.605
3 2.577 2.531 2.487 2.444 2.402 2.361 2.322 2.283 2.246
4 3.312 3.240 3.170 3.102 3.037 2.974 2.914 2.855 2.798
5 3.993 3.890 3.791 3.696 3.605 3.517 3.433 3.353 3.274
6 4.623 4.486 4.355 4.231 4.111 3.998 3.889 3.784 3.685
7 5.206 5.033 4.868 4.7 4.564 4.423 4.288 4.160 4.039
8 5.747 5.535 5.335 5.146 4.968 4.799 4.639 4.487 4.344
9 6.247 5.995 5.759 5,537 5.328 5.132 4.946 4.772 4.607
10 6.710 6.418 6.145 5.889 5.650 5.426 5.216 5.019 4.833
1 7.139 6.805 6.495 5.207 5.938 5.687 5.453 5.234 5.029
12 7.536 7.161 6.814 6.492 6.194 5.918 5.600 5.421 5.197
13 7.904 7.487 7.103 6.750 6.424 6.122 5.842 5.583 5.342
14 8.244 7.786 7.367 6.982 6.628 6.302 6.002 5.724 5.468
15 8.559 8.060 7.606 7.191 6.811 6.462 6.142 5.847 5.575
16 8.851 8.313 7.824 7.379 6.974 6.604 6.265 5.954 5.668
17 9.122 8.544 8.022 7.549 7.120 6.729 6.373 6.047 5.749
18 9.372 8.756 9.201 7.702 7.250 6.840 6.467 6.128 5.818
19 0.604 8.950 8.365 7.839 7.366 6.938 6.550 6.198 5.877
20 9.818 8.129 8.514 7.963 7.469 7.025 6.623 6.259 5.929
24 10.529 9.707 8.985 8.348 7.784 7.283 6.835 6.434 6.073
25 10.675 9.823 9.077 8.422 7.843 7.330 6.873 6.464 6.097
30 11.258  1(.274 0.427 8.694 8.005 7.496 7.001 6.566 6.177
36 11.717  10.612 0.677 8.879 8.192 7.598 7.079 6.623 6.2
40 11.925  10.757 9.779 8.951 8.244 7.634 7.105 6.642 6.233
48 12.189  10.934 9.897 9.030 8.297 7.671 7.13 6.659 6.245
50 12.233  10.962 9.915 9.042 8.304 7.675 7.133 6.661 6.246
60 12.377  11.048 9.967 9.074 8.324 7.687 7.140 6.665 6.249

* Years or periods.
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Table 1. (continued)
n* 17% 18% 19% 20% 21% 22% 23% 24% 25%
1 .855 .848 .840 .833 .826 .820 .813 .806 .800
2 1.585 1.566 1.547 1.528 1.509 1.492 1.474 1.457 1.440
3 2.210 1.174 1.140 2.106 2.074 2.042 2.01 1.981 1.952
4 2.743 2.690 2.639 2.589 2.540 2.494 2.448 2.404 2.362
5 3.100 3.127 3.058 2.991 2.926 2.864 2.803 2.745 2.689
6 3.589 3.498 3.410 3.326 3.245 3.167 3.092 3.020 2.951
7 3.922 3.812 3.706 3.605 3.508 3.416 3.327 3.242 3.161
8 4.207 4,078 3.954 3.837 3.726 3.619 3.518 3.421 3.329
9 4.45] 4.303 4.163 4,031 3.905 3.786 3.673 3.566 3.463
10 4.659 4.494 4,339 4,192 4,054 3.923 3.799 3.682 3.571
11 4.836 4,656 4,487 4,327 4.177 4.035 3.901 3.776 3.656
12 4,988 4.793 4.611 4,439 4.278 4,127 3.985 3.851 3.725
13 5.188 4.910 4.715 4,533 4,362 4.203 4.053 3.912 3.780
14 5.229 5.008 4,802 4.611 4,432 4,265 4.108 3.962 3.824
15 5.324 5.092 4.876 4.675 4.489 4,315 4,753 4.001 3.859
16 5.405 5.162 4,938 4,730 4.536 4,357 4,189 4.033 3.887
17 5.475 5.222 4,990 4.775 4.576 4,391 4.219 4,055 3.910
18 5.534 5.273 5.033 4.812 4,608 4.419 4.243 4,080 3.928
19 5.584 5.316 . 5.070 A_E43 4.635 4,442 4,263 4.097 3.942
20 5.628 5.353 5.101 4.870 4.657 4.460 4,279 4,110 3.954
24 5.746 5.451 5.182 4,937 4.713 4,507 4,318 4.143 3.981
25 5.766 5.467 5.195 4,948 4.721 4.514 4,323 4.147 3.985
30 5.829 5.517 5.235 4,979 4,746 4.534 4,339 4.160 3.995
36 5.862 5.541 5.253 4,993 4.757 4,542 4.345 4.165 3.999
40 5.871 5.548 5.258 4,997 4.760 4,544 4.347 4.166 3.999
48 5.879 5.554 5.262 4,999 4.761 4,545 4,348 4,167 4,000
50 5.880 5.554 5.262 4,999 4,762 4,545 4.348 4.167 4.000
60 5.882 5.555 5.263 5.000 4.762 4.545 4,348 4.167 4.000
* Years or periods.
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Table 2.

Present Value of 1.00 LE In A Specific Period

n* 8%

9% 10% 11% 12% 13% 14% 15% 16%
1 .926 .917 -.909 .901 .893 .885 .877 .870 .862
2 .857 .842 .826 .812 .797 .783 .769 .756 .743
3 .794 772 .751 731 712 .693 .675 .658 .641
4 .735 .708 .683 .659 .636 .613 .592 .572 .552
5 .681 .650 .621 .593 .567 .543 .519 .497 .476
6 .630 .596 .564 .535 .507 .480 .456 .432 .410
7 .583 .547 .513 .482 .452 .425 .400 .376 .354
8 .540 .502 .467 .434 .404 .376 .351 .327 .305
9 .500 .460 .424 .391 .361 .333 .308 .284 .263
10 .463 .422 . 386 .352 .322 .295 .270 .247 .227
1 .429 .388 .350 .317 .287 . 265 .237 .215 .195
12 .397 .356 .3i9 .286 .257 .231 .208 .187 .168
13 .368 .326 .290 .258 .229 .204 .182 .163 .145
14 .340 .299 .263 .232 . 205 .181 .160 .141 .125
15 .315 .275 .239 .209 .183 .160 .140 .123 .108
16 .292 .252 .219 .188 .163 141 .123 .107 .093
17 .270 .231 .198 .170 .146 .125 .108 .093 .080
18 .250 212 .180 .153 .130 1M .095 .081 .069
19 .232 .194 .164 .138 .116 .098 .083 .070 .060
20 .215 .178 .149 .124 .104 .087 .073 .061 .051
24 .158 .126 .102 .082 .066 .053 .043 .035 .C28
25 .146 .116 .092 .074 .059 .047 .038 .030 .024
30 .099 .075 .057 .044 .033 .026 .020 .015 .012
36 .063 .045 .032 .023 .017 .012 .009 .007 .005
40 .046 .032 .022 .015 .0mn .008 .005 .004 .003
48 .025 .016 .010 .007 .004 .003 .002 .001 .001
50 .021 .013 .009 .005 .004 .002 .001 .001 .001
60 .010 .006 .003 .002 .001 .001 .000 .000 .000

* Years or periods.
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Table 2. (continued)
n* 17% 18% 19% 20% 21% 22% 23% 24% 25%
iR} .855 .847 .840 .833 .826 .820 .813 .806 .800
2 .731 .718 ©.706 .694 .683 .672 .661 .650 .640
3 .624 .609 .593 .579 .564 .551 .537 .524 .512
4 .534 .516 .499 .482 .467 .451 .437 .423 .410
5 .456 .437 .419 .408 . 386 .370 . 355 . 341 .328
6 .390 .370 .352 .335 .319 .303 .289 .275 .262
7 .333 .314 .296 .279 .263 .249 .235 .222 .210
8 .285 .266 .249 .233 .218 .204 .191 .179 .168
9 .243 .225 .209 .194 .180 .167 .155 .144 .134
10 .208 .191 .176 .162 .149 137 .126 .116 .107
1n .178 .162 .148 .135 .123 112 .103 .094 .086
12 .152 137 .124 112 .102 .092 .083 .076 .069
13 .130 .116 .104 .093 .084 .075 .086 .061 .055
14 11 .099 .088 .078 .069 .062 .055 .049 .044
15 .095 .084 .074 .065 .057 .051 .045 .040 .035
16 .081 NIV .062 .054 .047 .042 .036 .032 .028
17 .069 .060 .052 .045 .039 .034 .030 .026 .023
18 .059 .051 - .044 .038 .032 .028 .024 .021 .018
19 .051 .043 .037 .031 .027 .023 .020 .017 .014
20 .043 .037 .031 .026 .022 .019 .016 .014 .012
24 .023 .019 .015 .013 .010 .008 .007 .006 .005
25 .020 .016 .013 011 .009 .007 .006 .005 .004
30 .009 .007 .005 .004 .003 .003 .002 .002 .001
36 .004 .003 .002 000 .001 .001 .00 .000 .000
40 .002 .001 .001 .001 .000 .000 .000 .000 .000
48 .001 .000 .000 .000 .000 .000 .000 .000 .000
50 .000 .000 .000 .000 .000 .000 .000 .000 .000
60 .000 .000 .000 .000 .000 .000 .000 .000

* Years cr periods.

.000



THE PRODUCTION FUNCTION AND FARM
PROFIT MAXIMIZATION

by A. Madsen

FACTORS INPUTS AND PRODUCT OUTPUTS

The physical relationships between the
application of difi:rent levels of the factors of production
(inputs) and assaciated product output levels are concepts
generally understood by most producers. Producers in arid regions,
for example, may not have detailed measures of productio': response
to variable inputs, but they understand that if water is not
applied, crops will be lost. They also recognize that as addi-
tional increments of water are correctly ‘applied, total crop yield
increases until a point is reached when total production actually
decreases as overwatering occurs. Similar input-output relation-
ships can be evaluated for inputs such as fertilizer, labor,
pesticides, seed, etc. (It should be emphasized that the response
to selected inputs is related to the present level of production
and the kind of farming practices used.)

In the following diagram, a hypothetical
production function or total product (TP) curve with associated
average product (AP) and marginal product (MP) curves and three
stages of production are shown. The total product (TP) curve
represents the total amount of lucerne produced with the applica-
tion of different amounts of water. The average product (AP) curve
is the total production at each water application level averaged
over all irrigations (TP + the number of irrigations) or product
output per irrigation. The marginal product (MP) curve represents
the additional quantity of lucerne is produced by adding each
additional irrigation (change in total product * the change in
number of irrigations). For example, Table 1 following this
article shows that with five irrigations, the farmer produces 28.0
units of lucerne and by adding the sixth irrigation 28.5 units will
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be produced (Table 1, Columns 1 and 2). 'fhe added lucerne produc-
tion is 0.5 units (28.5 - 28.0) and the added irrigation is 1
(6-5). Therefore, MP is .5/1 or .5 units.

Figure 1. Hypothetical Production Function for a Single Input
(Water) and a Single Output (Lucerne)

Three stages of the production are evident:

In Stage 1, the marginal product (the
increase in total lucerne production from the last additional
application of water) is higher than the average lucerne production
(total product divided by total inputs). All other things equal,
it is not rational to produce in Stage 1 because the output from
the last unit of input is higher than the average production of all
inputs. The average product of all inputs will be increased as
long as the marginal product is higher than the average product.
In Table 1, note that the marginal product exceeds the average
product of lucerne up to the second irrigation.

Stage |l begins where AP = MP (at point
"a") in Figure 1 and at about the second irrigation in Table 1. At
this point in the lucerne production function for the input water,
the average production of lucerne is at jts highest level. Stage
Il is considered the rational stage of production and extends to
the point where total production of lucerne is maximized. The
maximum is where the marginal product is zero (the last increment
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Table 1. Basic Input-Output Data and Related Costs and Returns for the Production of Lucerne with
an Alternative Number of Irrigations*

Physical Input-Qutput Data Econamic Data
Total Costs Average (osts Marginal Costs Returns
T 2 3 3 5 3 7 g 5 To in 13 314 5 15
Units Units Marginal Average Water all Total Average Average Average Cost per Cost per Total MNet Marginal Maroinal
of of Product Product of Cost Other Cost Variable Fixed Total Unit of Unit of Return Retums Retwrn Return
Water Lucerne of Water Water Per (Variable Costs Col. 5 Cost Cost Cost Add'1 Add'1 (TR) (Profit) Per Unit Per Unit
Applied (Total Per Unit Unit Cost) (Fixed + Col. 5 Col. 6 Col. 8 Input Output Col. 2 Col. 13 of Input of Output
(Input)  Product) Col. 2 = l. 1 x Costs)t Col. 6 - -+ - (MFC) (MC) X - (MVP) (MR)
1. 1 Rs 40 Col. 2 Col. 2 1.9 L. 5 Col.11 Rs2 Col. 7 ol 3 ol 5
- -+ X <+
Col. 145 Col. 3 Rs 2 Col. 3
Irrigation Unit/Ha Rupees
0 0.0 0.0 0 400 400 - - - 0 -400
1 8.0 8.0 8.00 40 400 440  s.00 50.00 s5s.00 %0 300 1600 1160 1600 200
2 18.0 10.0 9.00 80 400 480  4.44 22.22  26.66 40 400 3600 3120 2000 200
3 24.0 6.0 8.00 120 400 520  5.00 16.67 21.67 90 6-67 4800 4280 1200 200
4 27.0 3.0 6.75 160 400 560  5.92 14.81  20.73 40 13-33 5e00 4860 600 200
5 28.0 1.0 5.60 200 400 600  7.14 14.29 21.43 40 40-00 5000 5000 200 200
6 28.5 0.5 4.75 240 400 640  8.42 14.04 22,46 40 80.00 5200 5060 100 200
7 28.8 0.3 4.1 280 400 680  9.72 13.89 23.61 90 13333 5260 som0 o0 200
8 29.0 0.2 3.62 320 400 720 11.03 13.79  24.82 40 200.€0 5400 500 40 200
9 29.1 0.1 3.23 350 400 760  12.37 13.75 26,12 4 40009 5450 5060 20 200
10 29.1 0-0 2.91 400 400 800  13.75 13.75  27.5¢ 40 undef.  cea0 5020 0 200
11 29.0 -0.1 2.64 440 400 840  15.17 13.79 2396 40 -400.00 o5 4960 20 200

* The data do not represent actual output, costs and returns for lucerne production.

t Fixed costs per hectare are assumed to be Rs 400.

¥ Difference between sucoessive total products divided by differences between successive total input units.
& Each unit of variable input costs Rs 40.



of water added does not produce additional lucerne). This point is
reached at irrigation number ten as indicated in Column 2, Table 1
or at point "b" on the diagram.

Stage Il is an irrational level of
water application because the total production of lucerne is
decreased and the production response to the last irrigation of
water applied is negative. (Note the results of the tenth irriga-
tion presented in Column 2, Table 1.)

Agronomists and engineers must provide the
coefficients for production response at different levels of input
application. Farmers do not have the expertise or income to
experiment with different crops and variable inputs. They have
general information from historical events but not the detail
information that may be desirable.

In the absence of specific production
function data, farmers or researchers can recognize whether or not
a particular farm is producing within a range of acceptable
results. This evaluation may be based on community-wide averages
with regard to yields, input use, net returns, capital
availability, and so forth. Such data provide a first approxima-
tion of the potential range for improvement of the farm operation.

Farmers must decide within their own family
goals the amount of water (or other inputs) to apply. If survival
is the only objective and inputs are "free", the maximization of
basic food production per hectare may be a rational decision.

COST AND RETURN CONSIDERATIONS

The physical input-output relationships
identify the stage of production in which production should be
conducted, but this stage can extend over a wide range of input
levels. To identify the more exact level of input application, or
level of output production (assuming the objective is profit
maximization), it is necessary to establish the cost of factors of
production and the prices of products produced. Table 1 again is
an example to demonstrate the relationships between the production
function and profit maximization from the point of view of adding
inputs in incremental amounts or increasing production by incremen-
tal amounts. ‘

Conversion of Farm Products to Monetary Values

From the hypothetical production function,
we obtain the total amount of an established crop of lucerne that
can be produced from increasing irrigations (Columns 1 and 2, Table
1). Again note the production response to water will vary accord-
ing to the current level of application of other inputs. For each
irrigation, the average product and marginal product or amounts of
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iucerne produced have been calculated and identified in Columns 3
and 4. If each of the quantities in Columns 2, 3, and 4 are multi-
plied by the price per unit of lucerne (assumed to be Rs 200) the
total retirns or total value products are obtained and presented in
Column 13. The marginal value product (MVP) or marginal returns
are shown in Column 15.

Identifying Costs

Variable costs are costs that change as
production increases or decreases. The variable cost equals the
cost per hectare at applying different numbers of irrigations. In
this example, it is assumed that it costs Rs 40 per irrigation to
apply water to lucerne. (The variable costs are shown in Column 5,
Table 1.) It is assumed only the amount of water is varied and all
other inputs are fixed or do not vary with the level of lucerne
production. Such fixed costs could be taxes, family labor, long-
term debt payments, among others. The fixed costs are assumed to
equal Rs 400 per hectare and are shown in Column 6. The total
costs are the sum of the variable and fixed costs (Column 7).

Another critical cost factor needed to
identify the level of inputs which maximize profits is marginal
factor cost (MFC), which is the cost of each added input. If the
cost of the last unit of input is the same as the cost of the first
unit of input, the MFC remains constant as demonstrated in Column
11.

Deciding Upon the Most Profitable Level of Input

Through trial and error, one can find the
most profitable level of input application namely, where Tctal
Return (TR) less Total Cost (TC) = Profit is the greatest. The
calculation can become laborious and time-consuming. A more direct
way to identify the level of input application which maximizes
profits is to apply inputs to thc point where the marginal value
product (MVP) shown in Column 15 is equal to the marginal factor
cost (MFC) shown in Column 11. In our example, that occurs at
eight irrigations which is proven by computing the net revenue
(profit) for each irrigation. Table 1 shows the net rcturn at the
7th and 8th irrigations are equal. The optimum point is between
these two points. |If additional irrigations are applied, profits
will not be maximized.

Deciding Upon the Most Profitable Level of Output

Frequently it is desirable to determine the
most profitable level of crop or livestock production. The mar-
ginal principle again provides the most direct solution to the
problem. In this case, however, the two eiements.required are
marginal cost (MC) (the cost of producing an additional ton of
lucerne) and marginal revenue (MR) or the price at which the addi-
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tional unit of lucerne can be sold. To maximize profits, the
producer will increase production to the point where MC = MR. In
other words, the cost of producing the last unit of lucerne shouid
equal the price at which the last unit of production can be sold.

In the hypothetical example presented in Table 1, every unit (T) of
lucerne sold by the farmer can be soid at Rs 200 (Column 16, Table
1).  The marginal costs are calculated by dividing the cost of the
last unit of input (each irrigation costs Rs 49 per hectare) by the
marginal product (units of lucerne produced by the additional
irrigation). . The result is shown in Column 2, Table 1. In the
example presented, the profits are maximized at an output of 29
units of lucerne per hectare, Note that this production level is
the level of production achieved when the most profitable amount of
water was applied (MFC = MVP). Thus, it matters not whether the
analysis is done from the point of view of input application or

from the point of view of product output. The solution is the
same. The mzin factors affecting the level of production at which
profits are maximized within Stage Il of the production function
are: 1) the production function itseif, 2) the cost of the factors
of production (inputs), and 3) the price of the output (product
price).
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CROP SURVEY METHODS*
by M. Lowdermilk

Crop survey methods, whern related to com-
mand areas of farm irrigation systems, are desighed to document,
over an extended time, the crops cultivated i each farmer's field
for each cropping season. Documentation becomes complex when three
or more crops are cultivated in succession under intensive methods,
or when more than one crcp is cultivated in a single irrigation
basin or farmer's field.

PROCEDURES:

1. Obtain or develop a precise map of the
command arza.

2. Choose the best time for a crop survey.
If the survey is done during the transition of crops,
invalid data may result because what appears to be fallow
may be cultivated within a short period.

3. Measure the irrigation basins for each
farm with tape measurements or by pacing the field
boundaries. If the pacing method is used, each inves-
tigator must calibrate his pace in terms of feet and inches
or meters and centimeters per pace.

4. Select a section of the command area.
Station one person with a map near the center, use two
people to take measurements and to call out the crop or

crops in each unit as the party systematically moves down a
command area. '

* Modified from an article in The Problem Identification Handbcok.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.
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5. Use codes for each crop such as W for
wheat, F for fallow, and so forth.

6. If the map is of adequate scale and
there are several crops in a given unit, record the crops
in order of dominance, such as Ca = cabbage, To = tomatoes,
W = whaat. |If relay crops are used, note them as Co +
berseem to show that berseem is interplanted in cotton
(Co).

Return at the proper time in the crop cycle
to record the next crop. If there are two distinct cropping
seasons, for example, cotton (Co) followed by wheat, (W), it may be
noted as Co/W. There is, however, sometimes a problem because
farmers change the size of their irrigation basins and fields in
relationship to the crops they cultivate at any given time. Also,
farmers rent land from time to time.

CROP SURVEY DATA

Crop survey data provide records of crop-
ping intensities, patterns, and rotations over time. he data
should note intercropping patterns and the shift in field sizes in
relation to crop selection.

106



SOIL TEXTURE DETERMINATIONS
by L. Nelson |

Particle size distribution or soil texture
undoubtedly is the most informative single property measured in an
agricultural study. Soil texture is so important in directly
influencing other soil properties that soil classification schemes
include texture in the soil name. Simply knowing the soil texture
allows one to predict many of the chemical and physical properties
to be found in the field. One important example concerns the
relationship between available water and soil texture (Table 1)--a
relationship often used in evaluating irrigation methods.

' Particle size analysis involves measuring
the particle size distribution of a soil according to a set of
standard procedures. Unfortunately, a number of classification
systems dealing with particle size limits exist throughout the
world. It is necessary, therefore, to specify the classification
system used when reporting data. Two classification systems are
shown in Tables 2 and 3. Three methods for particle size analysis
in this section were developed for use with the USDA classification
system: texture-by-feel analysis, particle size analysis by
sieving, and soil texture by hydrometer method.

Soil texture-by-feel analysis is a
simplified approach designed to supplement or, under certain
conditions, replace laboratory testing methods. Particle size
analysis by sieving is restricted to analysis of sand, gravel, or
coarse texture soils. Particle size analysis by the hydrometer
method may be used for any type of soil, but requires a well-
equipped laboratory for large numbers of samples.
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Table 1. Approximate Total Available Water (TAN) in mm cm'1 as a Function

of Soil Texture

Textural Classification TAW cm cm-!
Very coarse sands 0.0 to 0.07
Coarse sands, fine sands, and loamy sands 0.07 to 0.10
Sandy loams and fine sandy loam 0.10 to 0.15
Very fine sandy lcams, loams, and silt loams 0.12 to 0.19
Clay loams, silty clay loams, and sandy clay loam 0.15 to 0.21
Sandy clays, silty clays, and clays 0,13 to 0.21
Peat and mucks 0.17 to 0.25

Table 2. The U.S. Department of Agriculture Particle Size Classification

Function Diameter, mm
Gravel ‘ >2

Very coarse sand 2 -1
Coarse sand 1 -20.5
Medium Sand 0.5 - 0.25
Fine sand 0.25 - 0.1
Very fine sand 0.1 - 0.05
Silt .05 - ,002
Clay <0.002

Table 3. The International Classification of Particle Size

Fraction Diameter, mm

Gravel >2

Coarse sand 2 - 0.2

Fine sand 0.2 - 0.02
Silt , ' 0.02 - 0.002
Clay ’ <0.002
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TEXTURE-BY-FEEL ANALYSIS

Tha flow diagram shown in Figure 1 provides

step-by-step directions for determining the textural class of a
soil sample.

PARTICLE SIZE ANALYSIS BY SIEVING

Equipment:

Method:

1. A balance or weighing device sensitive
to 0.01 grams. The balance should be able to weigh at
least 500 grams of material.

2. A set of standard sieves of size num-
bers 4, 10, 20, 40, 80, 100, 200 and a pan. The cor-
responding sieve openings are 4.75, 2.00, 0.850, 0.425,
0.180, 0.150 and 0.075 mm, respectively. The pan catches
all material finer than a number 200 sieve. Sizes other
than those listed can be used as long as they adequately
cover the range of sizes.

3. A sieve shaker. The sieves can be
shaken by hand or by a sieve shaker machine. Use a cover
to prevent loss of material during shaking.

1. Air-dry a representative sample of the
soil. Avoid separation of the soil during handling.

2. Carefully split or divide the soil
sample to obtain an average sample weighing 300 to 500
grams. Use a sample splitter or divide the sample by hand
on a paper or plastic sheet. Avoid losing small or large
particles from the sample.

3. Weigh the sample to the nearest 0.01
gram.

4. Put the sample into the top of a stack
of standard sieves. The coarsest mesh sijeve sheuld be on
top and the pan for collecting the finest materials on the
bottom.

3. Jar and shake the sieves vertically and
horizontally until there is less than a one percent change
in the weight of the material on a sieve during one minute
of shaking. Overshaking can grind the material on the
szreens to powder. Do not rub the soil sample to make it
go through the screens.
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START
LN

Place approximately 25 g soil in palm.
Add water drcowise and knead the soil
to break down all aggregates. Soil is
at the proper consistency when plastic Add dry soil to
and moldable, like moist putty. soak up water.

L

Does soil remain in a
ball when squeezed?

e
7~

Place ball of soil between thumb ang forefinger,
gently pushing the soil with the thumb, squeezing
it upward into a ribbon. Form a ribbon of uniform
thickness and width. Allow the ribbon to emerge
and extend over the forefinger, breaking from its
own weight.

.
LOAMY .

Ho Does soil form a ribbon?
SAND -

loes)

Is soil

NO too wet?

Does soil make a Does soil make a Does soil make a
weak ribbon less medium ribbon strong ribbon S sm \\'ﬂ\
than 2.5 cm long ::E§:> 2.5-5 cm long o or longer hefore

before breaking? before breaking? breaking?

N o) s

Excessively wet a small pinch of soil in palm and rub with forefinger.

L J_

Does soil Does soil Does soil
feal very feel very feel very
gritty? gritty? gritty?

S

Does soil Does soil Does soil
feel very feel very feel very
smooth? smooth? smooth?

Neither grittiness
nor smoothness
predominates

YES

Neither grittiaess
nor smoothness
predominates

YES

Neither grittiness
nor smoothness
predominates

YES

Figure 1. Instructional Diagram for Determining Soil Texture
by Feel (Modified from Thien, S.J. 1979. Journal
of Agronomic Education 8:54-55. Madison, W!)
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6. When shaking is completed, weigh the
amount of material retained on each screen. The sum of all
the weights should be nearly equal to the weight of
material placed in the sieves at the beginning.

7. Clean the sieves, especially the fine
sieves, with a brush to avoid damage.

8. Determine the cumulative weight
retained by adding the weights retained on each screen
progressively. The results are tabulated as shown in the
following example:

Sieve Opening Weight Cumulative
Number mm Retained Retained
4 4.75 0 0
10 2.00 0 0
20 0.850 9.10 9.10
40 0.425 16.95 26.05
80 0.180 23.40 49.45
100 0.150 17.30 66.75
200 0.075 | 3.90 70.65
Pan -- 1.32 71.97
Total 71.97
Original Weight 72.00
Loss 0.03 grams

9. Following this procedure, a table can
be prepared for opening sizes and percent finer. An
example follows:
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Opening Percent

mm Finer
2.00 87
0.850 64
0.425 31
0.180 7
0.150 2
0.075 0

10. Plot data on semi-log paper with the
vertical linear axis as percent finer and the horizontal
logarithmic axis as particle size or sieve opening.

A very steep curve indicates a uniform
material. A flatter curve indicates a graded material. The usual
soil particle size distribution curve is an "S" shape.

SOIL TEXTURE BY THE HYDROMETER METHOD

The hydrometer method, most commonly used
to determine the rel:*ive percentages of sand, silt, and clay,
involves reading the density of the soil-water suspension at pre-
determined times with a hydrometer. The density of the suspension
decreases as the larger, heavier soil particles settle out. The
density of tl.e solution at the predetermined times is proportional
to the sand, silt, and clay remaining in suspension.

Equipme::t:

—

. Hydrometer,
. 1000 m! sedimentation cylinder,

Centigrade thermometer,

SN

Dispersion cup mixer,

5. Dispersion cup,

6. Sodium hexametaphosphate solution (40
g/l buffered to pH 8-9 with sodium
carbonate) or 5% Calgon solution,

7. Plunger for sedimentation cylinder,

8. 250 mi Erlenmeyer flask, and

9. Squeeze bottle.
112



Method:

1. Place 50 grams of air-dried, 2 mm
sieved soil and 100 ml of 5% Calgon solution into a 250 ml
Erlynmeyer flask. Stir and allow to soak overnight.

2. The next morning add 100 ml of 5%
Calgon solution to a liter sedimentation cylinder and bring
to volume with distilled water.

3. Transfer the sample from the flask to
the dispersion cup. Be sure all of the sample from the
flask is transferred. Place the dispersion cup in the
mixer and mix for five minutes.

4. Transfer the sample from the dispersion
cup to another sedimentation cylinder. Be sure all of the
sample is transferred. Bring the sedimentation cylinder to
volume with distilled water.

5. Allow both sedimentation cylinders to
stand until their temperatures have equilibrated with air
temperature.

6. Thoroughly mix the soil-water suspen-
sion in the cylinder with a plunger.

7. Begin timing when the plunger is
removed from the sedimentation cylinder.

8. Carefully insert the hydrometer into
the soil-water suspension and read after 40 seconds. The
hydrometer should be inserted approximately 10 seconds
before the reading is taken. Carefully remove the
hydrometer from the cylinder. Take a temperature reading
of the soil-water suspension. Do not leave the thermometer
in the suspension.

9. Take a temperature and hydrometer
reading of the Calgon solution.

10. Repeat steps 8 and 9 two hours after
the starting time. '

11.  Correct the Calgon and soil-wates
suspension hydrometer readings for temperature by adding
.11 for every degree over 20°C or subtracting .11 for every
degree under 20°C (.2° for degrees F).

12. Subtract the cor'rected Calgon readings
from all corrected soil suspension readings.
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13. Use the final corrected values to make
the following calculations:

a. 100 - 40 sec. reading = % sand

b. 40 sec. reading - 2 hours reading =
% silt
c. 2 hours reading = § clay

14.  Refer to Figure 2 to determine the
soil textural class.
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SOIL MOISTURE SAMPLING*
by A. Early

The King Tube Sampler is a useful tool to
the water management specialist. When properly constructed and
correctly used, it provides volumetric samples of soil to calculate
dry bulk density, soil moisture percentages, and plant food
analyses. However, extremes in soil moisture percentages may limit
density accuracy. In very dry soil, some of the sample often may
be left at the bottom of the hole, and very wet soil will stick to
the sides of the tube. In either case, lower-than-actual-density
values may result.

A few precautions and suggestions were
developed to assist in avoiding these pitfalls.

1. Clean and polish the tube regularly to
be sure it is clean and free of rust.
Cover with a light film of oil if tube
is not used regularly.

2. Measure the inside diameter of the
cutting edge of the tube and check the
exterior depth calibrations above the
cutting edge. Reject the tube if any
of the measurements are not within
0.005 ft (.01 centimeter).

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.
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10.

Select representative sites from the
field to be sampled. Areas within the
field which appear different from the
"average" should be sampled separately.

Align the tube vertically and strike
the tube vertically into the ground so
the pointed edge of the hammer moves
inside the tube in an up and down
motion. Never swing the hammer as a
driving device.

Place a straight edge on the ground
next to tne hole as a reference point
to stop the sample tube at each depth
graduation.

Remove the hammer from inside the tube
and orient it horizontally (perpen-
dicular to the tube), passing the
hammer slot over the end of the tube.
Rotate th» hammer 90° in a horizontal
plane and .ift the tube slowly, verti-
cally from the soil.

Place your left index finger over the
cutting edge of the tube as it emerges.
from the surface of the soil to prevent
sample spillage.

Invert the tube with top of tube over
the container (a moisture can with
tight fitting lid or a plastic bag) to
keep the sample in proper moisture
condition until weights are determinec.
Force the sample loose by pushing it
loose with the index finger. A clean,
polished tube, properly constructed,
easily releases the sample into the
container. Close the container
immediately to prevent the loss of
moisture. Do nct allow unweighed
sample to be exposed directly to the
sun, especially samples collected in
plastic bags.

Repeat steps 4 through 8 for as many
different depth increments as needed.

Repeat steps 3 through 9 for at least
two replicates in other representative
sites of the field being zampled.
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11,

12,
13.

14.

Weigh and record the weight of the wet
sample in the field. Samples placed in
plastic bags should be weighed
immediately.

Dry the sample.

Reweigh the sample after predetermined
drying time. (The sample is considered
dry when no further weight changes
occur.)

Make necessary calculations using the
following procedures.

a. Volume = 3.14 (D/2)2H.

b. Water Weight = (wet weight of
sample and container) - (dry weight
of s"mple and container).

c. Net 4dry weight of sample = dry
weight (sample and container) -
weight of container.

d. Percent moisture by weight =

net weight of water x 100 .
dry weight of soil

e. Field dry bulk density =

net dry weight of s0il (gm)
volume of sample (cc)

f. Percent moisture by volume =

field dry bulk density x percent moisture

by weight or

weight of water x 100
volume of sample

g. Approximate available moisture
(inches per foot) ASM = 12 x % MC
Volume - Volume at wilting point
where % MC-Vol. at the wilting
point is to come from laboratory
analysis of soil moisture
‘characteristic.
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SOIL MOISTURE DETERMINATION*
by A. Early

Water management proficiency requires
technicians to learn 1) the water requirements of the plants to be
grown, 2) how much of that water can be furnished from the soil's
stored moisture, and 3) how much and how often water must be
applied through irrigation. Soil moisture determination,
therefore, is important as soon as soil samples are collected and
prepared.

The sample must be protected against mois-
ture loss from the time it is collected until the initial weight is
recorded. Airtight metal or plastic containers provide such
protection.

There are two types of moisture determina-
tion methods. The gravimetric (measurement by weight) determina-
tion involves determining weight differences at the time the sample
is collected and after it is dried to measure the amount of the
water in the soil. The touch and feel method is a field procedure
used to make quick, practical estimates of moisture resources and
requirements.

* Modified from an article in The Problem ldentification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
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GRAVIMETRIC DETERMINATIONS
The Oven

The oven is used in the laboratory to
determine soil moisture analyses. It provides an exact analytical
measurement of the amount of moisture in the soil and, through
combining the results from samples representing various segments of
the soil profile, the water content of the field within the root
zone of the crop to be produced can be calculated.

Standard procedure for use of the oven is:
1. Weigh and record weights of the air-
tight containers and the soijl they

contain,

2. Open the containers and place them in
the oven which is set at 105°C.

3. Dry for 24 hours.

4. Record dry weight.

5. Subtract dry weight from weight of the
field-collected sample. The difference
is water.

Because some soils dry more readily than

others, this procedure may be repeated as necessary until the

weight becomes constant.

The Sun Drying Method

Because ovens generally are not available
to workers in the field, an alternate method was developed which
uses solar energy for drying soil samples. In areas where the
climate is warm and dry, results have teen close to those obtained
from oven-dried samples.

Plastic sheets or the same plastic bags in
which the samples are stored are exposed to the sun after the
sample is weighed. The procedure for sun-drying of samples is:

1. Determine weight of sheet or bag by
weighing 100 of them and determining
the average weight. '

2. Spread the sample out and break any

clods present to provide maximum
exposure of soil to the sun.

122



Place the samples in a convenient,
protected area where maximum exposure
to the sun is available.

Exposure time:*

Time of Year Sheet Bag
Hot Season 3 hours 5 hours
Cool Season 4 hours 7 hours

These tabulated times assume the number of

hours of bright sunshine.
partly cloudy weather.

Drying cannot be done during cloudy or

Overnight drying is not recommended because
wind or storms can ruin samples quickly.

Specifications of drying sheets or bags:

Sheets

Sheets should be 2-to-6-mil.
polyethelzne plastic, 24-inches square.

Sheets need not be weighed if a special
weighing dish is used.

Bags

If the same bag in which the sample is
collected is used, larger bags are
needed. 15" x 15" plastic bags are
recommended so they may be folded to
provide a two-inch rim around the
expcsed sample. Usirg bags provides
somewhat more protection against spil-
lage than use of sheets and requires
fewer supplies and less handling.

* These exposure times have been found to arproach 1% of oven-dry
where the climate is warm and dry and the sun

weights in Pakistan,
intensity is high.
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THE TOUCH AND FEEL METHOD

The touch and feel method is not intended
to replace field samplings and laboratory techniques. Rather, it
is intended to enable the technician to develop a practical, quick
estimate in the field when decisions about water use or irrigation
planning are necessary.

A detailed explanation of the touch and
feel method is presented in the previous article, "Soil Texture
Determination” (L. Nelson). Figure 1 (page 18) of that article
gives the step-by-step procedure for this method.

Once the basic textural group is
determined, the samples in the field moisture candition is
examined. Squeeze the sample into a ball about an inch in
diameter. Test the ball for strength and compare its strength with
the descriptions given in Table 1 representing the textural grade
of the sample. Estimate the soil moisture deficiency in inches-
per-foot of depth using the last column of the table.

Note: the chart assumes the average soil's
available soil moisture, at field capacity, for the four textural
classes to be:

Coarse - 0.7 inches per foot

Light - 1.3 inches per foot

Medium - 1.8 inches per foot

Fine - 2.0 inches per foot

These values can be divided by 12 and
multiplied by 100 to convert to available moisture on a volume
basis. The figure divided by the bulk density of the soil provides
available moisture on a weight basis (which the gravimetric proce-
dure provides).

Comparison of the Three Techniques

The three techniques discussed here are not
designed to replace one another. They are each used in a manner to
expedite the management program most efficiently.

Use of the oven provides the true analyti-
cal analyses of soil moisture availability. The other methods were
developed to supplement, not replace, the oven. The accuracy of
the sun drying method depends on the care with whicih the sample is
handled, temperature, humidity and intensity of the sun. Its
accuracy might not be dependable in cool or humid climates, but in
warm, dry areas such as Pakistan, the results were found to be
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Table 1.

szl

Soil Moisture Deficienc

Y and Appearance Relationship Chart*

(This chart indicates approximate

relationship of soil moisture deficiency between field capacity and wilting point. For more
accurate information the soil must be checked by drying samples.)
Moisture Soil Texture Classification Moisture
Deficiency Coarse Sandy Medium Fine Deficiency
(in/ft) (loamy sand) (sandy loam) (1oam) (clay loam) (in/ft)
0.0 Leaves wet outline Appears very dark, Appears very dark, Appears very dark, 0.0
on hand when Teaves wet outline leaves wet cutline leaves slight moisture,
squeezed on hand, makes a on hand, will ribbon on hand when squeezed,
0.2 short ribbon out about one inch will ribbon out about 0.2
Appears moist two inches
makes a weak Quite dark color,
0.4 ball makes a hard ball Dark color, forms 0.4
a plastic ball, Dark color, will
Appear slightly sTlick when rubbed slick and ribbons
0.6 moist sticks Fairly dark color, easily 0.6
together makes a good ball Quite dark, forms
a hard ball
0.8 Dry, lcose, flows Quite dark, will 0.8
thru fingers. STightly dark make thick ribbon,
(wilting point) color, makes a Fairly dark, may slick when
1.0 weak ball forms a good ball rubbed 1.0
Lightly colored Fairly dark, makes
1.2 by moisture, will Slightly dark, a good ball 1.2
not ball forms weak ball
1.4 Very slight color Will ball, small 1.4
due to moisture Lightly colored, clods will flatten
(wilting point) small clods crumble out rather tnan
1.6 fairly easily crumble 1.6
Slight color due Some darkness due
1.8 to moisture, small to unavailable 1.8
clods are hard moisture, clods are
(wilting point) hard, cracked
2.0 (wilting, point) 2.0

*From Merriam, J.L.
The American Society of Agricultur

1960.

Field m

ethod of approximating
al Engineers 3(1):31-32

soil moisture for irrigation.

. St. Joseph, MI,

Transactions of



practical and accurate when samples were properly handled and
protected.

: The touch and feel method is not intended
to replace gravimetric procedures. It was developed to make quick,
practical field decisions. If the procedure is to be accurate and
effective, the person using it should constantly calibrate his
"feel" against gravimetric results.
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by L. Nelson

Two methods are used to express soil
weight: particle density and bulk density.

Particle density (specific density), a
weight measurement concerned with soil solids, is defined by the
equation:

D = Ws
Vp
where:
Dp = particle density (g/cc)
Ws = weight of oven (g) dried soil
Vp = volume of the particles (cc)

Although particle densities of soils may range from less than 2.40
g/cc in organic soils to greater ihan 2.75 g/cc in heavy mineral
soils, most mineral soil particle densities are around 2.65 a/cc.

While exact particle density of a mineral soil is relatively easy

to determine in the laboratory, it is normally assumed to be 2.65
g/cc for most purposes. The small errors incurred by assuming this
value have little effect on calculations which involve particle

density.

Bulk density, which takes into account the
entire soil, volume is defined by the equation:
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Db = Ws

Vb
where:
Db = bulk density g/cc
Ws = oven dry weight of the soil
Vb = bulk volume of the soil

Thus, bulk density measurements take into
account both solid particles and pore spaces of a soil. Buik
density values of clay, clay loam and siit loam soils normally
range from 1.00 to 1.60 g/cc while sands and sandy loams may range
from 1.20 to 1.80 g/cc. Very compact subsoils, regardless of
texture, may have bulk densities as high as 2.00 g/cc or greater.
Bulk densities vary within a field and often increase with depth.

Field and/or laboratory bulk density
measurements are useful for pinpointing compacted soils which may
restrict recot growth of crops and impair plant-soil-water
relationships. The extent and thickness of hardpans over a given
area are determined easily with bulk density measurements. Even
variations in management practices of farmers may be associated
with changes in bulk densities. Bulk density data also can be used
to calculate soil porosity which closely approximates the maximum
percentage of water the soil will hold (saturation percentage)

P = 100 - Db x 100
Dp
When average porosity of a soil is determined, estimates of water-
holding capacities and irrigation requirements can be made from
soil moisture determinations.

CORE METHODS FOR DETERMINING BULK DENSITY

A. Double Cylinder Sampler Method

Because larger samples are collected (fewer
errors), the double cylinder apparatus is preferred to an open-
sided probe for collecting bulk density samples. However, if a
double cylinder apparatus is unavailable, the open-sided probe will
suffice if extreme care is taken in obtaining the sample and if
replications are increased.
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Equipment:

1. Double cylinder sampler
Spatula or knife

Soil moisture cans (one/sample)
Shovel

Drying oven

a O A W N

Balance

Method:

The instrument is composed of a double-
cylinder, connecting rod, and a sliding hammer. To obtain bulk
density samples, drive or press the sampler into either a vertical
or horizontal soil surface far enough to fiil the sampler without
compacting the soil. Then remove the sempler so the structure and
packing of the soil are not disturbed. This may require the use of
a shovel to loosen the soil and the sampler. After removal,
separate *he two cylinders from the sampler. The undisturbed soil
is retained in the inner cylinder. Trim soil extending beyond the
ends of the cylinder flush. The soil sample volume is the same as
the volume of the sampler holder. -

V =g h
where:
V = volume of the soil sample
m = 3.14
r = radius of the cylinder
h = height of the cylinder

Note: the cutting edge of the sampler normally has a slightly
smaller diameter than the sampie holder to reduce friction as the
soil enters the inner cylinder. Therefore, use the diameter of the
cutting head for volume calculations.

Once a satisfactory sample is collected,
transfer the soil to a soil moisture can, dry in an oven at 105°C
for 24 hours, and weigh. Then calculate the bulk density of the
sample using the formula presented in the introduction of this
section.
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B. The Open-Sided Probe Core Method

Equipment:
1. Open-sided probe,
2. Spatula or knife,
3. Centimeter ruler,
4. Soil moisture cans,
5. Drying ovens, and
6. Balance.

The sampling procedure is somewhat similar
to that of double cylinder method. Carefully press the open-sided
probe vertically into the soil and withdraw the probe to avoid
shearing of the exposed soil. Compaction of the soil sample is
observed easily by comparing the depth the probe was inserted with
the length of the soil sample. Discard compacted samples. The
inside walls of the probe may be coated with a lightweight oil to
reduce friction and compaction problems.

Once a satisfactory sample is cc!lected,
lay the probe on the ground with the exposed soil up. Then use a
ruler to measure a predetermined length of the sample (> 10 cm).
Carefully trim each end of the sample core with a spatula or knife,
making sure the cuts are vertical. Remove excess soil from either
side of the sample core and place the core in a soil moisture can.
Then treat the known sample volume in a similar manner to that
described in the double cylinder core method.

EXCAVATION METHOD FOR DETERMINING BULK DENSITY

Equipment:

1. 5 kg of standard size sand (sand par-
ticles passed through a Number 20 sieve
and retained or a Number 60 sieve are
recommended) or a rubber-balloon
apparatus*

2. 1000 ml graduate cylinder,

* The rubber balloon apparatus does not require a graduate cylinder
or a template.
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3. A template consisting of a thin, flat
metal plate approximately 30 cm square,
with a hofe 10 to 12 c¢m in diameter,

4. Centimeter ruler,

5. Spoon (large),

6. Large metal soil containers,
7. Drying oven, and

8. Balance.

Lay the template on a previously leveled
soil surface cleaned of loose soil. Excavate a hole 12 cm in
diameter and approximately 12 cm deep. Place the excavated soil in
a large soil can for later determination of oven-dry weight. Then
fill the hole with sand to the bottom of the template. By using a
graduated cylinder, the volume of sand used to fill the hole is
known and bulk density may be calculated after oven-dry weights of
the soil are determined.

The rubber-balloon apparatus follows a
similar procedure except a balloon replaces the sand in the
excavated hole and is attached to a specially designed water-filled
cylinder. A valve is turned on to expand the balloon and fill the
hole. Graduated readings on the cylinder permit easy volume
determinations.

REFERENCES

Blake, C.R. - 1965. Bulk density in methods of soil analysis, Part
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SOIL FERTILITY AND SALINITY
ANALYSES SAMPLING*

by B. Stewart

The analyses of the soil sample provides a
quick, practical way for the farmer and the field supervisor to
obtain advanced information about the fields with which they will
be working during the following production season. Cultural deci-
sions can be made in advance, thus allowing for more efficient
planning prior to when the soil is being prepared for planting.

If the tests are to be of value to the
farmer, he must be able to associate each of them with a particular
set of field conditions. Familiarity with the fields and with the
situations that the tests represent will enable the farmer to
formulate his production plan ahead of time. The manner in which
the soil sample is collected and prepared, therefore, becomes very
important. Rather precise techniques have been developed which,
when followed, will provide accurate information about the fields
under the conditions which the soil sample represents. It must be
emphasized that samples that are not representative, or that are
improperly handled are worthless. :

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AiD/TAC-1100.
Fort Collins, CO.
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Equipment:

The sample can be collected with the shovel
or spade, normally used on the farm for other work (Figure 1).
Soil sampling augers and tubes, however, simplify the collection.
In Pakistan, the King Tube Sampler is widely used. Sampling equip-
ment must be clean and free from rust to eliminate contamination.
Clean, well-kept equipment also is easier to use. If micronutrient
analyses are to be performed, stainless steel and plastic tubes and
buckets are recommended to eliminate any possibility of introducing
iron and zinc into the sample from the equipment.

Figure 1. Possible Tools for Taking Samples to the Plow Depth

Nviethod:

The field supervisor who is responsible for
sampling procedures gradually will develop a routine which
simplifies the sampling procedure and reduces the time involved. A
rather definite procedure is followed:

1. The person who is sampling the field
must become familiar with the various situations within the
field and sample accordingly. Each sample must represent a
specific field situation and condition, and be labeled,
bagged, and packaged accordingly (Figure 2).
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Figure 2. lllustration of How a Field Might be Divided So All Uniform
Areas Are Represented '

2. Using clean equipment, collect 10 to 20
cores from each selected ara. (If the spade is used, the
"core" is a sample of the plow slice, 1 inch wide, from the
center of the blade.) Most of the fertility elements are
normally contained in the upper six inches of the soil, so
sample to the depth of the "plow slice"--usually 6 to 8
inches. When necessary for salinity analyses, additional
samples may be taken at intervals from the entire root
zone.* |f subsoil samples are to-be taken, either for
fertility or salinity analyses, collect a second sample
from the same bore from the 6" to the 12" level, etc.,
until the desired depth is reached. Label and submit these
samples separately.

3. Thoroughly mix the sample, breaking up
any clods which might be present. Dry the sample (air dry,
do no heat). Spread the sample upon a flat, clean surface
and divide the sample into quarters until about a quart
(about 1 liter volume) of soil remains for fertility
analyses. Samples about twice this size should be col-
lected for complete salinity analysis.

4. Package the sample in a strong, clean
container.

* For salinity analyses, subsoil samples are always required.
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5. Be sure to fully identifv each sample
and record the information needed to identify it with the
field situation from which it was collected.

6. Submit complete information to the
laboratory. (Their information can only represent that
which they are given.) Package the semples and deliver them
to the laboratory with that information. Be sure that
samples are protected against breakage and mixing on their
way to the laboratory.

This completes the sampling process for one

field condition. Repeat the process for each segment of the field
which is to be sampled.
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SOIL SALINITY DETERMINATION

by L. Nelson

The electrical conductivity, EC, of the
soil solution is commonly used to indicate the salinity status of a
soil. Electrical conductance is expressed in mhos and is the
reciprocal of electrical resistance which is given in ohms.
Electrical conductance is used to describe the sait concentration
of soil solution because the conductance varies with salt content.

Most solutions have electrical conductivity
much less than one mho. It is, therefore, customary to express
electrical conductivity of soil solutions in millmhos/cm (mmhos/cm)
and electrical conductivity of irrigation waters in microm os/cm
(umhos). One mhos/cm consists of 103mmhos/cm and 10°umhos/cm.

Equipment:

1.  Conductivity meter for electrical
conductivity measurements,

2. Conductivity cell, pipet type, which
consists of a pair of 1 cm square
platinum electrodes separated by 1 cm.
(The cell usually has a capacity of 2
ml.),

Extractor or vacuum system,

Balance,

Filtration flasks,

(22 ZN & 1 B ~ S 4% )

Buchner or Richards funnels,
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7. Thermometer,
8. Mixing bowls or 500 ml beakers,
9. Spatula,
10. Distilled water,
11.  Thermometer,
12, 100 m! graduated cylinder,
13. .01 N KC1 solution,
14.  (2) 100 mi beakers, and
15. 50 ml beaker.
Procedure:

1. Weigh approximately 100 g of air-dried,
sieved soil for a gravimetric soil
moisture determination.

2. Weigh another sample, approximately
200 g of air-dried, sieved soil into a
mixing bowl or beaker. Record weight
of soil and weight of the soil plus
mixing bowl.

3. Prepare the saturated paste by slowly
adding distilled water to the soil
sample while stirring with a spatula.
At saturation, the soil paste glistens
as it reflects light, flows slightly
when the container is tipped, and
slides freely and cleanly off the
spatula. This is true for all soils
except those with high clay content.
Record the amount of water used to make
the soil paste. Seal the bowl with a
plastic wrapper and allow to stand for
four or more hours.

4. Place a medium grad: filter paper in
the funnel of the Buchner funnel-vacuum
flask assembly and dampen the filter
paper with distilled water.

138



10.

1.

12.

13.

Spread the saturated paste over the
filter paper and gently apply a vacuum.
Terminate vacuum extraction after 15 to
20 ml of soil solution are collected.

Turn the conductivity meter on and
allow it to warm up for 2 to 5 minutes.

Determine the cell constant with a 0.01
N KCI solution. Fill and empty the
cell twice with the 0.01 KCI (a .01 N
KC1 solution = 0.7456 g KCI dissolved
in 1 liter of distilled water) solution
to avoid contaminations from solutions
previously used in the cell. Fill the
cell a third time and follow the
manufacturers instructions for balanc-
ing the bridge. Read the electrical
conductivity and correct the reading
with the temperature conversion factor
fy (Table 1). Calculate the cell
constant, k, as follows:

k = ECkct 250
1.4118 mmhos

where ECke 250 is the measured electri-
cal conductivity of the 0.0IN KC1
solution corrected to 25°C and 1.4118
mmhos is the known electrical conduc-
tivity of a .01 N KC1 solution at 25°C.

Fill and empty the cell twice with
distilled water.

Fill and empty the cell twice with the
soil solution (saturated paste
extract).

Refill the cell with the soil solution
and record the electrical conductivity
reading.

Measure the temperature of the soil
solution and record.

Repeat steps 8-11 for subsequent *
samples.

Jurn off con'ductivity meter,
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Table 1. Temperature Conversion Factors, ft, for Converting Conductivity
Data on Soil Solution Extracts to the Standard Temperature of

25°C
C fy C fi C fy

3.0 1.709 22.0 1.064 29.0 0.925
4.0 - 1.660 22.2 1.060 29.2 0.921
5.0 1.613 22.4 1.055 29.4 0.918
6.0 1.569 22.6 1.051 29.6 0.914
7.0 1.528 22.8 1.047 29.8 0.911
8.0 1.488 23.0 1.043 30.0 0.907
9.0 1.448 23.2 1.038 30.2 0.904
10.0 1.411 23.4 1.034 30.4 0.901
11.0 1.375 23.6 1.029 30.6 0.897
12.0 1.341 22.8 1.025 30.8 0.894
13.0 1.309 24.0 1.020 31.0 0.890
14.0 1.277 24.2 1.016 31.2 0.887
15.0 1.247 24.4 1.012 31.4 0.884
16.0 1.218 24.6 1.008 31.6 0.880
17.0 1.189 24.8 1.004 31.8 0.877
18.0 1.163 25.0 1.000 32.0 0.873
18.2 1.157 25.2 0.996 32.2 0.870
18.4 1.152 25.4 0.992 32.4 0.867
18.6 1.147 25.6 0.988 32.6 0.864
18.8 1.142 25.8 - 0.983 32.8 0.861
19.0 1.136 26.0 0.979 33.0 0.858
19.2 1.131 26.2 0.975 34.0 0.843
19.4 1.127 26.4 0.971 35.0 0.829
19.6 1.122 26.6 0.967 36.0 0.815
19.8 1,117 26.8 0.964 37.0 0.801
20.0 1.112 27.0 0.960 38.0 0.788
20.2 1.107 27.2 0.956 39.0 0.775
20.4 1.102 27.4 0.953 40.0 0.763
20.6 1.097 27.6 0.950 41.0 0.750
20.8 1.092 27.8 0.947" 42.0 0.739
21.0 1.087 28.0 0.943 43.0 0.727
21.2 1.082 28.2 0.940 44.0 0.716
21.4 1.078 28.4 0.936 45.0 0.705
21.6 1.073 28.6 0.932 46.0 0.694
21.8 1.068 28.8 0.929 47.0 0.683

Source: Richards, L.A. (Ed.). 1954. Diagnosis and improvement of saline
and alkali soils. U.S. Department of Agriculture, Handbook 60. Washington,
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14.  Fill and empty the cell two or more times and
store cell filled with distilled water.

Calculations:

Percent water in the air dry soil:

% H_ O = (air dry soil weight *+ tare - oven dry soil weight + tare)
2 : (oven dry coil weight - tare)

Percent water in saturated paste:

% HZO = lgrams water added) * (%, HpO air dry soil)(air dry soil weight)

(air dry soil weight) - (% H20 air dry soil)(air dry soil weight)

Electrical conductivity of the soil solution:
EC = ECR x ft x k
COMMENTS

In areas where irrigation waters of low
salinity are used, the concentration of soil solution extracts
frequently range in electrical conductivity below 4 mmhos/cm. In
these situations, little or no evidence of salt injury has been
found and almost any crop adapted to the climatic conditions may be
grown (Table 2). In areas where the soil solution extracts range
in conductivity to 8 mmhos/cm, many of the more sensitive crop
plants do not thrive, but such crops as _cotton,.alfalfa, sugar_
_beets_and cereals, _including grain sorghums, may grow well and
“produce excellent crops.

Table 2. Crop Condition Related to the Electrical Conductivity of
Soil Solution Extract From the Saturated Soil Paste
(Richards, 1954)

Scale of Conductivity mmhos/cm

0 4 8 16
A1l crops thrive Sensitive crops Crop growth Only a few
no evidence of do not thrive. restricted, species
salt injury. Tolerant crops yield usually survive.
may do well. poor.




MEASURING pH

by L. Nelson

The determination of the hydrogen ion
activity or pH of a soil is a common measurement used to charac-
terize soils. Although the amount of H+ in soils is normally small
(10-3-5¢5 10-12 moles/liter), the H¥activity is extremely
important. The chemistry of the soil, both organic and inorganic,
is so closely related to pH that no other single measurement con-
veys as much chemical information.

Field measurements of pH are either elec-
trometric or colorimetric. Electrometric methods require use of a
portable, battery-operated pH meter. Colorimetric methods use a
series of indicators or a single indicator that change colors
depending on the pH range found in the soil. Although colorimetric
methods are not as precise as the electrometric methods, they are
easily made in the field and therefore quite suitable for field
surveys. Only within the specific ranges of pH 4.5 to 5.5 and
pH-8-to-9 (borderline areas for problem soils) is it necessary to
take samples to a laboratory for more precise electrometric
determinations.

INTERPRETATION OF pH MEASUREMENTS

Interpretation of pH measurements requires
an understanding of chemical dissociation of water and its dis-
sociation constant.

HyO0 = H* + OH- 10-14

and
(H*) (OH™) = 10-14
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In a closed systam (no gas exchange), the hydrogen ion activity
(H*) and the hydroxyl ion activity (OH™) are both 107

moles/liter. Examination of the equation reveals that (H*) ang (OH*)
can vary from 10° to 10~14 as long as they sum to 10-14,

By convention, pH is defined as the nega-
tive log of the hydrogen ion activity and p OH as the negative log
of the hydroxyl! ion activity. The pH scale varies from 0 to 14.
At a pH of 7, HY and OH"activities are equal and the solution is
said to be neutral. When the pH of a solution is less than 7, the
solution is said to be acidic; that is, the activity of H is
greater than the activity of OH . Conversely, when the pH of a
solution is greater than 7, it is basic or alkaline and the
activity of OH is greater than the activity of H . Terminology
used to describe pH values for solutions is directly transferable
to soils. Thus, a soil with a PH of 7 is a neutral soil, while
soils with pH values less than 7 become more acidic and those with
PH values greater than 7 become more alkaline.

It is important to realize that much infor-
mation provided by pH measurements of soils is inferential.
However, when the pH of a soil is combined with other chemical
tests and field observations, the agronomist can be fairly certain
the picture he presents of a given field will be confirmed by the
more time-consuming, detailed research procedure involved in the
solution phase of a project.

NUTRIENT AVAILABILITY

Because pH directly and indirectly affects
the availability of minerals essential to plant growth, certain
inferences about nutrient availability can be made from pH
measurements. Figure 1 shows 1) the relative availability of some
of the mineral nutrients as a function of pH and 2) that neutral
and near neutral soils are capable of supplying nutrients at more
favorable levels than soils falling in either acidic or alkaline pH
ranges. It is important to realize, however, that other soil
properties, determine the actual fertility of a given soil. They
include the organic matter content, cation exchange capacity, the
types of primary and secondary minerals in the sand, silt and clay
fraction, and soil depth. In other words, improved availability of
mineral nutrients, normally associated with pH ranges of 5.5 to 8,
are unimportant if they are in low supply to bégin with. The mor .
acidic soils, usually associated with high rainfall areas, are
generally deficient in major nutrients, while the more alkaline
soils of the arid region often are incapable of supplying iron and
zinc in quantities needed by some field crops. Furthermore,
increased availability of iron and manganese in acid soils (pH < 5)
and boron in strongly alkaline soils may cause toxicity problems in
many field crops.
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CHEMICAL PROPERTIES

In addition to nutrient availability, soil
pH determinations provide useful information about the chemical
properties of a soil. Very acidic soils (PH < 5) contain sig-
nificant amounts of exchangeable hydrogen and aluminum, have
extremely low base saturation values and are unfavorable for the
growth of field crops. Serious aluminum toxicity problems often
are apparent in such soils. Extremely acidic soils, developed in
coastal march areas, may be acid sulfate soils with very serious
agricultural problems. Soils with pH values of 5 to 6 have suffij-
cient exchangeable hydrogen to affect acid sensitive crops such as
alfalfa. Soils with pH values varying from 6.5 to 8 are fully base
saturated, with no exchangeable aluminum and are usually quite
favorable for most field crops. Soils with pH values of 8 to 8.5
often possess free calcium carbonate with calcium and magnesium as
the dominant exchange cations. When soil pH values exceed 8.5,
exchangeable sodium percentages are greater than 15% and the soil
is classified as either sodic or saline sodic, depending upon the
amount of salts present in the soil profile. The agricultural
productivity of a sodic, saline-sodic soil is seriously impaired by
structural degradation associated with high sodium levels.

THE COLORIMETR{C METHOD FOR DETERMINING pH

Equipment:

1. Indicator solution(s),

2. Porcelain test plate specially designed
with two indented compartments con-
nected by a channel,

3. Standard color chart of the appropriate

_indicator(s), and
4. Glass rod or spatula.
Method:

A number of test kits are on the market
that may contain a universal indicator or a series of indicators.
Procedures differ only slightly between the two types of
indicators.

1. A small representative sample of soil is
placed in the upper compartment of the porcelain test plate and
treated with a slight excess of the indicator solution. 2. After
about one minute, the plate is tilted slightly so the solution runs
down the channel into the second compartment. A glass rod or
spatula can be used to draw the fluid down the channel. 3. The
color of the solution then ijs compared with that given on the color
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chart. Multiple indicator tests have color charts for each
indicator. 4. If the pH should fall near the end of the color
range for one indicator, repeat the test using another indicator
that has an overlapping pH range.

THE ELECTROMETRIC METHOD FOR DETERMING pH

Equipment:
1. 2 standard buffer solutions,
2. 2 - 50 ml beakers,
3. 2 - 100 ml beakers,
4. Chem wipes or tissue paper,
5. 1 wash bottle, and
6. Saturated paste sample.*
Method:

Before using a pH meter, immerse the elec-
trodes in distilled water for 5 to 10 minutes to reduce the poten-
tial of needle fluctuations when calibrating the pH meter. Where
PH meters are used daily, store the electrodes in distilled water.

1. Turn the function selector to standby.

2. Lift the electrode out of the storage
beaker and replace the storage beaker with a rinsing beaker
(100 ml}. Rinse the electrode with distilled water.

3. Remove the storage beaker and place a
standard buffer solution (50 ml beaker) under the
electrode. Place the electrode in the buffer solution and
turn the selector switch to pH. The needle on the pH meter
should read the pH value corresponding to that of the
buffer solution. If it does not, adjust the needle to the
PH of the buffer solution with the calibration knob. Turn
the selector switch to standby. Lift the electrode from
the buffer solution and rinse the electrodes with distilled
water. Repeat the procedure with a second standard buffer
solution to insure the instrument is functioning properly.

* Saturated paste and sample may be replaced by 1:25 or 1:5 soil to
water ratios, but the pH of the sample may be increased by as much
as 1 pH unit upon dilution.
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Turn the selector switch to standby, lift the electrode
from the buffer solution and rinse the electrode with the
wash bottle.

4. Remove the collector beaker and place
the saturated paste sample under the electrode. Carefully
lower the electrode into the saturated paste and turn the
selector switch to pH.

) 5. After the meter has stabilized, record
the pH reading on the sheet.

6. Turn the selector switch to standby,
remove the electrcde from the saturated paste and rinse the
electrode off with the wash bottle, making sure all soil is
removed.

7. Repeat steps 4, 5, and 6 for additional
samples. After every 5 to 10 samples, the pH meter should
be checked with one of the standard buffer solutions (Step
3) to avoid errors due to drift in the instrument.

8. Return the electrode to the storage
beaker and turn selector switch to off.

REFERENCES
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DETERMINING NUTRIENT DEFICIENCES

by L. Nelson

The sixteen elements essential for most
higher plants are shown in Table 1. Three of the elements, carbon,
hydrogen, and oxygen, constitute over 95% of the dry weight of
plants and are obtained primarily from atmospheric gases and water.
Although the remaining thirteen elements comprise less than 5% of
the dry weight of plants, agricultural soils often are incapable of
supplying one or more of the nutrients in the quantities needed for
desirable crop yields.

Mineral nutrients the limit ciop yields
may be identified by foliar observation (visua: diagnosis), chemi-
cal analysis of plants and soils, fertilizer trials, and tne
farmer's management records. Research projects dealing with scil
fertility often use all four of the above methods to investigate
disorders. However, survey projects concerned with the identifica-
tion of productior. constraints within an agricultural area often
are limited by time. As a result, less quantitative field testing
procedures mav be used to identify potential nutritional disorders.
Data gathereri from such a survey usually is adequate to identify
nutrient deficiencies limiting crop vyields.

As part of the survey, collect background
information concerning soils, crop varieties, fertilizer require-
ments and on-going research from local, national and/or interna-
tional research centers. During the survey, schedule interviews
with farmers to obtain records of fertilizer inputs and to identify
fertility-related problems encountered by the farmers. Whenever
possible, encourage farmer participation in the field survey to
benefit from the farmers' intimate knowledge of their fields and to
improve the relationship between the farmer and project.

149



Table 1. Elements Essential for Most Higher Plants (Modified from
Salisbury, F.B. and C. Ross. 1969. Plant physiology,
Wadsworth Publishing, Belmont CA.)

Translocated Concentration
Chemical Form available between in dry
Element symbo1 to plants plant tissues tissue (%)
Molybdenum MO Moo, Yes 0.00001
Copper Cu cu’, Cu++, Cu(oH)™ No 0.0006
. ++
Zinc In In , Zn(OH)2 No 0.0020
++
Manganese Mn Mn No 0.0050
Iron Fe Fe™™, ' No 0.010
Boron B BO3 , B407 No 0.002
Chlorine Cl C1™ Yes 0.010
Sulfur S 50, No 0.1
Phosphorus P H2P04 s HPO4 Yes 0.2
, ++
Magnesium Mg Mg Yes 0.2
Calcium Ca Ca++ No 0.5
. + :
Potassium K K Yes 1.0
Nitrogen N NOy™, NH, Yes 1.5
Oxygen 0 02, HZO Yes 45
Carbon C CO2 Yes 45
Hydrogen H HZO Yes 6
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PROBLEMS AND LIMITATIONS

Awareness of potential problems and limita-
tions of visual diagnostic techniques is important when conducting
a field survey. Problems with visual diagnostic technique are: 1)
the expression of a particular mineral deficiency may differ from
one type of crop to another; 2) the problem of identification of a
deficiency becomes especially difficult, if not impossible, when
multiple deficiencies are present; 3) disease and insect damage may
induce nutritional disorders or the damage may be mistaken for a
nutrient deficiency; 4) symptoms of toxicities, overirrigation or
high watertables may be mistaken for a nutrient deficiency; 5)
induced deficiencies may develop from abnormal changes in the
environment or from management practices unrelated to soil
fertility.

Because of such potential problems and
limitations, visual diagnosis of a deficiency should be confirmed
by other methods. Whenever possible, confirmation may be made by
collecting plant and soil samples for laboratory analysis. If soil
‘testing laboratories are not available, the research must rely on
less quantitative methods for confirming a deficiency. Two such
methods are described later in this section.

A general key to plant nutrient deficiency
symptoms is outlined below. This key will not replace a good
textbook dealing with nutrient deficiency symptoms of a particular
crop. Neither chlorine nor molybdenum are included in the key
because deficiencies of these micronutrients are relatively
uncommon. In addition, a general description of common toxicity
symptoms is included to reduce potential confusion of toxicity
symptoms with deficiency symptoms.

GENERAL KEY TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS

A. Older or lower leaves of plant mostly affected; effects local-
ized or generalized.

1. Effects mostly generalized cver whole plant; more
or less drying or firing of lower leaves; plant
light or dark green. :

a. Plant light green; lower leaves yellow,
drying to light brown color; stalks
short and slender if element is defi-
cient in later stages of
growth....Nitrogen
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2.

b. Plant dark green, often developing red
and purple colors; lower leaves some-
times yellow, drying to greenish brown
or black color; stalks short and
slender if element is deficient in
later stages of growth....Phosphorus

Effects mostly localized; mottling or chlorosis
with or without spots of dead tissue on lower
leaves; little or no drying up of iower leaves.
Lower leaves mottled or chlorotic (yellowed), with
or without dead spots; leaf margins sometimes
tucked or cupped upward or downward.

a. Mottled or chlorotic leaves typically,
may radden, as with cotton; sometimes
with dead spots; tips and margins
turned or cupped upward; stalks
slender....Magnesium

b. Mottled or chlorotic leaves with large
or small spots of dead tissue; spots of
dead tissue small, usually at tips and
between veins, more marked at margins
of leaves; stalks slender....Potassium

B. Newer or bud leaves affected; symptoms localized.

1.

Terminal bud dies, following appearance of distor-
tions at tips or bases of young leaves.

a. Young leaves of terminal bud at first
typically hooked, finally dying back at
tips and margins, so that later growth
is characterized by a cutout appearance
at these points; stalk finally dies at
terminal bud....Calcium

b.  Young leaves of terminal bud becoming
light green at bases, with final break-
down here; in later growth, leaves
become twisted; stalk finally dies back
at terminal bud....Boron

Terminal bud commonly remains alive; wilting or

chlorosis of younger of bud leaves with or without
spots of dead tissue; veins light or dark green.
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a. Young leaves permanently wilted (wither-
tip affect) without spotting or marked
chlorosis; twig or stalk just below tip
and seedhead often unable to stand
erect in later stages with shortage is
acute....Copper

b. Young leaves not wilted: chlorosis
present with or without spots of dead
tissue scattered over the leaf.

i. Spots of dead tissue scattered over
the leaf, smallest veins tend to
remain green, producing a checkered
or reticulated effect....Manganese

ii. Dead spots not commonly present;
chlorosis may or may not involve
veins, making them light or dark
green in color.

== Spots generalized, rapidly
enlarging, generally involving
areas between veins and even-
tually involving secondary and
even primary veins; in corn
commonly broad yellowish to
whitish band between mid-rib and
leaf edge; leaves thick; stalks
with shortened internoted;
rosetting....Zinc

-- Young leaves with veins and
tissue between veins, light
green in color....Sulfur

== Young leaves chlorotic, prin-
cipal veins, typically green;
stalks short and slender....lron

FIELD TESTS USED TO CONFIRM NUTRIENT DEFICIENCIES

Tissue Testing

Tissue testing has some merit for confirm-
ing nutrient deficiencies identified by visual diagnostics. By
using specific indicator chemicals, one can qualitatively estimate
the amount of an element in plant sap. Results showing a high
color intensity usually indicate a high content of the nutrient.
Major protlems associated with tissue testing are that the
‘indicator test 1) varies from one part of the plant to another and
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2) varies in each stage of the life cycle of the piant. Recent
environmental conditions such as drought can change the test
results by reducing utilization of nutrients by the plant.
Detailed instructions are enclosed in the tissue test kit.

Fertilizer Evaluation: Granular

Nutrient deficiencies observed in the field
often are confirmed with a series of short-termed fertility trials.
Mark off two or three rows approximately 3 meters long or 1 meter
square plots in the field. Then add a single element fertilizer
into the soil of each plot. After one or two weeks, compare plants
in the plots with the rest of the field. Improved growth and
disappearance of deficiency symptoms in the fertilized treatment
supports the original diagnosis.

Whenever field observations suggest more
than one nutrient is deficient, similar plots may be constructed
using various combinations of fertilizers to pinpoint each of the
deficient nutrients.

Fertilizer Evaluation: Foliar

The application of fertilizer as foliar
sprays often is preferable to soil applications because the plant
response time may be shorter. In addition, mineral nutrients which
are immobile in the plant (Table 1) are easily identified by spray-
ing only a portion of selected plants. Absorption of the nutrient
occurs within a few days and contrast between foliage sprayed with
the fertilizer and foliage not sprayed is quite visible. However,
foliar spray applications require a three- or four-day period
without rainfall to be successful and must be applied carefully to
avoid toxi: symptoms from excessive additions of the nutrient.
Approximate solution concentrations are listed below for several
elements.

Nutrient solution concentrations for foliar
sprays:

N 4% solution of Urea
P 0.3% solution of P |
K 0.5% solution of K
Fe 2% solution of FeSO
Zn .5 to 1.5% solution of ZnSO

Mn .2 to 2% solution of MnSO with small
amount of lime
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Cu 0.5% solution of CuSO with small
amount of lime

B 0.1 to 0.3% solution of H BO
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GENERAL DESCRIPTION OF COMMON TOXICITY SYMPTOMS

Symptom

Description

1. Soil Salinity

2. Chloride Injury

3. Sodium Injury

4. Excessive Boron

Symptoms and effects vary widely
with species. High salinity causes
stunted plants commonly charac-
terized by a deep bluish green
color which results from an
unusually heavy wax coating on the
surfaces. The color may be very
pronounced for csugar beets,
crucifers, alfalfa, beans, clover
and grasses. Cereals and milo may
show a reddish color as the plants
approach maturity. Salt accumula-
tions in the leaves of many fruit
trees cause a burning or necrosis
(commonly called "tipburn") on the
margins. Chloride (Cl~) or sodium
(Nat) frequently is involved.

Chloride injury is described for
woody and some other plants as an
initial burning and necrosis of the
leaf tips. As injury intensifies,
burning progresses along the mar-
gins and may extend with greater
severity into the interveinal area
of the leaf.

May appear as a "spot burn" or
necrotic interveinal areas midway
between leaf margin and midrib.
Such damage has been reported for
avocado, raspberry, blackberry,
grapefruit, =nd others. Excessive
exhangeable sodium, commonly
associated with soil salinity, may
cause Ca deficiency. The symptoms
are described in the general key to
nutrient deficiencies.

Boron toxicity may occur on plants
grown in irrigated ' vils where the
irrigation water cocntains 1 ppm B
or more. With many species, exces-
sive B causes a tip or marginal
burn or a general chlorosis of the



leaves. As the leaves mature,
continued toxicity causes a dying
of the leaf from the tip inward.
Plants may show slight to medium
toxicity symptoms without a depres-
sion in growth. With broadleaf
plants, there is marginal necrosis
and the leaf may be cupped because
of restrictions in the growth of

the margins.

5. Excessive Fertilizer Excessive amounts of highly water
soluble fertilizer used over time
can cause salinity damage similar
to that reported for saline soils.
When fertilizer is placed too near
the seed, damage or death may occur
in the seedling stage. Where
excessive fertilizer has been
applied to a normally growing
plant, the damage appears first as
a wilting of leaf margins or the
entire leaf, depending on the
fertilizer rate. In a few days,
the leaves dehydrate and dry with a
marginal necrosis. With very high
fertilizer rates, the plant may
die.

6. Aluminum Toxicity Plant growth is stunted in strongly
‘ acid snils. The principle cause of

poor growth is Al toxicity with Mn
toxicity and Fe toxicity occurring
in some soils. With Al toxicity,
the seedlings are very slow to
develop and the leaves are a gray-
green to reddish-purple charac-
teristic of phosphate deficiency.
The leaves are stubby and die back.
Sensitive plants may fail to grow
beyond the seedling stage. Root
growth is severely restricted.

7. Manganese Toxicity In cereals, Mn toxicity causes leaf
tips to die and interveinal
necrotic spcts called "leaf
freckle". With brassica, there is
necrosis or scorching or chlorotic
mottling of leaf margins; there may
be interveinal chlorosis and
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necrotic spotting; the leaves may
curve or cup upward. With clover
and alfalfa, Mn toxicity causes
marginal spotty chlorosis and
necrosis that proceeds inward as
the toxicity increases; leaf mar-
gins are distorted and the leaf is
cupped downward. Mn toxicity may
resemble mild Fe deficiency.
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TOPOGRAPHIC MAPPING USING GRID METHOD
AND LEVEL*

by W. Clyma and A. Early

Experience reveals a shortage of maps
needed to provide essential background for farm planning and
engineering design (scale 1:5000 or less). A map that shows
horizontal distances, horizontai angles, and elevations is called a
topographic map. The addition of elevation to a map results in the
map showing topography (relief of the land surface). A contour map
is the simplest way to show elevation on an otherwise two-
dimensional sheet of paper. A contour is an imaginary line of
constant elevation on the surface of the earth. The shoreline of a
lake is a contour of constant elevation seen frequently in nature
as the waterline. A contour line is linear connecting points on a
map which represents points on the surface of the ground having the
same elevation. The elevation of the contour line usually is
indicated by numbers on the line.

The following characteristics of contour
lines are useful guides in drawing and interpreting maps:

1. Evenly spaced contours show a uniform
slope.

2. The distance between contours indicates
the steepness of the slope. Wide
spacing denotes -flat slopes; close
spacing, steep slopes.

* Modified from an article in The Problem Identification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, CO.



10.

METHODS OF MAPPING

Contours that increase in elevation
represent hills. Those that decrease
in elevation represent valleys.

Contour elevations are shown at breaks
in the contour to avoid confusion.

Irregular contours signify rough,
rugged country.

Contour lines tend to parallel each
other on uniform slopes.

Contours never meet except on a verti-
cal surface such as a wall or cliff.

They cannot cross except in the unusual
case of an overhanging shelf.
Knife-edge conditions seldom are found
in natural formations.

Valleys usually are characterized by
V-shaped contours, ridges by U-shaped
contours.

The V's formed by contours crossing a
stream point upstream.

The U's made by contours crossing a
ridge line, point down the ridge.

All contour lines must close upon
themselves either within or without the
borders of the map.

There are three methods of making
topographic maps for agricultural engineering surveying: grid
method, angle and stadia method, and plane table and alidade method
(telescope alidade with stadia hairs). The particular method used
depends upon several factors: :

1.

S WwoN

Ability of the personnel,
E.quipment available,
Personnel available,

Topography of the land to be mapped,
and

Size of the area to be mapped.
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Another method of mapping, which has
agricultural application, is aerial photography. The aerial
photography furnishes topographic details unavailable in other
methods of mapping. By using stereoscopes, contours can be added
to the aerial photograph with a minimum of field surveying for
horizontal and vertical control. Aerial photographs may or may not
be available in all areas.

THE GRID METHOD

The grid method of topographic mapping has
several advantages. It can be done with a farm level and a steel
tape, both of which are readily available. The grict method lends
itself to topographic mapping of individual fields and farms where
the ground surface is relatively flat. The effort spent in the
field doing the survey is about equal to the effort spent in the
office preparing the map. Because the running of contour lines
across very flat ground is difficult, taking elevations at
regularly spaced intervals should result in a better topographic
map. The grid method is the most widely used method of surveying
for land leveling because the relocation of each point is simple.

The relocation of each point is essential in checking elevations as
leveling progresses.

Procedure for the Grid Method of Mapping

Where possible, the area to be mapped
should have two sides that intersect at right angles (90°) with
each other. |If that is not the case, the diagonals and all four
sides of the field need to be measured, or if the fields are
irregular in shape, a plane table survey of field boundaries is
necessary before location of the grid points is possible. Two
sides of the field then can be staked at regular intervals for the
grid and the surveying can be done in the same manner as for two
sides that intersect at 90 degrees. After a preliminary survey of
the area to be mapped, two sides are selected to establish the
grid. Each side is staked with tall stakes at regular intervals.
The length of the interval depends on the use of the map. General
topographic maps frequently are staked at 25 or 30 meter intervals.
Maps for land leveling design and computations usually are staked
at 10 to 15 meter intervals.

One side of the area then is numbered at
each stake location from zero to the end of the stakes. The other
side is lettered at each stake location from A to the end of the
stakes. The stakes used at each grid point should be a minimum of
1 meter high; 2 meters is preferred.

After the two sides are staked, two addi-
tional sides are staked. The stakes start at one and continue to
the end of the lettered points. The other row starts at B and
continues to the end of the numbered stakes. The rodman then can
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locate himself at any grid point by sighting along the four stakes
that form the two lines that intersect at his particular grid
point.

After the four rows of stakes are estab-
lished at the grid points, the elevation of each grid point is
established by profile leveling. Each grid point is designated by
the appropriate letter and number. The survey is closed by return-
ing to the bench mark after the elevation of each grid point is
determined. - It is important that the arrangement of the grid be
shown in the notes on the right side of the page to assure the map
is properly oriented when prepared in the office.

For watercourse survey purposes, staking is
not necessary. General watercourse surveys require the use of a
one-acre grid. The approximate location of the center of an acre
can be obtained visually by pacing, but without taping or staking
the location. A portable turning point is used at this location to
give a representative elevation for the acre, Surveying begins and
ends at a bench mark determined in the initial bench mark survey of
the watercourse area.

A more intensive data collection scheme is
required for the detailed survey of sample farmers' fields. Four
elevation determinations per irrigation unit are required for this
purpose. Each acre might have 2 to 10 of the smallest irrigation
units. The intensity thus increases to 8 to 40 shots on a per acre
basis, depending on the number of units per acre.

MAP PREPARATION

The topographic map is prepared from field
notes. A map and the field notes from which they were prepared
(Figure 1 and 2) immediately follow this article. For relatively
flat areas, a contour interval of 0.25 meters is used. For a more
rolling topography, 0.50 meter or 1.00 meter intervals can be used.

For watercourse mapping, a contour interval
of 0.25 feet is required for general use. For land leveling
design, a grid spacing of 50 feet is desirable on small leveling
jobs and 100 feet is acceptable on large-scale leveling jobs. The
required precision of leveling is + 0.05 feet (0.10 maximum dif-
ference across the irrigated unit). Thus, if topographic maps are
to be used for land leveling design work, the contour interval
should be a maximum of 0.5 feet, with 0.25 feet the preferred
interval.

Note that certain information is included
on the topographic map. A title, location of the mapped area,
survey personnel, date of the survey, scale, person preparing the
map, date of map preparation, legend, north arrow, and important
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natural and man-made topographic fcatures always should be included
on the map.

Maps frequently are prepared 'with one
contour more heavily accentuated than the others. in Figure 2, the
even meter contours, 99.00, 100.00, and 131.00 are more heavily
accentuated to provide better contrast between the general relief
and the dctailed topography of the area.

: The contcurs are entered on the map by
placing a triangular scale or ruler between grid points of known
elevation. The point of even numbered contour is propoitioned
between the two points, a procedure which assumes a uniform topog-
raphy or slope in the vicinity.
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Topographic Leveling

No. BS Hi FS Elev.
BM, 1.20 101.20 100.00
A, ' 2.21 98.99
A, 2.47 98.73
A, 2.1 99.09
A, 1.38 99.82
B8, 1.44 99.76
B, 1.86 99.34
B, 2.08 99.14
B, 2.21 98.99
Co 2.09 99.11
C, 2.00 99.20
C, 1.65 99.55
C, 1.25 99.95
C. 0.53 100.67
D, 0.53 100.67
D, 1.06 100.14
D, 1.27 99.93
D, 1.77 99.43
D, 1.85 99.35
E, 1.44 99.76
E, 1.04 100.16
E, 0.90 100.30
E, 0.60 100.60
E, 0.26 100.94
TP, 251  102.42 1.29 99.91
B, 1.14 101.28
A, 0.70 101.72
BM, 2.44 99.98
BS = 3.71 FS = 3.73 100.00

Error of closure = FS - BS
= 3.73-3.71
= 0.02 0.02 Check

|

Cloudy, windy Tewoide W.

Aug. 19, 1965 Hailu S.

BM, — A point x, marked on the

polestandonlhepolenexttothe
bridge on the road to the
horticulture area - about 4 meters
from the road and §2 meters from

the southwest end of the bridge.
&
S,
N
W& &= & o = s E
2 s/ * s 1 3z ap
2 -7 oz x x x@
g s T 3 =z =z =289
e & I 5 L = 3zA
Q 4 321 0
1o Horliculture

63&',’

- 10 Shop

*x Dentles Grid Station

Figure 1. Field Notes for Topographic Map Using Grid Method

of Mapping
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Figure 2. Topographic Map Based on Field Notes Contained in
Table 1
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DIFFERENTIAL LEVELING FOR BENCH MARK
SURVEY OF THE WATERCOURSE*

by W. Clyma and A. Early

Differential leveling is the process of
finding the differences in elevation of any two points. It usually
requires several setups of the instrument zlong a general line
betwzen the two points. Each setup requires a rod reading on a
point of unknown elevation. A bench mark survey is conducted to
provide a widely spaced series of points (e.g., headgates,
culverts, bridges) of known elevation from which a topographic
survey is conducted at a later date.

THEORY OF LEVELING

Leveling is the process of determing the
relative elevation of points some distance apa-t. Figure 1
ilustrates the basic procedure.

A level is set up at. a location
approximately between a bench mark (BM) and a turning point (TP).
A bench mark is relatively permanent, natural or artificial object
bearing a marked point whose elevation is known or assumed. A

* Modified from an article in The Problem ldentification Handbook.
(Draft Copy). 1980. CSU-Pakistan Water Management Project. U.S.
Agency for International Development, Contract No. AID/TAC-1100.
Fort Collins, Colorado.
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H.I. 104.15

H.I.1!0240
Line of Sight

TP Elev. = 10195

BS240m

Figure 1. Theory of Differential Leveling
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turning point is a temporary bench mark for the purpose of continu-
ing a line of levels. Portable turning points are provided for
field watercourse surveys.

For example, referring to Figure 1, if the
elevation of the bench mark (BM1) is assumed to have an elevation
of 100.000 meters, the elevation of the turning point (TP1) can be
determined by leveling. First, the instrument is set up
approximately half-way between BM1 and TP1 and is leveled. A rod
reading is taken on BM1 of 2.40. This rod reading is termed a
backsight (BS). A backsight is a rod reading taken on a bench mark
or turning point of known elevation: it is the vertical distance
between the BM and the line of sight of the instrument. The line
of sight of the instrument is higher than the bench mark or the
turning point. Therefore, the backsight is positive and could be
described as a plus sight.

The height of instrument (HI) is the eleva-
tion of the line of sight when the instrument is level and cor-
responds to the line of sight of the instrument. The height of
instrument is obtained by adding the backsight to the elevation of
the BM1, 100.00, to obtain the HI, 102.40. By turning the teles-
cope to bring into view the rod held on TP1 a rod reading called a
foresight (FS) is obtained. A foresight is a rod reading taken on
a turning point of any other point of unknown elevation for which
the elevation is to be determined. The foresight is subtracted
from the height of instrument and could be described as a minus
sight. In the example of Figure 1, the FS, 0.45, is subtracted
from the HI, 102.40, to obtain the elevation of TP, 101.95.
Therefore, by a process known as leveling, we have determined the
difference in elevation of two points. This method may now be used
to check the elevations shown in Figure 1, ard to determine the
elevation of TP2,

Leveling Equations

From the above definitions, we can derive
two equations that are beneficial in leveling. The equations are
repeated many times during 1 leveling exercise, so a person who is
learning to use the level should become thoroughly familiar with
them. They are:

Elev. + BS = HI
HI + FS = Elev.
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PROCEDURE FOR DIFFERENTIAL LEVELING

Several procedures and precautions should
be obiserved for accurate differential leveling. Refer to Figures 2
and 3 for sample rod readings and a sample set of notes from a
differential leveling exercise.

To begin a differential survey, the rodman
holds a rod on BM1 while the levelman goes forward a convenient
distance (not over 100 meters for a Bostrom-Brady farm level) and
sets up the level. The levelman takes a reading on the rod and
determines where the middle cross hair strikes the rod, in Figure 2
this is at 0.34. This is a backsight and the notekeeper records
0.34 in the BS column of the notes. Now the HI is determine.. by
adding the BS to the elevation of the BM, (100.00 *+ 0.34 = 100.34),
and is entered in the notes in the HI column. For the convenience
of one who is learning the procedure, a pius sign can be placed
above the BS column and a minus sign above the FS column to indi-
cate how that column is used in note computations.

After the BS has been obtained, the rodman
steps the distance from the BM to the instrument and then steps the
same distance away from the instrument in the direction of BM2.
Pacing is one of the acceptable methods of balancing the horizontal
distances between the backsight and the foresight. The distance
also can be measured by stadia, but the accuracy obtained by taping
is not considered necessary. The effects of refraction, curvature
of the earth, and lack of instrument adjustment are thereby
eliminated. On slopes, a zigzag path may be taken to utilize the
longer rod length available on the downhill sights.

CLOSED SURVEYS

To verify the accuracy of the leveling, a
return check must always be made. That is, the line of levels must
be continued from BM2 back over a slightly different route to BMI,
the initial starting point. To make the return check independent
of the first line of levels, after the FS is taken on BM2, lift the
level slightly and releve! it so that the HI will be at a slightly
different elevation. This results in a BS on BM2 different from
the FS and should result in a better check of the line of levels.

When the survey party has returned to BM1, a closed survey has been
completed. All leveling exercises should be closed surveys so a
check of the accuracy of the survey can be made. Figure 4 gives a
sample traverse for a bench mark survey of a watercourse. Note
that all available permanent structures are used as bench marks.
These bench marks must be marked with both a waterproof maker and
with a nail or screwdriver scratch for permanence. Figure 5
provides the sample survey notes for the traverse of Figure 4.

Note the double tabling of points which are both turning points

(TP) and bench marks (BM). Portable turning points are labeled
PTP.
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Differential Leveling for Benchmarks

Sta. BS HI FS Elev.

BM, 0.34 100.34 100.00

TP, 2.45 101.16 1.63 98.71

TP, 0.81 101.91 0.06 101.10

BM, 3.98 101.91 3.98 97.93

TP, 0.00 101.19 0.81 101.10 Sunny, calm

TP, 1.98 100.71 2.46 98.73

BM, 0.69 100.02 Haily S. & N.

Tewolide W.

8BS = 9.65 FS = 9.63 Aug. 18, 1965

Error of closure = 9.65 - 9.63 = 0.02 check

BM,: the southern bolt on the pole nearest to the
irrigation lab -- about 5 m from eastern side door.

BM,: Steel rod on the northeast corner ¢f the
cattleguard into the livestock area across from

poultry.

BM,
STORAGE ’
SHED
|
wl
=
=
<
S| BM,
PUMP ¥
HOUSE
(’BMDGE

Figure 3. Example of Differential Leveling Notes
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outlet

t\-", culvert ——— square line
concrete field outlet ———— paved road
square stone wateroourse

water-lifting device
cancrete base of power line
portable turning point

>1®C1|>E>J([D

instrument setup point

Figure 4. Sample Traverse for Bench Mark Survey of a Watercourse
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Watercourse Benchmark Survey by
Differential Leveling Area Commanded by
an Outlet 110/JB, Lyallpur

Sunny, Hot, Calm

Sta.
Wanyam

BM, 3.02  103.02 100.00 Zahid
TP, BM, 422 10317 407 9895 Aug. 18, 1975
TP, 1P, 3.89 10205 501  98.16
TP, BM 6.87 10485 407  97.98 _
TP BM 448 10244 689 grop QUi Mak— pseamses
TP,  BM, 432 101.75 501  97.43 Sq. 6: CBPL — Scratch
TP, TP, 510 10160 5.25 96.50 Sq. 14: CBPL — Scratch
TP7 TP7 4.88 101.50 4.98 96.62 Sq. 13, 14: Concrete Culvert — Upstream
TP, BM, 3.37 99.61 526 96.24 Sq. 15, 16, 17, 18: Square Stone — Scratch
TP9 TP, 3.85 99.28 4.18 95.43 Sq. 25, 26, 28, 29: Square Stone — Scratch
TPy BM, 4,71 99.98 4.01 95.27 Concrete Corner of Squares 25, 26, 28, 29
TP, TP, 485 9956 527 9471 Sq. 23: CBPL — Scratch
TP, BM, 517 9944 529 9427 Sq. 21: CBPL — Scratch
TP, TP, 437 9881 500 94.44 59. 20: GBPL — Scratch
P, TP, 399 9828 452 9429 Sq.11: Concrate Sulvert: Scrateh —
TP,s  BM, 400 9837 391 9437 , _
o BM, 602 10077 362 9475 S il Frame on WaterLiting

BM,, 1591/  94.86
TP, TP, 627 101.77 527 9550 Outlet
TP,  BM,, 533 10282 428  97.49
TP,  BM,, 481 10374 389  98.93
TPy TPy 4.68 10472 451  100.11

BS = 98.20 FS = 98.09 0.11 = Elev. Diff.

Error of Closure = 98.20-98.09 = (.11

Figure 5. Watercourse Benchmark Survey Notes by Differential Leveling
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ERROR OF CLOSURE

If no errors are made in a closed survey or
if the errors have compensated, the elevation determined for BM1 by
the return check will be the same as the original elevation of BMI.
Generally, these elevations are not exactly the same due to errors
in rod readings or instrumental errors. The amount by which the
original BM elevation and the BM elevation observed upon the return
check fail to. agree is called the error of closure.

Allowable errors of closure for a survey
are a function of the accuracy of the instrument and the length of
the survey or the number of times the instrument is set up. For a
Bostrom-Brady level, the allowable error of closure equals 0.01
meters per two instrument setups (0.01/2 setups). For the notes
shown in Figure 3, there were four instrument setups so the allow-
able error of closure was 0.02, the actual error for the survey.
For general leveling purposes with available equipment, the allow-
able error in English units (feet) is given by:

Allowable error = 0.007 Vlength of traverse in feet

100

If the sample traverse for Figure 4 were
20,000 feet, then the allowable error is 0.0989 or 0.10 feet.
Bench mark surveys that do not meet this standard must be resur-
veyed completely until the error of closure is less than the allow-
able error. The survey notes provided in Figure 5 does not meet
the standard and must be repeated.

CHECKING THE LEVEL NOTES

The computations of the level notes always
should be checked by comparing the difference between the sum of
the backsights and the sum of the foresights with the differences
between the initial and final elevation of the bench mark. This
computation checks the notes for errors in arithmetic. The two
differences must agree or an error in arithmetic has been made. No
set of leveling notes is complete without an error of closure
computation and check of the arithmetical accuracy of the notes
before leaving the field.
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USE OF THE BENCH MARK SURVEY

The bench mark survey, when completed to
the required standard of accuracy becomes a basic reference for
subsequent field surveys. The permanent bench marks then can
become starting points for any portion of the profile leveling
survey of the watercourse and of the topographic survey of the
watercourse. This set of bench marks is then a set of known eleva-
tions which facilitate the completion of these other surveys.

PORTABLE TURNING POINTS

While profile leveling, bench marking or
topographic surveying, the need for intermediate turning points
arises frequently. The placement of the staff rod on the ground or
on the bed cf the watercourse can lead to errors of major magnitude
if changes in rod elevation occur when the rod is rotated in con-
tact with tie soil. To avoid that problem, portable, stable turn-
ing points are provided for field use. Figure 6 shows this simple
surveying item which is nothing more than a 4-inch square pieca of
#14 or #16 sheet metal with one-inch corners bent down at 90
degrees from the face to form four legs. A rivet in the center
holds a chain handle to the bottom side. The rod is rotated on the
rivet after the turning point is forced into the ground.

>

Figure 6. Portable Turning Point for Field Use
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iy
/ PROFILE LEVELING OF MAIN AND LATERAL
! / CONVEYANCE CHANNELS*

by W. Clyma and A. Early

Profile leveling is the process of deter-
mining the elevation of the ground surface at a series of points at
measured intervals along a drainage ditch, terrace, waterway, road,
or any other ground surface where it is necessary to consider
changes in elevation.

TAPING PROFILES

It is necessary to tape or otherwise
measut & the horizontal distances for a profile. Vertical distances
along the profile have no meaning without the corresponding ‘
horizontal distances between changes in elevation.

Stakes or claining pins usually are set
along the fixed line for a profile survey. These stakes or chain-
ing pins usually are set before the survey is made. Stakes are
placed at fixed distances along a survey, i.e., 25 feet, 50 feet,
or 100 feet, depending upon the detail required for the survey. |In
addition, stakes are set at points where the line changes direction
and at every full station. For the profile survey of the water-
course main and the major branches, chaining pins should be used to
mark the stations at 25 feet distance intervals.

* Modified from an article in The Problem Identification Handbook.
(Draft Copy}. 1980. CSU-Pakistan Water Management Project. .!.S.
Agency for International Development, Contract No. AID/TAC-1100.
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A full station is 0 + 00, 1 + 00, 2 + 00,
and so forth. Stakes set at any other point between the full
stations are called plus stations and are designated, for example,
1 +25. Note that 0 + 00 designates the beginning of the line.
Distances along the line indicate the full stations and the plus
stations. For instance, 150 feet is written as 1 + 50 feet. Thus,
the digits to the left of the *+ designate the distance in multiples
of 100, while those to the right indicate less than 100'. The
station number is marked usually upon that side of the stake facing
0 + 00. Stakes are arranged, when possible, so the wide part of
the 2 inch x 5 inch stake points to the next station on the line.

A stake is driven at each station located
on the profile. Each station is entered in the field notes. Pins
are no longer necessary to count tape lengths because the length of
the line is recorded in the notes. For other than 100 feet tapes,
two pins may be used to measure full tape lengths. When other than
a full tape length is measured, the rear chainman holds the partial
tape lengtt at the appropriate point. The stake is located for
that station. The notekeeper adds the partial tape length to his
last station and records the new station. Because the head chain-
man has the zero end of the tape, the intermediate distances are
read directly on the tape without subtraction.

Intermediate Sights

The purpose of the profile survey is to
determine the true slope of the ground surface or watercourse bed
surface. This means that where there is an obvious change in the
slope of the ground or bed surface, a stake is placed and an inter-
mediate sight (foresight or minus sight) is taken so the elevation
of the ground surface at that point can be determined. The
foresights for a profile are called intermediate sights because
they are foresights intermediate or between the foresights taker on
turning point (TP) for a continuing line of levels. The studen:
beginning to take profiles has a tendency to make more intermediate
rod readings than necessary. The guide to remember (so none is
left out) is to take an intermediate shot wherever the ground
surface changes slope. If in doubt, take the rod reading. It is
simpler to have an extra rod reading than to leave out a necessary
reading.

PROCEDURE FOR PROFILE LEVELING

Establish the centerline of the
watercourse, terrace outlet channel, or road to be profiled.
Measure the line accurately, setting stakes at all points where rod
readings are to be takzn. Set up the level near the line to be
profiled. It is normai to offset the instrument from the line so
as more nearly equal horizontal distances from the instrument to
the rod can be obtained. A rod reading is obtained on the bench
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mark (BM) and the height of instrument (HI) is determincd.
Frequently, the bench mark is located so more than one instrument
setup is required before the rod can be read at the stakes located
on the profile line. When this is necessary, the turning points

are selected and the notes are as for a differential survey. Rod
readings are observed on the ground or bed with the portable turn-
ing point adjacent to the stake of chaining pin for the inter-
mediate shots. For turning points, all rod readings are taken on
top of a stake, if the stake is used, or on the portable turning
point, if chaining pins are used. When placing the rod adjacent to
a stake for an intermediate shot, always try to select average
ground. That is, the rod should not be placed in a hcle on the top
of a hill or on a clod. The location should represent the average
of the ground surface immediately around the stake.

For an example of a ground surface prcfile
and corresponding rod reading, see Table 1 and Figure 1 immediately
following this article. After the instrument is leveled, a rod
reading is obtained on the bench mark and the height of instrument
computed. In the example, a backsight (BS) of 1.02 gives a height
of instrument of 101.02, a rod reading then is obtained near 0 *+ 00
for the first shot, 0 + 38.03 for the second shot, and so forth,
until station 0 + 72.56 has been read. A turning point then is
necessary; being selected, a foresight of 1.60 is obtained on the
top of the stake. The instrument is carried to a new position
along the line, releveled, a backsight of 0.98 obtained on the
turning point, and a new height of instrument computed. Now we are
ready to take additional intermediate shots along the profile line.
The process is continued until the profile is complete. A sample
of a complete set of profile leveling notes is shown in Figure 2.

CLOSED SURVEYS

In profile leveling, as in differential
leveling, a closed circuit of levels must be made to check the
accuracy of the survey. This is done, as in differential leveling,
by running a:line of differential levels back to the bench mark
from which the survey began.

ERROR OF CLOSURE

The method of checking the note computa-
tions and computing the error of closure is shown in Figure 2.
Note that for a profile survey, the foresight (FS) and the back-
sights (BS) used for computing the error of closure are only those
taken on the bench marks (BM) and turning points (TP). The inter-
mediate rod readings are not used in the computation for error of
closure. The only method of checking the intermediate rod readings
is to rerun the entire profile.
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PLOTTING PROFILES

Profiles usually are plotted on paper; the
result is called a cross section (Figure 3). Special profile paper
can be obtained to simplify plotting, but any ruled naper may be
used. Because vertical distances in elevation usually are much
less than horizontal distance covered by the orotile, the vertical
scale of a profile generally is exaggerated with respect to the
horizontal scale to make differences in elevation more pronounced.
The exaggeration usually is on a ratio of 10/1. That is, for a
horizontal scale of 1:500, (i.e., 1 foot equals 500 feet) the
vertical sca!2 would be 1:50 (1 foot equals 50 feet). Because the
points plotted on the paper from the profile represent "average
ground”, it is normal practice to draw smooth lines (not straight
lines) from point to point.

The plotted profile is used for many
purposes, such as: determination of depth of cut for a drainage or
irrigation watercourse; determination of fill for a farn, pond;
and/or selection of grades for a drainage ditch, irrigation
watercourse, or culvert.
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1.211

F.S.

Table 1. Notes For Profile Shown in Figure 1

(Left Side)

Profile Leveling

Sta. BS HI FS Elev.
BM, 1.02  101.02 100.00
0+00 1.21 99.81
0+38.03 1.47 99.556
0+50.14 2.11 98.91
047256 1.50 99.44
TP, 0.98 109.40 1.69 99.31
1+80 1.09 99.31
1+42.43 1.21 99.19
1+89.75 212 98.28

,~H.L.=101.02

Line y  lof _|Sight |
¥ -
u o
-
w
0+38.03
0+50.14

Figure 1. Rod Reading for Profile Leveling
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Profile for Ag. Engr. Culvert

No. BS Hi FS Elev.
BM, 1.62 101.62 100.00
0+00 0.51  101.11 Tewolde W. R&N
0+4.12 0.86 100.76 Mehary T.
0+8.75 1.14  100.48
0+12.50 1.39  100.23 Cloudy, shower
0+15.96 0.92 100.70 Oct. 7, 1965
0+20.58 1.65 99.97
0+27.85 1.98 99.64 BM: an x mark on the retention wall
0+30.00 2.16 99.46 at the north side of the Agri. Engr.
0+36.90 2.39 99.23 building, about 2.60 m above the
0+ 39.42 2.25 99.37 first step, under a lamp post.
0+42.30 2.76 98.86
TP, 0.23 99.70 2.15 99.47
0+48.4 1.26 98.44
0+ 58.56 1.91 97.79
0+60.00 1.95 97.75
0+65.83 1.93 97.77
0+69.90 3.05 96.85
0+72.18 3.44 96.26
0+72.65 3.60 96.10
0+73.19 3.48 96.22
0+76.49 3.30 96.40
0+81.55 3.50 96.20
TP, 0.54 96.93 3.31 96.39
0+83.15 96.93 1.27 95.66
0+85.30 1.49 95.44
0+88.10 1.56 95.37
0+90.00 1.83 95.10
0+93.40 1.80 95.03
0+ 97.31 2.21 94,72
TP,” 3.32 99,70 0.55 96.3