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NARRATIVE SUMMARY
 

Most all of the objectives identified in the Work Plan for
 

the report year were accomplished. As a result of a comprehensive
 

review of the grant, a greater emphasis was placed on utilization of
 

the competence as a means of assisting the developing countries. Our
 

On-Farm Water Management library has been maintained and expanded.
 

A coordinated effort through CID has resulted in the development of
 

an information storage and retrieval system network known as CIDNET.
 

A brochure describing the function of the network has been
 

distributed. In excess of 100 requests for information were
 

received from 20 different countries and 17 states of the U.S.
 

Professional courses in irrigation were taught in Spanish, both
 

on and off campus by USU staff members.
 

Two new courses, "Trickle Irrigation" and "Irrigation Project
 

Planning and Evaluation" were developed and taught. Most of the
 

students taking these courses are from developing countries.
 

A state-of-the-art study on intercropping revealed no published
 

information on water management for intercropping. This is identified
 

as a major void in our knowledge. Other state-of-the-art reports were
 

developed on schedule.
 

Colorado State University and Utah State University cooperated
 

in organizing and conducting an International Symposium on Global
 

Water Law Systems, Valencia, Spain, September 1975.
 

Most all requests for technical assistance were met. The Grant
 

provided 9 staff members for 5 short-term teams to LDC's through
 

contracts with the University. Thirteen staff members were provided
 

for 7 teams organized by the Consortium.
 

A concerted effort was made to expand and strengthen the linkages
 

with developing countries, international organizations, the inte
 

national crop research centers, and the seven consortium universities.
 

A talent bank of professional staff members was developed for
 

use by CID, AID, and the other cooperating universities.
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DETAILED REPORT
 

General Background and Description of the Problem
 

There was ample evidence that in developing countries there was
 

urgent need for more food and better nutrition. Food production is
 

closely linked to the water available for transpiration by the growing
 

crop and the water availability is related to On-Farm Water Manage

ment. Inmost LDC's there is a lack of trained people for transfer
 

of the water management knowledge available in developed countries.
 

The lack of technology has been a deterrent to expanded production
 

and has restricted the effectiveness of AID and other donors in
 

solving critical food problems common to many LDC's.
 

Itwas common knowledge that inferior and indifferent water
 

management in LDC's was depriving the countries of needed production
 

and wasting the water resources. Water logging and salinity were
 

often related problems. Poor on-farm water management was often
 

practiced under irrigation systems which might otherwise be
 

considered to be technically sophisticated. Land was not being
 

properly prepared for irrigation and drainage. The problems of
 

on-farm water management are pervasive, affecting agricultural lands
 

everywhere but are more crucial in the developing countries.
 

Scheduling and applying the proper amount of water in an efficient
 

manner was a goal which has in general not been reached anywhere
 

regardless of the type of conveyance system bringing water to the
 

farm. The problem was considered acute concerning farmers with
 

small holdings because of the complicated distribution, lack of
 

credit, etc.
 

It was reasoned that by making highly qualified and experienced
 

professionals available from centers of competence at Universities,
 

AID could develop and disseminate technologies that would be more
 

effective than those being used in many countries. Through utilization
 

of the technologies transferred, the LDC's could accelerate the rate
 

of production expansion. By establishing strong linkages and
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networks among developed and developing country institutions and
 

agencies, an even greater quantity and quality of capability could
 

be directed toward improving the food supply.
 

At the time the grant was awarded, the Department of Agricultural
 

Engineering and related departments such as Soils and Civil
 

Engineering had many graduate students from foreign countries. The
 

staff and course offerings were not adequate to teach and direct the
 

research of these students.
 

Utah State University had considerable competence in the areas of
 

irrigation and water management at the time the grant was approved.
 

It was expected that the expanded full-time professional staff,
 

courses of study, library information, and research would enable the
 

University to respond much more adequately than heretofore to
 

requests concerning agricultural related water management problems
 

from such entities as: USAID/Washington, USAID Missions, other
 

state and fedexal agencies.
 

The proposal for a 211(d) grant to Utah State University to
 

utilize its competence in the general area of on-farm water management
 

was one of three submitted by universities who were members of the
 

Council of United States Universities for Soil and Water Development
 

in Arid and Sub-Humid Areas. This consortium was to coordinate the
 

AID sponsored research and institutional improvement of these
 

universities. Other universities include the University of Arizona,
 

emphasized "Watershed management," and Colorado State University
 

specialized in "water delivery and removal systems and relevant
 

institutional development." The Grant Project was expected to have
 

built-in research, training, and advisory components. It was expected
 

that by the creation of special capability in a plrticular area of
 

knowledge it would include the relevant technology and the capacity
 

to pass it on to others.
 



Purpose of the Grant
 

The institutional Grant Program had for its purpose the develop

ment of the competence and expertise of U.S. research and educational
 

institutions to deal with critical problems of less developed
 

countries. There are certain identifiable shortages of properly
 

trained personnel and gaps in knowledge and skills that restrict AID's
 

efforts to carry out its programs of assistance in these countries.
 

The Institutional Grants Program is designed to overcome these
 

deficiencies. Individual projects are designed to 
serve the program
 

needs of AID without a requirement for providing specific services.
 

Institutional Grants are thus to be used to strengthen "centers of
 

competence" within educational and research institutions and to build
 

long-range resources in depth rather than to procure services for
 

AID for specific limited purposes.
 

The specific purpose of this Grant was to expand the competency
 

of Utah State University as a center for world-wide training and
 

research in irrigation and drainage. As the competence has
 

increased the purpose has gradually shifted toward sustaining and
 

utilizing this competence in research, teaching, training, and
 

consulting. 
The Grant has now been extended and revised. The
 

purpose of this revision and extension is to focus and sustain,
 

within a utilization framework, an institutional response capability
 

at Utah State University in on-farm water management with emphasis
 

on small farms.
 

It is one of three 211(d) water grant extensions providing a
 

cooperative approach to assisting developing countries in solving
 

their food and nutrition problems.
 

Primary emphasis will be given to the on-farm water problems as
 

a means of improving the quality of life for the farmers in the lowest
 

income brackets. A secondary focus of the grant extension is to permit
 

involvement of the University in all phases of the water chain as
 

appropriate and in cooperation with CID. It is proposed that the
 

competence will be used to identify water management problems in
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the LDC's and seek solutions to these problems through training,
 

research, consulting, and preparation and dissemination of education
 

materials.
 

The consortium will cooperate in identifying new problems,
 

establishing priorities, and deciding on a division of labor and
 

cooperation among the five universities in order to prevent
 

duplication of efforts and to utilize the most qualified personnel.
 

Objectives of the Grant
 

Objectives Restated
 

The major objective of the initial Grant Program was to increase
 

and expand the existing competence of Utah State University in the
 

science and technology concerned with "on-farm management." Emphasis
 

was on moisture environment on the farm as related to the
 

special characteristics and problems of the less developed countries.
 

The general approach was to integrate a quality research, teaching,
 

training, and consultive technological program into an effective
 

means of information transfer to developing countries.
 

Review of Objectives
 

The objectives and areas of activities, as originally identified,
 

were broad in scope and general in nature. There have been some
 

gradual modifications until the review when the objectives were
 

restated as above. In the plan for implementation of the program,
 

it was anticipated that emphasis on activities would shift. Early
 

emphasis was on identification of staff needs, selection of professors,
 

and language training. This was followed by a review of 
course
 

content and revision and introduction of new courses. Emphasis was
 

also placed on library improvement and expansion. As the goals in
 

these areas have been reached, emphasis has shifted to teaching,
 

conducting research, responding to requests for technical assistance,
 

and increasing accessibility of the library holdings. The results from
 

the increase in language competence is becoming evident in the research
 

and consulting accomplishments. There is a constant demand for the
 



services of those on the staff who have the language competence to
 

teach short courses or provide technical assistance inLDC's. The
 

number of demands has exceeded our available staff.
 

In a proposal to extend the Grant, the purpose was to focus on the
 

utilization of the developed competence and have more specific
 

objectives with identified outputs, inputs, and verifications.
 

Efforts are being made for closer coordination of the programs with
 

other members of CID.
 

Review of Critical Assumptions
 

In the original grant proposal, most of the critical assumptions
 

were not specified as such but were largely assumed. One assumption
 

was that the University could increase its competence faster than the
 

increase in demand for the assistance. This has not been the experience.
 

It was assumed that the LDC's, AID, and Missions would cooperate with
 

the University and a consortium in identifying problems, establishing
 

priorities, and utilizing the capabilities; however, they have utilized
 

the capabilities but have helped only in a limited way towards
 

identifying problems and establishing priorities. It is a difficult
 

task to get the specific problems of the LDC farmer to the USU
 

scientists for solution and then transfer the information back for
 

utilization. We are sure AID is well aware of this but have limited
 

opportunities to assist.
 

The altering by AID of their policies, objectives, and procedures
 

have changed more than were originally announced to the Grantee.
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ACCOMPLISHMENTS
 

Introduction
 

Although the 211(d) Institutional Grants program was established
 
to strengthen the grantee (university's own capabilities) rather than
 
overseas services, the consortium institutions have attempted to
 
integrate a quality research, teaching, training, and consultive
 
technological program into an effective means of information transfer.
 
During the early years of the program, considerable effort at Utah
 
State University was directed toward increasing the number of staff,
 
improving the library holdings, increasing the foreign language
 
competence, revising the 
course offerings, and conducting needed
 
research. 
During the 1975-1976 year, emphasis has been placed on
 
utilization of the competence. 
In the 1975 revision of the program,
 

five outputs were identified as follows:
 

Information Capacity
 

Education Training
 

Expanded Knowledge Base
 

Advisory capacity
 

Linkages Networks.
 

The report is divided into sections corresponding to these
 
identified outputs.
 

Information Capacity
 

As a means for assisting in the transfer knowledge, the University
 
has maintained a center of competence in the general field of on-farm
 
water management. 
As a part of the center, a library of important
 
documents has been maintained. The university librarian is actively
 
working with representatives of the other CID universities, a program
 
to integrate the activities and where possible establish an information
 
exchange system as well as a uniform and combined retrieval system.
 
Grant funds have been used to support participation in CID-sponsored
 
workshops which were held in order to develop a coordinated
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information data system called CIDNET. Brochures describing the
 

Center have been sent to participating universities for distribution.
 

Grant funds were used to service user requests. During the
 

reporting year approximately 100 requests were received from
 

individuals in 20 countries and 17 states of the U.S. The supply of
 

an old edition of Irrigation System Evaluation and Improvements has
 

been exhausted and there has been many unfilled requests. The majority
 

of publications were brought to the attention of individuals through
 

the ASAE and ASCE journals, annual reports, and our staff
 

publication brochure. During the latter portion of the year requests
 

were coming in as a result of the publicity through the CIDNET
 

brochure. Publications on irrigation requirements, precipitation
 

dependability, and moisture availability in Latin American countries
 

are most frequently requested. A copy of a letter from Navarrete of
 

FAO (Appendix A) is illustrative of the nature of the requests.
 

Professor Griffin had lectured at the seminar held in Brazil.
 

Education and Training
 

As scheduled, two new courses were developed and tested.
 

Trickle Irrigation
 

2 credits, Winter Quarter. The development and design of trickle
 

and subsurface irrigation systems, emitter characteristics, filtration,
 

system planning and layout. Also considered are design economics,
 

applications, system operation and management.
 

Irrigation Project Planning and Evaluation
 

3 credits, Spring Quarter. This includes integrated analysis
 

and techniques for irrigated agricultural development and project
 

evaluation including technological water management and socio-economic
 

considerations (for LDCs).
 

In our work plan, we scheduled the development of a short course
 

dealing with the practical aspects of on-farm water management for
 

presentation in LDCs. Utah State University was to assume primary
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responsibility for organizing the course. The course is to be
 

organized for decision makers and technicians responsible for resource
 

planning, development, and application. A local committee was formed
 

which consists of Drs. Alfaro, Stringham, and Peterson. Contacts
 

have been made with FAO, CEDIAT, and the East-West Center. Course
 

materials and programs from these agencies have been collected. We
 

have been advised by those who have tried to conduct such a course
 

that each offering should be directed to a specific group and that
 

the participants should have some input into the content of the
 

course. After completing a preliminary plan for the course, it will
 

be necessary to obtain contributions and evaluations from
 

cooperating CID members.
 

Special supervision has been provided to graduate students from
 

LDC. The majority of the graduate students in the Department of
 

Agricultural and Irrigation Engineering are from developing countries.
 

The short course taught in Spanish for the engineers from Guatemala
 

was completed and concluded with a field tip to irrigation projects
 

in Idaho, Arizona, and California.
 

Expanded Knowledge Base
 

During the year, emphasis has been placed on preparation of
 

state-of-the-art reports and on practical circulars and other
 

instructional material suitable for training technicians in LDCs.
 

An attempt was made to formulate a plan for the involving of peasant
 

farmers in irrigation project planning. A draft summary by Nancy
 

Adams is attached (Appendix B).
 

Utah State has provided the initiative in developing reports in
 

four areas and are cooperating in the preparation of four other
 

reports mentioned below.
 

Water Management for Intercropping
 

Intercropping has many advantages to the peasant farmer trying
 

to feed a family with produce from a small farm or garden. This is
 

the most intensive type of farming. It makes the best possible use
 



of growing time and space. It gives the family a variety in the
 

diet and may provide protection against complete mono-crop failure.
 

Many of the farmers that can use the system are in tropical
 

and semi-tropical climates where the soils have a high fertilizer
 

requirement and also need lime. The fertilizers, if not utilized
 

by the crops, are soon fixed by the soil or are leached from the
 

root zone. This intensive system of farming enables the grower to
 

recover a greater proportion of the expensive fertilizer and lime
 

he purchases. There are, however, some hazards that accompany this
 

type of crop culture. If there are period of drought, the crops
 

on intensively cultivated land suffer more damage than would most
 

single crops. Because of this hazard, the practice should be adopted
 

only where the probability of adequate rainfall is very favorable
 

or where irrigation can be provided. Where irrigation is necessary,
 

the acreage should not be expanded such that water requirements
 

of the crops exceed the supply. One problem in comparing the demand
 

and supply lies in the fact that little information is available on
 

the water requirements of various crop combinations at the various
 

stages of their growth.
 

An attempt was made to determine the state-of-the-art of water
 

movement for intercropping systems in various parts of the world,
 

particularly where intercropping practices are being encouraged.
 

We have searched the literature in pursuit of information. We
 

also attended a symposium on multiple cropping sponsored by the
 

American Society of Agronomy, August 24-30, 1975, at Knoxville,
 

Tennessee. In addition, Dr. Robert Hill visited with Dr. R. R. Harwood
 

at the IRRI Station in Manila and at the Asian Vegetable Research and
 

Development Center near Taiwan. There they teach students the art
 

of intercropping but we have found they are not determining the water
 

requirements of the various crop combinations or systems. We also
 

contacted Dr. Peter E. Hildebrand who is studying intercropping in
 

Guatemala and has previously conducted a testing program inEl
 

Salvador. Although he has had plots irrigated, there is no measure
 

of the water needs nor the amounts applied.
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We have been unable to find published or unpublished information
 

on water management of multiple cropping systems. It seems that where
 

various cropping combinations are evaluated, the growers either rely
 

on the rainfall for the needed moisture or where water is available,
 

they irrigate "as needed."
 

This popular subject needs to be researched in order to have
 

information collected into a state-of-the-art publication.
 

Water Management of Heavy Soils
 

The first phase, an analytical review of the knowledge accumulated
 

in the literature has essentially been completed. The present
 

knowledge with some suggestions for use of the information is described
 

in the report. The next phase, determining where and how the informa-


On such a broad topic
tion is or can be used, has not been done. 


as this, we are not sure how to proceed with this phase. The review
 

as now completed, can serve as a reference for anyone involved in
 

the solution of water management problems of heavy soils and for
 

instruction in methods of management.
 

Methods of Irrigation
 

A committee was appointed which has been working toward the
 

development of a report or reports. It has found this to be a very
 

broad topic which will require more resources than were in the
 

budget for this program. The members have prepared a proposal to
 

AID indicating the nature of the problem and scope, a work plan for
 

completion of the study, a budget, and an indication as to the
 

personnel to be responsible for the various tasks (Appendix C).
 

As a major portion of the activity to expand the knowledge ba&E,
 

a photo copy ready manuscript of "Irrigation System Evaluation and
 

Improvement" is ready for reproduction. The information contained
 

in this manuscript is very much in demand and requests have been
 

received for permission to translate the manuscript into Spanish.
 

An attempt was made to prepare a popular circular on trickle
 

irrigation for the small peasant farmer, but the task was discontinued
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because of unsuitable equipment at the price the farmers could afford
 

to pay.
 

In an effort to provide information on sprinkler irrigation for
 

the small farmer, efforts turned to development of low energy
 

requirement low pressure systems. A draft of a report on very low
 

pressure sprinkler irrigation has been completed by Charles Burt and
 

Jack Keller. This is being reviewed and revised.
 

Food Production Technology Transfer
 

There has been a continued effort to develop a strategy for
 

transferring technology to the developing countries. 
We believe it
 

necessary to collect information that is not site-specific and to mesh
 
together the component parts (climate, soils, varieties, pests,
 
fertility and husbandry) of crop production technology in order to
 
bring about an effective transfer. A series of papers are being
 
prepared that show how to utilize the information on the various
 
components. Published in 1975 was "Reference Climate Sites for
 
Agricultural Technology Transfer." Others dealing with soils,
 

varieties, etc., are being prepared.
 

In order to obtain desired transferable data on crop production,
 
trials are being conducted by Pioneer Seed Company in Iowa, U.S.D.A.
 

in Colorado, and by Insoy in Ecuador. Records are being taken to
 
measure the crop phenological development in relation to temperature,
 
radiation, moisture, etc. Colorado State has cooperated in this
 
testing program and through their grant paid for the collection of
 

crop data. Pioneer and Insoy have provided the data at the other
 

locations.
 

The following four papers were presented during the year in
 
order to explain the program of information transfer:
 

"A Strategy for Soybean Production Technology Transfer," L. N.
 
Leininger and H. B. Peterson. World Soybean Research Conference,
 
August 3-8, 1975, Urbana, Illinois.
 

"An Agricultural Technology Transfer System," Jack Keller and
 
L. N. Leininger. Specialty Conference. Irrigation and Drainage

Division, American Society of Civil Engineers. August 13-15, 1975,
 
Logan, Utah.
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"A Strategy for Corn Production Technology Transfer," L. N.
 
Leininger and H. B. Peterson, International Maize Symposium,
 
September 8-12, 1975, Urbana, Illinois.
 

"Predicting Soybean Growth as Affected by Water," R. W. Hill,
 
K. H. Ryan, and R. H. Shaw, World Soybean Research Conference,
 
August 3-8, 1975, Urbana, Illinois.
 

Supplemental to these are papers dealing with instructions on
 

how to conduct tests, collect data, and field demonstrations. An
 

example is the paper on "Line Source for Continuous Variable Irrigated
 

Crop Production Studies." (Appendix D.) This is a technique for
 

measuring the interacting crop response to water and fertilizer
 

variables. Not only is it useful for research, but it is excellent
 

for extension demonstration.
 

Water Lifting Devices
 

FAO agricultural development paper No. 60 published in Rome
 

in 1956, has been out of print for several years. There is a
 

general demand and need for such information. It was our under

standing that FAO had no plans to revise the publication so it was
 

decided at the time of the grant revision, that Colorado State would
 

take the initiative in cooperation with Utah State, and prepare a
 

state-of-the-art report. A meeting of staff members was held and
 

the program organized with James Ruff and Al Wood of Colorado and
 

Charles Burt of Utah responsible for the study. While at FAO in
 

September of 1975, Dr. E. V. Richardson and H. B. Peterson found
 

that plans of FAO had changed and they intended to prepare a revised
 

publication for release. It was then decided by Colorado and Utah,
 

that their study would be limited to primarily small pumps and wind
 

powered pumps. Colorado has completed their report on pumps and Utah
 

collected all the information they could find on wind operated
 

equipment. (Charles Burt accepted employment elsewhere before
 

completing the study.)
 

Legal Aspects of Water Delivery
 

Although the leadership responsibility was elsewhere, Utah State
 

University, through David R. Damnes, cooperated with Colorado State
 



14
 

University in the planning and conducting a Global Water Law
 

This conference
Conference September 6-8, 1975, in Valencia, Spain. 


was sponsored by AID, the Rockefeller, Ford Foundations, and
 

other institutions. Preparations for the seminar included a trip to
 

Spain for the purpose of organizing the conference and a number of
 

intermediary conferences at Colorado State University. A paper on
 

U.S. Water Law was prepared and presented by David R. Daines and
 

George Radosevich. Daines also cooperated in the preparation and
 

editing of the conference report which is available for purchase through
 

the office of Dr. Radosevich at Colorado State University.
 

Soil Erosion
 

The University of Arizona has taken the leadership in organizing
 

for and conducting a state-of-the-art study on erosion. Although
 

there have been considerable activity and several meetings, the
 

scope of the study has not been defined. Now the problem seems too
 

large for one study and some way needs to be found to divide the
 

work into logical segments. While doing this, it was evident that
 

there is a need for a report on water harvesting. The staff at the
 

University of Arizona has prepared a draft of such a report which
 

USU will assist in reviewing and revising.
 

Advisory Capacity
 

The Grant Director identified for CID the USU faculty members
 

and their specialties for inclusion in a consortium talent bank to
 

be developed. During the year USU provided 9 staff members for 5
 

short term teams that went to LDCs sponsored through contract with
 

the University. It also provided 13 staff members for 7 teams
 

organized by CID.
 

As an example of a team activity, USU is providing a team for 

Honduras which will require 46 man weeks during the period of 

January 30, 1976, and February 28, 1977. Five staff members, all 

Spanish speaking, have participated in three trips to the country.
 

The team is to render technical advice and assistance to the Ministry
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of Natural Resources of the Government of Honduras in developing a
 

nationwide plan for improving the utilization and management of farm
 

resources in order to improve the well-being of small farmers. Among
 

other things, the team will estimate the needs for and cost of
 

irrigation systems to supplement rainfall and improve yields by
 

crop and by region.
 

On campus we held a training workshop for a CID team that was
 

going to the West African country of Niger. Information and techniques
 

developed through our "Food Production Technology Transfer" project
 

served as a basis for the training. It dealt with such things as
 

the use of known genetic crop materials and simulation of different
 

rainfall probabilities under dryland research conditions.
 

Representative of the University of Puerto Rico were also on campus
 

for a workshop on the utilization of the transfer technology in their
 

LDC research. Dr. Keller is scheduled to go to Puerto Rico and
 

Brazil as a follow-up of this activity (Appendix E).
 

Many teams go from the campus on short-term assignments.
 

Information about the host country is provided. Such material is
 

often found to be useful to others in the field and results in
 

requests for additional information such as illustrated in a letter
 

included as Appendix F.
 

Dr. Jose Alfaro was a member of a team that went to Africa. He
 

was unable to speak or understand French. He felt this was a
 

definite disadvantage so at his own expense, he spent two months
 

in France in an intensive language training program.
 

Linkages and Network
 

The principal domestic linkages has been with the CID universities
 

and the University of Puerto Rico for the tropical soil consortium.
 

Much closer relations have been developed with FAO. The grant
 

directors from Colorado State and Utah State conferred with the FAO
 

staff in Rome in September. There is a continuing exchange of
 

publications and staff members from FAO visit our universities.
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During the winter, Dr. Hill attended a workshop at the East-West
 
Center and the Water Management Training Center in the Philippines.
 
He also visited the Asian Vegetable Research Center in Taiwan and
 
IRRI in the Philippines. Arrangements were made for Rodolfo Undan,
 
from the Central Luzan State University, to conduct research in
 
Hawaii and at his home station, supported by the East-West Center.
 
His course work has been done during the year at Utah State University
 
where he will receive his degree.
 

Working relations have been developed with CIAT, CIMMYT, IRRI,
 
World Bank, and IADB. Many contacts were also made when our staff
 
participated in the World Soybean Research Conference and the
 
International Maize Symposium.
 

A major linkage network activity has been in the area of
 
information exchange through CIDNET.
 

Other Resources for Grant-Related Activities
 

As a direct result of the 211(d) program, the competence at
 
Utah State University in the field of water management has been
 
greatly improved. The number of professionals has been increased
 
and their individual competence also improved.
 

It has been realized that the support from the grant program
 
cannot be contained indefinitely; therefore, in order to maintain this
 
competence and to protect the investment made by AID and the University,
 
we are exploring ways in which the staff and program can be maintained.
 
For example, a proposal has been submitted to Office of Exploratory
 
Research and Problem Assessment of the National Science Foundation.
 
This proposed research is on "Development and Utilization of a Food
 
Production Technology Transfer System." 
 In addition, negotiation
 
has been carried out with the Inter-American Development Bank.
 
It is interested in
a joint venture entitled, "Strategies for
 
Agricultural Technology Transfer in Latin America."
 

As a 
portion of the World Food and Nutrition Study by the
 
National Academy of Science, our project was proposed to "develop and
 
organize in
a retrievable form the data which relates the phenological
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processes and production of important food crop cultivars to specific
 

weather-soil-water environments." If such a program is implemented,
 

there would be utilization of our competence to implement a program
 

that meets the objectives of AID in its efforts to make technology
 

available to the people in developing countries.
 

At the present time more requests for professional assistance
 

are coming from CID and other agencies and companies than we can
 

supply. There seems to be a great need for the competence developed
 

through the Grant and there is also funds available to procure the
 

services.
 

Although the competence in the area of water management has been
 

greatly increased, there remains a great need for further expansion.
 

There is also an urgent need to maintain the gains made and guard
 

against loosing the "critical mass" of competence and thus negate an
 

effective force.
 



18 

WORK PLAN AND ANTICIPATED EXPENDITURES 

The detailed work plan and budget for the period of the Grant
 

extension are shown in Appendix G. The anticipated expenditures are
 

II-B of this report.
shown in Tables I, II-A and 


As noted in the Work Plan, some of the detailed plans are being
 

developed in cooperation with CID and other CID universities 
during
 

A separate annual report is being presented by the Director
the year. 


of the Consortium.
 



Table I. 	 Distribution of 
Reporting Period 

Grant Objectives/Outputs 


Information Capacity 


Education 	and Training 


Expanded Knowledge Base 


Advisory Capacity 


Linkages and Networks 


Totals 


, 
These are best estimates
 

211(d) Grant Funds and contributions 
July 1, 1975 to June 30, 1976. 

Review 

Period Cumulative 


$ 8,350.00 $113,850.00 


18,560.00 158,661.00 


37,811.00 248,261.30 


18,000.25 203,500.25 


18,100.10 80,897.81 


$100,821.35 $805,170.36 


from other 

Projected 

to end 


$ 6,650.00 


21,440.00 


62,189.00 


27,650.74 


21,899.90 


$139,829.64 


sources of funding. 

Non-211(d)
 
University
 

$ 15,200.00
 

20,100.00
 

24,300.00
 

8,650.00
 

4,500.00
 

$72,750.00
 

http:72,750.00
http:4,500.00
http:8,650.00
http:24,300.00
http:20,100.00
http:15,200.00
http:139,829.64
http:21,899.90
http:27,650.74
http:62,189.00
http:21,440.00
http:6,650.00
http:805,170.36
http:100,821.35
http:80,897.81
http:18,100.10
http:203,500.25
http:18,000.25
http:248,261.30
http:37,811.00
http:158,661.00
http:18,560.00
http:113,850.00
http:8,350.00


Table II-A. Actual and anticipated expenditures under Institutional Grant AID/csd-2459 Review 
period July 1, 

Salaries, Wages and
 
Consultants 


Travel
 
(a) Foreign (7) 

(b) Domestic (31) 


Equipment 


.'tipends, Tuition and Fees 


Supplies and Computer Use 


Publications 


CUSUSWASH - CID 


Totals 


1975 to June 30, 1976. 

Period Under Cumulative Projected Totals
 
Review Total to End
 

$ 62,347.08 $474,487.40 $111,352.92 $585,840.32 

3,888.83 A3,665.73 8,711.17 52,376.90
 
6,117.66 28,942.33 2,282.34 31,224.67
 

-0- -0- -0- 7,608.70
 

14,281.50 142,887.17 4,169.49 147,056.66
 

2,649.53 35,992.74 1,850.47 37,843.21
 

1,536.75 21,245.13 1,463.25 22,708.38
 

10,000.00 50,341.16 10,000.00 60,341.16
 

$100,821.35 $805,170.36 $139,829.64 $945,000.00
 

http:945,000.00
http:139,829.64
http:805,170.36
http:100,821.35
http:60,341.16
http:10,000.00
http:50,341.16
http:10,000.00
http:22,708.38
http:1,463.25
http:21,245.13
http:1,536.75
http:37,843.21
http:1,850.47
http:35,992.74
http:2,649.53
http:147,056.66
http:4,169.49
http:142,887.17
http:14,281.50
http:7,608.70
http:31,224.67
http:2,282.34
http:28,942.33
http:6,117.66
http:52,376.90
http:8,711.17
http:A3,665.73
http:3,888.83
http:585,840.32
http:111,352.92
http:474,487.40
http:62,347.08
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Table II-B. 	211(d) Expenditure - Reporting Year Details Under 
Institutional Grant AID/csd-2459, 1975-1976. 

I. 	A. Professionals Man Months Salaries
 

H. B. Peterson 3.7 $ 11,055.00
 
Jack Keller 3.2 9,109.00
 
Robert Hill 4.1 6.569.00
 
Jose Alfaro 3.26 5,599.94
 
Charles Burt 5.0 3,125.00
 
Lester Leininger 6.0 12,000.00
 

Total Professional 	 47,457.94
 

B. 	Clerical
 
Library
 
Other Nonprofessional 2,905.00
 

C. 	Fringe Benefits - Retirement only 7,993.34
 

D. 	Wages (payroll) 1,877.30
 
$ 60,233.58
 

II. Student Support 	 Country Amount
 

Charles Burt USA $ 600.00
 
Ronald D. Fischer USA 150.00
 
Donald Burgess USA 1,572.50
 
Kent Ryan USA 2,100.00
 
Nancy Adams USA 4,272.50
 
Peter Canessa USA 3,316.50
 
Bob 	Hulsman USA 2,270.00
 

III. Consultants and Guest Lecturers 	 2,113.50
 

IV. 	Travel
 

A. 	Domestic 6,117.66
 

B. 	Foreign 3,888.83
 

V. Equipment 	 -0-


VI. 	Library Acquisitions
 
Thesis and Dissertations, Reports, Papero, etc. 1,536.75
 

VII. 	 Other 
Telephone 
Postage 
Computer
Miscellaneous 	 2,649.53
 

CID 	Support 1Q,QOQ.QO
 

GRAND TOTAL 	 $100,821.25
 

http:100,821.25
http:1Q,QOQ.QO
http:2,649.53
http:1,536.75
http:3,888.83
http:6,117.66
http:2,113.50
http:2,270.00
http:3,316.50
http:4,272.50
http:2,100.00
http:1,572.50
http:60,233.58
http:1,877.30
http:7,993.34
http:2,905.00
http:47,457.94
http:12,000.00
http:3,125.00
http:5,599.94
http:6.569.00
http:9,109.00
http:11,055.00
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AND WOMEN
INVOLVEMENT OF MINORITY PERSONNIG 


Through the assistance of the Grant, one minority professional
 

staff member was recruited, Dr. Jose Alfaro, Associate Professor of
 

Agricultural and Irrigation Engineering. He has taught several
 

irrigation classes in Spanish and has undertaken numerous consulting
 

assignments including attendance at a seminar in Costa Rica on
 

irrigaticn and drainage at the farm level for Central American countries
 

and Panama. In 1974-1975 he spent nine months consulting for the
 

International Development Bank in Guatemala where he was'coordinating
 

a program to assist Guatemala in implementing a plan of work for
 

irrigated agriculture. He has done research on infiltration-runoff
 

relations as well as frost prevention by controlling plant growth by
 

cooling. Dr. Alfaro has also authored and co-authored the following
 

publications: 'Medidas de Agua en Canales por Medio del Aforador 'Sin
 

Cuello'," and "Irrigation System Evaluation and Improvement." He is
 

actively doing Spanish language versions of many of our Grant supported
 

publications.
 

Nancy Adams has been employed by the Grant part-time as an under

graduate and graduate to conduct research dealing with information
 

transfer. Ms. Adams is a graduate student in the Department of
 

Agricultural and Irrigation Engineering. Bonnie Thompson, a technician
 

supported by the Grant, has been instrumental in collecting data,
 

assembling reports, and editing publications initiated by the staff
 

members. Others supported by the Grant include Amy Krambule, clerk-steno,
 

and Linda Van Orden, research aide.
 

Past efforts in recruiting minority students and staff have met
 

with limited success. There are few women involved in the field of
 

water management research and very few minority males. Ms. Hwei-Tzi
 

Chu, a Chinese student, is currently enrolled in a MS program in
 

Agricultural and Irrigation Engineering. Attempts to locate qualified
 

people have often failed, but efforts are still being made to attract
 

and encourage minorities. For example, Nancy Adams has been actively
 

involved in a program to promote women in engineering.
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All classified and non-classified positions at Utah State
 

University are recruited through established procedure, utilizing and
 

following the statement of the Office of Affirmative Action and Equal
 

Employment.
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"DEVELOPMENT OF THE SAO FRANCISCO RIVER VALLEY PROJECT" 

OODEVA8F 

SBN ProJeglo 14 
Ecft.Central Braslila UNDPIFAO BRA/741008 
Tel. 24-7690 

Ret. OP 9/7 BRA1741008 Cilxa Postal 07 0285 

N 9 058/76 70.000 - Brasilia. 
Brasil 

DF 

Brasilia, July 6 , 1976
 

Dr. Richard E. Griffin
 
Extension Water Resources Specialist
 
Cooperative Extension Service.
 
UTAH STATE UNIVERSITY
 
UMC. 49 . LOGAN, UTAH, 84322 . U.S.A.
 

Dear Dr. Griffin:
 

Hereby I acknowledge receipt of your letter of last
 
early spring. I Know that now it is sommer there. Sorry for
 

the delay.
 

Thanks for your comments on the seminar. So far we
 

have not been able to publish the results. It takes along
 

time this task.
 

Meanwhile, the use of Or Hargreaves data to compute
 
ETP in the S~o Francisco Vally has been oficialized in our I
 

specifications for studies to be contracted with private con
 
sulting firms. Copies of the reports you left have been I
 

reproduced ( xerox ) and distributed among the firms.This has
 
been one of the most usefull results out of the seminar.
 

If it is convinient for you, we could use well 50
 
more copies of Or Hargreaves information on water use in Bra
 
sil, and N.E .
 

Thanks for your help in the seminar. I will send you
 
copies of the results as soon as they are available.
 

Best regards for you, Or Hargreaves and Dr Christiansen
 
if you happen to see him .
 

Sincerely Your
 

Jose ul6Navarrete-
P oject Manager 
BRA/74/O0R 
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DRAFTr 

CN-FARK IRRIGATION PIANNDI 

INVOLVING PEASANT PARTICIATION 

by 

Nancy L. Adams, 

Success in project planning means that the project is developed 
in such a manner that the peasant farmer can use it imnediately to kmprove 
his production and that the project will provide him with opportunities 
for further development of both himself and his agricultural resources. 
Traditionally, project development has been mostly concerned with 
technologically increasing agricultural production; and the vital element 
in the production process, the farm ccmunity, is usually ignored. If a
 
project is to be beneficial and dynamic, consideration must be given to
 
the abilities and goals of those who 
are to use it as well as to the
 
technical design. The purpose of this thesis is 
 to develop a method of
 
project plannhig which will pronote this balance.
 

There is 
 evidence fran research in the fields of ccunuication and 
anthropology that a process of innovation which involves the people who 
are to make the clange in the decision-making process not only increases 
tle acceptance of the innovation but also provides input of information 
which actually enhances the design of the project. Thus, a method of 
project planning which includes the peasant farmer in system design would 

be of value. 

The method should involve the farm ccmmunity in the planning process 

Sumnary of Master of Science thesis nearing completion. 



27
 

as far as possible, by undertaking group consideration of the situation 

and of the possible alternatives. This would generate information for 

the planner which may be crucial to the design of an appropriate system 

and would provide the cmrmunity with a feeling that they understand 

what the project is about and that they themselves are capable of using 

the systen to alter their situation further. 

During recent years, the Army Corps of Engineers has been compelled 

to undertake a similar public participation program. This requirement 

for public participation in project development has generated research 

and practices which provide a sound basis for the development of a strategy 

for project participation within a peasant community. 

The goal of such a process is to make both the peasant and the planner 

aware of project development potentials within the cormmunity. Thus, the 

planner will be able to develop a system which is appropriate to the 

resource and management potentials of the local cammunity, and the peasant 

farer will gain confidence that he can indeed understand and use the 

system for his benefit. The sharing of understanding concerning the 

local situation and its potential for developmient between the farmer and 

the planner is central to this process, for it is only through this 

sharing that the project can be developed to conform to the local 

situation while providing opportunities for the farmer to actualize 

his potential. 
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Chapter i. Exploring Project Development 

I. Franmrk for Irrigation Development 

A. Political Patterns 
1. International Influence 
2. National Policy
3. Iocal Institutions 

B. Econamic Indicators 
1. Project Returns
 
2. Project Financing 

C. Agricultural Infrastructure 
1. Camercial, Marketing
2. Agricultural Information Base 

II. Resources for Irrigation Development 

A. Construction Resources 
1. Regional Geography
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3. Manufactured Goods 

B. Organizational Resources 
1. Development Agency 
2. Field Staff 
3. Camiunity Population 

C. Physical Environment 

III. Process of Irrigation Development 

A. Water Resource Development 
1. Regional Resource Inventory
2. Design & Construction of Primary Facilities 
3. Management and Operation of Major Works 

B. On-Farm Irrigation Development
1. Farm Resource Inventory
2. Design & Construction of System
3. Management & Operation of System 

IV. Critical Factors for Successful Development 

A. Agricultural Infrastructure 

B. On-Farm Irrigation Development 
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Chapter 2. Ccmmunity Participation in Project Development 

I. Forms of Ccmunity Participation 

A. P' anning for Resource Developnent 
1. Problem Definition 
2. Formulation of Alternatives 
3. Impact Analysis 
4. Evaluation 

B. Educing Community Transformation 
1. Agricultural Extension 
2. Dialogical Interaction 

C. Generating Agricultural Innovation 
1. Innovation-Decision Process 
2. Peasant-Planner Cammunication 

II. Pnrticipants in On-Farm Irrigation Develorment 

A. Technological Orientation 
1. Peasant 
2. Urban-Industrial 

B. Function in the Developnoet Process 
1. Peasant Farmer 
2. Field Staff 
3. Development Agency 

III. The Canunity and On-Farm Irrigation Develormlent 

A. Ccmmnity Leadership 
1. Secular 
2. Sacred 

B. Cultural Organization 
1. Norms 
2. Institutions, 
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Chapter 3. On-Farm Irrigation Planning and Development 

I. 	 Problem Definition: Agricultural Resource Inventory 
Dialogical Theme: To gain information and to convey 
the power of the ccamunity in transforming its 
environment 

A. 	 Physical Environment 

B. cimmunity Agricultural Organization 
1. 	 Resource Development and Utilization 
2. 	 Agricultural Institutions 
3. 	 Agricultural Practices 

C. 	 Agricultural Consumption Patterns 
1. 	 Dietary Habits 
2. 	 Storage and Processing
3. 	 Marketing 

D. 	 Comunity Goals/Concerns for Agricultural Development 
1. Altering Agricultural Organization 
2. Altering Agricultural Consumption 

II. Formulation of Alternatives: Project Possibilities 

(Example: irrigation & drainage project) 

A. 	 Ordering of Constraints 

B. 	 Conceptualization of Alternatives 

III. Impact Analysis: Potentials for Community Development 

A. 	 Community Transformation 
1. 	 Project Inputs
2. 	 Project Returns 

B. 	 Ccmmunity Acceptance 

IV. 	 Evaluation: Ranking Alternative Possibilities 

A. 	 Trade-Offs Among Alternative Futures 

B. 	 Project Adaptability 

Chapter 4. Designing a Workable Project: Summary and Conclusions 
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APPENDIX C
 

DRAFT: April 7, 1976
 

State of the Art on Irrigation Methods
 

Proposal to AID
 

Problem Definition
 

In many areas irrigation of some type is desirable or necessary
 

to improve food production and the living standards of small family
 

farmers. There are notable failures in implementation of irrigation
 

projects designed to meet these social goals.
 

Irrigation is established by isolated efforts of individual
 

farmers and/or as a result of government projects to develop large
 

land areas. In planning and developing irrigation projects, the
 
emphasis is placed on the construction of the civil (off-farm) works
 

where the technical skills are perfected. In contrast, partly because
 
the knowledge of farm irrigation methods is poorly organized,
 

insufficient attention is given to the proper selection and subsequent
 

management of the farm irrigation systems. However, without success
 

at the farm level a project cannot meet the go ,s of the planners
 

or the expectations of the family farmers and rural poor.
 

Successful farm irrigation requires developing and performing
 

design and management schemes which fit indigenous site potentials,
 

i.e., political, social, economic and management realities as well
 

as the physical conditions relative to crop production. This is a
 

difficult task but it can be made considerably easier and consequently
 

more likely to be done if strategies for assessing site potentials
 

in terms of the available descriptive information and site require
ments of the various irrigation methods were better organized. Good
 

planning is indispensable as small family farmers can hardly be
 

expected to make ill suited (socially, physically, etc.) farm
 

irrigation systems workable.
 

We believe we will contribute significantly to the success of
 
irrigation projects by organizing the site potential-irrigation
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methods description information. The key to accomplishing this
 

will be to appropriately identify the components and subcomponents
 

of the various irrigation methods into a taxonomy of irrigation
 

methods in terms of measurable site potentials. With such a taxonomy
 

and readily performed field observations, irrigation system selections
 

can be matched to site conditions by those most likely to be involved
 

in the farm system design.
 

Proposed State of the Art
 

This state of the art study will involve identification of the
 

various irrigation methods and their components and subcomponents
 

describing requirements which each method imposes on a site for
 

successful operation, as well as the identification of measurable
 

site potentials. One of the early tasks will be the development of
 

a strategy for conducting the study in an efficient and systematic
 

manner. This will be followed by an articulation of the design or
 

method selection strategy, from which the taxonomy will evolve. The
 

taxonomy is the logical identification of the important components
 

of characterizing irrigation methods. The product of such a study
 

will be presented in matrix form similar to Table 1.
 

The components listed in Table 1 do not constitute an exhaustive
 

set, but should serve to illustrate the comprehensive nature of the
 

project. Completion of the matrix will involve a qualitative assess

ment of the completeness or validity of a particular data item as
 

well as its magnitude. In the process of locating specific informa

tion from the literature and field visits, the voids in past and
 

present research and in practical knowledge will be exposed. The
 

degree of urgency attached to filling a given knowledge void will
 

provide an excellent basis for the direction of new or ongoing
 

research in irrigation methods.
 

Because of the immensity of a total study on irrigation
 

methods we propose that a logical first phase will be to develop the
 

strategy for the study, articulate the taxonomy, and organize the available
 

information for one or two specific system categories. An
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Table 1. Characterization of Irrigation Methods
 

Irrigation Method and Sub-Method
 
Requirement 3urface Sprinkle Trickle Hybrid

Component k B C A B C A B C A B C
 

Energy
 
Type A (Labor)
 
Peak
 
Time Distribution
 

Type B (fossil fuel)
 
Type C, etc.
 

Management Knowledge
 
A. Mechanical
 
B. Personnel
 

System Efficiency
 
A. Optimum condition
 
B. Average
 
C. Poor
 

Operational Problems
 
A. Mechanical
 
B. Labor
 
C. Parts supply
 

Financial Requirements
 
A. Initial capital
 
B. 0 and M
 

Soils
 
A. Heavy
 
B. Medium
 
C. Coarse
 

Erosion-Sensitivity
 

General Description
 
of method
 

Location in World
 
where practiced
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appropriate system category for small family farmers which we propose
 

for the initial study is "low cost, low energy, non-sophisticated
 

closed conduit irrigation systems."
 

Plan of Work
 

The following Work Plan relates specifically to the development
 

of an irrigation method taxonomy plus a study of one selected
 

priority system category applicable to LDC utilization.
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Chronological
 
order of
 

Person month accomplishment
 
Requirements (sequence of
 

Task 	 Prof Tech months
 

I. 	Problem definition and deter
mination of solution strategy 6 2 1-6
 

A. 	Organization of strategy and
 
taxonomy identification team
 

B. 	Preliminary literature review
 

C. 	Component identification and
 
development of taxonomy
 

D. 	Determination of solution
 
strategy
 

E. 	 Strategy and taxonomy report 6
 

II. 	Application of the strategy 3 2 4-7
 

A. 	Methods literature search
 

B. 	Selection of Priority
 
Systems Category 7
 

III. 	Expanded Knowledge search
 

A. 	Comprehensive literature
 
review 4 10 6-15
 

B. 	Field visits (8 trips) 8 6-17
 

C. 	Consultation with AID
 
personnel 3 0-24
 

IV. 	Integration of acquired
 
knowledge into document form
 
and identification of
 
information voids 5 2 15-21
 

V. 	Dissemination
 

A. 	Workshops (3at 2 man weeks
 
each) 1-1/2 1 15-24
 

B. 	Publication 2 5 21-23
 

TOTAL MONTHS 32.5 22
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Budget (2year project, no overhead)
 

Item 
 Cost
 

Professional - 32-1/2 months at $2,000 month $65,000
 

Technician - 22 months at $1,000/month 22,000
 

Travel:
 
8 trips out of country at $1,500 each
 
(includes sharing with other projects) 12,000 

Information retrieval systems costs 5,000
 

Publication 
 1,000
 

Workshop information (3at $500) 1,500
 

TOTAL $106,500
 

Personnel Assignments
 

Task 
 Personnel
 

I, II Jose Alfaro, R. W. Hill,
 
H. B. Peterson, G. E. Stringham,


A. A. Bishop, K. Unhanand, J. Keller
 

III A 
 J.A., R.W.H.
 

III B (field visits) J.A., J.K., R.W.H., A.A.B.
 

III C H.B.P., A.A.B., J.K.
 

IV H.B.P., J.K., J.A., R.W.H.
 

V A&B H.B.P., J.K., A.A.B., J.A., R.W.H.
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•I i,,'riu Inrit'lReprinted from the .NlilScince. S" ity ii 
Volume 40, no. :1,May-Jtine .176 

677 South Segoe lid.. Madison, WI 53711 LISA 

Line Source Sprinkler for Continuous Variable Irrigation-crop Production Studies, 

R. J. HANKS,2 J.KELLER. 3 V. P. RASMUSSEN. 
2 AND G. D. WILSON2 

ABSTRACT 


The design detaO-, and a sample teof field test results for a line 

source sprinkler plot irrigation system are presented. The system 

produces a water application pattern which is uniform along the 

length of the plot and continuously. but uniformly variable across the 

plot. 
By applying a fertility variable along a plot (at right angles to the 

test crop, the system offers a conve-water variable) planted in some 
nient means for developing crop production function data. The system 

State Univ. in cl 'pratimn ih the Utah Agric.'Contribuliton frmi U1tah 
Exp. Sin.. .ogan. UT 84322. Jiurnal paper no'. 2049.Supptirted in part bh 

Grant B121. Utah Center ftI'r Water Reiurces.Research. Grant C5189. 
Water Research andCinsurtium I'rInternatimial I)echlp.. Office ot 

Tcchni.hig. USD and Contract All).cd.2459 U.S. Agency fur Interna. 
tinnal Devehipinent. Received IINov. 1975. Approved 24 Jan. 1976. 

'Professor and Rewearch Assistants. respectively. Dep. ouSuilScience 
and Bimuneteorolhgy. 

"PrLi'essr. I)cp.*(if Agric. and Irrig. Eng. 

lest area and water supply are both small. Hlowever. the application of 

the system may he limited h wind and allwater application levels 

within a plot must he supplied at the same irrigation frequ'ency. 

Additional Index Wordt: oater use studies. experimental plot Irriga. 

tor, water-fertility interactions. 

10 PRODUCTION surfaces as influenced by waler levelsROt 
C are needed for many analyses to relatc economie return 

to soil water management practice,. Fox (1973) reported on 

asystem for producing these surfaces using a large number 
of N fcrtility treatments which varied systematically from 
one end (ofa single plot to the other. Fox suggested that 

water could be varied at right angles to N fertility treat
meltis. Bauder et al. (1975) reported on a study where N 
fertility levels were imposed at right angles to the water 

levels. This system has an advantage in that the crop pro

426
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IIANKS ET AI..: I.NIE SOURCE SPRINKLER FOR IRRIGATION-CROP STIUIIIES 

duction surface can he seen visually in tile field. The need 
for abuffcr ,rea around each treatment was eliminated since 
the incrcmenlal change between adjacent treatments is 
small. ,r 

Accurate water control is recessary it) produce the nu-

merous water levels required to generate the desired produc-
lion surfacc. Bauder el at. (1975) used a trickle (drip) irriga-
tion system to obtain the high degree of water control 
needed. The trickle system gave good control of the irriga
tion water added, but was quite expensive and required con-
siderable manpower to operate effectively. The trickle sys
tem used for corn was 10 rows wide (row width 76 cm) and 
about 24 in (80 feet) long which had about 400 tricklers. 
This plot was replicated four times. Periodic and extensive 
metering and testing of emitters was necessary to determine 
the exact water application time for the small incremental 
availability differences required. Ati additional problem 
was the need to ilter the water very thoroughly. Because of 
these problems, alternate schemes of irrigating at varying, 
but consistent levels were tried in an cfl'orl to obtain a more 
efficient system. A system developed in 1973 that works 
well is adesign which used a single line of sprinklers down 
tile center of the plot. The purpose of this paper is to 
describe the design and layout of this line source sprinkler 
plot irrigation system and some of the results obtained with 
it. The design is currently being used in Arizona. Califor
nia. Colorado. and Utah for an esperiment involving irriga-
lion, stage of plant growth, and salinity; all as related to 

cn(Zea mays L) production.corn y , othe 

PROVEIDURE 
System Layout 

The design criteria In tile water application pattern from ailine 
sprinkler plot irrigation systel ire: To obtain the desired "triangu-
lar pattern line source" eftect. sprinklcrs should be ctosely spaced 
along the water supply line. Furthermore. the individual sprinklers 
should lie the same and each produce a triangular shaped profile 
%%hen operated ii los" %kitds at the design pressure. The best or 
ided spactng is a compromise betweei: 

II IVnilirmity along the plot which is optimum \wilh sprinklers 
,paed at apprinimate ly It'r of" the wet lted diameter or 
closer and reastmable l'otr spacings up to approximately 
211-25'; of the wetlcd diameter.

2) Application rate and svstem fh w rate wlhich vary inversely 

with the sprinkler spacing. 
3) System cost which increases a, the sprinkler spacing is 

decreased, 
4) ('oi pact to minimie the s ,,e of the required end buffer 

/i4ie*.', 
IBecase ol' applicalionrate and c,,tlt. it is generall. desirable t) 

use tile %kidestspacing sItich Mtill gi\e ,eaimnable unil'ormnily. i.e.. 
varalins athing the lite not exceeding approxilimately ± 10% 0t' 
the meati. 

'The ta1idi iu spacing li nit tuut rea,, mable miformily which 
are alise %%erc ariied at by aml\ /ing a illber of sets of tier-

lapped "can catch dtata" which s ntiliesi,,ed various sprinkler spac
mus along the lateral rom single ,ptitkler catch data. A computer 
piopin asieu,ed to c\peditc the overlapping promes and primary 
catch data Irom several sprinklIcr bod. -n i leS re cotnihina-

" 
lions serc aulal/etl. In general a "'reasonable tlilIorutily along 

30.5 m 

W 

x 
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x 
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Fig. I-Schealoic diagram of the line sprinkler plot showing wetted 
perimeter or each sprinkler. Aborder area of about I m is needed on 
the sides of the plot. 

Figure I shows a schematic layout of the tine sprinkler plot 
design to meet these criteria. he line ohsprinklers isthrough the 

center ol the plot and parallel tothe row direction. The length of 
plot can be increased by adding nmore sprinklers. Hiwever. the 

tile plot is gmsrned by the sietted diameters of thewidth o1 
sprinklers. There are two replication-one on each side of the 
sprinkler. A hnder ol'about I in, not shown in Fig. I. is needed on 
the edges of the plot. 

l'o obtain the "'line bmorce"' effect. sprinklers shouk!d be spaced 
as closely as practical on the \aler supply line with spacing not Cx
ceeding 25% (o'the wetted diameter. Furthermore. the individual 
sprinklers should produce a triangular shaped profile when 
operated in lts winds at the design pressure. 

The test s stem (results shown in Fig. 2) had eight splilI.'iS 
spaced at 6. I m (20 feet) which gave an overall usable phit 24 .41l 
by 30.5 ti I0 x 1(I) It). Model 30 TN'T sprinkler%with a 4.8
mi (3/16 inchI range b\ 2.4-m.m (3/32 inch) spreader nov les 
produced by Rami Itird Sprinkler Manufacturing Co'mlnpa ny ff 
(Iletidora. ('alif.. USA. were selected I'm tile layout. The 
spriikhers were operated at iplrsiimatel> 3 bars (45 psi) ind 

produced a wet ted radius if approximately 1.5 ti (51) tNet). Satis
'actor. results hac been obtained with the same sprinklers 
operated at pressures lip to 4 bars (60 psi). 

The pit area \%as, essentiall le\el and the sprinklers were 
placed ii 610 cm 2 fet I high by 2 5cm diameter ( I inch) risers at
tached to a 7 .5-cm diameter t3 inch) quick coupling portable atl
minum suplly line. The supply line had omndrain gaskets. The 
pressure head diterence betlwen tile ends of the line was approxi
matelv I';Aof the inlet pressure and each sprinkler discharged (0.54 
liters/sec I.5 gpm) giving a total system discharge (it 4.32 li
ters/sec (fiX gp n). 

RESULTS 

Table I shniws tile restIts of a lest to determine tie intlu
cnec of' distance Irom the sprinkler lilie and posit oti alonig, 

the lite ssas : hiced under calm conditions by% applying the but at right angles. t ie sprinkler line on irrigation ap
20-.2.5: pacing criletia regardles.s of the sprinkler both-noIleb

plied. AIjafenl to the sprinklers the irrigation applied wasplresure relalionship. Ilomever. the sprikler body-no/ie config-
urations described belt Mhich stc chose or our field syslem greater Ihan betweet sprinklers. At distances greater than 
proluced the 'best'" triaigular pattert. about I m f'rotn the line. the differences at.he sprinkler and 
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60 Boel fit polynomial Table I-Relative irrigation measured as a function of distance
 
oln from the sprinkler line and position along sprinkler line
 

50 M 	 Distance from At sprinklers Between sprinklers 

sprinkler line Rep I Iep 2 Avg Itep I Rep 2 Avg Difference 

40 	 South 13.3 m 0.0 0.0 0.0 00 0.0 0.0 
11.8 0.03 0.03 0.03 0.04 0.04 0.04 -0.01 
10.3 0.12 0.13 0.12 0.14 0.13 0.14 -0.02 

30 	 8.7 0.30 0.24 0.27 0.27 0.29 0.28 -0.01 
7.2 0.48 0.37 0.43 039 0.38 0.38 40.05 
5.7 0.50 0.47 0.18 0.47 0.46 0.46 #0.02 

20 	 4.2 0.55 061 058 0.56 0.62 0.59 -0.01 
2.7 0.64 0.70 0.67 0.70 0.77 0.74 -0.07 
1.1 0.87 0.81) 0.8.1 0.78 0.78 0.78 +0.06 

to 	 North 0.4 1.00 0.91 0.94 0.80 0.79 0.80 +0.14 
1.9 0.76 0.79 0.78 0.70 0.83 0.77 *0.01 
3.4 0.60 0 70 0.65 0.65 0.59 0.62 .0.03 

4 a It i6 20 24 28 32 36 40 4.9 0.43 063 0.53 0.51 0.50 0.50 *0.03 
0.43 0.52 0.48 0.42 0.47 0.44 .0.04Row from south end 	 6.5 

8.0 0.37 0.43 0.40 0.41 0.50 0.46 • -0.06
 
Fig. 2-Cumulative irrigation as related to the distance tram the 9.5 0.35 0.37 0.36 0.34 0.35 0 34 *0.02
 

sprinkler line for corn trials at Logan, Utz: 1974. Row width was 11.0 026 0.22 0.2.1 026 0.23 0.2.1 0.0 
.75 m (2. feet). 12.6 0.08 0.05 006 0.08 0.09 0.08 -0.0214.2 0.0 0.0 0.0 0.01 0.0 0.0 

between the sprinklers were about thc same as between Table 2-Relative irrigation measured at different. 
distances from the sprinkler line during the

replicates. The peak application rate was shifted to the north 	 1974 season at Logan, Utah. The aver
by a slight breeze from the south. The results of Table I in- age irrigation received at 1.9 m
 

north and south assumed 1.0
dicate that the irrigation application rate falls off approxi-

mately linearly with distance from the line sprinkler source Di~tance from sprinkler line
 
as desired. Date South North
 

Therefore, the line sprinkler source system was used in III 
1974 as apart of a larger experiment. Table 2 shows the irri- 14.1 11.0 so .. 9 1.9 1.9 4.9 8.0 11.0 14.1 
gation application for different dates during the season. 6-1 0.09 0.31 75 093 9 1.02 1.08O0. 0.57 0.15 

Practical use of the system during 1974 indicated that the 	 6-22 0.0.1 0.13 n72 .. 1.00 0.91 0.68 0.43 0.19
principal disadvantage was wind drift. Efforts were taken to 	 6-29 0.03 0 32 0.71 0 7.10.95 1.0150.89 0.71 0.47 0.05 

7-9 0.0 on 013 0.16 I.00 In 1.On 0.5414 1.12 0.24 
only sprinkle on days when wind was small, but this was 8-21 0.12 0.52 1176 0,98 .no 111 016 0.81 0.62 0.31 

8-28 0.13 0.56 1176 0(.92 100 100 1.02 0.77 0.63 0.28not always possihle. An extreme example was 9 July 1974. 9-3 0.12 0.71 0146 0.90 1.05 0.95 0.8460.67 0.57 0.29 
We waited several days for a calm period, but it did not 9-10 0.10 0.61 1.01 0.9 1 .11 0.19 071 .. 0.38 0.10 

occur so irrigation was done. The data show a shift of the Avg. 0.08 0.4.1 1.72 11.79 1101 0.99 0.93 O.H) 0.53 0.20
peak at about 8 in. When the standard deviation was -	 AI.t 0.09 0.50 0.10 090 1I1 0.99 0.90 0.94 0.52 0.20 

s con- s, 0.05 0.22 026 029 0.05 0.05 0.13 0.15 0.09 0.10 
puted on relatively calm days. it was about 0.1 and was sxt 0.04 0.1.4 0.10 0.01 0.05 0.06 0.12 0.06 0.10 0.10 
about the same at all distances from the line. Including the t Excluding the data on 7-9 which was windy. 
windy day data caused the standard deviation to increase to 
about 0.2 (or more on The south end). 

When the data are summed up over a season, the normal sprinkler line are not tised because of leakage from the pipe 
wind variation tends to make the shape of the water distribu- junction. Evapotranspiration was.estinated assuming runoff 
lion curve more curvilinear as sh'wn in Fig. 2. To estimate and drainage or upward flow during the season was neg
the irrigation as a function of position, a second degree ligible. Soil water depletion was measured using a neutron 
polynomial was fitted to the measured data as shown in Fig. probe Io 2.7 ni (9 feet) depth. Irrigation was applied in in
2. 	 tervals to keep runoff ero. When runoff started irrigation 

The system was used in 1973 and 1974 to determine corn was stopped. This problem was highly dependent on soil 
production as related to irrigation. T'r maintain a clearance condition. 
of 30 cm above the crop, the sprinkler heads were raised pe- The data of Fig. 3 show a strong linear relation between 
riodically during the season. At the cnd of the season, the dry naltter yield and estimated evapotranspiration. as has 
sprinkler heads were 3.05 ni high (10 feet). Small rain been shown for many slutlies. For tie saic estimated 
gages set at right angles to the irrigation line in 3.05-n (10 evapotranspiration. the norill side ol' the plot gave slightly 
feet) intervals measured the water applied. These were higher yields. Tis variation ma1ly be dte to unkn own factors 
raised during the season to be just above the crop canopy. such as fertility differences or ileastlrement errors. Figure 3 

Figure 3 shows the dry matter and corn yields as related also slows a linear relationship between grain yielt and es
to estimated evapotranspiration (sum of s,ater applied plus tinated evaptranspiration. b illere is mlre variation in 
rain and soil water depletion) resulting fronmt system use in the data than for dry matter yields. The increased variation 
1974. There were 40 rows in the plot with every other row is expected because grain yields are tore -sensitive to inllu
harvested for dry matter yield and the adjacent rows har- ence during the season thlan is dry matter production 
vested for grain yield. The outside rows had a large border (Hanks. 1974). 
effect (as evidenced by a larger yield) so the data are not These data are similar to tose of Ilillel and Guron (1973) 
used. The data from the two inside rows next to the who used the ,raditional plot technique with four irrigation 
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a the line of sprinklers parael to the diteilioiof the wind. Ir. 
7 rigation was generally applied only wli ei the winds were 

x x N" 3 kmihour (2.0 miles/hour) at right angles to the line and 8 
6 A North 19 km/hou'r (5.5 miles/hour) parallel to the row. lwever, 

5 South even these light general winds caused an average variation 
of up to 2 m in the maximum irrigation rate. 

4 2) All irrigation must be added at the same frequency on 
Z any given plot. This is an inherent feature of the iine source 

3 concept. However, for some water use studies, it may be 
2 , desirable to manipulate the water availability by utilizing 

different frequencics.
3) The maximum application rate along the line of 

sprinklers for the system design presented is approximately 

20 20 m/hour (0.79 inch/hour). While a relatively high applica
lion rate provides flexibility for irrigating only during calm 

19 xNorth wind periods. ponding or runoff may he a problem. How

16 South ever, there are several olutions for these problems which 
include: operating the sprinklers intermittently, i.e.. 15 min0* 

1m4 on. then 15 min off. etc.; operating every other sprinkler, 
12 ,A, apply half of total irrigation, then switch to the in-between12 xsprinklers, automatically sequence the sprinklers one at a 
10 time; or provide small dams or pits at 1.0in (3.3 feet) inter

vals along the length of the furrows to trap the ponded water 
a 	 eliminate runoff.8and 

6 4) Since wind distortion is a problem, it is advisable to 
monitor the water application by collecting water applica
tion data across the plot during each irrigation. For studies 
on tall crops such as corn, this can be a problem.2 10 20 30 40 50 60 70 

Fig. 3-Dry malter and grain yield (melric tons/ha) for orn as CONCLUSIONS 
related to eiapotranspiralion as produced hy the line sprinkler sys. 
tem at Logan, Utah In 1974. The use of Ihe line source sprinkler plot irrigation system 

described herein appears to offer a reliable and convenient 
method for applying to a plot a two-dimensional, con

variables. The line sprinkler system described allows for tinuous-unifirmly-var ing level of water. By applying a 
more irrigation variables than the traditional system. With fertility or other variable at right angles to the water vari
our system we had 18 irrigation variables which are re- able. it appears that this method should be useful for devel
pealed on each side of the sprinkler line. oping crop production function dala. The system is econom-

We 	believe that the adldition of more treatments covering ical and simple to install and operate. Furthermore, both the 
the range of water variables is a distinct advantage for many test area and water supply can be relatively small. 
purposes, especially Ihose involving evaluation of optimum 
economic return, because the entire range of water applica- LITERATURE CI'ED 
lion is covered. 

I. 	 Bauder. J W. R J Hank,. and I). W. Jamles. Crop productimn fune
ton determnatins as influenced h irri ation and nitrogen fertiliza-

LIMITATIONS non using a continuous variable design. Soil Sci. Soc. Am. J. 
39:1187 -1 1L12 

There are several limitations of the line source sprinkler 2. t1. R. . 1973. Agponomii invcga ins u%ui ct'oninutius function 
plot irrigator which should be considered before laying out experimenlal deign,-nilrogcn ferfilization of sweet corn. Agron. J. 
an experimental plot. These include the following: 65 .454456. 

1) Even low winds significantly alter the sprinkling pat- 3. Hank%, R.J I1974 Miil hor predicling plant yield as influenced by 
water ue Agron J. 05.6(60 65 

terns. The symmetry of the patterns can best be maintained 4. . I).. ant v. (itrn 1971. Relation ishccen cvapttranspiration 

by operating the system only during calm periods and laying rate and maiie yield. Water Rc,,our. Rev 9:743-749. 
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APPENDIX E
 

UNIVERSITY OF PUERTO RICO 

MAYAGUIZ, PUERTO RICO-00708 

FACULTY OP AGRICULTURE 
DEPARTMENT OF AGRONOMY 

PROJIICT FOR THE DEVELOPMENT OF 
EXCELLENCE IN THE TEACHING AND 
REIIEANCH IN TROPICAL UOILI 211 (D) 

August 3, 1976
 

Dr. Jack Keller 
Department of Agricultural and
 
Irrigation Engineering
 
UMC 41
 
Utah State University 
Logan, Utah 84 322
 

Dear Jack: 

This is in response to Howard Peterson's letter of July 12. We are 
happy to learn that you or Kern Stutler might be able to find time to 
assist us here and in Minas Gerais.
 

We are not too sure when is the most appropriate time for the visit 
to Brazil, however, Chris Seubert has suggested some time during the 1st 
two weeks of September. That may be too soon for you and also there may 
be unexpected delays in completing the well at Jaiba. We should know more 
about this when Chris comes to Puerto Rico on August 14. As far as we in 
Puerto Rico are concerned, anytime in September or October will do and 
probably 1 1/2 to 2 days here will be adequate. We think that 3 days or 
more will be desirable in Brazil. Probably the EPAMIG staff in Minas 
Gerais will appreciate your advice in some situations there and I don't 
know where that would be or how long it might take. Chris will likely 
have sm knowledge about that when he cares. One day should be enough 
time at the Jaiba site. 

I am sorry that we cannot be more specific as to dates at this time. 
If you have a preference during the September - October period we would 
like to know about it. It seems that a very minimum of one week including 
travel time will be desirable. 

With best regards. 

Sin. rely yours,
 

Gene L. Spain 
Associate Agronomist 

cc: F. H. Beinroth 
C. E. Seubert 
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INTE1CH, INC. RESOURCE ANALYSIS GROUP 
814 THAYER AVENUE 
SILVER SPRING. MARYLAND 20910(.10115i. I,; 

December 1, 1975 

Professor George H.Hargreaves

Department of Irrigation and Engineering
 
Utah State University
 
Logan, Utah 84322
 

Dear Professor Hargreavess
 

I recently spent three weeks in Upper Volta, where I had th6
 
pleasure of making the acquaintance of a visiting team from Utah
 
State composed of Jim Bennett, Wesley Maughan and Rudy Griego.

These gentlemen showed me a copy of a computer printout of monthly

calculations of potential evapotranspiration and moisture availability

indices for Upper Volta produced by a program under your direction.
 

I am very interested in thesM calculations, and I understand you

have similar ones available for other countries as well. If it Would
 
not be too much trouble to you, could you kindly mail me such 
 imputer

printouts for (1)Upper Volta, (2) Niger, (3)Mali, (4)Morocco, and
 
(5) the Mediterranean region of France? I would be very grateful to you
 
for this.
 

Sincerely yours,
 

Arthur J* Dommen, Ph.D. 
Agricultural Eennomist 
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APPENDIX G
 

WORK PLAN
 

July 1, 1975 to June 30, 1977
 

This plan of work is structured to conform with recent instructions
 

issued by the TA/PPU Grants Coordinator and indicates the 
specific programs,
 

man months of staff time, scheduled events/targets, expected 
results and
 

costs by program category.
 

I. 	Information Capacity
 

On-farm W..Ler Management Documents Procurement Center
A. 


To the already substantial library holdings at U.S.U. 
in the biologic,
 

hydrologic, engineering and socio-economic aspects of 
on-farm water
 

they become available, will be added to the
 management, new documents, as 


collection and recorded on the magnetic tape on which 
the current holdings
 

are recorded.
 

Sources of these documents, especially from developing 
countries
 

This will include foreign language publications.
will be expanded. 


Staff to be involved
 

One man month of a professional time and one man 
month of technician
 

time will 	be paid from the grant.
 

Scheduled 	Target
 

Acquisitions are expected to increase by June 30, 
1977, from the
 

present holdings of 1300 documents by 10%.
 

Expected Results
 

The new materials plus documents currently on hand 
will provide the
 

inputs for the cataloging and distribution programs 
to be described
 

This, together with companion documents held by the 
other
 

subsequently. 


CID universities, can provide the most complete accessible library of
 

U.S.U. will cooperate
on-farm water management documents in existance. 
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with CID universities in developing a means for making the holdings
 

available to more users.
 

Estimated Costs 

Salaries and fringes $2,400 

Acquisitions 2,000 

Supplies 200 

Other Direct Costs 400 

Total $5,000 

B. Computerized Information Storage Retrieval and Transmittal
 

System.
 

In cooperation dith CID, the current documents plus those required
 
under program I-A itbove will be considered for indexing for easier
 

computer access under such categories as arid, semi-arid, sub-humid, and
 

humid environments. Special emphasis will be placed on acquiring and
 

indexing documents on erosion control on small farms.
 

Accessibility by user location and category will also be investigated
 

to determine how land managers, students, planners, researchers, and others
 
throughout the world could access the documents, especially by requests
 

for searches on specific topics. The feasibility of providing an
 

abstract of the documents will also be investigated.
 

The U.S.U. system will be considered for integration with those at
 
other CID universities and with agency document centers such as those
 

of AID, FAO, and other major related tecnical libraries.
 

Staff to be Involved
 

Four man months of time are required. Professor Palmer and Bonnie
 
Thompson will represent U.S.U. in the development of the cooperative
 

program.
 

Scheduled Events
 

Linda White from Arizona will visit each of the CID universities
 

during June of 1975. She will make preliminary arrangements for
 

participation in a conference to be held at Tucson in September 1975.
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Palmer, Peterson and Thompson are scheduled to participate. At this
 

workshop other meetings will be scheduled to improve the network.
 

By June 1976 the initial programming proposal will be completed.
 

By June 1977, in cooperation with CID, a detailed plan for access to
 

the documents should be finalized.
 

The grant period will be used to build the design for an inter

university and inter-agency acquisition, storage and retrieval system.
 

Concurrently, strategies will be developed to secure sources of operating
 

funds to carry on the program after the grant has terminated.
 

Expected Results
 

The system will be designed whereas when functioning, all the
 

documents are acces'ible and subject bibliographies can be printed out
 

immediately on demand. Depending on the results of the abstracting
 

feasibility study, a detailed program for this service will be ready
 

for implementation by the end of the grant period.
 

Estimated Costs 

Salaries and fringes $2,400 

Travel 1,500 

Other Direct Costs 1,100 

Total $5,000 

C. Client Education Program
 

In order to maximize utilization of the On-Farm Water Management
 

Document Center, careful coordination with CID and the other linkages
 

already mentioned must prevail. In addition, a major effort is needed
 

to identify and educate potential users. This will be programmed through
 

the cooperative development of brochures, journal articles, professional
 

meeting presentations, and workshops.
 

Staff to be Involved
 

Three man months
 



Scheduled Events
 

CID liaison by October 1975.
 

Other agency liaison by February 1976
 

Brochure design by July 1976
 

Newsletter feasibility study August 1976
 

Workshop August 1976
 

Expected Results
 

It is difficult at this time to forecast the client user rate 
for
 

By June 1977 an estimate will be available. A long term
the system. 


education program will by June 1977 also have been developed.
 

Estimated Costs
 

Salaries and fringes $2,400 

Travel 500 

Direct Costs 2,100 

Total $5,000 

II. Education and Training
 

A. Regular Course Augmentation
 

The increasing demand by foreign as well as American students for
 

courses on the most effective technologies to plan and operate irrigation
 

systems has indicated the need to add two new courses to the curriculum
 

of the Department of Agricultural and Irrigation Engineering. These
 

are "Irrigation Project Planning," and "Trickle and Subsurface
 

Irrigation." Both courses will meet urgent needs in the many areas where
 

irrigation projects, especially those with limited water supplies are
 

The first course will include topics on economics, system
planned. 


planning, operation, and management. The second will include emitter
 

characteristics, filtration, layout and design, and operation and
 

They will be offered at the graduate level.
maintenance. 


Staff to be Involved
 

Drs. Alfaro and Keller will develop and teach these courses. These
 

will be offered annually for one quarter each. Seven man months will
 

be required for development and presentation time.
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Expected Results
 

The presentation of two cycles of these courses will add
 

significantly to the technological capabilities of about 30 foreign
 

students plus a number of Americans.
 

Estimated Costs 

Salaries and fringes $14,000 

Direct cost 1,000 

Total $15,000 

B. Short Courses
 

In collaboration with other CID universities, U.S.U. will organize
 

and direct the presentation of a short course on the practical aspects
 

of on-farm water munagement. This will be designed to help decision
 

makers and the technicians who are responsible for resource planning,
 

development and application to understand how water is managed on the
 

farm, and how it relates to agricultural production by the small farmer.
 

From July 1, 1975, until January 1, 1976, a review of existing courses
 

taught by CIDIAT, the East-West Center, etc., will be made.
 

Staff to be Involved
 

Seven man months of professional staff time will be used to develop
 

the courses, make the necessary liaison and advertising contacts, and
 

present them. Professors Alfaro, Peterson, and Stringham will be primary
 

developers of the course.
 

Scheduled Events
 

Staff assigned July 1, 1975
 

Course materials developed, March 1976
 

Programming completed, July 1976
 

During the period August 1976-June 1977 the courses will be presented.
 

The number depending on the demands and funding available.
 



Expected Results
 

The primary objective of this course is to sensitize planners and
 

other technical personnel to the needs and problems of the farmer in
 

It will also show what irrigation projects
operating an irrigated farm. 


need from decision makers in order to successfully serve the farmer.
 

Initial results will be measured in terms of number of course participants.
 

The potential impact of the course on small farmer operations will be
 

evaluated by regular course evaluations by the participants. Later,
 

followups evaluation will depend on availability of funding after June
 

1977.
 

Estimated Cost 

Salaries and fringes $13,000 

Travel 2,000 

Total $15,000 

C. Collaboration with Colorado State University and the University
 

of Arizona.
 

U.S.U. will participate in the courses proposed by the other CID
 

Irrigation Water Delivery
universities, specifically the short course on 


and Removal Systems by Colorado State University and two short courses in
 

watershed management by the University of Arizona.
 

Staff
 

Three man months of professional time will be allocated to this
 

activity.
 

Scheduled Events
 

As described in the work plans of the sister universities, the
 

materials for the Water Delivery and Removal Systems course will be
 

ready by Spring, 1976, with presentation to follow as scheduled by C.S.U.
 

An Arizona initiated watershed management course is scheduled for
 

presentation in the Philippines or Pakistan before the end of the grant
 

period. The course pilot tested by Arizona in cooperation with C.S.U. and
 

U.S.U., should be ready for additional use by December 1976.
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Expected Results
 

As in the U.S.U. initiated short course, results will be in terms
 

of personnel trained and their initial evaluation of course effectiveness
 

with any followup evaluation dependent on subsequent funding.
 

Estimated Costs 

Salaries and fringes $5,000 

Travel 1,000 

Total $6,000 

D. Ongoing Training on Campus
 

There are presently 15 M-S. and 4 Ph.D. students from LDC's engaged
 

in water management studies. Enrollment is expected to continue at
 

about this level. These students require a great deal of extra effort
 

from faculty in supervision, especially since U.S.U. attempts to have
 

their research topics relate to problems of their own countries.
 

Staff Involved
 

The difference between staff supervision for Americans and foreigners
 

is estimated at two man months over the period of the grant. The
 

profesaors involved will depend on the choice of advisors by the students.
 

Costs
 

Salaries and fringes $4,000
 

III. Extended Knowledge Base and Research Capability
 

A. State-of-the-art reports.
 

A major effect will be devoted to development of these reports.
 

A number of state-of-the-art reports, oriented largely toward the needs
 

of very poor farmers will be developed in cooperation with the
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other CID universities. U.S.U. will provide leadership in developing
 

reports on intercropping, water management of heavy soils, methods of
 

irrigation and water oriented food production technology. U.S.U. will
 

participate in the reports proposed by Colorado State University and
 

the University of Arizona, namely waterlogging and salinity control,
 

water delivery, rules and procedures, pumping systems, and erosion
 

control.
 

Staff Requirements
 

22 man months of professional
 

20 man months of technologist, secretarial and graduate student
 

Scheduled Events
 

These state-of-the-arts studies will be done by literature reviews,
 

consultations with LDC, AID, international organizations, and sister
 

universities. These reviews and consultations will help define knowledge
 

gaps and additional research needs. During the period from July 1, 1975,
 

to October 1, 1975, schedules will be worked out with the cooperating
 

CID universities. Three committees will meet during August 1975 at Logan
 

to develop schedule details. At that time the information developed at the
 

workshop in Hawaii should be available for use inmaking the schedules.
 

Much of the data collection will take place before June 1976. At that
 

time it will be possible to determine the costs for completion of the
 

studies and determine the support available so schedules for completion can
 

be made.
 

Expected Results
 

The documents will be widely distributed. The primary objective
 

is to provide professionals who deal with poor farmers with simple, easily
 

transferable, and useful information. This will counteract the tendency
 

of professionals to talk over the heads of the advisors to farmers.
 

It is expected that some of the documents will be finished
 

sufficiently before the end of the grant period to field test and
 

report on them.
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Estimated Costs 

Salaries-and fringes $76,300 

Travel 8,000 

Consultants 5,000 

Supplies 4,000 

Other direct costs 6,700 

Total $100,000 

IV. Advisory Capacity
 

A. Release Time
 

Additional staff will be funded in order to provide release 
time
 

flexibility to respond to requests for technical assistance from 
LDC's.
 

A variety of disciplines are represented among the staff who 
can be
 

This release time capability is an
 made available. (See Appendix A). 


essential requirement for AID to secure access to staff whose normal
 

These faculty members will also
 commitments could not otherwise be met. 


teach, perform application oriented research, related to problems 
in
 

developing nations, and participate in the state-of-the-art 
studies.
 

Eight man months of released time will be allocated at an estimated
 

The faculty members will be funded in the programs as
 cost of $16,000. 


their services are required.
 

B. Short-Notice Consulting Time
 

In emergencies, when individuals are needed on very short 
notice and
 

when other instruments cannot be used without causing unacceptable 
delay,
 

a nominal portion of the grant has been budgeted to cover 
this contingency.
 

Staff Involved
 

Three man months have been included in the budget.
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Estimated Cost
 

Salaries and fringes 
 $ 6,000
 
Travel 
 3,500
 
Direct costs 
 500
 

Total 
 $10,000
 

C. Consortium and Other Institutional Advisory Capacity
 
In order to optimize U.S.U.'s potential contribution to LDC
 

development in both on-farm water management and other related areas,
 
especially those being stressed by the other CID members and the soils
 
consortium, a secondary advisory capacity will be maintained. 
This
 
secondary capacity provides an expanded range of talent for cooperative
 
efforts with these institutions. This will include but not be limited
 
to providing expertise in problem identification and analysis, and project
 
design and evaluation, functions which AID anticipates will become
 
increasingly important.
 

Staff to be Involved
 

U.S.U. will identify faculty members and their specialties for
 
inclusion in a talent bank to be developed by CID. 
The Grant Program
 
Director will become the CID "systems manager" for that portion of the
 
talent bank dealing with on-farm water management expertise. The type of
 
information recorded for each individual is shown in Appendix B.
 

Ten man months have been allocated for this activity.
 

Estimated Costs
 

Grant funds will be used for short-term consulting, for release
 
time of faculty members, for staff training and for the development,
 
and improvement of the talent bank.
 

Salaries and fringes 
 $15,000
 
Consulting 
 2,000
 
Travel 
 2,000
 

Total 
 $19,000
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V. 	Linkages and Networks
 

network of domestic and multinational organizations
Relationships with a 


will be maintained for the purpose of collaborating in a joint problem

solving approach, developing cooperative research, and becoming involved
 

in information exchange and dissemination.
 

A close collaborative and professional relationship will be
 

maintained with AID missions and the Regional and Technical Assistance
 

Bureaus in achieving the purpose of the grant.
 

Principal domestic linkages include CID and the Tropical Soils
 

The U.S.U. Grant Program Director will become the systems
Consortium. 


leader within CID for on-farm water management and linkages between
 

that and dryland farming, watershed management, water delivery, and
 

The grant will provide some funding for
removal/drainage systems. 


support of the newly assigned leadership and coordination role of CID.
 

Close linkage with the tropical soils consortium will be required to
 

carry out the state-of-the-art reports which will be produced on the
 

subject of soil and water management for erosion control and water
 

management for heavy soils.
 

Linkages with several world-wide and regional organizations will be
 

Of these, the primary
necessary to meet the condition of this grant. 


multilateral organization contact will with FAO so as to determine the
 

avaiability to CID and this grantee of water management specialists.
 

Linkages supporting U.S.U.'s state-of-the-art study on water manage

ment as an integrating factor in crop production will be sought with two
 

regional organizations (CIMMYT and CIAT) to provide data from different
 

climatic areas.
 

Funds under this grant will provide seven man months of faculty time
 

and travel for linkages involving CID, the Tropical Soils Consortium, FAO,
 

and regional organizations.
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Estimated Costs 

Salary and fringes $14,000 

Travel 6,000 

CID Administration 20,000 

Total $40,000 


