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A. Final Report Summary Sheet
 

Project Title: Improving Irrigation Water Management on Farms
 

and AID/csd-2126
Contract Number: AID/ta-C-1411; AID/ta-c-il00; 


Principal Investigators: Gaylord V. Skogerboe, John 0. Reuss and
 

W. Doral Kemper
 

Contractor: Colorado State University
 

Un' t
Contractor's Address: Water Management ResC.erch cl,'1 


Engineering Research Center 
Colorado State University
 

Fort Collins, Colorado 80523
 

Current Contract: April 1, 1977 to May 31, 1980 (AID/ta-C-1411)
 

Contract Period: March 28, 1968 to May 31, 1.980
 

Total Expenditures and Obligations $2,500,000
 

for Current Contract: April 1, 1.977 to May 31, 1980
 

Total Expenditures and Obligations $6 421 712
 

through Contract Period: March 28, 1968 to May 31, 1980
 

Narrative Summary
 

This Water Management Research Project has emphasized field research
 
of the farm subsystem. The research activities involved cooperative
 

efforts with most of the agricultural research institutes in Pakistan,
 
the agricultural universities, and government action agencies. The
 
greatest sensitivity to the farm subsystem was gained by working with 

farmers and developing a keen awareness of the many physical and socio­
economic constraints that farmers contend with in agricultural
 

production. One of the greatest satisfacti)ns has been the growing
 
awareness throughout Pakistan on the subject of on-farm water management.
 

Cooperative efforts between the Government of Pakistan, the USAID Mission 
to Pakistan, the SCS and CSU led to the development of the $44 million
 

Pilot Project ($22 million AID loan), which was initiated in 1976. The 
World Bank is presently working with the Government of Pakistan in
 

establishing two projects that utilize the results of this research
 

program. This exercise in project implementation proved to be a valuable 
learning experience.
 

Focusing upon farm-]uvel field problems provides an important 
training ground for developing interdisciplinary teamwork as well as
 
providing important training experiences for many host country personnel.
 

Teamwork has been critical to this project, both in Pakistan and on-campus. 

The combination of physical scientists and social scientists requires an
 
even stronger emphasis upon an interdisciplinary approach in order to 
move from identifying problems and developing solutions into project 
implementation. The farmers are important members in this development 
process because of their innate "interdiscip]inary" familiarity with 

their system. The lesson learned is that both the development of solutions 
and their implementation should incorporate strategies that allow the 
farmers to do as much as possible for themselv!4, with the government 
providing only those inputs that are beyond the resoerces of the farmers. 
Another valuable lesson learned was the advantage in not haVing the 
Field Party placed in a counterpart role that is so typically advocated 

by international donor agencies (the accompl Ishments would have been less 
than half). 
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IMPROVING IRRIGATION WATER MANAGEMENT ON FARMS
 

B. Background
 

1. General
 

Inadequate water is the primary constraint on agricul­
tural production in a large portion of the developing coun­
tries. The technology for using available water supplies
 
most efficiently is either lacking or not adapted to the
 
available resources, in many of these countries.
 

Recognizing that these water management problems were
 
common to many countries, it was apparent that solutions
 
gained in one country should be, to some degree, transferable
 
to others. Consequently, it was decided that a coordinated
 
effort should be made to build up a fund o: transferable
 
water management technology. A consortium of universities
 
was formed to develop this fund of water management informa­
tion and gain experience in the factors limiting or accel­
erating its adaptation in new countries. CSU was initially
 
assigned the Near East-South Asia, with Pakistan and Vietnam
 
as the study areas in which on-farm water management princi­
ples and concepts would be developed and adapted to resources
 
similar to those available in many other developing countries.
 
The present contract focuses upon: (a) continuing the on­
farm water management research program in Pakistan; (b)
 
developing the transfer process that can be utilized by
 
other countries for improving their on-farm irrigation water
 
management practices; and (c) providing limited technical
 
assistance to AID Missions fot initiating on-farm water
 
management programs.
 

2. Pakistan
 

The irrigation system of Pakistan represents one of the
 
largest modern conveyance systems in the world and is a
 
marvel of engineering skill and technology. The hydraulic
 
features, dams, barrages, canals, distributaries, structures,
 
and appurtenances have been fully described in other publica­
tions. There is, however, a paucity of information and,
 
indeed, a lack of understanding of that portion of the irri­
gation system with which the farmer deals. This refers to
 
the system from the canal outlet (mogha) through the irri­
gated field. The farmer operates and manages this water
 
with little or no governmental assistance. The procedures,
 
rules, resources and constraints at his disposal determine
 
his on-faim water management practices, which in turn deter­
mine the crop production per unit of irrigation water.
 

A modern irrigation conveyance system was constructed
 
by the British in the late 1800's and it is one of the largest
 
in the world. There are about 40,000 miles of canals which
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command a gross area of over 33 million acres of fertile
 
soils. About 25 million acres actually receive surface
 
water. The system is 
not only large with a vast potential

but it is unique in several other aspects. One dissappointing

feature, however, is the present low production in light of
 
the apparent highly suitable soil, water and climatic re­
sources. 
These factors suggest a production potential many

times greater than presently achieved. The "green" revolu­
tion increased production aporeciably, but even this appears

to be far below potential and in many respects this so-called
 
revolution today is stalled.
 

Many experts agree that the farming practices, including

irrigation water management, must be modernized in order to
 
achieve high±r production. There are important reasons for
 
the low crop yields and lack of agricultural production, in­
cluding insufficient water supply, lack of proper land
 
leveling, lack of irrigation water control, lack of salinity

control, lack of water management extension services, use of
 
ancient cropping systems with ancient tools, or, in other
 
words, there is 
a need for a much improved on-farm management

system. The potential for increasing production through im­
proved water management is great.
 

C. Project Objectives*
 

From the outset of its contractual association with the
 
Agency for International Development in March of 1968,

Colorado State University had the mission of pioducing in­
formation (research' and expertise (trained personnel) con­
cerning on-farm water management and related farming prac­
tices in Asia with the goal of increased food production.
 

Additionally, CSU, together with the Council of U.S.
 
Universities on Soil and Water Development in Arid and Sub-

Humid Areas (CUSUSWASH) were to cooperatively:
 

1, 	Examine all available water management research
 
findings to identify relationships having world­
wide application; and, engage in and promote

research for filling gaps in knowledge; and,
 
publish a manual "Principles of Water Management"

to provide guidance through the whole range of 
climate, soil and socio-economic situations; 

*The material in this section has been extracted from the 
AID report, "Evaluation of the On-Farm Water Management

Research Project, Colorado State University" prepared by

Dean F. Peterson, James L. Walker and E. Walter Coward,
 
September 1979.
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2. 	Identify, study and characterize the water
 
laws and organizational arrangements of
 
various countries to obtain information con­
cerning the types of laws and the entities
 
affecting water allocation, distribution and
 
uti±ization in irrigation systems; and, use
 
this information to advise developing coun­
tries, particularly those in arid and sub­
humid regions, on substantive, procedural
 
and organizational alternatives in water
 
laws and organizations that can be tailored
 
to meet their needs.
 

The 	initial focus of the CSU mandate was Pakistan where
 

it was intended that broadly applicable principles and con­

cepts would be derived through attaining the following ob­

jectives under Contract AID-csd-2162:
 

1. 	Developing knowledge and data on how best
 
to conserve and utilize water falling on the
 

land as rain and the most efficient means of
 

supplementing needed soil moisture by limited
 
amounts of irrigatioh water;
 

2. Developing knowledge and data to use for the
 

economic design and construction of water
 
conveyance and delivery systems including
 
structures for control and measurement of
 

irrigation water especially on the farm;
 

3. 	Developing surface and subsurface water
 
removal systems to eliminate the hazards
 
resulting from surface flooding and high water
 
tables;
 

4. Identifying important factors to be considered
 

in land preparation and leveling of the various
 
in the major climatic zones
irrigated soils* 


and the relationship of these factors to water
 

management, erosion, water infiltration, and
 

good land use and cropping practices;
 

5. 	Developing and adapting* methods of water ap­

plication, including time and amounts, suitable
 

and efficient for different soils of varying
 
physical properties with major crops;
 

6. 	Integrating the preceding water-use factors
 

into productive cropping systems* consistent
 
with farm size and available farming practices;
 

These items were added under AID
*Amendment 7, May, 1973. 

Contract AID/ta-C-1411.
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7. 	Studying soil amendments, soil and water
 
management procedures and the use of salt­
tolerant crops where water quality, soil
 
salinity and exchangeable sodium are problems;
 

8. 	Identifying institutional and policy factors
 
influencing efficient distribution and manage­
ment aid utilization of water at the farm levil.*
 

The basic contract AID/csd-2162 was subsequently
 
amended to add the Z3ilowing objectives to the original
 
ones:
 

(7-1-69) Produce a research and educational film on
 
land preparation for level-basin irrigation.
 

(6-3-70) 1. 	Study, emphasizing on-campus,
 
mathematical models, the types of
 
skimming arrangements for collecting
 
fresh water over saline strata;
 

2. 	In cooperation with the West Pakistan
 
Department of Agriculture, advise on
 
land preparation and water control
 
field experiments (leveling, chiseling,
 
slope, length of run, rate of applica­
tion and method of irrigation);
 

3. 	On-campus completion of clay mineralogi­
cal studies of Pakistani soils and the
 
relationships of ESP of these soils in
 
the laboratory and greenhouse to ap­
plied waters of varying SARs;
 

4. 	Cooperatively with the Land Reclamation
 
Direc-.orate of the Department of Irri­
gation and the Water and Power Develop­
ment Authority study utilization of sa­
line groundwater for long-term irrigation;
 

5. 	Cooperatively with the Ayub Research
 
Institute initiate field studies on
 
management techniques related to water
 
quality and cultural practices (in­
cluding variables such as water quality,
 
rate and frequency of irrigation, til­
lage and amendments);
 

6. 	Cooperatively with the West Pakistan
 
Agricultural University, characterize
 
and classify irrigation waters and soils
 
as related to water quality and irriga­
tion practices;
 

*Amendment 7, May, 1973. These items were added under AID
 
Contract AID/ta-C-1411.
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7. 	Continue studies on-campus on'
 
fluorescent dye loss in water'fl6w;
 

8. 	Continue on-campus design of economic
 
analysis and data collection and
 
handling in the field; initiate analyses
 

of economic rationale of on-farm input
 

use;
 

9. 	Initiate studies on-campus of political
 
related to the organization"'
science as 
 "'
 .
and administration of water management
 

problems;
 

-0. 	Initiate studies of social scienCe ar
 
it relates to the acceptance of water
i
 
management programs. 


By early 1970, these objectives had been defined in a
 

context appropriate for West Pakistan and a Project Agree­

ment was written cooperatively with USAID and the Government
 

of West Pakistan establishing the specific research studies
 

required to meet the objectives.
 

CSU activities were expanded to include the Mekong
 

Delta region in Vietnam where operations commenced in early
 

1974. The objectives of this effort, while specific with
 

regard to in-country efforts, were consistent with the pro­

ject objectives previously mentioned. This activity ceased
 

on 21 April 1975 due to the American evacuation from Vietnam.
 

During 1974, a new contract (AID/ta-C-ll00),effective
 
was signed with AID/W. In it, project objec­1 April 1974, 


tives remained unchanged from those mentioned in the pre­

ceding paragraphs.
 

AID contract AID/ta-C-1411 was approved for the period
 

of 1 April 1977 to 31 March 1980 and contract management
 

was transferred from the Bureau for Development Support to
 

the Bureau for Asia in November of 1978. This contract pro­

vided funds for a continuation of the research activities
 

conducted by CSU under Contract AID/ta-C-II00. Thus, the
 

objectives of the new contract were unchanged. However,
 

this contract was more specific with regard to its condi­

tions than was the previous project, in that it was expected
 

that:
 

Most of the research would be conducted on water­1. 

course areas being pilot tested under the USAID/
 

Pakistan On-Farm Water Management Project No.
 

391-04130;
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2. 	There would be cooperation with Cornell
 
University personnel who were working on the
 
AID funded research project "Determinants
 
of Irrigation" (Project No. 931-1005).
 

The specific tasks under the general scope of work to
 
develop, design and implement guidelines for improving irri­
gation water use efficiency and effectiveness on farms with
 
emphasis on the pilot project area, were to:
 

1. 	 Give technical guidance on watercourse
 

rehabilitation and land leveling;
 

2. 	 Test the essential improvements program;
 

3. 	 Determine the maintenance and educational
 
requirements of precision land leveling;
 

4. 	Analyze crop water needs and cropping patterns
 
to efficiently utilize water;
 

5. 	 Take field evaluations of tubewells and pumping
 
devices to develop guidelines for designing
 
and operating skimming wells;
 

6. 	Provide personnel assistance in designing a
 
training program;
 

7. 	Prepare a manual describing and recommending
 
minimum training requirements for various
 
aspects of the water management improvement
 
process;
 

8. 	Develop evaluative tools to measure the ef­
fectiveness of farmer organizations and then
 
evaluate a number of such organizations in the
 
pilot project area;
 

9. 	 Document the economic benefit-cost ratios
 
resulting from specific water management
 
alternative technologies for ten pilot
 
experimental watercourse areas;
 

10. 	 Perform farm management studies to ascertain 
alternative changF in cropping intensities 
and crop mixes tc irciease n-' farm income 
resulting from the iicreased ,.:iter supplies 
due to reduction of wa~nr los.es and improved 
field application practices; 

11. 	 .Analyzethe costs of production of water from
 
private tubewells;
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12. 	 Make an intensive socioeconomic benchmark
 
evaluation on a sample of the 1500 watercourse
 
areas in the pilot project;
 

13. 	 Prepare a manual which can be utilized in LDCs
 
in developing and implementing on-farm water
 
management programs describing the methodology
 
or systematic process (transfer model) which
 
has evolved from the research experience in
 
Pakistan;
 

14. 	 Prepare, as in item 13 above, a set of tech­
nological manuals on:
 

a. Watercourse improvement;
 
b. Land shaping and field arrangement for
 

efficient use;
 
c. Crops and cropping patterns for efficient
 

utilization;
 
d. Institutional and organizational needs;
 
e. System maintenance; and
 
f. Augmentation of supply by wells and farm
 

storage;
 

15. 	 Prov27' limrited (approximately 1 FTE) technical
 
assistance to AID for irrigation water management
 
project planning and evaluation.
 

Contract AID/ta-C-1411 was amended 8-29-79 to require
 
the following specific manuals/reports at the time of con­
tract termination:
 

a. Transfer process
 
b. Water Users Association Brochure
 
c. Water Course Improvement
 
d. Evaluation and Improvement of Irrigation Systems
 
e. Evaluation and Improvement of Basin Irrigation
 
f* Evaluation and Improvement of Border Irrigation
 
g. Design of Jet Junctions
 
h. Skimming Well Manual
 
i. Calibration of Cutthroat Flumes
 
j. Factors Affecting Losses from Indus Basin
 

Irrigation Channels
 
k. Watercourse Cropping Systems
 
1. Training Manual for Water Management Extension
 
m. Water Users Associations (Pakistan)
 
n. Final Contract Report
 

In March 1980, this contract was again amended to extend
 
the completion date to May 31, 1980.
 

Thus, over time, the focus of the CSU effort under the
 

three AIP contracts became more project specific, but at all
 

times consistent with the objectives of the initial project
 
funded in 1968.
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D. 	 U.S. AID Evaluation of the CSU Water Management
 
Research Project
 

During the time period July-September 1979, U.S. AID
 
assigned an Evaluation Team to review this project from the
 

time of it's inception on March 28, 1968 to the present.
 
This review was concerned about the transferability of re­
search results, both in Pakistan and in other countries.
 
They were also concerned about the quality and relevance of
 
the research results and about conceptual, administraitive
 
and implementation matters. The summary of their report,
 
"Evaluation of the On-Farm Water Management Research Prcject,
 
Colorado State University," dated September 1979, is given
 
below.
 

Methods and procedures developed to improve the control
 
crops ini timely
of irrigation water so that it is delivered to 


and efficient fashion could lead to very significant ii­
creases in returns to farmers and to developing countries
 
depending on large publicly - constructed canal irrigition
 
systems, if countries and donors have the will to implement
 
them. On those systems, efficient distribution of water
 
depends on the operation of complex physical, agronomic and
 
socio-economic systems at the farmer level. The nature of
 
these systems has been delineated and documented; methods
 
and procedures for their investigation and diagnosis identi­
fied; and institution-development and technological approaches
 
to improving them devised. While individual cases vary,
 
the approach is highly transferrable among the various cul­
tural settings within the large canal system of Pakistan.
 
The degree of transferability to other countries, e.g.,
 
Sri Lanka, Egypt, is being tested. But the process is not
 
cut and dried. It's transferability in each case will
 
depend upon the training, skill and imagination of multi­
disciplinary teams. Results indicate that efficiencies in
 
the use of water on large projects can be increased by from
 
50 to 100 percent over present levels. If globally applied,
 
in principle, these approaches could increase production
 
potential on a substantial part of the 90 million hectares
 
of irrigated land in developing countries by similar percen­
tages. To do this will not be simple. It will require
 
attention to literally thousands of individual irrigation
 
distribution systems. However, the cost will be far less
 
than 	bringing new areas under irrigation the same old way
 
and of continuing to face the present level of unprofitable
 
yields and waterlogging and salinity hazards.
 

These are the principal findings and implications of
 
the centrally-funded farm irrigation water management research
 
project initiated in 1968 and centered in Pakistan with
 
Colorado State University (CSU) as the contractor. In .979
 
this 	project, executed under three successive contracts, was
 
transferred to ASIA Bureau and, in 1980, to USAID Pakistan.
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Total dollar expenditures through termination on March 31,
 

1980 are programmed at $6,471,712. Because of cessation of
 
terminated
AID activities in Pakistan, the field work was 


in September, 1979. The general objective of the project
 

was to improve the efficiency of water use in order to in­

returns to farmers and to LDCs.crease 


Pakistan has about 25 million acres of land under 

irrigation from canals diverted from the Indus River and its
 

tributaries - the largest contiguous irrigation system in
 

the world. The irrigation facilities were initiated a cen­

tury ago by the British and have been extended continuously
 
since then. Canal. irrigation is supplemented and the irri­

gated area expanded another 5,000,000 acres by wells. Since
 

Independence in 1947, multi-billion dollar investments have
 
been made in storage reservoirs (Tarhela, Mangla), the large
 
link canalsbrirging Indus Piver water to its other more 
easterly tributaries and in government-owned aro-ndwater
 
developments, 'ket increased yields and production generally 
have been very disappointing. Crop yields are very low and
 
problems of waterlogging and salinity are frequently severe.
 

The original contract terms were broad and the project
 
experienced some delay in start up for various reasons which
 
were compounded by the Pakistan war and other political fac­
tors. By 1972, the mos- promising lines of research and
 
institutional. linkages had been identified, the general
 
research plin put into focus, and a four-person expatriate 
team, later increased to seven, put into place.
 

The most critical difficulty was found to be in the 
last element of the water distribution system. The govern­
ment canals deliver streams of water to areas of about 400 
acres each. From here to the farm (the watercourse) this 
water is poorly managed. The farmers are on their own.
 
Neither Irrigation nor Agricultural Departments have the
 
responsibility for management of this link in the system,
 

and indigenous institutions are not developed in this "no­
man's-land". There are, of course, other critical problems. 
Management and control of water on the farm itself, saline
 
groundwater and drainage are among the principal physical 
ones. All of these are linked to deficiencies in institu­
tions and human resources.
 

We* did not have the resources to collect social and
 

economic data, but we were able to document significant 
information relating to the impact of the project and to 
draw some conclusions relevant to centrally-funded research,
 

*In this report: We, Us, Our means the evaluation team,
 

Team means the Colorado State field party in Pakistan,
 
Project means the joint efforts of the Team, its Pakistani
 
associates and the supporting CSU faculty.
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CRSPs and Title XII programs. We think very significant
 
progress has been made by the project and by projects spawned
 
by it toward mitigating the serious difficulties arising from
 
poor water management.
 

The team recognized from the beginning that socio­
economic considerations could not be divorced from physical
 
and aqronomic ones. Watercourse surveys concurrently col­
lected socio-economic and physical and agronom-ic data, These
 
studies confirmed a dearth of institutional arrangements for 
watercourse management and development. With Pakistani col­
leagues the team developed a model water u:<rs association 
law which is now being seriously cons er(,d by the Pakistan 
government. Initiation of the sociolujic studies was an 
important innovation. These laged somrwhat for reasons 
partl/ beyond the Contractor's control. For this reason, 
and because of their complexity, understanding of desirable 
watercourse organizations remains incomplete. 

Field measurements, made for the first Lime in 1'akistan 
by project personnel, showed that instead of 85 percent as 
commonly assumed, only 40 to 60 percent of the water turned 
out of canals to intended crops actually reached the fields. 
By working with farmers on selected waterbcourses using or­
ganizational and technological a pproa. des dc-,vised by the 
project, the team and its Pakistani associates demonstrated 
that water efficiencies approaching those rnticipated could 
be achieved economically, resulting in increased equity of 
water distribution among irrigators and increased crop pro­
duction.
 

Importantly, by a series of measurements on 40 water­
courses at 16 loc ,tions in Sind and Punjab made by the pro­
ject, high-level Pakistani and donor official,; were convinced 
of the need for a program to improve wa *.rcourse operation. 
This led to several very tangible resu]-s. In 1976, the 
USAID and Pakistan negotiated a $44 mil0ion r,.tchinq 
loan agreement to finance the "On-Farm Water Management Pilot 
Project" to improve 1,500 watercourses (out of the 89,000 
under the Indus System). To implement this project, the 
Pakistan Government formed a special unit in the central 
Ministry of Agriculture and in each of the agricultural de­
partments of the provinces. Tn 1979, the Water and Power 
Development Authority (WAPDA) Planning Unit issued a policy 
report proposing increased emphasis on watercourse improve­
ment in contrast to investment in large dams and reservoirs. 
This report called for rehabilitations of 60,000 watercourses
 
by 1990. Other donors, World Bank and CIDA (Canada), have
 
become seriously interested in financing watercourse improve­
ment programs. The World Bank with WAPDA has initiated a
 
two-year study of 61 watercourses to provide time series
 
data. With initiation of the Pilot Project, the team turned
 
its attention to training of uersonnel to support the Pilot
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Project,working primarily with the University of Agriculture
 
at Faisalabad in devising training materials and implementing
 
training activities.
 

Extensi- ,t studies of water use on farms showed no
 
general pattern but apparently serious overwatering occurs 
more frequently than had been thought particularly in areas
 
served by both canals and public tubewells on fields favorab)lv 
located on watercourses. Research on oil, water, crop and
 
fertilizer relations show that crop yields can be doubled
 
and risk decruased using fairly simple adjustments.
 

About on tLhird of Pakistan's irrigated area is under­
lain by saline groundwater ,ith a shallow layer of fresh
 
water on top. Besides providing irrigation water. pumping
 
of groundwater is used to control waterlogging. Important
 
experimental and theoretical contributions of how to manage
 
pumping so that saline groundwater is not pumped onto crop­
ped fields were made by the project. Much of the economic 
and enqineering feasibhility remains to be proven, however.
 
No single counterpart organization or government agency was
 
available, rather interest and responsibility was diffuse.
 
Thus, the project engaged in developmental efforts with a
 
dozen or more. The first watercourse surveys were conducted
 
and a large share of the technology was developed, farmers
 
on watercourses were organized and results measured on ex­
perimental watercourses working collaboratively with the 
Mona Reclamation Experimental Project of WAPDA. The water­
course was conceptualized as a socio-natural unit and socio­
economic constraint to its maintenance identified. Results
 
of socio-economic surveys were used in the design of the
 
On-Farm Water Management Pilot Project.
 

Trainiing and education programs in the U.S. and Pakistan
 
for project personnel focused well on the project's objec­
tives and proved to be important elements of the project's
 
success. Partial support was provided for Pakistani graduate
 
training in the U.S. Both Pakistani and U.S. graduate stu­
dents did their thesis work in Pakistan. All Pakistani
 
students returned to work in Pakistan. In country, nearly
 
one hundred Pakistanis were trained for On-Farm Water Manage­
ment teams. Some project concepts have already been trans­
feri-,. in designing projects in Sri Lanka and Egypt. In
 
Egypt, the project got off to a running start because the
 
essential methodology was already in hand.
 

A major strength of the project was its very heavy field 
orientation. The opportunity to work with a number of dif­
ferent organizations seems to us to have been a very positive 
advantage. Likewise, the broad terms of the contract per­
mitted identification of the critical issues on the ground
 
prior to drafting fixed work plans. We think this research
 
project may have been unsuccessful had it been too thoroughly
 
planned too soon.
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The research project was somewhat unique in that it
 
sequentially diagnosed the difficulties and moved into im­
plementation without interruption. We think this scenario
 
is important for developing country research projects;
 
otherwise the hypothesis that the research is relevant is
 
not tested. For this to happen, the problem must be of
 
significant importance to the host country. Demonstrating
 
that the problem really existed was an important project
 
contribution.
 

The importance of centrally-funded research even in a 

single country is supported by the success of the project.
 
We do not believe that the very critical problem of farm
 
water managenent in Pakistan would have been tackled within 
the foreseeanle future by either USAID o- the Government 
of Pakistan. Both the contractor and pres-nt Mission per­
sonnel indicate that a principal reason that the team
 
enjoyed good relationships with USAID was its independence. 

The project demonstrated that to be successful the 
farmers under a watercourse must be fully involved in the 
planning details from the very beginning ana must be willing 
to contribute resources of labor and preferably some 
financing also. 

Several points which should be of interest to CRSP and
 
Title XII activities are detailed, In addition to some of
 
those mentioned above, these include the value of considerable
 
flexibility in the mode of approach, the need to work under
 
real conditions, e.g., on farms, in LDCs the need to identify 
problems oF primary importance to host countries, the need
 
to make the project a host country one, and the need for in­
country funding especially if P.L. 480 funds are not avail­
able. We are impressed that training and institutional 
development, though not included in the project objectives, 
were essential activities at every step in the project and 
must have required a very significant share of the team's 
time and efforts.
 

In summary we believe a major breakthrough has been 
made toward improving the efficiency and equitability of 
irrigation water distribution under large canal systems, 
particularly the Indus system. To realize the potential, 
however, will require major efforts in developing people 
and institutions as well as in providing incentives and 
improving the assets of poor people. While the work accom­
plished is a necessary part, by itself it is not sufficient, 
realization of its potential will require exceptional 
commitment and persistance of the host country and its 
donors. 
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E. 	 Accomplishments During the Project (March 28, 1968 to
 
May 31, 1980
 

In discussing accomplishments, it becomes very easy to
 
fall into the trap of taking credit for all farm water manage­
ment activities that occurred in Pakistan. The reader must
 
bear in mind that the CSU staff assigned to this Water Manage­
ment Research Project (WMRP) were participants in such activ­
ities, and the real success of these endeavors resulted from
 
the interest and responsiveness of the many Pakistani coopera­
tors. Secondly, although the project staff would like to take
 
credit for serving as catalysts in many of these activities,
 
certainly many other people contributed their ideas and
 
energies in developing improved water management practices.
 
Finally, for whatever contributions made by the project staff,
 
whether serving in Pakistan or on-campus, certainly these
 
achievements are not the result of a single person, but the
 
combined interaictions of many individuals representing nany
 
disciplines. In many respects, these are the most meaningful
 
accomplishments resulting from this research project.
 

1. Major Accomplishments
 

a. Research Focus
 

This Water Management Research Project has emphasized
 
field research of the farm subsystem. In most arid countries
 
of the world, there is very limited knowledge about farm water
 
management relative to the irrigation delivery subsystem and
 
the water removal (drainage) subsystem; yet, the purpose of
 
water delivery and removal is to support the growth of nlants
 
on the farm, which ii: turn support human and animal life.
 

Although an int.2rdisciplinary research approach was
 
undertaken from the beginning of this project, the capability
 
of the project staff to accomplish truly interdisciplinary
 
research evolved into a growing strength with time. The em­
phasis on interdisciplinary teamwork proved to be highly re­
warding, not only in terms of specific research results, but
 
more 	importantly, by viewing the irrigation system in the
 
broader perspective of national agricultural development.
 

This project attempted to achieve the objectives of 
"Improving Irrigation Water Management on Farms" through the 
broader goals of agricultural development by working with 
many government agencies and some private firm,,s. The research 
activities involved cooperative efforts with most of the 
agricultural research institutes in Pakistan, the agricultural 
universities, and government action agencies. The project 
involved an increasing number of extension activities, which
 
would have continued to increase had the project been con­
tinued. The long-term strategy was to: institutionalize
 
water management research and training in the universities;
 
have 	research institutes do more studies on farmers' fields
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while strengthening their capability to conduct water manage-­
ment research; strengthen the capability of extension personnel
 
to perform many water management activities, such as organizing
 
farmers and conducting demonstrations on farmers' fields of in­
proved agronomic and irrigation practices; developinq stronger 
linkages between the research institutes and extension ser­
vice; have small private firms manufacture such items as flow
 
measuring flumes, nakkas, and farm implements; and facilitate
 
the capability of government action agencies for implementing
 
so lt ions. 

The greatest sensitivity to the farm subsystem was
 
gained by working with farmers and developing a keen aware­
ness of the many *hysical and socio-oiconomic constraints that 
farmers contend with in agricultural production, as well as 
recognizing the value of their input in the development of 
solutions. The importance of this particular approach was 
stressed, and then practiced, with many of the cooperating 
organizations in Pakista-i. Throughout the life of tois re­
search project, major attention was given to assisting those 
farmers having sm-ill land holdings to gain an equitable share 
of the agricultural inputs such as seed, fertilizer, water
 
and credit.
 

b. Training
 

One of the most easily measurable indexes of accom­
plishment for this research project is the number of people
 
trained in on-farm water management. First of all, the 
project staff received valuable training resulting from the
 
experience in Pakistan. Besides the 16 staff members who
 
served in Pakistan (Appendix 3 ;, there were many other faculty
 
members (about 15) who made short-term trips to Pakistan and 
provided backup support on campus. In addiLion, three American 
graduate students did significant portions of their Ph.D. dis­
sertation work in Pakistan, while three more Ph.D. students 
from other U.S. universities participated in the field re­
search program. 

A significant training program was having selected 
Pakistani cooperators obtain academic training on campus and
 
then return to Pakistan for doing the field research for 
their degree. These Pakistanis were selected based on their 
demonstrated willingness to work with their hands and get 
their feet muddy in the field. Although only 13 Pakistanis 
graduated under: this program, they continue to do serious 
field work, thereby contributing in ( ryV.substantia] manner 
to the development of their country. 

The U.S. AID Mission to Pakistan provided support for a 
number of Personal Service Contract (PSC) versonnel to work 
directly under the supervision of the CSU Field Party. Many 
agronomists, agricultural engineers and economists, most
 
of them recent college graduates, received valuable field
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training. Then, after one or two years, the CSU Field Pa7-tv
 

assisted them in being relocated in a government position
 

that could utilize their expertise, thereby enhancing that
 

agency's capability for performing water management activities.
 

One of the most productive relations in terms of both
 
research and training occurred in the cooperative efforts with 
the Mona Reclamation Experimental Project (MREP). In the 
early years of this project, the Field Party interacted largely 
with senior reseal-hers at MREP, but later most of these in­
dividuals were promoted into higher positions in Lahore. From
 
that time on, considerable training occurred with younger
 
staff members, many of whom later moved to higher positions
 
and new staf again had to be trained. About 25 MREP staff 
were involved through the years in water manageme :t research. 
Also, many Field Assistants (about 40) who are high school 
natriculates, received field training for a variety of techni­

cal tasks, most of which were i'elated to periorming extension 
activities with farmers. 

The CSU Field Party worked cooperatively with eight
 
faculty, iepresenting six departments, at the University of
 
Agriculture, Faisalabad (UAi) in training the Agricultural
 
Officers for th1e On-Farm Water Management Pilot Project, which
 
is dis:cussed in the next section. Each field team has one
 
Agricultural Officer, whose assignment is to work with farmers
 
on advising them of improved agronomic and irrigation practices
 
so that they will more effectively utilize their increased
 
irrigation water resulting from the improved watercourse.
 
Also, the Aqricultura Officer advises farmers on cleaning
 
and maintenance activities for their improved watercourse.
 
Essientially, the 4-1/2 month training course, which provides
 
30 percent of the instruction in the classroom and 70 percent
 
in the field, allows the Agricultural Officer to really serve
 
in the capacity of a Water Management Extension Specialist. 
About 92 individuals, representing all four provinces, have
 
received this training.
 

Each Field Team under the On-Farm Water Management
 
Pilot Project (OFWMPP) consists of nine members: one Team
 

Leader; two Watercourse Development Officers; five Land De­

velopment Officers; and one Agricultural Officer. All team
 

members receive training at the Training and Research Center
 

at Niaz Beg. U.S. Soil Conservation Service (SCS) personnel
 

serve as advisors for the training program; however, the CSU
 

Field Party has been irnvolved with the training piogram for
 

the Watercoulrse Development Officers, who are usually college
 

graduates in agricultural engineering. (An interesting side­

light is that agricultural engineers had serious difficulty 
in obtaining jcbs at the time that the CSU Field Party first
 

started employing ther. as PSC's in 1973; but. by 1977, these 
people were in great demand by a number of government agencies.)
 

There are now about 47 teams in the field. A real measure of
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the value in training these Field Teams is that they aie now
 

receiving important psychological feedback because 
their
 

in great demand by the farmers.
services are 


the 	On-Farm Water Management
c. 	Implementation of 

Pilot Project
 

This research program was particularly fortunate 	in
 
im­

being able to utilize the research results directly in an 


plementation project. Cooperative efforts between the Govern­

ment of Pakistan, the U.S. AID Mission to Pakistan, the 
SCS
 

and CSU led to the development of the project paper. CSU
 

campus and Field Party staff participated in the preparation
 
million Pilot Project ($22
of the docunentation for the $44 


which was initiated in 1976.
million AID loan), 


This exercise in project implementation proved to
 
The CSU Field Party be­be a valuable learning experience. 


involved in the UAF training program described above,
came 

che training program for agricultural engineers in watercourse
 

formal and informal arrangements for organizing
improvement, the 

farmers on a watercourse, and the moritoring and evaluation
 

of this Pilot Project.
 

Although the project staff had previously advocated
 
on a watercourse into a
the formal organization of farmers 


Water Users Association, the implementation of this Pilot
 

Project focused attention on the critical nature 	of this topic
 

if farmers are to maintain their improved watercourses. 
This
 
unfor­

subject was being given consideration until termination; 


tunately, a major research effort is still required.
 

d. Growing Awareness for Improving Irrigation 
Water Management on Farms
 

One of the greatest satisfactions to the project 

staff has been the growing awareness throughout Pakistan 
on
 

the 	subject of on-farm water ntanaqement. The research results 

on watercourse losses and irrigation field application ef­

were met with extreme skepticism by many organi­ficiencies 
zations, largely because they were contrary to two decades
 

still
of reports by consulting engineering firms. There is 


skepticism today in many cqjarters, but the degree of accep-

The 	major changes in emphasis
tance has grown substantially. 


by the Government of Pakistan regarding water resources
 

development reflect this awareness.
 

The World Bank is presently working with the
 

Government of Pakistan in establishing two projects that
 

utilize the results of this research program. The governments
 

of Canada, Uniced Kingdom, and West Germany have demonstrated
 

an interest in providing funding for on-farm water manage­

ment development projects.
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There have been a number of consultations between
 

the Food and Agriculture Organization (FAO) of the United
 

Nations and CSU staff regarding utilization of the research
 
results. FAO is presently devloping a strategy for on-farm
 

water management that can be utilized in developing countries.
 

2. Specific Accomplishments
 

a. Water, Soil and Crop Management
 

Plant-soil-water-fertility experiments have been
 

conducted cooperatively at most of the major agricultural
 
research institutes in Pakistan. The crops that have been
 

given the most attention are wheat, sugarcane, maize, cotton
 

and rice. A primary concern has been the problem of inade­

quate crop stands that is so commonly encountered in Pakistan,
 

particularly duri;Ic7 the kharif (summer) season. Past results
 

have indicated that stands and yields could be improved for
 

maize and cotton by methods such as bed and furrow planting,
 

crust control by mechanical methods or irrigation water timing,
 

field drainage, and land leveling to avoid loss of crops due
 

to flooding of low areas of the fields.
 

Recently, results on sugarcane experiments were con­

sistcnt with those previously reported in that the effect of
 

interaction between nitrogen and water on cane yield was smiall, 
indicating that nitrogen response was not much affected by
 

water stress. Highest yields were generally obtained with a
 

total of 55 inches or more of water applied, but 80 to 85%
 

of maximum yields were obtained with only 30 inches of water
 
Optimum N and
providing that adequate nitrogen was used. 


levels depend on the cost of water, but in general, N
water 

levels near 200 lbs N per acre are most economical, even
 

under conditions of water stress.
 

Even though a strong interaction between water and 

nitrogen has been encountered for cotton, the general pattern 

of little or no interaction has been encountered for several 

years at nv.aerous locations for wheat and sugarcane. This
 

general patte;n strengthens our previous conclusion that if
 

uncropped land is available, additional water available as
 

a result of improved water conveyance is best used to increase
 

cropped acreage, even though moderate water stress may result
 
These conclusions are
at some point in the growing season. 


consistent with results from linear programming models that
 

generally indicate optimum cropping patterns are those that
 

use irrigation levels below full irrigation requirement as
 

long as land availability is not limiting. Only when land
 

availability constrains increasing cropped area should crops
 

be grown at full irrigation requirement, unless high water
 

tables or use of saline ground waters render the land
 

especially vulnerable to salt accumulation.
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Research cwun demonstration trails over several years have 
provided insight into those problems that appear to be the 
most serious in limiting production, as well as the effective­
ness of practices intended to alleviate these problems. Along 
with fertility arid crop stands discussed above, weed conLrol 
consistently emerges as one of the most inmpor"ant factors 
affecting production. 

Hand weed control has been consistantly shown to be 
highly effective in increasing crop yields in our field trials. 
Even in a labor intensive economy, it is often impossible to 
attain the needed level of control by this method. Chemical 
control is in its infancy in Pakistan, but some effective 
chemicals are available. Weed control trials on maize and 
wheat have recently demonstrated that at least one effective 
and easily used chemical method is available for each of 
these crops. Unfor tunately, there are also materials available 
that are e i-her irio foctive or likely to result in crop damage. 
Serious Lftforts are rg(-uired to provide inure widespread test­
ing, make available those iaturials that are safe and effec­
tive, and to remove i nappropriate materials from the market. 

b. Consumtie_ Use 

Under the project, consumptive use studies on wheat,
 
berseem and cotton were initiated in collaboration with the
 
Punjab Agricultural lesearch Institute at Faisalabad and 
continued there for sevecal years. Consumptive use test sites 
were also located at the Nona station. Beginning about 1976, 
a network of consumptive usa studies using eight sites through­
out the country was implemented by the Pakistan Agricultural 
Research Council utilizing PL-480 funding and working di­
rectly with USDA. The project played a significant role in 
getting the work started and then a continuing limited role 
in helping to refine techniques and operating procedures. 

c. Farm Cultivation Equipment 

During 1978 and 1979, the Field Party had the 
capability for developing farm implements. The emphasis was 
upon implements that would improve crop stands during the 
kharif season. While the potential of bed and furrow planting 
of such crops as cotton and maize for stand improvement was 
recognized, there was no adeiuate bedding and planting equip­
ment available for even planting good demonstration plots, let 
alone for encouragement of farmers to adopt such practices. 
Such equipment is not available in Pakistan, and imported 
equipment is not wol.l adapted. Therefore, now bedding and 
planting equipment that is better adapted to local conditions 
has been designed and several units fabricated for use in 
demonstration tridls during the coming seasons. This equip­
ment is presently tractor-mounted, but modifications for 
bullock-drawn equipment for use by small farniers was developed 
whicn consisted essentially of constructing furrows in the basin. 
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d. ?low Measurement
 

The development of an awareness regarding the impor­
tance of on-farm water management in Pakistan can be largely
 
attributed to introducing the Cutthruat flume for measuring 
watercourse losses. The calibrations for the particular sizes 
of Cutthroat flumes used in Pakist.n w . developed under the 
AID 211(d) grant to CSU. The first Cutthroat flume was in­
stalled in Pakistan during November 1973. This particular 
flume was developed for use in very flat gradient irrigation 
channels, so it was ideally suited for measuring losses in 
the watercourses. 

Cutthroat flumes are fabricated in Pakistan. Project
 
personnel have worked with a small fabricating shop to develop
 
good quality control. Now, other shops in Pakistan also
 
fabricate these flumes. By 1977, approximately 300 Cutthroat
 
flumps had been fabricated.
 

Efforts were underway at the time of termination to
 
have Cutthroat flumes installed at all of the major agricul­
tural research centers. In the past, because there were no
 
flow measurement devices available, the amount of irrigation
 
water received by any crop was reported as the total number
 
of irrigations during the crop season multiplied by three
 
inches for each irrigation.
 

e. Watercourse Losses 

For the first time, seepage and operational losses
 
of water in delivery from the canal turnouts to the farmers'
 
fields were measured under operating conditions. Instead of
 
10 to 15 percent seepage losses as had been assumed by planners
 
in Pakistan, real losses were found to be 40 to 60 percent.
 
Much effort on the part of the CSU team and its Pakistani as­
sociates went into establishing the credibility of these
 
findings with high P-Kistan government officials and their
 
consultants and donor constituency. The experiments have
 
been repeated over Pakistan first on 40 and then on 61 sample
 
cases. The evidence has been accepted and led to the $44
 
million ($22 million AID loan) On-Farm Water Management Pilot
 
Program initiated in 1976 and to suggestions for major revi­
sions in Pakistan's water management strategy from large
 
water supply works to emphasis on conservation and manage­
ment as evidenced by the recent report of WAPDA's Planning
 
Division entitled "Revised Action Programme for Irrigated
 
Agriculture" dated April, 1979. This draft plan, which still
 
faces the obstacle of obtaining high-level approval, shifts
 
emphasis from large capital intensive structures toward better
 
water management including the partial lining of 29,000 water­
courses in saline groundwater zones and rehabilitation of 
60,000 more in freshwater zones. The plan calls for lining 
24,000 watercourses and rehabilitating 48,000 more by 1990
 
and states with regard to partially lined watercourses:
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"Recent studies by Master Planning (WAPDA) and
 
Colorado State University, and demonstrated ex­
perience in India, have shown that paitial lining
 
is economic and the best technology for unusable
 
groundwater areas."
 

f. 	Farm Irrigation Losses
 

Experiments were conducted to determine whether or
 
not fields were over- or underirrigated. No overall general
 
pattern can be deduced. At Mona, in a SCARP area, 71 percent
 
of 64 fields studied showed losses due to overwatering greater
 
than 70 percent; however, in a nonSCARP area near Faisalabad,
 
losses greater than 10 percent occurred on only about one­
third of the 246 fields studied. Poorly leveled land was
 
shown to be a major factor related to overirrigation. Other
 
factors correlating with overwatering are whether or not
 
supplemental wel2 water is available and whether or not the
 
field is located in a SCARP. Serious overwatering occurs ..
 
more frequently than has previously been thought. A common
 
statement is that each irrigation applies an average water
 
depth of 3 inches over the bunded basin, but measurements
 
showed this was rarely possible because of unlevelness of
 
the basin surface. Instead, in order to cover the high spots
 
with water, irrigation depths of 3 - 11 inches were measured,
 
with depths of 5 - 7 inches being very common. Overwatering
 
increases waste of water and waterlogging; underwatering per­
mits damaging accumulation of salts in the root zone. One
 
or the other case is the rule rather than the exception.
 

g. 	Identification of Socio-Economic Constraints
 

An important contribution to watercourse development
 
in Pakistan was the broad conceptualization of a watercourse
 
as a socio-natural unit involving agronomic, engineering,
 
economic and social aspects. With this concept in hand,
 
project researchers were able to take a broad view of the
 
variety of factors influencing water management behavior at
 
the watercourse level and the various constraints that would
 
need resolution if improvements were to be achieved. Research
 
methods were developed and applied first to the survey of a
 
single watercourse and then to a larger sample of watercourses.
 
The success of these activities led to the formulation of a
 
larger study to be done at 24 different locations throughout
 
the Punjab and 16 locations throughout the Sind. Fieldwork
 
for this study of 40 watercourses was done during 1975-76.
 
This larger study was conceived as a fundamental activity in
 
the process of problem identification; i.e., identifying the
 
range of social and technical problems existing at the water­
course level. Among its important findings was:
 

1. 	The identification of factors related to the low
 
level of watercourse maintenance;
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The 	lack of effective local organization to
2. 

mobilize labor and other resources;
 

3. 	The lack of knowledge among farmers regarding
 

the magnitude of watercourse losses; and
 

4. 	The lack of technical knowledge among 
farmers
 

for 	improving their watercourses.
 

The results of these socio-economic-physical 
surveys
 

were used in the design of the present On-Farm 
Water Manage­

ment Pilot Project. Furthermore, this work led to the initia­

tion of a WAPDA/UNDP/World Bank watercourse 
study that investi­

gated 61 additional watercourses for a two-year 
period, thus
 

Interim reports are being pre­providing time-series data. 


pared by WAPDA regarding the results of these 
long-term
 

studies.
 

h. 	Watercourse Improvement Technology
 

Having established the magnitude of watercourse
 

losses, the Project began in 1974 to examine what might be
 

Various types of linings and treatments,
done to reduce them. 

turnout devices, and other appurtenances 

and rehabilitation
 
This work was cen­procedures were developed and tested. 


tered at WAPDA's Mona Reclamation Experimental 
Project (MREP).
 

Before initiation of watercourse rehabilitation
 

work, extensive discussions were held with 
farmers regarding
 

and 	their own
 
acceptability of linings, turnouts, etc., 


In all cases, farmers participated extensively,
participation. 

and 	in some cases, purchasing turnouts.
 providing the labor; 


found to be too expensive,
Full lining of watercourses was 

the 	losses could be pre­but the studies found that most of 


vented by programs of rehabilitation of earthen 
watercourses,
 

critical reaches and installation of manufactured
 lining of 

turnouts (nakkas).
 

Training materials for watercourse improvement 
were
 

jointly prepared with the SCS advisers for the OFWM Pilot
 
a Watercourse Improvement Manual
Project. Finally, in 1980, 


(See Water Manage­
was published that is quite comprehensive. 


ment Technical Report No. 58.)
 

i. 	Irrigation Control Structures
 

A significant development, that is highly 
desired
 

by farmers, is the concrete nakkas that control the flow 
of
 
a
This development was 
water between watercourse branches. 


painstaking process that required attention 
to detail and
 

quality control. These structures were developed in collabora­

tion with a concrete artisan near Sargodha. 
Acquiring these
 

concrete nakkas is a strong incentive to 
farmers for partici-


During canal closure in
 pating in the OFWM Pilot Project. 
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early 1980, the Government of Punjab had a crash program of
 
heavy cleaning and maintenance on nearly 10,000 watercourses,
 
installed 1,877 nakkas, and have placed orders for many
 
thousands of concrete nakkas which will be installed in the
 
near future.
 

Another structure of interest that was developed under
 
this project was the "jet pump" or "jet juncture." This is
 
a structure that combines the canal water in a watercourse
 
with tubewell water, which results in raising the watercourse
 
water level downstream from the structure and lowering the
 
water level in the watercourse upstream from the structure.
 
The primary advantage is being able to irrigate higher fields
 
more efficiently, while a secondary advantage in some cases
 
is to keep the mogha from being submerged so that the maximum
 
amount of canal water is received in the watercourse.
 

j. Basin-Furrow Irrigation
 

As described above under Farm Cultivation Equipment,
 
a tractor-drawn bed shaper and a bullock-drawn furrower had
 
been developed as a means for improving crop stands in the
 
kharif season by constructing furrows in a basin. Some demon­
strations have been conducted. This is a very important ef­
fort with tremenCous potential for increased crop production.
 
There are many agronomic and irrigation advantages favoring
 
basin-furrow irrigation as compared to basin irrigation.
 
Because of it's high potential, some means should be developed
 
to continue this research component.
 

k. Skimming Wells
 

Perhaps one-third of Pakistan's irrigated area is
 
underlain by saline groundwater with a shallow layer of fresh
 
water on top. These freshwater supplies are badly needed in
 
the overlying areas; however, extracting the fresh water
 
without drawing in excessive quantities of saltwater is physi­
cally very difficult. The project has field tested some well
 
arrangements designed to skim off the shallower fresh waters
 
and to prevent upward coning of saltwater into shallow wells.
 
Considerable work was also done by the project using hydro­
dynamic theory and mathematical modeling.
 

The research results show that fractional tubewells
 
(less than one cusec) should be used in saline zones. In
 
many cases, fractional tubewells having a capacity of only
 
0.2 cusecs should be used. This is a dramatic finding con­
sidering that most public tubewells have been installed in
 
these saline areas with capacities of 3 - 5 cusecs. The use
 
of fractional tubewells has many socio-economic advantages
 
because they can be installed by private individuals, and if
 
small amounts of credit could be made available, then farmers
 
with small land holdings could also reap the benefits of
 
having a tubewell. (See Water Management Technical Report
 
No. 63.)
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1. Irriation Water Users Associations
 

The work initiated by the project represents the
 
first effort to explore issues of appropriate local irrigation
 

organizations 'or the Indus irrigation system. The initia­

tion of this work is a significant achievement. There have 
been two directions to this work. One is the work on irri­
gation law and the identification of needed legislation to 
prcvide legal arrangements for organizing water user associa­
tions. A proposed water user's association law has been 
drafted and discussed in all four provinces of Pakistan. In
 
a high-level poiicy-m ing meeting of Federal and nrovincial 
leaders in Islaqahad on May 15, l°,80, aqreement was reached 
that each pro-v ice (water is a provincial matter) should
 
enact legislat:o'i authorizing Water Users Associations. This 
will likely he done before the new OFWM Project is funded bY 
the World Bank, which is presently scheduled for initiation 
on July 1, 1981. 

Secona, is the program of various field studies 
that have sought to understand the basic social organization 
of the Punjabi village, and more specifically, the Punjabi 
watercourse. These studies had the twin o.-ectives of dis­
covering existing patterns of organization for watercourse 
management and maintenance as well as identifying structural 
principles and value systems relevant to attempts to create 
water user croups. A number of important factors have now 
been identified. (See Water Management Technical Report No. 
55.) 

At the time of project termination, this p&rticular 
research effort would have to be considered the most impor­
-ant to the future of agricultural development in Pakistan. 
Somehow, some means must be developed to continue this re­
search effort as soon as nossible. Hopefully, other donor 
agencies will recognize the importance of this topic and 
provide some assistance in the immediate future. 

m. Trainic W:iter Management Extension Officers 

Savinq water in watercourses is not productive unless 
the water is used effectively to increase crop production. 
CSU has worked with the University of Agriculture, Faisalabad 
(UAF), in developing a training program which prepares one 
Water Management Extension Officer for each water management 
development field Loam under the On-Farm Water Management 
Pilot Project. His responsibility is to help farmers improve 
their production tnrougih hetter management of his expanded 
water supply, leveled land and other essential inputs (seed,
 
fertilizer and weed and pest control). The Punjab, Sind, 
North West Frontier and Baluchistan provincial governments 
developed agreements with the University of Agriculture, 
Faisalabad for this training program. CSU has helped develop 
training materials that can be used by all four provinces. 
(See Water Management Technical Report No. 60.) 
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F. Water Management Research Needs in Pakistan 

The campus staff of the Water Management Research Project 
held meetings in February, 1979 for the pur ose of delineatina 
future water manol ement res arCh needs in PakI stan. Addition­
al d. sc u - _- , '-'!. h,1)-j i _ :-, r . -1tie4'.': 
Field Party sta it ,,ri nc PMci rch and Apri 1 o t! 179. Wii th pro­
ject termitat i o , it- is a ,.ron iate t hlt these rt.seaich needs 
be inc ided om m'vi,l 	 I"I 1.'i I'eTor*t 

Insteid ot tre-,ring ,, lonr "laundry" l ist of research 
needs, project persn nn] hlave focused first, of all o1 
specifyig th major: tOp,ic!_ i-qc irin:i research, then (escribinn 
i n qeneriL ter-i'4 tho set ich Meuds under each to.ic, and 

fina IIv i at tem L Ii n Dc1-Jec maile to prioriti 'e thes,, major 
topic- . Du i.nq thli r;ross , Ltwals al.so kapt in nind what 
.Cesearch ,ffot conti he chpmlined into logical pro jects for 
technicLal assisfst ct. In iilit.nn, i estimate of the number 
of exMp tii1 it(," eykill'' I CnI e101 t Ioiq wi th their 
required djsciplii'.iiti, , IC. i , is provided. 

The 	sij r,-o - t1) ,s, .n order o f 1riority, are: 

1. 	 Wat-r Ut 1 zat on; 

2. 	 Institution i] Arrangements for Improving Irrigated
 
Aqricul ture
 

3. 	Water 1anagement Research and Training at the 
University of Aliriculture, Faisalabad; 

4. 	 StrenTt.h,njiig Water Management Activities at
 
Research 7nstitutes;
 

5. 	Baluchist,,n Wqater Minagement Research and Training 
Project; and 

6. 	 Wterloimi~iciand §a.iiy 

Although each topic can operate as a separate project, it is 
also possible to combTine topic,- into a single contract. In 
particular, topics 1-4 coLild he combined into a single con­
tract, or topics: 1 and 4 into ,isingle contract, or topics 
1, 2 and 4. Such c7ombinintiens could result., if necessary, 
in a reduction of ,cessa,y espatriito 

1. 	Wate r V- .t 1]izat ion
 

There has been considerable progress made in 
developing appropriate technologies for watercourse rehabili­
tation, but little progress has beei made in improving the 
utilizacion of the additional water supplies reaching farmers 
fields as a result of watercoiirse improvement. The major goal 

http:iilit.nn
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of on-farm water management is the proper utilization 
of
 

increase crop production and
 water on croplands in order to 


alleviate watet logicxng and salinity problems.
 

The basic thrust if thi program would be the develop­

ment of imn rovel aqronomic ArF irrigation practices suitable 

Pa,,kistan, tonlowed by developin9to conditions ncomtuid to 

improved practices.
Fqr implamentinc
q ts
appropriate th 


result in the develop­oswichi eftort should 
oct i. a. r with the implementing agency in

Logically, t-his 
ment of an AJM) Proa 

h ithe ion Sorvice.xt
Pakistan bMn 


tiates should be assiyned toAs a 1inimum, foar <roari 

Agronomist, one Agricultural
this research uff, .; namely, onl 


, one Aql'c aturvI Economist, and one
Engineer (Frri, t ion) 
aTs here would be considerable
Anthropoloq is:t or 


a ,ir' six ex ati.t as by addingq one Agriculturaladvantage in 

' inry\, nA o& Sai Sc:ientist orEngineer (Iopr an 


Agronomi st.
 

ram so)ulId be done on a five-year contract.This pr 

This should ha followed by another five-year contract in
 

would provide direct support to a
which the rusarch cilortL 

larger-scale implemnentation proqram by the Agricultural
 

Extension Service.
 

improving Irrigated
2. Institutional Arranqements for 

Ag zicu]Iture 

This research proqram would have two major thrusts.
 

First, the pr esent research program regarding Water Users
 

Second, research would be
 Associations would he continued. 


initiated with tho 1wrivation Deoartment to improve 
their
 

role in both serving And interacting with farmers through
 

Water Users A-ssociations.
 

The major tncus of Lhis research effort would be to 

farmers to interact collectivelystrengthen e pmtility.. of 
Tba present research program on
for theicr common god. 


this effort.
Water Users Assoction; is very important to 

Earmers is h iqhly desirable,
Although ftra]. .riaizations for 

a short time. Instead,


this cannot be expncted to occur in 

to -,vo from informal arranrementsthe capability, of farmers 


" "1",'< over a ]ono time period.
to formal organizations ruit 

n the capability
orthunring
This evc1ionniv prncs- for 


work toge ther, as .,iI as interact with qovern­of farmers a 

ment agencies, must be -'.wlrOd.
 

The present CSU water management research efforts
 

reqards the participation of the
 
are particularly weak as 


Irrigation Department. The following research should be
 

undertaken:
 



1. 	Modifications to Canal and Drainaqe Act;
 

2. 	 Modifications to warabundi;
 

3. 	Legal and economic aspects of land and water revenue 
practices 

4. 	 SchedulinJ of canal deliveries; and 

5. 	 Strnotheningi the role of thie Irrigation Department 
with farmei-s. 

This research program should have a minimum of two 
expatriates; namely, ont, A.ricultural Economist and Socialone 
Scientist with sme -xpertise reglarding irrigaton organiza­
tions. In addition, backup support would be_ requircd by one 
half-time (Pa]1[:-pci a list in ',,ater resources. 

This res(arch am should be undertaken for fiverbprop 
years, with an ovaluation after three year-s to determine 
further research needs under this topic. 

3. 	 Water Mananement Research and Training at the 
University of Ariculture, Faisalabad 

A research proposal has already been prepared for rupee 
grant funding, "Na:er Manncment Research and Training Pro­
gram for Rural Development," by some of the faculty at the 
University of Ariculture, Faisalabad. The primary intent 
of this research program would he to provide valuable field 
research experionce on small farmers fields for faculty, 
students and participants in special training programs for 
Agricultural Officers under the provincial On-Farm Water 
Management Development Projects. Besides strengthening the 
capability of the faculty for developing not only improved 
agronomic and irrigation t(euhnoloqies, but also the mechanisms 
for implementing such technoloqies, both students and trainees 
will be provided val]uable field experiei es as part of their 
training. In tlme, improved water inanag',ient skills would 
be incorporated into the university curriculum, thereby inter­
nalizing the entire water management development process. A 
major payoff from this effort would be that university 
graduates would be much better eqjuipped to participate in 
agricultural development. 

Four expatriates arc refcommended fur this project; 
namely, one Agronomist or S)Ll Scientist, one Agricultural 
Engineer (Irrigation), one Agricultural Economist, and one 
Anthropologist or Sociologist. As a minimum, two expatriates 
should be assigned to this research effort (one physical
 
scientist and one social scientist).
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The initial proposal has been written for a five-year 
period. This should be followed by a second five-year con­

tract. The results of this research program, including the 
development of training materials, should be extended to the 

Sind Agricultural University through the Canadians, while 
some mechanism will need to he deve]oped for extending these 
research and t iiinino results to the University of Peshawar. 

4. 	 Strengthening Water Management Activities at 
Research Institutes 

Much o- the CSU effort during the past seven years has 
been working with the staff of the Mona Reclamation Experi­
mental Project (MILRP). This particular research center has 
become the leader in develo[_.inq improved on-farm water manage­
ment technologies. Although there is a competent profes­
sional staff at IMREP, there are still considerable benefits 
to be derived in continuing to wsork with this staff in order 
to maintain the leadership role that they have developed. 

There is still considerable need to strengthen the role 
of many of tle aqricultural research institutes in Pakistan 
to play a stronger role in participating with small farmers 
to increase their crop production. In turn, this will pro­
vide important feedback to the researchers that will st engthen 
the research programs bei 1in conducted at their research sta­
tions. Even more i m)ort<-ntiy, there is an urgent need to 
strengthen the int2 ractioii between research institutes, ex­
tension personinel and farmnrs. 

A minimum of two expatriates should be used in this 
effort. A physical scientist would be used to advise on 
developing improved agronomic and irrigation practices, while 
a social scientist would )e employed to advise on techniques 
for implementingciroved aqronomic and irrigation practices. 

The initial five-year con(.tract should include coordina­
tion with the research activiti-s to be funded by the Canadians 
in the Sind, where a research facility comparable to MREP 
will be constructed, alon(f with research activities at the
 
Sind Agricultural University. Utnder a second five-year con­
tract, the role of the agricultural research institutes 
should be included in a 	 drger-scale project todevelopment 
strengthen the Extension Service; as cited under the first 
priority project, "Water tIti I ization". 

5. Baluchistan 
Project, 

Water tIanagecment Research arid Training 

The water management problems in the Province of 
Baluchistan are dramatically different from problems in the 
other three provinces of Pakistan. There is no agricultural
 

college or university in Baluchistan. Historically, only a
 
very small fraction of B-1luchis that leave for professional
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training ever return. Consequently, there is a strong need
 

to train Baluchis within the province to solve the water
 
Farmers already
management problems being faced by farmers. 


place a very high value on water, when compared with farmers
 

in the Punjab or Sind, because of water scarcity.
 

The most logical framework for u veloping a provincial 

capability for not only water manageme, ' research and train­

ing, but also agricultural development in general, would be 

to begin wito a Baluchistan Research and Training Institute. 

Perhaps an existin: agricul ture research institute could be 

utilized. Much of the training would be conducted on farmers 

fields, so that researchers and trainees from provincial 
government agencies would become sensitized to the problems 

being faced by farmers. Later, this institute could become 
the Baluchistan Agricultural College. Then, much later in 

time, depending upon the rate of maturity of Lhe faculty 
and the breadth of course offer iings, this college could be­

come the Baluchistan Agricultural University. 

This program should be undertaken for at least a 20-year
 

time period. During the first five-year period, a team of
 
of one Agrono­four expatriates should be employed consisLing 

mist or Soil Scientist, one Agricultural Engineer (Irrigation), 
one Agricultural Economist, and one Anthropologist or Socio­

logist. Before the completion of the first five-year period, 

a Project Paper should be developed consi-ting of two major 

components: (a) a small loan program to be implemented by 
provincial government action agencies to work with farmers 
in improving their agronomic and irrigation practices; and 

(b) a grant for converting the institute into the Baluchistan 
Agricultural College through the construction of additional 

physical facilities and participant education abroad, where
 

the participants return to Baluchistan to do the necessary 
research for their degree program. During the second five­
year period, the number of expatriates should be expanded 
to eight, with emphasis upon having individuals with different 
backgrounds in the agricultural sciences. These expatriates 
would not only assist in the expansion of the research insti­

tute into an agricultural college, but would also assist in 

the development project being implemented through the provin­
cial government. Although it is difficult at this time to
 

predict the number of expatriates required during the second 

decade of this project, it is not difficult to visualize a 

need ror 10 - 12 expatriates. Popefully, after 20 years, 
sufficient progress would have been made in the development
 

of human resources that the status of a university would be
 

warranted for this complex.
 

6. Waterlogging and Salinity
 

There is an urcent need in Pakistan to develop a cost­

effective package of appropriate technologies for alleviating
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waterlogging and salinity problems in many parts of the
 
country. Although this subject has been given considerable
 
attention during the past two decades, it is obvious that
 
appropriate remedies have not been developed. Large nvest­
ments have been made in the installation of public tunewells
 
in Salinity Control and Rcclam-tiion Project (SCARP) areas, 
but this technology alone is not sufficient in most areas. 
Fairly large-scale studies ai-e needud in various portions of 
the country, which would ..ost like ly have to be undertaken 
by the Water and Power Develtopm(ent Authority (WAPDA). How­
ever, the implementation of prog rams to alleviate this pro­
blem will most assuredly r Jqre the combined efforts of 
WAPDA, the Irrigation Departmt nt, and the Agriculture Depart­
ment because the package of reir..jies will likely require 
reducing seepage losses from th, water delivery subsystem, 
minimizing deep percolation losses frort the croplands, and 
lowering groundwater levels by *iiplolying fractional tubewells 
and perhaps subsurface t Le draina(le. 

The first five-year period nsonhId be used to investigate 
at least two canal comumand areas having serious waterlogging 
and salinity problems, with on- area being in the Punjab 
and the other area in the SIind. During this time period, 
the sources of the waterl(pjirg and salinity problems would 
be identified, water and salt budgets would be developed, 
and the transport mechanisms for water an(d salt described. 
Then, a variety of solutions that might alleviate such pro­
blems will be delineated. During the second five-year period,
 
the variety of remedies would be implemented on a pilot area
 
basis and their effectiveness evaluated. The results from 
these tests under actual fi(eld conditions would provide the 
necessary information for developing the most cost-effective 
package of technologies that would in turn be acceptable to 
farmers. Then, it would be possib]_e to -implement a national 
program for alleviating waterlojgjl(!n and salinity in major 
problem areas. 

During the first 10-year period, about 7 e-,xpatriates 
would be required consisting of one Groundwater Hydrologist, 
one Soil Physicist, one Soil Cheist, one Agronomist, one 
Agricultural ,ngineer ( rrigaLi()n , one Agricultural Economist, 
and one Anthropologist or Socio e(oj st. 

G. Dissemination and UtilLizalion of Research Results 

Throughout the proJect in eepinq with program objec­
tives, special efforts have doen made which have resulted in 
wide dissemination and utiliz-ation of research results. As 
credibility with the (Government Dt Pakistan has been increased 
as a result of a wide ranie of project activities, interest in 
on-farm water management from iarrers to government officials 
has accelerated. The major results of project efforts are: 

1) continued implementation of the comprehensive On-Yarm 
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Water Management Pilot Project; 2) the training of a large
 

number of host country personnel for research and development
 

activities; 3) the institutionalization of water management
 

research activities in research stations and with other organi­

zations; 4) the assistance to WAPDA Master Planning, the
 

University of Agriculture, Faisalabad (UAF), and other insti­

tutions in action oriented research and development activities;
 

5) focus on the need to improve water laws and codes and the 

provision of incentives for farmers to organize for improvincg 
their farm irriqation systems; 6) increase linkages with in­

ternational organizations active in Pakistan and elsewhere
 
with a concern and focus for on-farm irrigation problems; and 
7) utilization of project personnel for reconnaissance surveys 
to irrigated projects in other low income nations. 

As the pilot watercourse improvement program has evolved 
at Mona, a steady stream of at least 1000 visitors annually
 
from the provincial and federal government, USAID, FAO, the 
World Bank and several other countries have visited the pro­
jects, talked to the farmers and seen the improvements. This 
on-site inspection has been reported as a major factor helping 

bring about the acceptance of the water management proqram by 
various agencies in the Government of Pakistan. 

Because of the important role played by Mona in the 
Punjab, the Canadian International Development Agency (CIDA) 
has developed plans in conjunction with WAPDA to support a 

similar facility in the Sind. In the proposed program, which 
is scheduled to get underway in the very near future, faculty 
at the Sind Agricultural University at Tandojam would also 
play a significant role in the water management research pro­
gramme. CSU personnel have enthusiastically endorsed this 
effort by WAPDA and the Canadian Government. 

When the USAID funded OFWM Pilot Project is terminated 
either December 31, 1980 or June 30, 1981, the World Bank in­
tends to provide support to the Government of Pakistan to 
continue this effort. Based upon the second joint USA-
Pakistan evaluation of the OFWM Pilot Project in September-
October, 1979, some modifications are beinci made in the pro­

posed OFWM Project. This project will have a total cost of 
roughly $50 million for a three-year period. CSU personnel 
have been assisting in the formulation of this proposed project. 

Expertise developed in the research and surveys conducted
 
in Pakistan is providing a substantial springboard for the
 
water management project in Egypt where aspects of the problem
 

identification surveys found effective in Pakistan are pro­

ceeding at an accelerated pace in Egypt because they have been
 
able to avoid some of our mistakes and because Pakistan Field
 

Party members who have returned to campus are available to 
give support and on-the-spot guidance to the Egypt Water Use
 
and Management Project.
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The relative success of the farm water management research
 
in Pakistan in helping develop a viable national water manage­
ment improvement program has led to a continuing stream of re­
quests for information concerning how the research programs
 
were conducted and the available findings. In terminating 
this project, numerous technical reports and manuals have been 
prepared. A listing of these reports are given in the appen­
dices of this Final Report. During the last contract year
 
(since April 1, 1979), twenty-four rteports were published.
 
These publications will be disseminated according to an in­
ternational mailing list maintained by the WMRP. Arrangements
 
have been made with the U.S. AID Mission to Pakistan for dis­
tribution of these reports throughout Pakistan. 

H. Development Process for Immrv1ng Irrigation Water 
Management on Farms
 

During this last contract period, considerable effort 
by campus project personnel has been devoted to describing 
a process for improving irrigation water management in any 
country. We have utilized our experiences in Pakistan, the 
western USA, and other countries in an attempt to describe 
such a process. Frankly, this has been an extremely difficult 
and time-consuming task. 

This "Development Process for improving Irrigation Water
 
Management on Farms" has been published in four volumes: (1)
 
Executive Summary; (2) Problem Identification Manual; (3)
 
Development of Solutions Manual; and (4) Project Implementa­
tion Manual. The three phases of this development process
 
has also been subdivided into subphases as listed below.
 

Phase Subphase
 

Prublem Identification Reconnaissance
 

Problem Diagnosis
 

Development of Solutions
 
Identification of
 
Plausible Solutions
 

Testing and Adaption of 
Solutions 

Assessment of Solution
 
Packages
 

Project Implementation Project Au.:horization
 

Project Organization
 
Project Operation 
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The diagrams illustrating the activities under each phase and
 

subphase are shown in the three accompanying figures.
 

I. Lessons Learned During the Project (March 28, 1968 to
 

May 31, 1980)
 

1. Project Organizational Arrangements
 

This project received funding from U.S. AID/Washington,
 
which is termed a centrally funded research project. However,
 
the local currency costs were provided by the U.S. AID Mission
 
to Pakistan, who also provided support services such as housing
 
and later, vehicles and host country administrative personnel,
 
along with paying the salaries of host country professionals
 
who worked full-time under the supervision of the CSU Field
 
Party. The local currency support was important to the re­
search ;,-Livities, while such support services as housing,
 
mail and commissary privileges were very important to family
 
morale and allowed the Field Party to concentrate more on
 
the research activities.
 

There was a strong effort by the Field Party to maintain
 
good relations with Mission staff. The principal. advantage
 
of being centrally funded was not getting brought into so
 
many "brush fires" that the Mission staff must contend with.
 
This again facilitated the Field Party in being able to con­
centrate on research activities; however, the Field Party
 
did undertake a number of short-term exercises at the request
 
of the Mission staff.
 

One of the most valuable lessons learned was the advan­
tage in not being placed in a counterpart role that is so
 
typically advocated by international donor agencies. The
 
accomplishments of this project would have been no more than
 
1/3 of what was accomplished had the Field Party been placed
 
in a counterpart role. There are a host of reasons for this
 
contention. First of all, this project did undertake research
 
activities with some organizations in Pakistan the results of
 
which would have to be considered essentially failures. One
 
of these organizations could easily have been selected as a
 
counterpart agency. Secondly, there is considerable time lost
 
in getting research activities underway and often times the
 
amount of delay cannot be foreseen; therefore, the Field Party
 
always laid out more activities in the Annual Work Plan than
 
could actually be accomplished because they recognized there
 
would be delays, but they could not be sure as to which
 
activities would be delayed. This approach proved to be for­
tuitous even in the later years of the project. Thirdly,
 
working with a single counLerpart agency would result in the
 
Field Party becoming frustrated because of the time delays
 
that invariably occur which result in idle time and a lack of
 
productivity, inheriting problems between the counterpart agency
 
and other host country organizations, being more susceptible
 
to the in-house bickerings and office politics that exist in
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PROBLEM IDENTIFICATION 

PRELIMINARY PROGRAM OBJECTIVES 
a. Increased Agricultural Production 

b. Increased Equity of Income Distribution 
c. 	 Resourc i Conservation 

V 

DEVELOP GENERAL OVERVIEW OF SYSTEM 

z 

(0 CONDUCT RECONNAISSANCE FIELD INVESTIGATIONS 
co a. Plant Environment 

z b. Farm Management Practices 
Z0 c. Water Supply and Removal 

d. Institutinul Linkages 

Pl~RLINRISTING OF PROBLEMS 

ii REFINE PROGRAM OBJECTIVES 

J-T-

F DESIGNDIAGNOSTICSTDE 

CONDUCT DIAGNOSTIC FIELD STUDIES 
a. Plant Environment 

CI) 	 b. Farrm Managemnt Practices 

o c. Water Supply and Removal 
z d. Institutionni Linkages 

ANALYSES AND INTERPRETATION OF FINDINGS 

IDENTIFY CRITERIA FOR ,-_LEFIONAND RANKING 
OF PROBLEMS ACCORDING1 TO PROGRAM OBJECTIVES 

L REPORT FINDINGS O PRIORITY PROBLEMS 

AND THEIR APPARENT CAUSES 
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DEVELOPMENT OF SOLUTIONS
 

GENERATE POTENTIAL SOLUTIONS 
TO PRIORITY PROBLEMS 

W0 
o 

SCREEN POTENTIAL SOLUTIONS 
a. Program Obiectives 
b. Program Constraints 

c. Strategic Considerations 

-

DISCARD 
IMPLAUSIBLE 

SOLUTIONS 

LL 

us 

0. 

RANK PLAUSIBLE SOLUTIONS 

a. Groups Affected 
b Uncertainty 
c Discipilnes Involved
d Time Requirements 

a Resource Requiremei;, 
f Complementarities with 

other Solutions 

z 
0 

z 

DEVELOP WORK PLAN 

a Set Goals 

b Design Tests 
c Allocate Team Resources 
d. Specify Feedback Mechanisms 

s Specify Deadlines 

PERFORM TESTS 

4 CONDUCT DEMONSTRATIONS,
FIELD DAYS, etc. 

U­
w 

- OTAIN FEEDBACK FROM 

a Farmers 

RF Agencies 

CLIENTS 

WITHDRAWAL OF TEAM RESOURCES 

ASSESS SOLUTIONS ACCORDING 
TO PROGRAM O3JECTIVES 

a Technical Adequacy 
b. Farmer Acceptance 

c. Former Participation 
d. Economic Adequacy 

0. Social and Political Feasibility 

f. Organizational Adequacy 

" NEED MORE INFORMATION MORE TESTING NEEDED 

ARE SOLUTIONS ACCEPTABLE 
No DISCARD UNACCEPTABLE 

T 

SYNTHESIS OF ACCEPTABLE
 
SOLUTIONS INTO ALTERNATIVE
 

SOLUTION PACKAGES
 

REPORT ALTERNATIVE 

SOLUTION PACKAGES 
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PROJECT IMPLEMENTATION 

REVIEW ALTERNATIVE SOLUTION PACKAGES 
AND IDENTIFY PROJECT APPROACH 

Z 	 [ EPAREPROJECT OJECTVES 0­
y

T 

w- PLAN AND DEVELOP PROJECT PROPOSAL 

I'- OBTAIN PROJECT AUTHORIZATION No 

MAKE LEGAL ARRANGEMENTS 

[ ESTABLISH PROJECT ORGANIZATION 1 
i 

zI SELECT KEY PERSONNEL ]
 

_ I REFINE PROJECT OBJECTIVES
 
oz 
c. 	 DEVELOP INSTITUTIONAL LINKAGES 
0 

!SPECIFY MODE OF PROJECT MANAGEMENT I 

I SELECT AND TRAIN 	 PROJECT PERSONNEL 

SDEVELOP WORK PLAN AND]l 

SCHEDULE OF EVENTS 

INITIATE PROJECT FIELD OPERATIONS 

z ESTABLISH FIELD TECHNICAL SUPPORT SERVICES 

[R ICIPATION AND TRAIN FARMER 

o 	 ORGANIZE FARMERS
 

DEVELOP LINES OF COMMUNICATION
 
WITH OTHF URGANIZATIONS
 

MONITORING, 	 EVALUATON AND REFINEMENT 

PHASED TRANSFER OF RESPONSIBILITY 1 
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many agencies, and contending with the resource constraints
 

that usually exist for the counterpart agency personnel.
 

Flexibility in working with many agriculture and water agencies
 

that impact the irrigation system is not only important 
in
 

assuring productivity of the research effort, but is paramount
 

in the larger concern for aqricultural devlopmtm. 

2. Concern with Agricultural Development
 

Although on-farm water management has been the primary
 

topic of this research project, it was recognized that this
 

topic must be placed within an overall framework of agricul­

tural development. The real objective of exploring means to
 

improve water management practices is to increase crop pro­

duction, with other primary objectives being the equitable
 

distribution of income and resource conservation.
 

To understand farmer constraints requires a knowledge
 
of the institutional infrastructure that impinges upon the
 

activities of farmers. To develop solutions that will correct
 

the major problems requires a knowledge of how the organiza­

tions dealing with water and agriculture, along with the laws,
 

policies and regulations governing these agencies, can be
 
utilized in relaxing constraints and implementing change.
 

At tle same time, identifying problems and developing solutions
 

are an important mechanism for Ceveloping human resources.
 

Implementation of improved water management practices
 

involves serious considerations regarding institutional
 

development. To implement a project requires new roles to
 

be played, which usually involves the strengthening of exist­

ing organizations. Thus, agricultural development is strength­

ened by having a concern with improving both the physical
 

(hardware) and institutional (software) portions of the
 
irrigation system.
 

3. Interdi3ciplinary Approach
 

Throughout the life of this project, a strong emphasis
 

has been placed on an interdisciplinary research approach.
 

The primary disciplines have been agronomy, agricultural
 

engineering, agricultural economics, rural sociology and
 

anthropology, with important inputs being made by natural
 

resources law and organizational psychology. The combina­

tion of physical scientists and social scientists requires
 
an even stronger emphasis upon an interdisciplinary approach
 

in order to move from identifying problems and developing
 
solutions into implementing solutions.
 

Teamwork has been critical to this project, both in
 
Pakistan and on-campus. Two criteria used in selecting
 

personnel for assignment with the CSU Field Party in Pakistan
 
a
has been: (a) a professional record that demonstrates 
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capability for cooperating with other researchers; and (b)
 
an ability to share with others (relatively unselfish). With
 
a team in Pakistan ard a Lam on-campus, it bucomes very 
important to develop a strou! rapport between the two teams.
 
In particular, it is importar that the Field Party feel that 
they are Milng adeactly L :nt''rt d Ly the campuns team. 

4. Farmer inavolvement 

Farmer involvae:nent is an f , cti ye method for gaining 
information about the dvinamics of the Farm system and of 
identifying sources of support or o,,:acles to chanue . Farmers 
generally havo axte. 0 ive relevant info rmat ion as wel l as an 
intuitive undIerstan.i;n of ho(w their system works; yet, they 
are oftei innr d- v professioalt v; 1 . Tri the approach 
advocated bv this th. j m" as im­t.rojn,,, fonme rdui an 
portant source cf ide.a o solut 4h t p over-Hia prts may 

look. Furthermore, bocu(s of teir ipndt "irterdisciplinary"
 
familiaritv with their. ..tpm, ih f,-, assis- td the pro­
ject in understain th ~yt en' dynami ,nd in ntic i­
pating consequ t- Kpr poueid ahanqes.
 

A va luable Iee. 'arned early in thL project was the 
value of farmer pa tic ion i n the implementation of solu­
tions. When the govreernme nt introd]uce(d bLick-and-mortar water­
course linInq, the farmers rw,.as('d to do the necessary main­
tenance because af theil felinis that the liningqelonged 
to the government. As ,er lt , tha On-Farm Water Mnn,nement 
Pilot Project utilizized improved eaerthen watercourscs wiuh the 
farmers on the wat ercourse doing most of the work, whil the 
government inputs were minimiz<ed. Th lesson Ilearned is that 
both the development of solutiors and thei r implementation 
should incorporate strategies that allow the farmers to do as 
much as possible for themselves, with the government providing 
only those inputs thaK are boyond the resources of the fa rmers. 

5. Attackino Field Pro)lems
 

The history of irriga .uoIn sysvtem develiopment shows a 
preoccupation by engineers and politicians in "hardware" 
development; namely, the contruct ion of dams and canals. 
Unfortunately, the .. nanwmenrt" of the irrigation system, 
particularly the farm subsystem, has not recoved adequate 
attention. This research projcat has focused upon on-farm 
water management, wiich cin he subdividedct into four compo­
nents: (a) plant -nv;irun.o.JL; (h) Fi-L mataqmunt practices; 
(c) water supply and 'etova ; and 0) i tution,Ai lintka;qes. 
The emphasis has been Firs.t-of-all to conduct resuarch on 
farmers' fields and then develop an understanding of the 
higher levels of the system that impinge upon the Farmers' 
agricultural and water management activities. 

http:nv;irun.o.JL
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An important aspect of agricultural development, which
 
also provides a greater appreciation for the importance of
 
farm-level field problems, is gaininq the participation of
 
university Uocult , researchers at agricultural and water 
institutes, aind government action agency personnel in 
ident 1 fy'i ntie prob 1 01S in the irr iga tion systm includinge, 
the constraints that. famiiet.'u must contend with in agricultural 
product, ion. Then 1o)epp e can benefit tremendously from such 
field exJpericenCOS. Also, they can more eas ilyv be lieve the 
findings if t hey P, w11v discovered such results for themselves. 
If they also participate in the dc'ielopment of solutions, 
then they mur i be in supportingare Io,, 1l to entliusi astic 

the inplemontt. ](Lon of soluLions.
 

6. Tra-ini in},! 

Focusing upon fari-level field problems provides an
 
important tr,n.in{j (jround for developing interdisciplinary
 

Sn; hLo strong
teamwork . jch ms I \,e ]iinkaqes between the 
physical and insti tution,-I. components c)! the Irrigation system, 
thereby providinT a1 i1mport1nt role0 Fr many disciplines. 

ConcontlVaLill, on fed I roble) ins plovi.des important 
training experiences For many host country personnel. Field 
work is viewed by many professionals as demcaning. Also, a 
lack of cipcability for doing field measurements resu.ts in an 
individual avoidinj such activitiles; whereas, once trained 
by doinq such tasks many times, the individual then has con­
fider. ae and may bc enthusiastic i-n undertaking field inves­
tigations. 

Providing academic training to host country personnel 
on-campus proved highly rewardin g provi led the student re­
turned to Pakistan for the research portion of the degree 
program. In every case, the thesis or dissertation research 
was accomplished in the field. The final defense of the 
research was dune in Pakistan with CSU Field Party and recog­
nized Pakistani researchers serving as the examining committee. 
Pakistani's obtaining graduate degrees from CSU under this 
program have continued to do highly important: f ield studies. 

This research project has also provided an important 
opportunity for a .few U.S.A. graduate students to do their 
research in Paki stan. They are an important asset to the 
team becaune_ t Pv (-an concntrate on doinq field research 
and aro less likely to be encumbered with management and 
administraLive activiti ,-. There i.-; a high likelihood that 
such students will continue, to be involved with international 
development. 

7. Dissemination of Research Results 

Considerable emphasis and time have been spent in docu­
menting research results. Ty,7pically, papers have been written
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in Pakistan as soon as research results are known. Frequently, 
these papers are co-authored by cooperating Pakistani's and 
one or more CSU Field Party members. The distribution of each 
paper to interesLed persons is import,nt for gaining acceptance 
cf the research results and later having support for imp]e­
mentation projects.
 

The Annual Technical Aepart prepared by project staff is 
quite volum inous. Most of this report cons: sts of appendices 
that describre rcsrch finings durinp the preceding year. 
Consequently, cop ies .t each Annual Techni cal Pepor t provides 
a quick refere nce on p.,-j-a act ivities and results. This 
exercise was also im0,tant for ,nsarinq that research results 
were writtn in a short tim, ' i,. 

Once a researc h atii t'' havs bc an ompleted. the results 
are presented in a Field Party ep',rt, which is then listri­
buted throughout the coumiry.' I ,n Lo oroj nct termination, 
brief writeups wo t pror rrd fn eaich IFiold Party Report 
(see Appendix 7 ) for distr.ibut ion in I.sLan to a broader 
mailing list, who could in turn -.,usL a complete copy of 
the report if§ interested in more dotail . If a 'iold Party 
Report contains sipnifica- fi ndinrs that would he of interest 
to the international agricultural and water commsunity, it was 
then reproduced on-campus as a Wate Management Technical 
Report and then distribited us ing an international mailing 
list. Brochures and slide shows have also been prepared as
 
a more illustrative means of disseminating research results.
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APPENDIX 1
 

Water Management Research Project
 

BRIEF PROJECT HISTORY
 

Con tra c t s 

The Water Manaqement Research Projoct was initiated on
 

March 23, 1968 with fundini From Contract AID csd-2162, which 

terminated March 11, 1974. 'lhis was followed by Contract AID/ 
ta-c-ll00 for thK period April t, 1974 thruph March 11, 1977. 

The current contract, AID/ta-(-1411, botaii Ap'ril i, 1977, and 

was to termina te Karch 31 , 1)80, but was exten(ded to "ay 31, 

198. 

Project Loade rshi 

The Project Director under Cotrract AID csd-2162 was 

Dr. Maurice Albertson (Civil Enqineerinq). At the same time, 

Dr. Alhertson was director o f the 21 1(d) qrant. Because of 

the mount ini workload, Dr. W. Dora-I Kemper (AqricallturaI En­

gineerinq and Autronomy) was hired in ,Ju1ly, 1972 to direct the 

activities f th e Water MnaeentwL Research Project an) a full­e 
time basis, with Or. Albertson st ill retaii inJ over-all control 

af tIis wor oct And t he 211 (d) yrant, asas Procari i rector 

well as h Atnj Pr"!Pct Dir ctor t the 211 (d) qrant.
 

With th- initiat ion of (antrac t Al /L!a-c-I 100 on April 1, 

1974, Dr. tu- r t,-am the Pro }et D rlctor with coimplete CSUli 
responsibi lit, fut Qhu proVc . [IIP'ct iy July 1, 1974, Dr. 

Kemper becam ChiI-oF-lart a,f tn (K; Field Party in Pakistan, 

and the ProjC I ladership was shred wi ti Prof. Gavlord V. 

Skoqerbow (Ariculltural too ine rin ) workinqn half-tim a; 

Co-DiP .ator. Un !r the ,rwest t Cont ract , AIDita-C-1411,Project 
Dr. IKemper returned to CSU in Anlnst 1977 al (ont inued to share 

the project leadership with Prof. Skalprn(o until his departure 

in August 1978, when Prof. Skoqerboe assnme(l the role of Project 

Coordinator.
 

Field ro0rals
 

The CSU Water Management Research Project had a field pro­

gram in Vietnam as well as an ,n-qoino fieId proqraam in Pakistan. 

The annual reports of this praIo ct should be consulted reqardina 

the objectives and activi i"s at Ih's fiel !)rrtams. 

Vietnam 

am was undrta kn as a portionThe field prontram in Vietn 
of the Mekonq Dl Ita Soils Projet inrMay, 1973. Pr. Si(ney A. 

Bowers (Aqronomv was the Chief-of-ParLty and sole CSU 
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faculty member during the two-year life 
of this project.
 

At the time of termination, most facilities 
had been com­

pleted for an agricultural research station to 
be operated
 

The field research was
Can Tho University.
by faculty of 

geared towards identifying agricultural practices for pro­

season under water control con­
ducing crops during the dry 

ditions.
 

Pakistan 

The field program was initiated in Pakistan with the
 

Gilbert I.. Corey (Agricultural Engineering)
arrival of Dr. 

during the summer of 1970. A larger scale research program
 

later with the arrival of three
 
was undertaken two years 


namely, Dr. Wayne Clvma (Agriculturalfield party members; 
, and Dr. C.J.

Engineering) , I)r. lerry Eckert (Economics) 
Dr. Core, served as Chief-of-Party of

deMooy (Agronomy) 

the CSU Field Pai rtv in Pakistan for four years. Upon his
 

June had established an effective
departure in 1.974, he 

network of linkales with many, agricultural research experiment
 

stations, universi ties, and (Government of Pakistan action
 
and in­

agencies responsible for improved 'ater-m1naqemenI 


creased agricultural productioni.
 

on 1, 1974.
Dr. Doral. Kemper became Chief-of-Party July 

(Agricultural Engineering)
In September 1975, Dr. Alan C. Early 
Party. Dr. Jerry Eckert returned to campus

joined the Field 
1975 by Dr. Sam 1I. Johnson

and was later replaced in October 

Dr. John 0. Reuss (Agronomv) became
III (Economics). an 

in September 1975. Later, in
additional Field Party member 

Sidney A. Bowers, who had left Vietnam in
November 1975, Dr. 

April 1975 and returned to campus, was reassigned to the Field
 

Party in Pakistan. 

Dr. C.J. DeMooy returned to campus in February 1976. 
The
 

graduate

Water Management Research Project began involving 

U.S. 
Thomas J. Trout (a Ph.D.
 

students in the field pronram when Mr. 

summer of 1975


student in Agricultural Engineering) spent the 

In April 1976,


at the Mona Reclamation Experimental Project. 


Mr. Larry J. Nelson (Ph.D. student in Agronomy) joined the field
 

staff and was located at the Mona site.
 

Dr. Wayne Clyma returned to the CSU campus in August 1976.
 

He was replaced in September 1976 by Mr. Tom Trout.
 

In May 1977, Dr. Alan Early left to join the staff at
 

In July 1977, Dr. Kemper returned to
 I.R.R.I., Philippines. 

campus and Dr. John Reuss became Chief-of-tparty on 

August 1, 1977.
 

join the staff of Ford Foundation in
Dr. Sam Johnson left to 


Thailand in September 1977.
 



43
 

a reduced level during the
While the field staff was at 

Mr. Norman S. Illsley (Agricultural
latter part of 1977, 


in April 1977 on TDY to
Engineerinq) joined the field staff 

of the first water mnnomont training coursebegin preparation 

to be conducted at the University of Aqriculture, Faisalabad. 

Io was fol c..c. in Scptemb.r 1977 by Prof, Skrqrbno, who 
until 1977.continued work on the training program November 

Mr. Larry Nelson returnod to campus in necembo r 1977 to cont inue 

his graduate studies. 

In February 1978, the field staff was increased with the 
arrival of Dr. Ielmer C. lol je Economics), Dr. Dwayne C. 
Westfail (Agronomy Extension) and Mr. Normal .I1sley. Mr. Douglas 

J. Merrev (Sociolony) arrived in April 1978. The field staff 
was completed in September 1978 with the arrival of Mr. Dwayne 
E. Konrad (Ag ricultural Enqi neerin1 Extension). 

Mr. Tom Trout returned to campus in September 1978 to 
complete his graduate program. In November 1978, Dr. Sidney A. 
Bowers left the f ield staff to assume a position with AID in 
Pakistap.
 

The Field Party faculty personnel at the time of termina­

tion were John Reuss, [[elmer [olje, Norman Illsley, Dwayne 
Konrad, Douglas Merrey and Dwayne Westfall. 

Campus Suport 

The campus activities and support under the Water Management
 

Research Project has involved the departments of Agronomy,
 
Agricultural and Chemical Engineering, Civil Engineering,
 
Economics, Political Science, Psychology, Sociology and Technical
 

Journalism. After 1974, the work was being done by personnel in
 

the departments of Agronomy, Agricultural and Chemical Engi­
neering, Economics, Psycholoqy, Sociology and Technical Journalism.
 

Faculty
 

The on-campus faculty personnel in the Agronomy Department
 

who have been primarily involved with this project are Dr.
 
Willard R. Schmehl, Prof. William Franklin Dr. C.J. deMooy and
 

Mr. William Stewart. The primary personnel in the Agricultural
 
and Chemical Engineering Department have been Dr. A.T. Corey,
 

Dr. William F. Hart, Dr. W. Doral Kemper, Dr. David B. McWhorter,
 

Dr. Gideon Peri, Prof. Gaylord V. Skogerboe and Dr. Wynn R.
 
Walker. In Economics, Dr. R.A. Tinnermeier, Dr. Larry Mack and
 

Dr. Edward Sparling have been involved with this project. In
 
addition, Dr. Georie E. Radosevich, a lawyer specializing in
 

natural resources, is locaed in the Economics Department and
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has played a key role in studies regardinq water law and water
 
users associations for organizing farmers. 
 From the Psycholoqy
Department, Dr. 1acob JIautaluoma has added expertise 	 in the area 

, Depart­of i n te rd iscip I ni rv )ro(ram mai ranemont. Thc Socio le~v 

ment has played an important ro](, in this project with the

efforts o f Dr. MaxIK. Iowdermi 1k, Dr. David M. Freeman and Dr.
 
ja:eS ,. T .. ' I- x 1 -L01t ) ITIrIIhl 	 i s;m, )r . i)an L t t-imore
has been very instrumental in recent publication efforts aimed
 
at reachinq non-technical audienc.s.
 

Graduat-. , Lu]u I 

A (jr,(ituate proqjram of stiidy was iliitiated in which host 
country students received academic 	 - (SU and thent:-ranin at 
returned home (10 re, ired 'airchto the l res for a thes is or di s­sertat in. Thr(.' Vi tllamese students (two in Arun'!y and the
 
other in Ag ricultuira 1 Fnqineerin(i) wore brou h t t o 'ame iis for

M.S. work, but plans h1ad to be ::Iodifi ed to allow 'Ihes' stldllts
 
to complete their ::c'search on campis . Thitteen la 1st'anis

qraduated under Lhis program. 'T'he(,,v cltillUe to do .ce r js field
 
work, thereby contributing in a very substantial manner to the 
development of their country.
 

Program Development
 

Funding
 

The total funding received under Contract AID/csd-2]62
 
was $2,200,000. Durinq the last 	 this
two years of funding

(March 28, 1972 to March 27, 1973 and March 28, 
1973 to March
 
31, 1974), the level of 
field activity is represented by 239
 
of total man-months 	and 32. of tot-aL salaries during the 
next­
to-last year, and 37, of total man-mon ths and 47', of total
 
salaries for the last vear, )uin fFor full-time fie]ld fiaculty
 
personnel.
 

Under Contract AID/ta-c-i100 (Apri.I 1, 1974 to March 31,

1977) total funding was $1,721,712. Vield faculty personnel
represented 37', of total man-months and sli(htly more than 50% 
of total salaries. The percentages would have been higher for 
the second year, but the termination of field activities in 
Vietnam resulted in six months of Dr. SidInev Bowers tim( beinq

spent on campus before beinq oassigned to Pakistan.
 

Under the current contract, AID/ta-C-1411, funding for the

period April 1, 1977, through March 31, 1979, has been $1,750,000.

Funding for 
the final year has been finalized at $750,000, for
 
a contract total of $2,500,000.
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During the first year of the Contract, field faculty
 
of total man-months and 38% 
personnel represented 32% of
 

total salaries. This reduced level of effort in the field
 
1977. During
 

was due to four vacancies during the last half 
of 


the second year of this contract, field faculty 
personnel re­

of total salaries.
presented 33% of total man-months and 42% 


These percentages do not include short TDY activities, 
which
 

are now billed with on-campus salaries. During the final
 

year of the Contract, field faculty personnel represented
 
of total salaries.
33% of total man-months and 40% 


Field Experience
 

One of the primary difficulties in attempting to success­

fully pursue water management research in developing 
countries
 

is acquiring a competent staff having field experience. 
This
 

has been a slow process, but there was definite improvement
 

with each year. Now, we have a faculty of nine who have had
 

considerable field experience, along with another 4-6 faculty
 

who are capable of undertaking field studies in developing
 
a significant corps of field-qualified personnel
countries. Thus, 


have been developed for undertaking studies in other countries.
 

The development of this expertise was a continual major goal of
 

the Water Management Research Project.
 

Interdisciplinary Research
 

Having a competent staff has little utility in improving
 
(or for
 water management practices in developing countries 


that matter, developed countries) unless the staff is 
capable
 

of integrating it's efforts into a truly interdisciplinary
 
The Water Management Research Project staff
research effort. 


slowly developed into a more integrated interdisciplinary 
team.
 

A major goal of this research project was the strengthening
 
In May 1978, Colorado State
of interdisciplinary team work. 


University presented this project with a special award 
in recog­

nition of outstanding leadership in interdisciplinary 
environmental
 

research
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APPENDIX 3
 

Colorado State University
 
Water Management Research Project
 

Field Party Personnel
 

Date of Date of Man- Location 
Names Post Arrival Departure Months May 1980 

Gilbert L. Corey Lahore/Islamabad 7-1-70 6-1-74 47 USAID/Washington 

Jerry B. Eckert Islamabad 7-13-72 6-26-75 36 Lesotho-USAID Contract 

Wayne Clyma Islamabad 7-25-72 8-1-76 48 CSU 

C.J. deMooy Islamabad 10-29-72 2-11-76 40 CSU 

W. Doral Kemper Islamabad 7-2-74 7-6-77 36 USDA/Snake River Cons. Res. Cen. 

Alan C. Early Islamabad/Lahore 9-17-74 5-15-77 32 IRRI 

John 0. Reuss Lahore 9-29-75 10-31-79 49 CSU 

Sam H. Johnson Lahore 10-7-75 8-22-71 23 Ford Foundation-Bangkok, Thailand 

Sidney A. Bowers Lahore 11-11-75 11-18-78 36 USAID/Bangkok 

Larry Nelson Bhalwal 6-5-76 12-2-77 18 CSU 

Tom Trout Lahore 9-4-76 9-4-78 24 CSU 

Helmer J. Holje Lahore 2-11-78 8-11-79 18 Montana State University 

Norman Illsley Lahore 3-3-78 11-23-79 21 Cairo, Egypt-USAID Contract 

Dwayne C. Westfall Lahore 3-2-78 9-25-79 19 CSU 

Douglas J. Merrey Faisalabad 4-26-78 9-25-79 17 University of Pennsylvania 

Dwayne E. Konrad Lahore 9-4-78 8-24-79 14 CSU 



48
 

APPENDIX 4a
 

WATER MANAGEMENT TECHNICAL REPORTS*
 

Consortium for in,ternational Development
 

Colorado Stace University
 

No. Title 

1 Bibliography with Annocat ions ni 

Water Diversion, Conveyance, and 
Application for Irrigation and 

Drainage, CER69-7KM3, Sept. 1969 

**2 Organization of WciatLr Managemnnt 

for Agricultural Pro duction 
West Pakistan (a Pro ,rcss Rcporc) 
ID70-71-1, May 1970 

3 	 Dye Dilution Method of Discharge 
Measurement, CER7O-71 WSL-EVR47, 

January 1971 

4 	Not available
 

**5 	 The Economics of Water Use, An 


Inquiry into the Economic Be­
havior of Farmers in West Pakistan,
 

MISC-D-70-71DW44, March 197.
 

**6 	 Pakistan Government and Adminis-


tration: k Comprehensive Bibli­

ography, II)70-71GNJ17, March 1971
 

**7 	 The Effect of Data Limitations on 


the Application of Systems Anal-

ysis to Water Resources Planning
 

in Developing Countries, CED70­

71LG35, May 1971
 

**8 	 The Problem of Under-rrigation 

in West Pakistan: Research Studies 
and Needs, ID70-71GNJ-RLA19 

9 	Check-Drop-Energy Dissipator 

Structures in Irrigation Systems, 

AER70-71, GVS-VTS-WRU4, May 1973 

**10 	 Maximum Water Delivery in Irri-

gat ion 

No. of
 

Author Pages Cost
 

K. 	 Mahmnod 165 $3.00 

A. 	G. Mercer
 
E. 	V. Richardson
 

P.O. 	Foss 148 $3.00
 

J.A. 	Straayer
 
R. 	Dildine
 
A. 	Dwyer
 
R. 	Schmidt
 

14.S. 	Liang 36 $3.00
 

E.V. 	Richardson
 

Debebe Worku 176 $3.00
 

Garth 	N. Jones 114 $3.00
 

Luis 	E. 225 $3.00
 

Garcia-Martinez
 

G.N. 	 Jones 53 $3.00 

R.L. 	Anderson
 

G.V. 	Skogerboe 180 $3.00
 
V.T. 	Somoray
 
W.R. 	 Walker 

J.H. 	Duke, Jr. 213 $3.00
 

*Reports are available from Publications Office, Engineering Research Center,
 

Colorado State University, Fort Collins, CO 80523. Price: as indicated until
 

supply is exhausted; subsequent Xerox copies obtainable at 10 cents per page.
 

Postage and handling: $1.00 in the U.S. ; $2.00 to foreign addresses,
 
**Supply exhausted.
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No. 

11 

Title 

Flow in Sand-Bed Channels 

Author 

K. Mahmood 

No. of 
Pages 

292 

Cost 

$3.00 

**12 Effect of Settlement on Flume 

Ratings 

T.Y. Wu 98 $3.00 

**13 The Problem of Water Scheduling 

in West Pakistan: Research 
Studies and Needs, ID71-72GNJ8, 
November 1971 

G.N. Jones 39 $3.00 

**14 Monastery Model of Development: 

Towards a Strategy of Large Scale 
Planned Change, ID71-72GNJ9, 
November 1971 

G.N. Jones 77 $3.00 

**15 Width Constrictions 

Channels 

iii Open J.W. Hugh Barrett 106 $3.00 

**16 Cutthroat Flumle Discharge Relations Ray S. Bennett 133 $3.00 

**17 Culverts as 

Devices 

Flow Measuring Va-son Boonklrd 104 $3.00 

18 Salt Water Coning 
Water Wells 

Beneath Fresh Brij Mohan Sahni 168 $3.00 

19 Installation and Field Use of 
Cutthroat Flumes for Water 
Management 

G.V. Skogerboe 

Ray S. Bennett 
Wynn R. Walker 

131 $3.00 

20 Steady and Unsteady Flow of 
Fresh Water in Saline Aquifers 

D.B. McWhorter 51 $3.00 

21 Dualism in Mexican Agricultural 
Development: Irrigation Develop­
ment and the Puebla Project 

H.H. Biggs 28 $3.00 

22 The Puebla Project: 

and Problems 

Progress H.H. Biggs 23 $3.00 

**23 Pakistan Government and Admin-

istration: A Comprehensive 
Bibliography, Volume No. 3 

G.N. Jones 259 $3.00 

24 Index for the Eight Near East-
South Asia Irrigation Practices 

Seminars 

W.L. Neal 
C. Stockmyer 

58 $3.00 

25 A Bibliography and Literature 
Review of Groundwater Geology 
Studies in the Indus River Basin 

Alfred J. Tamburi 33 $3.00 
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No. Title Author 
No. of 
Pages Cost 

26 Planning Sediment Distribution in 
Surface Irrigation Systems 

Khalid Mahmood 67 $3.00 

27 Practical Skimming Well Design v.A. Zuberi 
D.B. McWhorter 

61 $3.00 

28 Physical, Salinity, and Fertility 
Analyses of Selected Pakistan 
Soils 

W.T. Franklin 
W.R. Schmehl 

29 $3.00 

29 Program for Computing Equilibrium 
Solution Composition in CaCO 3 and 
CaSO4 Systems from Irrigation 
Water Compositions 

Dhanpat Rai 
W.T. Franklin 

42 $3.00 

30 Conjunctive Use of Indus Basin 
Waters--Pakistan: A General 
Summary of Ph.D. Dissertation 

M.T. Chaudhry 37 $3.00 

**31 Informational Sources on Water 
Management for Agricultural Pro-
duction in Pakistan with Special 
Reference to Institutional and 
Human Factors, Volume I 
Volume II 

G.N. Jones 
A.R. Rizwani 
M.B. Malik 
R.F. Schmidt 

170 

251 

$3.00 

32 Crop Water Use and Yield Models 
with Limited Soil Water 

H.M. Neghassi 119 $3.00 

33 Design of Irrigation Drop Soon-kuk Kwun 123 $3.00 

Structures 

**34 A Study of Village Organizational 

Factors Affecting Water Manage­
ment Decision Making in Pakistan 

A.H. Mirza 129 $3.00 

35 Village Organizational Factors 
Affecting Water Management 
Decision-Making Among 
Punjabi Farmers 

A.H. Mirza 
D.M. Freeman 
J.B. Eckert 

62 $3.00 

36 Organizational Alternatives to 
Improve On-Farm Water Management 
in Pakistan 

George E. 
Radosevich 

252 $3.00 

37 Improving Farm Water Management 
in Pakistan 

Gilbert L. Corey 
Wayne Clyma 

32 $3.00 

38 The Importance of Farm Water 
Management in Pakistan 

Wayne Clyma 
Gilbert L. Corey 

28 $3.00 
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No. Title Author 
No. of 
Pages Cost 

39 Irrigation Practices and Appli-
cation Efficiencies in Pakistan 

Wayne Clyma 
Arshad Ali 
M.M. Ashraf 

36 $3.00 

40 Calibration and Application of 
Jensen-Haise Evapotranspiration 
Equation 

Wayne Clyma 
M.R. Chaudhry 

16 $3.00 

41 Plant Uptake of Water From a 
Water Table 

Chaudhry 
Nuruddin Ahmad 

88 $3.00 

42 Physical and Socio-Economic 
Dynamics of a Watercourse in 
Pakistan's Punjab: System Con-
straints and Farmers' Responses 

M.K. Lowdermilk 
Wayne Clyma 
Alan C. Early 

106 $3.00 

43 Water Management Alternatives for 
Pakistan: A Tentative Appraisal 

Jerry Eckert 
Niel Dimick 
Wayne Clyma 

61 $3.00 

44 Water User Organizations for 
Improving Irrigated Agriculture: 
Applicability to Pakistan 

George E. 
Radosevich 

34 $3.00 

45 Watercourse Improvement in 
Pakistan: Pilot Study in 
Cooperation with Farmers at 
Tubewell 56L 

CSU Field Party 
and Mona Reclama­
tion Experimental 
Staff (Pakistan) 

93 $3.00 

46 Planning and Implementing 
Procedures for Contracting 
Agricultural-Related Research 
Programs in Low Income Nations 

Max K. Lowdermilk 
Wayne Clyma 
W. Doral Kemper 
Sidney A. Bowers 

46 $3.00 

47 A Research-Development Process 
for Improvement of On-Farm 
Water Manag:ment 

Wayne Clyma 
Max K. Lowdermilk 
Gilbert L. Corey 

58 $3.00 

48 Farm Irrigation Constraints and 
Farmers' Responses: Comprehen­
sive Field Survey in Pakistan 

Volume I - Summary Max K. Lowdermilk 
Alan C. Early 
David M. Freeman 

$5.00 

Volume II - Purpose of the Study, Its 
Significance, and Description of 
the Irrigation System 

Max K. Lowdermilk 
David M. Freeman 
Alan C. Early 

Volume III - Consequences of the 
Present Farm Water Management 
System 

Alan C. Early 
Max K. Lowdermilk 
David M. Freeman 



52
 

No. 	of
 

No. Title 	 Author Pages Cost 

Volume IV - Ma. r Constraints Con- Max K. Lowdermilk 250 

fronting Farmers Explaining the David M. Freeman 
C. EarlyConsequent C Crop: Yields Alan 

V - Fa rmer s Lert>,1Major David M. Fr(.,,m:n 52to
Volume 
Vi aP i, Options Max K. LowdermilkConstraints.: 


Alan C. Early
Under Present Conditions 

David M. Freeman 319Volume VI - Appendices 
Max K. Lowdermilk 
Alan C. Early 

$20.00
Volumes II through V1 are sold as a set only 

92 $3.00Gideon Peri49A Evaluation and li,Iprovement 
G.V. Skogerboeof lrrigation SystI;tms 

$6.00
49B Evaluaition ;iiid iriprovement 	 Gideon Peri 179 

G.V. Skogerboe
of Basin Irrigation 

Donald Nortim
 

105 $3.00

49C Evaluation and Improvement 	 Gideon Pri 


Donald Norum
of Border Irrigation 

G.V. Skogerboe
 

201 $6.00

50 	 Factors Affecting Losses from Thomas J. Trout 


Indus Basin Irrigation Channels
 

Special Technical Reports 

for Water Management 88 $3.00Institutional Framework 

Research Project
Improved On-Farm Water 

Staff
Management in Pakistan 

G.V. Skogerboe 82 $3.00

Recalibration of Small 


Abbas A. Fiuzat
Cutthroat Flumes for Use 
Thomas 3. Trout
in Pakistan 

1n:_a-, L. Aust 

in W.D. KCeiper 77 	 $3.00
51 	 Farm Wacer Managament 


Upland Areas of Laluchistan Mazher-ul-liaq
 
Ahmad Saeed
 

$3.00
Thomas J. Trout 10452 	 Operationi] lirigatiun Evalua-


tion of Pakis.tan Watercourse S.A. Bowers
 

Conveyance Systems
 

61 $3.00

53 	 Irrigation and Honor: Cultural Douglas J. Merrey 


Impediments '.0o the Improvement
 

of Local Level Ware, Management
 
in Punjab, Pakistan
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No. Title 

54 Constraints on Small Farmers in 
the Precision Land Leveling 
Program in the Pakistani Punjab 

55 Organizitional Problem; and Their 
Consequences on Improved Water-
courses in Punjab 

56 Watercourse Improvement Research 
in Pakistan 

57 Optimizatjon of Lengths 
Alternative Watercourse 
Improvement Programs 

of 

58 Watercourse Improvement Manual 

59 Field Evaluation of Methods 
Mepsuring Basin Irrigation 
Performance 

for 

60 Training Manual for Agricultural 
Water Management Specialists 

61 Analysis of Basin-Furrow 
Irrigation 

62 Matching Cropping Systems to Water 
Supply Using an Integrative Model 

63 Summary of Skimming Well 
Investigations 

64 Development and Design of Water-

course Junction Jet Pumps 

65A Development Process for Improving 
Irrigation Water Management 
on Farms: Executive Summary 

65B Development Process for Improving 
Irrigation Water Management on 
Farms: Problem Identification 
Manual 

No. of
 
Author Pages Cost
 

Raymond Z.H. 123 $6.00
 
Renfro
 

Ashfaq Hussain 186 $6.00 
Mirza and 

Douglas J. Merrey 

W. Doral Kemper 107 $6.00
 
Wayne Clyma
 
Gaylord V. Skogerboe
 
Thomas J. Trout
 

John 0. Reuss 49 $3.00 

Thomas J. Trout 258 $9.00
 
W. Doral Kemper
 

Satyansu S. Kundu 135 $6.00 
Gaylord V. Skogerboe 

Edited by 700 $9.00
 
Dwayne G. Westfall
 

Gideon Peri $3.00
 
Gaylord V. Skigerboe
 

John 0. Reuss 208 $6.00
 

David B. McWhorter 89 $3.00
 

Thomas J. Trout 121 $6.00
 

W. Doral Kemper
 

Richard A. Aust
 

Gaylord V. Skogerboe $3.00
 
Max K. Lowdermilk
 
Edward W. Sparling
 
Jacob E. Hautaluoma
 

Max K. Lowdermilk $6.00
 
William T. Franklin
 
James J. Layton
 

George E. Radosevich
 

Gaylord V. Skogerboe
 
Edward W. Sparling
 
William G. Stewart
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No. Title Author 
No. of 
Pages Cost 

65C Development Process for Improving 
Irrigation Water Management on 
Farms: Development of Solutions 
Manual 

Edward W. Sparling 
W. Doral Kemper 
Jacob E. Hautaluoma 
May K. Lo,.dermilk 
Gaylord V. Skogerboe 

William G. ,tewart 

$6.00 

65D Development Process for Improving 
Irrigation Water Management on 
Farms: Project Implementation 
Manual 

Jacob E. Hautaluomz 
David M. Freeman 
'A. Doral Kemper 
James J. Layton 
Max K. L'awdermilk 
George F. Radosevich 
Gaylord V. Skogerboe 
Edward W. Sparling 
Willi am G. Stewart 

$6.00 

66 Improving Irrigation Water 
Management on Farms: Final 
Report 

Gaylord V. SE-t,erboe 
John 0. Reuss 
W. Doral Kemper 

$3.00 
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APPENDIX 4b 

FIELD PARTY REPORTS* 

1. 	 Operational Conveyance Losses on Tubewell 81-R Watercourse, ,,
 
Tom M0
Trout, S.A. Bowers, Mohsin Wahla, Havat Ullah Khan, oha. vasin 
and M. Iqbal, Water Lanagement Research Fitld Report No. 7. luly 
1977. 

2. 	 Fertilizer Wa ter Intcraction Expt ,riment on Wheat, by S.A. Qureshi, 
Noor Mohd . Chaudhry, 31! 1.U. R'is s, Wa r ",Iilan U[me, nt Research Field 

Report No. 8. ,uiw,, 1977. 

3. 	 Watercourse Corivt-!],ancU LosSL-s ill the MoMna P(ocl; a tai in Fperimental
Proj 	ec t Ara, hv Ton Trouit and Mohamiad Mun ir, Water Management 

Research Pro ;r,,c Report No. 1iD. Februa vy 177. 

4. 	 Optimization )f lengths of Allrna Livt, WLitLrcotrse Improvement 
Prod-ram-; in Pak[:istan, Ic .,ln K -; . Prk ip Hss ie,,port No. 11. 1979. 

5. 	 Operationa.l irri cat on EvaluiLtoi: s of Three Watercourse Systems by 
Ch. Rahmat Ali, ML'11a1,;a d AToma F1, lornTeut, Waryam All iohsin, 
Mahmood Ahrad, Nazir Alboa d Anwar, ind Mohammad Umar Khan. WAPDA 
Publicatiun No. 1. Aurewnt P')78. 

**6. 	 Abtracts o Reports and Pfiblications by Colorado State University, 

Water Management Re,;,arch Project in Pakistan. December 1978. 

*This list of CSU Field Party reports includes only those not 

published in the Water Managemlert T.chnical Report series. 

**This particular publicatlon nc! ides a lisLing of all papers and 
reports, with abstracts, published in Pakistan by the CSU Field 
Party in collaboratior, with Pakistai li opuators. 



Name 


Under AID/csd-2162
 

Mohammad Talib Chaudhry 


Ata Mohammad Nazar 

Ahmad Saeed Khan 


Robert L. Chandler 

Alfred J. Tamburi 


Fang-Hong Wu 


Under AID/ta-C-IIO0
 

Muhammad Jameel Khan 


Chaudhry Nuruddin Ahmad 


Under AID/ta-C-1411
 

Muhammad Siddique Shafique 


Mushtaq Ahmad Gill 


Ghulam Hussain 

Kenneth Litwiller 

Mohammad Akram 


Thomas J. Trout 


Muhammad Mohsin Wahla 


Zahid Saeed Khan 


Barkat Ali 


Khalid H. Gill 

Muhammad Hanif 


APPENDIX 4c
 

THESES
 

Title 


Conjunctive Use of Indus Basin Waters - Pakistan 


A Laboratory Study of Bed Material Withdrawal in Farm Turnouts 


Economics of Saline Water Management in Indus Riber Basin of Pakistan 


Salt Water Coning in Anisotrcpic Media 


Geology and the Water Resource System of the Indus Plains 


Conjunctive Use of Surface Water and Groundwater 
with Different 


Salinities in the Indus Basin of Pakistan
 

Economics of Farm Mechanization and Water Development 
Policies in 


Pakistan: A Case Study
 

Plant Uptake of Water From a Water Table 


Land Leveling and Water Improvements for Pakistan 


Irrigation Scheduling in Pakistan 


Irrigation Water Quality Evaluation Under Pakistan 
Conditions 


Computer Evaluation of Surface Irrigation Systems 

the Pressure and 


Infiltration as Affected by Compaction of Soil 
and 


the Time of Compaction
Water Content at 


Factors Affecting Losses from Indus Basin Irrigation 
Channels 


Training for and Analysis of Essential and Comprehensivo Water 
Management 


Soil Compaction and Water Content Effects on Cotton Seed Germination 


and Emergence
 
A Mixed Integer
Optimal Watercourse Improvement in the Pakistan Punjab: 


Prcgramming Model
 

Irrigation-Nitrogen Management Studies on Sorghum, Corn and 
Wheat 


Irrigation and Nitrogen Management in Paddy Rice 


Degree 


Ph.D. 

M.S. 
M.S. 

M.S. 

Ph.D. 

Ph.D. 


Ph.D. 


M.S. 

M.S. 

M.S. 


Ph.D. 

M.S. 

M.S. 


Ph.D. 


M.S. 

M.S. 


M.S. 
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Date
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APPENDIX 4d 

JOURNAL ARTICLES 

Water and Nutrient Response ot Semi-iwarf Wheat Under Improved Management 

in Pakistan: Agronomic and Econom~s)c Implications by J. P. Eck-,cr - ' 

Chnudhry and S.A. Qureshi. Ag ronomy Jotinal, Volunie 70, pp 77-89, January-
February 1Q78. 

Water Problens in the Indus Food Machine, bv Sam i. Johnson 1I1, Alan C. 

Eai -v ,,id Ma K. Lowderm ilk. Water {,ources BiI letin, Vol ome 13, No. 6. 

Plw'vmhwcir 1077. 

'lanning Procedures for Research Programs in low Tncome Natins by Wayne 

Clyma, Max K. Lowdermilk, Sidney A. Bowers and W. )oral K'H-r. Journal 

of the Societv of Research Administrators. January ]7,2. 

Trplemenoti og Procedures for Research Programs inl low In come 'ations, by 

Max K. lowdermilk, Wayne Clymio, W. Doral Kelimper anO Sidnev ". Bowers. 

Journal of tlt S)ciov of Research Administrators. April 1078. 

Improving Irrigation Water Management in the Indus Basin by Sam Johnson, 

III, W. Doral Kemper, and Max K. Lowdermilk. Water Resources Bulletin, 

Vol. 15, No. 2. April 1978. 

Iand Leve Iig and Watercourse improvements for Pakistan by "vhammad 

Shafique, Wayne Clyma and Sidney Bowers. Presented ac the M.78 summer 

meetings of American Society of Agricultural Engineers, June 1978. ASAE 

Technical Paper No. 78-2021. 

Farm Water Management Constrr "nts to Indus Basin Crop Production by Alan 

Early, Max Lowdermilk and David Freeman. Presented at the 178 summer 

meetings of American Society of Agricultural Engineers, ,Jun- 1978. ASAE 

Technical Paper No. 78-2023. 

Physical and Socio-Economic Dynamics of Irrigat ion in Pakisc i by Max 

Lowdermilk, Wayne Clyma and Alan C. Early. Proceedings of the ASCE Specialty
 

Conference on Legal, Institutional and Social Aspects of icrigation and
 

Drainage and Water Resources Planning and Management, June 1978.
 

Use of Gypsum Stones to Lower the Sodium Absorption Ratio of Irrigation
 

Water, by Bashir Ahnad, W.D. Kemper, Chulam Hlaider and M.A. Niaza.
 
Accepted for publication by the Soil Sci onre Society of Am:rican Proceedings.
 

Infiltration of Soils as Affected by the Pressure and Water Content at the
 

Time of Compaction by Mohd. Akram and W.!). Komper. Accepted for publication
 
by the Soil Science Society of American Proceedinags.
 

Procedure for Evalunat ion and Improvement of Irrigation Systems, by Gideon
 
Peri, Gaylord V. Skogerboe and David Karmeli. Presented at the 1979 summer
 

meetings of ASAE and CSAE, June, 1979. ASAE Technical Paper No. 79-2089. 
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JOURNAL ARTICLES (continued)
 

Operational Evaluation of Village Level Irrigation Conveyance Systems,
 
by Thomas J. Trout and S.A. Bowers. Presented at the 1979 winter meeting
 
of ASAE, December, 1979. ASAE Technical Paper No. 79-2567.
 

Consequences of and Farmers' Reactions to Indus Basin Water Management
 
Constraints, by Alan C. Early, David M. Freeman and Max K. Lowdermilk.
 
Presented at the .979 summer meetings of ASAE and CSAE, June, 1979.
 
ASAE Technical Paper No. 79-5054.
 

Irrigation Scheduli-g in Punjab of Pakistan, by Mushtaq A. Gill and Alan
 

C. Early. Presented at the 1979 summer meeting of ASAE and CSAE, June,
 
1979. ASAE Technical Paper No. 79-5052.
 

Development of Improved Water Management Practices in Pakistan, by Gaylord
 

V. Skogerboe, W. Doral Kemper and John 0. Reuss. Sibmitted for publication
 
to the International Journal of Water Supply and Management.
 

Watercourse Improvement Strategies for Pakistan, by John 0. Reuss, Gaylord
 
V. Skogerboe and Douglas J. Merrey. Submitted for publication to the
 
International Journal of Water Supply and Management.
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APPENDIX 4e
 

MOVIES AND SLIDE SHOWS
 

Land Forming for Irrigation, Part I, prepared by CSU Office of Educational
 
Media and WMR Project staff. 1974.
 

Land Forming for Irrigation, Part II, prepared by CSU Office of Educational 
Media and WTR Project. staff. 1974. 

Pakistan: Land of Promise, by Max K. Lowdermilk, George Bargsten and 
Richard L. Aust. 1978. 

Investments in Water Management, by W. Doral Kemper and Richard L. Aust. 
1979. 

Watercourse Improvement, by W. Doral Kemper and Dan Lattimore. 1979. 
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APPENDIX K~
 

BROCHURES
 

Improving Agricultural Produc ti "n Thlrough On-Farm Water Management, Dan
 

Lattimore, editor; Jim Mh,ller, illustrator; and Dale Rosenbach, designer.
 

1979.
 

Improving On-Firm Water Managemen t Through Irr i ga t ion Assoc iat ions, James 
J. Layon, George E. Radosevich, and Gaylord V. Skogerhov; Dan Lattimore,
 

editor; Jim Mealler, illustrator; and Dale Rosenbachl, designer. 1980.
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APPENDIX 5
 

GRADUATE STUDENTS SUPPORTED UNDER WATER MANAGEMENT CONTRACTS
 

Location of 


Present Title and Institution Thesis Study 


Consulting Firm, Pakistan 


Korean Ag. Eng. Res. Ctr. with 211(d) 

USGS 


Geo. Wash. Univ. Faculty 

Assoc. Prof. Dept. Rural 1akistan 


Sociology and Economics
 
Univ. of Ag. Faisalabad
 

Afghanistan 


New Mexico 


Deceased
 

Ethiopia 

Taiwan plus 211d 


Wapda, Lahore 

Taiwan 


Degree attained
 
and Specialty
 

Civil Engineering
 
Civil Engineering
 
Political Science
 
Civil Engineering
 
Civil Engineering
 
Political Science
 
Civil Engineering
 
Economics
 
Ag. Engineering
 
Civil Engineering
 

Civil Engineering
 
Sociology M.S.
 

Agronomy
 
Economics
 
Civil Engineering
 

Ag. Engineering
 
Agronomy
 

Civil Fngineering
 
Civil Engineering
 

Political Science
 

Sociology
 
Economics
 
Ag. Engineering
 
Civil Engineering
 
Ag. Engineering
 
Civil Engineering
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Location of 
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and Specialty 
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Bashia Ahmad 

C. Nur-ud-Din Ahmad 

Jacob Dane 
Khalid Gill 
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Ghulim Hussain 

Sam Johnson 

Muhammad J. Khan 
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Kenneth Litwiller 

Larry J. Nelson 
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Mohan J. Reddy 
Muhammad S. Shafique 

T.M. Shariatmadar 

Miguel Solanes 
Thomas J. Trout 

UAF Faculty 

Assoc. Dir. Land & Water Reclamadation 
Directorate, Lahore 

Fertili-- ; 2nstitute, Multan 
Dept. On-Farm-Water Management 
Development Program, Punjab 
WAPDA Mona Reclamation Experimental 

Project 
Ford FoindaEion, Bangkok 

Australia 
Watercoorse Survo,,, Pakistan 
Church Aric. Mission 

18 months in PakLstan 
Mehrnas Uni-. -t' Engineering and 

Technology,. Nawnlb_ha'li, Sind 
Pak. Waterccurse Data Analysis 
WAPDA-Mona Reclamation Experimental 
Project 
Shrine Univ. Iran 

CSU Staff 

Pakistan 

Pakistan 

Pakistan 

Pakistan 

Pakistan 

Pakistan 

Pakistan 

Africa 

Indonesia 

Pakistan 

Argentina 

Pakistan 

Economics 

Agronomy, M.S. 

Agronomy 
Agronomy, Ph.D. (partial) 

Agronomy, M.S. 

Agronomy, Ph.D. 

Economics, Ph.D. 

Economics, Ph.D. 
Sociology 

Ag. Engineering 

Agronomy, M.S. 
Cornell, Ph.D., 2 yrs. 

Special CSU Training 

Ag. Engineering 
Ag . Engineering, M.S. 

Ag. Engineering 
Economics a% 

Ag. Engineering 

Under AID/ta-C-14ll 

Barkat Ali 
Mohammad A.R. Farooqi 

WAPADA-Mona 
Irrigation, Drainage & Flood Controis 
Research Council, Lahore 

Pakistan 
Pakistan 

Economics, M.S. 

Agronomy, Ph.D. 

Chaudhry M. Hanif Punjab On-Farm-Water Management Develop-
ment Project, Training and Reseprch 
Center, Lahore 

Pakistan Agronomy, Ph.D. 

Muhammad A. Kahlown WAPDA-Mona Pakistan Ag. Engineering, M.S. 

Zahid S. Khan UAF Research Staff Pakistan Ag. Engineering, M.S. 

Ray Renfro 
Mohammad M. Wahla 

TDY Pakistan 
WAPDA Master Planning, Lahore 

Pakistan 
Pakistan 

Economics 
Ag. Extn. M.S. 



APPENDIX 6
 

USAID/PAKISTAN SUPPORT FOR WATERCOURSE AND ON-FARM WATER MANAGEMENT
 

Title Project No. Obligation
 

I. DOLLAR FINANCING FOR ON-FARM WATER MANAGEMENT PILOT PROGRAM
 

OFWM (for watercourse improvement & precision land leveling) Loan 0413 $7,500,000
 

OFWM (technical assistance) Grant 0413 2,349,604
 

TOTAL ........... $9,849,604
 

I. LOCAL CURRENCY GRANTS FOR WATER MANAGEMENT
 

Water Management Research 204-75-3 Rs.l,314,000
 

Watercourse Improvement 204-75-4 1,421,000
 

Water Management Survey 204-76-1 411,000
 

OFWM-NWFP 204-77-1 1,346,000
 

Water Users Association, ARC-CSU-TD 204-77-3 512,000
 

Punjab Water Management Research & Water Management Advisory
 
Training, CSU-SCS-TD 309 1,000,000
 

Water Management Resear-7h-WAPDA 12,505,000
 

Water Management Research-Faisalabad University/CSU 9,060,000
 

Strengthening of Water Management Project Activities-Federal/
 
WAPDA/SCS/CSU 18,360,000
 

TOTAL (Rs Grants) ......... Rs.45,929,000
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APPENDIX 7
 

Examples of announcements for Field Party reports.
 



) FAR, WATER MANA G2 ENT
 

Ways to Conserve Water
 
In Rice 'rodU on Found
 

c. o ni 
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POssihle, but dChI,,,,CfI th water. 

4,1x 

~**- ''T 
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(over) 



Another t-,udy found that Thailand's Lab Mue Nakg-111 variety of rice
 

had the best yield of 27 varieties that matured out of 90 planted in a flooded
 

zone near Ravi Rliver bottom lands near Lahore. This study suggests that
 

some varieties o-r rice may be able to use the full season including flooding
 

time in areas that are often hurt by early flooding. Thus, less waLer would
 

be required if tthe eai .y season floods could be utilized.
 

In a third stui a met'hodology for evaluating irrigation practices is
 

outlined wiu, data rorms and suggesticns for computation. While Pakistan's
 

rice crop 5 one of the major cash crops, yields are lower here than in most
 

of thL world. Field experience shows both under-irrigation and over-irrigation
 

exists. This evaluation methodology is suggested to help in identifying specifi
 

problem areas where water losses may be reduced, and crop yields increased.
 

ADDITIONAL INFORMATION: The complete reports are: S.A. Bowers, Siddique
 

Shafique, and M. Yasin, "Influence of Water Level and Soil Puddling on Yield
 

of Basmati Rice;" "Deen Water Rich Variety Trial;" and A.C. Early and Zahid
 

Sayeed Khan, "Irrigation Evaluation Procedure for Flooded Rice Crops."
 

These may be obtained from Dr. John 0. Reuss, USAID/Lahore, P.C. Box 660,
 

Lahore.
 



Earthen Watercourse Reconstruction "Stretches" 

Critical Groundwater Water Supplies 

Tncpm.n o0,i.,I , uh wath" &1if, eath watercourses and irrigated
 

iard, through seepage, provides a valuable stored water resource during periods
 

nonseon
of critical crop need. The recharge of this aquifer occurs during the 


,.ason, from watercourse seepage losses and from deep percolation of irrigation
 

Eer . 

, ',.- , '"
"/ , I ...-" ' ., '" 

(over)
 



Earthen watercourse improvement allows improved water delivery without
 

seriously disrupting the storace-recycling procedure. Improved capacity of the
 

reconstructed watercourses provides for more efficient delivery of both surface
 

water and that which is recycled 'y pumping from the underground aquifer.
 

Delivery of water at the time of peak field crop requirements is a "must"
 

if crop yields in Pakistan are to be improved. This system aids in providing
 

additional flexibility at the time of peak water demands.
 

ADDITIONAL INFORMATION: The complete report is Tom Trout and John Reuss,
 

"Utilizing Irrigation Seepage for Groundwater Storage." It may be obtained
 

from Dr. John 0. Reuss, USAID/Lahore, P. 0. Box 660, Lahore.
 



[NFARM WATER MANAGEMENT
 

GOOD LEADERSHIP IS ESSENTIAL
 
FOR EFFECTIVE WATERCOURSE IMPROVEMENT
 

Leadership in organi­

zing farmers to improve
 
and ma',tain watercourses
 
must come from the farmers.
 

The experience of
 

the CSU Water Management
 

Team at the Mona project
 

indicates that a three­

person executive committee
 
selected by local farmers
 

from among themselves is
 

sufficient to provide the
 

necessarli supervision of
 

the construction of
 
,.,aterc/,rses, to plan the ,..re a Pakistani extension worker is
 

program, and to carry out discussing with the executive committee
 

the 	ctmmittee assignments. ways to motivate the farmers.
 

cy There are commonly 30 to 100 farmers on each watercourse. An executive
 

cinittee of fellow farmers that the other farmers will support is necessary
 

to,'m'ake and carry out decisions for watercourse improvement and maintenance.
 

TheiAtechnical advisers, such as those from Colorado State University, can
 

assi't the executive committee in those decision, but ultimately the advisers,
 

too, must agree to the execucive committee's decisions.
 

three bas.ic, ingredients for success of a development program are:
 

1) 	The program is physically sound and has potential fo;' returning high 

benefits compared to costs. 

2) 	The farmers be provided with what they cannot otherwise obtain and
 

no more. (for example, information, technical services, capital)
 

(over)
 



3) 	The farmers must understand from the beginning that the development
 

program is theirs---that there are limits and regulations governing
 

the 	extent of government participation, and within those limits the 
farmers are in charge and the success or failure of the program is
 

their responsibility.
 

This last ingredient is perhaps the most difficult. It requires consideral
 

thought and planning on the Part of those working with the farmers. The
 

advisers must let farmers know that they respect the farmers' wisdom and
 

judgment in all matters and ar' available at the farmers' request to give
 

technical guidance on the program.
 

Specific executive committee responsibilities, information needs and
 
prerequisites for the first meeting are included in the report.
 

ADDITIONAL INFORMATION: The complete reports are: Max Lowdermilk, David
 

7reeman, Alan Early, George Radosevich, W. Doral Kemper and Ashfag H. Mirza,
 

"Organizing Farmers to Improve Irrigation Water Delivery-The Problem and
 

Prospects For Solutions in Pakistan,' and W.D. Kemper,"Farmer Organization
 

to Improve and Maintain Watercourses." These may be obtained from Dr. John
 

0. Reuss, USAID/Lahore, P.O. Box 660, Lahore.
 



N'-FARM WATER MANAGEMENT
 

Increase of Water Delivery is Only 
Incentive Needed For Watercourse Improvement
 

Improvement of watercourses can be accorpl ished without any incentives 
other than assurances that there will be considerable increase in water 
del iveries to the farmers fields. 

This was the conclusion of a study of essential watercourse improvements 
on the watercourse at Tubewell 60. This study resulted from the delay in 
other watercourse improvement projects caused by insLdllation of concrete 
control structures. Thus, this investigation sought to find out if the increased
 
water supply was sufficient incentive to motivate farmers, or if government­
provided structures were essential incentives to cause farmers to improve
 
their watercourses.
 

(over)
 



Farmers at Tubewell 60 perceived that the water supply to their fields
 
averaged about 160 percent of water supply prior to improvement--a larger
 
increase than had been measured on other watercourses where more intensive
 
improvements had been made.
 

The tendency to overrate accomplishents emphasizes the importance of
 
letting farmers take leadership in the project when possible. It helps in
 
advertising the program by bringing farmers from other watercourses to hear 
these farmers tell the enthusiastic story of their improvement program.
 

Some farmers having larger farms are able to pay for their own concrete 
control structures, but a general program which required farmers to pay for
 
their own stuructures would be a hardship on the poorer farmers. Thus, this
 
study recommended that the improvement programs either have no provision for
 
control structures, or, if such structures are included, that they be provided
 
at government expense.
 

The low cost to the government of this "essential improvement" of the
 
watercourse at Tubewell 60, benefits perceived by the farmers, the enthusiastic
 
participation and the rapidity with which the improvement was accomplished
 
all argue for further consideration of this type of an improvement program to
 
assist the country to quickly bring about the first major improvement of water
 
supply to the farmers' fields. 

ADDITIONAL INFORMATION: The complete report is Moh'd Mohsin Wahla, W.D.
 
Kemper and M. Munir Chowdhry, "EssentiFli Improvement by Farmers of the Watercours
 
Serving Tubewell 60." It may be obtained from Dr. John 0. Reuss, USAID/Lahore,
 
P.O. Box 650, Lahore.
 


