‘AGENCY POR INTERNATIONAL DEVELOBMINT v ‘ FCR AID USE ONLY.

| "I‘Nl STON, [ '
BIBLIOGRAPHIC INPUT SHEET # 34

S Ta, enimany - ’ o '
L :t:’.:f' Agriculture. - AP10-0000~-G730
e Awim %, SECONDARY .
FICATION . Water resources and managcment--Pakistan

2. TITLE ANE SUBTITLE
Assessment and field review of water management research

3. AUTHORIS)
(i00) Haise,Howard; Pehlan,Jobn; Caton,Douglas

(101) Colo.State Univ. Engineering Research Center

4, DOCUMENT DATE 5. NUMBER OF PAGES 8. ARC NUMBER
1976 144p. ARC

7. REFEREI.CE ORGANIZATION NAME AND ADDRESS
AID/TA/AGR

8. SUPPLEMENTARY NOTES (Sponsoring Organlsation, Publiehers, Availability)

8. ABSTRACY

10, CONTROL NUMBER ° : 11, PRICE OF DOCUMENT
PN-AAC~004

12, DESCRIPTORS -}13. PROJECT NUMBER

‘Contractors Technical assistance

.Evaluation . Universities 14. CONTRACT NUMBER

- Pakistan ‘ NN _
PrOJect evaluatlon : . |'S TYPE OF DOCUMENTY "~

AID 8801 (4-14)



PN HC- S8 F

ASSESSMENT AND FIELD REVIEW
OF
WATER MANAGEMENT RESEARCH
BY

COLORADO STATE UNIVERSITY

Colorado State University: Pakistan
Contract AID/csd-2162

February 1976

Report Prepared by

Howard Haise, Agricultural Engineer-Agronomist
John Pehlan, Agricultural Engineer
Douglas Caton, Agricultural Economist



FORWARD

. The panel appreciates the assistance of the '
ﬂofficials of the Guvernmen: of Pakistan and Punjab
.Province, the USAID Migsion in Pakistan and the
‘Colorado State Univeraity research team in collecting
‘the information needed for this report. The many
courtesies extended to the panel are appreciated.

, Special thanks are due to Mr. Shafiq Malik,
‘Mrs. Jincy Boerner, Mrs. Barbara Judy and Mrs.
‘Susan Endter, who spent long hours in providing the
_panel with administrative and typing assistance.



II.

1I1

Vit

VIII

X1

TABLE OF CoNTRNTS

. INTRODUCTION

THE AGRICULTURAL SETTING

PROJECT'HISTORY~

FIELD REVIEW AND OBSERVATIONS

qmurus conrnxnumrons
*ASSESSMENT OF PROJECT IMPACT

*ASSESSMENT OF TECHNICAL ELEMENTS

DISCUSSION OF ISSUES RAISED BY AID

GENERAL OBSERVAIIONS OF PANEL

VEVALUATION OF COSTS AND BENEFITS

 coNcLUs1oNs

Page
I-1

T
1ii+f5
Iv-1
V-1
V-1
VII-1

VIII-1

X-1.

XI-1



_LIST OF APPENDICES

ficial Contacts 1n ?akiatan
Distribution Zones and Cropping Patterns

"';;Review;of Water Management Research Contracts
‘ dated February 10, 1972

dﬂ,&Abstract of Field Report No. 2 "The Importanoe

of Farm Water Management in Pakistan

‘1¥fLetter from FAO to Vice Chancellor, University of

“Engineering and Technology, Lahore dated
12 December 1975

ﬂf;Publications Resultiug Directly from the USAID
‘Water Management Research Contract with'
'Colorado State University '

‘ly(A Proposal) Improved Water Management in Water—_

cOurse Command Areae



"ASSESSMENT "AND FIELD REVIEW :OF.
‘WATER MANAGEMENT RESEARCH'
BY COLORADO STATE UNIVERSITY

bi@rado State University: --Pakistan:
‘Contract AID/csd-2162
February, 1976

.1+ INTRODUCYION.

A review panel consisting of Howard Haise, Team Leader, John'
-Pehlan, and Douglas Caton conducted an assignment of research content
and design, progress from inception to date and prospective results
of the CSU water management project in Pakistan together with the
supporting research being conducted on the CSU campus. Dr. Haise is
'a senior Agricultural Engineer-Agronomist, formerly with the Agricul-
tural Research Service, USDA; Mr. Phelan is a senior Agricultural
Engineer, formerly Director of Engineering of the Soil Conservation
Service, USDA, and Dr. Caton is Senior Agricultﬁral Economist, AID,
Washington, D.C.

'The panel assembled in Islamabad, Pakistan, Tuesday, January 27,
1976 and continued its review ard report preparation through - )
February 13, 1976, ending with it discussion of findings and reporting"
procedure with USAID Pakistan staff, CSU team members and Dr. D. L.
Plucknett, Chief, Soil and Water Management Division, TA/AGR; and "

Mr. Chares Antholt, Asia/TD/DR, on February 12. The panel assessed
program progress and relevance by reviewing the annual reports, the *
present work plan, project agreements, the status of the field ‘prujects,
utilization of research results, and reactions from the Mission and

host country officials.

The CSU fesearch is proceeding, and Has sircé ‘its’inception 'in
Tune 1968, under the following set of general and specific’objectives:

GENERAL OBJECTIVE

- The general objective of this research is ‘to ‘increase food pro-
‘duction in the arid and sub-humid lands of the less ‘developed countries
‘with appropriate consideration given ;ow;ncreasing.employment in the
‘rural sector and utilizing local resources -through the improvement:of
‘'water management practices and the utilization of those with other

‘good management procedures.
SPEGIFIC OBJECIIVES

~ 1. Development of 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 molsture by a limited amount of '
.irrigation water. :


http:Charl.es

8 &)

iR ‘Development of knowledge and data that can be used for the
‘economic design and constructioil of water : :conveyance and ;delivery
‘systems including structures for:'éontrol and measurement of irrigation
water, especially on the farm!:.

3.  The development .of ; surface.and sub-surface water: removal
'systems to minimize the hazards resulting ‘from surface flooding. and
high water tables.

4. Identification of important factors to be considered in land
preparation. and grading of the various soils in the major climatic
-zonee and the relationship of these factors to water management, erosion,
water infiltration and good land use and cropping practices.’

5. Development nnd adaptation of methods of water application,
including time and amounts ‘which are suitable and efficient for
different‘soils of varying properties (water-holding capacities :
‘intake rate, etc ) with major crops.

. [

6. Integration of these water use factors into productive crop-

ping systems congistent with farm size and available farming practices'

7. Development of means for increasing ciop production by using
amendments and panagement practices which will improve water and soil
properties and by using salt tolerant crops in those areas’ where water
'quality, soil Palinity and exchangeable sodium are problems.‘

7
8. The. identification of institutional and policy factors (legal,
social, economiv religioua, manpower, credit, etc.) that influence
the efficient distribution, management and utilization of water at '
“the farm. 1sve1.

ISSUES

- To asaist ;the panel . to make .1ts assesswment the team was furnished_
a set of. six. (6) ‘issues by the Soil and Water Sections of TA/AGR, AID,‘
Washington based upon the Agency's understanding and- impressions ‘of
CSU research contract activities. The Panel Chairman was not bound to
these issues in structuring the review, but each was noted and dis~" "
cussed. By specific heading the "issues" paper given the team prior
‘to its. leaving the. United States were..' I ' -

§G| t

1l.:.Lack. of research strategy or focus of the program.

Here the concern was the possible fragmentation of the” pro~~
'gram into a series of projects unrelatied to the central“focus:’ opsi
;farm water delivery systeums, field laycut, and use of water. '



”? The total effort of the research program 'is concentrated
in Pakistan.

. Here the concern was with efforts to develop “stste—of-the-3
;srt" studies in other countries, and the broader than Pakistan
relevance of the research.

»6. ;The value of the "Consortiun” and/of'caopefativé"a§p£6£¢g

to water management research.

Here the concern is "that a comprehensive and coordinated
iattack‘on water management problems’ has (not) evolved to date from,
=the;consortium....invisioned (by) CUSUSWASH (CID)."

4 Future direction and involvement.

Here the concern - is with the direction of future, -research .
relative to resolutions of Issue 1.

A5.f;Value-of publicationsfto.theILDC;situstion}_

Here the concern is not with the number of formal technical
"'publications produced but with the need to prepare publications
based on the adaptive research being conducted in Pakistan for

- general .use.

6. End of project statement.

7th year of the project, with the following ‘gset of questions"
rw*
1.'"When will the work be efficiently completed in Pakistan?
. 2. What is being done to see that the country can carry on after
.- CSU leaves? . -
3. 'What has been the effect of ‘the project on CSU? Has institu-
- tional competence increased? . ...
4. What is the plan for utilization of results? L
'5, Should the work be continued as research and if so, how: .or
+is there now need for a technical service project .more related
to transfer of the technology rather .than- research?

QUESTIONS,

_ ‘In making its assessment of research substance and evaluation of
;research findings and .adaptations,. together. with its general proper-.
~ties, the panel was asked to make specific recommendations regarding
fdispositlon of .the project; after its ‘present funding date which ends
fMarrh 31, 1977, e. g.
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,ﬁuijilf‘If terminétion;is recommended, what should be dbnevprior‘to
the termination date to facilitate utilization of resulta.obtained?

2. 1If aspecte nued further study, describe specifically what
‘outputs wculd be sought, what the purpose would be, and what gpecific

yiﬁﬁﬁt%“ﬁill”bé’needed‘from‘the‘Cobtr&étbr, the Miseicn in Pakistan,
other Missions, the Government of Pakistan, other governments, and TAB.

'vIn making its assessment the panel was to "determine which, if
any,. phases of the project are essentially complete; which show little
or no progress; which can be turned over to host country.-agencles, and
which could be realistically incorporated into the Mission program,"
Also;’ "particular attention should be given to if and how the host
country can assume responsibility through action agencies to adopt the
research findings." The Chlef of the Soil and Water Section, TA/AGR -
also wrote: "keep in mind that this is a centrally funded research
project and as such must have a reasonable degree of transferability.
Those of us close to the project realize there have been impressive
accomplishments in Pakistan and we are concerned that maximum pay off
1s achieved from it. Can this be achieved in Pakistan with an early *
withdrawal of the CSU team? Can this expertise be utilized in other
countries to increase food production where similar water management
‘problems occur?"

Several ‘documentations and materials preparation requests werc -
-made of Colorado State University, on-campus and in the field,' in -
early December to assist the review panel to make an "in~depth' :as
well as au asgessment complete as to research scope, project history,
and progress. -

A. *Quéstions’ of a"sfatidtical nature included:

“1. The M%spipn‘bgdgetrfor your project broken down into prior

fiscal years ‘and"estimated-expenditures until March 31, 1977.
EBALE N Uant SR vevnuon G0 Can aes o0 L '

Z. The CGovernment of Pakistan

SRR TEEGL unE o NS ae. o RSV S AET A ‘ EEE IR E A
,;3. The dollar level of central fﬁnding’dﬁerxthe’life‘df&tﬁé
. project to date.

R )

g .
Co8 WY L0

.UGge;>f9; your préjgétgi

WP dundary Of ‘thé ‘féchnical 'advisory ‘services ‘by discipline
~and ‘by - location“in ‘termis ‘of ‘man“months '

‘ ;5. A listing of publications resulting directly from thisg
%pntrqct.‘ ' ' '
Bt 0 S VAT I s

‘B fQuéstions ‘of ‘d-substantive natura TnaTvddd

7L Whiat' 8" thie ‘spacific purpose which yoir profect atdedigned
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2. Whet conditions and situations will exist if the project
achievea 1ts ‘purpose? Describe an identifiable point which will be"
considered the logical end of the project, how will you or anyone
else know when' the project purpose has been achieved?.

_ 3. Is the project entirely site epeciric to Pakistan? Or- are
.there portione which are extendable and if 80 where and how?

4. What ﬁre the specific outputs to be expected from the
.auccessfully completed project?’

. ... 5. What, if any, inputs are limiting? (Include host country
Zand Mission support ) What are some of the constraints?

o The schedule of work’ under which this panel operated 1is
attached as Appendix A.»






II - THEAGRICULTURAL" SETTING

By the end of 1975 the human population of Pakistan was
_estinated at 72 million, with an annual growth rate of over

3 percent. There are expected to be 97-100 million people in
Pakistan by 1985, mostly concentrated along the msjor inland
“watercourses, as shown in Figure 1. ’

Parsons per square muile
0 3 16 518 154

0
Persons per square kilometer

‘Figure 1/ Population Density. of Pakistan



o {TﬁelagricultufalAend land use in Pakistan,. Figure 2, clearly
corrésponds with population: distiibution.;..

R rorent
(] Smali treas or open surub
E1 Sorub or desert vegetation
/] Rioe

= -

C  Cotton

¢ Fish processing

Figure 2"-§3g;;§gifu?egénd Land3U§éfiﬁ‘§hk1§€§§

~ Ethnic distribution, Figure 3, has a much wider geographic
distribution, with some ethnic groups essenttally outside of the
‘intensive agricultural areas, being primarily nomadic and/pr“
‘pastorial as far as relation: to agricultre is concerned. o

_ ~ The agricultural prof11ekbf‘fakisﬁgpgcompiléd from 1972 country
‘statistics is given in Table 1.



JINDIC | MIXED

[_") sinahi 27 Pathan/Brabui

[ Punjabi 777 Baluch [Beahui

B Critcei 2] SindhiBatuch /Beahui
IRANIAN - . OTHER i
' Baluch |::] Shina, Bali, ard Brahul
lllmmmMMW)

Figure 3"~ Ethnic Distribition in'Pakistdn

Agriculture is Pakistan s’ most important industry. Over

37 percent of GNP comes from agriculture.’ Seventy ‘percent of the
;people live in the rural areas. Seventy percent of farm income
comes from crops and almost 30 percent from livestock.:

[nf\u

fiis Self-sufficiency in’ foou grains, especially wheat, is’ a major
goal of Pakistan. ‘Today, Pakistan is a net importer of wheat.
Yields can easily double in rainfed areas with more high yielding
seed varieties and more fertilizer use: Several fold increases in
output could be obtained in irrigated areas by better water manage~
ment, more fertilizer and improved cultural practices. Wheat, rice,
cotton and. sugarcane production grew steadily during the past few
years, ‘whereas production o¢ coarse-grains, pulses and .ollseeds
(except cottonseed) was almost stagnant. The tentative FY 1580
targets are: 12.7 million tors of wheat, 3.9 million tons of rice,-
30.4, million tone of sugarcane, 6.2 million tons of cotton, 2.0 '
millioca tons of coarse-grains, and 1.0Z million toas of pulses.
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'TABLE 1 - PAKISTAN AGRICULTURAL PROFILE 1972

Tocalfarea 80 4 million hectarea
Arab1e~1andaand dand in :
permanent crops 19 2 millioa hectares

H Irrigated land
; included‘ above 12 5 million hectares
Permanent grassland -5.0 million ‘hectares
Forests and woodland 1.8 m111ion hectares
O*her lands 54 3 million hectares

POPULA:ION (1974)

Total 70.5 million

_Total agricultural population’” . 49.7 million’
Percent of total in- agriculture TUUT0V5%L

Percent of. agricultural total o
- that are economically active - :70{5%

"POPULATION GROWTH INDEX
1961 - 1965 = 100 .
1973 = 132,50
Annual growth - 3. 24%

'INDICES OF AGRICULTURAL PRODUCTION (1961-1965 = 1100)

Total Crop Production in 1973 - 162
»Total Agricultural Production in 1973 -~ 162
Total Food, Production in 1973 162

.Pe: Capita Indices L
Agricultural, Production in 1973, L= 122
dFoqd Producgion in 1973 122

RYIRTY]

PRODUCTION VALUES

Tpta; value of jall. agr;cultural ptoducts ;;”,$ 1 »172,000, 000
‘Total value,of .all foods' pi¥oduced . $77 967,000,000
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.. A severe drought held wheat production to an estimated 7. ]
‘million- ‘tons--in-FY-:1975;~but: the Government--is.embarking on-a
revitalized ‘program to reach a target of 9 million tons in FY 1976
'and 10'million tons in"FY 1977.

Cotton is a major cash crop and the most important source of
foreign exchange, " ‘The export.of raw-cotton, yarn .and cloth earned.
“$364 million ‘in FY.1974.- .Estimates place the FY 1975 cottoa’ crop .
at 4.3 million bales with estimated export earning of $335 million.

Rice production has increased steadily from the use of high
yielding seed varieties; more fertilizer, and increased acredge. -
:The .FY 1974 export of yearly 600, 000 tons earned about $210 million
representing 20 percent cf export earnings. FY 1975 export earninga
.are estimated at $280 million.

Sugarcane production has fluctuated widely and supplies are
being rationed. F 1974 crop production was estimated at 22.7
million tons, a 16.8 percent increase over the FY 1973 crop., For
.FY 1975 estimates place sugarcane production at 22.0 million tons,
slightly less than the previous year.

: Production of the poor man's protein, pulses, for FY 1975,15
;estimated et 750,000 tons,'almost the same level as FY l967;§‘

Pakistan's primary agricultural productive zones and - crop
distribution profile-are identified in Figure 2.

-0f the feed grains, most of the wheat is produced in Central
Punjab. . .Rice.is primarily produced in the south and in eastern
‘Punjab. Only those areas with perennial canal or: ‘canals: plus ‘tube~-
wells are able to practice continuous and multiple cropping.
Pakistan 1972 crop production, and a mapping of the correspondence
of cropping with rainfall, and irrigation are located in the
appendix: to: this section, .

Pakistan expects to increase the output of its major crops
sharply over. the coming five years. The target for wheat, for
example, is to essentially double production. (Figure 4)

For addi*ional detailion crop distribution zones and cropping
practices, see Appendix B,
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111 PROJECT HISTORYL

o-iThe Water Management Research Project was initiated on March

28,1968 with funding from AID Contract csd-2162, which terminated
March 31, 1974. The present contract, AID/ta-c—llOO}abecameﬁeffégﬁiig
on April 1, 1974 and was scheduled for termination on June 30, 1976."

This contract has been extended to March 31, 1977.
PROJECT : LEADERSHIP. |

. ~The Project Director under AID Contract csd-2162 was Dr.Maurice

- Albertson (Civil Engineering). At the same time, Dr. Albertson was
director of the 211 (d) grant. Because of the mounting workload, .
Dr. W. Doral Kemper (Agricultural Engineering and Agronomy) was hired .
in July, 1972 to direct the activities of the Water Management Research
Project on a full-time basis, with Dr. Albertson still retaining. over~
.all.control as Program Director of. this project and the 211 (d) grant,
as well as being Project Director for the 211 (d) grant. -

, With the initiation of the present contract AID/ta-c-1100 on
April-1, 1974, Dr. Kemper became the Project Director with complete
1CSU:responsibility for the project. Effective July 1, 1974, Dr.
- Kemper .became. Chief-cf~Party of the CSU Field Party in Pakistan, and

the Project leadership was shared with Prof. Gaylord V. Skogerboe
(Agricultural Engineering) working half-time as Project Co-Director.

FIELD PROGRAMS -

The CSU Water Management Research Project has had a field
program in:Vietnam and has an on-going fieiﬂ,pppgram,in‘Pakistgn,
The annual reports. of this project should be consulted regarding the , -
objectives and .activities of. these field programs.

Vietnam -

The -field program in Vietnam was undertaken.as a portion of the
Mekong Delta Soils Project in May, 1973. Dr. Sidney A. Bowers -
s(Agronomy) was the Chief-of-Party and sole CSU faculty member during.’
the two-year life of this project. At the time of termination, moét:
facilities had been completed for an agricultural research station to
be operated by faculty of Can Tho University. The field research was
‘geared towards identifying agricultural practices for producing c;bpg

during the dry season under water. control. conditioms.
Pakistan

The field program was initiaced_in”?akis;an’witﬁ'the arrivél qf;
Dr. Gilbert L. Corey (Agricqlcg;al'Engineering)-dgring the,sgpmgr’ofx

1This section was prepared in part by Gaylord V. Skogerboe:
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1970. A larger scale research program was undertaken two vears later
with the arrival of three field pariy members; namely, Dr. Wayne Clyma
(Agricultural Engineering), Dr. Jerry Eckert (Economics), and Dr. C.J.
~deMooy (Agronomy). Dr. Corey served as Chief-of-Party of the CSU Field
Party in Pakistan for four years. Upon his departure in June 1974, ‘he
had estsblished an effective network of linkages with mary agricultural
research experiment stations, universities, and Government of Pakistan
action agencies responsible for improved water management and increased
agricultural production :

Dr. Doral Kemper became Chief-of-Party on July 1, 1974, 1In
September, 1975, Dr. Alan C. Early (Agricultural Engineering) joined
the Field Party. Dr. Jerry Eckert returned to campus and was later -
replaced in October 1975 by Dr. Sam H. Johnson III(Economics). Dr.
John Reuss (Agronomy) became an additional Field Party member in-Sep-
tember 1975. Later, in November 1975, Dr. Sidney A. Bowers, who had’
left Vietram in April 1975 and returned to campus, was reassigned to-
:the Field Pdrty in Pakistan.

‘ The present Field Party faculty personnel are:Doral Kemper,- Wayne
Clyma, C.J. deMooy, Alan Early, John Reuss, Sam Johnson and Sid :Bowers.

CAMPUS SUPPORT

‘ The campus activities and support under the Water Management:
Research Project has involved the departments of i Agronomy, Agricultural
Engineering, Civil Engineering, Economics, Political Science and:
Soclology. Presently, the work is being done by: personnel inthe
departments of Agronomy, Agricultural Engineering, Economics.and:
Sociology.

Faculty

e The’ on—campus faculty personnel in the Agronomy Department who:
have been primarily involved with this project are Dr. Willard R.-
Schmehl and Prof. William Franklin. The primary personnel in the
Agricultural Engineering Department have been Dr. A.T. Corey, Dr.
William E. Hart, Dr. David B. McWhorter and Prof. Gaylord V. Skogerboe.
In Economics, Dr. R.A. Tinnermeier and Dr. Larry Mack have been involved
with this project and the return of Dr. Eckert to campus strengthens
the capability of the Economics Department in accomplishing project -
objectives. In addition, Dr. George E. Radosevich, a lawyer specializ-
ing in natural resources, is located in the Economics Department and
has played a key role in studies regarding water law and water users
associations ‘or organizing farmers. The Sociology Department is .
playing an increasingly important role in this project with theiefforts
of Dr. Max K. Lowdermilk and Dr. David M. Freeman.



I1I-3

'anduaté’Studéntsﬁ

A graduate program of study has been initiated in which host
‘country students receive academic training at CSU and thea return home
to do the required research for a thesis or dissertation. Three Viet-
‘namese students (two in Agronomy and the other in Agricultural Engi-
;neering)were brought to campus for M.s. work, but plans had to be
modified to allow these students to complete their research on campus.
There are now two M.S. students in Agricultural Engineering back in
‘Pakistan to complete thelr research, as well as two Pakistani Ph.D.
students in Agricultural Engineering who spent the summer of 1975 in
Pakistan at the Mona Reclamation Experimental Project. Present plans
.call for Mr. Trout to spend two years in Pakistan beginning July 1976
to assist in the research program and complete a dissertation.

Mr. Larry Nelson, a Ph.D. student in Agronomy, plans to spend omne .
:year in Pakistan in the immediate future to field test the reaults of
his M.S. research.

PROGRAM DEVELOPMENT

Funding

oS ”»v

g ‘he total funding received under Contract AID/csd-2162 was 2,2.
million. During the last two years of this funding (March 28, 1972
to March 27, 1973 and March 28, 1973 to Maich 31, 1974), the level of
field activity is represented by 23 percent of total man-months and

32 percent of total salaries during the next-to-last year, and 37 per-
cent of totul man-months and 47 percent of total salaries for the

last year, being for full-time faculty personnel.

Under the first two years (April 1, 1974 to March 31, 1976) of
Contract: AID/ta~c-1100, field faculty personnel represent 37 percent
of total man-months and slightly more than 50 percent 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. Sidney Bowers' time being spent on campus before being
reaseigned to Pakistan.

Tables 2 and 3 give the level of TA/AGR support and the local
support costs of CSU personnel assigned in Pakistan. Table 4 gives
a breakdown of the actual and projected technical advisory services
by discipline from CSU during the period March 1968 through March 1977.
Figure 5 gives the' distribution of manpower with time as furnished by
the campus and the field. It should be noted that beginning in 1972
there was a definite trend to field operatioms.

Field Experience

One of the primary difficulties in attempting to successfully
pursue water management research in developing countries is acquiring
a competent staff having field experience. This has'peen a glow o
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TABLE 2 - TA AGR SUPPORT OF THE WATER MANAGEMENT RESEARCH
' ‘ . CO CT, COLORADO STATE UNIVERSITY ARG

s/zslsa‘ 3/28/72 3/28/73 .4 1174 4] 1/75
: . T Y ‘o " to R . R L4354 Total
'3/27/72 /27/73 3/30/74 3/31/75 12/31/75

Pereonnel """ , ¢574 568’ $228,420 3255 660 $297 091 $227 407 $1 583 146.

l RSP
Travel and - . )
Allovances 93 734 89;Z09 98‘450 T 70 §41 ‘ 617635 *‘414 369
POt:her Direct e S o
“Costs "’ f”?: 65,432 1420, 972 1323000207ﬁ28;858?7T“32;797ﬁ¥‘13180,059‘
) Equipment & *f R - o
‘Supplies 782063917 32,500 10;000\ 24 720 5 sriQes 1149 ,859
, Ceeemarr 40 U i
‘Research ‘ _ ' ‘Ux o
Operations 72,1 0 16,000 20,8627"-11:7,663 %1117 ,296
- Overhead 352,505 109,400 123,650 123,340 97,948 1:7806 ,843

Totals m $1’241&649 3481 001"~ $535 760 >$565 712 $427 450 $3 251 372

TABLE 3 ‘- MISSION SUPPORT OF THE' WATER MANAGEMENT RESEARCH
CONTR\CT, COLORADO -STATE UNIVERSITY R

er 1968 thru 1971 . Mot available..
FY 1972 Rs. 134,208
FY 1973 482 418
L FY..1974 641, ’932
FY 1975 = . 1,104 077.
«F¥.1976 gbuﬂgeted) 1, 262 100

—,-——-—-—-—-‘

‘art Total, Kol 3,626,735
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-procesa, but there has been definite improvement with each year. Now
ﬁwe 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 countries. Thus, a significant corps of field
'qualified personnel have been developed for undertaking studies in
‘other countries. The development of this expertise will be a
‘continual major goal of the Water Management Resecarch Project.

Interdisciplinary Research

Having a competent staff has little utility in improving water
‘management practices in developing countries (or for that matter,
ldeveloped countries) unless the staff is capable of integrating its
‘efferts into a truly interdisciplinory research effort. The Watar
Management Research Pruject staff bas been slowly developing into a
‘more integrated interdisciplinary ceam. A major goal of this research
project has to be the strengthening of interdisciplinary team work.

Previous Reviews

On January 24-28, 1972, Marvin Jensen, Snake River Conservation
- Research Center, Earl Heady, Iowa State University, and Leland Anderson,
USAID/Pakistan made an in-depth review of progress under the Utah and
: Colorado State Universities water management research programs. The
Review Committee stated at the outset that
"4e....are awvare of the tremendous impact improved on-farm

 water management can have on food production in less developed coun-

tries. Improved water management will also minimize the frequency and
‘intensity of soil water deficits with its resulting detrimental effects
on plant growth. The development and implementation of improved water
management practices, however, will not be as rapid as changes in
varleties of the addition of fertilizers. Research and application

of improved on-farm water management is complex because it involves

the management of crops, soils, fertilizers, rainfall, irrigation
water, excess or drainage water and soil salinity in an integrated
manner. Improved on-farm water management also usually requires
capital outlays and improved practices must take place within the
_socio-economic constraints of the region.

"Our team reviewed the projects relative to the broad, general
.objectives stated in the contracts, but placed more weight on those
‘activities that were directly associated with on-farm practices.
-Most of the recommendations that follow are of a positive nature
“since we feel that both projects should be continued through their
original durations, and ‘should be extended another three-to-five
year period to. capitalize on the deve;oping technology and sclentific
,expertise at these vaiversities." (See Appendix D for additional '
,background of Jenseu-Heady-Anderson project review.)

<






“Iv  FIELD REVIEW AND OBSERVATIONS

MONA RECLAMATION EXPERIMENTAL PROJECT

Watercourse Stndies

A major effort in watercourse improvement and evaluation is being
conducted 1in cooperation with the Water and Power Development Authority
1WAPDA) supported by local currency funds provided by the Mission.

Initial measurements indicated that losses in watercourses greatly
exceeded those commonly assumed in design and in many instances were
the major losses in the water supply system. There was considerable
reluctance on the part of the irrigation authorities to accept these
findings and it was only after a meeting of high level staff from.
WAPDA, the Irrigation Department and their consultants that a workshop
complete with a field demonstration was arranged by the CSU staff:that
these findings began tu be accepted. Many still remain unconvinced
but the degree of acceptance is growing and the Government of Pakistan
now seems committed to developing programs to overcome this deficiency.

..Present research efforts at Mona are for the purpose of develop-
ing and testing methods. for watercourse rehabilitation and maintenance
to decrease water losses and their feasibility for adoption in
Pakistan. Work is underway to develop and evaluate watercourse im="
provements in terms of costs and benefits for various alternative
types of watercourse modifications. g

Tubewell 122 - One watercourse which is served by canal water .on-a
nonperernial. ‘basis and by Tubewell 122-has -been improved with 13%",
9" and 4%" rectangular brick masonry lining.. This installation was
not observed ‘by. the panel

] v
Tubewell 78 -!Om another watercourse: served by’ perennial canal water
and by Tubewell 78, Figure .6, a number of ."pucca" (structural) linings;
were installed for testing. Included were 13%", 9" and 4%" brick
masonry rectangular sections; a rectangular section constructed from
4"x6"x12" ‘soll-cement bricks; and brick masonry and concrete
trapezoidal sections. R

fi;., .

P Other types of improved watercourse constriction that probably
ghould be tested include pipelines, 'canalettes" (precast semicircular
or. parabolic concrete sections supported on masonry piers), and
precast concrete linings on earthen beds.

i % The durability and the maintenance requirements of the several
types of permanent watercourse improvements need to be determined -
under Pakistan conditions. The farmer acceptability of the. various:
types of improvements as well as their bemnefit-cost ratios need be
known to plan a sound watercourse impruvemeut program. " A monitoring
and evaluation program is underway to obtain this information.'

l/See photos Appendix I-1(A,B,C,D) .and I-2(A, B)
Captions are self-explanatory.



e WATERCOURSE._IMPROVEMENT
B Jesr Secrion

N

.31 “*’%\\\ Mona ProJect Aren
E B

+
i

= 1\ | Section = ILining ,
- ; ~Main 1 -~ 134* Rectangular Brick Masonry
R L e [N . Main'2' < ‘9" Rectangular Brick Masonry.
el g MEIE A 7 C = 'Trapezvidal Concrete
'rﬁl - g H N ' D' '« Improved Earth Channel, -
- +; | : Contractor Built
R 3 I T ‘r‘..;__b \ E -« Traperoidal Concrete
:f'.;! Ky 4_‘ oy & RIAN ~ F =« Trapezoidal Brick Masonry
N 2 ‘l"' -:-—:"—f": e \ - I' - Improvod Eerth c"am’l,
K * L_Jr ¥ 'H oyl "~ Fermer Built
i LA NI K. 1, - Rectsngular Soil-Cement Brick
oo 1 - ' v A \ ¥ 2 Trapezoidal Concrete
s & Ty 'T't Tt‘ | Uy - 48" Rectangular Brick Masonry
K : —4 t > 1- : Up = Improved Earth Channel,
s nnaantenpany s B
:;}‘.I , -_; . e e
- i
- : RN
I ] IR
. ! ;41 :
A Y '
- \ rid
: By
f 3 D
1
S ald ]
il
f
--JI‘—A
E
| 1 Bp
| 4’?»
Amproved Watercovrses smmmman” S| Main 1

Other. Watercourses ————

y/an
.
=
Main 1

N - - a -
-1 loso . 8000

{:Eigure;6 .

TW. 8



IV-3

~ ‘In"addition, improved "kutcha" (earthen) ditches were installed‘
using three different methods of construction: - (1) by contractors,i
(2) by using tractors and ditchers; and (3) farmer built. Branch I,: .
a farmer improved watercourse was a trial that holds promise for additional
‘installations. (See Fig. 7) The farmers served by Branch I were approached
by the Agricultural Engineers with tlie proposition that the Mona .
Project would provide coucrete or masonry centrol structures if the
farmers would construct the watercourse channel and banks to proper
dimensions. Since Branch I is between two branches which had been
previously lined with brick and concrete at no expense to the farmers,
it was not too surprising when the farmers refused this proposition.

- At this point the Mona extension personnel were asked to assist since
‘they have worked with these farmers for several years. They told the
farmers that the experimental brick and concrete test sections were .
all built, that the improved kutcha construction would reduce the
crop -damage from seepage in the upper section, would increase their .
‘water supply and that the "pucca" control structures would save them
much work and would last for wmany years. The farmers formed an in--
“formal user's association and agreed to rhe original proposition.

‘ Losses were measured on Branch I and the steady state losses were
»about 40 percent. One carefully measured water budget of all water
delivered to the nakkas (field inlets) compared to the water supply at:
the head of the branch indicated that total losses were near 60 per-
‘cent. After the farmers built the banks and installed the: "pucca"
control structures, the losses appear teo have been reduced: from over
0.8 c.f.s. per 1000 feet to about 0.4 per fcot of channel. The ,
farmer's labor was valued at approximately Rs. 0.5 per, foct of channel.
Similar improvements constructed by contract cost Rs. 14 per foot of
channel. :

g Siphons were introduced on Branch'I to encourage the farmers to.
deliver water into sub-btanches. or: into their fields without cutting
the banks of the watercourse. To ‘date only two cutB have been made..
in the improved section and the : identity of the culprit is apparent.
It is the intent of the extension agent and the. user s association to
focus an "education ‘program" on this indiviuual.

Tubewell 56—/ Using the experience gained on Branch I of Tubewell 78, .

.a_third watercourse served by a- perennial canal. and Tubewell 56 has .

-been improved using farmeér labor to recomstruct the channel and’ banks

‘and eliminate the primary source of seepage. (See Figure 7) Reason—.

ably priced nakkas have been installed to eliminate operational and

‘gpillage lcsses. These "nakkas" have been developed by the CSU staff
.working with a local manufacturing firm. Results to date are very,
e promising and -farther. perfection is. underway.

S P In addition to tha conventional structural elements in.the’ water-
course design such as nakkas, checks, division boxes and culverts; e
i Bome. specialized structures have been necessary to meet local needs.
wg‘ Water buffalo wallows needed to be provided so that the canal banks
1/See photo Appendix I-6(B)
2/See photos Appendices I-2(C,D); I-3(A, B C D), I-4(A B C D) ano
I-S(A B). Captions are self-explanatory.
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Byl

will not be 'damaged by ‘anital traffdc.’ ‘Provisions: were: also madexfor
areas where the village women could do'their laundry.’

.’TTThis kutcha watercourse has been essentially completed. To date
60 farmers have spent 40 days on the improvements and it is estimated
mhst 35 farmers can complete the finishinz work in 7 days. Materials
for the needed structures have been provided by the Mona project.

ki The panel had the opportunity to meet the village committee that
isrguiding the effort in providing the work force and in settling
Jisputes. They are highly respected villagers who are convinced of
.the value of the improvements, have taken an active part in the
planning of the werk and who are adept in utilizing village social
pressures to keep the work moving.

Prelimiwary measurements indicate that the farmers at the lower
iend of the watorcourse have heads of wataer available that are approx-
imately doublie tireir original supply. Evaluations of watercourses,
structural adequacy, maintenance requirements, longeVity, and costs
:and benefits are presently underway.

, The panel feels that the method of improvement and the job orga-
nization used on Tubew:ll 56 shows considerable promise in providing
a practical and effective watercourse system. Further work needs. to
be done in the design of appurtant structures. The wingwalls used
to tie the structures into the earthen banks are probably toc short
Land erosion protection must be provided at structure inlet and outlets.
The design of the checks could be improved by providing a means of
overflow to protect the watercourse banks when all the nakkas in the
system ure inadvertently closed. : o

Toie

The practicality of the improved kutcha watercourses will largely
depend .upon the length of time that the ‘compacted banks will retain
their low seepage characteristics and the amount of work the farmers
.are willing to do to maintain flow' capacity. A monitoring and eval-
uation program of the installations now in place 'will help provide
this information.

: Skimming Wells 3
In much of the Indus plain, a body of fresh water overlies ‘more.
saline water and investigacions are underway to develop techniques
for extracting this valuable fresh water supply. Wells especially
:.designed to obtain water of best quality under these conditions. are
called sklmming wells.
i
s Initial theoretical analyses supported by 1aboratory investiga-
‘tions were develcped at Colorado State University in 1971~1976.. Early
analyses were approximations based on th& assumption of immiscible
fluids of different densities as daveloped by the oil industry. A

3/See ‘photo Appendix I-6(D). Caption is self-explanatory.
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more complicated and realistic case where the transition zone between
the fresh and saline waters can increase in thickness as mixing takes
‘pldce. has been modeled on a computer. . However field data is needed to
test and refine this program. ’

: A.study is underway to obtain the needed information. Fine aquifer
materials in the initial well tested, whichhad a depth of 35 feet, would
.niot provide adequate flow rates to raise the interface over about six
feet and consequently another well was constructed at Phullarwan that is
60 feet deep. This well cost Rs. 3000 and has sufficient capacity (0.5¢£s8)
+to-raise the interface 30 feet or more. The movement and shape of the
interface has been carefully monitored during the following pumping. The
‘data obtained (i.e. Figures 8 and 9) will be used to test and refine
the computer program. The objective is to provide guidelines Tor well
design and pumping rates and durations to achieve satisfactory quality
water from aquifers with known salinity profiles.

w+. - One nearby operating well has been modified using criteria developed
sfrom the theory and the salinity of the water has decreased from 2400 ppm to
- 800 ppm and is providing a satisfactory supply for the research farm.

LU

At the request of the Sind Province, data was collected on four prob-
lem wells. Modifications were recommended on one. It is predicted that
the ealinity of the water produced can be decreased from 1400 ppm to
700 ppm with only a 20 percent decrease in the flow rate of the well by
fdmply reducing the well depth by filling with sand to a prescribed
Aevel and installing a concrete plug.

In the Mona Project area, over 10 percent of the wells originally in-
atalled are no longer used because of degraded water quality. WAPDA has
requested that salinity profiles of these wells be determined and has re-
quested the CSU staff to recommend needed modifications.

- The panel feels that this research is reaching the payoff stage and the
mork proposed for the coming season will be especially impertant. A writeup
‘of .the tentative guidelines should be made and these further refined from
.data collected by monitoring the operation of those rehabilitated wells for
.which complete data is available. If skimming wells can be successfully
designed, they will have application in many parts of the world.

However, the panel realizes that skimming wells will only buy time, so
to speak, and that the long range solution will require: arranging to main-
stain a favorable salt. balance.

ﬁObfimhm Management for Crop Productibh

Optimum management programs for wheat during rabi 1974-75 and naize
during kharif 1975 have been conduct7d on precision leveled fields
-at Tubewell 78 and at Tubewell 124. The results of these experi-
‘ments'are providing demonstrations co the farmer of improved -ropping
practices and improved water management in order to increase

[N N i

1/See photos Appendix I-7(A,B). . Captions are self-explanatory,:
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yields in the area served by the improved watercourses. The results
of these experiments provide documentary data for the potential yield
levels for this area and the reduction in the water use that can be
achleved through improved water management. Improvement in yields and
reduced water losses have been achieved.

. The panel feels that programs of this nature are essential to
achieve and demonstrata the benefits made possible by improvements in
the water delivery system. :

VA

Seasonal Irrigation Practices

5 Four farms served by Tubewell 78 have been selected and the amdﬁﬁ@
of water applied to each field was observed during the entire kharif -
1975 season. These data are under analysis and the study is coqtinuiqg
through the present rabi season. Data on the associated cultural
practices and irputs are also being obtained. ‘

Preliminary data indicate that major changes in cropping practices
are occurring as a result of the improved water supply and that majof
impact is at the tail end of the watercourse. These farmers need
assistance In planning their cropping system in order tc more fully
utilize their improved water supply. An analysis of the period-by-
period water supply, water demand ard water utilization rates for these
farms is in progress. i

... The panel feels that this work should be continued.

P;éﬁisibﬁ Land Leveling and Advisory Assistance

sz

"7 "A program of precision land leveling and advisory assistance to'
the farmers for fertilizer, seed, and irrigation practices has been -
“developed and is in progress on the watercourse served by Tubewell 78.
A number of acres have already been leveled and farmer agreements have
been obtained to follow recommended cropping and irrigation practices.
A goal has been set for an additional 100 acres to be leveled during’
this rabi season. Mona project extension personnel are providing the
advisory assistance.

General Conclusions

The evaluation team feels that the work being conducted at the:
Mona Reclamation Experimental Project may be among the most important _
in Pekistan in improving water delivery systems and on-farm water man-
agement. While many of the results obtained have particular signifi-
cance -to the Pakistan situation, the techniques being used and the
results obtained will undoubtedly have an impact in the design of °

similar programs in other countries. The work should be continued to
obtain full value from the work performed to date. ‘
s 1 . 3 . f
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;ENTEGRATED; RURAL: DEVELOPMENT; RESEARCH PROJECT

Shadab

(i Time did not permit a field review of all research projects under
:IRDP- but the panel did observe progress being made on improvements on
.the Kanjra watercourse at Shadab as a part of the thesis program for _
Messrs. Mushtaq Gill and Sadiq -Shafique. These two energentic and moti-
vatad individuals have just returned from CSU having completed their
academic requircments for the MS degree in Agricultural Engineering.

. They now have excellent academic training and are acquiring the prac-
tical experience to implement a comprehensive program of watercourse
improvement, precision land leveling and in providing advisory assis-
tance to the farmers. Mr. Shafique has assumed responsibility for

the watercourse improvements and Mr. Gill is dealing with the water
scheduling problems. (See photos I-5-C,D; I~6-A.)

... A well designed division box controls the flow from the "mogha"
(canal turnout) into three separate watercourses. A cutthroat flume
equipped with recorders i1s located immediately above the division
‘box. A meteorological station has been installed to record rainfall
amounts and intensity, solar radiation, evaporation, wind velocity,
humidity and maximum and minimum temperatures.

The watercourse represents a condition where obtaining coopera-~
tion among the farmers is difficult and the students have had to
devise different cooperative arrangements to get the work done. At
ithis time the work is progressing well and they have high hopes of '
.completing their project on schedule.

N e L e , ,

st , The data collected will permit an exploration of the feasibility
or utilizing soil, climatic and crop information for scheduling irri-
:gation on farmers fields and/or regulating the release of irrigation
yater at the mogha. Computers available at WAPDA in Lahore will be
‘used to determine when the crops need irrigating and how much water' -
to apply.

personnel where graduate academic training is obtained at CSU'and’ the
stuients return to their home.country to complete work on their- thesis -
involving solutions to practical field problems.

?i'e.panel/is:impfessed with CSU's arrangement to develop: trained -

Other

©o- At a nearﬁ&vlocaﬁion, Mr. Mohammad Hanif, Agronomist, is conduct~-
»ing research on yields and consumptive use::

FARE 2NNV ISR PRI I P R N J . . ) .
"moly:The panel observed wheatmvarietytplotaVfértiliZed*ht*varidﬁs rates
“with one- important additional qompa:isoq,,i,e.woqﬁ R}gg\rep;epgn;ggﬁi ‘
traditibﬁal”farmer‘practiées*peffdrméd‘bi?hiﬁ‘énd“at“Hts discretion.
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foéétmeht'debcriptidns of the experiment are as follows:

Treatment No. 1 - Traditional Fertilizer, i.e. 50 Ibs'N applied
: at' tine of sowing; traditional-irikigation;'‘and
sowing by broadcast. 1/

‘Treatment No. 2 - Improved fertilizer, i.e. 75 1bs P and 80 1bs
‘N (DAP:and Urea) applied at the time of sowing
+ and an additional 50 lbs offN‘(Uraa‘appliediat
> the second irrigation; traditional irrigation;
~and sowing by broadcast. o -

Lgrﬁapméntans33,-eImproved fertilizer (same as in Treatment 2);
traditional irrigation and sowing by Pora." 3/.

iffé;tﬁent Nb;}4u-.1mproved fertilizer (same as in Treatment-2);
improved irrigation as deterinined by séil =~
-sampling; and sowing by pora. 2/

Treatment No. 5 - Improved fertilizer (same as in Treatment 2);
improved irrigation as determined by evaporation
pan observations; and sowing by pora. 2/

1/ Decisions made and all operations: by farmer.
2/ Method of sowing seed with a funnel shaped
seed tube attached behind a plow. o

All . treatments were replicated twice.l/(See piiotos I-7-C,D.)
’ G o : .
-7, These kinds of demonstrations should be of great educational value

not: only to the farmers in the immediate area but also to the”aCademic
and extension community who disseminate the results obtained. The well
fertilized treatments (2 through 5) showed vigorous growth and have a
potential for an excellent yield. Siteing cf the evaporation pan used
to control irrigation on Treatment 5 could and should be improved. - In
fact, there is no reason why evaporation rates from the Class A standard
US Weather Bureau pan installed by Messrs. Gill and Shafique could not
be. used. : :

. If logistics permit, an even Letter approach would be to use the
Mcdified Penman or the Jensen-Haise equations to schedule irrigations
on Treatment 5. This would require updating climatic inputs: at: least
~once a week and preferably twice a week.

AGRCNOMIC RESEARCH

Small Grain Research - Punjab Agricultural Research Institute

eyl

137”T&fhe fofemostTp1aht breeder for wheat in Pakistan is Dr. S.A. Qureshi
-who recently worked under Dr. Borglauf at CYMMIT. Field plots observed
swere .impressive; and indicated good field plot technique. 'In additipn to

_l/?%éﬁpﬁdﬁqé”Appéhqix~147(C,D).' Captions,are self-explanatory.
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the standard varietal trials, factorial experiments to determine’ potential
yields and interactions to various treatments and combinations of soil -
moisture and fertility are a direct influence of Jerry Eckert- and
John Reuss.

Wheat experiments with incomplete soil moisture and fertility fac-

" torials were designed and conducted by Dr. Jerry Eckert, in cooperation

with Dr. Qureshi, shortly after his arrival in Pakistan. Data from -
these experiments were used to develop plant response surfaces fcr eco-
nomic analysis. Irrigations were scheduled at a given stage of plant
development and/or on a calendar basis. Cuyrrently under the direction of
Dr. Reuss, complete factorial experiments with three soil moisture levels
and subplots of N and P of various rates and combinations are being con-
ducted. Soil moisture levels are imposed using the 1, 4 and 8 bar tension

: levels imposed at various depths prior to irrigating the crop. Response

to nitrogen was readily apparent at the time these experiments were

_observed.

“Consumptive Use (ET)

At the Punjab Agricultural Research Institute, the panel observed~
another factorial exper ent planted to wheat with variables of soil -
moisture and fertility.- All plots were being sampled to determine ET

‘rates at various growth stages and seasonal ET. This program, originally
“set up by Dr. deMooy, is financed in part by the PL 480 Program under =
“the U.S. Department of Agriculture. Other similar ET studies are being
iconducted in the Punjab, at the Mona Reclamation Experimental Project -

(WAPDA) and at Mean Channu and Bhakkar by the Land Reclamation Director-
ate located at Lahore, in the Sind at Tandojam by the Sind Agricultural
College, and in the Northwest Frontier Province at two locations by the

“Agricultural Research Institute, TARrNAB.

f:}_f .

Based upon a previous knowledge of water use as influenced by
fertility treatments, one can predict that little differences in water
use rates will occur once complete crop cover has been established,
‘even though there are notable differences in growth due to fertility.
And, unless the plants are severely stressed due to soil moisture
deficits, there also is likely to be only a small difference in water
use for the various soil moisture levels imposed. Another disturbing
observation was the bare soil on the broad borders between plots and:

‘the bare access road bordering one end of the experimental plot .area.-

There is the possibility that ET rates and seasonal values may be
elevated due to the advected energy received from these bare areas.
Seeding the borders in the future would help to overcome this problem.

The panel recognizes the need for a multidisciplinary approach in

developing the ultimate technolcgical package for rehabilitated water-

courses and preseason leveled farm fields and thus does not under- »
estimate the value of factorial experiments to £ill gaps in cropping

-systems and management and particularly the "learning" process that

accrues in developing a competent staff of Pakistan agronomists and
soll scientists. However, the panel feels that too much effort is

‘;JSee photo Appendix I-G(C). Caption is self-explanatory.
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being expended in using multifactor experiments to determine consumptive
use for a single crop such as wheat. From a practical viewpoint, seasonal
‘consumptive use can be estimated to within 10 percent using various estimating
_procedures. Some methods. (Penman, Hargraves, Jensen-Huise, etc.) with.
varlous combinations of climatic inputs including solar radiation, mean
temperature, humidity, and wind speed can estimate potential evapotran~
spiration (ET,) for shorter periods (7-10 days). This fact is well
1llustrated by the 1973 publications entitled, "Evapotranspiration and
Irrigation Requirements for Pakistan,' by Wayne Clyma and, "Calibration
and; Application of the Jensen-Haise Evapotranspiration Equation," by Clyma
and Chaudhavy. Even though it was necessary to use crop coefficients .
developed from ET data gathered in the U.S.A., reascunable values of ET. .
for.a number of crops grown in Pakistan were developed.

L A more productive approach for the PL480 consumptive use project
would be to use larger replicated plots (at least two) adequately ferti-
;1ized and irrigated where major crops grown are included each year at che
five. consumptive use sites. With an adequate soil sampling program, crop
“coefficients developed In the U.S.A. can be modified as required to fit
the climatic conditions in Pakistan and upgraded at the various locations
with the goal of establishing an irriga‘ion scheduling program to predict
when a crop should be irrigated and how much water to apply. Such infor-
mation in the hands of an Extension specialist could be very useful in
advising the small farmer how much water his crop had used since he last
drrigated, the approximate date of the next irrigation and the depth .
(ampunt) of water co apply. This "service" would hopefully develop an
;awareness among farmers that they may need, for example, only four instead
of seven irrigations for optimum production of a given crop. This implies
a:knowledge of the crop rooting depths at various stages of crop develop-
ment, soil water hvlding capacity, etc., and diligent use of a soil probe
to examine soil moisture conditions using the "feel test." ,

I The development of improved crop coefficients adapted to Pakistan's
conditions could serve another useful purpose, namely, to develop simulated
cropping systems for rehabilitated watercourses geared to the additional
water supplies anticipated from such improvements. If long term records
of:solar radiation and mean temperatures are available in Pakistan, one
might be able to screen and/or develop multiple cropping systems using .
such simulation techniques whick could then be verified by demonstrating
the most promising possibilities among the farmers along a given water—
course. To achieve this goal in the time frame of this project, soil
moisture extraction data already available can be used to improve the
crop.coefficients (Kc) needed for simulating irrigation schedules and/or
cropping systems. Suggcsted criteria for selecting "ugable! data follows'

ln-uThe samnling period should cover at least 5 to 7 days to allow
.+ .adequate time for profile drainage.

11;;The water table should be at least 10 feet deep, for most-crops.

A.deep. rooted crop, like berseem \qlfalfa) may,need an evenuhuu,'
s greater depth, .

ST s
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; The depth of water applied should not be, excessive but ‘more
nearly representative of that’ amount’ needed' to*teplﬁce the"
E'soil moisture depleted Ly the crop._m “‘hA‘“w

:'Where possible, exclude periods with exce.‘ive rainfall
(o, 25" ‘or greater). e

57" "§T periods Belected-shoﬁ1h‘fé§fé§éht‘ah”AJéqﬁsté'ﬁunvér*af* |
..80il samples (at least duplicates) Soil sampies taken from -
fertility Subplots_can be combined for additional replication

where available, |

" Select treatments that are adequately irrigated ie. soil
. mcisture does not limit plant growth.

In" summary, the'panel,recommende:

, b1) a reorientation of consumptive use studies as described above
(this implies a reduction in the number of factorial experiments being

conducted),

N .2) .a greater emphasis to multiple-cropping systems adapted to
,rdemonstrate selected watercourses particularly as related to ‘available
water supplies, fertility, preseason land leveling, cultural practices,

etc., and

3

13) an evaluation of the practicality of using irrigation schedul-
ing procedures to determine when to irrigate and the amount of irriga-

, tion water to apply using simulation techniques and/or simple’ field
experiments adequately fertilized, Periodic monitoring of soil °
“moisture is desirable to determine if irrigation scheduling procedures

are on target.’ H

‘Cnltural'Practices.

hﬁw

s At the Mona Reclamation Experimental Farm, the" panel observed’ a
"bedding"'experiment and the dramatic;effect that' furrow and’ ridge
culture has on seed germination and establishment of cotton stands."
sSome. attempts have been made to develop a combination lister type
planter adapted to the desi plow. Although the panel feels that the
uhighest priority in implementing improved on-farm water management -
practices is conveying and applying the water to the farmers' fields
in,an efficient manner, the cultural aspects of the technology package
>should not be overlooked. Whether or not the CSU team has the per-
Msonnel to tackle this aspect of the problem or whether a cooperative
agreement can be worked out with the proposed Pakistanian "arm" of the
International Rice Research Institute, farm machinery division, re-—
mains to be seen. However, it is an important problem that should be
“"dealt with if adequate stands of row crops are to be established.
There are precedents in the Southwestern U.S.A. irrigated farms that
"attest to this need where basin or 'dead-level'irrigation systems are
~used. The principles of stand establishment are transferable but a .
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whole new generation of simple hand-operated and/or bullock dr&wn
equipment will be needed for the Pakistani farmer,

IDEN&IFICATION. OF PHYSICAL, ECONOMIC AND SOCTAL CONSTRATNTS

A socio-economic survey of the watercourses serving Tubewells 78
and 122 at Mona has been conducted. The general objectﬂves of this
survey was to evaluate the perceptions of the farmers concerning the
benefits and problems related to the improvement of channels and to
seek problems that have developed because of these improvemente.

L The farmers have taken the attitude that these watercourses were
chernment watercourses because the financing and execution of improve-
ents has been done at Government expense by contractors without appre-
clable interactions with the farmers in the planning or execution of
the improvements. They were generally perceptive of the advantages

of these watercourses and were impressed by the increased supply of
water that has been made available. However they did not generally
feel responsible for the maintenance of these watercourses.

are oo

Qruf‘ Informal water users assoclations have bezen organized on two

branches and these user associations have initiated programs of maiﬁ-
tenance and cleaning.

; . A conclusion of the survey was that there are definite dlsadvan-
tages in the improvement of watercourses without involving the farmers.
Experience from several watercourses indicate that there are many
difficulties in obtaining farmer cooperation. Improvements done through
scontract generally complete the work quickly but since the farmers do
.not.do part of the work themselves, they tend to decline responsibility
for maintenance. Farmer reaction suggests that the time and effort
spent by extension personnel in galning farmer cooperation and input on
improvements is a prerequisite to farmer participation in construction
and assuming responsibility for maintenance. "

Water Management Technical Report No. 42, "Physical and socio-
economic dynamics of a watercourse in Pakistau s Punjab: System con-
gtraints and farmer responses," by Max K. Lowdermilk, Wayne Clyma and
Alan C. Early provides excellent detail on ancther watercourse located
outside Lahore City. (See also Section V.)

. The panel concludes that this effort to evaluate farmer attitudes
has a high payoff potential in providing criteria for the selection and
organization of future watercourse improvement projects. The perfection
.of criteria for selection can eliminate many false starts and an in-
timate.knowledge of farmer attitudes can provide guidance in developing
operation and maintenance organizations. While the information obtained
‘to date has specific application to Pakistan's Punjab Province, the
techniques used can provide guidance for similar surveys in other’
.proviaces and LDC's where cultures may be quite different.
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OTHER MISCELLANEOUS ACTIVITIES

Time did not permit vieits by the panel to rsview the work done
‘at the Integrated Rural Development Project, Lar; the Cotton Institute,
Multan; the Rice Imstitute, Kala Shakaku; and Maize and Millet Project,
Yousafwalla; the College of Agriculture, Tandojam; the Land Reclamation
Directorate; Islamabad University; and the Engineering University,
‘Lahore. However the CSU fieid party had reports and information
available for review. (See Appendix G for list of publications.)

The panel feels that the advisory assistance provided to these
institutions is playing an importsnt part in creating an awareness
amony; Pakistan's agricultural scientists of the need for emphasizing
improved water management. Contact with these and other similar
institutions should be maintained although it is recognized that the
tinme spent muet necessarily be limited.






AMPUS' CONTRIBUTTONS

Prior to 1972, the research on’ campus was over 60 percent in the
Department of Civil Engineering studying pr0u1ems in canal’ delivery,
sedimenration, broad scale hydrology, conjunctive use of canal and
ground waters, and methods for measuring flow in large channels. In
response to a 1972 review committee recommendation, the carpus research-
program was redirected toward the expressed needs of the CSU field,
party. As personnel return to the campus after experience in develop-
ing countries, the campus activities are being - tied more and more’ to
specific problems in developing countries.lv

The activities listed below plus the half-time salary paid to
G. V. Skogerbce as director of the project, account for at’ lea ;
90 percent of the expenditure on campus for profeSsional salaries{

WATER LAW AND WATER USERS ASSOCIATIONS-

In 1971 George Radosevich was asked. by USAID/Pakistan and B
FUSAID/Afghanistan to study. the laws and policies of these countries
with relation to how they’ affect efficient use of water. On TDY trips
‘he. didentified the lack of water users associations and laws facilitat-—
-ing the formation of such associations. He then coordinated with
David Daines cf Utah State to classify, describe, and observe insofar
as possible, the types of water users associations used successfully
_in the irrigation systems of the world. The Mission then asked for
2n. assessment of which of these laws, policies, and organizations .
would be most feasible and valuable in Pakistan. The results are
found in the reports as follows: 1) "Organizational Alternatives to
Improve On-Farm Water Management in Pakistan," by Radosevich; 2)
"Water Users Organizations for Improving Irrigated Agriculture.
.Applicability te Pakistan," by Radosevich and 3) draft manuscript
H"Institutional Framework for Improved On-Farm Water Management in .
Pakistan," by Lowdermilk, Eckert, Radosevich, and Qkogerboe, which' is
8. being used by the Mission as one of the prximary source documents
~for. writing the proposed Water Management Lcan Project.

GOP officials expressed concern of tcu much in"alvement by foreign_'
nationals in the "organization of farmers" into groups which could have
strong political power. There will not be an, Americarn recommendation
-on; any. particular type of water users association.

5§0CIOL0GICAL FACTORS AFFECTING»WATER MANAGEMENT

The constraints to watercourse improvement and water. delivery
effic*ency on a watercourse iuvolving 20 to 60 faymers are very, often
socio-economic in nature. Unless they are well organized, there is
little to guarantee a fair return to a farmer for his work. Moreover,
‘the farmer has no device for measuring water flow and consequently he
does not fully perceive the benefits of watercourse improvement.


http:needs.of

.. .Max Lowdermilk conducted a survey at Mohlenwhal Khurd and analyzed
the data as a campus activity. Report No. 42, "Physical and Socio-
Economic Dynamics of a Watercourse in Pakistan's Punjab; System Con- _
straints and Farmer Responses,"” by Lowdermilk, Clyma and Early resulted.

From the survey and other experience, Lowdermilk designed question-
naires and procedures to evaluate physical factors, farmers' attitudes,
and constraints affecting water ranagement’ and at ‘the request of the
USAID Missfon brought ‘them to Pakistan in May 1975. “All of his activi-
,tléb’q?é'paid‘from”éﬁé'onééampus portion of the Water Management’ Research

Project budget.’
ECONOMIC' FACTORS AFFECTING WATER' HANAGEMENT

‘Crop prdductioﬁ‘vs.}hater and fertilizer has’ been measured~f0f
several seasons in Pakistan. Eckert, who designed most of these 'studies,
is now on campus incorporating the results into a more comprehensive crop

' production model, 1.e., Eckert, yan, and Early, "Water Management in
I:gigated“erPping Systems of Pakistan, Nov. 1975." ' '

PUCCA NAKKAS AND ASSOCIATED WATERCOURSE IMPROVEMENT

. Deficlencies and high costs of steel slide nakkas were recognized
early and Dr. William Hart was asked to catalog and evaluate types of
%@kk&éfrepdrted in the literature aud do pPreliminary design and -construc-
;}oh“bn‘some of these at CSU. Subsequently, he was asked to come to
Pakistan on TDY during the summer of 1975 for two months to build, install
aﬂﬁhteét‘the most promising and least expensive of these nakkas. These
'1mpipéements included the inclined slide nakkas and installation of rubber
gaskets on the round orifice nakkas, both of which have helped to reduce
ﬁékka“leakage. He was assisted in the evaluations of these nakkas by
Tﬁbpda‘Trcut,<graduate research assistant. All of their salaries are
charged to the on-campus portion of the CSU water management budget.

SKIMMING WELL DESIGN AND TESTING

@hé‘theqry and computer program developed on campus for the most
ggp}istiquiscible displacement casc show great potential for providing
‘ggggg;iqes for well design and pumping rate to provide good quality water
‘from aquifers where good water overlies saline water. These theoretical
developments by Art Corey, Dave McWhorter and their graduate students
require testing in a field situation before the assumptions made in the
computer brogram can be adequately tested and accurate predictions
g;ﬁﬁte@;:‘Cbnsequent]y the skimming wells and associated sampling and
ohservatiin stations were constructed and the requisite tests are under
way. Results from these tests will be sent back to the campus where they
wili be used to evaluat. znd possibly modify and improve the assumptions
which go into the computc: model. The tested (and possibly improved)
quel will then be used to generate the guldelines for well design and
pympihgfratéswtO‘be‘u§éd.tb achieve optimum quality of water from aquifers
with known salinity profiles.



V-3

Mr. “Thomas Trout has been’ ‘assisting on this project at CSU- and
“While on TDY here 1n Pakistan for two months 1n the summer of 1975

IMPROVING STANDS AND YIELDS OF KHARIF CROPS BY MODIFYING CRUSTS
AND SOIL TEMPERATURE THROUGH WATER MANAGEMENT

“Cotton and maize have particularly poor yields in Pakistan and
this appears due largely to poor stands. Field studies indicated -
that high temperatures and crusting at time of seedling emergence are
causes of poor stands. However, the control available in the field
was not sufficilent to determine whether these were the causative
factors Consequently seed of the varieties of cotton and maize
grown in Pakisian were sent to CSU and tested by Willard Schmehl,
Larry Nelson, an¢ John Olsen under controlled growth chamber condi-
‘tions. These tests have demonstrated conclusively that temperature,
crusting and initial water content of the seed are priuary factors
determining stands. It has now been proposed that Larry Nelson come
to Pakistan for the entire kharif season and use this knowledge to
grow good crops of maize and corn using bed shaping and proper timing
of irrigation to control soil temperature and crust strength during
this critical period.

EFFECTS OF IRRIGATION METHOD ON CRUST STRENGTH, PERSISTENCE OF LARGE
SIZE PORES AND LEACHING OF SALTS AND FERTILIZERS FROM THE ROOT ZONE

The flooded basin method of irrigation is used on over 90 per- '
vcent ‘of the fields in Pakistan. deMooy, Kemper and their Mona caoper-
ators noted in 1972 that: (1) this method leaves the sediment from '
the water distributed over the whole soil surface in a thin seal that
decreases infiltration rates of subsequent rain; (2) it causes all the
surface to be wet quickly by flooding rather than slowly by capillary
action, resulting on drying in hard dense crusts on the soil surface
above the seed or adjacent to the plants; (3) because the direction of
the water movement is straight down, basin irrigation is more effective
in 1eaching salts and fertilizer down and out of the root zone.

While these deficiencies of basin flooding irrigation are quali-
fatively obvious and are primary suspects for causing the poor kharif
‘stands and yields, it is difficult to provide the controlled conditions
in the field which can result in quantitative evaluation of the effect
of basin and other methods of irrigation on water content of soils
crust strength, persistence of large size pores and leaching of salts
and fertilizers from the root zone.

Consequently soils with the characteristics of the problem soils
of Pakistan were used in controlled lysimeter studjes at CSU to eval-
vate these factors. The results are presented in the papers titled
"Irrigation Method as a Determinant of Large Pore Persistance and
Crust Strength of Cultivated Soils," and "Fertilizer or Salt Leaching
" as Affected by Surface Shaping and Placement of Fertilizer and
Irrigation Waters," by Kemper, Olsen and Hodges.
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While the principles determined in these studies are generally
applicable to soils in all the developing countries, they are specif-
ically. applicable to soil and water management and crop production in
Pakistan. These principles have been used in Pakistan as a major part
of the basis for the studies leading to the paper, "Water Management
and Nitrogen Fertilizer Movement and Utilization in Soils," and. for
designing the studies on maize and cotton stands and ylelde which
clearly showed the superiority of bedding and furrow irrigation as
compared to basin irrigation in the studies conducted at Mons iast
kharif season (see reports by deMooy et al). '

'HYDRAULIC DISSOLUTION OF GYPSUM

During 1972 Haider and Kemper investigated the reasons for the
high cost of gypsum in Pakistan and found that over 80 percent of its
cost at th: pit was due to the cost of crushing it from rocks to powder.
.Théfpossiﬁllity of a major reduction in price of this amendment, which
is the msjor amendment used for improving the quality of water for
irrigation and the structure of soil, was apparent if the stones rather
than the powder could be used. Consequently gypsum stones of various
gcreened sizes from Pakistan and the U.S. were placed in flowing water
of different qualities at the hydraulics laboratory at CSU and the rates
of gypsum dissolution and change in water quality were determined as
water passed through these gypsum fragments at different rates. ‘

The results and general principles are outlined in the paper,
"Dissvlution Rate of Gypsum in Flowing Water," by Kemper, Olsen and
deMooy. These results led to the preliminary studies on gypsum disso-
lution in watercourses reported in the 1974 annual report and to the

design of the present study in which truckloads of gypsum will be placed
in an enlarged section of the watercourse at tubewell 91, the improvement
of the water quality (SAR) will be monitored along with the rate of |
gypsum dissolution. . '

... This method of distributing gypsum to the fields can'reducé';hé
purchase and application costs of gypsum by more than Rs. 75 per ton
and allow economic use of marginal quality water from many tubewells

which cannot be used at present because of high sodium/calcium ratios
An the water.

TRAINING OF SPECIFIC PERSONNEL TO HELP SOLVE SPECIFIC WATER MANAGEMENT
'PROBLEMS IN PAKISTAN

... Prior to 1972 several persons from Pakistan were brought. to CSU

for training in water management. While the training was generally ~
good it was not directed to the sclution of specific problems whose
solution would improve water management and crop production in Pakistan.
Moreover, the trainees did not have firm commitments to return to ’
Pakistan and a disappointingly large portion of them were going to

other countries on. completion of their training.
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Consequently a training program was designed in 1972 in which:
(a) Only persons working in GOP agencies with a mission and an in-
country commitment to water management improvement are considered.
(b) The GOP supervisors of prospective trainees participate with CSU :
field party members in the selection of trainees and the problems
which they are to help solve.
~(e) The trainee stays in the U.S. only for the time essential to -
obtain the academic training and conduct a survey of the available
literature oa the subject and then returns to Pakistan to conduct
research on Pakistan's water management problems.
(d) The CSU field party members and selected USAID and GOP personnel
serve as the committee directing research. '
(e) The CSU graduate school and departments involved have agreed to
having the dissertations written and final exams conducted in Pakistan
on those research programs which can be used to complete requirementa
for advanced degrees.

.The. following trainees have returned to Pakistan under this
program.

(1) Ashfaq Mirza, Department of Rural Sociology and Economics,
University of Agriculture, Lyallpur, advised by David Freeman on
campus, who conducted a study on socio-economic factors affecting
cooperative maintenance and cleaning of watercourses under the
direction of Freeman and Eckert. He is no~ on staff at the University
of Lyallpur and is teaching and continuing research on this subject.

(2) Sadiq Shafique, Punjab Integrated Rural Development Program,
Agricultural Engineer, who took course work on how to improve water
management and how to motivate farmers to make the improvements under
the direction of Skogerboe, Hart, and Lowdermilk., He is now conduct-
ing his research at Kanjra watercourse at Shadab under the direction
of Clyma, Bowers, Early and Johnson,

(3) Mushtaq Gill, Punjab Integrated Rural Development Program,
Agricultural Engineer, who took course work on how to improve irriga-
‘tion practices and irrigation scheduling under the direction of
SSkogerboe, Bart and Lowdermilk. He is now conducting his study at
Kanjra watezcourse at Shadab, under the direction of Early, Bowers,
Clyma and Reuss.

: (4) Nuruddin Ahmad, Land Reclamation Directorate Irrigation
Department Soil Scientist, vho took course work on water movement
and conducted a literature review on contribution of high water tables
:to water needs of crops under the direction of Schmehl, Klute, and
Reuss, and has just returned to tha LRD where the details of his
research are being formulated under the direction of deMooy and Reuss.

- (5) Ghulam Hussain, Mona Reclamation Experimental Project, Soil
Scientlst who took course work in water quality and water management
factors affecting crop yields under the diraecticn of Schmehl and
:Franklin. He has returned to Pakistan where his research will be
directed by Reuss and Bowers. .

 (6) Khalid Hussain Gill, Punjab Agricultural Research Institute

at Lyallpur, Soil Scientist, currently taking course work on water



menagement factors affecting crop yields, under the direction of
Schmehl and deMooy. Scheduled to return to Pakistan in September 1976
‘toawork with "Dr. Bhatti under the direction of Bowers and Reuss.

Every man selected for training under.this new program has ‘re~
,turned or is definitely planning to return to his agency and the water
fmanagement Job assigned in Pakistan. This is iIn part due to the’
cooperation of the campus staff in emphasizing to these students the
importance of working on developing country problems in the developing
country. The salaries of these trainees while they are on campus are
paid’from contracted dollars and are listed as campus expenditures.

. As noted previously, the panel had an opportunity to observe the
‘benefits of two training programs in our vielt to Shadab (see items
(2) and (3) above). If the other students who have participated in
this program do equally as well, the program should be continued within.
the ﬂampus ‘budget allocations current.y in effect at CSU.

THE VIETNAM PROGRAM

This inzluded three Vietnamese trainees, from Can Tho University
in water management on heavy clay soils, who are taking academic -
training and conducting literature reviews on campus prior to return-
'ing to Vietnam to do thelr research. When their support by USAID was
terminated in 1975, Dr. Bowers, who had been advising the project in
Vietnam,returned to campus and, with Skogerboe and the respective
department heads, made arrangements for these students to work and
complete their training.

Dr. Bowers remained on campus for about six months, writing up
‘the final report on U.S. participation in the Mekong Delta Soils Water
Management Project, reviewing recent literature on watercourse improve-
ment and water management and advising trainees in water management.

SPECIFIC OBSERVATIONS

_ The work completed, or underway on the CSU campus covering some
ten (10) activities, ranges from the use of computer models to predict
salt content of water to "policies and law" to facilitate formation of
‘"éffective" farm water user associations. A point of concern’ to the
panel is the same point raised by a 1972 AID review committee.’ This
committee, consisting of Jensen, Heady, and Anderson, on February 10,
1972 stated:

"CSU-AID/csd 2162 - We recommend maintaining the current level
of funding, but encourage streamlining project management to”
reduce administrative costs. We also recommend Jimiting
‘funding of projects to those needed to obtain immediate goals,
increaeing the field program relative to on-campus activities,
and bringing more experience in on-farm water management '’
‘research intu project direction and management." (See Appendix
D for additional background information ) '
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) “The" panel considers the 1972 statement still to be: a:-'valid con~
sideration, although considerable. improvement is: noted (see figure'5).
This panel also considers the extension and/or adaptations of the field
and on-campus research to other countries (Issuei2), and the value and
‘workability of the "consortium and/or cooperative approach" (Issue 3)
to be an on—campus responsibility.

1.

72;

'Issue number 2 states that:

"With the discontinuance of the work in‘Vietnam, the total

effort of the program is in Pakistan. Pakistan's irrigation

‘system is very important and worthy of study; however, no

effort has been made to develop state-of-~the~art studies in
other countries to determine the relevance of the Pakistan

work to other areas and systems. It could be concluded:that
CSU is developing a water management research program for

Pakistan, a highly interesting and perhaps worthy' endeavor
but does not satisfy the intended purpose of a centrally
funded research effort."

Issue number 3 states. that:

"There is little evidence that a comprehensive and coordin-

ated attach on water management problems has evolved to date

from the consortium approach envisioned with the initiation
of CUSUSWASH. There still seews to be division of labor
and geographical areas.

AID is concerned that perhaps CSU and Utah State (and
Arizona) have not worked together on a technical level to
develop comparable research strategies, staff exchanges, or
coordinated research projects to increase the effectiveness

~of the diffusion. Many problems in irrigation water manage-

ment are common in all areas of the world. It would seem.

that a coordinated-cooperative approach would have tremen-
dous potential to expedite adaptations and the transfer of .
technology."

To this panel the requirement related to these issues calls for
.an effort by CSU on:

‘a)

‘hensive data bank on the "state-of-the-art" on arid and
.sub-humid sonil and water management worldwide.

Coordination with Utah State University, and the Uhiversity
of Arizona, to pool existing data, and to build a compre-

Coordinate with Utah and Arizona for future pregress in
on-farm water management.. Emphasis should be on the adapta=

.tion and quantitative applicat.ion of models which generate:
1solutions for the particular agro-climatic, water supply,



~economic and institutional conditions. These models can

illustrate the general applicability of modern models and

icomputer solutions or simulations devoted to the parameters
'of water management under particular conditions.

‘At both Colorado and Utah State Universities additional
-effort should go into on~ ampus development of applied

transfer models incorporating the Pakistan and Latin
American data model testing results for validation which
can be used to generate first approximation solutions to
sufficiently identified problems in the field. Applied
modeling validation portends site specific field sampling

"and data collection to adjust general model coefficients

and to develop "cropping systems" models which can be

brought down to an area specific basin.

.The panel recommends, however, that the present on-campus

Projects also be carried to a "pay-off" point commensurate with
.building. in the above effort.
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'DEVELOPING AWARENESS OF SOIL AND WATER PROBLEMS IN GOP

The panel found that most of the high level GOP.officials.
responsible for irrigation developments in Pakistan are aware: of the?
critical need to rehabilitate existing watercourses and initiate
precision land leveling programs to make more efficient use of
irrigation water. (See Appendix B-1 for list of official contacts.)

Original estimates made to determine irrigation requirements
assumed that 80 to 90 percent of the water delivered at the mogha
reached the farmer's field and 85 percent of that applied was used.
by the crop. These figures have been widely used by a number of -
consulting firms and by irrigation departments. The measurements
reported by Clyma and Corey found that in reality .the percentage of
the water used by the crop as compared to the water delivered at the
mogha in a SCARP area was in the order of 12 to 20 percent. This low
efficiency was at first treated with disbelief by the GOP and the
major landing organizations, such as the Werld Bank, but continued.

~validation of the CSU measurements has now made them widely accepted.
.Field Report No. 2, "The Importance of Farm Water Management in
‘Pakistan," is one of the most sought after publications so far ,
released by CSU (1200 copies have been distributed) and it is credited
with having created the existing awareness among GOP officials and
external assistance agencies of the potential of extending existing
water supplies to increase cropping intensities and food production
by improved on-farm water management practices. (See Appendix E.)

Based upun the CSU research efforts in Pakistan on water problem
Adentification, Mr. Iftakhar Ahmad, Chief, Water Resources, Planning
Division, GOP informed the panel that Rs. 300,000,000 have been allo~-
cated in the current five-year plan towards the development of pilot
projects of watercourse rehabilitation, precision land leveling and to
initiate a multi-disciplinary approach for optimum crop production.
This project is to ba sponsored jolntly by the GOP and USAID and will
cost about 40 million dollars; 20 million of which will be paid by
the participating farmer, 10 million by the GOP and 10 million by
USAID. Mr. Iftakhar also said that they desired assistance from
USAID, and. their counterpart CSU rather than from other sources. of
assistance (World Bank, FAO, UNDP, etc.) because CSU was far ahead
of any other crganization in pioneering water management problems
and. in conducting research on on-farm water management. Referring
to CSU's Report No. 42, "Physical and Socio-Economic Dynamics of a
Watercourse in Pakistan's Punjab: System Constraints and Farmers'
Responses," by M. K. Lowdermilk, Wayne Clyma and A. C. Early, '
Mr. Iftakhar stated that in all his experience he had never seen:a:
report that could equal its value in identifying the "grass roots"
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soclo-economic problems that face farmers in conveying water to and
using the water on their fields. He concluded by saying that the CSU
Fleld Party has been and will continue to be a valuable resource to
Pakistan because they have a direct 1ine to farmera, can work with
them, and their research is conducted in a highly scientific munner.
He wants USAID and CSU to dn the pioneering work on Pilot Projects.

In a closed session with Mr. Mohammed Ashraf, formerly Project
Director of the WAPDA Project at Mona and recently promoted to Assis-~
tant General Manager (Survey and Research) in WAPDA in Lahore, the /
panel was told that there is a continuing need for the CSU Field Party
to (1) produce the technological package that 1s needed for watercourse
improvement and to optimize the management of water and crops at the
farm level, (2) to assist the government to create an efficient orga-
nization to achieve the goal in (1) above, and (3) to work with these
organizations to give them the training and impetus they need to
effectively implement the programs undertaken. He felt that the CSU
efforts have suggested and demonstrated’solutions to the major water
problems in Pakistan, but that they must be further assessed. The
economics of the systems being proposed alsc must be determined ' 1f-
optimums are to be achieved.

The panel also met with Dr. Mohammad Naseem, Director General
Agriculture (Field) of the Punjab Province. Prior to our session,:
Wayne: Clyma indicated that Dr. Naseem had worked closely with Dr. Gilbert

. Corey on land leveling and watercourse programs but that these efforts
were fraught with budgetary problems that lead to delays in project
{dmplementation. Further, as former director of the Integrated Rural
Development Program, it was Dr. Naseem's responsibility to coordinate
the services of all government agencies related to rural development
and to make such information and services available to the farmer
through extension programs--an impossible task. '

«.-In the closed session wich Dr. Naseem, the panel was informed ,

that the CSU effort to rehabilitate watercourses and to improve on-farm
water management has been of the highest order and of the greatest -
demonstrational value. He indicated that the CSU program could be ‘éven

morys effective if it contained a training component.

RECENT DEVELOPMENTS AND UTILIZATION

As: indicated abuve there has been an increased appreciétion'iﬁ,
Pakistan relative to the need for improving on-farm water managemqhtl
This has occurred essentially during the past 15 months. Pakistan is’
‘moving surprisingly fast in adopting some of the concepts CSU has
been promoting. A report prepared by the Chief of Party in January
1972 indicated that "the project (CSU/WMR) needs to expand slowly -
and deliberately since the merits of the program are not self-evidert'
to local agencies." - Yet one year later the actions listed below are™”
taking place.- b
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fl% The President of Pakistan appointed a high level engineering
team to study water management and make recommendations
relative to important programs. The CSU Chief of Party was
consulted on an informal basis by committee members. High on
the priorities was land leveling, watercourse rehabilitation
and water management on the farm.

?gi ‘A tubewell promotion scheme has been: inaugurated by the Govern-
“ment. Farmers are given incentive: to drill private wells to
‘increase their water supplies. ‘The:-CSU:field party was con-
sulted. ' ' ’

3. The Government has decided to promote small tubewella to
1ower water tables in saline affected areas.’

A A natiOnal effort is being prunoted in precision land leveling.
Two provinces have programs with USAID whereby Soil Conserva-
tion Service teams from the USA assist training centers in
teaching precision land leveling techniques and in promoting
the practice as a water management technique.

‘5. Watercourse lining is now being promoted by the Government

""" 'of Pakistan. The Integrated Rural Development Program -
'‘Punjab has recaived funding for an experimental program to
test the feasibility of sucn a program. It is proposed to
‘1ine 150 miles of watercourses with a brick masonry type of
“1ining in fifteen districts. These test sections will be
‘'used to demonstrate the benefits as well as determine farmer
‘acceptance. The farmers are cooperating by furnishing all
labor and in fact are acting as the contractors for construc-
tion. The Irrigation Department is providing engineering
expertise for design and construction. The plans and dis-
“cnssions which led to this program were definitely influenced
by the CSU field team through development of the Shadab
research project and other contacts. .

6. The World Rank as contractor for a UNDP grant of a $3, 000 000
loan in conjunction with the Water and Power Development
Anthority (WAPDA) is considering a watercourse survey through- -
“out''Pakistan to identify areas of applicability of the CSU
eVidence.' These surveys, patterned after procedures developed
by CSU will measure seepage losses along watercourses, identify
cropping patteras, chart water schedules, outline farmer
organizations,; record the use and maintenance of watercourses
and/or tubewells, and idertify major socio~economic con-
“'straints under which the farmer must operate.

. . [Other evidences of the increased appreciation of on—farm water
management include.
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1. Practically all research agencies are now conscious of the

- necessity for better water and soil moisture measurements. The
level of precision for these measurements has risen in Pakistan

during the past year. There is a demand for measuring flumes,

801l cans, ovens and infiltrometers. Small manufacturers are
-being assistea by the CSU field party to enable them to £111
-these needs. Farmers thumselves are requesting siphon tubes
‘and the manufacture of these is Leing promoted.

2. The Agricultural Research Council published the recommendations
develored at the Water Management Seminar. These were printed
in English and Urdu and distributed widely since they zontained
not .only recommendations for piloriiy rescarch programs but
also recommendations for the farmer on how to more efficiently

~utilize his water.

3. The Agricultural Research Council on 15 June 1973, requested
the CSU field party to develop "a sound research program for

«Baluchistan for optimizing available resources of water supply
¢ for use in crop production there". . '

4, In the intevrest of developing better methods of watercourse
rehabilication, the Director of the Mona Reclamation Project
and the CSU Chief of Party visited Turkey recently to study

- methods used there. As a result, a brick tiie type ‘lining

cutilized successfully there will be tested 1in Pakistan. Pipe
-manufacturers are being helped and encouraged to make rubber
gasket irrigation pipe in Pakistan. These will be field
tested on the Mona Project. Some of the tecnniques .utilized
by manufacturers in Pakistan have been adepted in Turkey as
a result of this cooperative effort among the two countries.
-The benefits of such cross fertilization are not easily
measured but could certainly prove to be yery great.

i5+:v.The Director of the Mona Project presented a paper at the
) Water Management Research Seminar detailing the Problems of ‘
~on-farm management as problems of (a) excessive applications of
water due to poor land leveling, and knowledge of crop needs;
(b) loss of water from ditches through spille and seepage. This
information was also published as a Paper in INDUS, an engineer-
»ing publication in Pakistan. '

6. Personnel at eight research locations have requested assistance
-and made efforts at measuring water and soil moisture to make
-“their research more quantitative. These include:

‘fa."Agricul;ural Engineering Directorate, Lyal;bu:

‘b. Punjab Agricultural Research Institute, Lyallpur
1) Cereals Section - three locations
-2).. Soil- Chemist Section
3) Sugarcane Section
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Cotton Research Institute, Multan

AR

,eQﬁthize Research Institute. Yousaf'"la

.....

ﬁf}f‘Agricultural Engineering, Agricultural University,

.- .Lyallpur

;gr:»Mona Research Project;uhhglvai”

~h. Department of Agronomy, Sind Agricultural COIIege.
Lo Tandojam

A.. Maize Reséaréh’inéciéﬁcéf’s”w'ﬁ 2.

P ETRS
?j.. :Tarnab Agricultural Research Institute, N W F P

Personnel at five 1ocations have received training ‘and prac-

.tical experience on the evaluation of e ‘isting irrigation
» gystems and practices needed to increase water use ‘effec=

tiveness, namely
a,.,Agricultural Engineering Directorate.’ Lyalipur

b,w_Agricultursl Enaineering, Agricultural University,

Lyallpur

1). University Professor has used principles and pro-

.. .cedures in teaching and in research programs.

;2) Twenty-six students were given training in class-
.room and field on principles and procedures for
evaluation of irrigation systems. These students
‘have used these procedures to evaluate farmer

.. drrigation systems at several locations iniPakistan.

3) Senior students are now required to do a field
study as pre-requisite to graduation. Before CSU
involvement, the students didAa‘library’thesis.

gcs"USAID sponsored class on land 1eveling design was given to

.-20 _graduate engineers. 'CSU field party taught and gave
field experience in the evaluation and design of irriga- ‘
tion systums. A

Personnel of the Farmers Technical Training and Extension

Center, Mian Channu were given training on the evaluation‘of

.farmer irrigation practices as well as the specific defi-
ciencies of ‘traditional methods of irrigation in comparison
to:modern irrigation methods.

;There is a growing awareness of the need for increased
efficiency of water utilization in terms of produetion.
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¥ . Ag 8 result of CSU input, research agencies at some 7 locations

- .are preparing to look into the interaction of soil fertility
and other agronomic factors with soil moisture variables. At
two of these locations field triais have been initiated even
before funds have been made available. It is realized that
besides the possible savings in water application and an
improved distribution of water on the land, it also is
possible to greatly increase the agricultural production per
unit of water applied by improvement of production management

" 'practices. Experiments with cotton are in progress during
this season whereby more careful attention is being paid than
ever before to moisture levels, soil fertility conditions, crop
stand and plant spacing in comparisons of ridge planting with

'.planting in basins. No progress can be made unless all pro-

" duction factors are coordinated in this research. Crop breeders
also should be involved in this work because new varleties are
needed which can tolerate and utilize high levels of moisture,
fertility, and management. So far, this kind of ccordination
hgs. beep lacking in Pakistan. The concept of a multiple.
discipline approach combined with greater precision in all

.research activities is rapidly being accepted.

10.. Water quality research in Pakistan is headed for conclusions
""" which are to some extent conflicting with the standards
arrived at in the U.S. Permissible 1limits in total soluble
salts, sodium absorption rates and residual sodium carbonate
of soils and water tend to be viewed more liberally in
,Pakistan than ir the U.S. Possibly this is caused by
“insufficient precaution against soil deterioration.  If this
is true, production and soil resources could be affected in
}the long term. Most of the important research in this area is
being conducted with CSU cooperation. - Whether or not water
: quality standards will coincide ultimately with those of the
_USA is undecided and remains a most interesting problem.

llﬁ¢;The CSU field party contributed ‘to the International Conference

~ on Waterlogging and Salinity at Lahore, October 13-18, 1975,
which was sponsored by the FAG, the Engineering University and
other Pakistan agencies with documents, publications and
recommendations. The recommendations related to (1) initia-
tion and establishment of area development projects, (2) _
:pioneer projects and (3) education research and institutional
programs. These recommendations were accepted by the
conference. (See Appendix F.)

R N - (87 e - TR ' .
PRDGRAM FOR INCREAWED UTILIZATION
,,,,,,, Centainly not all’ the ‘above listed developments can be’ credited

solely to the CSU project in Pakistaa. ‘The USAID Mission, other
International assistance agencies; Pakistani:. -organizations and others
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;have been active in the program and fortunately the time was right to
“develop cooperation. Adaptation of findings and opinions is pxoceed-.
‘ing so fast that a definite risk exists that CSU's ideas and thoughts
 might be accepted before the necessary research has been done;

fTA/AGR should be careful not to put excessive pressure on reporting
‘and adoption of incomplete research findings for this reason, .

" The current emphasis and enthusiasm within the Government of
Pakistan will wane unless research keeps pace and defines 1limits and
quantifies costs/benefits on the various technologies being adopted.
‘Two significant projects have been developed to field test any on-farm
water management technology which results from research either on the
CSU campus or among cooperating stations in Pgkistan. Technologies
;which have proven successful elsewhere can also readily be tested..
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VII ASSESSMENT OF TECHNICAL ELEMENTS

Of prime-iiiportance 15 an”underbtanding of where research stands
) in the agricultural’ deve‘opment ‘process. The.first thing to be clear
/7 about is ‘that groups of categories of activities exist in bringing
. information to farmers. But one must also understand that bringing
knowledge to farmers doesn't get the job done. Farmers are as impor-
tant to production problem identification as anyone else, and that to
be motivated to put knowledge to use involves still another area which
“"runs from policy decisions down through organizations and institutions.
:These. must ,be fully operative, and capable of providing incentive., A
farmer can organize and manage a cropping system, but national policy
""18 responsible for developing and organizing a food system which makes
the farmers efforts worthwhile

Sticking only with the knowledge needed by the farmers-is not

,, enough. Knowledge must also be imparted to policy makers and it must

be more than just technical; it must be socio-ecoromic, including pre-
seriptions on ingtitutions; and training as necessary. Therefore on

-one silde we have what is called technical and socio-economic research

40N information needs of farmers and policy makers. On the other side
we have extension--the extendecs who carry the message to farmers.
These two sides may or may not be different, and in many cases they are
one and the same. In the middle we have « "package" of knowledge and
activity consisting of: 1) technology, 2) adaptation, 3) diffusionm,
and 4) farm level integration. Farmers, researchers, and extenders, all
contribute to and draw upon this package.

The "package" concept-is.the concept of the CSU program. They are
building it, refining, and modifying as they go along--reaching into
research as need be, being their own extension agent, and integrating
the paclaged knowledge at the farm. Too often much development assis-
jtance has fallen into the trap of the "excluded middle" and, therefore
development does not occur as & matter of research extension or insti-
tution buiiding. Further, the role of external assistance 1s always
that of providing a supplemental input which would not otherwise occur,
and thaL oaly beyond the point where the gaps and/or deficiencies are
met and filled by country effort.

. In Pakistau, as elgewhere, population growth generally accounts
for about 70 percent of total demand with income ‘growth and- changes in
appetites and attitudes accounting for the remainder; e.g. ‘a continuing
income induced or preference induced shifting to higher ‘valued and/or
specialty commodities. Thus, each LDCcan expect continuous ‘demand ,
growth and demand shifts fai down the path’ ‘6f'économic ‘and agricultural

developuent.
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Fig. 10-The relstion of Research Extension and the Technological
Package - General Form, Policy Loop

. Figures 10 and 11 show the necessary functional relationship, but

not organization. They show the interaction points, and the information
flows and feedbacks of a completed system. Their usefulness is that they
--are. an evaluative tool capable of systems identification and of isolating

and -describing a system's gaps and difficiencies in functional and rela-
tionship terms.

?fl, The first thing we note. about Pakistan 8 agricultural system, general
fotm, Figure 10 ie= that: :

1. It is not "closed” and therefore not a completerystem under
systems notation; it is Just a system. . R
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2. lonitors exist, WAPDA, IRDP, etc. but’ are undermanned tn tha
way of subject matter speclalists.

3. The research-monitoring loop does not appear to: be uull‘ronnec:ed';
‘as does the loop between extendors and research. g

4. Training may well be deficient in problem solving otientation,
e.g. academic, and training of farmers appears tenuous and fragile.

5. Policy -~ agricultural knowledge interaction appears to be on
the mend and building.

! 6. Theextenaion and feedback loops appear to e ad hoc rather than
ayatematic, e.g. a systemized information system does ant ‘as yet exist.

Figures 10 and 11 are not to call attention to what does:or does
not exist but, rather to call attention to the fact that the ‘CSU team in
‘Pakistan is using an applied methodology connected both to farmers and
research and involving trial and learning.

CSY has integrated the three functional categories of Pigure 11 into
a single strategy with a focus on soil, water and crops - under a straight
“forward demonstration of ‘logical formulation and adherence to the prin-
ciples of logical deductior.

"The CSU team is working from the farm back and from research to the
ereation of the technological package, the thing that can be extended. If it
works and pays off well, it (the technological package) can be diffused.

) This is not to say, however, that while the logical process has been
demonstrated, that the task is complete. First, only the logical process
has been demonstrated and tested. It is yet to be integrated over all
phases of soil and water management and systematized. Second, the tech-
nological "scientifics" of the process must be related to and integrated
with a separate, but coordinate, training component. Third, the process
in its entirety musi: be adequately developed and institutionalized, it
food goal targets are to be reached in a sufficiently productive manner
and on time.

In these regards, CSU research capability should be utilizel by the
GOP under the proposed pilot water management utilization project. CSU
can assist with improving delivery systems, on-farm water use, drainage
and maintenance so that water can be saved and better use made of water.
CSU also could assist with the training and institution building.

ASSESSMENT OF SOIL AND WATER MANAGEMENT ‘POTENTIALS REGARDING CRQPPING
TARGETS ,

- Two basic concepts are at issue regarding any target asseasment.
The first of these is the concept of cropping systeme. The second is
“the concept of a fqod ‘system. The underpinning of any cropping system’



is crop, soil and water management. The underpinnings of any food
sYstems are the soclo-economic forces which are operating. . Each of

ithiese systems, by their very name and nature, have commensurate organi-

zation, management, and administration.

KR b .

Decisions are made on given alternatives, employing choice _
criteria - some technical and some economic. Scarce resources are
allocated among enterprises in keeping with the value of their pro-
ducts. A simple illustration is matching the cost.of an improved nakka
against the value of water and labor saved. A

ARSI Y

i ‘Socio—political dimensiona act as absolute constraints on growth
of the food system, and "economics" acts as a variable constraint,

Where a system breaks dowa 1s through lack of communication and under-
standing, resulting in various divergent attitudes and behavior patterns

ﬁénutheipart of both government and farmer.

= A lot has been accomplished in Pakistan 8 agriculture, and these
efforts are commendable, but the task now is to provide the technical
:forece .and iacentives to exploit as rapidly as possible the vast reser-
‘yoir potential of human and bio-physical resources which exists. 1In
everyday terms this means moving from the present traditional agricul-
ture to a scilence based agriculture, and integrating at the farm, and
every other level of the food system, the technology which is just
waiting to be "packaged"..

¥

Generalizable Considerations

The primary demand on agriculture is a supply of food sufficient
to maintain the population at a satisfactory level of nutrition. The
relationship is simple and direct; food is either sufficient or it isn't,
and it is either keeping pace with population growth or it isn't.l
Therefore, in reality, a food/population ratio tells vou nothing. It
is'necessary to know in what direction it is changing - like a barometer
reading, the change tells you whether there is fair or foul weather
ahead.

The evidence indicates that in Pakistan the annual food growth
rate multiplier is less than population growth plus the economic growth
rate multiplier, and per capita food supplies are declining - a situa-
tion which 1s reversable. And this 1s true because circumstances have
provided Pakistan with one of the highest potentials of any irrigation
systems in the world. However, in comparison to an agriculturally
developed country such as the U.S., our estimate is that in productiv-
ity rates per land unit, the two agricultural aituations compare about
as shown in Figure 12.

’ Thia "guesstimate" indicates an approximate productivity ratio of -
about 30 percent between Pakistan and the United States, yet Pakistan
could eaaily move up the curve and for some crops, wheat a1d rice among

;Abstractly in mathematicalnfotmf'(a)?,é‘(b)FigifLann oniyfifﬁ(a]b);?fyi
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* them, equal or exceed the United States. A good share of burden of
moving higher on the food growth curve will depend upon 1mprovements in
soil and water management.

" Referring to Figure 4, page II—6 tﬁe projected output of wheat
‘averages approximately 988,000 additional tons per year for the 6 year
period 1975-1980. The average rate ot increase in wheat productionm, .
1968-1974 was estimated as 167,000 tons, a difference of 821,000 tons
annually.,.

..  Average yield for the 1972-73 growing season was estimated to be
““about 1200 pounds per acre. An average of 6.1 million acres are in
wheat. Over the period 1968-1974, wheat yields were increased an L
average of 54 pounds per acre (54/2000 x 6.1 = 167,000 Tons). To reach
yearly yield target objectives and an output of 12.7 million tons by
1980, wheat yields must be increased by about 325 pounds each year '
‘2(325/2000 x 6.1 = 990,000 Tons). i

There are various values asasociated with these readily achievable
rates of wheat output. Food grains are being imported in large amounts.
From the U.S. for example, 500,000 tons of wheat has been requested for

1976 under a long term PL 480 concessional agreement - involving in this
instance somewhat over 200 million U.S. dollars. Loans are also being
,secured to import fertilizer, e.g. 40 million dollars asked from the U.S.

-So1l and Water Impact Assessment (Illustrative):

CSU's estimates indicate that, conservatively, yields of 50-60 -:
maunds of wheat per acre can be produced compared to the present 14.6,
a factor of 3.8 times. Much higher yields than this, of course, are:

e Upper Boundary of
-: Known Technology i
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F;gure 12 - Relationship between Scientific Input and Productivity
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Presently.being.attained on fields which receive the optimm Ievels’of
inputs, so 2100 pounds of wheat. pér. acre (25,3 maunds/acre) is certainly
within reach, with saving on water and labor helping offset the cost of
improvements. ' :

The cost of land leveling,iﬁuamenablejtbqloﬁg'term.ahorti;ation,l
80 the primary additional variable costs (vwhich can be partly offset)
are better seeds and more fertilizer. Farmers will need large amounts
of capital investment and credit support.

... . .More money is going to be needed for land leveling, planting and
dharvesting machinery and equipment, but these investments will, at the
.game time, help enhance the development of agri-business and rural
employment. For example: N o

Nakka Building Employment Generation

1. Nakkas cost 150 Rs. (1975 price)
2. There are 88,000 watercourses in Pakistan o
.3s An_average of 1 nakka is needed per § acres” (probably '50

. _.percent low) , ,

4. There are at least 30,000,000 acres of
probably more nearly 35 million acres.

3, . There is a need for at least 3,600,000 nakkas, and perhaps

;- as many as 5.4 million nakkas 7 B -

6. _ At 150 Rs. per nakka, even if only 1 million nakkas were ‘put
in over the next 10 years, this would add Rs. 150,000,000 to
agri-business income and about Rs. 15 million to labor income.

’igrigdﬁéd"laﬁﬂl

Impact Assessement of CSU to Food Output Generation Potential

.. It would not be fair to judge the field activity portion of the
CSU work except from 1972 on. The CSU contract was actually started
without a field location, although Pakistan was in mind. Viet Nam was
not in the picture at the time. It took two years to gain entry to
Pakistan, and even then Gil Corey, the first project leader, was in
Pakistan alone for the first 18 months or so (see Figure 5) with the
entire field layout and program development primarily on his shoulders.

It wasn'v until Clyma, Eckert, deMooy, Kemper, Early and Lowdermilk
arrived to take on the tasks laid out by Corey and build upon his
spade work with their ideas and thinking, that the field effort really
got started. In these regards, the broadening of the project, from
primarily a focus on water delivery was due partly to the broader
diseciplinary makeup of the CSU team, and partly to the high correlation
between related element- not only of water, but of soil, cropping
systems, and social fac.ors as well.

“"Land leveling 1s sometimes considered to be'a capital investment
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... The first thing that needs to be said about this project is that it
deals directly with the farmer, in his setting, and with his under-.
standing and agreement. The dimensions of the farmer-farm-situation
are being dealt with from a water point of view, which is an-association
of elements which cannot be geparated:

1. Water delivery systems

.2, . On-farm water use

3. Drainage and high water tables

4. Agronomic and cultural practices

‘3. Maintenance of systems and system components
6. Social considerations and constraints

. In an objective sense, however, no couordinated, country-wide agri-
culture and rural development program for Palistan appears beyond the
planning stag>. The economic and political situation in Pakistan has
not been fave.oable for launching svstematic programs. There is,
however, - an openness regarding th- advancement of overall policy and a
definite desire Lo launch rural uplift programs. This favorable atmos~-
phere should insure rapid progress. But it is not only the technical
end of the equation which affect farmers attitudes, the willingness to
produce is a vital policy and administrative consideration. Involved
is the development of a complete and integrated production program with
‘emphasis on farmer associations and local organizations, avd a unified
erea of impact approach.

Farmers need credit, leadership, tax relief, a voice in decision
Mmaking, training, and a host of similar socio-economic considerations
ﬂto build a viable agriculture and a more stable and improved way of
{life. Communal organization, emphasis on service to the farmer and his
family, and health and education opportunity are essential to build
positive attitudes toward a national effort. The tfechnical factors,
soll, water, and production inputs then, and oxly then, can become'
accelerators of rural development through increased crop yields. And
-only by following through on the concept of a national food gystem
fcan Pakistan achieve this end.

.o Im these terms, the core of the food system is an integrated well
\chosen cropping system. The CSU effort is hitting at key points and
,helping to establish the factual launching pad. Their activities. levels
of effort, and areas of concentration are summarized in Table 4.
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This section of the panel's report deals with the "Issues"
f(see page ‘I-2) given the panel to consider in evaluating the focus of
CSU's water management research in Pakistan; together with its .prob=
lem solving relevance, dealing with: (1) water delivery systems, -
(2) on-farm use of water, and (3) socio-economic constraints.

The instructions issued to the panel state that "these issues
‘aré -based on the Agency's understanding and impressions of contract
accvivities and are not necessarily directed at contractor failure .
but reflect a need to generate discussions toward...focused objectives."
First, the panel considers that the project is focused upon a
viable, agreed upon, target. These targets are well spelled cut in.the
respective work plans and annual reports. Therefore, the panel's con-
~cern was mainly with the "range" of things done, or proposed to be done.

ISSUE #1: RESEARCH FOCUS

Research was needed to find out and. to rank the order of soil,
.water and agronomic problems. These investigations disclosed a wide
‘range of difference in substantive makeup and magnitude of commonly::
-identified problems from place to place anu socio-economic situation
‘to“situation. Consequently, there is no "most :important" problem.
_That-is, ‘there is a food system in the overall, the basis of which ds
“érop, soil and water management, but none of which means much unless:
requisite- - inputs are available, unless incentives are provided, and
soclo-economic constraints modified.

The focus of the CSU research has been mainly on water delivery
#systems and on on~-farm water use. A project by project comparison
shows’all projects to be related, and that together they have direct:
bearing ‘on water delivery systems and on-farm water use at the farm, -
and" the ‘planning and policy levels. The preliminary :findings of .this
research have been particularly relevant to rehabilitation of water-:
courses, and are being utilized in a pilot project proposal "Improved
water Management in Watercourse Command Areas".(See Appendix H)

The approach of the CSU research involves a conzept of a "cropping
system" and the dynamics of the physical and sccio-economics interaction
relative to water systems and water usage. Until the start of the CSU ‘
research in 1972, very little had been validated on the physical con-.
straints and the socio-economic problems which affect decisions of the
farmers in Pakistan.

ISSUE #2: THE RESEARCH PROGRESS IN PAKISTAN

, The csu research has, or will soon be able ‘to: confirm, a' set of
;principles which can. be used as propositions for firsc approximations
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to problem identification and which could pose tentative solutions to
common arid and sub-humid water management and problems. These prin-
ciples could, and probably will, cover six areas of soil~water manage-
ment: (1) delivery systems, (2) on~farm water use, (3) some drainage,
(4) rropping systems, (5) maintenance, and (6) socio~economic con-
straints.

.Morevon—campus effort might, however, be directed to the building
of ‘a data base, and water system: "modeling", coordinated perhaps
-with the start in this direction by Utah State University.

ISSUE #3: THE COOPERATIVE APPROACH QUESTION

‘The panel believes that the cooperative "approach' is not a.field
responsibility, but is something to consider between the on-campus ..
‘leader and AID/Washington. The only commen. the panel would make in
this regard is that while it may be the case that each institution has
arpeared to go its own way, it does appesr that "ideas" and "literature"
‘have been interchanged, even though a. common format and procedure; may
not, as yet, be established.

ISSUE #4: FUTURE INVOLVEMENT AND DIRECTION

This issue is dealt with under recommendations in the "End of
.Project Statement", Section XI.

ISSUE\#S’ VALUE OF PUBLICATIONS TO 'LDC SITUATION

.The transfer question is dealt with in detail elsewhere .in -this.
réport.  The panel believes that it need only add that each member,of
the team "carries the message" to farmers and administrators: concerned
withgetting, using, and making the most of available water.

ISSUE #6‘ END OF PROJECT STATEMENT

The panel sees a phasing out of the current.effort, and a phasing
in‘of:a longer.term, not necessarily 'entirely in Pakistan, develop-—.
mentally ‘focused, including program of rosearch, technology. transfer;
and‘training. This requirement: would include developing. an: improved .
data ‘base, and. modeling.v



IX GENERAL OBSERVATIONS OF PANEL

1. ‘Project coordination and direction is difficult under. any
‘¢ircumstances, and is particularly difficult whenever separate
parties are involved with differences in points of view and differ-
ences in responsibilities. There are six parties to this research
‘related in one way or another, and at one time or another, to the
CSU field and/or on-carmpus work: the GOP, USAID, Pakistan, .CSU on-
campus administration, CSU field leadership, AID East Asia Bureau,
and ‘AID Technical Assistance Bureau. Therefore, decisions often
rest solely on the willingness of the Field Leader to accept
responsibility and be willing to hold a course.

2. ' That the project made sense when it was originally conceived
(Issue No. 1) in the panel's judgment has been amply documented.
The panel 1s not as well satisfied with the transfer aspect of the
'on4oampus end, but the on-campus contribution has navertheless been
substantial (see section V). Im the overall the project has. h id
‘course, has ‘had a single focus "on-farm water supply and use" and
each plece of work is focused on target. The additional economics
work needed is outlined at the .end of this section.

3. Training and institutional development are things which.confront
‘every project at some time. These things are necessary, and must be
done by someone; however, what to do, and how to do them is a process:
‘of discovery as diagrammed in Figure 1l. Unless this process is
adéquately developed, research should hold a fact finding course. In
doing 80, it must be in close communication with decision makers and
planners, so they can become involved in comprehension of the problem
Mget", and better acquainted with the demand requirements of a .
cropping and food system. :

4. A whole range of information and "how-to-do" documents need to
‘be prepared for instructional and training purposes. ‘This.is a much
neglected area of "tool" building but it, at the same time, may.not
be an area of research responsibility, being a field of communication
specialty requiring its own specialists.

,53“” The'CSU project may be considered as broadly ‘ranging by some,
“but as it has reached into the on-farm situation, ‘it has:identified
“gaps‘and ‘difficiencies in‘the .cropping system, not- just with:respect
“to! water, -but ‘agronomics, and socio—economic factors ‘as well,awhicn
i~has""’changed the range of activity as the research matured.

6. Ou the question of this. project 8 thure.s (1) CSU could refine
what it is now doing--delivery systems and on-farm water use; (2) it
could drop these and move on to drainage and syetems maintenance, or.
(3)-it. could concentrate on water-crop agronomics. One thing it must
do is settle on a set of general water management principles and
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“concepts which can guide problem identification and help derive
solution postulates. It could then test.these out in another area
in Pakistan, or in another country.

Another thing it could do, and - do well, i3 assist the GOP to
develop a complete water management system on priority food crops.
This would mean leaving some work on delivery systems, .and moving
on to drainage, maintenance and water/agronomics. There are saqund
arguments for this course. But there is still another problem in the
pPicture and that is the tuuewell/water table balance in two main
categories: (1) as supplemental water, and (2) as the main source
of water.

7.. What has been accomplished to date by CSU must be viewed as being
of the highest order, considering that CSU just sort of arrived in
Pakistan in the person of Gil Corey, and has sort of made its own way
every since. Trying to marry the research to the 211(d) format didn't
‘help, because objectives became confused and dependence was put upon
various monitors to indicate direction and emphasis. It was aot until
‘the project was centered in Agricultural Engineering that a concerted
‘effort got underway--yet the payoff has baen very high, particularly
-on engineering and socio-economics. Lowdermilk's social survey tech-
nique should be considered, after some more work, for generalization.

8. The CSU work should be correlated with the proposed IBRD water
survey in fwo ways: (1) to provide background knowledge and tech-
nlcal coefficients, and (2) to determine the extent to which the CSU
‘findings to date are generalizable to other production zones, crops,
‘soils, and water situations.

9.~ - A word needs to be said on farmers generally, and on small farmers
particularly. The size of land holding has little effect on . the
nakeup of a Pakistani farmer, what he knows, or his attitude about
farring, It does effect his willingness to take risk, genrrally, or
his ability to make investments, specifically, but leadership ., ,
ability, inquisitiveness, and search for knowledge are individual.

‘The small farmer's real costs are generally much higher than thz
«larger farm--having less access to credit, paying a higher cost, and
;paying -more for transport and services. Minimizing costs, as he must,
‘makes him and continues to make him a subsistence farmer. '

10 Because of the nature of watercourses, farm village layout, reli-
iglous association and the randomized distribution of farmers along
:watercourses in a water comrand area, an area approach is the lowest
posaible point of division of the farming community, which, in most
instances 1s synonomous with the dimensions of each rural community.
Technically, perhaps, each water command area has enough common .
‘elements and traits to be the integrating unit. (See Figures 6.and 7.)
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11. 'In the rural area there exists, expressed in terms.of rural
economics, and rural development structuring, only a soclo-economic
cemmunity which depends upon agriculture for food and. income.
.Therefore on technical components, but also embracing the social -
elements, is the very real posaibility - of Farmer Multiple Purpose
Associations, under recognized.local leadership, drawing upon

both farmer and village. Innovative farmers, larger or smaller.
can also provide demonstrations:-of the possible. Since watercourqeéq
are common and contiguous farm to farm, labor sharing is a common ;.
denominator among farms, which means that a form of local '
cooperation, in associations, or by agreement is necessary.

SN

. As the economy moves beyond the realm of aubsistenceland labor. . .
;8haring as association has added advantages over informal agreements,
It gan;poolAfinancial;resources,to;procure,inputs,;bqrrow.credi;;
;make capital investments, develop local marketing,[and\serve as. a
voice and bargaining agent. It is also a reference point for
training, and health services. :
JAETL S0 L L L v . oy

-, Therefore, in the greater sense of rural development vs, agri-
cultural development, with‘emphasis,on the human factor, technical
assistance, and. perhaps financial,.ig.needed to facilitate formation
- of effective: farmer asgociations. Such assistance should be as well
vg;ged;pn.agriculture,and rural culture, as on.organizational tech-

- niques., Radosevich's work is relevant to this objective.

!

12\1“Mr. Ifikhar, Chief, Water Resources Section, Planning Division,
GOP,: agrees that CSU has taken a ""grass roots" approach essential to
rural,and.agricultural development,fwith;inputs.of‘fertilize:,épd
credit now needed to capitalize on the "new" water supply and on-farm
water use findings, incorporating the advanced agronomic work being
ydone at Lyallpur University and elsewhere. . He was in full accord
with developing local cooperation and effective relationship of. ).
iextension and "specialist assistance to get. Pakistan's agriculture
moying.. The movement requires going out and knowing the farmer and
‘his problems, and convincing them about what they need, get them.to.
want it, and to participate in the improvements. The breadth of
rsuch.an. unde. taking- is, of course, more than external assistance can
magggg,(bu;kthe,csu,reaearch activity has certainly laid the.ground
work, - and has helped. to. show.the way.,

13.;, Thus,.the CSU field. team has:.

1. Found the middle ground between r2search and the farmer.
.2, Taken a "grass roots" farmer and extension involvement in
~ilentifying farmers' soil and wanr;problems;““ﬁ‘””f“f”;’L_ "
3. Have focused attention on water managementiioh’fa¥ms”and’ At
rehabilitation of watercourses. S
‘4, Have conducted experiments in an acceptable manner; and:
with an innovative flair. -

P ha g he e
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‘5, Located and pointed up the nature of technical, social, znd
-economic constraints.

6. Brought out time as an important variable tegarding growth
‘ratea aud maintenance.

In brief, if CSU had not done-what it did, the information now ‘needed

to develop the pilot program, and to underpin the IBRD survey would not
be available.’ By atating this doesn't mean that tlie best techniques were

always used, and that some conclusions do not need rechecking, or than
_more dées not need to be done on cost/benefits, trade-offs, and: pro-
gramming elements, and a host of other economi: and social issues_/ but
all together, the Colorado State University efforts, in this panel’ a
- judgment has supplied U.S. assistance with additional stature.

14. Ecoromics is a major component of the water management assessment
work of the CSU reseaxrch. This component needs to be strengthened and
moved forward rapidly at this time: (1) because a sufficient data base
now exists for analysis, and (2) final farmer and policy decisions will,
in part, depend upon economic analysis. A four point attack' across the
water/agronomic board needs to be made: : . '

1) Reconstruction of cost/benefit ratio analysis to incorporate
‘analytical refinements based upon marginal (production surface)
analysis and uncertainty estimates;’
‘2)" extend’ and improve upon marginal analysis estimated by
‘"getting at" true costs, particularly to the small farmer;:
‘3) utilization of LP cropping systems models incorporating: the
"new" and traditional practices, and the CSU soil and water:
management data to compare cropping systems alternatives when
‘feasible;

4) make a special study of risk and uncertainty and probability
‘density estimates of farmer decisions with respect to these
‘elements.

15. *To'the extent that the findings in one country development situation
"are transferable to another, savings in time and expenditure can be'
achieved ir the process of solving problems in the second and succeeding
countries. The CSU Water Management Research Project s nearing the’
point where this thesis can, and should, be tested.

‘-Efficient field methods have been developed for determining the
‘potential for physical improvement. (Watercourse transmission'-
efficiencies, water application efficiencies, salinity profiles*
of the aquifer, etc.)

b. Survey methods have been developed to gain information: of:
adequate validity with minimum expenditure of time.

I/ sam_Johngon. 1s.getting; nto.some of these now.
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. Specific techniques are being developed and tested im
akistan :which:

,1) -decrease water losses from watercourses. (i.e., compacted
earth cores in watercourse. banks, 1mproved control struttures
for junctions, rebuilt and new watercourses, lining of
various types) at reasonable cost;

2) measuve irrigation water adequately and evaluate crop ,
.consumptive use adequately to estimate over- and/or under-
irrigation and give farmers advice on crop and. water .
scheduling;

3) .allow use of farmers resources (labor, draft power, etc.)
.to improve his water transmission. efficiency, his irrigation
.efficiency, crop stands and yields \by limited soil aurface
shaping); and,

-4) obtain water of optimum possible quality and amount from
-aquifers. where salinity 1ncreases with depth,. and 80 . forth.

Within the coming years, m@st of the above *echniques will have
been adequately tested in Pakistan to ensure their usefulness for
_diagnosino and solving water management problems. These techniques
should then be written for international use, and along with trained
‘personnel, should be made available for use in other countries. " Short
- term consulting assignaents in other developing countries should be
‘anticipated and welcomed by CSU Water Management personnel who have
become “authorities" in vital subject areas of watercourse delivery
efficlency, irrigation application efficiency, crop and water
_soheduling to optimize production on limited water supplies, water
‘management surveys, etc.

16. Documents for iuternational use which should be written within
,the next three years include:

a. Irrigation application efficiencies and potential.forjtheir
~ improvement in developing councries. TO‘be written. by Clyma,
Early, deMooy and others as needed.
_b. Watercourse Losses-Magnitude, Causes and. Methods for Reduc~
-tion in Developing Countries. (This may be 2 or more items in -
a. series.) To be written by Kemper, Clyma, Bowers and others
as needed.

" Role of watercourse losses and irrigation application effi-
,ciencies in the drainage (pumping and tile) requirements and
waterlogging of land and physical and economic evaluations of
‘coordinated management programs best suited to maintain water
tables at' depths conducive to optimum crop production. To be
written by Clyma, Kemper, Eckert, and cthers as needed.

d. Watercourse design handbook for developing countries (includ-
ing: improved and low cost designs for control and measuring
structures, head losses for such structures; a discussion of
-roughness coefficlents as related to vegetation and cleaning
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.8chedules; and methods and materials for construction including

bank compaction, relative losses to .be expected, necessity of
maintenance and cleaning pPrograms, etc.). To be written by Hart,
Clyma, Kemper, Bowers and others as needed. :

e, Handbook of Water Management Research Techniques for Developing
Countries. (Including techniques, essential equipment and evalua-

“tion of their accuracy for measuring and estimating soil water

‘content, flow in watercourses, salinity profiles in ground water,

‘potential evaporation, etc,) To be written by Early, Clyma,

Kemper and others as needed.

‘f. Water users assoclations. Their organization and their func-‘

tions in contracting for help needed in watercourse improvements,
organizing to achieve group action essential to improve water
management, organizing for cooperative use of water management,

‘equipment and socio-economic industrial factors which can be used
‘to facilitate the formation and operation of users associations.
‘To be written by Lowdermilk, Eckert, Radosevich, Early and others

as needed.
8. Survey procedures for identifying potential for improving water

‘management and crop production. To be written by Lowdermilk,

ggquy,vCIyma and others as needed.



X EVALUATION:OF ;COSTS. AND; BENEFITS,

o tAccording ta.the iassesament . charge. for this review, and, evaluation
~of the CSU.Water Management program~-progress and results, this section
uof, ithe xeport .pases two.alternatives:.

1.1 Phasing. out the program, closing‘it down: h& MarchPSTt 1977«

2 uEztension of the CSU Watet Management Program through June.:1980.

Crbmtl o onr o ooy manat T I EG 5 dan ’

ALTERNATIVE 1 - CLOSING OUT THE LSU WATER MANAGEMENT RESEARCH CONTRACT
ON MARCH 31,.:1977.

Costs through March 1977

~ {The: funding of the,CSU Water Management Research Contract;:from its
Idncsption in;July 1968 through,March 1977 will . have: includeds .o
e iuottd Ve
From USAID/Washington, TA/AGR ~ $4,000,000; .
From USAID/Pakistan (as: support funds).: . ; Rs.é4,500,000,
fa: total dollar eouivalent of about $4 450,000 direct. from AID..

IR e I ,‘ ‘._l

) In addition, CSU encouragement and assistance in Pakist-. haa.g
resulted; dri: Water Management Research Proposals. from Government.pf|
Pakistan; Agencles in.the: following amounts,. which have been funded by
USAID/Pakistan. . Cotal bid

Budgercd Total
to;.be: spent_ . ; Available
Agencyi: , ,:byxApril 277 (Rupses)

}ﬁgﬁ”jﬂmﬁer Management & Watefcourse Imprv. \ Rs. 4 200 000 { 700 000
4 g el ta Si S ofe s

rWAPDAzPlanning Div. (Watencourae Survey‘ 320 000. - {320 000
‘gﬁti’Rural Devel Program (Water Management) _ 900 000 1, OOOJOOO
CARE/Mona. 550,000 » 550,000

,Total ~ Rs. 5,970,000 6,570,000

A group of Pakistani Agencies wag “also assisted in organizing a
Consumptive Use of Water Research Proposal under the auspices of the‘
“Pakistan ‘Agricultural Research Cbhn-{l funded by the U.S. Department
of Agriculture.» The total support for this project-was about
’Rs ‘5, 400 000 of which Rs. 1, 400 000 are to be uttlized by March 313
1977. '

.....

hame invested substantial portions of their budgets in water management
snd’the estimated total of these investments is Rs. 3;300,000.



. The Total Water Management Research investment through March 1977
will be about * $4,000,000
Plus Rupees from the U.S. 16,470,000
plus Rupees from Pakistan 3,300,000
of which Rs. 3,800,000 might be recovered by the granting agencies if
these projects were terminated at that time. Under a phase out and
i“termination consideration, the field work would need to be phased down.
In addition the cost of the loss of dedicated, highly trained, and
devoted personnel, already established and accepted by the GOP, its
. Agencies and Pakistani farmers is incalculable. Assessment of probable
- future contributions should be measured by marginal impact analysis;
not a cost-budget item to be totaled with regard to a limit.

Benefits of On-Going Research through March 1977

Watercourse Improvement

: With thelr cooperators the CSU teams have shown that the water
reaching fields from watercourses in Pakistan is only about 50 percent of
the flow from the canals into these watercourses. Previously it had been
estimated that 90 percent of the water coming into the watercourses was
delivered to the fields. Practically all of Pakistan's planning has
been based on the 90 percent figure, and improving watercourses was dis-
regarded as an important method of improving water supplies. The reali-
zation that water reaching the fields could be increased by as much as
100 percent by watercourse improvement has revealed an "additional supply"
of water for these canal command areas, which includes more productive
land than is presently being served.

A series of test watercourses ranging from masonry channels which
should last many years (Rs. 50/foot) through channels with walls only a
single brick thick (Rs. 10-25/foot), channels built of soil cement bricks
(Rs, 6-20/foct) to channels built of simple compacted esrth with inexpen-
‘sive concrete conkrol structures at junctions (Rs. 1-4/foot) have been
constructed and are currently under test. Losses from the best test
watercourses have been reduced to less than 20 percent of those on the
unimproved channels.

Compacted earth channels with the specially designed control struc-
tures have reduced water losses on test sections from 50 percent to
25 percent of the incoming flow. Currently these methods are under test
on 30,000 feet of watercourse channels which have been improved by farmers.

.. .0On this watercourse, with an inflow of over 4 cusecs, the apparent
savings will average at least 0.5 cusec of water for cver 300 days a year
or about 300 acre feet of water per year. The improvements cost about
,Rs. 40,000 for structures (including buffalo wallow stations) and

?;ébdﬁphzo;ooo_hours of farmer labor to make the new watercourse, Means to

‘ mhiﬁtéipJghié'improvement are being tested. One promising maintenance
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pProgram under test includes inputs of 6000 hours of farmer labor per
year plus farm produce valued at Rs. 2500 per year to hire a water-
course guardian or "khal chowkidar."

If the saved water is valued at the cost of Rs. 100 per acre
foot for SCARP tubewell water delivered to the field (Rs. 50/acre
foot/50 percent delivery efficiency) this improvement will pay for
itself in water saved in the first two years.

Special techniques for installing compacted earth cores in the
centers of banks have been developed which along with proper use of
the low leak control structures, may tucther :educe losses and save
1.0 cusec of water as was done in the tesc sections. Even tubewell
water (at a cost of Rs. 100/acre foot) is generally a good bargain,
since 1its real value in reasonably well managed crop production is
up near Rs. 300/acre foot. Assuming this latter value for water, the
benefit/cost ratio of watercourse improvement probably exceeds a
factor of 5.

In brief, the value (or benefit) potential for increasing water
delivered to the fields by improving watercourses has been identified
and is being tested on a full field scale. At present about 50,000,000
acre feet of water reach the fields in the Indus Basin. The tech-
niques of watercourse improvemeat may increase this amount by
10,000,000 to 25,000,000 acre feet per year. At a cost of Rs. 100
per acre, the improvement on 30,000,000 acres in the Indus Basin would
cost Rs. 3,000,000,000 and vould permit an added immediate produce
value of Rs. 6,000,000,000.

Dams such as Tarbela and Kalabagh would have to have a useable
capacity of over 30 million acre feet to be able to deliver 10 million
acre feet to the fields at present water delivery efficiencies and
would cost over Rs. 40,000,000,000. Assuming that half the cost of
these dams can be paid for by their electric power (a common estimate
on such dams), the cost attributable to the increased water supply
would be Rs. 20,000,000, 000.

The potential cost savings in obtaining new water supply by water-
course improvement as compared to building new dams appears to be
Rs. 20,000,000,000 - 3,000,000,000 = Rs. 17,000,000,000.

Moreover, over 1/3 of the Rs. 3,000,000,000 needed for this new
water supply can probably be farm labor used during excess labor
periods and the remainder is in-the form of bricks and concrete which
can be manufactured within the country, requiring almost negligible
expenditure of foreign exchange.

- 7+ "A potential increase in the water supply at the field from -
50,000,000 to 75,000,000 acre feet with attendant savings in costs as
compared to dam water of about Rs. 45,000,000 appear to be within



¥ range. However there are several components of this development plan
that must be further tested, refined and adapted to achieve this
potential. They include:

_'a) Develop motivational and training techniques which.will help
farmers properly use control structures and maintain their
watercourses against degradation.

fﬁ);AWoik'with.farmers to help them develop the motivation and
procedures to properly do the finish work which minimize leaks
and seepage through watercourse banks.

.¢). Determine personnel and training needed to design watercourse
improvement, motivate farmers to undertake those improvements
and evaluate the changes and help farmers recognize those changes.

_d) Determine how fai the demonstration effect extends and the
extent to which it motivates farmers to compare their own
watercourses and ask for technical assistance.

e) Evaluate the institutions with potential for giving the train-
ing necessary for improved water management and work with those
institutions and individuals best suited to develop, evaluate
and refine that training.

£) To evaluate the adequacy of the training and selection and
operational procedures in the water management development
- programs which USAID/Pakistan is developing to
(1) Improve the program to achieve higher rates of success,
lower costs and greater efficiencies.
{11) To document the successes carefully so they can be
transferred insofar as possible, to other developing
countries.

Items a) through f) can not be completed by March 1977, some can
only be started, and it is questionable whether Pakistani personnel
can be trained in that time. It will also take a sufficiently strong
effort on the part of the GOP to overcome the resistance offered by
many of the old guard who resent this course of action which is con-
trary to many of their cherished illusions and intrusted positions.

Improyement in Water Application and Cultural Practice

Studies by the CSU team and their cooperators show that irrigation
application efficiencies average down near 40 percent, rather than the
previously assumed 70 percent and there is considerable over-irrigation
on many fields. Both of these facts represent additional opportunities
for water management improvement.

The solution to these problems is a dependable supply of water and
good estimates of evapotranspiration for the major crops so farmers will
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know when to irrigate and plant their crops and how much water to
apply - to achieve optimum crop production from their water supplies.

Ccusumptive Use Studies - A network of ccnsumptive use studies
has been set up to obtain crop/water coefficients which can be used
to estimate water use by each crop from climatic data. This is a
PL 480 funded study which will be no more than 1/3 complete by March
1977, and will require continued supervision by the CSU team, or a
comparable group of water management specialists to ensure the
quality of the data and assist with analysis,

Soil Crusting - Low yields and stands in kharif (summer crops)
maize and cotton are a chronic constraint on food and fiber produc-
tion in Pakistan. The reasons for these poor stands and part of the
reason for the low yields is associated with surface crusting and the
length of time water stands on these summer crops following monsoon
rains or irrigations. Low areas on fields of maize and cotton have
been found to have average stands that are only about 70 percent of
those on higher areas. Yields per plant on low areas are only about
70 percent of those on high areas. This amounts to an average yield
per unit area on low areas which is only about half those on higher
areas.

Precision Land Leveling and Irrig.tion Scheduling - Leveling,
proper amounts and timing of irrigations have been found to increase
stands and yields. Planting on shoulder of bed between furrows and
applying small amounts of irrigation to wet the crusts by capillarity
have softened crusts, allowed emergence and increased stands and
yiclds. However, additional work is essential to verify the benefits
of these techniques and to develop or identify the equipment needed
which will allow the farmer with bullock power and manual labor to
make such furrows and plant properly.

These soil shaping and irrigation and crop scheduling advisory
services will require appreciable works beyond March 1977, and will
require an implementation stage. Data collected to date indicates
that under reasonable fertility practices in Pakistan (i.e. achieving
yields of 30 maunds of maize per acre) these improved irrigation and
drainage practices can increase maize yields to 50 maunds/acre.
Siinilar percentage increases in cotton yield can be achieved which
could raise Pakistan's maize and cotton crop yields by 8 x 106 and
6 x 10 maunds respectively for a total value of increased crop of
over Rs., 1,000,000,000 per year. However, these experimental in-
creases must be verified on farmer's fields, tested for farmer accep-
tance, taught to extension ageats and the extenslon process must be
evaluated and refined before the technology can achieve its potential.

This work should be pushed with the GOP. At present, the program
is supported primarily by USAID funding and CSU interest and expertise.
Development of a national water management research program in which
established government agencies incorporate this type of research into
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2% : |
their on~going programs is a prerequisite to Pakistan's developing the
internal capacity to overtake their population growth with increasing
erop production.. = . .. .. .. ., e s

Coa

Hydraulic Dissolution and Application of Gypsum to Improve Sodic
,‘,».Waters . . IR e . Lo ,': g

The price of gypsum fragments at the quary is about 15'per¢eqt of
the price for powdered gypsum. Data from the CSU hydraulics lab and
initial trials on single gypsum blocks at Mona indicate the pdten:ial
for eliminating the need for this costly powdering operation and
mechanical distribution of the gypsum on the field, by directing the
tubewell water through an enlarged section of a watercourse channel
and dissolving away the gypsum.

The results of this study will provide guidelines which will
allow each farmer who puts gypsum on his land to reduce the cost of
gypsum by more than Rs. 75 per ton. This study will have preliminary
results by March 1977, but will need to be publicized and extended
to users. .

Skimming Wells

How to obtain optimum quality and quantity of water from aquifers
in which fresh water lies over saline water is an important problem
for farmers in over two million of Pakistan's irrigated acres. Data is
being collected in the field which, combined with a computer model on
the CSU campus, will allow development of guidelines for remodeling of
old wells and design of new wells to obtain the best possible quality
and quantity of water. A major part of the investment in over 300 -
government tubewells, closed because their pumped waters were too
saline, can probably be recouped by simply filling with sand and
sealing with concrete: the length of the tubewell determined primarily
by the pumping rate and the proximity of the saline water to the tubewell.

While an initial set of guidelines will be developed by March 1977,
the utilization of these procedures to renovate over 300 government
tubewells and several hundred private tubewells must be encouraged by
demonstrations and training of Pakistanis to make the necessary measure-
ments and by recommendations for improving old wells and for designing
new wells which will probably be built. Redesigning the 300 inactivated
government tubewells and sealing their bottom sections should cost only
a few hundred rupees each, but should bring the average value of these
abandoned wells back up to more than Rs. 20,000 on the average. This
could recoup over Rs. 6,000,000 in this renovation aspect of the program
alone. Benefits derived due to better design criteria for optimizing
water quality should accrue to over 3000 wells to be constructed in the
next 10 years for benefits in excess of Rs. 60,000,000. :



Ihe total cqst'of'the research program initiated by CSU will be
equivalent to $5,130,000 by the end of March 1977. The benefits which
. could result from new potentials defined for decreasing costs and in-
creasing water supplies and using that water effectively to increase
crop production, exceed a potential of Rs. 200,000,000, probably running -
to 4~5 times higher, that is Rs. 800,000,000 in Pakistan over the next
10 years.' However, these are "paper profits," not yet utilized. Their
full achievement will require additional research, documentation and pub-
lication of the research results, convincing of Pakistan's planners of
thelr validity and joint formulation of well designed development and
extension programs. Proper development and effectiveness of these
programs will require that their physical components, benefits, and
interactions with farmers be continually documented and evaluated and
that these observations be used to refine the programs to decrease costs
and increase e{fectiveness. Only a small portion of this implementation
research and program refinement will have been completed by March 1977.

ALTERNATIVE 2. EXTENSION OF THE CSU WATER MANAGEMENT PROGRAM
THROUGH JUNE 1980.

This would involve completion of 1) needed research in Pakistan,
2) participation in the designing, evaluation and refinement of the
development and extension programs essantial to achieving the benefits
derivable from the potentials defined by this research in Pakistan,
3) documentation of the research results and extension and development
programs and integrating them with those from Utah State University for
consideration and application in other countries, and 4) phasing out
of Pakistan and into other countries as the need for help in evaluating
water management needs and improving water manzgement is realized.
This assumes that help is requested by these other countriés and the
respective USAID Missions.

Estimated Costs through June 1980

Continuation of Overseas Support Services at approximately the
same levels, phasing out of Pakistan ard into other countries would
require the equivalent of about $600,000 annually during the three
year period (March 31, 1977 on) assuming 10 percent world inflation.

 Since much of the training and development phases and institutional
development of the needed programs are Mission responsibilities and should
be integrated with Mission financed development programs, the Mission
Bhould develop a proposal for assistance in filling water management needs
in training, development and institutional buildirg as they see them.

1At an accelerated rate of development achievable the actual could be
greater by a factor equal to 102 or 103,



S

vOﬁ-the-jdb, intcrmediate, and advanced training is needed in these

regards and fields:

1.

2,

Subject Matter Spccialists: trained people who can identify

problems and make recommendations at the field level, and who

can identify and vefer new problems as they arise. These are

?3;bﬁbjéct'métter specialists, to support extension workers.

.Cropping System Specialists: trained People capable of assist-

.. ing farmers to develop enterprise and input combinations,

3,

5.
" " 'who can work on solving new problems, and pose innovative

estimate input-output ratios for alternatives, and’make
decisions on economic and risk coefficients requiring both

formal and "on-the-job" training.

'Local Organization and Administrative Specialists: trained

people who can deal with farmers and local communities to

.develop farmer cooperatives, factor pProcurement and marketing

associations, and who can bring training and education to the
village level.

. Food System Specialists: analysts trained in systems, opera-

tions, and programming techniques, to provide a determination
and prescription of changes to fill gaps and modify deficiencies
in the food system at the area, regional and national levels.

Requires formal training in both micro and macro analysis.
Researchers: trained at higher level, MS and above, people

changes of higher order benefit in products and human welfare.

‘This group works in five main fields: crops, livestock, soil
,and_wateri social and economic.

... The total manpower requirement cannot be estimated with precision
. pgléxéb;ngss'on the scarce data available on funds, or reservoir of
‘“ttéin?dfrésgurces; but from knowledge of the magnitude and order of
existing problems, the following may be reasonable estimates:

1.

2;

Micro level emphasis is first priority, and it is at this
level that the least is known, and the greatest number of
people are needed. But, estimating 30,000,000 people assembled
in 30,000 farm associations of 100 farmers each, and a rate of

‘development of 1000 assoclations per year, with 5 fields of

gpeclhlization to be covered, each covering 10 associations,
the rate 1s 500 trained People per year for 30 years, no small
task, . )

. Fewer macro-level trained personnel are required, but their
. training will take longer, as will the training of technical
f?gsgﬁtéh'specialists, but with about 40 crops to cover (not
;;;c§9p§ing forestry) and about 12 kinds of livestock, and ten
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.

geographic (environmental) zones and as many §oil and water

.8ituations. The_;taiped,peoplg;required appears. to call for
.advanced training turnout. of 200-250 per year:over the next

30 years. «

.Estimated Benefits Derived from Continuation from April 1977
- through March 1980 « o . ,

1. Achievement of 50 percent of the defined benefits outline
for Pakistan rather than the 20 percent if these aspects of
this work are not assisted through their utilization stages,
30 percent of 2 billion rupees, or at a factor of 4-5 (see
above) 8-10 billion rupees, would average 6.7 billion rupees,
of which 30 percent would be 2.3 billioan rupees,

,2. Documentation and development of the utilization stages for
application in other developing countries. (Value to be
dependent on involvement.)

3. Development of the process. of entering new cucatries to
assess their needs, interact with their personnel and evolve
the needed research and utilization programs. (Value appre-

- ciable but not estimable at present.) '

4. Development of a complete package of water management tech-
nologies which will provide the farmer with more water and
help him to use that extra water supply to increase crop
production (which can dramatically increase the value of
the water).

Thus, by March, 1977, a large share of GOP decision makers will
have been exposed to data which shows the potential for improving
yield by control of water supply to fields by better management and
from better management of water on the farms. However, a large
number of physical and socio-economic components remain to be iden-
tified and integrated into development planning, and further testing
and farm integration is needed to yield activities leading to

.maximization of benefit potentials.

. Training of the leaders of this program is largely a person=-to-

~person process involving interaction between host country, profes-
sionals and advisers as they solve problems. These processes will be
beginning by 1977, but a strong research and development program in
water management which can be put on a country self sustaining basis,
_cannot be achieved unless a continued advisory service is provided
‘during at least the first three years of the development program
" (until about 1980). Furthermore, if research of even higher benefit
value potential is added, for which the need is apparent, much larger
(and in some ways wider) assistance, with high pay off value as out-
lined, should be added--1likely another 3-5 years, making 6~8 years
ahead in all.
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'INCIDENTAL BENBFITS TO OTHER LDC

Physical Factors

‘Surveys-have been’ designed which-measure the transmissjon losses,
‘the application lossés, and'estimate the witer use efficiency (crop pro-
duction per unit of water used). Where salinity of goundwater is a
problem, and salinity in existing wells can be nonitored as:a function of
depth, techniques arée being developed for determining the improvement in
water quality that can be achieved by modification of the depth and pump~
ing rates of existing wells, or by designing new wells and pumping systems
(also 'see Section IV). - ; ‘ ’ ' '

." " Quick surveys necessarily obtain data at only one point in time,
Adequacy of this data to represent the whole cropping season, or other
“crupping seasons is being determined at Mona and in cooperation with the
WAPDA-Harza-World Bank Survey in which many of the components were de-
signed by CSU. Key survey leaders were selected and trained by Drs.
Early and Lowdermilk in their WAPDA-USAID survey. ‘

The seasonal variation of water application efficiencies and other
factors will be determined by Mona (estimated March 1977). Data on its
varlation at other locations throughout Pakistan should be collected (by

+July 1977). Use of these data to determine the seasons and frequency of

“‘data taking to insure desired levels of accuracy of survey estimates
will depend on keeping Early and Lowdermilk in close touch with the
WAPDA-World Bank survey.

The WAPDA-USAID survey planned and directly supervised by CSU was
designed to determine the "state of the art" with regard to water de-
livery, application and use efficiencies in the Southern Punjab and
Northern Sind. Their potential for improvement will be analyzed and the
results will help determine the placement of the Water Management Devel-
opment’ Program presently being planned by the Pakistan government and
USAID, with CSU advisement. ' ‘

L TYRRE DR : :

Socio~Economic Factors

# "> Working with farmers to help them improve their watercourses has not
been successful in every case. 'The failures have been in situations

where long standing dissension between farmers have overcome the desire

to work together for the common good. (The most successful and efficient
improvement was at the watercourse serving Tubewell 56 at Mona which was
selected on the basis of cooperativeness of the farmers and leadership
~available within the group.) - '

-+ 'When the farmers are cooperative and the leaders can be taken to see
theﬂconaequences'of improvement, the imprqvement project has a high prob-
ability..of success (as*ahoanbygexperiencé gained'pn_this wg;e:¢9u%se).

Lo
Yiopmeg
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Experience of Pilot Projects

If an efficient pilot program is to be developed it will be
essential to identify and select those optimum sociological "setups"
where the physical improvement can be clearly demonstrated. When
this demonstration is in place, farmers from surrounding watercourse
command areas become excited and motivated. There are good poesi-
bilities that this enhanced motivation can overcome internal
dissensions and lead to successful group improvement projects.

In initial pilot improvement study, certain objective criteria
were used, but the decision was also supported by personal knowledge
of extension agents who had years of experience working with farmers
in these areas. 'Using this kind o’ subjective knowledge has some
dangers as the informants are often motivated to direct the proposed
benefits to their personal friends. Experience from further tests
will help develop objective criteria and devise methods for sorting
out the personal benefit factors often associated with participation
of knowledgeable local persons in the selection process,

The high benefit/cost ratio apparent in the improvement of water
management in developing countries are to some extent the result of
the low cost of labor in these countries and the relatively high
productivity of farmers who are working for their own benefit.
Consequently, education of the leaders to the benefits is, again,

a vital part of a successful group improvement program.

The physical potential for improvement is relatively easy to
determine, but adequate curvey criteria techniques to identify
potentials of farimers to unite to achieve cummon goals are essential.
Some are being tried and the experience gained may have important
application in other cultures.

The work of CSU in developing techniques and criteria for
identifying the economic and sociological factors and in developing
a set of agricultural development accelerator principles can have
important benefits. The next step involves trying them out in a
country with a different culture and language (the Sind) and then
preparing, along wita the physical techniques of evaluation, general
guidelines and procedures for ure in determinating the potential for
improvement in other developing countries.
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. XI* 'CONCLUSIONS !

‘_The CSU research hss been a process of evolution 1eading to an
'experimental pilot watercourse’ program: = = R

a. The work has now evolved to the point where it can begin to
‘ document costs and benefits, and indicate payoffs.

b. The project has also reached the point where it can begin to
help evolve a Pakistani institution(s) .to ‘take over the
‘research and extension responsibility. .

To gain these benefits, the CSU program should be continued, with

‘ the research feeding more and more into development:

a. To have research this stage of identifying problems and ranking
research priorities it has been necessary to build an experi-
mental pilot watercourse .and management program,

b. This process has alsc been necessary to be able to establish
criteria to infuse and involve Pakistani institutions in this
process.

For a number of sufficient reasons, the learning process has
favorably affected the CSU personnel on the program, and more
favorably affected non-campus attitudes and participaticn:

a. The relevancy of what happens on the campus has increased as
more people gained field experiences, on TDY, or through
returnees to Fort Collins.

b. Campus support activity is becoming less a residual, and more
an integral of a total’ program.

¢. CSU is learning that ‘Bome things, modelling and data analysis,
can better be done on campus because of field time constraints
and facilities.

As the GOP-USAID demonstration pilot program on water management of
command areas develops they are going to want to have someone
supply ‘these inputs, for which CSU is ‘the most qualified resource.

al Unless the GOP has an organization which has the rraining and

the water management knowledge and can also’ reach “the farmer
with a broad water management, precision land leveling, and
cropping system program the loan effort;max’fail.



b. The experimental pilot watercourse research from Tubewell 56

: -will be a valuable data resource. CSU can also help by their
knowledge of the jobs that need to be done, and how the people
in the jobs should be organized (and trained) and related to
farmer's water management problems.

Ce Uhléss trained people are made available, and the total water
management effort is institutionalized in Pakistan the long

¥ ¥tém porentLal food output and water savinga bemefifs may not
be realized. S REEE s s o
rayd Saving 1v§éfceﬂt:ofréhe’watet:for ﬁsé,iﬁ}the root zone is

equivalent to incressing water supplies at the barrage by
o 1 million acre feet, S L
% he o 0 . N S0 : .
5. “The CSU research will be important to developing a better regional
food system, and a national system from the pilot project results.

'497'This possibility will depend upon how well a way 18 found to
feed the results into the loan program demonstration pilot
Project and to farnczs.

“Bbf“'iéjﬁi;l also depend upon how well and how soon a follow up
program is developed to diffuse the demonstrations regionally
_ and nationally.

””cf’vfﬁé:éktéﬁsion‘foilbw”ﬁp'Will'néed’dfganizatioh, specialists,
incentives, credit, and so forth. :

. RECOMMENDATIONS

[ |

Based upon this review the panel teqommenda_pontipuation‘of the

““CSU"program in Pakistan on’the following components:

fnie

1. Techniques to reduce losses frohfwater66urses
a. Schédule to dévéibp'tgcqmmendatipns by March, 1977.

. b, to continue monitoringfand“evaluéﬁing watercourse rehabilited

", in the USAID Loan Pilot Project.

c. Recommend alternative uses of underground piﬁeiiné distribu-
tion systems. '

2. Experimental Piibt'whtéfcpurée'Prdégéﬁ‘ét’Tqbeweii,$6f

. Covers water management, precision land leveling practices,
.. STOPPIng ‘practices, and irrigation advisory service

" (scheduling) "
. b. to June,'1980,
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3. Farmer maintenanee and monitoring of&preeiéidﬁ“laﬁd51eﬁ§11ng
' iqtoncover: Earmér utilization of | ‘land* ‘leveling by following
farmer practices and maintenance.

b. tc June 30, 1980.

4, Land Shagingl Cu;tural and égronomic Practices

]

a. to cover cultural practices such as bedding, furrow, irriga-
tion, cropping techniques, and fertilization to 1mprove
i+ .-gtands and yields.

b. An opportunity exists to tie in with the IRRI farm machinery
‘e p:ogram‘to”be'located in Pakistan headed'by Amir Khan

c. to June 30, 1980.

5. Demonstration Pilot Watercourse Loan Program

a. could be involved as part of evolution, institution building
© ‘and ‘forward planning (not the place to discuss details but
must spell out in definite terms what can be expected from
ttechnical specialists employed).

b, 2 man/years 1976 forward (indefinite).

6. »Skimming Well-Prog;em

a. Acceptable data is now being collected to complete modeling
"7 program at CSU,

b. Planned second phase of program is to be by-passed with direct
application of findings to wells that have failed in the Mona
area.

c. Training of individuals to analyze well salinity profiles and
to recommend the modifications of old wells and design of
new wells necessary to produce water of satisfactory quality.

d. to June 1977.

7. Physical and Socio-Economic Survey of Watercourses

a. This mission project has taken roughly 2 man/years of pr
fessional TA/AGR time, plus secretary time, and the time of
2 assistants

b. to April 30, 1977.
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8. Watercourse Maintenance

a. How to demonstrate to farmers how to organize themsslves and
,5_{’»:' ;mai,ntaiu‘vatercoutaeu. ;;;‘;(‘;;,!';T“ 3 E n_. AT 4:»‘:‘ Y o 15

NP

2B Shauld be, integrated inso the water WANSZEVRRt loan(program
e to June 30, 1980.

9, ITraining and Institution Buildi_&

HEE T B
a, CSU can provide information. train Water management specialists
U to,help organize farmers to assist themaelves.

b:% Iﬁ weuld be reeeonable to expect those trained andiexperienced
on country problems to be called upon.

c. WMU hea developed the start of an experimental pilot water
management program. Their research will show how ta work it,
and how to get the results out to farmers. - :

d. to June 1980 (include on-campus report writing, TDY backstopping,
and graduate assistantships at CSU, etec.).

10.."0ne Year On-Caggus Publiration and Project Coordination Assistance

3} .;:'7, . S B . . : .

a. Retufneea should be relieved of on-campus responsibilities
for at least one year to prepare necesaary technical and training
documents to fain full benefit of the field work.

b. These documents and training tools are needed now in Pakistan
and elsewhere in the arid and sub-~-humid areas of the LDC's.

c. Some of this time could well be spent on data coordination with
Utah and Arizona.

;d.;, To be paid for from project funds to June 30, 1980.
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PROFOSED BUDGET

1.

2.

The above indicates an orderly phase-out of present research
activities and priorities. Some of these activities will follow
an orderly phase out starting immediately after the experimental
pilot project determines which factors have the major impact

and should have major emphasis.

The panel recommends a budget covering on-campus support, the .
returnees' time for one year, field effort, and for training
and institution building of $600,000 + overhead for FY 1977-78,
and a graduated budget support to June 30, 1980.

Budget Breakdown (dollars)

TAB GOP USAID
Field $315,000 (in kind) $135,000
On campus 150,000 - -
$465,000 . $135,000

TOTAL: $600,000 + overhead.






: Appendix Ae1
‘SCHEDULE OF WOPK.

;L&?;J@n;1976 1100 Arrive at Islamabad
1400 ‘Meeting with'Meders., ‘Newberg and Remington
1500-“Meeting with’ Messrs. Wolffer and Remington
1600 Meeting with Messrs..Dimick and Remington

28 Jan 1976 0815 Meeting with Messrs. Newberg ‘and Remington
.¥§s§e'ﬁvﬂ “Jdﬁd}QOQHJIntervievs with CSU staff and study of CSU materials:

29 Jan 1976 Continue 1nterv§ev§aen§ study of materials
30 Jan 1976 1000 Meeting with Mr. Syed Iftikhar Ahmad and Planning
' ’ Division Staff, GOP and Mr. Mian Mumtaz Ali;’
N .+ Agricultural Develpment Commissioner, GOP'
1300 Continue study of CSU materials

31 Jan 1976e 'Continue study of CSU materials
& ' '
LiFeb’ 1976

- 2 Feb 1976 0630 Lv. Islamabad via car
' - 1100. Meeting with Mr. Mommahud ~ishraf, Project Director
. " liona Peclamation Experimental Project and staff,
1300 Visited Phullarvan and Mona Tubewell 78
1745 Ar. Yona Colony :
© Dinner with staff of Mona Reclamation Experimental
Project

3 Feb 1976 ‘Visited Mona Reclamation Experimental Project Tubevell 56
o 1415 1Lv. Mona Colony via car
~ Visited Hussnain R.C.C. Products Co., Sargodha
. 1745 Ar. Lyallpur - .
: Dinner with Punjab Agricultural Research Institute (PARI)
cooperators and University Peraonnel

4 Feb 1976 0830 Lv. Lyallpur via car
o . Visited PARI research plots
1445 Ar, Lahore
¢+ Dinner with SCS~PASA Land Leveling Teanm

. Meeting with Dr. Muharmad Naseem, Director General
Anriculture (Field)

E'lOOO Meeting with Mr. Mommahud Aahraf Asst. General Managet,
S e UAPDA and staff
5'1230. I'eeting with Mr. S.M. Ayoob, Secretary, Irrigation Department
*ylAOO ‘Visited vatercourse near Shahkanjra and Taraq plots SR
1800 Lv. Lahore via'PK=-608

2000;_Ar.llglanqbad




Appendix Ae2 .

6 _Feb 1976 ‘Dév¢13§331f%pgfifaggﬁqlusiéﬁﬁ?aﬁd'rgbémﬁendationa

12 Feb 19761000, neview of concluaions an
‘ Joeeph Wheeler AIDID and Mr.!Richard Newberg,
AIDIAG and’ atagfs.

13 Feb 1976, Continued work on report .
' Visited barani areag;
1500 Wrap-up meeting with Mr. Richard Newberg and staff,

14 Feb 1976 Leave Tslamabad ~
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.OFFIGIAL CONTACTS IN PAKISTAN,
‘GOVERNMENT: OF; PAKISTAN

Syed Iftikar ‘Ahmad . Chief,Water Resources
Planning Division .
*Se:Naraid.Nasii:: Dy. Chief, Water Resources, -
; Irrigation, Planning Division
Mashhood ‘A. Kureishy Dr. Chief, Water Resources,
~ .“Reclamation, Planning Division
Mian Mumtaz ‘Ali Agric. Development Commissicner &
Jt. Secretary, Min. of Agric.
‘Drs-Paul  Knowles Agronomy -Advisor, Agricultural

Resgearch Council

‘WATER -AND POWER DEVELOPMENT AUTHORITY (WAPDA)

Mi Baddarudin - Dy. General Manager (Planning)
Mommahud Ashraf - Asst. General Manager {Survey
et . and Research)

G.R. Purnell Master Planning Advisor, Harza

Engineering Co.

'MONA  RECLAMATI)N EXPERIMENTAL PROJECT -
Mommehud Ashraf Project Director

Mohammad A. Qayyum Technical Officer

3ashir Sabir Sr. Research Officer (Agronomy)
Dr. Ghulam Haider Sr. Research Officer (Soils)
Fazil Sabir 8r. Research Officer (Statistics)
Masud Ahmad Cheema Sr. Hydrologist

Mohsin Wahla . Sr. Officer (Extension & Training)
Muhammad Jahangir Equipment Engineer

Shukad Ali Tubewell Operator

Nazir Ahmad Tubewell Operator

Muhad Afzah Asst, Agric. Engineer

Muhad Iqbal Asst. Apric. Engineer

Muhad Akran Asst. Agric. Engineer

PUNJAB PROVINCE

Dr. Muhammad Naseem Director General Agriculture (Field)
SeiMs. Ayoob L - Secretary, Irrigation Department
UNJVERSITY: OF AGRICULlURE, LYALLPUR - ... .
Dr.. Amir .Mohammad Vice; Chancellor
Ghulam Sarwvar. Sheikh Dean,- Agric..Engineering
‘Arshad AlL - :iProfessor, Agric. Engineering
Dr. Ali llohammad Chaudry Dean, Faculty of Agric. Economics
‘ & Rural Sociology
- Dr. Agha Sajjad Haider Professor, Agric. Economics.
PUNJAB AGRICULTURAL RESEARCH IVSTITUTE LYALLPUT
" S.A. Qureshi Director, Small Grains Research
.Mohammad Hayat Bhati Prin. Investigator, Agric. Chem-

A ‘istry (Soils) .
lur Mohammad Chaudry Asst. Botanist (Cereale)



PUNJAB PROVINCE (Continued)

INTEGRATED RURAL DEVELOPMENT PROGRAM

Mushtaq Gill
Sadaq Shafique -
Mohammad Hanif
-Farzand Ali Akhtar

. COMMERCIAL

‘Mr, ‘Hassan

OTHER -MI5CELLANEOUS- CONTACTS
’ vughaMmadeqddatn

:Abdul Hamid
Bashir Ahmad
Bashir Ahmad
Mohammad - Azeem
- Mr. “Kausar
“Colonel ‘Baghir:
‘Major 'Gardezi

Khﬁltl!ﬁr Rehman

Henk Vander Haar

FUSAID <“ISLAMABAD . . . .
"7 'Joseph Ci lMeeler
“Hilliam A, Woiffer
Richard R. Newberg
“8tanley M. Remington
“Hiel A. Dimick
“Floyd J. Williams
‘William R. Thomas
‘Arthur ‘S, Lenzen
S PR S N T R
.COLORADO‘'STATE UNIVERSITY
William D. Kemper
Wayne Clyma
.G¢rnelis~J;'deﬁqoy
‘Samuel.H.  Johnson
John 0. Ruess .
Sidney A. Bowers
Alan’ Ci*Early" !
Jerry Eckert <+
Max'K.: Lowdermilk

Agric. Engineer

‘Agrici: Engineer

Agronomist )
Development ‘Agaistant “ves

-Hussnain RJCiC. Products Co.
Sargodha (Punjab)

Sr.:Research Officer (Agric.
Economics), Mona Project
‘Exec. Engineer, Mona Project
Technical Officer, Mona Project
Jr. Agric. Engineer, Mona Project
‘Jr." Agric. Engineer, Mona Project
Agric. Assistant, Mona Project
Commandant, Mona Remount Depot
Second-in-command, Mona Remount
‘Depot: )
Prin. Investigator, National Plane
ning Div., Univ. of Islamabad
Research Asst. (Holland), Mona
Project

AID/D
AID/DD.:

SAIDJAP

AID/AP
‘AID/AP
AID/AP
AID
AID

Party Chief

Agric. Engineer
sAgronomigt ¥

Agric. ‘Economist
Agronomist

‘Soil Physicist

‘Agric. Engineer

Agric. Economist (TDY)
Rural Sociologist (TDY)
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UNITED STATES DEPARTMENT OF AGR!CULTURE
AGRICULTURAL RESEARCH SED™vire : T
SOIL. AND WATER CONSERVATION RESEARCH DIVISION: f Ea H 410 31?2’
SNAl’E RWER CONSZRVATION RESEARCH' CENTER' : e =
‘ ROUTE 1, BOX 186 "
KIMBERLY, IDAHO 83341

EE

 Febriary 10,1972

“meer J.o Kelley, Director L
Office of Agriculture .-

"Bureau of Technical Assistance

“ A{T.De, Department of. State
W%shingtcn, D. C. 20523

fRe% Intensive Review of Water Management Reeearch Contracts
" AID/csd-2162 and AID/csd-2167 with Colorado ‘State University
and Utah State: bniversity, respectively, January 24-28 1972

“Review Committee: Dr. Harvin E. Jensen, Chairman
o “‘3Director, Snake River Conservation Research
Center,_Kimberly, Tdaho -

br. ua"r . Jaa..“
"Director of Center for Agriculture and Economic
Development, Towa State University, Ames,
Iowa -

"‘Mr. Leland Anderson,‘Deputy Assistant Dlrector/
Agricultural Policv- USAID/Pakistan

»'Dear DL‘. Kelley- )

As requested in your letter of January 17, 1972, our. team cen-
.ducted a thorough, on-site review of the water management research
‘contracts at Utah State University (US i) on January 24 and at
Colorado State University (CSU) oa January 25 At USU we spent
most of the time with Dr. i. B. Peterson, Project Director and -
Dr. B. C. Palmer, Project Field Director because most of the
‘assigned staff membars are located ir the Tield. Project leaders
‘involved in the discussions were Ors. J. E. Christiansen, J. P.
‘Riley, K. Unhanzad, D. V. Jaces, and A. LeBarron. At CSU we were
able to discuss project activities with Dr. M. Albertson, Project
Director, and each rroject leader from the six departments, ,
(Drs. A. T. Corey, W. R. Schmehl, E. V. Richardson, K. C. Nobe,
G. N. Jones, and D. M. Freeman), and other assigned staff members.,




2

Dr.kG. Corey, Party-Chief, was ot available. Additional dis- '
cussions were-conducted in washington, D.'C. on January 27 .
.during. a special review meeting held in Rm.: 2884 of .the New-
State Building (See attached agenda) '

These  two projects represent a major effort on the part of

two universities, and according to Dr. Long, represent a
significant portion of AID's central research program. Our team
is well aware of the magnitude of these projects and their:.costs,
but we also are aware of the tremendous impact improved on-farm
“water management can have on food production in less developed
countries. Improved on-farm water management is essential-over
much of the world to realize the full polentilal incrcases from
new varieties and fertilizers. Improved water management will
also minimize the frequency and intensity of soil water. deficits
with its resulting detrimental affects on plant growth. The
~development and implementation of improved water management

' practices, however, will not be as rapid as changes in varieties
‘or the addition of fertilizers. Research and application of
“improved on-farm water management is complex because it involvas
the management of crops, soils, fertilizers, rainfall, irrigation
water, exs28s or drainage water and scil salinity in an integratc‘
“anner. Improved on-famm water management also usually requires
capital outlays and ‘improved practices must take place within the
sovio-economic constralnts of the region.

Our team reviewed the pxojects relative to the broad, general
-objectives stated in the contracts, but placed more weight on

" those activities that were 01recLly associated with on-farm
.practices. Most of the cecormendations that follow are of a

‘ positive nature since we feel that both projects should be con-
‘tinued through their original durations, and should be extended

‘for another three- to.five-)ear year period to capitalize on the
developing technology and scientific ehpertlse at thse universities.
We have, however, delineated several weak areas and have suggested
modified approaches for prOJELt componeﬁts.

Reaaouable progress has been made in ‘both ‘contracts witu some
:project objectives essentially attained. At USU; for example,
severar.multlvarlaole comprehensive field experiments-are nearing
the second crup year in South America; evapotranmspiration deficit
- maps have- been completed and printed for(Ecuador;.a .water. balance-
salinity model is being evaluated in Colombia;:and Chile has sent
. two.engineers to USU to study methodology for using.the model;
and water lau diheEt of Latin Amerlca is: nearing ¢omplgtion.
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. CSU has expanded the theory for operating "skimming:wells" t
sremove fresh water irom the aquifer without or with a minimum
;of .saline water. entering the wells; the development of a com~'
prehcnsive bibliography .cn Pakistan Government and Administra-
+tion and water related publications is nearing completion; a
" thorough analysis of soil samples from 1l representative soil
.profiles from Pakistan is near completion at cSU for sand, silt,
. and clay mineralogy, the dissolution potential of calcium~
‘bearing minerals, and other chemical analyses velated to
.. exchangeable sodium and S¢linicv; a nmultivariable experiment has
been initiated in Pakistan to.evaluate the effects c¢f mixing
galine well water with good quality canal water; and a movie has
Qbeen preparod on land forming principles and techniaues.

ixRECOMMENDAIIONS.,,(Additional detail is given in the rext
e ' o section of this memorandum) :

;Ag Eunding

i Lo CSU-AID/csd 2162 - We recommend maintaining the -
current level of fundin ., but encourage streamlining

proiect manigenent to reduce administrative ecosts: We also
recommend limiting funding of projects cto thouse p=z3ded to
.obtain. immediate goals, increasing the field progran relative
to on-campus activities, and bringing more experience im on-
farm water maragsament research into project direction and
management. '

: 2 USU—AID/csd 916’ ~ We recormend increasinz the level
of funding for Utah State University to cover increasad costs
encountered due to increased salaries, overhead,- aliowances
and travel requirements during the fiscal year to cover home
leave or return of rield scientists and their families. Pro-
Ject. costs have been proportional to field activities in the
development of the projects and -opportunities are currently
;available for expansion of the program if' funds ax= avail- B
able., .

B. Contract Direction and Management:

1. CSU - We recommend increasing the on-campus com-
petence in on-farm water management in order to guide- the
“funding of those projects that are more relevant to the
‘{mmediate goals and to select those progects havzng a
higher payoff potential.
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‘2, We recommend a more active coordination of researCh’
' lanning, data analysis, and joint development and use of
‘modeis for on-farm water managément between the two
5universities.

3. We recommend LSU reconsider those project propdsals
for-Pakistan which are not being activate¢ by field counter-
:parts. Vocal support without follow-up action implies
Pakistan doubts about the merits or relevance of the projects.

4. We recommend that CSU reassess its priority rating
of probiems and the approval of project compenents. Soite
‘project components such as those conducted by the Civil
Enginecring Department appear to be premature relative to
-immediate goals.

5. We recommend that a clear policy be established on
delineating priority problems. Once major research objectives
are established, sufficient time must be allowed to develop,
initiate and complete the research. These priorities can '
not be changed annually, or as AID Mission personnel changes

‘if a viable research probram is to be impleménted in the field.

- 6. We recommend that CSU soclal science research focus
on problems more specific’ to on—farm water delivery and use
ﬁfor agriculture. RN

7. we recommend that CSU scientists From the various
disciplines: should work.jointly from the’ onset in' selecting,
‘formulating, designing and conducting’ the experiments.

:.: 8. We recommend that the economic research under both
:‘contracts oriented to water use and productivrty be much
“more closely related to the specific problems for which the.
project was funded, and be a more highly integrated approach
uto major and common problems. T N

AR 3
Sledsi A

9.. We recommend that future modeling work at csu be an
:adaptation and quantitative application of: models which .
_ generate solutions for the particular agro-climatic, water
supply, ‘and economic conditions of Pakistan. *
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10. We recommend that CSU adopt Y funding policy that’
awill encourage greater participation of scientists in off-

‘campus xesearch efforts with some regula ’support and guid~
-ance provided by senior scientists. . '

11. We recommend that USU select countries for: field
.research projects in a more systematic frame-vork so that
- the results will have greater generalization, covar a
_greater range of agro—climatic conditions, and have tHe
~largest economic payoff. :

,C}' Specific Project Sgggestions.

il 1. We recommend that CSU' consider the existing Pakistan
;water delivery system as fixed in an alternative approach to
developing improved on-farm water management practices. This
approach would, in essence, considex the present operation of
.the canal network as an efficient system for delivery and re-
.charge of an efficient ground water reservoir from which the
bulk of the crop water requirements can be drawn by tube wells
fas ‘needed and with great flexibility.

L 2 Be recommend that both CSU and USU first compute the
Lbasic crop water requirements for all crops involved by growth
stage and then use field experiments to validare thn generaliz-
ed computational procedures.

3.4 We recommend that CSU develop procedures to enable
xlocal researcn instituticns to obtain field caracity-data in
isitu; instead of the 1/3-bar determinations which: geneialiy
:are not representative under all soil profile conditions.

4. We recommend that existing physical-biological—
chemical plant growth models be adapted for predicting crop
. growth .and that complex field experiments involving soil-
“water; fertilizer, and plant density be used to validate the
;predictions or calibrate the models for local use. )

; 5., We strongly recommend that some projects v1th short
Qterm goals, but with high’ pay off potentials be initiated to -
develop confidence and rapport with the university: sc1entists
and to develop local support for the broader, rore baSlC‘
‘generalized, apsects of the research.program.
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6. We recommend that an entire water course in Pakiétan
‘be completely modified to demonstrate the best availabie
;;technology and validate basic assumptioqs involved in the
‘development of .improved on-farm. watsr management t.:chnology .
%under the existing social and legal constraincs, and tachnical
,capabilities. .

«III. ANALYSIS AND JUSTIFICATION FOR ACTIONS

' B-2 University Coordination - While CUSUSWASH exists as a
- communication nedium between the two universities, sufficient -
coordination of work is not yet evident. We recommend a more
active cosrdination of .research in terms of problem definition,
applied models, research uesigns, problem coverage and general
intellectual activities. This need extends beyond merely keep-
:ing each other informed and could even result in the joint pre=-
. paration of models and methcds of research and in generalizing
findings for use in other countries for improved on-farm manage--
-ment of water.

B-3 Project Revisions - CSU should revise or prepare new field
;proycgals for Pakistan. These projects should be less complicated
and should be directly oriented toward short-term goals of improved
on-farm vater management. As these projects are completed, and as
_theilr benefits are demonstrated within test water courses, a2pproval
of future projects by Pakistan research and action agencies will
. meve more rapidly. Action support should increase and vocal
support without action should diminish.

: _B=4 Project Control ~ Since many projects and proiect com~
-ponents involve adaptive research, and many projects must be
-completed in sequence to continue progress toward immediate goaes‘
& system for project control with approximate time tables should
be considered at CSU to guide funding project componeats. Such
-a.system also will simplify communication with AID relative to
;progress toward contract obJectlves.

. . B=6 Social Science and On~-Farm Water Management Research -

A large amount of work and output already has been attained at
"CSU in the general social sciences, particularly political science
and legal aspects. Thus far, work in these fields has been de escrip-
‘tive of: (a) institutional, social, legal, natural, administrative
,;and other variables and phenomena whlch condition agrlcultural
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dﬂvelopment, and (b) the laws upon’ which water use and dis urlbution
'?is“based in Pakistan. In general, much of the: work .in political’
“scierice is broader than the problems of cn-farm water use and
fmanagement and has reference to conditions.which may retard.or
promote agricultural progress generally -in less. developed- counfries,
We Tecognize that much of this work has been conducted under fund-
ing other than this specific contract. However, for future work
in/the social sciences, we recommenc that the focus be on research
_and problems more specific to on-farm delivery and use of water
for approved agriculture within the context of the project..
Furure emphasis should be more precisely on enalytical methods,
quantitative models and operational procedures wiiich sarvc'ae direct
guides in the imprecvement of administrative and legal. OLLLCLurpS '
which promote greater efficiency in on-farm wacer usa. Ia this.
‘econtext, work in the social science fields may need gr;a;ex direct
integration (:.g., to not stop with a bibliography of Pahkistepi
.water lau, vut to specify legal structures consistent with: quantlta-.
tive findings of economists of the value or marginal produgtivity
of water used for different locatloﬂs, CIOPQ, segscns, wataer '
sources, etc.).

1t1es haVC drawn

B~7 Interdiscipline Projects - Bo:l univ
.a relevant set of discinlines into their prcj cts.~ in;lfDQrt
fopportunity for productive 1nterd15c1p;i Y. Lqeaxch thus. pre«
‘vails for the future. However, we believe that there. is. no* yet.
’(a) evidence of suffizcient interdisciplinary interaction in the
design of specific research projects, or (b} prospects, for, .
" coordinated solutions of prevailing problens. While the various
~disciplines are present, active comnunicution of pn;cawne’ from
different fields prevails and a common language is evidaal,
_especially at Colorado State University, it doe" act  anpear . that
sufficient effort has been devoted to jouint: {a) selection of the
facets of particular problems to be tackled; and (b} design of ‘
_approaches for researching them. This appears.to be especially
_true between: {1) economics and the social scienccs; and (2)
'engineerlng and the physical sciences. Iconomics znd socinlogy
. appear nore as "elements which have bce1 appended”, rather than
‘sciences which have had an integral pari in the selection, design
"and pursuit of research directed to particular problems. - Rather
.ﬁthan an associated but somewhat independent set of imaivicual
projects selected by scientists from separate Ll&Clleneﬂ ve
recommend a much more highly integrated approach tc mejor and
‘common problems. In other words, scientists drawn frow relevant
" disciplines should work jointly from the omset in defiring the.
dimensions of the problem, in designing methods to quantify or
“golve it and in concurrent iﬂpleantat10ﬁ of -the research. Ue
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‘ recognize that ftequentlv only two or three disciplines can
readily engage effectively in an interdisciplinary problem and
that problems of high priority speciflc to a given discipline
often prevail. However, presenca of, a group of persons from

“eeveral ‘digciplines working. on independent pxoblems which fall
inder & common umbrelld does mnot nécessdrily provide an inte-
grated interdisciplinary research. program. In a 31m11ar context,
research or experimental designs could better reflect the para-
Mmeters necessary for both physical and eccnomic on~-farm improve-=
ments in use of watzr and other interacting resources.

'A‘- B-8 Economics Research - Recearch und knewledge in
'agricultural economics still is lacking in both Latin America
ahd Southeast Asia. However, reseirch devoted to general pro-

’"hlems of the agricultural sector (¢.g., demand structure,
‘&ggregate supply response, general policies) could better '

gqualify under projects other than those specifically oriented to
on-farm utilization and management of water. We recognize, of
cour&e, thdt certain problems cf more efficient use of water and
relaﬁed regources to promote economically eificient prodaction

'increases frequently are external to the farm.  We also recognize
‘that ‘there were initial phasing or sequencing problems (especially.
‘for Utah State University) in locating aand initiating physical
research to which economic resnarch could then be related., Tor
the future, however, we recommend that the eccnomic research
under both of these contracts oriented to water use and pro-
ductivity be geared much more closely to the problea set for which
‘the projects are funded. The problems selected for economic
‘analysis should more nearly be central problems of water manage-
nent and use. While demand, supply and policy analysis in general
are relevant research topics in the countries involved, the
justification for their pursuit should be uniier other projects
funded by AID. Policy problems to be Incorporated in water use
and management projents would more nearly, for example, sopear to

" be those of water pricing (or non-pricing), credit progr.us to .
allow sufficient investment in fertilizer, seeds_and eﬂulpﬂent"

- for efficient use of water, effect of alternatives in watér
dnvestmen: and use on employment and income distribition, dis-

" tricting and distribution to overcome farm externalities affect-

“ing water returns, tenure modifications to improve s water use,
etc. More specifically, central on-farm projects would seem te
‘relate particularly to: (a) integrated research with agronomists.

~to quantify interactions among water, fertilizer, salinltv, soil

‘and climate with economic mixes prescrlbed accordingly; (b) '

~ application of conventional programming nodels to determine
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sefficient management ‘programs for: (1) farmars with unlimited water
supplies; (2) farmcrs with Yinited wvater supplies; (3) farm grcups
‘Yrith- exterpaiitiass in water use; (L) multiperiod models to analyze
multiple cropping and 1ntcrn>“iﬂd uses of water for maximum veturnsi
“{d)- ‘definition of cptimal invesiments in water oistllbutlon and
'app1ication equipment in interzéiion with éroppirg systems; (e)
~deriving normaxive values and demends for water as a basic fox
geheduling prides, equity payaents and compensation, restructuring
~water lavws, eic.; (£ developing efficient viilage systens oI water
deliver) where inter-farm externalities in water use prevail; ()
“applying stochzstic models for effiecient conjunctive use ¢f eclimatic,
‘underground and canal water supplies, and ete.- In general, the
emphasis should be CnvaC dﬁapuatnon and application of on-,arm
;models to solve the apeulilc eronomLL preblens. of ef£1c1ﬁnt wugpv'
use by the various btra'a of Iarmo in ‘the mrjcr watcr suppxy
~vegimes and regioms. ~ s

B-9 Appiication and Validaticn of. NOuml ~ A considerable
proportion o:f the research on the Colcrade State University campus’™
has been devoted fo gencral modeling. These efforts bhave rgbultcd‘
in an oucput of vathex broad ‘hﬂolcf‘~“1 nature and applic zbilitys
For future progress in n~1¢rm water ﬁ“ni%EﬂG1L, emph&sas ‘should
be on the adaption and OHAUfltdCIVP appiication.of models swhinh
generate solutions for the particular agro-siimatic,. hutC)—ﬁ”““’Y
economic and instituticnal conditions ¢f Pakistan. These models
can illustrate the nenerh.'gpillcaoilzty of modern models and
computer solutions ov ‘simulations devated to the: parameters of
water management undev particular ccnditions4 -In the course of
changing the focus. to g*;atc emohzsis in. the application and
adaption of models L» tie speaific problems of Palkistan, gteater
attention also needs o be given actualk ,ﬂutlﬂlavlpllnuu"COCfdiHC‘
tion and integratiod of the wo"ka in the case of Utah State ;
University, it is possible that some ‘additional effort arou id EO in--»
:£0- On—Ccanpus developﬁenv of appTLEa m2dels to ba later "pulied and' '
svalldated in the: field.. . - - - ..whﬁﬁr;',;’n' ;; V

B-ll Svstematxn Selac ction cf Projects =.U ah S“ Unlver ity
has effective y responce e te coentry and missivn demdnds.' This
response has. ailowed the uni'ers*ty o initiate a.cpuntry. program
directed to spocazlb vater muﬂtﬁ?ﬁ@ﬂt ‘problems.in Latin. America
and -to have carly ''visibility in rhe Tield": to augment, thc know-.
ledge of its soer1311sto of Latin American on-farm waier. ”anage—,*
ment problems and their sglutions; and to build up the body of %
knowledge that these cpec1axﬁst" h e extendod to oLher "ounLriDs;
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riuowever, for the remainder of’the'current ptoject ‘and for extensions
+ of it over the years,, we recommend that the universi zy attempt to
]‘selectfcountries, agro~climatic locationa and watet prcblenson a
more. systematec frame~work in :erms of research approach -and- '
“results which:: {a) ‘have greater generalxzation, (b) cover’'a. larger

" reall of agro-climatic conditions; and (c) pose-the largest -

‘ economic pay. off in terms of Lommodities,‘resources and-countries:
“included. We recognlze ‘that thia shift in emphasis requires
'fgzeater setvup tite and proaram costs, than does responses. to
-situations which provide opportunities of immediate implementation.

. However, given the degree of success in short—lun program 1mplementa~
tion, we believe that greater focus now be given to longrun returns

" 4n. terms of breadth of, country resources included aud regional
‘-application., Future budget allocations and gauges of project .

" progress should recognize the greater complex1ty and costs inherent

. 'in a research program which searches out problems and locations for -
' more systematic and bLxoader applicability, than one which is
characterized by response to situations where copditions allow
immediate implementation.

c-1 Capitalizing on the Merits of Fxisting Water Distribution
- Network - The research results from most CEU rcsearah preposals |
ieply severely limited adoption or utility until massive water
‘distribution system and delivery practices are changed Short

term projects should consider the existing water distribution
systems as a stable, effective means of recharging the ground water
reservoir with some water delivered directly to the land. Tube
wells should be considered as the primary source of irrigation
water to neet ‘varieble crop water regquirements with on-fzrm land
leveling and water distribution systiems developed to optimize

" crop production within a water course. Long térm studies should
consider conjunctive use of canal and ground water to minimize

~ salinization probleuns, and legal studles should consider the
required legal frruework. :

C~2 Delincatlng Crop Water Reguirements by'Growth Stage -
Basic crop water quuixement gata for each major crop by stage ‘of
‘growth are necessary to optimize water course water distribution
systems. in Pakistan. ° These data can easily be obtained with
sufficient accuracy for short term goalo by adaptive research.
Procedures developed at USU may suffice fbr the pocential evapo-
'*ranspiration component. As field experiments are conducted
these calculations can be verified by soil sampling or neutron
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scattering techniques. Projects underway or bcing.initiated
‘by the: Agromomy and the Agricultur al Engineering Departments
will yrov1de val:daticn data if the required measuremerits:are. !
made.

£-3 _Soil Perameters for Irrizaticn Desien - The: imitial.y
soil anal)sps condu . .ed on-campus at CSU provide valuable bagic.
data on mineralogicai and plant nutrition characteristics cf
soils. However, nrvcedure should be develcped to enable Co
‘securing field capacity data in the f£ield instead of the 1/3-bar
:]abOlatOIV messurenents since iield ‘capacity is.strongly -
’inz;uerc°d by soil profile characteristics which. cannot be
preserved in snmail disturbed oY undisturbed semples. Effeitive
field capdcity is alsa a function of evapotranspiration.

C-4 Crop Growth‘Modcls:« Comple:, multfvariable field

experiments involving irripation, fertilizer, planc density
variablcs provide a wealth of data, bhut ave Apcn31ve to! vcnduct
and are very time consumirg.. The reseavc results could ke -

generatized te a greater degree 48 existing plant growth’ mOuels
were adapted to this prcblem or aew molals were oeve‘ope

jutilizing basic plant growtivamodel compo ents. < Thave arv scvt*nl'
SucH models under development or testing by o?%ex research iﬁathU“

_Sincerely youyrs;

Marvin E: Jensen;/Cha*r%an*
Review: ugmmi“tee


http:ca-aic.ty

(Betyped)

January' 17, 1972

Dr. Marvin E. Jensen

Director, Snake River Conservation’
" Research Center

Route 1, P.. 0. Box 186

Rimberly;-ldaho“~83341

Dear Dr. Jerisen::

As you are perhaps aware, AID is reassessing many’ ‘of its- ‘activities and -
concentrating on reworking, if required, some of its on-going research
projecta. This is being accamplished by a seriles of intengive pro-

ject reviews.

-Our intensive project review is composed of several distinct parts.
One of these is concernad with obtaining an outside evaluation of our
projects by competent scientists. It is this task with .which we are
asking you to assist us. Your recommendations are made to this office
for our use in our further svaluation of the work.

The basic objective of thege reviews is to arrive at recommendations
which will be presented to the Technical Assistance Bureau (TAR), the
Research and Institutional Grants Council (RIGC), the Research Advisory
Committee (RAC) and the Admiuistrator for continuing, modifying, re-
ducing, increasing, transferring or terminating individual projects or
parts of projects.

This letter is to inform you that our Water Management Research Contract
No. AID/cad-2162 and AID/csd-2167 with Colorado State University and ,
Utgh Ztate University, reepectively, will be reviewed during the week of
Janucry 24 to 28, 1372. We request your cooperation and participation.

The Review Committee will be composed of the following:

1. vbr. Marvin I. Jensen, Director, Snake Rive: Conservation Re-
search Center, Kimberly, Idaho.

2. Dr. Earl 0. Heauy, Executive Director nf Center for Agriculture
" and Economics Development Iocwa State University, Ames, Iowa. -
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foﬂfMafvin*E.;Jensén

3. Mr. Lélead Anderson, Food &nd Agriculture Officer. useIn/
 Pakistan, Rawalpende, Pakiqtan.

-Prior to the review you and the contractor will be provided Fith
‘background information including: the RAC approved Proiect Summary
Statement, minvtes of RIGC and RAC meetings conceznirg the project,

the Contractor's fiunual Report, and a list of issves for considerat*on
in-the review. Also, a Committee briefing will be the firs: order of
business at Utah State University wnen the Tean couvanes there on the
24th of Janwary. It 1e planned that the Team wmcke an On- ~sight Zovizw
‘at Utah State Univer sitv on 24 Janvary and Colorado State Unlvauzicy
ca 25 January 2972. Most of the 26th would be uocd in travel to
Washington. Team business would be completed i Wastington on the
27th end 28th of January. Representative o this office znd from both -
Utah State University and Colorada State University will be avzilable
in Washington for further consultation or expranation.

The Review Committee will enter into execuiive closed session at the _
appropriate time curing the review to arrive st %3 conclusicas znd
recommendations. It will b: responsible for prevaring a conclse re-
port of recommendations on {1) funding levzl, (2) zctions to b2 k=i
(3) parties responsible for each actien, aqd 4y an-analysis :ha
plaing and justifies :he recoumended act’ons.

-
<.

ke
@k

t‘? t‘l’"

The office will contact vou cancﬁrn¢ug anvdl per diem, and o:her
arrangements. C .

I 1ook forward to. your participation in the projecb review as. deacr bed;

,'v'

 fSincere}y,

- /s/ ﬁadison Ercadnax
“Omer J, Kelley, Director

: 0ffice of Agricuiture

‘Bureat of Technical Avsietance

e
’f\!‘(

ATA/AQRIOD/ADAyvrs gt 2i7l72'
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“THE TMPORTANCEOF ‘FARM WATER MANAGEVENT

 IN PAKISTAN

Field Report Nb. 2

by
“Weyns Clyia and Giibert L. Corey

Prepared under support of

“United States Agency for International Development
. Contract No. AID/te-c-1100
Water Menagement Research
in.Arid and Sub-Humid Lands of the .
' Less Developed Countries

Lolorado State University
TN pakistan C

September 1974
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'THE IMPORTANCE OF FARM WATER MANAGEMENT
‘ IN PAKISTAN .

Wayne Clyma and Gilbert L..Corey

Abgtract

'A combination of events have resulted in intensive studies and majdr
programs relgted to irrigation water mbnagement in Pakistan, These studies
havu:all emphagized thé necessity of controlling waterlogging and salinity
and of increesing irrigation water supplies. The rationale on which all
these studies have been based is that most (63 to 85 percent) of the water.

: deiivered to’the canal outlet (mogha) is stored in the farmer's field and
uged ty the érop.v,Studies over the world have suggested that such ef 'ici-
encies mey average nearer L0 Percent an@ will frequently be lower,

Data from field obserﬁations of farmer practices and watercourse loasé
in Pakistén suggest that in SCARP areas this efficiency may average as low
as 12 percent. Thug, there is gieat need in Pakistan for a program to
improve on-farm water management in order to repress waterlogging and
salinity &2 well as to provide moge'water for increased crop production,

A number of pract1ceB that will improve on-farm water management are

suggested,
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v‘.l'able 1. Water Ioss Estimates from the Canal Outlet through the F&mer h

Fields as Assumed by Various Stud:les.
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Table 2, Irrigation application efficienciesl/ observed at Mona on
) tragi ~ionally farmed fields (from Clyma, Arshad and Ashraf,
1974b)
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OR(:ANIZACION DE LAS NACIONES UNI AS:
PARA LA AGRICULTURA Y LA ALIMENTAC ON

-

. OR
.-y AuMENT ON ET. LAGRICULTURE

”

B ,”‘l“ .\,‘__e". . W )
AN!SATION DES NATlONS -UNIES POUR C\
. ' /

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS

 Via dalle Terme di Caracails; 00100-ROME " Cablés: FOODAGRI ROME Telex: 61181 FOODAGRI . Totephanei 5797 -

" Ref.

Deaf*yr; Yipqéchancelloi;“-

, In accordance with our agreement of 18 October 1075, I have pleasure
in gending you herewith the summary report of -the Interaational Conference:on'
Waterlogzing and Salinity held in Lahore from 13 to 18 Gctober 1975. The rep-
ort has been cdited by us and I understand it will be published by the Univer—
slty, together with the Conferencs papers.

OF. FILE The document is based on a consensus of the participants of the Confer—
enoce, and particularly of the three Working Groups on Water Supply and Drainage,
f0il and Water Management (2t the farm anGl) and Agricultural Support Services
regpectively. The team of VAO officials and consultants has contributed to this

ACWION consensus, and its views are largely in line with the conclusions reached. The

" team has been requested, however, to make a further contribution by briefly com=
menting on sune major issues and concepls discussed at the Conference in the :
- light of the Government's Accelerated Programme of Waterlogging and 3alinity Con-

NFO trol.
CONTROL OF WATERLOGGING AND SALINITY REQUIRES BETTER 'C‘)If-FARM., WATER MANAGEMENT

" The Accelerated Programme provides for the constiruction of tubewells, the
phased implcuentation of outfall drains, tile drainage and surface drainage for
storm water discharge. Theme are all nceded activities outside the scope of the
4ndividual farmer. There is no mention of improvenent of on-farm water and soil: <

- management practices. It is recognized in Pakistan, however, that the considerable
inefficiency in water use at the farm level and the otherwise inadequate icrigasy
tion practices coutribute directly to waterlosging and salinization or sodization.
It also implies that good guality water is lost while pumped uwater may be more
salty and more expenaive too. 'The team believes that any programme aiming at con=
trolling waterlogring and salinity must include on—farm activities to conserve
water and apply 11 to the land accerdins to crop neceds.,

‘ON—F\.RII DEVZLOPH NI e A GOVERNMENT RESCHSIBILITY

2 On farm development does not take place, cr at least not at the desired:
rate, if left entirely to the farmers ithcmselves. The farmers! knowledge of,how,.
to' ‘improve water courses, how to prepare land for irrigation, how to schedulewater:
applications, how to irrigate the land and of how to adapt scil tillage and related

. ' A T
Prof.Dr. M. Islam sSheikh Due n?.:j In? 206

Vige-Chancellor

\inver31t) of Engincering and Techmolosy Astion
La.hore ‘ ) Ta’ren"“""u-t»uu-m
Pa‘kis.ta'n : " Datc‘ XY RITYYYY P T NYY Y T Prvs

/\CI(,;NO ...zgl———- Initialive s sresesencoovens 1
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‘ouliural ‘practices: is usually insuffioient. - They need” help”in' these and other
‘technical fields, They also need financial facilities and assistance’ in getting
themselves organized and prepared. to effectively participate in the improvement'
of .their soil and water use., R

The brochurg on "Propotals for an Accelerzted: Programme of Waterlogging
and ‘Salinity Centrol in Pakistan, Government of Pakistan, Planning Commission; "
Septembei 1973" does ‘hot™ include apecific‘prégrammea'ferOﬁ&farmxyater,and goil
developmeént af a means to bet%er-manage,these'resonrces.and.pbéQwﬁt_waterlbgging
and salinization '

In'the.view of the toam, the Government should be instrumental in promot-
ing on~furm development and should assume direct responsibility for, and leadership
in, its; planning and further guidance, through the establishment, ¢f the required
instititional framework, the technical and scientific backstopping, and related
activi‘ies. : '

LIPROVELD) ON~FARM VATER AND SOIL MANAGEMENT REQUIRES I-IOBILIZATiON OF HUMAN RESOURCES

- - The absence of walerlogging and salinity is in itself no guarantee for
better crop yields. It has vecome clear that in-most .improved areas, i.e. in areas
vhere water of good quality is available in reasonable quantities, where salinity is
not a problem and where the water table is deep, agricultural production has not
come up to expectations. This suggests that other factors have become critical and
that work must now be done on these. Be*ter still, work should be done on them si-
-multaneously with wtor development and drainage activities. The censtraints relate
primarily to farm level operdtiocns in soil and water management. The technical 0=
lutions are available. Uhat -is needed is the mobilization of “he available human
and financial resources to effectively implement the solutions.

FARMERS' PARTICIPATION THROUGH INCREASED INOWLEDGH

Full and active participation of the formors, in all stages of planning and
implementation, of on-farm development programmes is indispensable. To obtain and
maximise this participation, %he farmers should acquire a clear viey of the con-
straints and poasibilities, solutions to problems and the related costs and benefits.
There should be a conbinuous flow of kmowledge from educational, research and gdyprns
mental agencies to the farmers. There shouid also be a flow of information from the,
farmers back to these acencies. The team concurs with the recommendations to bet&ér.
achieve this aim, ’

WATER MANAGEMINT SPECIALISTS NEEDED

Improved irrisntion and s0il minugement ai the farm levelvrequircs the ser-
vices of enmrineers specinlly traired for thot purpose. This iype of agricultural
enqineer is presently vein; educated in sm21l numbers at the Lyalpur Agricultural -
University. Reinforcemoent of the curriculuvm in, irrigation and drainage, hoﬁever,
appearas necessary at thic wniversity & well as at others, Of equzl imporiance is
the establishmenl cf programaes in vocabional iraining:  they will be instrumental
in the transfer of knovlci:e, particularly'tn'oxtcn§ibn services and, ultimately, to..
the farmor.. ' ' '
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A SPECIAL WATER:AND SOIL MANAGEMENT SERVICHE IN THE MINISTRY OF AGRICULTURE

‘ . _Water and soil management cngineers are unlikely to maike a significant
Aimpaot unless they can work within an established institutional ‘Cramework. The,
team agrees with.the suggestion to establish, at the provincial or: national level
a Water and So0il Management Service that would serve to oo—ordinate-and direct’ et
-all ongoing and planned programmes in this fleld. Given its immediate scientific
and technical ties to crop production, such a Service should preferably be housety
“if tne Ministry of Agriculture. :

AREA DLVELOPMDNT PROJnCT° UNDER UNIPILD "OHHAHD

Improved prcductlon requires a multldlsclplxnary approach. To'that ‘end -
the ‘{eam consziders development on an area basis as having considerable advaxtages
over 4 sub-secior approach. Since the technology and expertise are available, the
1mp1ementat10n of large-scale Area Development Projects may be embarked upon with=
‘out-delay. BLffecltive implementation requires a unificd command, i.e. a a projcct '
administration that is responsible - and has the authority — for all phases and all
types of dcve10pm(nt work, whether improving irrigation canals, installing tubewells, .
supply1nr seeds and fertilizers to farmers, or improving witer courses and irrigation
practices. Regarding ihe labbel, much can be accomplished by utilizing the manpower.
that is abundantly available in the rural areasy thus Leeplng cash layouts to a2 mini~
mum.

‘TUBEWELLS 10 Bis CONTINUED AND LXPANDHD, -BUT~ COMBIVQD WITH" PROGRAMHED HAINTLNANOE
OPERATIONS = e ,

, Tubewells have played a major role in lowering the water table and in provid-
ing addition2l irrigation water. -The programme. should be continued and expanded '
uhoruver soil and groundwater quality permit. There aré: obviously probléms of corro-
‘sion and encructatlon, operation and maintenance, .but it 'is believed that uhese can
‘be overcome and that they do noi provide a reason to cul back on the programme. ' The
suggcﬂtlon to embark on a programme to restore and maintain ‘the capacity of tunewells
as ‘well as to demonsirate systems of inspection That prov1de alvance 1nf0rmat10n on
malntcnancc nceds, is fully endorsed.

Tor some time in the future there is probably little danger of groundwater
mining Ly the wells because of the inhibiting economics of deeper pumplng unless crop
ylelds are. SLPnlflcﬂnuly increased. Before groundwater mining becomes a m“JOF issue
the Government of Pakistan should develop a national policy on the extent to vhich it
is, 'desirable to regulatc private ftubewell drilling and pumping. © Irrigation farmers

1ng tubc:ellu will neecd recasomable advance notice of any such policy 50 as ta amor—
tize their capital investments in wells and PLlOuOd equlnment. :

H&TLR QUALI ¥ 3 HEED FOR A NATIOHAL PQLICY

The waler supply delivered to farms is 1lm1tbd in quantlty and quallby. Con—
tinuel use of tubewells intersifies quality connldorablons. Therefore Paklstan should
give 'serious conulderatlon 40 a national®policy regarding the future use of good qua=
1ity surface water for reclaiming lands; using such water for reclaration increases
vater ghorLages for..good: 1and especially during the rabi season. = When the quantity
of a rencwable TGJOLrLG i5. limiting produciion,:then the optimum "ma vtching of resources’
for maximum: prouubeon is cesential. TFor maximum agricultural produstion Pakistan-
should: treat’ its waler and land in this fashion by using its surface waber: onxlts beot

lands f;rsz,;


http:maximumpi-oduci.on
http:approa.ch

Several qualit} standards have been proposed qveﬁ”the_laét”several‘yearsf'

to govern the usc of thbewell water. ~Recent research shows that, under specified
conditions, the 1954 USDA standards may be relaxed. Standards, however, should
be assesset in relation to such factors as climate, irrigation practices, drainage
and soil type. It is;thgpefgpegunlikely*that_onGJSet'wCuldféqually'apply'to?dllf
of the Indus Bagin. Rather, standards mvst be developed area-wise.

e recommenuat1on: T0 AGVELOP moaels;whichﬂyoutd;pérmiﬁ\fbvfo:ecast;thq
effects of recirculation.of salis and the Tong-term response of ‘salty. groundwater
‘bodies to pumping is strongly endorsed.

- URALNAGE 3 T1LE DRAINAGE T0 BE INITIATED, SURFACE DRAINAGE EXTENDED TO FARV “V.EVEL
Horizonlal drainage is the normal alternative to water table control where
tubewells are not feasible. This may refer to open ditch drains, tile drains, or

a comoination of both. There is a vast expertise available on oither, for widely
‘differing conditions in many humid and arid regions of the world. As a ruley it
would therefore appear possible to embark on implementation of tile and other drain-
age schemes without regorting to prior claborate research programmes. Normal: design
surveys in\projecl arcas, possibly coupled with quick field iests, are probably §ixfe
ficient.

Disposal drains are also nceded when tile draimige is applied and the team
concurs with the recommendation that studies be initiated to ascess their urgency .
in.various areas. ' '

Surface draimge (primnrily for overland flous) should not be restricted to
major channels but should include minor drains at the farm level. The Government
should provide guidance Lo the farmers: for design and construction of these, as part
of overall farm waier mamgement.

~ The report contains recommendations for action that serve to obtain improved
production nt a sizeable scald in a short period of tinié. ‘They relate to the imme-
idiate initiation and establishment of area development projects, pioneer projecis
and educational roscarch and institutional programmes. fhege projects and programmes
nrelgﬂl urgently neeoded. Thoy are also interdependent, the success of each depending
on progress made wilh the others. Simuliancous undertnking of each is theérefore es—
sential. FAO is prepared to provide any further assistance that may be needed.

I should like to thanxk you sincerely, MKr. Vice-Chancellor, for the, opportunity
the tean wau ¢iven to participate in the discussions on waterlogging and salinity,
problems whose gsolutions are af so great importance to Pazkistan. I nope that the
vieus outlined briefly above, as well as in the reports of ihe Yorking Groups and
in the recommendntions for follow-up nciion, will contribute to serving the goals
that you have sel lor the Couference. : : ’

Youmijdncmnﬂy,

o I Ay
__._{'___‘;/__.”,‘__..-..‘..‘_.__,,.‘.;__,_\

Pidf;r J+ Dieleman
' Peam Leader
tinter: logources, Development and Hanagement Service
»hand and Water Development Division
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‘Publications Resulting:Directly
from the
USAID
Water Management Research'
Contract
with-



- Title Author Pages
-Bibliography'dith Annotations on K. Mahmood 165 o
Water Diversion, Conveyance, and A.G. Mercer S
Application for Irrigation and E.V. Richardson
Drainage, CER69-70KM3, Sept. 1969 :

AFOrganlzation of Water Management F.O. Foss - 148"
for Agricultural Production in ~ ! J.A. Straayer T
.. West Pakistan (a Progress Report) R. Dildine
“ID70- 71 -1, May 1970 A. Dwyer
R. Schmidt
‘Dye Dilution Method of Discharge W.S. Liang == 36
‘Measurement, CER70-71 WSL~EVR47, E.V. R1chardson
January 1971
‘Not available
- The Economics of Water Use, An Debebe ‘Worku- 176

" havior of Farmers in West Pakistan,

WATER MANAGEMENT TECHNICAL REPORTS*

00nsortium for Internatxonal Development
Colorado State Univarsity

December- 1975

Inquiry into the Econdmic. Be-

_ MISC-D-70-71DW44, March 1971

10

. ography,

“i&he Problem of Under-Irrigation
- in West Pakistan: _
- and Needs, ID70~71GNJ-RLAL9

-,Maxlmum Water Dellvery in Irrx—"
;¢,fgat10n : S

Pakistan Government and Adminis~-

tration: A Comprehensive Bibli-
ID70-71GNJ17, March 1971

the Application of Systems Anal-

'ysis to Water Resources Planning:

in Developing Countries, CED70-
71LG35, May 1971

Check—Drop—Energy Dissipétor,
Structures in Irrigation Systems,
AER70 71, GVS-VTS-WRW4, May 1971

Research Studies

Garth N.'Jones: '1i4

“Luis E. ‘225
Garcia-Martinez
_G.N. Jones “53.
R.L. Anderson
G.V. Skogerboe  180:
V.T. Somoray .. .
3. H. Duke, Jr. 213



‘11

1

15

16
17

18

19

20

21

22

23,

24

Installation and Field Use Of G.V. skogerboe
Cutthroat Flumes for Water. Ray S. Bennett
Management ‘ Wynn R Walker
,1Steady and Unsteady Flow of - ND,B.chWhorter 551*
'Fresh Water in Sallne Aquifers
Dualism in Mexican Agrlcultural H.H. Biggs ~.28.
. Development: Irrigation Develop- C B
' »Tent and the ‘'Puebla PrOJect
The Puebla Project: Progress HIH." Biags: 23
and Problems _
Pakistan. Government and’ Admln- GIN.’ Jones 259"
1etratlon-' A Comprehénsive
Bibliography, Volume No. 3
Thdex for the Eight Near East- ' “WiL. 'Neal 58,

25
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of‘

Culverts as Flow Measurlng

' Dev1ces

Salt Water Coning Beneath Fresh

South Asia Irrigation Practices
Semlnarsrw_ﬂ

:A Blbllography and Literature

Review of Groundwater Geology

B tudles in the Indus Rlver Basin::

viNo.

» ____Title __Author . ';Pages
'Flawnin'sana:aea'cnannels ‘K. Mahmood - 292
 Effect of Settlement on Flume, T.¥. Wu ” 98
gRatlngs L
The Proklem of Water Scheduling G.N. Jones Piﬁf

in West . Pakistan-‘ Renearch

StLdleS ‘and Needs, ID71-72GNJ8,

November 1971

Monasterj ‘Model of Development' ‘G.N;irJones’ A
Towards a Strategy of Large' ‘Scale

Planned Change, ID71-72GNJ9,!

‘Novenber 1971

Wldth Constrlctione”in:Qpenf J.W. “Huch ioéj
Channels >’Barrett A
. Cutthroat Flume Dlscharge . Ray S. Bennett . 133,
RelaLlons ' ' .

Va-son' Boonkird 104,

Brij Mohan Sahni 168

"131*

C."'stockmyer

Alfred’ giivanburi 33
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26

i

- Author

s 2

1.p1.5ngng sgdia.nt Diltribntrﬂn in

o Surtace Irrigation Systamg

27

28

. Analyses of Selected: ‘Pakistan’

3::lct1ca1 fsxmg ,::w'qxr “odugh“

(PhYlical, Salinity, and Fertility

) 50113

29

30

31

32

34

35

'Prog;am for. cqmputing Equilibrium
. Solution Compoaition in Caco3 andf

CaS0, Systems from~ Irgigation

Water C0mpoaitions

ConJunctive Use of Indus Basin

“Waters--Pakistan: A General

Summary of Ph.D. Dissertation

Informational Sources on Water
Management for Agricultural Pro-

duction. in Pakistan With Special

Referance to Institutmcna‘ ‘and
Human Factors, Volume I
Volume II

Crop Water Use and Yield Models

With Limited Soil Water

‘‘‘‘‘‘

 A Study of Village Organizational’

Factors Affecting Water Manage-

~ment Decision Making in Pakistan

(Vlllage Organizational Factorg

. Affecting Water Management

36

Decision-Makiig Among ..

”Punjabi Farm ts

Organizational alternatives to
Improve On-Farm Water Management

‘. in Pakistan

*37

*38 .

Impxpving Farm Water Management
in Pakiltan '

,Thm Importance ot Farm Water
' nanagemant in Pakistan

Alto ilsued in- report foru 1d’ Pakistan:

Khalid Mahmood

*.X. Zubexi

D.B. McWhorter .

WL Pranklin
“ W.R. Schmehl”

Dhanpat Rai
w.T. Franklin

M d T * Chaudhry

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

‘R.F. Schmidt

H.M. Neghassi

Soon-kuk ‘Kwun

‘A. H, Mirza

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

George E.. .
Radosevich

Pages

67
61

29

42

37

170

251
119

123
129

62

252

Gilbert L. Corey: 32

ﬂ@yne‘CIyma“‘

28
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Factors Affecting Irrigation

Behaviors on Punjabi Watercourses

~ (In process)

*Alsoissued in report form in

e _ No. of
No.. " _Title Author _Pages.
*39 Irrigation Practices and Appli— Wéyne Clyma "’ 36
cation Efficiencies in Pakistan Arshad Ali
M. ~“M. Ashraf
40 calibration and Application of Wayne Clyma 16
Jénseii-Haise Evapotranspiration M. "R. Chaudhary:
Equation
41  Plant Uptake of Water From a Chaudhry
Water-Tahle Nuruddin Ahmad 88
42" é?hyéioal and Socio-Economic': ‘Max K. Lowdermilk 106
‘ Dynamics of a Watercourse in Wayne Clyma
Pakistan's Punjab: System Con- Alan C. Barly
straints and Farmers' Responses ‘
*43" Water Managemenﬁ Altérnatives for = Jerry Eckert 61
' ‘Pakistan: ‘A Tentative Appraisal = Niel Dimick
: ' Wayne Clyma :
44" Water User Orgarizations for George E. . 34
Improving Irrigated Agriculture: Radosavich
Applicability to Pakistan ‘ :
45 Physical, Social and Economic ‘Max K. Lowdermilk

Alan C. Early -

pavid M. Freeman



PUBLICATIONS IN ADDITION TO WATER MAMAGEMERNT

TECHNICAL REPORTS

' Evapotranspiration and Irrigation water
* Requirenents for Pakistan

By: Wayne Clyma

2, Improving Farm Water Management in Pakistan
\B.v G, L, Correy, Wayne Clyma

3. "I‘he Importance of Ferm. Water Management
in Pakistan
" By: Wayne Clyma, G, L. Corey

b, Trrigation Practices and Application
Efficiencles in Pakistan
By: Wayne ' Clyma, Arshad Ali, M,Ashraf

5., Watercourse Logses - Cage Study #1
By Wayne Clyma, Arshad Ali

6. Watarcourse Losses
By Wayne Clyma, Arshad Ali, M, Aehra.f

7. Irrigation Practices for Traditional and
Precision leveled fields in Pakistan
By: Arsbad Ali. Wayne Clyma, M, Ashraf

8. Watercourse Losses as related to Composition
and condition of Banks
By: W. D, Xemper, Wayne Clyma, M. Akram

9., Irrigation Scheduling for 1974/75 Wheat
in the Punjab Province
By: Alan C, Eorly

10, Where Y.“ater Goes in a Watercourse
By: W. D. Kemper, M. Akram, M. Afzal

11. Water Menagement and Nitrogen Fertilizer
Movement and Utilization in Soils
By: W. D, Kemper, Wayne Clyma, Rehmat Ali

12, Estimation of Consumptive Use of Water for
Wheat under Cptimum Management Conditions
By: G.Haider, M.A,Farooqi & C.J.deMooy

13, Water Management Alternatives for Pakistan
A Tentative Appraisal
By: Jerry Eckert, Niel Dimick, Wayne Clyma
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Improved Water and Land Use Management
Through Precision Land Leveling
By: Arshad Ali Wayne Clyma, A.C, Early
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by Flume and Ponding Methods

Improvement and Maintenance of Earthen

Watercourses to reduce waterlogging and

Inerease Water Supplies for Crop Production
By: Kemper, Clyma, Ashraf

Water Losses in Straight Sections and at
Junctions of a Watercourse
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Compacted Cores to reduce leakage through
Watercourse Banks
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Crop Yields and Rate of Salinization of Soii

as Affected by Irrigetion Water Quality over

a Period of Three Years
By: deMooy, Bhatti, Cheema, Gill, Khalid,
Rafiq, Schmehl, Franklin

Consumptive Use of Irrigation Water by
Major Crops in Pakistan
By; deMooy, Bhatti,Cheema,Khalid,Schmehl

Preliminary Delivery ahd Application
Efficiency Results from the Watercourse
Survey of Punjab

By: Early, Lowdermilk

Pucca Nucca Losses on Watercourse D of
Tubewell 78
By: Tom Trout M, Akram,

Improved Soil and Water Management for
Fodder Production in Shadsb
By: Hanif, Ali, Akhtar, deMooy

Fertilizer or Salt Leaching as Affected
by Surface sheping and placement of
Fertiliver Irrigation
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Dissolution of Gypsum in Flcwing Water
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Irrigation Method as a Determinant of Large
Pore Persistence and Crust St rength of
Cultivated Soils

By: Kemper, Olsen & Hodgdon.
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27, "ater Pertilizer Intera.ctions
in Wheat Production
By: Qureshi, Chaudhry & Eckert

28, Parm Water Managemént Effects on Water-
logging and Salinity in Pakistan
By: Ashraf, Clyms & Ali

29, Instructions for Meterological Observa.tions
By: A,C, Farly

30. Irrigation Schedvling for Wa‘berlogging
and Salinity Prevention

By: A.C, Early
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COLORADO STATZ UNIVERS: TY
- WATER MANAGEMENT RECZARCH

Methodologg Series

The Installation and use of Cutthroat Flumes for Weter Measurement,

W.A, Mohsin, W, Clyma, A.C, Early

Measuring Tubewell Discharges hy the Purdue Coordinate Method
Tom Trout and Alan Early

Soil Moisture Determination using Touch and Feel Method

© Alen Early and Wayne Clyma

Gravimetric Soil Moisture Determinaticns in the Field using the
8un Dryirg Method

A.C, Eerly, W.D. Kemper & Ch. Moh'd Hayat Khan

Soil Moisture Sampling and Calculation using a King Tube Sampler
Alan C, Early

Differential Leveling for Bench Mark Survey of the Wetercourse
Wagme Clyma and Alan Early

Field and Watercourse Orientation Vapping using Plane Table and
Peep=-sight Alidade
Wayne Clyma and Alan C, Early

Profile Ieveling of Watercourse Main a.nd Major Branches:
Wayne Clyma and Alan C, Early

Topographic Mapping using Grid Method and Ievel
Wayne Clyma and Alan C, Early
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~ (A PROPOSAL)

IMPROVED WATER MANAGEMENT IN WATERCOURSE
COMMAND AREAS

On January 8, 1976, a rneetmg was convenod by the Secretary, EAD
'includmg the offzcials of the Federal Ministries and representatives of
the: Provincial Governments to dxacuss the various 1\sssues concer‘mng
‘the implementatxon of the pilot- experimental program during the next
‘Five Year Plan which will have three majer purposes: |

(a) to"bring about a significant incre.ﬁse iﬁ water -use officiancy;.::,

(B) tttodevelop and test technology and operational and k “

‘administrative procedures for carrying out a large sc;le.
program of the type found techmca.lly feasible;

(c} to develop institutional capability and train manpewey .Xoi'A"thoi’»‘
large program.

Decisions reached at this meeting and subsequently cenveyed to
‘USAID representatives, who later joined the meeting were:

1. that the project should procéed and include an infeéfatod

program with the following élements:

= Improvements of those water delivery systems which have
been identified as having high loss>eys.

= Precision leveling of land to permit uniferm applicatien of
desired amounts of water.

- Trainiﬁg of farmers ;n optimal irrigation timing and
app%ication rates and other cultural practices to optimize

yields from available land, water and other inputs.
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2. that the overau zmplementgtion and coordinaa‘\g
5;v.~:esponsib..1ties at the Center Will rest with the Ministry of
Food, Agnculture and Rural Development and at the Provinclnl
i'level. the respectwe departments of agncult\xre w111 undertake
;rﬁplex;ienta;txon of the pro;ect and that the coordmating
respdnaibxhty w111 re st with the plannmg and development
. departmente. ;_
s ‘
3. A commtttee was appomted at the Center including:
Mian Mury w% Ali
- Agricultural Development Commis sioner v
Ministry of Food, Agricultum & Rural Development,
| Mr. Syed Iftikhar Ahmad Shah
- Chief, Water Resources Section
~ Planning and Development Division
| Mr. Ch. Altaf Hussain
Chief Engineering Advisor _
Minist:y of Fuel, Power» and Natural Resources
tc;work with USAID personngl to develop a t_enta@iy,e :prpj‘g'ct'v
.b:bé&;;#l.aﬁa to vcar‘ry out the discussions with the provinces
ffr'égardi‘r‘xg: .>
(a) detaxls of the prnject design' {
lb) asmgnment ot responmbihtxes, a.nd
(c)- project 1mp1¢_am9_nt;t'ion.‘ J
4, _' >Tha,t the wa,terk r;'xanagemeﬁt prbgram Will bé éarrie& outin
all tbe four provmces but thm m1ght mclude scheduling of various

Va0
Y

elemebts of the pro;ect at 'hfferent rates in dszerent provinces.
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¥g *“That each province participating must \‘prepya,'fe“ 4 PC-1in
:'.'.é:'b‘"r"\fsul"tht'ib‘xi with USAID and Federal Govarnment officials
“‘and get those approved in time for fiscal 76-77 funding. ‘Further,
“iall funds included for each province must be reflécted in'the
* annual development program of the province.
‘1‘.6‘.. -_‘The Central, USAID and Prowincial personnel working on projgét_
formulation will recommend a funding level for the fifth
Five Year Pl;m. The proposed level_should be conservative
r‘écognizing the possibility for augmentation in later years of
the plan period, should the project progress as catisfactory
“as anticipated.
In a ‘subsequent meeling between the Central committee members
' 4nd USAID officials, it ‘was decided that a working paper should be"
prepared so that more meaﬁingfu\f‘discusgion contact can be held with the

‘provinces. The material that follows constitutes this working paper.
4 »

¥l Whereas the section on project design is a;x extension of the various
| elements outlined in report entitled, "Iriproved Water Management in
"'.:"Wa.té‘;couféé Command Areas', circulated by USAID ia the lst week -of"
Jghuary, new material has been added on (a) technical approach;

,(b) operational and administrative decign; and (é)“ﬁnahéial'plan;”

1. f’féjéizé Désign’

Reahzmg that considerable efforts are still’ required to estabhsh

the operatmnal £ea91b111ty of the prograrn on a large scale, 1t is suggested
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4.

tﬁ#t, in thév initial stages, the project shoﬁld be déaigued to be
expe:imént_al and pilot in nature. Project of thisv,q,\,c;avlg can help in
~developing ,:instim_ﬁiqnal,capabilities and generate information for rapid
: prgject expansion. _Qpez}a.tignally the pro'jqctAWOuld _'p“eatv be restricted to
.,o;xe major area in each province. To be consistent with the concepts and
the experimental nbjectives, each provinéel should select a geographic
unit which includes:
- both SCARP and non-SCARP areas
- . both perennial and no»n-perenniz.al,cama.l._areka,_g.'i
= areas having low levels and areas having high levels of aalt
contents in the ground water.
Each province should attempt to identify and propose areas, ’which,
. ae favfgossible, should represent sub-areas characteristic of each of the
above:. To permit flexikility and o_in"ective application of criteria in selection
.of watercourse. each provi:}ce should select an area approximately 10 times
- theisize of the actual project, | Once the project areas are earmarked,
.. .the £oll§wing are the planned steps and activities for project ,implementat‘icn'.

I, Technical Approach

The project will provide a combination of 1) watsrcourse
reconstruction and improvement, 3) p:eéi)sion‘land leveling.‘apd_ﬂj?) :extenaiﬁn

. of modern irrigation and irrigated cropping techniques,

1y Watercourse Reconstruction will primarily mean recoastructed

‘g_g’wt‘h dgtqhes,w_ithgcc)nqmte_ structures. Most of the high water losses on
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’c.ie.siv watercourses occur tlue to over ?0}':3'1?1‘?{;3«_ eeepage thr_gugb \por.cusv
d1tch banks and leaks at nakkas ancl junci"tu‘res‘. Reconstructing the ditches
to lproper des1gt1 spec1£1cations wﬂl prevent over -toppmg Cuttmg down

Uold ditch banks and replacing them w1th fresh em'th W111 ehmmate mest
of the extreme purosity caueing seep‘age th“rough the banks‘. ¢°‘?°?¢te~
etructeres of an in‘expex;sive'design have prevéd .effect_iye f.or\el:iminatvtingl
leaks ‘at nakkas anti junctures.

Recently completed test‘watere‘ourses have s’howp: that in cr,de::to
serve each square of land with an irtlproved ditch , apprcximatety 40 feet [
cf Watercourse must be reconstructed per‘acre of comma'nded afea. BeSt
current estimates of the cost for such reconstruchon with metalled
cencreteu structures runs Rs. 4/~ foot. Costs per acre"W1 1 bc Fs 160[.

‘IS,eventy £1tre percent of the dehvery lowee can be preventccf for 80 percent B
of ttxe dchvery dxatance to the average field or a total of 60 percent
‘E(."75 x . 80) of all delivery losses prevented,

Otx st;ma soils‘ it will be necessary to line port{ons of the watetcourﬂg

This w111 occut on vety sandy soils where scepagc ;.s Ilmcert‘antyectl m

selected areas (Baluch1stan h1gh1ands)where water is extremely coatly t“o"':i‘

develop Of the hmng techmques that have heen thorougﬁly tested thv° iar,

concrete 11ned trapezodal croga cectmn watercourses have the best benef*t-
. 4 ) R ~-l.» _--‘.7. g " -
cost«ratm. Other des1gns currencly bemg testect. such as 3011 cement brlck

¢ . . l A
i v‘:., f P L. i . g SRR 3

Nyt rahy ey

but consxderably cheaper

‘and 3011 cement pla.ster may prove equally efferuive in reduc:,mg lesses
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For the precent. the best; approximation of cost for a concrete lined
trapezeidal ditch capable* of carrying 1-3 cusecs of irrigation aupplies is

Rs. 30 per i'oot including etructures. Due to thie high cost, l.ming must be

./.r..e.c..‘

limited to tiie main channe :excluswely not to exceed approximately 20 feet
per acre commanded. Total wa.tercouree improvenient cost would average
about Ra.éGO per acre. Ninety percent of the losseu for 70 percent of the
delivery distance to the average field would be prevented. Hence 63%
(. 90 X, 70) of total loseee weuld be prevented

The program will improve 1.;90 watercourses Wzthin five Yyears. Of
these 90 percent or 1350 Watercourses w111 be reconetructed of earth with
eoncrete etructnres. It is estimated that on 10 percent of the ﬁwatercoureee
moet Of te main channel will be lined, In both cases, the engineering
’urouid be provided by the progect. Fer improved earth wetercoureee most
of the effort is labm and will be provided by the farmer. Concrete lining

can be done by the farmers, their local masons or by private contractors, .

. ];; o

2. Precisicn land levelixlg__ constitutee the second ma, Jor element of :
the program. Even apphcatione of irrigation water vcannot be made unlese
the fields are ndequately level. Without engmeermg, xt ie very 1difficu1t
to achieve an adequately level field of any size and thhout efficient earth.
’m‘ovirg equipment it ; is very expensive.

The primziry techmque to be used for land 1eveling focuaes around a .f .
tractor drawn scraper wiiich has been exteneively tested in Pakistan and isz‘:
now in cornrnevrcxal production and use. The method is relatively efficient

oo B

a.nd mexpenaive and obtams field levele suitable for the most modern
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irrigation techniquesy
j' ‘I’he p"r"jdjéc'%"\kr'i:il, “again, p"rov'ic'}é"‘tﬁ‘é“'é'ngi_‘isé'é‘r“iﬁg skills,
%Ai?pgoximately two-fhri‘r'd‘ of th.e":}éx}e‘lihgv expected m the ntf;;rstip}{asé will
be done by farm;rs using already oﬁvnéd oF ieasesc’i equ1pmenf0ne thu‘d
wﬁl be d.one.by private contractors who specialize in land lea;:s;;ling. |
"Approximatgl_y 40% of the Ila'n'd‘i'eveliﬁg effort will be withinfhie_'

.watercourses being reconstructed. The remainder will be in surrounding .

‘areas as farmer demand arises.

‘3. Extension is the thitd major component and one which is

- A L

'(:e_'avs‘e‘n.t’i‘albif the expected bengfi'ts Sf";l'é.ﬁ:d' levelmgand wz‘xtercourse
fi'xﬁﬁroy'e,ments are to 'bé achieved.’ |

’Férmer_s obtain very low yields P‘e:i"—"u'ﬁl_ivtﬁ of water stored in the root
"f:z‘q"né-._. ‘Modern irrigation practices and vci'c;p' prodductlontmethodsare |
sifargely unknown. Plant-soil-water 'i-'elé,tidhsimi'psr are neither gc‘l'équa‘_te‘ly
;;x‘i‘e’{s‘ea._,&‘ched nor extendéd in'Pakisté.nf' If éiVéh"betfer'khd\biédg'Té 'iofv_‘
‘tethniqueés, farmers could achieve higher efficiedcies in delivery and
""a‘p;ll’viéati»o‘nA even with existing ditches.

N .""\- ’,:f .l“.,

4 . Fof the ge Teasons, the prog ram will includé a strong exte nsmn '3""‘;,.
component ;I‘hi“s ‘extension: effo"‘rft Wi’1‘1 d1ffe r m ‘its" SL\bstancef 1om l any |
curr e ntly availzhle:in Pakistan and cons equenfly w‘ll \re qulre su}a /stantial
‘retraining of extension:staif. The Soncepts ‘dad practices to be gge@g@ég’
include she follo a‘r}iﬁgi}gﬁai others: Y

New methodso { zrr)gation

‘Plant-soil~water relations
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Mainumco of field level

N!untemce ot' watetcource improwmau

Int_cra "on botwcen irrigatmn _ir:muﬁo'n‘f

IRy
%\ R

It is nxpoc d

N,
'\'," “,‘H iae Pinl
N .

gum'wm be deliwnd by a ﬁeld

- Two watercourse engmeers :

- Flve lano doveloément officers

- One M level extension/;pgg}so_nz

- Cne .FA vleyel. extenaion .pérson

Thia team can compzete the reconstruction of a c}usl;e: of. fiv
.watercourses in one year. At the saxr;e time they can complete. the leveling ,
oi ,approxxmately 150 acres in each of the five watercourses plus an
/,addttmual 1000 acres in aurroundmg areas. After havmg had,,one year

‘exposure to the fai'mers of the fwe pro;ect watercourses in a:cluster, the

1
i

FA level extensxon person would rema,m permanen‘tly asg signed to provxde
vlntensive thtensmn of modern xrrigated cropping pattarns to those same
Qatéfcouraes. The rest of the team. _at the close of one year would seloct a
n new cluster and 1mp1emeut the program g,t the new locations. A replacement -
;FA will Join the pro_)ect each time a new clx.ster is begun.

III. Admin atrattve a.nd Opﬂratmnal Desxg_xg.

Gwon the magnit\;de of the problem, the wxde dxspersion of the 88 000

watercouues, large area mvolved (30 mxuxon acres) and the mveatment

required, 1t is clearly evident t}ut the Government cmnot carry out a program
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of 'wateréourse improvement and land leveling du'ectlyfor farmers. In fact, 4
:_%;::ﬁ,yv,idehéék indicates that when farmers ptan 'and carry out improvement
themselves the results are more favourable and more enduring. It will.
.be.necessary theréfore for the Federal and Provincial Governments to
develop means for stimulating joix‘mt and collective farmer blanx}ihg and
iin,'lp:l‘ovement actions, to facilitate establishment of private contractors to
‘assist in specialized construction, and stimulate domestic production of the
-specialized equipmen‘t‘required. The Government's funétiohs then will be:
to. explain needs for and benefits from the program, motivate
. farmers and guide them in initial preparation of pro.pOSals -f'or a

% feasibility studies;

o itechﬂical‘assistance to farmers in conduct of "feas\'ibli‘il‘ty studies
i ;cn watercourse command area;

=i . technical and financial review of the feasibility study and, as
;-appropriate, provision of financial ‘.'assistént:e‘i)a;tliyﬁ as cré;iit and

¢ . ipartly as cost-sharing grants.

smy  1stimulation, training and some financial assistance to potential
‘cbntrictors. to cnable them to deve lop their ca‘:\pé.ﬁi'lit'y‘ for ‘spgcialized

1 watercourse cofistruction and precision land leveling; -
= : stechnical: ghidaﬂi‘ie’fé:i' pxoduétibn of specialized ééiuiphiént (this is

already. well-advanced);"
integrateditraining'of privaté and government personnel as required

fergiffereni fonctions and activities;”
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~technical and ﬁm.ncml evaluatioa and re search and. as appropriate,
;_‘reduign ot the pxoject.

;p:cparation of plms for .an axp;nded program ‘when research and
.QQVﬂuaﬂon ins!icata thil is appropriate. ..

.Anignment of admimatrative resgponsibilities munt be made to

appropriate exilting or new. provmcial agencies and. pla.ns ‘and schedules

7

prepa

2y

"3)

4)

‘kengineermg slull plus scme a,ronqm;c.

rj}d for achievement of operational capabxhty of these :agencies for:

§ r

Y f'Estabhahment of mechanism for coordination in mter-agency activity
_in the provinces (assigned to P&D on January 8 meeting) and overall
~operational responsibility { assigned to Agriculture).

D'igs“emingti{o‘n of information on project benefits and motivation of

farmers and assistance to farmers. individually and collectively in

’ Pl‘.?pa'ratipn_qf,pxjopogal‘ys for pr’oject assistance. This is an activity

that might'well-be assigned to the extension service with its field

.lés‘gi/gtgqts and to the IRDP with its network of development as sistants"’.‘
“Es’t;;b}ish_Aep{eciﬁg:aﬂtions and technical menitoring mechanisms. Thit
.re’!quires specialiged engineering and:agronomic capability. This |
'._probably should be ussigned to the same. -agency.that will undertake
_.feasﬁb:lity atudiea on prOJect watcrcourses, AG ENG Sec, Agr. Dept.
VConduct indwidual watercoursa command area. feasxbihty studies

: “on propoaala receixed .Thts 1s a specxahzed and somewhat complex -

}actwity involv*ng ‘a very subatantxal amount of highly tramed

‘conomic and administrative

inputs. _ Given the relative importance 1) ;e’ng:neering fthia might be



5)

7)

Appandix (H-,;'ll :

11,

asszgned to Agricultural Engineering. -Section‘in the" Departmenc of

_ Agnculture, and this section. a.lso be given the: overall pProject

re sponsibility, A number, of permanent positions’ of ’%{'gronomist,"

"e;v‘qnqmig;t’apd'azdmbini'str:a'tors'-must.».be‘assigne'd to this section “
’alongthh requxred additional engineering positions,"
]'Designiyec:;’uipmervx‘t‘, develop and establish mianufacturers.
'Equipment des‘i‘g.ni ;ac‘t\i»orvl, probably. should be as signed to the same

agency assigned responsibility for(4) above.

Provide Credit.

The provision of credit including review of feasibility studies and

the financial feasibility should be separated from the feasibility

study assistance function described in(4) It should be assigned to

a spe'&;ialized ‘ﬁnan_c_ial agency such as the National Bank of Pakistan

or Agricultural Development, Bank. The.agency having éesédﬂsibility

x . r

for provxs mn of credit and cost sharing would be expccted to have

by i

',suff1c1ent expert1se to . conduct occasxonally on=gite’ mspectmns
‘L,“ i e
particularly pre 1cp_ns‘t;fuction inspection and“inspectibn'oi:_',Obs :

partxally completed and final mspectmn before finzl payment 1s "‘*ade._@

Prov1de : cost - sharing arrangements. .

R R sttt

(As m the case of crecht th1s should bq; !,bparated from the tPchmcal




funcnpnn might beat e a.asigned to the same agency aesigned credit

«cmd cont-dmring reumnsibihtw ( 6 aud 7 ab-ove)
9) ’_Establuh an integrated traming program.
Majqr esponaibihty for the untegrated traimng program probably
- should be asoignrd to the techmcal agené,yl g’iw}én responsib:hty for
(d) with ;ome mputs from other agencies havmg spﬂcxahzed
reaponubility ouch as the cred1t and cost-sharmg agency Beyond
i that intogrq\ted traix'xing, eome specxalized trammg nrobably will have
to be provided by hach agenaea for its own personnel.
{ 0 .. Exacute conatruction wo\-k.
The technical auiatance on sufveying; utaking and 6n momtoring
- and, checking for satiufactory completion should be assiped to the
.:iagency given rslponsuihty in feasibmty atudzes \h) 'I'he same
;agcncy ahould be relponnble for both land levelmg and water cha,nnel

;‘1mprovament. This agency alao nght provxde nome asnstance in-

'\f';he.,: g" t yeu’ on on..fu.m water managément and water applicaiions

! “u‘",\: . . :
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. 'eifh‘ez‘iﬁi the farmey or 'bV'thel‘pi‘iifﬁtgaf contractor Vor by the
: combinati'c;x;xaf ‘these, not-in aﬂy é'as"'f}fbi,’r’ the gove rnnﬁent.
A1)/ Research and evaluation.-*~ |
The project is to be carried out'in four érovinces. To ensure thalt:
all benefit from the collective experience in the four provinces,
assignments should be made for coordination of research and
evaluation, This probably should be the fésponsibility of the members
‘of committee appointed at January 8 meeting, working in cooperation
with the Agricultural Research Coun¢il, WAPDA through Mona
Research Project and IRDP and the ’reépbnsibie provincial
implementation agency.

IV. Financial Plan

It is our. understandmg that 2 siim of Rs ‘20 crore ig ; bemg

allocated for on-farm water- management pro_)ect in the inth F1ve Yece
u-P_lan.\ Thté allocation is based on an expected"co'ntr‘ibution of Rs. 10
crore by USAID, the balance to corme from other donors and the
sprovincial governments, With an éé\ial contribution by the private sector,
40 crore rupees would become available for the project under reference.
:On.the basis: of»‘fhe‘vtech'nicar approach described under s'ei:tion-l,' 1500
nwéterco'zrses,/ each’ w1th an average cornmand area of 400 acres; wﬂl
be‘ 1mproved and approxxmately 527 500 acres will be pfecxsely leveled

. ,\) . .
Detaxls on. the utxhzatmn of the allocated amourt are presented belo
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A. 1500 '@egcouri_ bs

Watcrcal;:se command -area is:400 acees each in Punjab and

Smd Innd 150 a.cres m N. W. F.

2. Costa w’xll be shared 60‘4Q«vswith.ﬂx‘eﬂowirnme':nt'taking ,

. the larger share.

a. Improved_}:".»axjth Wate“l\ycougges,

1. To reach all sanc"'{..tioned nakkas, a distance of 40 feet per

. fommand acre must be improved.

€.  Assumed cost of improved earth with ‘pacca structures

is :135,“ 4. OO/foot..:
3. ; 90% of pro;ect watercourses to receive thig type of program,
Cost of Improved Earth Watercoursea

(1350 watercourses x 400 acres x 40 ft/ac.

x Rs,4,00/ft. x .6 Goverament Share). =5,18 Crore'Rsb,

Concrete Lined Watercourses

Asaume:‘_‘l._; It will bé fx_ecessary to line 10 per cent of the
' p’rqject, watercours;es,a‘* |
2:“: Costs for concl'reteu,tx:apezoidal"ditches ‘run Rs, 30/ft.
ingiuding s_t:uémres,,
3 Limng willj fbe only done on‘the main we*ercourse
which is equxvalent to 20 feel/command acre on

.. most layouts, .



Cost of Lined Watercourses

Appendix H-15

s,

(150 Watercourses x 400 acres x 20 ft/ac.

x Re.30/ft. x .6 Govez;nment Share)

B, Balance Between Watercourses and P. L. L.

1. Improved Earth Watercourses

2. Lined Watercourses

3. '}‘otal Watercourses

4. Tq@al Government Budget

5. Balance for Land Leveling

C. Precision Land Leveling

5,18 Crore
AZ_. 16 Crore
’f. 34 Crore
20,00 Crore

12,66 Crore

Assume; 1, Cost Shared at 40% Govf. , 60% Farmer

2. Total Cost Rs.600/ac.

3. Government Share Rs. 240/ac.

12. 66 Crore for Precision Land Leveling at 240 Rs./ac.

will complete;

527, 500 acres

D " "Approximate Provincial Distribution

Province
Punjab
Sind

 NWFP

1

; Baluchistan

Percent

5¢C

33

10

Improved L .
Watercourse - Acres Leveled‘i
750 263, 750.

500 175,833
_15@ 52,750
100 35,166
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A. A typical branch watercourse showin
porous banks.

g grassy,
Note tree growth that consump-

tively uses water and occupies croppable

C. Cutthroat flume operating in 13% rectangular
areas (Mona Irrigation Project TW-78).

brick, masonry channel lining near site of
photo B, above.

B. Tubewell 78 and junction in foreground with
13% rectangular brick masonry channel lining.
(TW-78 Main 1, see Figure 6)

D. Rectangular brick masonry channel lining on
Main 1 of tubewell 78 watercourse.
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A. Trapesoidal concrete lined branch of Main 1, C. Mogha (turrout) from distributary to
tubewell 78, showing metal and concrete watercourse (TW-56).
inclined sliding gate, the latter designed
and installed by Bill Hart.

B. Inclined concrete sliding turnout (nakka)
designed by Bill Hart for trapesoidal D. Settling basin to trap sand immediately
chznnels. downstream from Mogha shown in Photo C above.
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"A. Rehabilitated watercourse (TW-56) immediately C. Rehabilitated watercourse (TW-56). Note

downstream from foreground in Photo C, remnant of former watercourse at right and -
Appendix I-2.

tree removal to allow straightening of channel.

B. Farmer-organized committee answering questions D. Turnout (nakka) and check gate with concrete
posed by review panel. Extension specialist Plugs designed by Dr. Kemper, one in main
(wearing checkered hat at left) organized channel (center) and one in branch watercourse

farmers and is acting here as an interpretor. (at left).



A. Concrete pipe turnout (nakka) prior to C. Nakka with experimental sponge rubber seal being
installation. tested as substitute for mud seal in buffalo
wallow shown in Photo D below.

B. Dr. Kemper sealing annular ring around concrete D. Buffalo wallow as part of watercourse. Note
plug with mud to form a water tight seal. brick steps at center for animal use and brick
walls that line edges of wallow.



A. Clothes washing facility immediately upstream
from buffalo wallow shown in Photo D, Appendix
I-4,

B. Example of rodent burrows that cause excessive
channel leakage. Burrows will be piugged when
rehcbilitation of watercourse is complete.

C. Rehabilitation in progress on the Kanjra water-
course near Shadab. Work is being done by CSU
students Shafique (at left) apd Gill (left rear)
to frlfili M.S. degree requirements.

R R S R e s

D. Weather station to measure solar radiation,
temperature, humidity, wind speed, and evapo-
ration near site of Photo C above to deter-
mine feasibility of scheduling irrigations
using soil, crop, and climatic inputs.
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A. Section of rehabilitated watercourse downstream
. C. Consumptive use plots (left) and water quality
from site shown in Photo Appendix I-5-C. Leak~- plots (right) on the Punjab Agricultural Re-
age from original watercourse caused poor wheat search Institute Water applied to plots is
stand at right. iy :

measured volumetrically.

-

- S P o4 \ : '~\:

D. Skimming well on Mona Reclamation Experimen-
tal Project (WAPDA). Water samples at pre-
determined depths are being taken using
evacuated sampling bottles.

B. Branch I lined with soil-cement bricks one
layer thick. Work was done by farmers
located on unlined branch of TW-78 (see
Figure 7, I,).



A. Optimum management plots showing leveled
borders planted to wheat by farmer using
traditional fertility, irrigation and
seeding (broadcast). Note sparse stands.

- . N E

B. Same as Photo A above but fertilized with
125# N, 50# P, and 25# K using tractor
driven rabi drill.

Appendix I-7

C. Demonstration plots near site in Photo A,
Appendix I-5. Farmer in photo stands in
plot he managed using traditional fertilicy
(50# N/A), seeding, and irrigation practices.

D. Plot adjacent to one in Photo C above with
improved fertility (75# P and 80# N) and an
additional S0# N at second irrigation.



