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A. Annual Report Summary 	Sheet
 

Project Title: Improving 	Irrigation Water Management on Farms
 

Contract Number: AID/ta-C-1411
 

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

Contractor: Colorado State University
 

Contractor's Address: Water Management Research Project
 
Engineering Research Center
 
Colorado State University
 
Fort Collins, Colorado 80523
 

Contract Period: April 1, 1977 to March 31, 1980
 

Reporting Period: April 1, 1978 to March 31, 1979
 

Total Expenditures and Obligations $1,008,992
 
Through Previous Contract 	 April 1, 1978 to March 31, 1979
 

Total Expenditures and Obligations $950,000
 
for Current Contract Year 	 April 1, 1979 to March 31, 1980
 

Narrative Summary
 

Amon- the most signi ficant accempilishi;neits during this report year are: 
(1) continuation of field studies with WAPDA at the Mona Reclamation Experi
mental Project (MREP), Includin, results oi tnc watercoursu cleaning and 
maintenance research program, wh ich coUld h' impletnented throughout the 
count ry ; (2) completio ltcrti including andoSt ,urve'.'s, physical socio
economic aspects; (3) part icipat ion wvI.i the USAID Nission to Pakistan and 
the Soil Conservation Scrv ice in i:.I ,--i. in,_, the On-Farm Water Management 
Pilot of ProjectProject; (4) ion Ofa the ,)n-Farm Wa teir Management Pilot 
by a joint team of Pakistanis Am (5) development of cooperativeand 1ricans; 

efforts with the Department of Agriculture in the three provinces of Punjab, 
Sind and North West Frontier in order to implement the On-Farm Water Manage
ment Pilot Project; (6) conduct phase I field studies in cooperation with 
the University of Agriculture, Faisalabad (UAF) regarding alternatives for
 
organizing farmers, as well as conducting seminars in each of the four
 
provinces plus the Federal Capital on establishing a legal framework for
 
organizing farmers in order to improve on-farm water management practices;
 
(7) preliminary development of training materials, initial training of 
trainers, and training of second class of Water Management Extension Officers 
for pilot project; (8) development of research proposal, "Water Management 
Research and Training Programme for Rural Development" with UAF using an
 
area of 37 villages to provide field research experiences for faculty and
 
more mean agful fiel.d experiences for trainees; (9) completion of a recon
naissance survey for identifyin4 on-farm water management constraints en
countered by farmers in Baluchistan; (10) successful development of concrete 
nakka lids in the Punjab, with tLis technolog4y to be transferred to the 
other provinces for use in the provincial On-Farm Water Management Develop
ment Projects; (11) development of bullock-draiwn furrower and tractor-drawn 
bed shaper for bed and furrow irrigation of summer crops; (12) cooperative 
efforts with the major agricultural research centers in Pakistan on significant 
research pertaining to wheat, rice, cotton and maize; and (13) the transfer 
process being developed for use in other countries has evolved into three
 
major manuals, namely, problem identification, development of solutions, and 
project implementation, along with an overview report, all of which will 
be completed during the final contract year. 

V
 





Annual Technical Report
 
IMPROVING IRRIGATION WATER MANAGEMENT O FARMS 

B. Background
 

1. General
 

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

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

2. Pakistan
 

The irrigation system of Pakistan represents one of the
 
largest moder" conveyance systems in the world and is a marvel
 
of engineering skill and technology. The hydraulic features,
 
dams, barrages, canals, distributaries, structures, and
 
appurtenzances have been fully described in other publications.

There is however a paucity of information and, indeed, a lack
 

of understanding of that portion of the irrigation system with
 
which the farmer deals. This refers to the system from the
 
canal outlet (mogha) through the irrigated field. The farmer 
operates and manages this water with little or no governmental 
assistance. The procedures, rules, resources and constraints 
at his disposal determine his on-farm water management practices, 
which in turn determine the crop production per unit of irriga
tion water. 

A modern irrigation conveyance system was constructed bythe British in the late 1800's and it is one of the largest in 
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40,000 miles of canals which commandthe w"70o1d. There are ahout: 
a oross a:ea of over 33 mi .1ion acres of fertile soils. About 

25 million acres actuialIy r-eceive surface water. The system 

is not only lanr"je with a ;-.,st potential but it is unique in 

several other aspects. ene disappointing feature, however, is 

the present low production in light of the apparent highly 

suitable soil, water and climatic resources. These factors 

suggest a production potential many times greater than presently 

achieved. The "green" revolution increased production appre

but even this appears to be far below potential and inciably, 
many respects this so-called revolution today is stalled. 

Many experts agree that the farming practices, including 

irrigation water management, must be modernized in order to 

achieve higher production. There are important reasons for 

the low crop yields and lack of agricultural production, in
levelcluding insufficient water supply, lack of proper land 

ing, lack of irrigation water control, lack of salinity control,
 
use of ancient
lack of water management extension services, 


in other words, there
cropping systems with ancient tools, or, 


a need for a much improved on-farm management system. The
is 

potential for increasing production through improved water
 

management is great.
 

C. Project tD C 'cLvS 

i. Gencr- ! Ob ectiv:: 

Thie ,'e:;er,! I W-CtLi (_:t s es ea rch is to Jevclop, 

design and iplement guidelines :or i::nroving irrigation water 

use efficiency and effectiveness on farms. 

2. Specific Work Plan
 

a. General Activities
 

Any technological improvement must be acceptable to
 

those who will provide for, utilize, and manage it. It is
 
this project take
therefore essential that the research on 


into account the special needs of the farmer including the
 

interrelationships among technology, institutions and the
 
Therefore,
prevailing economic, social and cultural factors. 


the laboratory for the research will be primarily the farmer
 

operated and managed sub-irrigation system. This includes the
 

water transport system among farms and on farms, the crop
 
fields, and the institutional and procedural arrangements
 
involved in managing the water supply.
 

Previous work on this project has identified several
 

acceptable technologies for improvement. Under this contract
 

the contractor will test and evaluate these separately and in
 
Most research will be
combination under farmer conditions. 


conducted on watercourse areas being pilot tested under the
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USAID/Pakistan On-Farm Water Management Project No. 
391-4130,
 
hereafter referred to as the "pilot project." This large-scale

"pilot project" will require considerable technical assistance
 
effort from the contractor to deveiop training materials and
 
trainers, for the variety of functions required in the integrated
 
package of improvements. An important aspect of this program
 
will involve organizing farmers on watercourses to effectively
 
implement the management program, as well as insure the continued
 
usefulness of the improvements through effective operation and

maintenance procedures in succeeding years.
 

The contractor will conduct a two pronged research pro
gram involving: (1) the study of problems, constraints,
 
procedures, training, institutional, technical and economic
 
requirements associated with implementing, managing, and
 
maintaining the improvements, and; (2) the articulation of
 
results (especially the investigative and procedural require
ments for technology selection and implementation) clearly

and concisely and in a format readily usable in other socio
economic environments.
 

The technologies to be tested and evaluated by the
 
contractor include: (a) watercourse improvement, (b) improved
 
structures for water control, (c) land shaping and farm field
 
layout, (d) augmentation of water supply with wells and on
farm storage, and (e) optimal utilization of increased water
 
supplies. The contractor will provide technical services to
 
ensure that these tecnnologies are installed on at least ten
 
(10) watercourse areas. These areas will preferably be a
 
part of the "pilot project." However, in case that project is
 
unduly delayed or fails, the contractor will provide the same
 
services to install the improvements on ten areas through
 
the research project agreements between USAID and WAPDA and/or
 
USAID and the Punjab Department of Agriculture under which
 
the contractor-Colorado State University is presently working.
 
These watercourse areas will become the principal laboratory
 
areas for the research. Since the contractor will address

the technical, training, institutional, and economic aspects
of implementation and management of the improvements, data
 

collection on these areas will be necessary throughout the
 
implrrienfation, management, and maintenance process.
 

b. Specitic Activities
 

(1) Technical Activities
 

The contractor will give technical guidance on
 
the watercourse rehabilitation and land leveling aspects of
 
the "pilot project" being especially careful that these
 
components are technically correct on all watercourse areas
 
comprising the laboratory for this research. A series of
 
watercourses will be reconstructed with concrete and masonry
 
control devices at every major junction and outlet. Existing
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ditch banks 	will be removed and the watercourse will be recor

structed to 	proper channel size and elevation, compacting
 

the earth in the banks. The labor will be provided by the 

farmers. These reconstructed watercourses will be designed on 

the basis of a complete topographic map of the area, measure

ments of the flo,, to be handled, the number and position of 
needed and basic principles of openstructures and culverts 

channel flow. As each watercourse is completed anJ evaluated, 

utilizing benclviark data compared with improved conditions, 

the lessons 	will be used to refine guidelines for future water

course improvement projects.
 

The contractor will also test an "essential improve

ments program." This will involve minimum engineering and
 

capital outlay. Losses at degraded junctions will be reduced
 

by filling borrowed areas and bringing watercourse banks to
 
proper :ross sections. Observable leakage through banks
 
will be stopped by simple core compaction techniques. De

gradation and subsequent leakage due to animal traffic will
 

be minimized by designing and constructing compacted earth
 

watering and bathing stations and sediment will be controlled
 

with earthen sediment traps. One or two major junctions will
 

be improved with concrete control structures when the farmers
 

have finished their earthen improvements and they will be given
 

cost information. The farmers may then decide to invest in
 

more of these structures. The professional services will be
 

provided primarily by extension agents who will have had
 
short course training provided by the contractor.special 

The contractor will determine the maintenance and
 

educational 	 requirements of precision land leveling to ensure 

that properly designed and constructed fields remain in good
 
order.
 

The research will include an analysis of crop
 

water needs and cropping patterns to efficiently utilize
 
water. Obviously, it is not possible to include all crops
 

and related variables in such a program. Therefore, a
 
synthesis of cropping recommendations and related cultural
 
practices appropriate to the increased water supplies will be
 

field tested with farmer cooperators. The approach will be
 

to use water requirements as a focal point. Climatic records
 
a
will be examined and water needs for various crops as 


function of time cc'-puted for normal and dry years. Cropping
 

mix, planting dates, or irrigation practices will be shifted
 

to best match the available water supply to the needs of the
 

crop. Such programs will be tested in farmer cooperators'
 
The research component will consist of documenting
fields. 


the performance of the improved cropping system as compared to
 previous or 	unimproved systems.
 

Field evaluations of tubewells and pumping devices
 

will be made to develop guidelines for designing and operating
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skimming wells such that water of satisfactory quality
 
(salinity) can be safely extracted.
 

(2) Training Activities
 

The contractor will provide personnel assistance
 
(for the "pilot project") in design of a training program.
 
This will include development of materia]s and methodologies
 
for implementation and evaluation. Major inputs will be
 
organization, development of training methods and materials,
 
and training and evaluating trainers and trainees. Evalua
tion and refinement of the program will be major activities
 
during both the classroom and on-the-job training periods.
 

The entire training project experience will be 
analyzed and developed into a manual which describes and 
recommends minimum training requirements for various aspects 
of the water management improvement process. The evaluation 
will include selection of trainees, methods for training, and 
content of material to be taught. Throughout the training 
exercise, the contractor will assay the possibility and 
feasibility of developinq a worldwide or regional training 
center in the field of water management development. In
 
this effort, linkages with other agencies (IRRI, SEARCA, 
East West Center for example) will be examined. 

(3) Institutional Activities 

In order that improved farmer operated irrigation 
systems can be maint:ained and managed properly, the farmers 
must be organized in some manner. The contractor will develop 
evaluative tools to measure the effectiveness of farmer 
organization and w ith these tools evaluate a representative 
number of farmer oranizations formed under the "pilot project." 
The interrelationships between these organizations and the 
individual farmer and the relevant government institutions 
will be identified and evaluated. 

(4) Economic Activities 

A major focus over the contract period will be 
given to several types of economic analyses to determine the 
cost/benefit ratios of alternative technologies and methods 
for watercourse improvements, increasing cropping intensities, 
and improving irrigation and cropping practices. These 
economic studies are of critical importance for policy makers 

in planning botl short and long term research and development 
programs on a country wide basis. 

Water manacement alternatives will be analyzed 
using cost-benefit methods to determine the relative value of 

various combinations of technologies for varying water supply 
situations over various time periods. 
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the follow-
Specific economic studies will focus on 


ing areas: (1) Economic benchmark studies of ten pilot experi
to document the economic benefit-cost
mental watercourse areas 

ratios resulting from specific technologies. These studies 
labor and materials and determinewill document the costs of 

the increases in cropping intensities, crop yields, and net 

farm income resulting from adaptaton of technologies; (2) 

Farm manaclement studios to ascertain alternative changes in 

cropping intonsities and crop mixes to increase net farm in

come resulting from uc increased water suL)plies due to 
applicationreduction of water losses and improved field 

be given to small and mediumpractices. Special focus will 
sized farms. (3) Costs of production of water from private 

(both diesel and electric) tubewells will be analyzed. The
 
availability
relationship between degree of utilization and 

and dependability of canal water supplies will also be studied. 

Data on the productive life of different tubewell and pump 
actual pumping rates will be collectedcomponents as welL as 

and analyzed; (4) An intens ive' socioeconomic benchmark 
be made on a sample of the 1500 watercourseevaluation will 

areas under the "pilot project." The methodologies and socio

economic analyses vill be specified and documented such that 

replication of the process with site specific data can be 

accomplished expeditiously.
 

(5) Utilization and Extension Activities
 

The resuits of the research efforts in Pakistan
 

under this and previous contracts will be presented in a set
 

of manuals which can be utilized in other LDCs to identify
 
farmer irrigation water management problems and to select and
 

implement solutions in a manner consistent with their own
 
social, economic, and physical constraints. 

A manu:a] of first importance is a description of
 

the methodology or systematic process (herein called the
 

transfer model) which has evolved from the research experience
 
in Pakistan. This process of problem identification, develop
ment of appropriate solutions, and demonstrations on farmers
 

fields preceding full-scale implementation will be defined in
 
sufficient detail that others could utilize it in developing
 

The
and implementing on-farm water management programs. 

development of the transfer model will begin immediately since
 

it involves the synthesis and articulation of all aspects
 

of the project into a model which can be utilized by others in
 

other places. A preliminary description will be presented to
 

AID where it will be extensively reviewed in TAB, Regional
 
Bureaus, and selected Missions. The model will be finalized
 
as the research and development phases are concluded and the
 
technological components of the management improvement processes
 
are formalized. The process (model) description will be
 

developed by all disciplines involved in the project with
 

assistance from AID/W and the Mission in Pakistan as representa
tives of the donor agency.
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A by-product of the transfer model is a set of
 
technologies which have proved to be successful in Pakistan
 
in improving irrigation water management. Each of these will
 
be presented in manual form. The material will be presented
 
such that another LDC can utilize the manual to make a
 
determination as to whether the particular technology is
 
socially, economically, and technically acceptable in its
 
environment. If it is found to be acceptable, the manual will
 
also contain detailed instructions on how to implement and
 
manage it. Specific subject matters to be covered in these
 
technological manuals will include:
 

a) watercourse improvement,
 
b) land shaping and field arrangement for
 

efficient use,
 
c) crops and cropping patterns for efficent
 

utilization,
 
d) institutional and organizational needs,
 
e) system maintenance
 
f) augmentation of supply by wells and farm
 

storage
 

One of the most important aspects of the water
 
management research experience in Pakistan is determining the
 
degree of transferability of the research results. Although
 
there is considerable confidence that much of the research 
findings have value in other LDCs, this must be documented by 
and in other LDCs. Contractor professionals and in some cases 
their Pakistani counter)arts will provide limited technical 
assistance to AID for irrigation water management project 
planning and evaluation. Approximately the equivalent of one 
full-time professional will be allotted from projectfunds 
for this purpose. Specific Mission requests will be reviewed 
by TAB and the Contractor to determine relevance and avail
ability of suitable technicians. Two purposes will be served 
by this activity. The 14issions will receive needed technical 
assistance for project development and/or evaluation and 
Colorado State will gain experience and data valuable in re
fining the transfer process and determining the transferability 
of the Pakistan water management project. It will also serve 
to acquaint project personnel with AID's project development
 
process.
 

D. Continued Relevance of the Objectives 

Our research findings, surveys in Pakistan, and consulta
tion with experienced water management personnel from USAID, 
FAO, the World Bank and several developing countries indicate 
that accomplishment of the original objectives will benefit 
the developing countries and contribute substantially to 
the fund of transferable water management technology. In fact, 
there is a growing awareness among international donors of 
the importance of on-farm irrigation water management for LDC's. 
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E. 	Accomplishments During the Report..ng Year (April 1, 1978 to
 
March 31, 1979)
 

i. 	 Summar 

Among thuimost significant accomplishments during this
 
report year arc: (1) continuation of field studies with WAPDA
 
at the Mona Reclamation Eu:perimental Proj] ct (HREP), including
 
results of the watercourse cleanini and maintenance research
 
program, which could be implemented throu.hout the country;
 
(2) completion of watercourse surveys, including physcial and
 
socio-economic aspects; (3) participation with the USAID
 
Mission to Pakistan and the Soil Conservation Service in
 
implementing the On-Farm Water Management Pilot Project; (4)
 
evaluation of thUn OFarm ater Management Pilot Project by a
 
joint team of Palism-ins and Americans; (5) development of
 
cooperative efort ....,'ith t he Department oi A iculture in the
 
three provinces 1 Sina North Frontier
of 	 tn]ab, ind West in

.ri On-Farm Water Management Pilot Project; 

(6) conduct Phase 11 field studies in cooperation with the
 
University of Agricltire, Faisalabad (UAF) relarding alter
natives for or( ani ing farmers, as well as conducting seminars
 
in each of tLhe o,- s'ins the Federal Capital on
 
establisin:i a K :al ramework for organi:ing farmers in order 
to improve on- arm wa ter an a::eme, t prac tices; (7) preliminary 
development of traininl 1a-erials and training of the second 
class of ater .lanagerinn E::teusion Officers for Pilot Project; 
(8) development C search proosal, "WaLer Management Research 
and Training Programrie for Rural Development" with UAF using 
an area of 37 villages to provide field research experiences 
for faculty and more meaningful experiences for trainees; (9) 
completion of a reconnaissance survey for identifying on-farm 
water manacement constraints being faced by farmers in 
Baluchistan; (10) successful development of concrete nakka lids 
in the Punjab, with this technology to be transferred to the 
other provinces for use in the provincial On-Farm Water Manage
ment Development Projects; and (11) development of a bullock
drawn furrower and a tractor-drawn bed shaper for bed and 
furrow irrigation of summer crops. 

0 

Besides the research programs w.,7ith WAPDA and the provincial 
departments of agriculture, the CSU Field Party is working 
with the major agricultural research centers in Pakistan on 
significant research pertaining to wheat, rice, cotton and 
maize. In addition, the CSU Field Party has joint efforts 
with the University of Agriculture at Faisalabad, Quaid-i-Azam 
University (formerly the University of Islamabad), Sind
 
Agricultural University and University of Peshawar.
 

The transfer process being developed for use in other
 
countries has evolved into three major phases; namely, problem
 
identification, development of solutions, and project implementa
tion. A report has been prepared describing the transfer
 
process. A second draft of the problem identification manual
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is completed, while a first draft of the project implementa
tion manual has been completed.
 

The following four personnel have served with the CSU Field
 
Party in Pakistan during this entire report period: Dr. John
 
0. Reuss (Agronomist) who is Chief-of-Party; Dr. Helmer Holje

(Agricultural Economist); Dr. Dwayne Westfall (Extension

Agronomist); and Mr. Norman Illsley (Agricultural Engineer,
 
Equipment). Mr. Douglas J. Merrey (Social Anthropologist)
 
arrived in April 1978. The field staff was completed in
 
September 1978 with the arrival of Mr. Dwayne E. Konrad
 
(Agricultural Engine r, Irrigation Extension). 
 Mr. Tom Trout
 
(Agricultural Engineer, Irrigation) returned to campus in
 
September 1978 to write up his research results and to complete
 
his graduate program. In November 1978, Dr. Sidney A. Bowers
 
(Soil Scientist) left the field staff to assume a position

with USAID in Pakistan. The present Field Party faculty per
sonnel are John Reuss, Hielmer Iiolje, Norman Illsley, Dwayne
 
Konrad, Douglas Merrey and Dwayne Westfall.
 

2. Water, Soil and Crop Management
 

a. Moisture Stress and Fertilizer Response
 

Several sets of experiments concerned with the inter
action of moisture stress and fertilizer response have been
 
conducted through years. results have beenthe .ecently,
analyzed from a three-year experiment on sugarcane. These 
results were consistent with those previously reported in that 
the effect of interaction between nitrogen and water on cane 
yield was small, indicating that nitrogen response was not 
much affected by water stress. Hfighest yields were generally
obtained with a total of 55 inches or more of water applied,
but 80 to 85' of maximum yields were obtained with only 30 
inches of water providing that adequate nitrogen was used.
 
Optimun N and water levels depend on the cost of water, but 
in general, N levels near 200 lbs N per acre are most economical,
 
even under conditions of water stress.
 

Analysis of one set of cotton trials conducted in 1978
 
suggested a somewhat different pattern where, in this case, 
there was a strong interaction between water stress and
 
fertilizer. Irrigation levels either above or below optimum
markedly depressed nitrogen response. It is not yet clear
whether this is a general pattern that must be expected for 
cotton or whether it was related to an unusual rainfall and 
temperature pattern. 

Even though a strong interaction between water and
 
nitrogen has been encountered for cotton, the general pattern

of little or no interaction has been encountered for several
 
years at numerous locations for wheat and sugarcane. This
 
general pattern strengthens our previous conclusion that if
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uncropped land is available, additional water available as a
 

result of improved water conveyance is best used to increase
 
cropped acreage, even though moderate water stress may result 
at some point in the growing season. These conclusions are 
consistent with results fromi inoa r pogramming models that 
gnerally jincicatc optimum croppinq paL terns are those tlat use 
irrigation luvo is loiw il i " t c...{uirement as longiiLion as 
land availabilityu is iot limiting. Only whon land availability 
constrains incrasing cropoped area should crops be gIrown at 
full irrigation reguir'imc1L, unless high water tables or uses 
of saline groundaters render the land especially vulnerable 
to salt accumulation. 

b. Crop Stands 

Over the voars CSU has been concerned with the problem 
of inadequate crop stands that is so commonly encountered in 
Pakistan, particularly during the kharif season. Past results 
have indicated that stands and yields could be improved by 
methods such as bad and furrow planting, crust control by 
mechanical methods or irrigation water timing, field drainage, 
and land leveling to avoid loss of crops due to flooding of 
low areas of the fields. 

While the potential of bed and furrow planting of such 
crops as cctton and maiz: ror stand improvement has been 
recognized, we have lacked adequate bedding and planting equip
ment for even planting good demonstrations, let alone for 
encouragement of farmers to adopt such practices. Such 
equipment is not available in Pakistan, and imported equipment 
is not well adapted. Therefore, new bedding and planting 
equipment that appears to be better adapted to local conditions 
has been designed and several units fabricated for use in demon
stration trials during the coming seasons. This equipment is 
presently tractor mounted, but modifications for bullock-drawn 
equipment for use by small farmers is being planned. 

Another related approach is to provide surface drainage 
through an integrated water delivery and surface drainage
 
system. Such a system has been designed for one of the improved
 
watercourses under construction.
 

c. Optimum Management 

Research cum demonstration trials over several years
 

have provided insight into those problems that appear to be
 
the most serious in limiting production, as well as the
 
effectiveness of practices intended to alleviate these problems.
 

Along with fertility and crop stands discussed above, weed
 
control consistently emerges as one of the most important
 
factors affecting production.
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Hand weed control has been consistently shown to be
 
highly effective in increasing crop yields in our field trials.
 
Even in a labor intensive economy, it is often impossible to
 
attain the needed level of control by this method. Chemical
 
control is in its infancy in Pakistan, but some effective
 
chemicals are available. Weed control trials on maize and
 
wheat have recently demonstrated that at least one effective
 
and easily used chemical method is available for each of
 
these crops. Unfortunately, there are also materials avail
able that are either ineffective or likely to result in crop
 
damage. Serious efforts are required to provide more wide
spread testing, make available those materials that are safe
 
and effective, and to remove inappropridte materials from
 
the market.
 

d. Water Quality
 

The dissertation of Mr. Ghulam Hussain (MREP) on
 
water quality criteria was completed in May 1978. The final
 
conclusion reached is that the Residual Sodium Carbonate
 
criteria does not contribute much to the prediction of water
 
quality problems and should be dropped. The investigations

indicated that the practice of using combined analysis of Ca 
and Mg, in areas such as Pakistan where high Mg waters are 
common, should be discontinued. Analytical methods accurately
 
separating these ions should be used.
 

3. Watercourse_Improvement 

Increased knowledge concerning the improvement of farm 
water distribution system was gained from the following studies.
 

a. Determination of Minimum Cost Cross Sections for
 
Lined Channels 

Recognizing that some watercourse sections will often
 
require lining and the choice of materials is often limited, 
a technique was developed to minimize lining costs for given 
material cost3 through selection of optimum cross sectional 
shapes. Cost minimization theory from economics and open 
channel hydraulics equations (Manning's equation) were combined 
to develop cost minimization solutions presented in both 
equation and easy-to-use nomograph form. 

b. Infiltration into Soils as a Function of Soil
WaterContent at Time of Compaction -____ 

Compaction of soil -it water contents near field 
capacity by compaction loads feasible in the field was found 
to decrease infiltration rates in medium textured soils to 
less than 0.01 cm per hour. Even in loamy sand soils, 
sufficient decrease in infiltration was attained by compaction 
at field capacity to bring watercourse losses down to tolerable 
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levels. This study identified the water contents to which
 

soils should be brought when watercourse banks are to be con

structed and compacted to achieve minimum loss of water from 

the watercourses. 

Soils with aippreciable sodium on the exchange complex 

had high aggreJg te strength when they were moist. This property 

enabled clods . to resist 	 equivalL:j compact Lon loads 
ent to human t iLc, resulting in large pores and high r -ates 

of permeability- L rouh such soils. This factur probably plays 

a 	 major role in the piping, and failure of earthen banks made
 
which have failed have
of such materials. Most 2aiuhen dams 

been constructed o: sodic soils. Compaction loads greater 

than one kilogram/cm2 werc not resisted by such soils and their 

subsequent resulting :emeablities were low. 

c. Training ani [ui;n Ient Needed by Village Level 
Workers rto Iiei. Fai-,mers Achieve Essential Improve
ments 

The cleaninq and maintenance and essential improvement 
programs reported last year indicate that farmers, when shown 
their potential for improvement will put forth the effort to 

help themselves. The numbers of watercourses needincg improve

ment requires training a large number of teci-nicians and equip

ping them to he2l, the farmers. A rogram has been designed 
to give extension field assistants the training and equipment 
that will enable them to provide this help to farmers. This 
program is currently being tested in the field. 

d. Structures for Lifring Canal, Drainage and Tail
 

Water in Watercoiirses 

High volume, low lift jet pumps designed and tested 

in the hydraulics laboratory at CSU were constructed and 

installed in two locations in Pakistan, where they are using 

excess gravitational enerjy available from high level tubewell 
levels needed in the field.
water to lift canal water up to 


locally available
Local fabricators have been able to utilize 

materials and bring the materials cost of these installations 
down to the range of Ps. 1000 to Rs. 3000 (about $100 to $300). 
Reception of these jet pump structures by farmers and engineers 
in Pakistan has been enthusiastic. Further tests and refine

ments to optimize the efficiency of these pumps are underway 
at the CSU hydraulics laboratory. 

e. Factors Affect-ng Loss in Pakistan Watercourses 

Extensive water conveyance loss data were collected 

by both inflow-outflow and ponding merhods and analyzed with 
statistical techniques to determine functional relationships 
between several watercourse design parameters and water losses.
 

The study concluded that:
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(1) 	Losses are very sensitive to and exponentially
 
related to water depth fluctuations in a
 
channel.
 

(2) 	Flow rate changes affect depth and consequently
 
losses.
 

(3) 	Cleaning of channels reduces wetted perimeter,
 
roughness and thus flow depths and water
 
losses.
 

(4) 	Water losses are higher from larger channels
 
which carry larger flows.
 

(5) 	The more of a channel section is full of water,
 
the lower are its loss rates.
 

(6) 	Sarkari khal channels have lower loss rates
 
than farmers branches.
 

These derived functional relationships were then
 
combined into a watercourse model which can predict changes
 
in conveyance losses resulting from changes in the design param
eters. The model was then applied to several practical water
course design alternatives to indicate its usefulness in saving 
irrigation water. 

f. 	 Potentials for Improvinq Watercourse Delivery 
Efficiencies in I3aluchistan 

Losses were measured on watercourses in representative 
areas of Baluchistan. While the average watercourse losses were 
only about 247, compared to -15% in the Punjab, many specific 
sections were identified where high loss rates were occurring 
and benefits from improvements would exceed their cost several 
fold. Irrigation aipplications exceeded crop water require
ments on the average field by almost 1002. The installation 
of flow measurement structures, along with simple guidelines 
for applying thu proper amount of water to croplands, would 
have benefit/cost ratios. A primary reason 'or the potentially 
high benefit/cost ratio is the high value of water in Baluchistan, 
which exceeds Rs. 1000/acre ft in areas where high value fruit, 
nut and vegetable crops are grown. 

Particular potentials for improvement, recognized in 
this survey and agreed to by Irrigation and Agricultural 
Department officials as locally critical were:
 

(1) 	guidelines tor construction of diversions
 
and bunds to take water out of flash flood
 
stream beds and guide it to usable locations;
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(2) 	 guidelines and engineering for construction 
of bunds around cropped areas fed by hill 
torrent waters which will increase their 
probabilities of remaininq intlact; 

(3) 	methods :or st-orino on the surface, or piping 
and vaiv.in,, nd-rund kari: channels, that, so 
these prec ious waters can he retained in the 
aquifer rather than be,inq dissipated when they 
are not necc u 1or crop.) use; 

(4) 	instrumentation and technicians to help these 
farmers measure their rates of flow and losses 
so they; will know how to improve their system 
to save the :temely valuable water which 
they are losing; 

(5) 	cjuideli nes for appl yinq the proper amount of 
water t( creni aus; and 

(6) 	 water manaiement advisors trained and equipped 
to work ,.,ith farmers to help them identify 
and attain their: potentials for water manage
men t im-rovenmen . 

4. Economics of Watercourse Improvements 

Several approaches have been used to evaluate costs and
 
returns from watercourse irovecents. Costs are normally
 
compared on an annual basis. ifo.ever, annual costs are highly
 
sensitive to assumptions of life and interest rates. We lack
 
sufficient experience wizh many of the improvement alternatives
 
to accurately evaluate life and maintenancec costs. Even so,
 
sufficient data are eTierginq to give a gjeneral pattern of costs.
 
Fully lined channels have cost up to Rs. 60 uer linear foot for
 
five cusec channels, but it appears that well constructed 9-inch 
section brick and mortar channels can be constructed for two 
cusec channels at an initial cost of Rs. 35 to 40 per foot or 
an annual cost of Rs. 3.9 per foot assuming 25-year life and 
10% interest charge. 

Lower cost construction of several types, including the
 
methods presently used] in India and systems presently being 
tested at 14REP, may allow us to achieve lining for 1.5-2 cusec
 
channels at a cost of Rs. 20 per foot or an annual cost of
 
about Rs. 2.2 per foot.
 

Earthen improvement with concrete control structures and
 
lining in stress areas can probably be achieved for an overall
 
cost of less than Rs. 3 per foot and an annual cost in the
 
range of Rs. 1 to 1.5 per foot depending on the assumptions of
 
life and maintenance for the earthwork and structure components.
 
Heavy cleaning and maintenance on unimproved watercourses could
 
be carried out annually at a cost of about Rs. 4 per foot.
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The value of the returns is more difficult to estimate.
 
Much of the water lost from watercourses enters the water table
 
and can be recovered by tubewells. Thus, the cost of tubewell
 
water delivered to the root zone could be used as a basis of
 
comparison. These costs are usually estimated at Rs. 80-120 per
 
acre foot at present, but most analyses probably do not adequate
ly take into account losses occurring between the tubewell and
 
field delivery so perhaps the higher figure is more appropriate. 

In the areas where groundwater is saline, we do not have 
the option of tubewell recovery of water lost to the groundwater
 
table, so other methods are required to evaluate benefits. 
One method is to set up linear programming models using appropriate 
cropping patterns, costs, prices, and irrigation frequencies 
with their appi:opriate yields. Irrigation water value is then 
evaluated using the shadow prices associatect with the optimal 
solutions. These exercises generally reveal a logical pattern 
of water value decreasing as availability increases. This 
effect resu -ts in weate saved by watercourse improvement being 
highly valuable dur ing some seasons of the year and having 
little or no value at other times. The annual average value 
of increased supplies gener ally varies from Rs. 400 per acre
 
foot, or more, if water is extremely limiting, to about Rs. 70
 
per acre foot if supplies are generally more plentiful. Con
sidering the increased net income that results after water
course improvement, one could assign substantially higher values.
 

Faced with this bewilderinig array of returns, evaluating 
net returns or benefits is difficult. Most of our analyses have 
used values of water saved in the range of Rs. 100 to Rs. 200 
per acre foot. Such analyses tend to give benefit/cost ratios 
of 5 or more for hea-cvy cleaning and maintenance, about 3 for 
earthen improvement with permanent control structures and 0.8 
1.5 for complete ]ining of the sarkari khal. 

While benefit/cc st ratios are useful they do not tell
 
the whole story. The total net returns per watercourse are
 
typically of the same order of magnitude for lining and earthen 
improvement, and sLs ten't Ia ly higher than for cleaning and 
maintenance. The hiuIher cost systems require much more capital 
inputs, so decisoiIs conce-ning alternate strategies are heavily 
dependent on the availability of capital and whether the cost 
of the capital is adequately covered in the calculation of 
annual cost.
 

The above calcuations assume that a single improvement 
strategy is applied to an entire watercourse. Recently, con
siderable effort has gone into quantitative analysis of the 
alternative of mixing improvement strategies on the same water
course. These analyses reveal that is is practical to apply 
much higher cost improvements to the head reaches of water
courses, that are in use perhaps 4 to 7 days per week, than to 
the tail reaches that only operate a few hours each week. Thus, 
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net returns are often maximized by mixed strategies involving
 
lining the head reaches and earthen improvement or even heavy 
cleaning and maintenance at the tail. An important aspect of 
these mixed strategies -is that while the lininq is, physically 
placed acjacent to the proiperi'rt or the generally more affluent 
farmers along tie head i<ccnes , the beinefits of this lining in 
the form of inclreased deliveries accrue much more heavily to 
the farmers served bv the iil reacIles. 

5. Training Water Management Extension Officers 

Sa'.ing water in watercourses is not productive unless 
the water is used effectively to increase crop production. CSU 
has been asked to work with the University of Agriculture, 
Faisalabad (UAF), in developin g a traininc; program which will 
prepare one Water Manaemnt }xtens ion Officer for each water 
management dve lo}rit-it Liuld team ulnder the On-Farm Water 
Management Pilot 'PruJec. jiLs responsibility will be to help 
farmers imurove thleir ;rouctionI throughl better management of 
his expanded wate: su;pl', leveled land ank other essential 
inputs (seed, forii .:er and weed anJI jest control). Dr. Early, 
Dr. Lowdermilk and Dr. Johnson developed an outline for this 
training which has served as the Lasis for an agreement between 
the Punjab Governmen andi thie University of Agriculture, 
Faisalabad. In addition, the Sind, North West Frontier and 
Baluchistan r-rovinciai Ls similar agreementscovt,>._-inunts developed 
with the University of Agriculture, Faisalabad. CSU will help 
develop training materials that can be used by all four provinces, 
and will assist to the et:ent of available personnel and as 
requested by the respective provincial governments. 

The first course w,.as given June 10-October 20, 1977 and 
had 16 participants (8 from the Punjab, 4 from the Sind, and 2 
each from the North West Frontier and Baluchistan). Additional 
training materials were developed afterwards in preparation for 
the second training course, which began on April 19, 1978 and 
was completed August 30 with 10 graduates. The third course 
began in March 1979. Eicht faculty trainers have been involved 
along with two CSU advisors. 

6. Water Users Associations 

The first pilot watercourse improvement project was care
fully selected on the basis of leadership and organization being
 
inherent in the farmers group which would allow them to complete
 
the improvement successfully. Ilcwever, studies by Mirza and
 
Freeman and by Lowdermilk indicate that water users on most
 
watercourses are divided by long standing disputes, caste
 
differences, and other factors, to the extent that the degree of 
cooperation and organization is a primary factor limiting water
course cleaning, maintenance and improvement projects. Radosevich 
has studied and outlined the types of water users organizations 
effective in managing water in the primary irrigated areas of
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the 	world and has suggested organization guidelines, rules and
 
policies which appear to be adapted to Pakistan's physical and
 
cultural characteristics. It is probable that implementation
 
of' some oE these guide:lines, rules and policies may provide the 
foundations of cooperative organizations, which have had a 
:o fitable experience in watercourse improvement and maintenance, 

an(] 	will have sufficient cred ibility and prestige to help the 
farmers coopera te in ownership of equipment, tractors, tubewells 
and 	 other activities, thereby allowing these farmers with small 
acreages to participate in the new technologies previously 
available only to those with larger holdings.
 

At the request of USAID/Islamabad, Colorado State University
 
agreed to develop a research project to test and identify the
 
organizations that might help farmers more efficiently use 
their water. Professor Ashfaq Mirza at the University of 
Agriculture, Paisalabad (UAF) and Mr. Douglas Merrey, who joined 
the 	 FielI Part:y in Au.ril 1978 and is stationed in Faisalabad, 
have been workinj cooper:atively in these studies. They published 
an interim report in Niovember 1978. Their Phase I studies will 
be completea in late 1979. 

7. 	Water Management Research and Training Program for 
Ruoral Development-____________________ 

The University of Ag iculture at Faisalabad was asked by 
the Punjab Aqriculture Department, nnd later by the Sind, NWFP 
and Baluchist ll Aricitlture Departments, to provide training to their 
personnecl , %woillnIds wk Wtr aanagement Extension Officers 
(Agricultural Officers) in their On-Farm Water Management Develop
ment Projects. The UnLiversity of Agriculture at Faisalabad 

-o de inagreed to ui the necessatry training the classroom and 
field aspects of wa L.r management utilizing existing information, 
facilities and the e:-:oerience oL its faculty. As the materials 
were assembled and the presentations developed for these classes, 
it became :1ppareL th.t this cour-se could be an important 
factor in bringing the faculty closer to the problems of the 
farmers. Sinc. most of the problems do not presently have 
satisfactory solutions and the farmer is still largely an un
predictable -.- it water7 this programActur n manalaemen t, research 
will allow t:h, 1icultyv an o.puort.nni tv to identify problems and 
Lest: alLeriLiv. s]IlL ions . The s , it became apparent that a 
J_1imarv need Ior tlie t ra in e ,S would be to identify farme :s' 
problems in I t! Id,].ds, observe we ll-planned demonstrations of 
how to mLotivate Larmes to alop improved practices, followed by 
opportunities t( work directly with the farmers and practice the 
demonstrated techniques.
 

The major objectives of the proposed research project
 
include the following:
 

a. 	To provide research resultc which will prove useful
 
to policy makers in the future implementation of
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the On-Farm Water Management Development Projects 
of the provinces. 

b. To strengthen the University research and train
ing curricula in water management and increase 
faculty involvement in the solution of farmers' 
problems. 

c. To develop ap,ropriate water management technologies 
through research and demonstration of farmers' 
fields, which are suitable to the harsh environ
ment of the mid-doab, that will provide a long
term balance beLween the use of surface and ground 
water in order to alleviate waterlogging and 
salinity problems while increasing crop production. 

d. To provide technology and guidelines to be used 
by Watercourse Engineers and Irrigation Engineers 
to facilitate their doing a better job of motivat
ing farmers and implementing technological change. 

e. To directly support the training course for the 
Water Management Extension Officers by providing 
planned educational field experiences in technical 
aspects of water mar-a ,ement and essential inter
action with far:mers t& motivate them to adopt 
new technologies. 

f. To provide technology and guidelines to be used 
by the Water 'Management Extension Officers, includ
ing the development of an effective package of 
extension materials for watercourse improvement, 
improved agronomic and irrigation practices, farm 
management planning, and organizing and motivating 
farmers to improve their water management practices. 

g. To train Agricultural Officers/Assistants of the 
Provincial Agricultural Extension Service in water
course cleaning and maintenance techniques and 
water management aspects of improved agronomic 
techniques. To train the In-Service Training 
Institute Staff of the Agricultural Extension 
Service in all phases of watercourse improvement, 
cleaning and maintenance, and water management 
aspects of improved agronomic techniques so they 
can integrate these into their training programs 
at the Training Institute. 

8. 	Joint U.S.A.-Pakistan Evaluation of On-Farm Water
 
Management
 

During April and May of 1978, a team of Pakistanis and
 
Americans undertook an evaluation of the On-Farm Water Management
 
Pilot Project, which is referred to as the On-Farm Water
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Management Development Project in each of the provinces. 
This
 
evaluation included the role of CSU research and training

activities supporting the Pilot Project. The material below
 
has been excerpted from the Summary and Recommendation. of their
 
report.
 

While it 's too early to fully judge the success or
 
viability of the Pilot On-Farm Water Management (OFWM)
 
program during the first phase of implementation, it
 
is evident sound procedures have been established for
 
assisting small farmers to improve their watercourses
 
and to level land for more efficient irrigation. The
 
initial goals were optimistic. The start up time was
 
under estimated and the project is about one year

behind schedule in achiev,,ig planned targets. 

As would be expected, the major problems occur in 
administrative management thanrather technical areas 
of the project. Recruitment of qualified personnel,

training time and once trained, retaining them on the 
teams has been difficult. The provinces are experienc
ing difficulty ir regularizing the positions. Staff 
recruitment and retention is particularly acute in the 
Sind where only 12 percent of the positions have been 
regularized. It appears that morale and productive
work of field team members is low because they are 
uncer tain of their uture. 

The technology for improvement of watercourses and
 
precision land leveling is appropriate for small
 
farmers and has been adequately tested and demonstrated 
to be effective in reducing water losses and increasing
 
crop production. Colorado State University has been 
doing research in this area since 1972 and the Soil 
Conservation Service assisted in a pilot land leveling 
project in the Punjab and Sind in late 1973. 

Water User Associations are ad hoc groupings along a
 
watercourse, organized for the purpose of providing

labor for improvements of the watercourse and for 
later aj,'e17A ion and maintenance. These associations 
do not have legal nor permanent status. ColoraC 
State University in cooperation with the University
of Agriculture, Faisalabad is conducting research in 
this area. Establishment of permanent Water User 
Associations is very important and is the key to 
long-term, sustained improvement in irrigation 
efficiency and increased crop production. 

The following recommendations were made regarding institu
"ions:
 



a. 	A permanent institutional arrangement needs to 
be established in order to implement the OFWM 
Project and to continue to provide similar 
services after this project terminates. In 
addition to the usual government agency, considera
tion should be given to establishing a semi
autonomous corporat-e entity. 

b. Legal status for the Water User Associations 
(WUA) is very important to their establishment 
as permanent institutions for the operation and 
maintenance of the watercourses and possibly for 

taking on other responsibilities. 

c. 	 Responsibilities for extension and related farmer 
services with the WUA needs to be assigned to a 
new dynamic agency(s) designed to help members 
with orcanizational and agricultural problems. 

9. 	 Specific Studies Reported in Appendix 

A short summary of each appendix report is presented below. 
Each summary is reported in the same sequence as the listing of
 
appendix reports (e.g., summary e below corresponds with Appendix 
5).
 

a. 	 A Small Farmer's Cotton Experiment in the Mona 
Project Area 

During the 1977 kharif season, Larry Nelson, a Colorado
 
State University Agronomy student, carried out a cotton experiment
 
in the Mona Project Area. On seven acres of land in Chak 11
 
ML, District Sargodha, he conducted experiments to determine the
 
feasibility of planting cotton on beds, application of recommended
 
rates of fertilizer and insecticides combined with controlled
 
irrigation. Mr. Nelson was not entirely satisfied with the
 
results of his experiment but remained convinced that the basic
 
approach is appropriate for this area. Therefore, before he
 
left Pakistan, he asked Sardar Mohammad L-ingah of village Khizar,
 
a local farmer, if he would be willing to grow cotton following
 
Mr. Nelson's instructions. Mr. Sardar Mohammad had been an
 
interested observer of Mr. Nelson's project, and readily agreed.
 
Mr. Douglas Merrey agreed to act as the communicator and go
between.
 

Mr. Nelson provided one container each of the insecti

cides Nuvacron-40 and Nogos, a hand-operated sprayer, money for
 

fertilizer and seeds, a rain gauge, and detailed instructions.
 
Mr. ferrey had the instructions translated into Urdu and helped
 

Sardar to understand them and monitored the progress of the
 
work. Mr. Sardar Mohammad owns only about 1-1/4 acres of land,
 

and cultivates about three more acres on a sharecropping basis.
 

He was able to spare only one quarter acre of his own land for
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planting cotton. He and his brother did all of the labor.
 
The beds and furrows were made by hand, they used a borrowed
 
hand-seeder for sowing and did all of the weeding, spraying,

irrigating, etc. themselves. His family harvested the crop.

Since his watercourse had been improved with Mona Project

aid the previous year, he had sufficient water even though
 
his land was towards the tail of the watercourse. He main
tained detailed records of all inputs and rainfall. This
 
report is based on those records plus discussion between the
 two authors. The experiment was carried out in the 1978 kharif
 season.
 

Mr. Sardar Mohammad is impressed with the usefulness of

beds and furrows, especially since his soil tends to crust
 
after irrigation. He also recognizes the advantages of beds
 
and furrows in reducing damage to young plants when there is
 
too much rain and in saving irrigation water. He plans to
 
plant his next sugar cane crop on beds. Further, though he

had abandoned growing cotton some years ago, he plans to plant
 
cotton next year using beds and furrows and modifying the culti
vation practices as discussed above. The input of insecticides
 
and perhaps fertilizer will probably have to be decreased for
 
economic reasons.
 

Other farmers in Khizar were impressed by his crop but
 
were intimidated by all the spraying and labor required. Further
more, they would be unlikely to invest very much money in insec
ticides and the like--especially considering the high risks
 
involved and the fact that the returns from spraying are not
 
clear. If a bed shaper were available to them at a minimum
 
cost, however, some farmers would probably adopt a simplified
 
version of the above method of cultivating cotton.
 

b. Rice Production Guidelines
 

The primary purpose of this production guideline is to
 
provide the Agriculture Officer with the basic knowledge re
quired to advise farmers in the latest rice production practices.
 
It is meant to be brief, factual and easy to read and use. For
 
this reason referencing to scientific publications has not been
 

,. although the majority of the material presented here was
 
"riined from such publications.
 

Rice is grown on about 4 million acres in Pakistan. 
it 50, of this area is in the Punjab with a production of3 million tons. Some high yielding varieties have been im

),:tedfrom the International Rice Research Institute (IRRI) in 
Lhe Philippines and production technology is being improved in 
rakistan. Pakistan has not only become self-sufficient in rice
r'uL also exports large quantities of high quality rice. This 
.port results in a good source of foreign exchange. So farIxpoLt has been to the Middle East, Far East and some African
 
.-ountries. However, there is a big market over the entire
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globe for the world famous high quality Basmati varieties and
 

the 	demand continues to exceed the supply available for export.
 

c. 	 The Response of Sugarcane to Water Stress and 
Nitrogen Fertilizer 

This report gives the results of three years research
 
on the relationship between the response to water and nitrogen
 
in sugarcane, conducted at the Mona Reclamation Experimental
 
Project. A detailed economic analysis is included using pro
duction surfaces determined by regression techniques. 

Nitrogen responses were only slightly aecreasod by water 
stress and substantial rates of nitrogen were profitable even 
on stressed treatments in all years. The optimum water applica
tion is, of course, dependent on the cost of water, whether it 
is the actual cost to nim or the opportunity cost of using it 
for another cro or increasin4. his cropping intensity. The 
optimum levels of water aplication varied among the three 
years, but in two of tLe three years applications of less than 
50-inches were more profitable than 60-inch applications when 
water costs exceed Rs. 10 per acre-inch. 

Finally it should be recognized that these results 
consider only bulk cane yields and not sucrose content. While 
farmers in Pakistan are iresently paid on the basis of bulk 
yield, it is well known that high rates of nitrogen often 
depress sucrose levels. Therefore, in order to assess the true 

value of the output it will be necessary to include sucrose 
measurements in work of this type. 

d. 	 An Agronomic and Economic Evaluation of the Effect 
of Irrigation and Nitrogen on Cotton Yields in 
Multan District 

Cotton is one of the most important agricultural crops 
in Pakistan. Acreage varies from 4.5 to 5.0 million acres each
 
year. It supports the local textile industry which is of major
 
economic importance to the country and except in years of low
 
production exports are a significant source of foreign exchange.
 
The average cotton yield presently is about 1200 kg/ha. Yields
 
in Pakistan are only 50- of Egypt's despite the fact that both
 

countries grow cotton under irrigated conditions. In Arizona,
 

where climatic conditions are similar to Pakistan's, a high
 
state of irrigation technology, balanced fertility program and
 

a scientific pest control program have brought average yields
 
to more than three times those of Pakistan. Cotton yields of
 
2500 kg/ha can be achieved in Pakistan under proper irrigation,
 
fertilizer and pest control management. 

Field experiments were conducted to determine the
 

interaction of nitrogen (N) fertility and irrigation intensity
 
of the economics of cotton production. A regression analyses
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using a yield model was used to evaluate the yield results and

economic returns. The yield response to N was linear over the

N rates tested (55-140 Kg/ha). The theoretical optimum numbers

of irrigations was 
4.2 and yields decreased substantially as
 
over or under irrigation occurred. The marginal product of N

(Kg Cotton/Kg N) was 11.03 at the theoretical optimum number of
irrigations and decreased to 
2.32 and 4.36 at 3 and 6 irrigations,

respectively. The return on investment in N was relatively

insensitive to cotton price and very sensitive to number of
 
irrigations.
 

Farmers generally apply more than five irrigations.

Based on these results the number of irrigations should be

decreased. Four or five irrigations are optimum for cotton

production and over irrigation will decrease their net to
income 

a point where return on investment makes cotton production
 
uneconomical.
 

e. 
The Effect of Herbicides and Mechanical Weed 
Control on Maize Yields (1978) 

The practice of using herbicides to control weeds in 
crops is in its infancy in Pakistan. The Government has approved

only a few herbicides for use by the farmers and very few

farmers have accepted this new technology as part of their pro
duction program. A considerable amount of effort must be
 
undertaken 
 in order to inform the farmers of the benefits 
herbicides have on crop yields. Also, additional field per
formance 
data are needed on herbicide efficacy and selectivity. 

A weed control demonstration experiment conductedwas 
on maize at Mona using three chemical and three hand control

methods. Maize were
yields doubled when Primextra herbicide 
was used to control weeds as compared to no weed control. The
Primextra treatment yielded significantly more than the best 
hand weed control of three hoeings. Return on investment in
herbicides to control weeds was greater thethan return on
investment in hand labor. Those results show that the use of
herbicides to control weeds in maize is economical under 
farmer conditions. 

f. Yield Trends and Adoption of Improved Agricultural
Practices in Mona Project Area 1964-65 
to 1973-74.
 

Crop cutting surveys have been conducted on wheat,rice, sugarcane and cotton fields on the Mona Reclamation
:.xperimental Project area during the period 1965-74. This
jeriod has a special significance due to the introduction of
Improved practices such as chemical fertilizers and high yield
ing varieties (IIYV's) of wheat and rice. The project mean
cropped area during this period was about 123,000 acres, of
which 73. were in the perennial canal command area. During
this period, mean wheat yields on the perennial command area 
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to 30 mds per acre. Percentage
increased approximately from 20 

96%. Wheat fields fertilized with
of HYV's increased from 3% to 


commercial nitrogen increased from 13% to 55% of the total and
 

average N, applied over all fields increased from 1.5 to about
 

41 lbs/acre. Wheat yield increased about 15 lbs for each 1 lb 
N applied. Of the 10 rod/acre increase about 6 can be assigned 
to the use of HYV's and 4 to fertilizer use. 

Mean rice yields on the perennial area varied from 

about 19 to 28 md/A but there was no clear cut trend over time. 
Average fertilizer use increasec from 0 to 11 lbs N/acre. 
Fertilizer increased rice yie'ls about 11. lbs for each 1 lb of 

N. Sugarcane yields in tne perennial area averaged 522 md/A 
at the first three years and 435 the final three years and the 

declining yield trend was silni ' int: (P, ,5) . N use increased 
from an average of 11 to 39 lbs/A over the period and yield 
increases due to fertilizer averaged about 63 lbs fresh cane per 

lb of N. 

No trend of increasing or decreasing cotton yields was 

detected. Average overall use of N at the end of the period was 

about 14 lbs/A with roughl-y 30, of the fields fertilized. In

creased yields amounted to about 5 1bs cotton per lb of N. 

g. A Note on the Fertilizer Ratio Concept 

The concept of plant nutrient ratios has long been 
utilized by agronomists and appears to be particularly prevalent
 

in Pakistan. Production experts often express concern that the
 
nutrient ratios utilized by the farmers are not optimum for a
 
particular crop. These concerns are reflected in the press
 
and are considered by those charged with planning production 
and imports. Agronomists interested in plant nutrients may
 

thus find themselves designing experiments to determine the 
optimum ratios of plant nutrients for different crops grown 
under different conditions. This discussion is limited to two 
nutrients, nitrogen and phosphorus and the resulting N/P ratios. 

This is appropriate because these fertilizer elements are the 
most widely used in Pakistan and crops often respond to their 
use. However, combinations involving other nutrients or crop 
inputs are subject to the same principles.
 

Although this paper cannot cover all aspects of the 
supplying power of the soils for plant nutrients, but should be 
sufficient to illustrate some of the technical and economic
 
limitations of the ratio concept. Raising an alarm over the
 
Pakistan farmers' improper fertilizer ratio not only serves
 
no useful purpose, but also illustrates a lack of knowledge of
 
the technical-economic relationships involved. A blanket
 
recommendation for the whole country such as a N/P ratio of 2/1
 
will not be valid for all areas or farmers.
 

Farmers in different stages of adoption of improved
 
practices will be applying widely different fertilizer rates.
 



25
 

There is no sound basis for assuming that ratios should be the
 
same for different doses. Actually most fertilizer experiments
 
would have to be drastically redesigned in order to adequately
 
test the ratios concept, even for fixed cost/price relationships.
 

h. 	Improving Field Corn Stands in Crusting Soils
 

Practical solutions to the problems of stand establish
ment of field corn in Pakistan were investigated in a field
 
trial conducted at the Colorado State University Agronomy

Research Center, Fort Collins, Colorado. Objectives of the
 
study were to determine the effects of; (1) bedding practices;

(2) 	initial seed moisture content at sowing; and (3) soil mulch
ing on stand establismuent and yield when soil crusting occurred 
during the emergence period. 

Harvest stands of crust and crust-thin treatments were 
6 and 11% lower than 2omparable stands of optimal treatments. 
Plant populations of these treatments were reduced by the 
development of a soil crust on the 5th day after sowing. Soil 
crusting extended the emergence period by an additional 5 to 7 
days. The extended period of emergence was caused by low seed
bed 	 temperatures and the development of a soil crust. 

Final stands of ridge furrow and broadbed treatments
 
were 9 and 12% lower than those observed in basin treatments.
 
The improved stands in basin truatments resulted from d more
 
shallow seeding depth which exposed the seed to a more favorable
 
heat flux and reduced the emergence distance.
 

i. 	 Irrigation Influence on Nitrogen Use Efficiency and 
Yield of Paddy.' Rice. 

Rice yields improve under continuous flooded conditions 
and 	are reduced when the fields are allowed to dry well past

the 	field capacity. This is especially true at critical growth 
stages such as tillering and blooming. Because of limited 
irrigation resources, farmers in Pakistan, in general, follow 
alternate flooding and drying cycles. Canal closures and other 
causes of periodic drying are common in Pakistan. Because of 
these fluctuating moisture contents, the oxidation and reduction 
(redox) status of the soil becomes more conductive to higher 
,,±trogen losses. 

There is a recent hypothesis that most of the nitrogen
losses occur in the critical redox range of 12-15. Elevated 
tLmperatures coupled with frequency and time of exposure of 
fields to such critical redox levels as imposed by alternate 

7.ooding and drying irrigation reg imes, generally lead to high
nitrogen losses and very low nitrogen use efficiencies in paddy
:ice. As a result, production usually falls considerably short 
of the potential production capabilities. The present investiga
tion was directed to explore the response of paddy rice to 
various irrigation treatments in terms of nitrogen us, efficiency 
and yield. 
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j. 	Effect of Soil Temperature and Moisture on Cotton
 
Germination Under Arid and Semi-Arid Conditions
 

A major problem faced by cotton producers in the arid
 
and semi-arid regions is the establishment of a good stand early
 

in the season, which can be insured only by a high and fast 
rate of germination. Stand uniformity (or lack of it) greatly 
affects production and the management of the crop during the 
crop year. The physical properties of the soil surrounding the 
seed, primarily high temperature, low moisture content and a 
physical impedence above the seed have been recognized as the 
most conmmon physical factors restricting successful cottonseed 
germination and stand in those regions. 

The purpose of this study was to analyze the effect of 
high soil temperatures and different soil moisture content on 
the rate and percent of emeirgence of cottonseed at the laboratory 
and greenhouse. Since soil temperature fluctuates through a 
daily cycle, the experiments were conducted to evaluate the 
combination of different daily soil temperatures and several 
moisture regimes representing field conditions. 

k. 	Effect of Tillage Practices on oisture and Nitrogen 
Status of Soil in Dryland Wheat Production 

Minimum tillage 'ractices for row crops have gained 
much ground during recent years because of increasing tillage 
costs and the need to reduce energy consumption. Nitrogen 
availablility, moisture conservation and management practices 
are major factors influencing growzh and yield of crops. 

The 	dryland agriculture in Pakistan is characterized 
by cultural practices which lead to excessive loss of moisture 
and nitrogen in the field, the conservation of which could 
appreciably increase the yield of wheat per acre. 

The pivotal problem of dryland agriculture in Pakistan 
is the conservationi of soil moisture, which is the single most 
important factor in increasing the yields from the present very 
low levels. The present study, which is aimed at investigating 
tillage and moisture conservation practices, would help a great 
deal in solving the problem of dryland agriculture in Pakistan. 

Minimum tillage and moisture conservation practices
 
being tested appear to be more effective in conserving moisture
 
in soil than those used by the farmers in the dryland areas of
 
Pakistan. This data may provide evidence to recommend reduction
 
in the amount of plowing currently done during the fallow period,
 
and to adopt other moisture conservation practices such as
 
controlling of weeds and keeping of some straw in the field, etc.
 
The adoption of minimum tillage practices could lead to continu
ous economization of fossil fuel as there is an increasing trend
 
to tractor cultivation in Pakistan.
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1. Bullock-Drawn Groundnut Harvester
 

Pakistan has approximately 40,000 ha annually planted

in groundnuts, producing 56,000 manuds of nuts. 
 Virtually all
 
of this crop is harvested by hand. The harvest season extends

from mid-November to 
the end of December. As is typical of many

crops in Pakistan, there is a shortage of labor during the

harvest season. This labor shoratge works a hardship on the

farmers in two ways; first, it artifically inflates wages for

harvest labor and 
second it extends the harvest time into the
 
season when the farmers should be preparing the fields for the

following crop, thereby jeopardizing the quality of that crop.

An improvement in the harvesting methods of nuts would be of

real value to the farmers concerned. If the plants can be

loosened from the ground mechanically, thus elimiating the

kussi (shovel) 
work, and then stored for later removal of the
 
nuts, this will free the land 
for immediate cultivation and also

delay the nut removal operation until 
a more slack labor season.
 

Harvesting machines should be developed for both
 
tractor power and for bullock power. 
Machines do exist in other
 
parts of the world, but for various reasons, none of these

designs have been successful in Pakistan. At least three

versions of animal drawn groundnut harvesters, based on designs
borrowed from other countries, have been tried but not adopted.

Their faults include being 
too heavy, too narrow, too difficult
 
to control, fouling with trash, and requiring too much draft.
 

The field testing looked at three factors. First,

would the harvester lift the groundnut plants and leave them
 
sufficiently loose in the soil that they could be hand lifted
 
as easily as by the traditional kussi method? Second, was the

draft requirement low enough that a team of bullocks could
 
pull it for a reasonable length of time without tiring, and

thirdly, would the farmers recognize any advantages in using

the harvester?
 

The final version of the harvester, while operating at
 a depth of 10 cm lifted the soil about 5 cm and simply allowed

it to fall off the back of the blade for breakup. In the process;

the soil was moved forward with the harvester about 15 cm.
'.-.iLh one model in the field, and being used for perhaps half of -ne season, no conclusive statement can be made about the farmer 
acceptance of the machine. However, when that model soughtwas
for testing, the farmers who were using it made it very clear
that they did not wish to give it up until their harvest was
completed. Instead of using this model for the draft tests,
an additional model similar to it was made and tested. It is
expected that after these farmers have operated the harvester
for this initial season, they will have suggestions that will
contribute in making a more refined machine. 
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m. 	 A Report on the Precision Land Leveling and
 
Water Management Project in the NWFP
 

While some farmers have apparently become sufficiently
 
enthused about land leveling in the North Vest Frontier Province 

program 

(NWFP) 
that f
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have the enthusiasm to motivate their neighbors to do 
likewise. Apparently, their major problems lay in inadequate 
diversions from the river and over use of water between the 
diversion and their watercourse by farmers in the upper reaches 
of this channel. These are on, standing basic problems which 
were not addressed by the improvement program. 

The following general approach is recommended which 
will bring together the personnel and researres to help farmers 
identify their potentials for imp-ovement and develop programs 
for attaining those potentials. 

(1) 	A research team should be inaugurated immediate
ly to support the On-Farm ater Management Pro
ject in the NWFP. This team should be drawn 
from personnel in the 

(a) 	NWFP, OFWM office (as assigned by the
 
Director)
 

(b) 	National OFWMP office
 

(c) 	U.S. Soil Conservation Service
 

(d) 	Colorado State University Field Party
 

(e) 	Master Planning Unit, Survey and
 
Research Division, WAPDA
 

(2) 	Research would include farmer cooperation in
 
the problem identification, planning, execu
tion and evaluation stages.
 

(3) 	Farmer inputs of labor and capital will be
 
invited for improvements involved in the
 
research. Items authorized for reimburse
ment by the OFVWM project would be paid for
 
from that budget. Minor items would be
 
handled through the CSU operations budget.
 

(4) 	Rodmen, beldars and other assistance that may
 
be needed would be provided on request by
 
the NWFP, OFWMP.
 

(5) 	A series of meetings should be held with
 
groups of farmers to determine their water
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management problems. These meetings should
 
include on-site inspection and discussion of
 
the problems.
 

(6) 	Where substantial potentials for improvement
 
exist, the farmer(s) will be encouraged to
 
consider one or more approaches which appear
 
to have promise for achieving those potentials.
 
These considerations will include benefit and
 
cost estimates.
 

(7) 	Based on the economic considerations and the
 
experience and knowledge of the farmer and
 
the technicians, one or more approaches for
 
achieving the potentials for improvement will
 
be implemented and evaluated. 

(8) 	If the results are positive and the farmers
 
are pleased and enthused, field days will be
 
arranged to allow them to tell their story. 

(9) 	If these same potentials for improvement are
 
widely present in the NWFP and can be addressed
 
within the framework of the current OFWMP,
 
personnel will be trained in the methods
 
found to be most effective in heLping farmers 
achieve those potentials.
 

(10) Stress should be placed on developing programs
 
which feature the farmer, show him his poten
tials for improvement, and motivate him to 
invest his own labor and other resources in
 
the improvement. Insofar as possible he
 
should be given insight, broader options and
 
technical guidance in place of physical
 
materials.
 

n. 	Water Delivery Efficiencies on MN-140: An 'ncommand
ed Watercourse. 

The average delivery efficiency only a complete irriga
tion turn (warabundi) for MN-140, an uncommanded watercourse, was 
51.6 	 percent. Of 32.8 ac ft discha:ged into the watercourse, 
16.9 ac ft were delivered to 50.6 acres, with the average irriga
tion depth being 4.04 inches. During conveyance to the fields 
48.4 percent of the water was lost. Operational losses accounted 
for 15.2 percent (2.4 ac ft) of the total water lost. Of the 
3.7 ac ft required to fill the channels, 67 percent was re
covered as channel drainage. 

The average infiltration loss rate from inlet to fields
 
was 0.53 cusecs/1000 ft. Ponding infiltration measurements from
 
five selected small channel sections averaged 0.37 cusecs/1000 ft
 



30
 

over a one-hour period with water at full supply level. Water 
loss from the ponded section was due only to seepage and evapora
tion. Infiltration rates during channel filling were 1 1/2 

4 times greater than the Eull supply infiltration rate. Seep
age 	 is a major component of the loss due to the prevailing soil 
texture. Such high seepage loss probahly jpreclude the earthen 
watercourse improvement techniques and c.sewhere. 

Very little leakagce or seepage throuigh the channel 
banks was observed.. Rodent holes averaged 3.81 holes/1000 ft. 
of channel. This was 1/8 to 1/3 the rate of holes found on 
three other watercourses. 

0. 	 Determininc Minimum Cost Cross Sections for 
Lined Channels 

Reducing channel lining costs involves not only utiliza
tion of low cost materials, but also opu:imally using these 
materials to convey the required flow. A matihematical treat
ment is presented for determining the minimum cost cross sectional 
shape and dimension which will fulfill the hydraulic require
ments, according to Manning's equation, for various bed and side 
wall material costs. A practical example of lined watercourse 
design is given to explain the utili:ation of the results. 
Nomographs are presented to simplify the minimum cost design 
process.
 

p. 	 Roughness Coefficients for Watercourse Design 

The Manning's roughness coefficient was evaluated on 
16 Pakistan watercourses in various stages or vegetative growth 
and maintenance. The derived values tended to be somewhat 
higher than those listed in the estern literature, perhaps 
because of the small size o4 the watercourses and the tropical 
vegetation involved; however, a wide variability of the co
efficient, depending on the channel conditions, was found. 

Utilizing the results of pending loss measurement 
studies, which indicate that watercourse ssers are strongly 
related to the depth of flow relative to the usual flow depth, 
a theoretical analysis of loss rates as a function of r-oughness 
coefficients was made. A graphical depiction of the- results 
points out that moderate vegetative growth in earthen channels 
can increase the roughness coefficient from 0.03 to 0.45, which
 
would increase the depth of flow by about 4-8 cm and losses
 
by 2 to 3 times.
 

The 	study concludes that only cleaning and maintaining
 
earthen watercourses, such that the roughness is reduced, can
 
cut conveyance losses in half. Also, a roughness coefficient
 
value of 0.04 is recommended for watercourse design.
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q. 	Low Cost Farm Irrigation Control Structures for
 
Pakistan
 

The 	control structures presently existing on nearly
 
all 	of Pakistan's 2 million kilometers of watercourses in 78,000
 
command areas are temporary ones constructed from earth. In
 
order to divert the water from one channel into another, the
 
irrigator cuts a hole through the bank and then attempts to
 
stop the flow in the original direction by building an earthen
 
dam 	across the channel.
 

The 	effects of this practice are everywhere evident.
 
Watercourse banks are weak, porous, and irregular from the
 
many cuts. Adjoining crops are sometimes poor due to excessive
 
water leakage. Junctions are often very much enlarged as a
 
result of borrowing soil from inside the channel to build the
 
dams, or crops are spoiled from the borrow pits outside the
 
banks. Banks are thin and weak in the junction area, and water
 
is often trickling into side branches through the porous dams
 
which will quickly wash out. 

On the basis of the practical experience of developing,
 
installing and testing of different low cost irrigation control
 
structures, the following recoiimeidations are made:
 

(1) 	Precast reinforced concrete is a recommended
 
material for fabricating nuccas. It has many
 
advantages including cost, life, and avail
ability. Reconmmended installation materials
 
will 	depend upon the local conditions. 

(2) 	Circular orifice panel nuccas with a curved
 
sealing surface, are easy to fabricate, simple
 
to use, and allow less leakage than other
 
tested materials.
 

(3) 	Additional work must be done to develop easy
 
to use larger size check structures where
 
leakage is small.
 

(4) 	Small drops in watercourse levels can be
 
accomplished by judiciously sized and located
 
check structures. 

r. 	Evaluation of Pucca Nuccas in Watercourse Improve
men t 

An integral par:t of the On-Farm Water Management (OFWM) 
watercourse improvement proqram is the installation of concrete 
checks and outlet structu-es (pucca nuccas). The type presently
being installed are precast concrete panel orifices and lids 
installed in a brick masonry structure. The latest design has 
evolved during three years of experimentation. This particular 
nucca is being produced by New 1lassnain RCC Products, Sargodha. 
About 4,000 of these structures have been installed in Pakistan.
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The precast orifice nuccas, when in good condition,
 
had practically no leakage. Average losses were about 1 per
cent of the mogha inflow after one year of field use. Break
age 	of nuccas is still a problem and the quality of the struc
tures must be improved. A nucca replacement rate of 10-20 per
cent per year might be expected with the present nuccJs. Water 
and/or labor savings will repay the cost of pucca nuccas. Extra 
benefits are improved water control, more irriqation time and 
farmer pride.
 

s. 	 Aids and Suggestions for the Successful Manufacture 
of Concrete 1 ccas 

Control of irrigation water on Pakistani farms has been 
the subject of a series of studies and reports. Through this 
resesarch a successful concrete control structure for small 
stream flows (under 5 cusecs) has been developed. 

The 	 design and fabrication of this structure is rela
tively simple, but quality control is essential to achieve
 
satisfactory results. This paper describes some of the tech
niques used in making quality concrete, and in particular, 
describes a simple machine specially designed for finishing 
the 	control structures.
 

t. Trapezoidal Plates with Circular Orifices for 
Measuring Flow Rates and Water Loss in Watercourse
 

A set of three trapezoidal plates with 4", 6" and 8" 
diameter orifices was fabricated. The plates were cut from 
1/4" thick sheet plastic. If this sheet is clear or translucent, 
it allows the reader to see the level of water on the front side 
of the plate when viewing from the back side and thereby facili
tates and increases the accuracy of the head loss measurement.
 

Orifice plates can generally be made at less cost than 
other flow measuring devices. They are also easy to transport 
in passenger vehicles and easy to carry to the field. Although 
they are simple, they can be an accurate tool for measuring water
 
flow rates and rates of loss in watercouises.
 

U. Tubewell Junction Jet Pump
 

A common problem for irrigation farmers in the Mona
 
Project area is that their full authorized discharge is not
 
provided at the outlet (mogha) to their watercourse. The moghas
 
are either modular (flume type) or non-modular (pipe orifice).
 
The modular moghas are designed to discharge the full supply at
 
an unsubmerged condition. Because of flat watercourse gradients,
 
along with silt deposits, vegetative growth, and elevated fields,
 
the water is usually backed over the mogha.
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Where tubewells exist near the mogha, it is possible to
 
use excess water horsepower or energy at the tubewell to raise
 
the level of the water in the watercourse. This was done
 
successfully in two locations in the Mona Project area. The
 
first jet pump utilized a long discharge pipe from the tubewell
 
to the watercourse and from there a horizontal steel jet pipe

and nozzle. The other jet pump involved bringing the water
course to the tubewell to save piping cost. The existing con
crete discharge box was heightened to allow full use of the
 
relatively high discharge elevation of the tubewell. In both
 
cases, the previously submerged mogha was freed to allow full
 
supply flow. Also, the jet pump allows the complete mixing of
 
the canal water with the more saline groundwater.
 

The increased water supply caused by the installation
 
of the junction jet pumps caused farmers on both watercourses
 
to becin further watercourse improvement programs. The Mona
 
Project staff briefed them on the fact that they would need an
 
improved and enlarged watercourse to make use of the full supply

that they hadn't seen in 13 years. The jet pumps at MN-60 and
 
MN-62 were provided from Mona Project Research funds and the
 
farmers were willing to put in many man-hours of earth work
 
in expectation of the results. None were disappointed when
 
the 	job was completed.
 

v. 	Post-Improvement Study on the Watercourse at
 
Chak-2J.B. Ram Devali
 

A brief description is provided of the pre- and post
improvement situation on a single watercourse. The short report

provides valuable insight regarding the problems continually
 
being faced by villagers and irrigators. The impact of tube
wells on cropping intensity and changing cropping patterns is 
discussed, as well as changes in irrigation practices. The 
problems of water theft are also discussed.
 

w. 	Tree Removal and Watercourse Improvement: A 
Preliminary Survey 

Preliminary results are reported on the tree removal
 
requirement under the watercourse improvement program being

oarried on in Pakistan. In order to proceed with the improve
ment work on a particular watercourse, the farmers are required

Lo remove all of the trees on the sarkari khal (main watercourse
 
i.n the command area) before any technical or monetary assistance
 
is provided. At present, there are very little data available
 
on the number and value of the trees removed, or farmer's 
:.ittitudes and perceptions toward removing their trees as part
of the watercourse improvement prodIram. Two surveys were 
zcrried out. One was conducted on five watercourses that had 
be2en improved and the other on four watercourses that were to 
be improved in the immediate future,
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The general ci
 

(1) 	Trees, without question, are a valuable
 
resource to the farmers. They are used for
 
many purposes, such as; implements, building
 
materials, furniture, fuel, fodder, shade,
 
boundary lines, wind breakers and have great
 
aesthetic value. They also serve many farmers
 
as a source of income for emergency and other
 
purposes.
 

(2) 	Unfortunately, trees can also be a serious
 
detriment to the farmer's operations, par
ticularly when they are located in improper
 
places. Those located on the sarkari khal or 
farmer's branches often impede the full flow 
of water and providu opportunities for trash 
to accumulate, which further restricts the
 
flow of water. Likewise, the trees located
 
on the banks of the watercourse makes them
 
porous and enables rodents and insects to 
greatly increase the seepage losses. The
 
trees themselves also consume large quantities
 
of water which otherwise could be used for
 
crop production. Also, many of the trees are
 
an ideal haven for destructive birds.
 

(3) 	It was estimated that 26,612 trees were re
moved from the sarkari khal on the nine water
courses included in this survey. Almost all
 
of these were removed by the farmers and
 
represents a lot of hard work. In most cases,
 
no definite plans have been made to replace
 
these trees. Obviously, most of them were not
 
planted, but are a result of natural propoga
tion. It would be desirable to develop a
 
tree replacement policy. Desirable species
 
could be selected and planted in strategic
 
locations, thereby mainta'ning the free flow
 
of water in the watercourses and as time goes
 
on in the farmer's branches as well.
 

(4) 	Almost all of the farmers believe that the
 
trees on the sarkari khal belong to the farmers
 
whose land it borders. This is a legal ques
tion that hasn't been resolved in the courts,
 
but the government thus far has adopted a
 
lenient policy regarding their removal and
 
,ill probably do so in the future. The general
 
feeling being that the tree removal program
 
is essential to the watercourse improvement
 
work, which in turn is most beneficial to
 
increasing agricultural production.
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(5) Over 95% of the farmers interviewed feel that the
 
tree removal requirement is desirable and that the
 
increased water supplies more than offset the loss
 
suffered from the removal of the trees.
 

(6) Finally, it seems apparent from this brief survey
 
that a much more intensive study of this matter
 
is warranted. It appears that if the proper pro
grams and policies are developed that the removal
 
of the trees would not only enhance the water
 
supply, but with a well designed tree planting
 
program the benefits from the trees themselves
 
could be increased, too.
 

x. 	A Study into the Marketing Problems of Citrus
 
Growers in the Mona Project
 

This is a study of the citrus industry in Pakistan with
 
special reference to Tehsil Bhalwal, which is one of the major
 
citrus producing areas in Pakistan and the general location of
 
the Mona Reclamation Experimental Project. A random sample of
 
citrus growers was selected for study and stratified in terms of
 
small, medium and large sized growers. Interviews were also
 
conducted with the citrus contractors and other middlemen in
volved in the marketing of citrus.
 

Citrus has become a very important crop in Pakistan
 
and a very significant increase in production and consumption
 
has occurred in the last few years. Unfortuantely, there have
 
developed a number of problems in the citrus industry which need
 
to be resolved if it is to become a viable industry. In view
 
of Lhis, growers, contractors and various middlemen were con
tacted to analyze these problem areas and to determine solutions 
for the betterment of the citrus industry. Generally speaking, 
the growers are greatly handicapped in marketing their citrus 
because of ignorance, lack of capital and the inability to organize 
an effective marketing system. The contractors are confronted 
by high risks in production, prices, transportation and spoilage. 

Most of these problems could be eliminated or minimized
 
by a concerted effort on the part of the GOP with cooperation
 
from the growers and private contractors. There is a great po
L.ntial for further development of the citrus industry if the 
proper policy steps are Laken. This will enable the domestic 
consumer to secure this highly desirable food product, provide 
foreign exchange for Pakistan and provide the growers and 
contractors a reasonable return on their investments. 

y. 	 Impact of Mona Reclamation Experinental Project on 
the Farm Economy of the Project Area
 

This study is an economic appraisal of the Mona Ex

perimental Reclamation Project. A benchmark study of this area
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was made in 1965-66 which was followed by an economic appraisal
 
study in 1970-71. This study concentrates primarily on the changes
 
that have taken place since 1970-71. The Mona Project was
 
initiated in 1965 with a view of finding out ways and means of
 
overcoming the factors limiting agricultural development in
 
the immediate area and using these findings throughout the whole
 
of Pakistan to increase their production of food and fiber.
 

The project is concerned with research activities in 
most areas of agricultural production, the dissemination of these
 
findings to the farmers through the Extension Division and lastly,
 
with problems related to public tubewell performance and main
tenance.
 

The methodology used in the analysis is commonly refer
red to as a "with" and "without" comparison. The "with" area 
consists of those lands that are supplied by public tubewell
 
water through the SCARP Program and the "without" area are
 
those lands in which no public tubewells have been installed.
 
In each of these areas, three classifications were made in terms 
of their water supply. These are: 1) perennial, 2) non-perennial, 
and 3) uncommanded. A representative sample of farms was selected 
in each for both the with and without situation. 

Current prices were used in this study to present a 
more meaningful picture of the present day situation. As is 
well known, farmers are very responsive to price changes, and 
when able to do so, change their cropping patterns and inten
sities to maximize their returns. The primary limiting resource 
in almost all of Pakistan is the limited and unstable water supply. 

Though a well developed and sophisticated system of 
surface water supply was established many years ago, it is found
 
that under present day standards that this water supply is in
adequate to provide the agricultural output to make Pakistan self
sufficient in its food supplies. With the advent of the public
 
tubewell (SCARP) .evelopment and followed soon by many private
 
tubewell installitions, the water supply has been increased
 
substantially, as well as providing a more stable supply. This
 
study is an attempt to determine the effect of these increased
 
water supplies and discover what research and extension activities
 
should be implemented to further enhance agricultural production
 
throughout Pakistan.
 

Many changes have occurred in land use, cropping pat
terns, cropping intensities, mechanization and the use of modern
 
inputs. Many of the farmers are producing cash crops for sale
 
in the markets. Agriculture in Pakistan is moving in the direction
 
of a market oriented economy. An excellent example of this is
 
the citrus industry. A large increase in the production of this
 
crop was noted. This was made possible because of the increased
 
water supply and its dependability.
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From 	an economic point of view, the Project Area has
 
provided handsome dividends. It was found that the annual costs
 
of the project were Rs. 5.4 million, whereas the annual benefits
 
were Rs. 17.6 million. This means, of course, that the cost
benefit ratio was 1:3.26; thereby, indicating that the project
 
has 	been very successful. However, with increasing emphasis
 
on research and extension activities, it is possible to improve
 
the 	present situation much further.
 

z. 	 Simulating Cropping Pattern and Water Management
 
Alternatives in the Punjab, Pakistan - Model
 
Development
 

A watercourse command area simulation model is planned
 
as one of the current tasks within the USAID sponsored work of
 
Colorado State University. The objectives outlined for the
 
model are as follows:
 

(1) 	To establish the overall water balance on
 
a watercourse command area as affected by
 
canal diversions, tubewell pumping, watercourse
 
condition, cropping patterns, and climatic
 
variables; and
 

(2) 	To examine the viability of various cropping 
patterns systems and intensities in terms of 
water availability for planting and in-season 
waLer stress. 

In order to accomplish these objectives, the model is initially
 
being set up on a Hewlett-Packard HP 9825A computer.
 

Any 	model of this scale can generate very valuable in
formation to the irrigation planner and thus should be veri
fied for one or more case studies. If squares along one or more
 
watercourses could be studied intensively as a system, the validity
 
of the model could be demonstrated and the results could yield
 
beneficial information for model improvements.
 

aa. A Survey of the Graduates of the First On-Farm
 
Water Manaement Agricultural Officer Training
 
Course
 

The University of Agriculture (Faisalabad) is responsible
 
for training the Agricultural Officers (AO) for the field teams
 
of the On-Farm Water Management Pilot Project of all the four
 
provinces of Pakistan. Colorado State University provides
 
advisory assistance to this training program. The first course
 
was completed on October 20, 1977. From October to November
 
1978 a survey was conducted of all but two of the 16 graduates
 
of this course. We assumed that during the year since graduation
 
these AO's would have had sufficient experience to help us in
 
improving the effectiveness of the training course.
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In terms of the first objective, to learn whether the
 
graduates are doing what they were trained for and what sorts
 
of problems they face on the job, we discovered that the re
spondents feel the training was adequate and did prepare them 
for 	their jobs. They do not seem to have any major on-the-job 
problems or grievances.
 

Our second obJective was to elicit their opinions on 
the effectiveness oi. * traiini and ways to improve it. Most 
were basically satis:fied_,itJ the training. Some of the prob
lems 	 and suggestions y-.- ientioned have been dealt with in the
second and currently in the tirii.d training courses. Their 
suggestions that the ac'_onoT'- and extension components need 
strengthening are well-taken in view of their performance on 
the 	 technical knowledge luestions. 

The thiird objective was to test the graduates' basic 
knowledge of the subjects taught in the course as a test of the 
effectiveness of the training. The performance on questions

regarding irrigation methods and extension methods was not
 
satisfactory, which suggests that these components need strength
ening.
 

Based on this survey, the following recommendations
 
are suggested:
 

(1) 	More emphasis needs to be given to the Agri
cultural Extension and Agronomy Components
 
of the training program. Special emphasis

should be placed upon establishment of
 
result demonstration using irrigation and
 
agronomic inputs. Every trainee should be
 
required to help establish a demonstration
 
in the field.
 

(2) 	A watercourse cleaning and maintenance opera
tion should be physically accomplished during
 
the training course. This should include the
 
physical process from initial farmer contact
 
through the cleaning and maintenance opera
tion
 

(3) 	In order to encourage the trainees to study 
more diligently arid to raise the standards 
of the course, examiantions need to be given 
on a regularly scheduled basis. Passing
 
marks and acceptable class room attendance
 
should be required for graduation.
 

(4) 	Since getting the farmers to cooperate with
 
them is perceived as a major problem by the
 
AO's, more attention needs to be given to
 
teaching human interaction skills and build
ing up their confidence in their ability to
 
work with farmers.
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(5) 	Greater attention to the importance of increas
ing agricultural production as the real goal

is needed, both in the training course and in
 
the policies of the OFWM Project.
 

(6) 	Refresher courses need to be given regularly
 
at the provincial level in order to raise the
 
level of expertise in areas where the AO's
 
are weak and to keep the AO's informed of
 
the latest recommendations.
 

(7) 	The difficulties the respondents faced both in
 
understanding our questions and in giving

acceptable answers raises questions about the
 
efficiency of English medium training: Con
sideration should be given to using Urdu at
 
least to supplement English - language presenta
tions.
 

In conclusion, many of the above recommendations have
 
been at least partially included in the third training course
 
which began in March 1979.
 

bb. 	Training Agriculture Officers for the On-Farm
 
Water Management Development Project
 

The second Agricultural Officer training program was
 
conducted at the University of Agriculture at Faisalabad from
 
April 19 to August 30, 1978. This interdisciplinary program

included subject Platter 
training in irrigation engineering,

agronomy, agricultural extension, rural sociology, soil science,

farm management and farm machinery. The main objectives of
 
the training program were to 
teach these very important members
 
of the On-Farm Water Management Field Team how to work with
 
farmers to improve agronomicI practices and to keep their water
courses cleaned and maintained. A considerable amount of time
 
was spent on engineering skills such as watercourse design,

surveying, etc. This is necessary because every field team
 
member has to be cross trained in all skills.
 

The major benefit of the OFWMDP will be obtained when

farmers use their additional supply of water to increase agri

tural production. Every facet of the training curriculum 
ild be oriented toward teaching skills that will result in

the achievement of this benefit. When the Agriculture Officer

is able to show farmers how to use their increased water supply 
o-.oincrease agricultural production, Pakistan will reap the 
iitimate benefit of the On-Farm Water Management Development
 
Jnoject.
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cc. 	 The On-Farm Water Management Training Program at
 

the University of Agriculture at Faisalabad
 

The interdisciplinary OFWM training at the UAF is 

designed to teach the practical skills that are needed in working
 
4-1/2 monthwith 	farmers. There are two courses taught, a 

subjects and a less technical course containing hicThly technical 
instrucsix-week course. The Agricultural Officers of OFWMDP and 

of the Agriculturaltors of the In-Service Training Institute 
the 4-1/2 month course while the Agri-Extension Service attend 

Servicecultural Officers/Assistants of the Agricultural Extension 

attend the six-week course. 

been 	 developed toA research project at the UAF has 
of the training programs by providingincrease the effectiveness 

faculty with funds to conduct field research projects rethe 
lated to OFWM. These research programs cover the major areas of 

will serve as a nucleus of expertise in OFWM techtraining and 
niques at the University.
 

dd. 	 The Water User Association Research Project - An 

Interim Report 

The OFWM Pilot Project is specifically directed toward 

Because of the small land holdings, ahelping small farmers. 
farmers share each watercourse.
relatively large number of 	 A
 

critical problem has been that of effectively organizing farmers,
 

especially for maintenance of watercourses after improvement.
 

Frequent and regular maintenance is essential if the farmers
 

to reap the benefits of watercourse improvement. The Univerare 

sity of Agriculture, Faisalabad, was therefore asked to do a
 

study on the possibilities of organizing water users associations
 

on each watercourse.
 

This study is based on research completed on four water

courses exhibiting a variety of sociological characteristics.
 

The research methods have combined the use of formal question

naires with more informal techniques in order to achieve a deeper
 
Among the tentative conunderstanding of key social processes. 


clusions suggested by the data are:
 

(1) 	Maintenance of watercourses after improvement;
 
is a major problem that must be solved.
 

(2) 	The social organization of watercourses is a
 

major determinant of the likelihood of a
 

successful improvement and maintenance pro

gram. It appears that the best maintained
 
watercourses are those with at least some of
 
the following characteristics:
 

(a) 	a single sarkari khal branch;
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(b) 	a high percentage of small but economically
 
viable land holdings (5 to 25 acres);
 

(c) 	relative equality among farmers of power
 
and 	influence and especially, a high
 
percentage of farmers being recognized
 
as influential and a low percentage of
 
farmers with no or little influence;
 

(d) 	equality of influence of all sections
 
of the watercourse, or concentration of
 
influence at the middle and tail sections;
 

(e) 	a low level of pre-existing conflict and
 
hostility;
 

(f) 	a previous history of cooperation on
 
community projects;
 

(g) 	nonfragmentation into separate competing
 
biradaris none of which are dominant;
 
and
 

(h) 	a high level of "progressiveness" as
 
measured by educational level, exposure
 
to mass media, and the like.
 

(3) 	Most farmers interviewed favor establishing
 
legally constituted water user associations.
 
Given the lack of effective social mechanisms
 
to ensure cooperation among watercourse share
holders, such legally constituted organizations
 
are essential to maximize the impact of the 
On-Farm Water Management Pilot Project on 
water management in Pakistan. 

(4) 	 A previous knowledce of the social relations 
on a watercourse, training in the use of this 
knowledge and the attitude of the Government 
personnel towards their clients, are important
 
for choosing watercourses on which to work, 
and in order to plan the work so as to 
anticipate, and reduce the effect of, conflict.
 

ee. 	 Irrigation and Honor: Cultural Impediments to the 
Improvement of Local Level Water Management in 
Punjab, Pakistan 

Inadequate organization of irrigation water users is
 

now 	 recognized as the major constraint for improving on-farm 

water management in Pakistan. Previous studies carried out by
 

Colorado State University and Pakistani sociologist have identified
 

characteristics of local social organization that either inhibit
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or facilitate the introduction of programs for watercourse 
re-


This 	study includes observations
construction and maintenance. 

of a watercourse reconstruction project and supplements previous
 

studies by describing a major theme in Punjabi culture, the con

cept of izzat ("honor", "reputation") . Much of Punabi behavior,
 
local-level coand especially the difficulLy of organizing 

operative projects, can be understood in terms ot the concept 

of izzat. The concern for preserving or increasing one's izzat, 
generates conflict and competitionor reducing others' izzat, 

among people and discourages cooperation. The implications of 

the concept of izzat for organizing farmers to construct their 
water is discussed,watercourses and manage their irrication 

and some general recommendations are presented. 

Watercourseff. 	 Optimization of Lengths of Alternative 
Improvement Programs an Pakistun 

Over the past several years, a substantial amount of 

has been collected concerning watercoarse losses ininformation 
losses enc...tered, improvementPakistan. Due to the high water 

are
 programs have been designed and undertaken. To date, these 

largely either experimental programs or pilot opcr..:c l pro

grams, but serious consideration is bein,-; g"n tr ,- sub

stantial operational programs. 

Several studies contain i:ormat>;n on costs and 

returns from earthen improvement either with or without permanent 

control structures and/or improvements involvin2 brick or concrete 

linings of various types. These studies have assumed that the 

complete main channel or official watercourse would be improved 

one method or the other, but studies have not conby either 
heavily used portionssidered the alternative of lining the 
the less used tail reaches.
and using lower cost improvements on 


This paper undertakes the development of a theoretical basis
 

the optimum amount of any contemplated improvefor determining 
ment, or the optimum point on 	the watercourse at which a high
 

a lower cost alternative.
cost 	program would switch to 


There are many practical considerations to water

course improvement that are relevant, in addition to the more
 
At present information is
theoretical approach given here. 


being assembled from various watercourses that have been studied
 

in some detail so that the application of these theoretical
 

approaches to field situations can be properly examined. How

ever, various organizations and agencies are presently involved
 

in analyzing water management alternatives for new or revised
 

programs. It therefore seems appropriate to issue a progress
 

report on the theoretical aspects at this time. While some
 

important conclusions are fairly obvious from the material
 

presented here, comprehensive recommendations must await the more
 

complete analysis.
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The technical analyses helped to establish a sound
 
theoretical basis for evaluating watercourse improvement alter
natives. On the basis of these principles, we must give serious
 
consideration to mixing high and low-cost improvement programs
 
on the same watercourse. Admittedly, some of the detailed analyses
 
require many simplifying assumptions that may lack reality when
 
applied to a particular field situation. However, the impor
tant lesson to be learned here is that analyses of improvement
 
alternatives, based on the assumption that one method will be 
used throughout, may give a distorted picture of the economic
 
viability of the method when applied to certain sections of the
 
watercourse. Specifically, relatively high cost linings should
 
seriously be considered for high water use sections of the water
courses, even though they would not be economically feasible if
 
used throughout.
 

In terms of optimization, we have presented a relevant 
method for analyses using both linear and non-linear water loss 
assumptions. The non-linear assumption results in optimum 
solutions at shortur lengths of improvement: than does the linear, 
but it also pr-edicts higher benefits. At t-his time, we prefer 
the linear assumption for general use. While there are many 
possible reasons for higher water losses at the head of the 
watercourse , which woul( be consistent with the non-linear 
assumption, there are some countcrbalancing factors that tend 
to increase losses near the ta l. In the first ;ilace, we have 
considered liargely the st,:aiv statu losses from a flowing water
course. In fact, sian ifica ntt non-st-ca(y state losses such as 

.channel. we ttinc occur The chianinel we!ttinc luss tends to assume 
greater importancu lear the tail when the watercourses are dry 
much of the time. The so a 1t]Lrnatel used channeils also tend to 
develop more porous banks below the normal water level due to 
rodent and insect activity than do the more heavily used channels. 

F. Dissemination and Utilization of Research Results 

Throughoujt the ".eoar in kc~t~ing with program objectives, 

special efforts have been made which have resulted in wide 
dissemination and utilizat ion of research results. As credibility 
with the Government of Pakistan has been increased as a result 
of a wide range o project activities, interest in Pakistan from 
farmers to govornment official.s has accelerated . The major 

c-.ul ts of p.-o-)cI ,.I r t (e.-;cr ibed in more detail below are
 
contilued i11pl onn at ion of thu comprehons ive On-Farm Water
 

Management Pilot Projf.ct; 2) the training of a large number of 
host: country personne 1 or reseairch and development activities; 
_)) the inst.i tnt-ioin-iili:ioni of water management research activit
ies in research statiois nd with other organizat-ions; 4) the 
ossistance to WAPDA Master Planning, the University of Agricul
ture, Faisalabad (UAF), and other institutions in action oriented 
research and development activities; 5) focus on the need to 
improve water laws and codes and the provision of incentives for 

http:Projf.ct
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farmers to organize for improving their farm irrigation systems; 
(6) increase linkages with international organizations active
 
in Pakistan and elsewhere with a concern and focus for on-farm 
irrigation problems; and 7) utilization of project personnel 
for reconnaissance surveys to irrigated projects in other low 
income nations. 

In May of 1976, USAID ashington approved an AID Mission to 
Pakistan proposal for a loan of over $10 million to help 
Pakistan launch a comprehensive On-Farm Wa ter Mlanacjement Pilot 
Project (r- 'er'>d to by the provincial governments as the "On-
Farm Wa-er .lanaement Development Project") This five-year 
project wili cov'er 1500 watercourse comnand areas totaling about 
600,000 acres of land and i::volvini Thbou t 60,000 farmers. The 
major compone o- ti tot Pr(]( lc t (cos tinj, an estimatedOF 


$40 million) se precisioniQd Arabilitation, land 
levelin._ , a' wtr mpaa adviorv services. The research 

m
tn , arra whichdata of CSL :1 -ain' tnp. aticular .hCIicles by 
these were transferr,, to faenr an, official audiences, con
vinced bot uhe the SLATD MVis sion that such aht G01n pilot
 
project was and This rogjram been
both n feasible o has 

actively uncerwa': aurin", the. 'Ist two report ,-ears with the
 
first watercourses Lein(, co-'.IpLeted in September 1977. Now,
 
the World Bank and h( ctgvernments of Canada and the United
 
Kingdom have7-t-'-'ourseU.v 1o; ec improvement projects to be
 
implemented soon inrP,'-:-an.
 

A training proCram nas evolved for farm level extension 
personnel, as a result. of bot' the Pilot Project and the concern 
of provincial aJricluturai departments. It has been realized 
that savinc warer throuqh-. reducing conveyance losses is only 
half the Job; the farmer must also receive help to utilize his 
water more effectively for increaserd crop production possibil
ities. The first trairing course for Water 'Ianagement Extension 
Officers was given June 10-October 20, 1977. The graduating 
class consisted of 16 participants representing all four prov
inces. The second course was conducted April-August 1978, while 
the third course was initiated in March 1979. 

As improv<.,i models of the panel water control structures 
have been designed, thy have been irmediately adopted by the 
On-Farm Water Management eve 1]opment Project in the Punjab, 
where this program is moving ahead rapidly. Several sources 
indicate that the successful performance of these control 
structure s is a major f.actor in motivation of: farmers to enter 
into the watercourse improvement program. This technology 
will be transferred to the other provinces in the very near 
future.
 

The finding that good cleaning and maintenance of watercourses
 
increases delivery of water to the fields by about 50% is being
 
incorporated into the training materials for the Water Manage
ment Extension Officer Training Program at UAF so that the
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Agricultural Extension Officers training under this program
 
will have the faith and visual aids necessary to convince the
 
farmers to take this apparently mundane step which can provide
 
them with such substantial benefits at such low cost. A
 
common host country request is that we focus more attention on
 
how to give existing organizations a mission and requisite
 
capabilities, rather than conceiving new organizations. The
 
cleaning and maintenance research which has been carried out
 
primarily by Field Assistants (with training comparable to
 
that of Field Assistants in the Department of Agriculture of:
 
the various provinces) indicates a real potential for carrying
 
this message and the necessary technology to the farmers via
 
the existing extension program. The watercourse improvement
 
program involved in the On-Farm Water Management Pilot Project 
will improve only about 2% of Pakistan's watercourses and even
 
the most ambitious proposals would require a decade or more to
 
improve all the watercourses in Pakistan. However, programs 
for giving field training to extension Field Assistants, which 
would allo them to lead the farmers in watercourse cleaning 
and maintenance projects, could be developed within a year and 
the training and maintenance and cleaning programs could be 
achieved within two or three years. Current observations 
indicate an alarming tendency of farmers on some of the improved 
watercourses to not maintain their watercourses. It is probable 
that both the water:course impn:ovement program and the proposed
cleaning and maintenance proogram could be benefited by requiring 
a good cleaning and maintenance program as a prerequisite for 
participating in the improveiment program which provides the 
farmers with the concrete control structures. 

The findings of the cleaning and maintenance program and 
the low operational level design trial provide a real opportunity 
for reducing the water losses by about 25% of what they were 
prior to the improvement program. The improvement program under
way in the On-Farm Water Management Pilot Project and the 
improved watercourses at Mona reduce losses to about 50% of 
what was occurring before the improvement was undertaken. How
ever, this improvement does not persist if the watercourses are 
not cleaned and maintained regularly and losses tend to creep 
back up to 60, 70 or even 80% of their original values. Within 
a year or two, development of good visual aids and sound arguments 
to help the farmers understand the potential for increasing 
fheir water deliverv to the field by cleaning, maintaining 
aind redesigninq their wateucourses should play a major role 
in giving fur-ther emphasis to the on-farm water management 
programs existing in Pakistan and those which may be developed 
in other countries of the world. 

A series of seminars on "Water Users Associations for 
improving Irrigated AgriculturIe" was held in each of the four 
provinces of Pakis7tan and the Federal Capital in June 1978. 
Dr. George Radosevich spent one-month TDY for this purpose to 
issist Prof. Ashfaq Mirza and Mr. Douglas Merrey. There was 
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unanimous approval at the provincial seminars of the need to
 
legally constitute some form of association. For this reason,
 
a proposed draft of an Irrigation Association Act or Order was
 
prepared that was consistent with the seminar recommendations. 
The proceedings of these seminars were published by the Ministry 
of Food and Agriculture, Government of Pakistan, Islamabad. 

As the pilot watercourse improvement program has evolved 
at Mona, a steady stream of at least 1000 visitors annually 
from the provincial and federal government, USAID, FAO, the 
World Bank aid several other countries have visited the projects, 
talked to the farmers and seei. the improvements. This on-site 
inspection has been reported as a major factor helping bring 
about the acceptance o he water manacement program by 
various agencies in the Government of Pakistan. 

The results concerninu conveyance efficiency in water
courses have had a major imi)pact on Pakistan's future planning 
and on programs presently being c developed. Previously, plans 
for water related projects assumed 90' of the water delivered 
to canal outlets or by public tubewells was delivered to the 
fields. Presently, the Fedr al Planning Commission is assum
ing that 60% is delivered. Our measurements suggest this value 
is still about 7. high, but it is certainly much more realistic 
than previous assumptions. Ne, SCARP programs on the drawing 
boards are including plans for rebuilding of watercourses as 
part of the SCARP procjram. International funding agencies 
such as IBRD (World Bank) , SIDA, and Canadian Aid are interested 
in funding water management related programs. Agencies such 
as the Punjab Agriculture Department and the WAPDA Master 
Planning and Survey Division are using our results in the 
planning process as a basis for new programs. 

A team of five Canadians visited campus personnel in 
January 1979 and then traveled to Pakistan to Tetermine the
 
feasibility of the Canadian government providing assistance
 
for a facility in the Sind that would be comparable to Mona.
 
In addition, they recommended that such a research program
 
include faculty at the Sind Agricultural University at
 
Tandoj am.
 

The undergirding philosophy of the CSU Water Management
 
Research Project from its inception has been the clean objective
 
of building up host country capabilities in the water manage
ment related fields. All research and other program activities
 
involve host country personnel--ranging from extension workers,
 
engineers, agronomists, social scientists, as well as officials
 
in applied field training. The program identification surveys
 
in the Punjab and Sind Provinces alone resulted in field train
ing of a group of about 30 individuals from disciplines includ
ing agronomy, economics, extension and engineering. This state
 
of the art study was done in cooperation with the WAPDA Master
 
Planning group and all trained personnel have been employed
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by WAPDA for an intensive survey of 60 command areas (UNDP and
 
World Bank funding), which is now nearing completion. This
 
same trained staff will be used in the near future for the
 
"Monitoring and Evaluation of the On-Farm Water Management
 
Pilot Project.
 

Formal graduate training at the CSU campus was continued
 
during this report year by Mr. Barkat Ali (Agricultural
 
Economics), Mr. M. Hanif (Agronomy),and Mr. M. A. R. Farooqi
 
(Agronomy). Mr. Mohsin Wahla (Agricultural Extension) and 
Mr. Mohammad Akram (Agricultural Engineering) completed their 
campus training December 1978 and will complete their field 
research programs during this final contract year. Mr. Zahid 
Khan (Agricultural Engineering) began his campus training in 
September 1978. An important innovation in this formal 
training is the requirement that after successful completion 
of course work, the candidate for a degree will return to 
Pakistan and conduct his thesis research on a relevant problem 
area in his representative field. The field research, data 
analysis, writing of the thesis, and final examination are all 
completed in-country under the guidance of the CSU Field Party. 
Mr. Ghulam Hussain successfully completed his Ph.D. in Agronomy 
in the summer of 1978 and is presently active in research at
 
Mona. The field research program was conducted at Mona and 
resulted in findings that advanced technical procedures for
 
evaluating salinity of irriqation water supplies. Mr. Nur
 
Din Ahrad, who is a senior official of the Land and Water
 
Reclamation Directorate in Lahore, has completed his M.Sc. in
 
Agronomy and course work for a Ph.D. and is presently doing his
 
research. Mr. Khalid Gill has completed course work at the
 
Ph.D. level in Agronomy and returned to Punjab Agricultural 
Research Institute (PARI). lie will complete the requirements 
for the Ph.D. degree in soils under CSU staff guidance during
 
the final contract year. 

Realizing the worldwide demand for expertise in on-farm
 
irrigation related fields, the project has provided an opportunity
 
for two state-side graduates to conduct field research in
 
Pakistan. Mr. Tom Trout is a Ph.D. candidate in Agricultural
 
Engineering and his research will result in a comprehensive
 
technical design manual for improvement of farm water con
.. ance systems. Mr. Larry Nelson, who returned to campus 
in December 1977, conducted his research at MREP related to 
une problem of kharif (summer) season, including his soil 
temperatures, crusting of soil, and the germination and 
emergence of maize and cotton. Ile is presently conducting 
field research on soil crusting in western Colorado using 
soils similar to those found in much of Pakistan. Both 
candidates received much orientation at CSU prior to their 
research tour in Pakistan. Trout will complete his work in 
1979, while Nelson will complete the writing of his disserta
tion in 1980.
 



While not directly related to or sponsored by the CSU
 

project, Field Party members have helped arrange research sites
 

and provided guidance for two social anthropologists from the
 

University of Pennsylvania and one economist from the University
 
These three Ph.D.
of Wisconsin during the first contract year. 


candidates conducted their research on subjects relevant to
 
One of the social anthropologists
Pakistan's irrigation problems. 


became a member of the CSU Field Party in April 1978.
 

Beginning in June 1977, Mr. Ramchand Oad, a Ph.D. student
 

in Agricultural Engineering at Cornell University, received
 

special training at CSU ip irrigation engineering and the inter-

He returned
disciplinary aspects of on-farm water management. 


to Cornell University in September 1978 and then undertook his
 
as part of an AID
dissertation work in Indonesia in early 1979 


funded irrigation research program in Asia. Later, Mr. Oad
 
will return as a faculty member in -he Mehran University of
 

the Sind at Nawabashah.
Engineering and Technology located in 


Expertise developed in the research and surveys conducted
 
in Pakistan is providing a substantial springboard for the water
 

management project in Egypt where aspects of the problem
 
identification surveys found effective in Pakistan are pro
ceeding at an accelerated pace in Egypt because they have been
 

able to avoid some of our mistakes and because Pakistan Field
 
Party members who have returned to campus are available to
 
give support and on-the-spot guidance to the Egyptian Program.
 

The relative success of the farm water management research
 
in Pakistan in helping develop a viable national water manage

ment improvement program has led to a continuing stream of
 
requests for information concerning how the research programs
 
were conducted and the available findings. A slide show titled
 
"Investments in Water Management" has been developed to tell
 
these experiences. A half hour movie on "Watercourse Improve
ment7' is also available for this purpose. However, one of the
 

primary means of transferring this information to other programs
 
is for project members to consult with individuals involved in
 

water management in other countries and international programs.
 
These consultants have involved TDY trips of Kemper to Sri
 

The World Bank has shown interest
Lanka and Reuss to Thailand. 

in the program and has at various times asked for consultations
 
with Clynta, Kemper, Lowdermilk, Radosevich, Freeman and Skoger
boe. The Food and Agriculture Organization of the United
 
Nations has also shown a strong interest in the program asking
 
for a paper on the history of the project and asking Kemper to
 
spend three weeks with them writing a position paper on how
 
water management research should be organized and coordinated
 
with development programs in developing countries.
 

Four of the CSU Field Party have visited Ludhiana University
 
and the watercourse lining program in India, including John
 

Reuss, Tom Trout, Norman Illsley and Dwayne Konrad. The exper
iences in India are being given serious consideration in Pakistan.
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Dr. Doral Kemper participated in the development of a
 
project paper in Sri Lanka during October 1978. The role of
 
Dr. Kemper was to look at investments in improved water manage
ment that would result in increased food production for Sri
 
Lanka.
 

G. Involvement of Minority Personnel and Women
 

A project was developed jointly with CSU and USAID to
 
determine the effective role of rural womin in deciding
 
priorities in investment, especially for agricultural and water
 
improvement projects. Dr. Sam Johnson previously was in charge
 
of coordinating this project with Mrs. Emily Datta, a graduate 
student from the University of California, Berkeley, to do the 
actual field work. This project was funded by USAID/Islamabad 
with the end result to be a report to USAID describing the 
role of rural women in decision maki,'g and recoimmtending steps 
to be taken to better reach this segment of the population. 
The project gathered data in the villages in the Mona and 
Faisalabad areas. The final report is presently being written. 

H. List of Publications 

1. Water Management Technical Reports 

a. Farm Irrigation Constraints and Farmer's Responses: 
Comprehensive Field Survey in Pakistan by Max
 
Lowdermilk, Alan Early and David Freeman. Water
 
Management Technical Report No. 48 (six volumes).
 
September 1978.
 

Abstract
 

Volume I summarizes the findings of the six volume
 
study, "Farm Irrigation Constraints and Farmer's Responses:
 
Comprehensive Field Survey in Pakistan". The purpose of the
 
study was to answer a major question, "What are the significant
 
farm lavel constraints confronting farmers in their irrigation
 
systems which are presently responsible for low crop yields and
 
crop production?" As a problem identification field survey,

the goal is to describe how farmers respond to selected con
strairts as they 
*uction systems. 

manage irrigation water for their crop pro-

The findings are based upon a sample more fully 
described in Volume VI, Appendix I, Part A. Data was collected
 
during 1975 and the winter-spring months of 1976 on a sample of 
387 farmers located in 16 villages and 40 watercourses stratified
 
by head, middle and tail location. The research sites were 
selected so as to represent the major agro-climatic zones of
 
the Pakistan Punjab and Sind, but because of USAID's emphasis
 
on the small farmer, the sample includes a disproportionately 
large sample of villages characterized by small farmer owner
operator majorities.
 



50
 

Chapter 1 sets forth major findings related to the
 
irrigation system: delivery to the farm, field application
 
efficiency and irrigation efficiency; agronomic factors: crop
 
yield per acre, cropping patterns, intensities; and farmers' 
perceived constraints with regard to economics, knowledge of
 
agricultural practices, water codes and regulations, and farmer 
organization. Each of the findings is followed by one or more 
policy implications. 

Employing base-line knowledge gained from the 
survey, Chapter 2 describes possible criteria--physical, economic 
and social--to be considered in the selection of watercourse 
commands for comprehensive improvement of water management in 
Pakistan. 

Chapter 3 discusses implications of subsequent 
projects, surveys and/or implement improvement programs, in 
terms of delivery efficiencies and application efficiencies.
 

Appended to the text of this volume are glossaries 
which include photographs taken in Pakistan during the survey, 
English and Urdu/Punjabi terms. 

Overall the structure of the report which follows
 
in the subsequent volumes is: 

Volume II: States research objectives and 
describes major features of the irrigation system being studied-
rivers, canals, moghas, watercourses, tubewells, and the 
organization of village social networks. 

Volume III: Establishes the consequences of the
 
existing irrigation system, a major one being low agricultural
 
productivity in a part of the world which has potential to be
 
one 	of the most productive regions on this planet.
 

Volume IV: Examines major constraints confronting
 
farmers within the existing system which are associated with the
 
low productivity discussed in Volume III.
 

Volume V: Presents farmers responses to the con
straints detailed in Volume IV.
 

Volume VI: Contains supplementary appendix
 
materials relating to methodology, data summaries, watercourse
 
profiles and maps.
 

2. 	Field Party Reports
 

a. 	Optimization of Lengths of Alternative Watercourse
 
Improvement Programs in Pakistan, by John Reuss.
 
Progress Report No. 11.
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b. 	Operational Irrigation Evaluations of Three Water
course Systems by Ch. Rahmat Ali, Mohammad Ashraf,
 
Tom Trout, Waryam Ali Mohsin, Mahmood Ahmad, Nazir
 
Ahmad Anwar, and Mohammad Umar Khan. WAPDA
 
Publication No. 1. August 1978.
 

c. 	Abstracts of Reports and Publications by Colorado
 
State University, Water Management Research Project
 
in Pakistan. December 1978.
 

3. 	Theses
 

a. 	Irrigation Water Quality Evaluation Under Pakistan
 
Conditions, by Ghulam Hussain. Ph.D. thesis,
 
Summer 1978.
 

Abstract
 

A study on irrigation water quality utilized
 
results from three related investigations; a lysimeter study, a
 
field study and theoretical investigations on residual sodium
 
carbonate (RSC). The purpose was to determine water quality
 
effects on soils and crops in order to recommend appropriate
 
changes in the water quality guidelines in Pakistan.
 

In the lysimeter study, 29 waters of desired total 
dissolved solids (TDS), so, tnm adsorption ratio (SAR) and 

RSC combinations were synthesized and used for irrigation. 
Three soil types: sandy loam, loam and clay loam were used. 
Crop rotation of berseem, maize, and wheat was us-d. Irrigation 

and 	canal water was done under farmer's
with mixed tubewell 
management conditions. The theoretical basis of RSC and 
determination of whether RSC is a useful index in predicting the 

effects of irrigation water on soils was investigated along with 

total alkalinity, RSC and residual sodium carbonate (calcium 
only) , (RSCC) indexes. 

Results indicated that RSC is not a valid criteria
 
in determining its effects on soils and crops since its effect
 

The 	 SAR of wateris confounded with that of the Ca/Mg ratio. 

was found to be more closely related to the final electrical
 
conductivity of the saturation extract (ECe) and SAR of soil
 
than was the EC of the water. Change in the SAR of the soil, 

u predicted by chemical equilibrium due to change in CO2 

1"rtial pressure, was relatively small for waters containing 
fractionssignificant Mg. However, changes due to leaching 	 were 

the 	various alkalinity index investigated,substantial. Among 
RSCC was the most eofecLive in predictinq the Ca content of 

soil solution followed by RSC and total alkalinity.equilibrium 
1i waters are generally low in Mg, RSCC and RSC are essentially 

the same, but with high Mg waters they are not. 

Based on the results and subsequent discussions,
 

it is recommended in the future that under any water quality
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evaluation program, the following conclusions should be
 

followed:
 

The 	RSC criteria for water quality evaluation
1. 

should be discarded. If alkalinity is to be considered, the RSCC
 

criteria should be used instead of RSC since it is a better
 

index for predicting final Ca concentration of the equilibrium
 

soil solution.
 

2. 	The analytical procedure followed for determina.

tion of total (Ca + Mg) should be replaced by methods which will
 
the soil saturation exaccurately determine both Ca and Mg in 


tract, because many of the ground waters in Pakistan are high in
 

Mg. There is a possibility that Mg saturated soils might
 

develop. Further high Mcg content of water may be a source of
 

Mg 	toxicity or induce nutrient deficiencies in plants.
 

b. 	Computer Evaluation of Surface Irrigation Systems,
 

by Kenneth Litwiller. M.S. thesis, Summer 1978.
 

Abstract
 

An evaluation procedure was developed for analyzing
 

the performance and effective water use of farm surface irriga

tion systems. This procedure included data sheets, data forms,
 

and a digital computer prograv,.
 

For purposes of evaluation, the subsystems of water

conveyance, water-application and water-allocation were considered
 

separately and evaluation parameters were defined for each.
 

The purpose of the procedure was to determine values for these
 

parameters by using field data.
 

The flexibility and utility of the evaluation pro-

Values
cedure was demonstrated by using real and sample data. 


of the evaluation parameters were calculated and tabulated for
 

a farm for a growing season.
 

4. 	Journal Articles
 

a. 	 Improving Irrigation Water Management in the Indus
 

Basin by Sam Johnson, III, W. Doral Kemper, and
 

Max K. Lowdermilk. Water Resources Bulletin,
 

Vol. 15, No. 2. April 1978.
 

Abstract
 

Over half of the water delivered from the canal
 

system to the watercourses managed by the farmers is not made
 

available to the farmers' crops in Pakistan. Most of this
 

water loss is due to loss of water through the banks of the
 

watercourses. Lack of maintaining these banks and lack of
 

cleaning the watercourse is a result of inadequate organization
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of the 10 to 150 farmers who use the watercourse, and a
 
deficiency of knowledge concerning the amount of their water
 
which is being lost.
 

Various methods of watercourse improvement have
 
been evaluated including concrete and masonry linings and simple
 
earthen improvements of the ditches with concrete control struc
tures, junctions and turnouts. With the cost of labor low in
 
Pakistan, the earthen improvements with concrete structures
 
appears to be the best investment.
 

Farm water management improvement programs have
 
been implemented in most of the provinces which include this
 
type of watercourse improvement, land leveling and advice to
 
the farmers on how and when to irrigate his crops to optimize
 
his production.
 

The rate at which personnel can be trained to
 
help the farmers implement these improved water management
 
practices is limiting the rate of implementation.
 

b. 	Land Leveling and Watercourse Improvements for
 
Pakistan by Muhammad Shafique, Wayne Clyma and
 
Sidney Bowers. Presented at the 1978 summer
 
meetings of American Society of Agricultural
 
Engineers, June 1978. ASAE Technical Paper No.
 
78-2021.
 

Abstract
 

A watercourse area was selected for evaluation
 
of channel improvement and land leveling in Pakistan. Applica
tion efficiencies averaged 46 percent on unleveled fields.
 
Delivery efficiency increased from 71 percent to 88 percent
 
after improvement. Benefit cost ratios for channel improve
ments ranged from 2.2 to 11.5.
 

c. 	Farm Water Management Constraints to Indus
 
Basin Crop Production by Alan Early, Max Lowder
milk, and David Freeman. Presented at the 1978
 
summer meetings of American Society of Agricul
tural Engineers, June 1978. ASAE Technical
 
Paper No. 78-2023.
 

Abstract
 

An interdisciplinary problem identification field
 
survey in irrigated districts of Pakistan provided insights into
 
the four major water management constraints experienced by
 
iarmers. The physical and irrigation constraints emphasized
 
water supply, farm location, field levelness, and watercourse
 
(tertiary) condition for conveyance. The agronomic and economic
 
constraints dealt with input and credit availability and utiliza
tion of improved technologies and high yielding varieties plus
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their requisite practices. The knowledge and information
 
constraints ranged from the cropping decision basis, irrigation

scheduling basis, recognition of water losses and field level
ness, to knowledge of improved practices, institutional services
 
and information sources. The organizational and institutional
 
services emphasized the lack of incentives for group activities
 
as well as services received by farmers, kinship cooperation

boundedness, social conflict related to water and the importance

of power and influence on village watercourse maintenance
 
activities.
 

d. 	Physical and Socio-Economic Dynamics of Irrigation

in Pakistan by Max Lowdermilk, Wayne Clyma and
 
Alan C. Early. Proceedings of the ASCE Speciality

Conference on Legal, Institutional and Social
 
Aspects of Irrigation and Drainage and Water
 
Resources Planning and Management, June 1978.
 

Abstract
 

There is a growing awareness today (1978) that an
 
important aspect of irrigation has been neglected. Water manage
ment on-farm must be improved to meet the present and growing

demands for increased food production. Levels of living must
 
be enhanced in rural areas. Improvement of on-farm water manage
ment directly meets both needs and provides local employment to
 
a large number of the rural underemployed.
 

This paper describes a procedure for the identifi
cation of priority problems in water management. The procedure
is applied as a case study of an outlet command area in Pakistan. 
Problem identification involves an interdisciplinary approach
with farmer participation to achieve an understanding of the
 
farm water management system operation. The result is an
 
objective, quantitative definition of priority problems.
 

A systematic approach to improving water management
 
as a research-development process includes problem identifica
tion, a search for solutions, assessment of solutions and
 
implementation of a program that provides the solutions to all
 
farmers (Clyma, Lowdermilk and Corey, 1977). This approach has
 
been tested in Pakistan and is being tested in Egypt.
 

Irrigation began in Pakistan with the Mohanjandaro

civilization more than 3500 years ago. Modern irrigation was
 
begun by the British in the late 1800s. Major emphasis on
 
irrigation development and improvement increased in the early

1960s. Corey and Clyma (1974) and Clyma and Corey (1975) have
 
summarized these developments and discussed their implications.

Basically irrigation in Pakistan is characterized by continued
 
waterlogging and salinity, a shortage of water such that an
 
average of only half the available irrigated land is cultivated
 
during any year, and low crop yields relative to the potential.
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The 	great emphasis on irrigation development during the 1960s
 
neglected water management because on-farm use of water was
 
assumed to be very efficient (Clyma and Corey, 1975).
 

e. 	Use of Gypsum Stones to Lower the Sodium Absorption
 
Ratio of Irrigation Water, by Bashir Ahmad, W. D.
 
Kemper, Ghulam Haider and M. A. Niaza. Accepted
 
for publication by the Soil Science Society of
 
American Proceedings.
 

Abstract
 

Many sources of irrigation water have sufficiently
 
high Na+/Ca++ ratios to be harmful to soils and crops. When
 
the salt contents of the waters are reasonably low, the
 
primary method of lowering this ratio is to apply extra Ca++
 
on the fields or in the water. Gypsum is generally the most
 
reasonably priced source of Ca++ . A major portion of its
 
current cost is associated with grinding the stones to a powder
 
and application of this powder to the fields.
 

This study shows that gypsum stones 5 to 20 kg in 
Ca+ + size are a usable source of the needed to bring down the 

SAR 	 in sodic irrigation waters. The dissolution rate of the 
gypsum stones is proportional to the square root of the velocity
of flow through the bed. Since the time of residence of solu
tion in the bed is inversely proportional to its velocity 

C_ ++ through the bed, the increase in concentration of in 
solution as it passes through the whole bed is inversely pro
portional to the square root of the velocity of flow. Solution 
concentration is also invcrsely proportional to the square root
 
of the size of the stones in the bed. 

Equations were developed to facilitate design
 
of channels with the proper cross section and length to supply
 
the needed amounts of Ca++ to the water when the average size
 
of the stones, the flow rate of the water, and the initial 
ionic concentration of the water are known. 

f. Infiltration of Soils as Affected by the 
Pressure and Water Cortent at the Time of Com
paction by Mohd. Akram and W. D. Kemper. 
Accepted for publication by the Soil Science
 
Society of America Proceedings.
 

Abstract 

Infiltration rates, volume reduction and bulk
 
densities of soils were determined on soils as a function of
 
compacting pressures and water content at the time of compaction.
 

Maximum compaction generally occurred when the soils
 
were packed at water contents near field capacity.
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2
When compacting loads were less than 1 kgm/cm the
 
minimum bulk densities occurred when soils had water contents
 
of about one half field capacity, indicating that surface
 
tension of water films in the soils plays a major role in co
hesiveness and stabilization against compaction under these
 

conditions.
 

Compacting loads of 3.46 kgm/cm 2 , at field 
capacity on sandy loams and finer textured soils, reduced infil
tration rates to less than 0.1% of values obtained after these 
soils had been compacted when they were air dry. In a loamy 
sand soil this reduction was to about 1%. 

The 	low infiltration rates following compaction
 
were increased by wetting and drying although several cycles 
of wetting and drying did not raise the infiltration rate to 
the 	level observed before packing.
 

Freezing and thawing cycles also increased the 
infiltration rates of previously compacted soils. Most of the 
change took place in the first freezing and thawing cycle. 

The large changes in infiltration rates using 
achievable levels of compaction at the "optimum" water contents 
indicate that compaction can play a major role in the manage
ment of water in ditches, reservoirs, furrows and watersheds. 

5. 	Movies and Slide shows
 

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

b. 	Watercourse Improvement by W. Doral Kemper and 
Dan Lattimore. 

6. 	Brochures
 

a. 	Improving Agricultural Production Through On-Farm
 
Water Management, Dan Lattimore, editor; Jim
 
Mealler, illustrator; and Dale Rosenbach, designer.
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APPENDIX 1
 

A SMALL FARMER'S COTTON EXPERIMENT IN THE MONA PROJECT AREA
 

Douglas J. Merrey and Sardar Mohammad LangahI /
 

During the 1977 Kharif season, Larry Nelson, a Colorado
 
State University Agronomy student, carried out a cotton
 
experiment in the Mona Project Area. On seven acres of land
 
in Chak 11 ML, District Sargodha, he conducted experiments
 
to determine the feasibility of planting cotton on beds,

application of recommended rates of fertilizer and insecti
cides combined with controlled irrigation. Mr. Nelson was
 
not entirely satisfied with the results of his experiment

but remained convinced that the basic approach is appropriate

for this area. Therefore, before he left Pakistan, he asked 
Sardar Mohammad Langah of village Khizar, a local farmer, if 
he would be willing to grow cotton following Mr. Nelson's 
instructions. 
Mr. Sardar Mohammad had been an interested
 
observer of Mr. Nelson's project, and readily agreed. Mr.

Douglas Merrey agreed to act as the communicator and go
between.
 

Dr. Nelson provided one container each of the insecti-

T
cides Nuvacron-40 anc Nogos, a hand-operated sprayer, money


for fertilizer and seeds, a rain gauge, and detailed in
structions (See Appendix II). Mr. Merrey had the instruc
tions translated into Urdu and helped Sardar to understand
 
them and monitored the progress of the work. Mr. Sardar 
Mohammad owns only about i acres of land, and cultivates
 
about three more acres on a sharecropping basis. He was
 
able to spare only one quarter acre of his own land for
 
planting cotton. lie and his brother did all of the labor. 
The beds and furrows were made by hand, they used a borrowed 
hand-seeder for sowing and did all of the weeding, spraying,
irrigating, etc. themselves. His family harvested the crop.
Since his watercourse had been improved with Mona Project
aid the previous year, he had sufficient water even though
his land was towards the tail of the watercourse. He main
tained detailed records of all inputs and rainfall. This 
report is based on those records plus discussion between 
the two authors. 

The Experiment 

The experiment was carried out in the 1978 Kharif
 
season. This section provides a month by month record of 2/

the cultivation progress with comments on problems faced.'

l/Respectively, Assistant Professor, Social Anthropology,

Colorado State University, and small progressive farmer of
 
village Khizar, District Gujrat, Pakistan.
 

2/See Appendix I for totals of major inputs.
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May 

Day Activity 	 Quantity Quantity
 
_per 	 acre
 

05 rouni irrigation (No. 1) 	3" to 4" 1
 
27 lbs. DAP 108 lbs. DAP
 

08 broadcast fertilizer 6 lbs. urea 6 lbs. urea 
4-plowings (tractor) and 4 
4-plankings 2 

9-10 made beds (40" wide) by
 
hand
 

11 	 sowed seeds with hand
 
planter 6.6 lbs. 26.4 lbs.
 

12 	 irrigation until fur
rows filled to 3/4
 
height of the beds
 
(No. 2 )
 

19 Hand resowing of seeds
 
where cermination was
 
thin and irrigation
 
(No. 3) 2.2 lbs. seed 8.8 lbs.
 

23 	 broadcast Malathion
 
mixed with wood ash on
 
plants because insects
 
(locally called toka)
 
were eating plants llb. 4 lbs.
 

29-31 first hoeing and
 
weeding
 

The sowing was done about one month later than Mr.
 
Nelson had recommended because of Mr. Merrey's late arrival
 
in Pakistan and the consequent delay in Mr. Sardar Mohammad's
 
getting the seeds and instructions. Since acid was not available
 
the seeds were soaked in water for 36 hours before sowing.
 
By mixing the seeds with dust and ashes they were fully
 
cleaned an hour before sowing. Mr. Sardar Mohammad felt
 
emergence was poor because the germination of the seed was
 
low. The seed was a mixture of about 75 percent Delta
 
Pine-25, and about 25 percent desi and AC-134.
 

Malathion mixed with wood ash was used instead of the
 
recommended insecticide because the sprayer had not arrived
 
from the USA when the need arose. The Malathion-ash mixture
 
was very effective in controlling toka.
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June
 

Day Activity Quantity Quantity
 
per acre
 

01 first spray: Nuvacron-40 2 Chattank 1 lb.
 

(4 ounces)
 

02 irrigation (No. 4)
 

04-06 hoeing, weeding and 3-4" spacing
 
thinning between plants.
 

09 spray No. 2 Nuvacron 4 oz. 1 lb.
 

13 rainfall 13 mm
 

14 rainfall 10 mm
 

22 spray No. 3: Nuvacron 6 oz. 1 lbs.
 
Nogos 4 oz. 1 lb.
 

26 fertilizer: urea 26 lbs. 104 lbs.
 
irrigation (No. 5)
 

The irrigation on the second of June was necessary
 
because the plants were wilting from the severe heat. No
 
thermometer was available to Mr. Sardar Mohammad but there
 
was a record heat wave this month; the temperature in nearby
 
Sargodha reportedly reached 520 C.
 

On the 26th too much fertilizer was mistakenly ap
plied; the amount should have been fourteen lbs. not twenty
six.
 

July
 

Day Activity Quantity Quantity
 
_per acre
 

01 rainfall 2 mm
 

03 rainfall 29 mm
 

06 rainfall 12 mm
 

09 rainfall 60 mm
 

11 spray No. 4: Nuvacron 6 oz. 1 lbs.
 
Nogos 4 oz. 1 lb.
 

14 rainfall 12 mm
 

17 rainfall 25 mm
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21-26 rainfall every day; total: ii7 mm
 

28 spray No. 5 	Nuvacron 6 oz 1 lbs.
 
Nogos 3 oz. 3/4 lb.
 

29 rainfall 	 10 mm
 

The fourth spraying 	containing Nogos caused leaf burn;
 
consequently the amount of Nogos was reduced twenty-five
 
percent for the fourth spraying3/. The number of sprayings
 
during July was less 	than Mr. Nelson had recommended because
 
of the frequent rains.
 

August
 

Day 	 Activity Quantity Quantity
 
_ __per 	 acre 

01 spray No. 6: 	 Nuvacron 4 oz. 1 lb.
 
Nogos 2 oz. lb.
 

02 rainfall 	 11 mm
 

05 rainfall 	 5 mm
 

12 spray No. 7: 	 Nuvacron 6 oz. 1 lbs.
 
Nogos 3 oz. 3/4 lb.
 

19 fertilizer: urea
 
(broadcast) 10.5 kg
 
rainfall 46 mm
 

21 Spray No. 8: 	 Nuvacron 6 oz. 1 lbs.
 
Nogos 3 oz. 3/4 lb.
 

25 rainfall 	 25 mm
 

26 spray No. 9: 	 Nuvacron 6 oz. 1 lbs.
 
Nogos 3 oz. 3/4 lb.
 

28 rainfall 	 46 mm
 

By the end of August the plants were six to eight feet
 
tall and o thick that it was impossible to get among the
 
plants to spray properly. Mr. Nelson's guidelines call for
 
the first picking this month but because of the month's
 
delay in sowing, the growth was about one month behind
 
schedule.
 

3/The sprayer was never calibrated properly, which may have
 
been a factor in the leaf burn.
 



61
 

September
 
Day 	 Activity 
 Quantity 	 Quantity
 

per acre
 

03 rainfall 5mm 

07 spray No. 10: Nuvacron 6 04. 1 lbs. 
Nogos 4 oz. 1 lb. 

15 rainfall 5 mm 

17 spray No. 11 Nuvacron 6 oz. 1klbs., 
Nogos 4 oz. 1 lb. 

18 	 irrigation (filled fur
ows) No. 6
 

23-24 	 first picking of cotton 
 16 seers4/ 	 131.2 lbs.
 
(32.8 lbs.)
 

27 	 spray No. 12: Malathion 
1 lb. 	 4 lbs.
 

In early Septembe. the cotton balls started drying before
ripening, and dropping. 
Mr. Sardar Mohammad realized that

the bolls were being attached by insects (bollworms) and
felt the spray being used was not strong enough to solvs/

the problem; this is why he used Malathion on the 27th.-


The ladies of the household in Punjab traditionally

pick the cotton; in this 
case the ladies 	were very unhappy

because the cotton plants were so 
large and the growth so

thick that it was difficult for them to harvest.
 

October
 

Day 	 Activity Quantity Quantity
 
per acre
 

09 second picking of cotton 32 seers 
 262.4 lbs.
 
(65.6 lbs.)
 

12 	 spray No. 13: Malathion 1 lb 
 4 lbs.
 
Nuvacron 8 oz. 
 2 lbs.
 

4/40 seers=l maund=82 pounds. 1 seer=2.05 lbs.

!/Dr. Westfall, CSU Agronomist, later suggested it was al
ready too late to solve the problem. It seems likely the

heavy growth reduced the effectiveness of spraying when
the cotton was flowering. Bolls around the edges of the

field were not 	as affected as those deeper inside. 
 The
 
late sowing may 	also have been a factor.
 

http:seer=2.05
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Day Activity Quantity Quantity
 
_per acre
 

16 irrigation (No. 7)
 

28 third picking 40 seers (1 md) 328 lbs.
 
(82 lbs.)
 

29 spray No. 14: Nuvacron 8 oz. 2 lbs.
 
Nogos 8 oz. 2 lbs.
 

Mr. Sardar Mohammad applied Malathion again and increased
 
the dosages of Nuvacron and Nogos, trying in vain to save
 
his crop.
 

November
 

Day Activity Quantity Quantity
 
per acre
 

06 spray No. 15: Nuvacron 6 oz. 1 lbs.
 
Nogos 4 oz. 1 lb.
 

10 fourth picking of cotton 20 seers 164 lbz.
 
(41 lbs.)
 

15 spray No. 16: Nuvacron 6 oz.. l bs.
 

Nogos 4 oz. lb.
 

December
 

Day Activity Quantity Quantity
 
per acre
 

10 fifth picking of cotton 10 seers 82 lbs.
 
(20.5 lbs.)
 

18 irrigation (No. 7)
 

.28. sixth and final picking 10 seers 82:lbs.
 
(20.5 lbs.)
 

January
 

06 cutting of the stalks for firewood
 

Up to September we had high hopes for a good crop, but
 
this was not to be. The total. production was three maunds
 
and 8 seers (262.4 lbs.) which would be 12.8 maunds (1049.6

lbs.) on a per acre basis. This is two or three times the
 
normal cotton production in Khizar, but considering the
 
volume of inputs and the expectations, the production was
 
disappointing.
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Costs and Income
 

Most of the inputs were supplied to Mr. Sardar by Mr.
 
Nelson. 
The Mona Project supplied the seed. Therefore, Mr.

Sardar's actual income from the project did exceed his own
costs. 
 However, if one includes the value of Sardar's own
labor as 
a cost the total costs of production exceeded the
 
value of the cotton produced.
 

Table 1 gives an estimate of the value of Mr. Sardar's

labor input in terms of what it would have cost him if he had
 

Table 1. Estimated Labor Costs if Hired Labor Had Been Used
 

Activity Rupee Cost per 
Cost acre 

preparation of 2 men x 3 days* 90.00 360.00 
beds (by hand) at Rs. 15/day

sowing 2 men x 1 day 30.00 120.00 
(total of 2 sowings) 

irrigation Rs. 5 per irrigation x 7 35.00 140.00 
times irrigated 

spraying 1 man x day x 16 120.00 480.00 
sprayings 

thinning 1 woman x day at 5.00 20.00 
Rs. 10/day* 

hoeing and 
weeding 

2 women x 2 days per 
hoeing x 2 hoeings; and 

80.00 320.00 

1 man x 3 days 45.00 180.00 

picking 3 women x 6 pickings 25.50 102.00 
rate is 5% of harvest 
total # 

cutting stalks 1 man x 2 days 30.00 120.00 

Total Labor Costs 460.50 1842.00
 
*Mensl labor at Rs. 
15 per day, including food; womens' labor
 
at Rs. 10 per day including food. 
 These are the prevailing

rates in this area, and whole day rates are often paid even
if the work is less than a full day but is laborious.
 

#Five percent of the cotton harvested is the traditional

remuneration in this area; 
this is regarded as womens'
 
work.
 

used locally hired labor. It is 
a fair representation of his
labor cost only in the sense that if he had not participated

in this experiment he would have used his time to produce
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another crop on the same piece of land. He did not actually
 
use hired labor and would not have hired himself out for this
 
time if he had not participated in the experiment. Table 1
 
shows the value of his labor input at Rs. 460.50.
 

Table 2 shows the other costs of inputs into this quarter
 
acre of cotton. The high cost of the insecticides, particu
larly the Nuvacron 40 and Nogos, is especially notable. It
 
is unlikely that such expensive insecticides would be used
 
by small farmers. When added to the estimated labor cost,
 
the total cost of production was Rs. 826.26, or Rs. 3155.08
 
on a per acre basis.
 

Table 2. Costs of Production of the Cotton
 

Activity Quantity Rate Total Cost 
Rupees Cost per acre 

Rupees 

plowing (tractor) 4 cultivations 20/acre 25.00 100.00
 
1 planking
 

fertilizer* DAP 12.5 kg. 72/50 kg. 18.00 72.00 
bag 

urea 68/50 kg. 34.00 136.00 
bag 

seeds* 4 kg. 3.50/kg. 14.00 56.00 

Insecticides 
Malathion* 1 kg. 20/kg. 30.00 120.00 
Nuvacron* 2.5 liters 50.25/ 125.63 502.52 

liter 
Nogos* 1.34 liters 42.64/ 57.14 228.56 

liter 
Sprayer* 1 50.00# 200.00 

maliya (land revenue) approx. 12.00 48.00 
and abiana (water rate) 48/acre 

Total not including labor 365.77 1463.08
 
labor 460.50 1842.00
 

Total Cost 826.27 3305.08
 
*Supplied to Sardar at no cost.
 
#Sprayer bought for about Rs. 600; estimated life is six
 
years, and assuming use on two quarter acre crops per year,
 
the prorated cost is Rs. 50.
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Table 3 shows the total income from the cotton experi
ment. To the cotton market value of Rs. 510, Rs. 100 was

added as the estimated firewood value of the stalks, giving

a total income of Rs. 610, 
or Rs. 2440 
on a per acre basis.
 

Table 3. 
Income from Cotton Experiment
 

Item Quantity Rate Value Sub-
Rupees Rupees Total 

cotton sold 2 maund 150/maund 300.00 
1 maund 180/maund 180.00 

cotton not sold 
yet 8 seers 150/maund 30.00 510.00 

estimated value 
of stalks for 
firewood 4 maund 4/maund 100.00 

Total 
 610.00
 

(Rs. 2440 on a per acre basis)
 

Table 4 shows if labor costs 
are excluded from the
analysis, the cotton experiment shows a profit of around
Rs. 244 
(Rs. 976 per acre) which is respectable but not
spectacular.6/ This is certainly higher than the usual
profit from cotton in Khizar. However, if labor costs
 
are included, the experiment shows 
a net loss of about Rs.
216. Farmers in Khizar do not normally calculate the cost

of their own labor systematically and explicitly, Mr.
Sardar feels that if labor costs 
are calculated no crop
shows a profit; nevertheless, in this case Mr. Sardar is
inclined to include the labor cost because of the abnormally high labor input. The return seemed too low for Mr.

Sardar for the effort invested.
 

64t was not possible to plant a rabi crop for 1978-79, so

this return on a quarter acre of land is 
a yearly return.
From this point of view it is probably lower than other
 
crops might have been.
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Table 4. Profit and Loss from Cotton Experiment
 

Cost Income Difference
 
:Experi-.Per Experi4Per Exper- Per
 
:ment :Acre , ment Acre _ment Acre
 

Not including 
labor 365.77 1463.08 - - 244.23 976.92 

labor 460.50 1842.00 - - -
Total 826.27 3305.08 610.00 2440.00(-216.27)(-865.08) 

Conclusions
 

Mr. Sardar Mohammad suggests there were three major
 
problems with the method used:
 
1. The plant spacing of 3-4 inches was too close. 
Since
 

the plants tend to grow very large, especially on the
 
rich soil of his land, he suggests the optimum spacing

is about two feet. 
 The bed width should be increased
 
from forty to fifty inches.
 

2. Delta Pine is not the appropriate variety of cotton for
this area; B-557 would be more apropriate.
 

3. The major problem, which was in part at least a result
 
of the above two, was that insect infestation was very

heavy and reduced production. In August to early Sep
tember there were literally thousands of bolls (no count
 
was made, unfortunately), most of which dropped off be
cause of insects. 
Mr. Sardar believes the insecticide
 
used was too weak to control the pests, and feels Mala
thion or Endrine would be better if it 
is available un
adulterated. The lack of adequate insect control was
 
undoubtedly also due to poor coverage with the spray

because of the heavy vegetation growth.7/
 

Mr. Sardar Mohammad is impressed with the usefulness of
 
beds and furrows especially since his soil tends to crust
 
after irrigation. He also recognizes the advantages of
 
beds and furrows in reducing damage to young plants when
 
there is too much rain and in saving irrigation water. He
 
plans to plant his next sugar cane crop on beds. Further,

though he had abandoned growing cotton some years ago, he

plans to plant cotton next year using beds and furrows and
 
modifying the cultivation practices as discussed above.

The input of insecticides and perhaps fertilizer will prob
ably have to be decreased for economic reasons.
 

7/Mr. Sardar Mohammad did not remove and destroy the cotton
 
stubble as quickly as he should have; 
in fact he did not at
 
the time understand the 
reason for its prompt removal. He
 
does the farming along, thus his time is at a premium and

removal of stubble did not have high priority. He eveitually

plowed it under in late January, 1979.
 

http:2440.00(-216.27)(-865.08
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Other farmers in Khizar were impressed by his crop but
 
were intimidated by all the spraying and labor required.
 
Furthermore, they would be unlikely to invest very much
 
money in 	insecticides and the like--especially considering
 
the high 	risks involved and the fact that the returns from
 
spraying 	are not clear. If a bed shaper were available
 
to them at a minimum cost, however, some farmers would
 
probably 	adopt a simplified version of the above method
 
of cultivating cotton.
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Appendix I
 

Table A. Post-sowing Irrigation and Rainfall
 

Month 	 Number of Rainfall
 
Irrigations No. Days Amount
 

May 3 	 0 0
 
June 2 	 2 23 mm
 
July 0 13 267 mm
 
August 0 5 133
 
September 1 	 2 10 mm
 
October 1 	 0 0
 
November 0 0 0
 
December 1 0 0
 

Total 8 22 433 mm
 

Table B. Consumption of Insecticide (ounces)
 

Month Nuvacron Nogos Malathion
 
May 0 0 16
 
June 14 4 0
 
July 12 7 0
 
August 22 11 0
 
September 12 8 16
 
October 16 8 16
 
November 12 8 0
 
December 0 0 0
 

Total 88 47 48
 
(22 lbs. per acre) (11.75/acre) (12 lbs/acre)
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Table C. Consumption of Fertilizer
 

Month 

May 

D.A.P. 
:Amount , Per Acre 

27 108 
, Amount 

6 

Urea 
, Per Acre 

24 
June - - 26 104 
August - - 23 92 

Total 27 108 55 220 

Table D. Picking Dates of Cotton
 

Number Dates 	 Quantity (Seers)
 

1 September 23-24 16
 
2 October 9 32
 
3 October 28 40
 
4 November 10 20
 
5 December 10 10
 
6 December 28 10
 

128 seers = 
262.4 lbs.
 

3 maunds, 8 seers
 
(1049.6 lbs. on a
 

per acre basis)
 

Appendix II
 

Tentative Field Schedule for Growing Delta Pine 25
 

Days prior Tentative Actual Field Activity
 
to or after Date Date
 
sowing
 

10-14 4/10 5/5 	 Apply roni irrigation 4 to 5
 
inches in order to wet soil
 
profile 4-5 ft. deep.
 

3 4/18 5/8 	 Cultivate and plank field. Make
 
sure field has been cultivated
 
well enough so that it will
 
make a good seedbed.
 

0 4/20 5/8 	 Broadcast 3 bags Single Super
 
Phosphate and 10 seer Urea/
 
acre
 

5/9-10 	 Bed-shaping and sowing may be
 
done in one operation if the
 
WAPDA bedshaper-planter is used.
 
The furrow opener should be set
 
on 80 in. centers for making
 
broadbeds and the seed furrow
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Days prior 
to or after Tentative
sowing Date 

Actual
Dt 

Field Activity 

opener on 10-inch centers. Sow 
acid delinted Delta Pine 25
 

5/11 seed at the rate of 12-14 seers
 
per acre. The seed should be
 
sown at a depth of 1.inch.
 

5/12 Beds should be irrigated as soon
 
after sowing as possible. Never
 
wait more than one or two days
 
to apply this irrigation as 	the
 
seedbed is much drier in this
 
method of field preparation 	than
 
it would be in traditional basin
 
sowing of cotton. It is impor
tant that the irrigation water
 
be applied carefully. Do not
 
allow the water to overtop the
 
beds as this may cause severe
 
crusting problems. Once the
 
furrows are 3/4 full of water,
 
reduce the amount of water coming
 
into the field until the water
 
neither rises or lowers in the
 
furrow. Soak the beds for 30
 
to 45 minutes or until obser
vations of the beds indicate
 
the soil has become wet 6 to
 
8 inches from the edge.
 

17-19 5/5 5/29-31 Thin the cotton stand down to 1
 
plant every 3 to 4 inches. 	Weed
 
the field at the same time to
 
reduce labor. A population of
 
35,000 Plcnts per acre is the
 
most ideal plant population of
 
Delta Pine 25 for consistent
 
high yields.
 

6/1 Spray #1: Apply 1 lb. of Nuva
cron 40 per acre.
 

21 5/12 6/2 Apply irrigation making sure beds
 

soak 30 to 45 minutes after
 
furrows are full
 

28-21 5/19 6/4-6 Clean field of all weeds.
 

28 5/19 6/9 	 Spray #2: Apply 2 lbs. of
 
Nuvacron 40 per acre.
 

42 6/2 6/22 	 Spray #3: Apply 2 lbs. of
 
Nuvacron 40 per acre.
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Days prior

to or after Tentative Actual 
 Field Activity

sowing Date Date
 

6/26 	 Broadcast 55 
seers Urea/acre

in the furrows. Apply irri
gation making sure beds soak
 
for 30 to 45 minutes.
 

56 6/16 
 7/11 	 Spray #4: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

60 6/20 	 First bloom flush may begin
 
during this week.
 

63 6/23 7/28 	 Spray #5: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre. Apply irrigation making
 
sure beds soak for 30 
to 45
 
minutes.
 

70 6/30 8/1 	 Spray #6: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Noaos/
 
acre.
 

75-125 7/5-9/25 
 Drain fields after heavy rain.
 

77 7/7 8/12 	 Spray #7: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

77-87 	 7/7 
 8/19 	 Broadcast 45 seer Urea/acre
 
in the 	furrows prior to or
 
immediately following a rain.
 
If no rain apply a light irri
gation, just allowing furrows
 
to fill, before turning water
 
off. This will dissolve the
 
Urea and carry it into the
 
root zone. Otherwise Nitrogen

will be lost.
 

84 7/14 8/21 	 Spray #8: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. of
 
Nogos/acre.
 

91 7/21 8/26 	 Spray #9: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
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Days prior Tentative Actual
 
to or after Date 
 Date Field Activity

sowing
 

98 7/28 9/7 	 Spray #10: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

105 8/4 9/17 	 Spray #11: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

112 8/11 9/27 	 Spray #12: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

119 8/18 10/12 	 Spray #13: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

115-120 8/20 9/23-24 First Picking
 

126 8/25 10/29 	 Spray #14: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

133 	 9/1 
 11/6 	 Spray #15: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

140 9/8 11/15 	 Spray #16: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

147 9/15 	 Spray #17: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

148 9/16 	 Apply irrigation (2 in.)
 

154 9/22 	 Spray #18: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

161 9/29 	 Spray #19: Apply 1 lbs. of
 
Nuvacron 40 and 1 lb. Nogos/
 
acre.
 

162 9/30 9/18 	 Apply irrigation (2 in.)
 

183 10/21 10/16 	 Apply irrigation (2 in.)
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Days prior Tentative Actual Field Activity 
to or after Date Date 
sowing 

220-240 12/17 12/28 Last Picking. 

241 12/18 Remove and destroy all cotton 
stubble as soon after the last 
picking as possible to remove 
source of insect infestation 
of next year's cotton crop. 
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APPENDIX 2
 

RICE PRODUCTION GUIDELINES1
 

D. G. Westfall, Muhammad Hanif, Fateh Muhammad 2
 

INTRODUCTI ON
 

The primary purpose of this production guideline is to
 
provide the Agriculture Officer with the basic knowledge

required to advise farmers in the latest rice production

practices. It is meant to be brief, factual and easy to
 
read and use. For this reason referencing to scientific
 
publications has not been done although the majority of the
 
material presented here was obtained from such publications. 

Rice is grown on about 4 million acres in Pakistan.
 
About 50% of this area is in the Punjab with a production of
 
1.31 million tons. Punjab production figures for the last 
several years are given in Table 1. Some high yielding
 
varieties have been imported from the International Rice 
Research Institute (IRRI) in the Philippines and production
 
technology is being improved in Pakistan. Pakistan has not
 
only become self-sufficient in rice but also exports large

quantitites of high quality rice. This export results in a 
good source of foreign exchange. So far export has been to 
the Middle East, Far East and some African countries. How
ever, there is a big market over the entire globe for the 
world famous high quality Basmati varieties and the demand 
continues to exceed the supply available for export. 

The production of a good rice crop that will give top
yields involves the integration of the latest production 
practices. The practices that will result in maximum yields 
are given in the publication. 

NURSERY ESTABLISHMENT
 

Establishing a good nursery is the first important step
 
in the production of a good crop of rice. Essentially all
 

I/Prepared by Colorado State University Water Management Re
search Project for use in the Agricultural Officer Training
Course for the Pakistan On-Farm Water Management Research 
Development Program. The training program is conducted at 
the University of Agriculture at Faisalabad under the 
Direction of the Irrigation & Drainage Department. 

2/Associate Professor, Department of Agronomy, Colorado State 
University; Agronomist, Punjab Water Management Project and 
Associate Professor, Agronomy, University of Agriculture,
 
Faisalabad, respectively.
 



Table 1. Acreage and production (in thousands) of rice in Punjab.1 

Variety 

Basmati 

IRRI 

Local 

Acreage 

1205 

274 

550 

1972-73 
Production 

(tons) 

585 

211 

338 

Yield 

(mds/A) 

12.62 

20.03 

15.98 

Acreage 

1305 

287 

576 

1973-74 
Production 

(tons) 

622 

218 

348 

Yield 

(mds/A) 

12.39 

19.75 

15.70 

Acreage 

1292 

329 

652 

1974-75 
Production 

(tons) 

639 

255 

417 

Yield 

(mds/A) 

12.86 

20.16 

16.63 

Total 2029 1134 14.41 2168 1178 14.13 2273 1311 15.00 

1/1976-77 Annual Report, Rice Research Institute, 
Kala Shah Kaku. 

-J 
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rice is produced from transplanted seedlings. There are many

considerations to be kept in mind when establishing a nursery

to insure the production of an adequate supply of healthy

seedlings for transplanting.
 

1. 	The rice nursery should be sown at a place which has
 
easy access to water, preferably near a tubewell.
 
If a tubewell is not available it should be located
 
near the main water channel where water is avail
able frequently.
 

2. 	Only good quality seed of high viability (germina
tion) should be used. Pest infested, injured or
 
dead seeds should not be used. The germination of
 
the 	seed should be tested. This can be done by

placing sand in a pot and planting the seed on the
 
surface of the sand. The seeds should be kept con
stantly moistened and some paper or a fine layer of
 
sand placed on the seeds to guard against high
 
evaporation. The percent germination should be
 
calculated as follows:
 

Percent Germination = No. of seeds germinated x 100
Total No. of seeds sown
 

Seeds with a germination of 95% or more should be
 
used. If this quality of seed is not available the
 
seeding rate should be increased to compensate for
 
the 	seeds that will not germinate. This method of
 
checking seed germination is usually time consuming
 
and farmers are usually not willing to follow this
 
recommendation. Another way of evaluating seed
 
viabilitv is to nut the seed in water. 
 Those seeds
 
which remain floating on the water surface should 
be discarded and the seeds that sink should be used 
for 	 sowing a nursery. This method is not as reli
able as a germination test, but is easier for the 
farmers to follow.
 

3. 	The entire nursery should not be sown at one time.
 
At least two sowing dates should be used with an
 
interval of 25 days. If the rice nursery is 
sown
 
at the same time it will have to be transplanted at
 
one 	 time. Since labor during transplanting season 
is not always available it may be impossible to 
transplant all the fields at the same time. Sec
ondly, limitations of irrigation water could also 
be a probl.em and prevent the transplanting of all 
the 	 rice fields at the same time. 

4. 	 Harmful insects and diseases must be controlled by
spraying or dusting. All farmers should plan to do 
this operation. The recommendations for this are 

http:probl.em
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covered under the Pest Control section. It should
 
be remembered that a pest infested or disease borne
 
nursery will result in a crop heavily attacked by
 
the pest or disease. The crop yield can be
 
reduced drastically.
 

Time of sowing: The time of nursery sowing differs slightly
 
with variety. The recommended sowing times are generally as
 
follows:
 

a. 	Coarse Varieties: May 20 to June 8
 
b. 	Fine Varieties: June 1 to June 30
 

Seed Germination: Dry and selected seed should be soaked in
 
water, piled cn the floor and covered with a jute bag. No
 
more than 15 seer of seed should be placed in one pile. The
 
seed should be occasionally stirred and remoistened. Germi
nation will start in 2-3 days and they should be sown in the
 
nursery immediately.
 

Seeding Rate: The nursery should be sown at a rate of seer
 
of seed per marla (272.25 ft2). Two lbs of ammonium sulfate
 
or one lb of urea/marla should be applied at sowing. It has
 
been observed that farmers generally sow more than two seers
 
of seed per marla but this is not necessary. This is prob
ably a result of using poor quality of seed over the years.
 
Sowing too many seeds results in the reduction of seedling
 
vigor and the plants become weak and pale because of exces
sive crowding. Root injury to a weakened plant at trans
planting reduces the vigor of these plants. Unhealthy
 
plants also become more susceptible to pests and diseases.
 

Sowing Method: Rice nurseries are sown in a number of ways:
 

1. 	Sowing in puddled nursery: The nursery should be
 
grown on small plots of 10 marlas or less. Preci
sion land leveling is convenient on small plots and
 
should be done before sowing. Puddled soil should
 
be prepared so that a soil-water suspension is
 
formed. The germinating seed should be broadcast
 
in this soil-water suspension and the water from
 
the nursery drained and replaced by fresh water.
 
This will ensure a free supply of oxygen to the
 
establishing seedlings. The nursery should not be
 
allowed to dry out otherwise weeds will start to
 
grow. Usually weeding is not required. About 6
 
marlas of nursery are sufficient for planting one
 
acre of rice. The nursery should be transplanted
 
in 25-35 days. The effect of seedling age at trans
planting on yield is shown in Table 2. When the
 
seedlings are over 35 days the yields start to
 
decrease.
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2. 	Sowing in dry nursery: The land is thoroughly
 
plowed and planked while in vattar to give a pul
verized condition. The nursery should be irrigated

15 days before sowing and the germinating weeds
 
plowed under. Plots of marla each should be pre
pared, precisely leveled, seed broadcast and
 
covered with a layer of well rotted farm yard manure.
 
Irrigation water should be applied slowly so that
 
the seed and the farm yard manure are not washed
 
away to collect at one place. Excessive irrigation

should be avoided. This type of nursery generally

has good germination capability but weeds can be
come a problem. 
About 3-4 marlas are sufficient to

plTu 	t one acre. 
The nursery is ready to transplant

in '0-40 days. This is slightly longer than the
 
previous method because pregerminated seed is not
 
used.
 

3. 	Sowing by "lobbing": This method is followed in
 
the area of D. G. Khan. The nursery is thoroughly

plowed in vattar to a pulverized fine condition. 
 A
 
layer of well rotted farm yard manure and rice husk
 
or gram bhosa 2-3" thick is spread on the soil sur
face and burned. The ashes are buried in the soil
 
with a spade and the soil is given a light irriga
tion. Rice seed is sown at a rate of 2 
seer/marla.

Water is applied daily till the seeds start germi
nating. Three days after germination 3 inches of 
water is applied. About 1 seer ammonium sulfate or 

seer urea should be applied twice at weekly inter
vals. These seedlings are ready to transplant
within 30-40 days.
 

SEEDBED PREPARATION OF FIELDS
 

Heavier soils, 
such as clay or clay loam, that have a

good moisture retention capacity are best suited for rice
 
production. There are 
two 	basic methods of seedbed prepara
tion for rice production, puddling and dry preparation. In
the puddling method all plowing and planking is done in
standing water while in the dry method the plowing and plank
ing is done when the soil is in vatt-ar. Each method is 
accomplished as follows: 

1. Puddlinq method: Irrigation water (4") should be 
applied 15-20 days before the scheduled date of 
transplanting. When the field has 2-3" water it
should be plowed 4-6 times and planked 2-3 times. 
Care should be taken so the water depth is not ex
cessive because high and low spots will not be vis
ible and removed during planking. There are several 
advantages of using the puddling method for seedbed 
preparation. They are:
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a. 	Weeds are removed and regrowth is reduced
 
compared to dry seedbed preparation.
 

b. 	Percolation of water into the deeper soil pro
file is reduced.
 

c. 	Transplanting is easier to accomplish and seed
lings are easily established and do not fall
 
over.
 

2. 	Dry preparation: Seedbed preparation of dry, un
flooded fields is relatively easier than is pud
dling. Four to six plowings followed by 2-3 
plankings should be done. Similar yields have been 
obtained from ficlds that were transplanted in 
puddled and dry prepared fields. Where weeds are a 
problem or not controlled chemically, dry seedbed 
preparation should not be used because weeds will 
be a problem and reduce yields substantially. There 
are several advantages of dry seedbed preparation. 
They are: 

a. 	Less time is required.
 
b. 	Seedlings adjust very quickly to seedbeds
 

prepared by this method.
 
c. 	It is much easier to plow a dry prepared field
 

as compared to a puddled field after harvest.
 

RICE SOWING OR TRANSPLANTING
 

Two methods of establishing a rice stand in the field
 
are possible: (1) direct sowing of seed into a soil at
 
field capacity or in standing water; (2) transplanting of 
seedlings that have been growing in the nursery. The main 
difference that results from the two methods is weed infes
tations. Transplanted fields always have a lighter weed
 
infestation than do fields where sowing seed into soil at
 
field capacity or in standing water is used.
 

Direct Sowing: When this method is used the field is plowed
 
and planked as stated above and then precisely leveled.
 
Planting by this method should be done about 20 days before
 
the recommended dates for transplanting. Direct sowing can
 
be done in a number of ways:
 

1. 	Sowing at field capacity: The fields are thoroughly
 
prepared and flooded 2-3 days before sowing. Seed
 
is sown when the fields are at field capacity.
 
Sowing by this method may be done by broadcast or
 
sowings in line using the kera method. It has been
 
observed that the germination of seed in the sub
merged condition can be reduced due to poor oxygen
 
supply. Sowing in lines and broadcast does not
 
make much difference although broadcasting may be
 
the preferred method because it is the easiest.
 



79
 

2. 	Sowing in standing water: The seed is broadcast in
 
1-2" standing water and then drained after 36 hours.
 
The field should not be allowed to dry up. Frequent
 
irrigations every 4-5 days will be required to keep
 
the 	field in the proper moisture condition. The
 
disadvantage in this method is that some seeds may
 
remain floating on the water surface which reduces
 
germination. Soaking of the seed for 24 hours
 
before sowing will eliminate this problem.
 

Advantages of direct sowing:
 

1. Transplanting of rice is highly labor consuming.
 
At peak transplanting season shortages of labor are
 
very common. Direct sowing has the advantage that
 
it does not involve much labor.
 

2. 	The farmer does not have to plant a nursery.
 

3. 	Puddling is not required.
 

Disadvantages of direct sowing:
 

1. 	The germinating seeds are susceptible to attack and
 
consumption by insects,, birds and rodents.
 

2. 	If irrigation water is not maintained at the proper
 
level weed infestation problems arise which reduces
 
the yield of the crop.
 

Transplanting Seedlings: In Pakistan, sowing of rice is
 
usually done by transplanting seedlings. Nurseries are
 
grown and the seedlings are transplanted to the field.
 
Transplanting is done in two ways:
 

1. 	Sowing in irregular fashion: Sowing in this method
 
is done irregularly. There is no measurement of
 
plant to plant distance. The farmers merely trans
plant the seedlings using their judgment as to how
 
dense the stand should be. Poor stands usually
 
result from this method. 

2. 	Sowing in lines: Sowing in this method is done in 
lines. The main advantage of this method is that 
definite spacings can be set and better populations
 
usually occur. 

Time of Transplan ting: The seedlinqs should be transplanted

when they are 25-35 days old (Table 2). The nursery should
 
be seeded so transplanting can occur during the following
 
periods:
 

a. 	Coarse varieties: late June
 
b. 	Fine varieties: July
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Table 2. Effect of age of seedlings at transplanting time on the yield
1
 
of rice.


Age of seedling at 

transplanting.__ 


15 

25 

35 

45 

55 

65 


i/Asmat Ali Shah, Saeed Ahmad, M. Afzal
 
Rice Research Institute, Kala Shah Kaku, 1974.
 

2/Average yield of a number of varieties.
 

Table 3. Effect of spacing on the yield of rice.
1
 

Spacing 

(inches) 


6 x 6 

4.5 x 9 


9 x 9 
12 x 12 
18 x 18 

Plant population 

level 


174240 

154880 

77440 

43560 

19360 


Yield 2
 

(mds/acre)
 

52.3
 
56.6
 
55.4
 
51.3
 
47.7
 
44.8
 

Yield 2
 

(mds/acre)
 

34.1
 
35.7
 
41.3
 
38.7
 
35.7
 

l/Majid, Rice Research Institute, Kala Shah Kaku.
 

2/Average of a number of varieties.
 

the yield of rice.
1
 

Table 4. Effect of number of plants per hill on 


No. of plants Yield (mds/acre) 
per hill Basmati 370 IR-4 

one 
two 

16.2 
14.1 

65.1 
66.9 

1/A. Majid, Rice Research Institute, Kala Shah Kaku.
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PLANT POPULATION: An optimum plant population level is
 
necessary to ensure maximum yields. There are many reports
 
in the literature that show optimum population levels are
 
from 80,000 to 100,000 plants per acre. Recent results from
 
the Rice Research Institute at Kala Shah Kaku (Table 3) show
 
that a 9" x 9" spacing results in good yields. This spacing
 
is recommended for all varieties. If this level of plant
 
population is obtained on broadcast or line transplanted
 
fields the differences in yields are nominal. There are
 
various opinions regarding the number of plants required per
 
hill. Research at Kala Shah Kaku has indicated that one
 
plant per hill will yield as well as two plants per hill
 
(Table 4). However, based on other data the Rice Recommen
dation Committee of the Seminar on Rice Production held at
 
Sambara Inn, Larkana (1976) has recommended 2-3 seedlings
 
per hill for some varieties. This number is usually not
 
followed by farmers.
 

VARIETY: There are two main categories of rice varieties,
 
coarse and fine.
 

1. 	Coarse varieties: These varieties are high yielders.
 
The cooking quality of these varieties is not as
 
good as the fine varieties and they are not pre
ferred in local or international markets over the
 
fine varieties. These varieties get lower prices
 
in the market. Some of the coarse varieties are:
 
a. 	Jhona 349
 
b. 	IR-8
 
c. 	IR-6
 

2. 	Fine varieties: These varieties are not as high
 
yielding as the coarse varieties. However, they
 
have excellent cooking quality and have a good
 
market over the entire globe. The international
 
fame of these varieties results in a big source of
 
foreign exchange earning to Pakistan. Some of the
 
fine rice varieties are:
 
a. 	Basmati 370
 
b. 	Basmati 6]29 
c. 	Basmati 198 

The general characteristics of the coarse and fine 
varieties are shown in Table 5. The chalkiness and poor 
cooking quality of the available coarse varieties nas re
sulted in their limited acceptance although they are high 
yields. New hiqh yielding varieties under testing do not 
have these adverse characteristics and hold good promise for 
the 	future.
 

FERTILIZATION: Much research work has been done on fertil
izer requirements of rice. The fertilizer requirements are
 
determined by soil type, initial soil hiutrient status,
 
variety, and available irrigation water resources.
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Table 5. Characteristics of rice varieties.
 

Sr Varieties 

No. Characteristics Jhona IR-8 IR-6 Basmati Basmati Basmati 
349 370 6129 198 

1 Plant height (cm) 167.5 	 95.0 95.0 170.0 170.0 137.5
 

2 Leaf color Green 	Dark Dark Green Green Dark
 
green green green
 

3 Leaf habit Droopy Erect Erect Droopy Droopy 	Semi
 
erect
 

4 Stem stiffness Weak 	 Very Stiff Weak Weak Stiff
 
stiff
 

5 	Growth period (days
 
transplanting to
 
maturity) 95 110 110 120 120 130
 

6 Yield (md/A) 25-30 	55-60 45-50 20-25 20-25 30-35
 

7 	Grain character
 
a) kernal length (mm) 6.36 6.14 6.60 7.00 7.70 6.90
 
b) kernal width (mm) 2.00 2.43 2.00 1.83 1.80 1.90
 
c) kernal thickness (mm) 1.94 1.94 1.70 1.60 1.66 1.69
 

8 Aroma No 	 No No Yes Yes Yes
 

9 Chalkiness No 	 Very Slightly No No No 
chalky chalky 

10 Cooking quality 	 Not Not Good Better Best Good
 
good gor,
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Pakistani soils are generally low in organic matter,
 
deficient in available nitrogen, phosphorus and sometimes
 
potash. The deficiency of available zinc has also been
 
observed as a limiting factor in rice production at some
 
locations.
 

Nutrient Deficiency Symptoms
 

The deficiency symptoms of the nutrients that have been
 
found to be deficient are given below. Since many soils are
 
high in salinity the symptoms for high salt injury are also
 
given. If any of these symptoms are observed immediate
 
steps should be taken to correct the situation. Delay will
 
result in a reduction of yields.
 

Nitrogen: Plants are stunted with a limited number of
 
tillers. Leaves are narrow and short, erect and yellowish
green, except young leaves which are greener. Old leaves
 
die when light straw colored.
 

Phosphorus: Plants are stunted with a limited number
 
of tillers. Leaves are narrow and short, erect and dirty
 
dark green. Young leaves are healthier than the others and
 
old leaves die when brown colored. Reddish or purplish color
 
may develop on leaves if the variety has a tendency to pro
duce anthoayanin pigment.
 

Potassium: Plants are stunted, but tillering is only
 
slightly reduced. Leaves are short, droopy and dark green.
 
On lower leaves, yellowinc takes place at the interveins,
 
starting from the tip, and eventually these dry to a light
brown color. Sometimes brown spots may develop on dark
green leaves.
 

Zinc: The mid-ribs of the younger leaves, especially
 
the base, become chlorotic. The more general symptoms are
 
the appearance of brown blotches and streaks in lower leaves,
 
followed by stunted growth. Tillering may continue. The 
size of the leaf blade is reduced, but that of the leaf 
sheath is little affected. In the field, uneven growth and 
delayed maturing are characteristics of zinc deficiency. 

High salt inJury: Stunted growth and reduced tiller
ing. The tips uf leaves become whi tish and, frequently, 
some parts of tlie ]eaves become chlorotic. 

Fertilizer Recommendations: The following fertilization 
practices may be followed. The choice of a particular
 
recommendation is dependent upon a farmer's situation but
 
commercial fertilizers will give good results consistently
 
and is usually preferred.
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1. 	Application of farm yard manure: If it is used a
 
well rooted farm yard manure should be applied at
 
a rate of 6-10 tons per acre one month before trans
planting and thoroughly mixed with the soil. 

2. 	 Green manuring: Various research investigations 
conducted on croon manuring for rice have indicated 
Dhaincha (Sesbania sesban) is a green manure crop 
for rice as compared to Guaro (Cyamopsis Tsoralioides). 
If it is used it has the following advantages: 
a. 	 It is a guick growing p1 ant and grows 4-5' hich 

in 10-12 Aek:S]%.' 
b. 	 It can gjrow very well in standing water, can 

tolerate salinity, and decomposition in the soil 
is rapid as compared to other green manure crops.
 

Dhaincha should he grown early in April and plowed 
down after 10-12 s1.1e 

3. Fertilizersr: A'PFication of heavy rates of nitrogen 
can result i lo. Ting of the tall growing varieties. 
The short tarioties, particularly IR varie
ties, are mire rc.-sistant to lodging and respond well 
to higher ,itroeon fertilizer rat:es. Fertilizer 
recommendic 1ons foi t,' most commonPv grown varie
ties for rich, iecium and low nature fertility 
status soils are given in Table 6. The proper 
timing of fertilizer application is also important 
if maximum returns are to be obtained. 

Application of Zinc: Zinc deficiencies often occur in cal
careous soils. These symptoms usually occur 15-20 DAT. The 
general recommnendation is that 10 lbs zinc sulfate (ZnSO 4 ) be 
broadcast in the field after transplanting. This recommen
dation is correct for most sHils. owever, some may need 
more zinc while others do not need this amount. The appli
cation of 10 lbs zinc sulfate will not harm the plants if 
the soil is not deficient in zinc. The roots of the nursery 
plants may also be dipped in a solution of zinc oxide pre
pared by dissolving 2 lbs of zinc oxide in 10 gallons of 
water before transplanting. 

IRRIGATION: The two syscems of irrigation of rice that are 
commonly used are continuous flood and alternate wetting and 
drying. 

Continuous Flooding: In this system rice fields are contin
uously flooded and water is applied frequently. Continuous
 
flooding has a number of effects on rice plants and produc
tion, some beneficial and some detrimental. The detrimental
 
effect results from too deep of flood.
 

1. 	Continuous flooding results in elongating the plants
 
and the risk of loding of the crop increases if the
 
water is too deep.
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Table 6. Fertilizer recommendations for rice in the Punjab.i
 

Soil 
Variety fertility Quantity of Method and time 

status fertilizers/A of application 

IR-6 and 
Bas-198 Rich I bag DAP plus bag At transplanting 

Urea (45 lb N+50 lb before last plowing 
P205) 

bag Urea (25 lb N) 22-25 DAT2 

bag Urea 45-50 DAT 

IR-6 and Medium 1 bag DAP plus At transplanting
 
Bas-198 1 bag Urea 70 lb N+50 before last plowing
 

lb P205)
 

bag Urea 25 DAT
 
bag Urea 40-45 LAT
 

IR-6 and Poor 1 bag DAP plus At transplanting
 
Bas-198 1 bag Urea before last plowing
 

1 bag Urea (50 lb N) 20-25 DAT
 
bag Urea 40-45 DAT
 

Basmati 370 and Rich and bag DAP 	 At transplanting
 
Pak-Basmati medium (10 lb N+25 lb P205) before last plowing
 

bag Urea 20-25 DAT
 
bag Urea 40-45 DAT depending
 

on condition of crop
 

Basmati 370 Poor bag DAP plus At transplanting
 
and Pak-Basmati bag Urea before last
 

(35 lb N+25 lb P205) plowing
 
i bag Urea 20-25 DAT
 
bag Urea 	 40-45 DAT depending
 

on condition of crop
 

1/Recommendations of Rice Production Seminar (1976) arranged by ESSO
 
Chemicals (EN;RO) at Sambar Inn on May 31 - June 1, 1976.
 

I/DAT = Days after transplanting.
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2. 	Tillering capacity is decreased and ultimately
 
yield will be decreased if the water is too deep.
 

3. 	Continuous flooding controls weeds very effectively.

If water is maintained 2" deep grasses are controlled 
and 	at 3" depth broad leaf weeds are controlled.
 

4. Continuous flooding increases solubility and avail
ability of iron, manganese and phosphorus to the 
plant.
 

Alternate Wetting and Drying: Alternate wetting and drying

affects plant growth in a number of ways:
 

1. Alternate wetting ai i drying encourages more tiller
ing 	and decreases plant height and the risk of loding.
 

2. 	Weeds can become a bic problem in this system and 
result in decreased yields. 

3. 	Nitrogen fertilizer use is less efficient.
 

Various irrigation intervals have been tried. Research
 
studies conducted at Kala Shah Kaku indicate that rice should
 
be irrigated on a 5 day interval. Irrigation intervals of
 
more 
than 5 days will reduce the weight per panicle, number
 
of panicles per hill and yield per acre. At a 5 day interval
 
the field does not get dry and remains in the form of soil
water suspension. If weed infestations are a potential prob
lem 	this method should not be used. Continuous flooding
 
would be preferred.
 

Critical Periods of Irrigation: There are three critical
 
stages of the growth of the rice plant where water stress
 
will reduce yields. These are at tillering, earing and
 
maturing stage. A water deficit at any of these stages will
 
reduce crop yields. Basmati varieties should not be allowed
 
to go without water for over 15 days under any circumstances.
 
However, there are some stages when irrigation water can be
 
saved. In research experiments conducted at Kala Shah Kaku
 
rice fields have been successfully drained at 40 DAT for
 
4-14 days without affecting crop yield. Weed infestation
 
problems need to be considered. The depth of irrigation
 
water should not exceed 3". At early stages of growth the
 
water depth should be less but adequate enough to control
 
weeds.
 

Consumptive Use of Water: The consumptive use of water is
 
the amount of water that is required to grow the crops. This
 
includes both irrigation and rain water. The consumptive
 
use of rice Is approximately 44 to 47 inches of water depend
ing on the planting date and maturity (growth duration) of
 
the 	variety. The earlier the planting date the higher the
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consumptive use because of the high evapotranspiration (ETp)
 
rates that occur during the hot dry season. During late
 
May 	and early June the ET will be around 0.35 in/day while
 
during the last of July a~d first of August this value will
 
be about 0.25 in/day.
 

To determine the consumptive use for a crop one must
 
consider crop water use characteristics, climatic conditions
 
and 	soil factors. It has been found that consumptive use
 
calculations using equations developed by Jensen and Haise
 
in the United States and local climatic data closely estimate
 
the 	water required to grow crops in Pakistan. Consumptive
 
use 	calculations based on this technique, and substantiated
 
experimentally, are shown in Table 7 for rice grown at three 
different planting dates. Weekly consumptive use values 
range from 1.57 inches to 3.20 inches of water. As stated
 
above, this water requirement can be met either by irriga
tion water or rainfall. Since the peak water consumption
 
period falls during the monsoon season a substantial amount
 
is satisfied by rainfall. Because of this the number of
 
irrigations is highly variable and will often vary from 6 to
 
15 depending on the season.
 

A graph showing the accumulative consumptive use over
 
the season is shown in Figure 1. This example is of a 120
 
day maturing variety (Basmati). The shape of the curve for
 
shorter maturing varieties or diffecent planting dates is
 
very similar. 

SURFACE DRAINAGE: Proper surface drainage is also important
 
in rice production. Even though rice can tolerate water
 
much better than any other crop, water standing too deep on
 
the rice field can reduce yields. Wherever possible the 
depth of water should not exceed 3 inches. During the Mon
soon season this is sometimes impossible but adequate drain
age should be provided for so the excess water can be drained 
off when the flood water level recedes. 

CROP PROTECTION]: Crop protection includes insects, animals, 
diseases as well as weed control. The methods of control 
include cultural, mechanical and/or chemical. 

Insect Control: The common insects that attack rice are as
 
follows: 

1. 	Yellow Stem Borer: Active period is April to
 
October.
 

7F-rom "Recommendations of Rice Production Seminar," held at 
Larkana on May 31-June 1, 1976; organized by Exxon Chemicals 
Pakistan Limited. 
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Table 7. 	Consumptive use of water for rice at three planting dates. 
Early planting date assumes a 110 day variety (IR) and later 
planting dates 120 tiny varieties (BasnIati). 

Time after 1,[an i- date - Ma 25 June 15 July I 
transplanting, Harvest date Sept. 13 Oct. 13 Oct. 27 

(weeks) Consumptive use (in/week) 

1 2.15 1.97 1.57 

2 2.42 2.13 1.76 

3 2.70 2.30 1.96 

4 2.90 2.44 2.19 

5 3.02 2.55 2.39 

6 3.10 2.72 2.60 

7 3.14 2.89 2.80 

8 3.17 3.00 2.99 

9 3.19 3.17 3.05 

10 3.20 3.19 3.14 

11 3.20 3.20 3.20 

12 3.15 3.15 3.15 

13 3.07 3.06 3.03 

14 2.97 2.97 2.94 

15 2.80 2.85 2.72 

16. 2.60 2.74 2.45 

17 - 2.61 2.02 

Total 46.78 46.94 43.96 
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2. 	White Stem Borer: If plant is attacked before panicle
 
formation, then the central shoot is cut down at the
 
base and white heads appear which have no grains.
 

3. 	Pink Stem Borer: Dead hearts and white heads occur
 

as in the case of the white stem borer.
 

4. 	Lead Hopper: Sucks plant juices.
 

5. 	Weevil: Attacks plant roots.
 

The control of the major insect pests like stem borers 
can be undertaken by cultural, mechanical or chemical methods. 
The first two are generally only partially effective under a 
heavy infestation history and generally the chemical method is 
the only effective method. If the insecticide is applied 
properly according to the manufacturer's specifications effec
tive control will be tchieved. Many cases of insecticide 
failure that have been reported are caused by improper appli
cation rates, timings and/or methods. 

Chemical Control Methods
 

1. Nurseries: The nursery should be treated as shown
 
in Table 8 with one of the chemicals. An application 
should be made 8-1.0 days after planting or 15-20 days 
after niantinc depending on the insecticide used. 
Since stem borer infestation is readily carried to 
the field in the: seedlings at transplanting treatment 
of the nurser, i.s very' important. 

2. 	Transplanted Crop: The pest infestation should be 
checked at least once a week. If the infestation 
level is above 1% the first granular application 
should be made 25 DAT and the second application 50 
DAT. The chemicals shown in Table 8 are recommended 
at the dose rates aiven. It is recommended that for 
granular application 3" deep water should be main
tained on the crop continuously for 3 days after 
application to produce the best results. 

Cultural Control Methods
 

1. 	Plowing the rice fields with a furrow turning plow
 
by the end of February to bury the stubbles where
 
the larvae hibernates is necessary to control stem
 
borer. This conforms to regulations by the West
 
Pakistan Agricultural Pest Ordinance, 1959.
 

2. 	The harvested paddy should be removed from the field
 
immediately after harvest to minimize the migration
 
of larvae from the harvested crop to the stubble.
 



Table 8. Recommended insecticides of control of rice borer.
 

Nursery 

Insecticide 1st treatment 2nd treatment 

a 1(8-10 days old) (15 days old) 

Basudin 10% gr. 

i) Coarse 20 -
ii) Basmati 20 -

Gamma BHC 10%
 
Dust & DDT 10% 
 2.5+7.5 -

Dust
 

Sevidol 8/8 gr. 
 20 

(Sevin 8%+BHC 8%)
 

Ekalux 5% gr. 
 15 


Furadan 3% gr. 
 15 


Padan 10% gr. 
 - 15 


Lebaycid 50% 1
 

Transplanted crop
 
ist application 2nd application
 

(25 DAT) (50 DAT)
 

15 15
 
15 20
 

20 20 w 

20 30
 

15 20
 

15 20
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Mechanical Control Methods
 

1. 	Use of a light at night for collection and destruction 
of moths is recommended. If aerial spraying is being 
carried out it is further recommended that it should 
synchronize wi th the peak emerg.ing period of the 
moths or r iee stem borers. 

2. 	 Collection a!,d destruction of eg masses of the moths 
and the "dead hearts" of rice plants should be done 
repea teod, 1,2,". 

Harmful Animals: Rats and mice can cause considerable damage 
to rice as well as to watercourses that supply water to the 
crop. Protective measures should be taken against these pests. 
Birds are a big problem particularly during harvest. Protec
tion maasures are as follows: 

1. 	Treat the holes with phostoxin/Detia tablets with 
to 1 tablet per hole. 

2. 	 Baiting throucihout the field near the holes with anti
coagulants like Rocumin mixed with broken rice at 
1:40 ratio should he done. 

3. 	 Shootin,. a:,: aiting of birds will be helpful in 
reduc inx," their population. 

Diseases: The main disease that attacks rice is rice blast 
although others can occur. The protective measures are as
 
follows:
 

1. 	Sow only disease resistant varieties.
 

2. 	Sow only disease free seed.
 

3. 	Plants showing blight or blast symptoms (pockmarks
 
on the leaves) should be uprooted and destroyed.
 

4. 	 Spray rice crop once about 10 days before earing and
 
then 10 days after completion of earing with Dithane 
M-45 or Antracol at the rate of 2 lbs dissolved in
 
100 gallons of water/A. The effectiveness of these
 
chemicals is questionable.
 

Smut and Rizoctonia are controlled by treating rice seed with
 
2 oz. of Vitavax per 22 seer seed. All nursery seed should
 
be treated with Vitavax.
 

Weed Control: Weed infestations in rice are a major problem
 
and cause large reduction in yields if not controlled. Weeds
 
should not be allowed to grow and removed later for animal
 
fodder. When weeds compete with rice for nutrient, space and
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light for this long they cause yields to be reduced
 
substantially. Weeds should be controlled when they are
 
small and not allowed to compete with rice. The major weeds
 
that infest rice fields are:
 

Deela (Cyperus Sotandus) , Dhidan (Echinochloa Crusgalli),
 
Sawank (Enchinochloa Calonum), Mirch Booti (Sphenoclea
 
Zeylanica) Naru (Paspalum Distichum), Ghooin (Cyperus Dif
formis), Bhoin (Cyperus Iria), Chati Bhoin (Fimbristylis
 
Littoralis), Kuta Kami (Nymphaea Steelata) are the weeds that
 
infest rice fields and must be controlled. Deela, Diidan,
 
Sawank, Mirch Booti and Naru are the worst, most common weeds.
 
Several methods are useful in controlling weeds. Proper water
 
depth is one of the most important factors. If a water depth
 
of 2-3 inches is maintained weed infestation levels will be
 
kept to a minimum. Under heavy weed pressures additional
 
methods of control will be necessary. Cultural control, to
 
include transplanting of weed free seedlings, is always an
 
important factor in controlling weeds. Much research is be
ing dc-ie on chemical control of weeds. Some chemicals are
 
available or will be in the near fucure that have excellent
 
weed control characteristics. As is with all pesticides their
 
success is highly dependent on the use of proper application 
rates, timings and methods as specified by the manufacturer. 

The achievement of proper weed control involves an inte
grated approach including cultural as well as chemical control. 
The following procedures are recommended: 

Cultural Control
 

1. 	Seedbed preparation
 

a. 	Puddling of fields helps to control weed popula
tion by destroying growing weeds and by producing
 
soil conditions which reduce the growth of weeds.
 
This method is the best cultural method to follow.
 

b. 	Plowing and planking the fields in vattar and
 
then allowing the weeds to grow and plow again
 
after about 15 days interval also helps control
 
weeds. 

2. 	Sowing weed free nursery: Care should be taken that 
the nursery should be weed free. This includes sow
ing of weed free seed. If weeds are transferred 
along with the nursery plants during transplanting 
they grow faster than the rice seedlings and cannot 
be controlled without hand weeding. 

3. 	Method of sowing: Sowing by transplanting helps
 
minimize weeds as compared with the broadcast (direct) 
sowing. 
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4. 	Sowing in lines: 
 This method allows easier eradica
tion of weeds by hand or mechanical methods as
 
compared to irregular sowing.
 

5. 	Irrigation: if 2-3" water depth is maintained in
 
the field for one month t-he rice plants will be
 
properly established. The interception of solar
 
radiatioi iue to shading or rice plants will not
 
allow weeds to Crow. If the field dries up, a heavy
 
weed infestation will occur.
 

Chemical Control: Although this method is not widely used by

farmers it is the best method available for control of weeds
 
and is gaining wider acceptance every year. Typical yield
 
responses to the use of herbicides are shown in Figure 2.
 
Yields were increased by 27.4 mds/A. This type of response
 
is not unusual and farmers with weed infestation problems can
 
expect similar results if proper rate, timing and application
 
methods -are followed.
 

The herbicides that are in vrious stages of standardi
zation and registration are given in Table 9. By the 1980
 
crop it is anticipated that all these herbicides will be
 
standardized and registered for use by the farmers. Presently
only Stam F-34 is generally aVaJla)1e, it has not been widely
accepted because the field must be draine for spray ina. 
Proper flooding after sprayino is required to ;et weed control. 
This is not alway.'s possible. All the other herbicides in 
Table 9 are applied in 2-3" of flood water as granuals, or 
liquid in the case of Treflon-R. This method is much easier 
for the farmer and proper weed control will be achieved. A 
great potential exists for the use of herbicides in the in
creased production of rice and all farmers should be encour
aged to adopt this practice.
 

HARVESTING
 

The last important step in the production of a good rice
 
crop is proper harvesting. The following recommendations
 
should be followed.
 

1. 	Time: Rice should be harvested when the upper grains
 
in the ear dry up and the lower grains are somewhat
 
green. This usually occurs about one month after 50%
 
ear formation in the field.
 

2. 	Method: The fields should be dried before harvesting.

irrigation should be stopped 15 days before harvest
 
and the standing water drained. Harvesting is usu
ally done with the sickle. Combine harvesters are
 
not very common; however, they are used in some areas.
 

3. 	Threshing: A soil platform or bund of 2' x 2' should
 
be erected, pasted with soil, dried and the rice ears
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Figure 2. 
Yield of rice with and without herbicide
 
weed control.*
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Table 9. Herbicide recommendations for control of weeds in rice.
 

Rate of application of
 
Name material (lb/A) Time of application
 

Stam F-34 (36% E.C.) 4.5 1/A 	 15-20 DAT on dry field
 

TOK 7% granual 29 	 5-6 DAT on flood water
 

Satum 10% granual 25 	 20-30 DAT in flood water
 

Machete 5% granual 33 	 20-30 DAT in flood water
 

Treflan-R (E.C.) 2.4 I/A 	 5-6 DAT dribbled in flood
 
water
 

struck against this platform by hand. Stationary
 
motor driven harvesters are becoming very common and
 
should be used when available. They are much faster
 
and do a better job with less labor than hand thresh
ing. Rental rates are very reasonable.
 

GRAIN STORAGE
 

After the rice has been threshed it should be stored in
 
a place where it can be kept dry and free of rats, mice, birds
 
and stored grain insects. if this is not accomplished large
 
losses of grain can occur. This is an important step in the
 
rice production sequence and should not be overlooked.
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Appendix I
 

The recommendations for planting date, varieties and
 

fertilizer rates for the Sind, NWFP and Baluchistan are
 
slightly different than those given in the main text. Spe
cific recommendations are given below if they differ from
 
those in the main text.
 

TIME OF SOWING NURSERY
 

Sind Zones Time of sowing
 

Southern region (Kotri Barrage Area) April 25 to June 10
 
Central region (Sukkur Barrage Area) May 10 to June 15
 
Northern region (Guddu Barrage Area) May 20 to June 30
 

NWFP
 

For plains 1st week of June
 
Submountainous regions 3rd week of June
 

May 20
Baluchistan 


SEEDBED PREPARATION
 

In the Sind and Baluchistan seeding should be done on
 
sterilized seedbeds.
 

RECOMMENDED VARIETIES
 

Sind
 

Southern Zone IR-6(Mehran 69), IR--S(IRRI-Pak) and Kharai Gunja
 

Central Zone IR-6, IR-8 and Kangni X Torh
 
Northern Zone IR-6, IR-8 and IR-841 (Abbasi-72)
 

NWFP IR-8, IR-9 and Bas-370 in plains. YRL-I, JP.5
 
and Bas C.622 in submountainous area.
 

Baluchistan IR-6 and IR-8 for plains.
 

FERTILIZER RECOMMENDATIONS
 

Sind 

Variety 
Quantity of 
fertilizer/A 

Method and time 
of application 

Local tall 1/2 to 3/4 bag Urea 14 DAT* 

IR-6 and IR-8 
(25-37 lb N) 
1 bag DAP + 1 bag Urea One day before 
(70 lb N + 50 lb P205 ) 
1 bag Urea (50 lb N) 

transplanting 
45-55 DAT* 
(At panicle initiation) 

IR-841 1 bag DAP +3/4bag Urea 35-40 DAT* 
(At panicle initiation) 

Fertilizer applications recommended before transplanting can
 

be made 10-15 DAT without loss of yield.
 
*DAT = Days After Transplanting.
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APPENDIX 3
 

THE RESPONSE OF SUGARCANE
 

TO WATER STRESS AND NITPOGEN FERTILIZER
 

Bashir Sabir, John Reuss and A. C. Early
1
 

INTRODUCTION
 

The relationship between fertilizer response and water 

supply is an important one in Pakistan where water supplies 

are limited and many crops encounter water stress at one or 
more times during the growinq season. Many agriculturists 
are imbued with a "limiting factors" concept of response to 
crop inputs. According to this concept if one factor or in
put is in sufficiently short supply to limit crop yields, 
increased amounts of other inputs will not increase 
production. 

When applied to water and fertilizer this philosophy
 
leads to the conclusion that if water stress is likely to be
 

significant fertilizer application should be drastically re

duced or disnc:sed '.%.'ith entirely. This concept is widespread
 
amonq farrnars and fc, anail-r agriculturists alike and is 

particularly prevalent in Pakistan. Whether or not the con

cept is valid is of vital imp'ortance to both the Farmer plan

ning his cropping and fertilizer program and to the long 

range planner responsible for decisions on invesaments in
 
supply schemes.fertilizer capacity and water 

This report gives the results of three years research
 

on the relationship between the response to water and nitrogen
 

in sugarcane, conducted at the Mona Reclamation Experimental
 

Project. A detailed economic analysis is included using pro
duction surfaces determined by regression techniques.
 

METHODOLOGY
 

The experiments were conducted at the Phularwan Research
 

Farm of the Mona Reclamation Experimental Project, Bhalwal,
 

during the years 1975-76 and 77. The soil at this location
 

may be characterized as a nonsaline, nonsodic medium loam
 

Five levels of water application and five levels of
 

irrigation were used as follows:
 

I/SRO Agronomy, MREP; Chief of Party, CSU WMRP in Pakistan;
 

and former Agricultural Engineer, CSU WMRP, now at Inter

national Rice Research Institute, Manila.
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Nitrogen levels Iirigation coefficient
 
1b7A
 

0 I 1 0.4 
N2 100 12 0.6 

N3 150 	 13 
 0.8
 

N4 200 	 14 1.0
 

N5 250 	 15 1.2 

The "irrigation coefficient" as used here is defined as 
the ratio of irrigation applied to the pan evaporation minus 
iai ifall. Stated another way, an irrigation coefficient of 
0.6 meansi that 606 of pan evaporation minus rainfall is re
placed by irrigation. The depth of water to be applied at 
each irrigation was calculated as follows: 

I. Take the difference between the total pan evapora
tion and the total rainfall for the period in
 
question. 

2. 	Divide by the assumed irrigation efficiency (0.9)
 
to determine the total depth of application for a
 
coefficient of 1.0.

3. Multij,1,' by the appropriate coefficient for the 

treatitent in questlun. 

i L1 1IC-4 I 1'JIS ,f 4 in(:nies c.,.ch durjj stand ustablish
iili( cA,nu.i t,_ I nt~,'Ihe Tc i-r igation fre-

Ir] gt i .,L .) ..ot.k intLrva] until "closing in."
 
Ii-r gatiJ. at 3 .,euk i]nterval until post monsoon period.
 
Ir-i,lr ati at q we = iiicterva1 after monsoon.
 

iwu.a,/ ii , p it i,;: w' .e avoided and whten i i.gation in 
,,'. I 1 .,-s1 J.z inches were inaicated the irriga

i1,, wa.5 nL dI~.h] but the amount called for was included 
11, t, . HaltA di i, ] r,)L th,: next peiiod. AP..ication amounts 

In_ 	 us o f cal abratced siphon tubes 

.. . . k *'.. :1 A-I design coI[aj-sed (.r the follow-

J. J tI ' ii, .t 1, , ; ,, I ]'l,.:. ,.vc.S USt~d 

* 	 '""' A .1J1 PJNrate I_],L 2 
250I. i ,AO 	 . .. 150 200 

4.2 	 A 
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These 13 treatment combinations were set out in a
 
randomized block design using two repeats.
 

One half the total nitrogen was applied at seeding and
 
one-half at closing in. After land preparation the nitrogen
 
was applied with a kharif drill in lines below the rows where
 
the cuttings were to be placed. After the cuttings were
 
placed above these lines a ridger shovel was run between the
 
rows to create a furrow between the rows and to cover the
 
cuttings with soil. The ridge was offset from the center of
 
the rows to avoid emergence from the top of the ridge. The
 
fertilizer scheduled for closing in was applied next to the
 
stools by the dibble method.
 

The sugarcane was sown following winter fodder in order
 
to assure a low residual nitrogen fertility level. A basal
 
dose of 140 kg 2Oi0/ha in the form of potassium sulphate and
 
100 kg P205/ha in the form of single superphosphate was
 
broadcast over the entire area prior to planting.
 

RESULTS AND DISCUSSION
 

The mean yields by treatments and years are shown in
 
Tables 1, 2 and 3. Yields were poor in 1975, good in 1976
 
and fair in 1977. In all three years there were obvious
 
effects of both nitrogen and irrigation treatment-s. With the
 
incomplete factorial design used here we can best evaluate
 
these effects using a regression analysis. Three regression
 
models were tested as follows:
 

Model I
 

Y = bo +b I N+b 1 N2 +b 2 W +b 22 W 2 +bl. 2 NW 	 (1) 

Model II
 

Y=bo+blN'75 +bll N l' 5 +b 2W '7 5 +b 22W1 .5 +bl. 2N'7 5W'7 5 (2)
 

Model III
 

Y=b o +biN+b N2 +b 2W+b 2 2 W2 +bI.INW+bl N2W + b.NW 2 (3)
 

Where: 	 Y - yield in mds/acre 
N - nitrogen applied, lb/acre 
W - irrigation water applied, acre in./acre 

The b values are the regression coefficients as deter
mined by a least squares fit. The relationship between the
 
irrigation coefficients and the inches of water actually
 
applied (irrigation delta) are shown in Table 4.
 

The standard errors of estimates and R2 values showed no
 
advantage to using Model II over Model I. Model I is much
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Table 1. Mean yields of sugar cane (mds/acre) as affected by
 
irrigation coefficient and nitiigen . (1975)
 

Irrigation ' Nitrogen/Acre
 
Coefficient* 50 1100 ' 150 ' 200 250
 

120 438 620 628
 

100 486 607
 

80 400 572 623
 

60 436 509
 

40 340 475 517
 

*Percent of pan evaporation minus rainfall.
 

Table 2. Mean yields of sugar cane (mds/acre) as affected by
 
irrigation coefficient and nitrogen. (1976)
 

Irrigation , Nitrogen/Acre
 
Coefficient* 50 ' 100 ' 150 ' 200 250
 

120 550 787 1053
 

100 612 1001
 

80 511 741 935
 

60 564 913
 

40 425 652 839
 

*Percent of pan evaporation minus rainfall.
 

Table 3. Mean yields of sugar cane (mds/acre) as affected by
 
irrigation coefficient and nitrogen. (1977)
 

Irrigation ' Nitrogen/Acre 
Coefficient* - 50 100 ' 150 ' 200 250 

120 529 756 908
 

100 566 848
 

80 477 653 769
 

60 518 746
 

40 398 596 707
 

*Percent of pan evaporation minus rainfall.
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Table 4. Relationship between irrigation coefficient and
 
irrigation water applied
 

Y-E 
A R
 
Coefficient 1975 
 1976 ' 1977 

Acre/in..4 22.27 24.72 26.8
 

.6 31.90 33.08 36.2
 

.8 41.54 41.44 
 45.6
 

1.0 51.33 49.81 
 55.0
 

1.2 60.81 58.16 
 64.4
 

Table 5. Regression coefficients for yield of sugar cane 
(mds/acre)
 
as 
a function of nitrogen (lbs/acre) and irrigation delta
 
(inches) for a polynomial of the form:
 

Y = bo + b1N + bllN 2 + b2W + b2 2W
2 + bl. 2NW
 

1975 1976 
 1977
 

bo 118.52 65.85 168.1
 

bl 2.3013 2.6036 2.713
 

blI - 0.00482 -0.00246 -.00422
 

b2 5.4722 10.8710 2.822
 

b22 - 0.03326 -0.10052 .00448
 

bl. 2 0.00306 0.01397 .00808
 

R2 
 0.952 .954 .973
 

SEE* 26.88 56.93 33.86
 

*Standard Error of Estimate
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easier to use for economic analyses than Model II so Model II
 
was discarded. Model III gave slightly better fit parameters
 
for the 1975 data than did Model I indicating the quadratic
 
interaction terms did contribute to fit. However, Model I
 
was more efficient for both the 1976 and 1977 data than was
 
Model III. Therefore for consistency and ease of calculation
 
Model I was selected for all three years. The regression
 
effects were highly significant in all cases. Coefficients
 
and fit parameters are shown in Table 5. 

First a simple examination of Tables 1, 2 and 3 shows
 
that substantial increases in yield were obtained from nitro
gen fertilizer and that the water stress treatments yielded
 
less than those treatments with more nearly adequate water.
 
It is also quite plain that nitrogen responses were obtained
 
not only from full irrication treatments but that those
 
treatments under stress also responded to nitrogen application.
 

One method of utilizing These models is by means of the
 
isoquant diagrams shown in Figures 1, 2 and 3. These are 
actually contour maps of the yield as a function of water and 
nitrogen, and can be used to determine the water and nitrogen 
levels required to produce any yield under the conditions of 
the experiment. These diagrams are constructed by rearrang
ing Model I in terms of either N or W. For instance, Model I
 
can be rearranged to this form: 

2 2) 
O=b 1 1 N + (b 1 + bl.2 W)N + (b + b2W + B 2 - Y) (4) 

This is quadratic equation of the form,
 
2(5 

ax + bx + c = 0 (5) 

so for any preselected value of Y and W, we can solve for the
 
corresponding N level by means of the standard quadratic
 
formula:
 

X b± /b2 - 4ac (6)
2a
 

=
Where: a bll
 

b = b1 + bl;2W 

c=b 0 + b 2W + b 22W
2 -y 

Note thal- at many of the yield levels a particular yield 
can be obtained with a good many combinations of levels of N
 

The most economical water and N combination for
and water. 

any yield depends on the relative costs of water and nitrogen
 

fertilizer.
 

In general these diagrams show that even at the highest
 
still increasing
levels of N and water utilized, yields were 
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Figure 1. Yield isoquants (maunds/acre) for sugarcane as a function of water and nitrogen in 1975.
 
Diagonal lines represent optimum ratio for producing the indicated yield at various costs of water.
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Figure 2. Yield isoquants (maunds/acre) for sugarcane as a 
function of water and nitrogen in 1976.

Diagonal lines represent optimum ratio for producing the indicated yield at various costs of water.
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as increments of water and N were added. Exceptions to this
 
were that at low N in 1976 the lines are almost vertical at
 
high water levels. This means that increasing water would
 
not further increase yields. In 1975 at high N levels the
 
lines are nearly horizontal so in this case further additions
 
of N would not have increased yields.
 

Another useful property of these surfaces is that at any
 
point on the surface the marginal product produced by an
 
increment of one of the inputs is given by the partial differ
ential of yield with respect to that input. Therefore the
 
marginal products of nitrogen and water are given by:
 

N bl + 2b N + b W2 (7) 

+ b N
DN b W + b 
 (8)
TN 2 221. 

Where: a 3N
is the increase in yield per lb of N at any level
 

of N and W and 3 is the increase in yield per inch of water,
 

i.e. the marginal products of N and W.
 

The marginal value product is obtained by multiplying
 
the marginal product by the price received for the cane. In
 
this case we have used Rs.4.6/md as the price of cane in the
 
yield. Tables 6 and 7 show the marginal value product of
 
nitrogen and water at various levels of application of these
 
two inputs. As expected the marginal value product of N
 
decreases as the rate of application increases, but only in
 
1975 did the marginal value product of the 200-250 lb/acre

increment decrease to below the cost level (about Rs.l.5/lb).
 

The marginal value product of water declined as the rate
 
of water application increased in two of the three years but 
in 1977 the marginal value product increased slightly as the
 
amount of irrigation increased.
 

The interaction between water and nitrogen was small but 
the trend of the three years was consistent. The marginal 
value product of water tended to increase slightly as the 
nitrogen rate increased and the marginal value product of 
nitrogen increased slightly as water application increased. 
This type of interaction would be expected, but the surpris
ing result is that the interaction was very small. Nitrogen 
applied under conditions o" water stress consistently gave 
almost as much retuln as that applied with more water. For 
instance at 150 lbs N per acre an additional pound of N cost
ing Rs.l.5 would have returned Rs.4.29, 10.19, and 7.59 in 
1975, 1976 and 1977 respectively if only 25 inches of water 
were used. If 60 inches of water had been applied the 
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able 6. Marginal value products of nitrogen (Rs/pound) for sugar cane at various nitrogen & irrigation levels
 

!rri-
gation'__ 50 10 Nitr;ge, 
U1 aTcre)
 2500
 
1 150 , 200 250Delta 1975 ' 1976 ' 1977 1975 ' 1976 ' 1977 1975 ' 1976 ' 1977 1975 ' 1976 ' 1977 1975 ' 1976 ' 1977 

Inches
 

25 8.72 12.45 11.47 6.50 11.32 9.53 4.29 10.10 7.59 2.07 9.06 5.64 
 -.15 7.93 3.74
 
30 8.79 12.77 11.65 6.57 11.64 9.71 4.36 10.51 7.77 2.14 9.38 5.83 
 -.09 8.25 3.89
 
35 8.86 13.09 11.84 6.64 11.96 9.90 4.43 10.83 
 7.96 2.21 9.70 6.02 
 -.01 8.57 4.07
 
40 8.93 12.42 12.03 6.71 12.28 10.08 
 4.50 11.15 8.14 2.28 10.02 6.20 .06 8.89 4.26
 
45 9.00 13.74 12.21 6.79 12.61 10.27 4.57 11.47 8.33 
 2.35 10.34 6.39 .13 9.21 4.45
 
50 9.07 14.06 12.40 6.86 12.93 10.46 
 4.64 11.79 8.51 2.42 10.66 6.57 .20 9.53 4.63
 
55 9.14 14.38 12.58 6.93 13.25 10.64 4.71 12.12 8.70 2.49 1098 6.76 .27 9.85 4.82
 
60 9.21 14.70 12.77 7.00 13.54 10.83 4.78 12.44 8.89 
 2.56 11.31 6.95 .34 10.17 5.00
 

Table 7. Marginal value products of water (Rs/acre foot) for sugar cane at various nitrogen and irrigation levels
 

Nitrogen, (ibs7cre)
gation; 50 
 100 ,150 , 200 
 250
 
Delta L1975 1976 1977 1975 ' 1976 ' 1977 _ 1975 ' 1976' 1977 ' ' 1976' 1977 ' 1975 ' 1976 ' 1977 
Inches 
 ± 1
 

25 222 360 194 227 399 213 
 222 438 235 244 477 258 255 515 
 283
 
30 199 305 196 211 343 216 205 382 238 227 421 260 
 233 460 285
 
35 183 249 198 188 288 218 188 327 241 
 211 366 262 216 404 287
 
40 166 194 
 199 172 233 221 172 271 244 188 310 365 199 349 288
 
45 144 139 202 155 177 223 
 150 216 247 172 255 268 177 294 
 290
 
50 127 83 205 139 122 226 133 161 249 155 
 260 270 161 238 292
 
55 11 28 208 116 66 228 11 105 252 
 133 144 273 144 183 294
 
60 89 -28 210 100 11 231 
 94 50 255 116 89 275 122 127 296
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returns would be Rs.4.78, 12.44 and 8.89. These small
 
differences would not seem to justify reducing nitrogen rates
 
if water stress was likely. Also they do not support the
 
hypothesis that lack of adoption of the nitrogen fertilizer
 
practice in Pakistan is due to the fact that water supplies
 
are commonly less than optimum. In these trials nitrogen use
 
was very nearly as profitable where 25 inches of water were
 
applied as where 50 inches were applied.
 

Standard micro-economic theory tells us that for any
 
output level the ol.timum level of inputs is defined by the
 
point on a graph such as Figures 1, 2, and 3 where the iso
cost lines defined by the ratio of cost of the inputs NW is
 

CN
tangent to the yield isoquants. Mathematically, for any Y
 
this can be expressed as:
 

@Y CN TF- c (9)w 

or taking DY/DN and DY/DW from (7) and (8) we have:
 

b1 + 2bll N + b1 .2 W CN
 

b2 + 2b 2 2 W + b1 .2 N CW (0)
 

The algebra is rather complicated but for any given Y the
 
original model (Eq. 1), and (Eq. 10) gives us two equations in
 
two unknowns to find the optimum combination of N and for any
CN
 
Y and ratio of cost of N to cost of water W"
 

CW
 

This solution again reduces to a quadratic of the form
 
of Eq. 5 with coefficients a, b, and c as follows:
 

c bok 2 - bl k + - k 2Y 
b2bll kok1
 

b = blk 1 + k +k + b k2 b 2 2 


a - + 22 k2 .2 1 

Where ko, ki, and k2 are defined as:
 

k b2 CN
0 CW 1 

k - CW bl.2
I 2b22CN
 

b1 .2CN
 
2 2b Cw
 



The optimum levels of N and W for producing specified
 
yields at various assumed costs for water are given in
 
Table 8 and are plotted on Figures 1, . and 3. These turn
 
out to be less useful than hoped for, due to the rather wide
 
difference between years. In 1975 and 1977 the only lines
 
within the range of data are those for less than Rs.7.5 per
 
acre-inch. In 1975 several optimum combinations appear
 
within the range of the data.
 

Considered as a whole it appears that unless water is
 
very cheap, i.e. less than Rs.5 per acre-inch, moderate
 
yields would be produced more economically by using less
 
than optimum water but applying nitrogen at rates well in
 
excess of 100 lb/acre.
 

The optimum point of production for these surfaces is
 
usually defined as that point at which the marginal value of
 
the input is equal to the cost of the input. For the two
 
inputs N and P this can be written as:
 

(b1 + 2b11 N + b1 .2 W) P = CN (11)
 

(b2 + 2b2 2 W + b 1 .2 N) P = CW (12)
 

Again we have two equations in two unknowns which can be
 
solved to (13) and (14).
 

CW b1.2 CN b1.2b 1
 

W-b - - b+ 
p 2 2b1 1 p + 2b11 (W 2 (13) 

b2-- - l .2w
 
cN
 

2bli (14)
 

While these points are often very useful they do not generally
 
prove useful for these data, as in 1976 and 1977 the optimum
 
points for realistic values of water do not fall within the
 
range of the data and extrapolation beyond the range of the
 
data does not give reliable results. The optimum production
 
values for 1975 are given in Table 9. The optimum levels of
 
water were quite sensitive to the cost of water but the opti
mum nitrogen level proved quite insensitive to the cost of
 
water and its associated optimum water application. This
 
insensitivity of the optimum nitrogen rate to cost of water
 
is a result of the coefficient of the interaction term be
tween nitrogen and water being very small. This small inter
action term is characteristic of all three years' data.
 



Table 8. Optimum water and nitrogen rates for producing specified yield levels at different water costs.
 

Water
 
Cost
 

Rs/Acrel 400 500 600 700 
 800 900 1000 
_ N I N I N I N I N I N I N I
 

1975
 

2.5 .60 57 38 97 49 152 64
 

5.0 .30 - - 135 33 178 53
 

10.0 .15 - - 178 24 207 46
 

15.0 .10 - - 197 22 220 45
 

20 .075 - - 208 20 228 44
 

30 .050 - - - - 236 44
 

1976
 

2.5 .60 -  60 35 91 38 124 41 158 45 194 48 232 52
 

5.0 .30 - - 95 21 125 24 156 38 
 189 32 324 36 - 
7.5 .20 - - - - - - - 223 24 - 

1977
 

2.5 .60 - - 84 36 89 59 - - - . 

5.0 .30 - - -  - - 190 37 199 55 ... 

7.5 .20 . . .. .. 
 231 27 242 45 ...
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Table 9. Optimum levels of nitrogen and irrigation for various
 
water costs (1975)
 

Water lost Water Nitrogen
 

Rs/Acre in. inches lbs/acre
 

2.5 >60 231
 

5. >60 229
 

10 60 224
 

15 43 219
 

20 27 214
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The optimum points for 1975 can also be located from
 
Table 10 which shc,;"s the income less cost of water and nitro
gen for 1975. At all water application levels and water costs
 
the net income increases with nitrogen up to 200 lbs/acre but
 
drops off slightly at 250 lbs/acre. For water costs up to
 
Rs.10/acre-inch the net income increases with each increment
 
of water added even at the highest water level. However,
 
when water costs Rs. 15/acre-inch the maximum income falls
 
between 40 and 50 inches and when water costs Rs.20 per acre
inch it peaks at about 30 inches. These peaks, of course,
 
are given as 43 and 20 inches in Table 9.
 

In 1976 and 1977 the rates of neither nitrogen or water
 
were extended high enough to accurately locate the points of
 
maximum net income. In 1976 and 1977 at all water levels and
 
water costs the 250 lbs N/acre rate gave a higher net than
 
the 200 lb/acre. In 1976, 50 and 60 inch applications were
 
about equally profitable at a water cost of Rs.2.5/inch but
 
at a water cost of Rs.5 the most profitable rate was 50
 
inches, falling to 40 inches or less at the higher water
 
costs. In 1977 both nitrogen and water were most profitable
 
at the highest rates used.
 

In summary, a couple of points should be emphasized.
 
Nitrogen responses were only slightly decreased by water 
stress and substantial rates of nitrogen were profitable 
even on stressed treatments in all years. The optimum water 
application is, of course, dependent on the cost of water, 
whether it is the actual cost to him or the opportunity cost 
of using it for another crop or increasing his cropping in
tensity. The optimum levels of water application varied 
among the three years, but in two of the three years appli
cations of less than 50 inches were more profitable than 
60 inch applications when water costs exceed Rs.10 per 
acre-inch. 

Finally it should be recognized that these results con
sider only bulk cane yields and not sucrose content. While
 
farmers in Pakistan are presently paid on the basis of bulk
 
yield, it is well known that high rates of nitrogen often
 
depress sucrose levels. Therefore in order to assess the
 

true value of the output it will be necessary to include
 
sucrose measurements in work of this type.
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Table 10. Income less cost of water and nitrogen in 1975 for various
 
assumed water costs. Nitrogen is assumed to cost Rs.1.5/lb
 

and the net value of cane is Rs.4.6/md.
 

Water Nitrogen , Cost of Water Rs/Acre in. 
±nches : lbs/acre 2.5 5.0 , , 15 20 

20 50 1350 1300 1200 1100 1000
 
100 1652 1602 1502 1402 1302
 
150 1844 1794 1694 1594 1494
 
200 1924 1874 1774 1674 1574
 
250 1894 1844 1744 1644 1544
 

30 50 1508 1433 1283 1133 983
 
100 1817 1742 1592 1442 1292
 
150 2015 1940 1790 1640 1490
 
200 2102 2027 1877 1727 1577
 
250 2079 2004 1854 1704 1554
 

40 50 1634 1534 1334 1434 934
 
100 1950 1850 1650 1450 1250
 
150 2156 2056 1856 1656 1456
 
200 2250 2150 1950 1750 1550
 
250 2234 2134 1934 1734 1534
 

50 50 1736 1605 1355 1105 855
 
100 2054 1929 1679 1429 1179
 
150 2266 2141 1891 1641 1391
 
200 2367 2242 1992 1742 1492
 
250 2358 2233 1983 1733 1483
 

60 50 1795 1645 1346 1046 746
 
100 2126 1976 1676 1376 1076
 
150 2345 2195 1895 1595 1295
 
200 2453 2304 2004 1704 1404
 
250 2452 2302 2002 1702 1402
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Table 11. Income less cost of water and nitrogen in 1976 for various
 
assumed water costs. Nitrogen is assumed to cost Rs.l.5/lb
 

and the net value of cane is Rs.4.6/md.
 

Waere Cost of Water, Rs.7TAce in.
Water :Nitrogen ,
 

inches :lbs/acre ... 2.5 , 5.0 1.i0. ± l520 

20 50 1628 1578 1477 1378 1278
 
100 2131 2081 1981 1881 1281
 
150 2578 2528 2428 2328 2228
 
200 2968 2918 2818 2718 2618
 
250 3301 3251 3151 3051 2951
 

30 50 1904 1829 1679 1529 1379
 
100 2439 2364 2214 2064 1914
 
150 2918 2843 2693 2543 2393
 
200 3340 3265 3115 2965 2815
 
250 3706 3630 3481 3330 3181
 

40 50 2087 1988 1787 1587 1387
 
100 2655 2555 2355 2155 1955
 
150 3166 3066 2866 2666 2466
 
200 3620 3520 3320 3120 2920
 
250 4018 3918 3718 3518 3318
 

50 50 2178 2053 1803 1553 1303
 
100 2778 2653 2403 2153 1903
 
150 3321 3196 2946 3696 2446
 
200 3808 3683 3433 3183 2933
 
250 4237 4112 3862 3612 3362
 

60 50 2177 2027 1727 1427 1127
 
100 2809 3659 2359 2059 1758
 
150 3384 3234 2934 2634 2334
 
200 3903 3753 3452 3153 2852
 
250 4365 4215 3914 3615 3314
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Table 12. Income less cost of water and nitrogen in 1977 for various
 
assumed water costs. Nitrogen is assumed to cost Rs.1.5/lb
 

and the net value of cane is Rs.4.6/md.
 

Water Nitrogen Cost of Water, Rs./Acre in.
inches lbs/acre 2.5 ' 5.0 ' 10. ' 15 20 

20 50 1529 1479 1379 1279 1179
 
100 1969 1919 1819 1719 1619
 
150 2313 2263 2163 1062 1963
 
200 2559 2509 2409 2309 2209
 
250 2709 2659 2559 2459 2359
 

30 50 1663 1588 1438 1288 1138
 
100 2122 2047 1897 1747 1597
 
150 2484 2409 2259 2109 1959
 
200 2749 2674 2372
2524 2224
 
250 2917 2842 2692 2542 2392
 

40 50 1800 1700 1500 1300 1100
 
100 2278 2178 1978 1778 1578
 
150 2659 2559 2359 2159 1959
 
200 2942 2842 2642 2442 2242
 
250 3129 3029 2829 2629 2429
 

50 
 50 1942 1817 1567 1317 1067
 
100 2439 2314 1814
2064 1564
 
150 2838 2713 2463 2213 1963
 
200 3140 3015 2765 2515 2265
 
250 3345 3220 2970 2720 2470
 

60 50 2088 1938 1638 1338 1038
 
100 2603 2453 2153 1853 1553
 
150 3021 2871 2571 2271 1971
 
200 3342 3192 2892 2592 2292
 
250 3566 3416 3116 2816 2516
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APPENDIX 4
 

AN AGRONOMIC AND ECONOMIC EVALUATION OF THE EFFECT
 
OF IRRIGATION AND NITROGEN ON COTTON YIELDS
 

IN MULTAN DISTRICTk/
 

M. Sadiq, M. Saddique, A. H. Haqgqi
 
J. 0. Reuss and D. G. Westfall/
 

INTRODUCTION
 

Cotton is one of the most important agricultural crops in
 
Pakistan. Acreage varies from 4.5 to 5.0 million acres each
 
year. It supports the local textile industry which is of
 
major economic importance to the country and except in years
 
of low production exports are a significant source of foreign 
exchange. The average cotton yield presently is about 1200 
kg/ha. Yields in Pakistan are only 50' of Egypt's despite 
the fact that both countries grow cotton under irrigated 
conditions. In Arizona, where climatic conditions are similar 
to Pakistan's, a high state of irrigation technology, balanced 
fertility program and a scientific pest control program have 
brought average yields to more than 3 times those of Pakistan. 
Cotton yields of 2500 kq/ha can be achieved iin P-kistan under 

- -° proper irrigation, fertiliz:(-- and pest cntl .--" cjement. 

Efficient use of irrigation water is a major problem in 
Pakistan. Only 501 of the total supply of water is estimated 
to be effectively available for crop use. Efficient manage
ment of the available water could improve crop yields and 
reduce water-logging an( salinity substantially. Many surveys, 
field observations and _.periments have revealed that farmers 
over irrigate. They apply heavy irrigation to the crop when
ever the water is available without seriously considering its 
effects on yields or crop needs. 

These heavy irrigations not only increase the waterlogging 

problem by adding water to the aouifer but in the .case of 

cotton accelerate excessive vegetative growth and decrease 
yield. A balance between leaching requirement a;-d optimum 

1/Research conceived and conducted by Agronomists of Exxon 
Chemical Pakistan Ltd. Statistical analysis and final 
report completed with the assistance of Colorado State 

Researci Project in Pakistan.University Water Management 
2/Senior Planning Officer, Senior Technical Officer, Technical 

Services Officer, Exxon Chemical Pakistan Ltd., Chief of 

Party and Agronomist, Colorado State University Water Manage
ment Research Project in Pakistan. 
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crop requirement must be reached. Another major problem that
 
results from excessive irrigation that it results in leaching
 
of nutrients, particularly nitrogen, out of the root zone.
 
The desired balance between irrigation and nitrogen require
ment of cotton has not been determined. These studies were
 
conducted to determine this balance. The purposes of these
 
studies were: (1) to develop a response relationship between
 
irrigation intensity and nitrogen fertility rate, (2) to
 
determine the number of irrigations that are required to grow
 
a cotton crop, and (3) determine the optimum input of water
 
and nitrogen to achieve maximum economic yields at various 
costs of water and cotton prices.
 

MATERIAL AND METHODS
 

The effect of number of irrigations (I) and nitrogen (N)
 
fertility rate on cotton yield was investigated at four loca
tions (Table 1) in 1977. Planting dates and the physical and
 
chemical analysis of the soils are given in Table 1.
 

Table 1. 	 Location, Planting Date, Chemical and Physical
 
Characteristics of Cotton Irrigation by Nitrogen
 
Experiments Sites in 1977.
 

Experi- IPlanting E.C. P K Na 
ment Village armeri Date pH 1(mnhos/cm) ... p' .-. Texture 

No. 

1 Qadirpur Saleem:June 15 8.5 1.25 9.5 3201260 SiCL 
2 Mozah YousaflJune 19 8.6 1.25 4.5 200 200'CL 

SniganpurI 
3 Mozah YousaflJune 19 7.9 8.0 8.5 2501082 SiCL 

Sniganpur 
4 Cotton -_June 18 

Research 
,Station 

The sodium (Na) contents and electrical conductivity (E.C.)
 
of the soil at location 3 was rather high but good yields were
 
obtained. Experiment 1, 2 and 3 were conducted in farmers'
 
fields under local growing and cultural conditions while ex
periment 4 was conducted on the Cotton Research Station at
 
Multan. A randomized complete block experimental design was
 
used with 5 irrigation treatments, 4 nitrogen fertility treat
ments and 4 replications. The irrigation treatment and their
 
dates are shown in Table 2. The N rates used were 50, 75,
 
.00 and 125 lbs N/A or 56, 84, 112 and 140 kg N/ha respectively.
 
The variety B-557 was planted at a seeding rate of 33 kg/ha
 
using a drill at 20 cm spacing. All experiments were located
 
in the Multan area and growing season precipitation data from
 
the Cotton Research Center are shown on Table 3.
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Table 2. Date of Irrigations for Cotton Experiments, 1977.
 

Experiment No. of Date of Irrigation
 
No. Irrigations
 

1 	 3 Aug. 14, Sept. 5, Sept. 25
 

4 July 23, Aug. 16, Sept. 5, Oct. 1
 

5 July 23, Aug. 14, Sept. 5, Sept. 25, Oct. 10
 

6 July 23, Aug. 11, Aug. 28, Sept. 13,
 
Sept. 25, Oct. 10
 

7 July 23, Aug. 11, Aug. 24, Sept. 5, Sept. 18
 
Oct. 1, Oct. 12
 

2 & 3 	 3 Aug. 18, Aug.24, Sept. 24
 

4 July 21, Aug. 18, Aug. 24, Sept. 25
 

5 July 21, Aug. 18, Sept. 25, Oct. 6
 

6 July 21, Aug. 16, Aug. 25, Sept. 13,
 
Sept. 25, Oct. 6 

7 July 21, Aug. 16, Aug. 24, Sept. 4, 
Sept. 20, Oct. 1, Oct. 12 

4 	 3 Aug. 16, Sept. 13, Oct. 10
 

4 July 21,* Aug. 21, Sept. 13, Oct. 8
 

5 July 21,* Aug. 19, Sept. 13, Oct. 3, Oct. 18
 

6 MJuly 21,* Aug. 16, Sept. 3, Sept. 18, Oct. 3
 
Oct. 18
 

7 July 21,* Aug. 16, Aug. 28, Sept. 13, Sept. 28
 
Oct. 13, Oct. 25
 

*This irrigation withheld due to 1.9" rain received on July 18.
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Table 3. Precipitation During Cotton Season at Multan in 1977
 

Precipitation 	 Date
 

0.25 	 June 14)

) Planting Season
 

0.14 	 June 15)
 

0.22 July 9 	)
) 

1.90 	 July 18)
 

0.22 	 Sept. 4) Growing Season
 
) 

0.26 	 Sept. 5)
 

Table 4. The Effect of Number of Irrigations and Nitrogen
 
Fertility Rate on Cotton Yields
 

Experiment No. I 	 (Farmer - Saleem) 

Number of Nitrogen Fertility Rate kg/ha
 
Irrigations 56 84 112 140 Average
 

3 818 1045 823 1072 940
 

4 1268 1418 1651 2135 1618
 

5 1240 1315 1782 2219 1639
 

6 1035 1255 939 1418 1162
 

7 783 885 971 1196 959
 

Average 1029 1184 1233 1608
 

Statistically Significant effects:
 
N**
 

I**
 

N X I** 

S.E.y = 137.0 

L.S.D.(0.05) = 388 kg/ha 

http:L.S.D.(0.05
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A 7.43m 2 plot was harvested for yield. This involved
 
several pickings by hand. Plant population counts were also
 
taken in this area at harvest. An initial statistical analysis

of the yield and plant population data was made using an
 
Analysis of Variance with the following degrees of freedom (df).
 

Source d.f.
 

Total 79
 
Rep (r) 3
 
Nitrogen (N) 3
 
Irrigation (I) 4
 
NxI 12
 
Error
 

RxI 12)
 
RxN 9)
 
RxNxI 36)
 

57
 

Regression modeling techniques were used to further
 
evaluate the data as explained in the Results and Discussion.
 

RESULTS AND DISCUSSION
 

The yields of the four cotton experiments conducted are
 
shown in Tables 4, 5, 6 and 7. The effect of N fertility rate
 
and number of irrigations had a statistically significant 
effect on cotton yield in experiments 1, 2 and 3 (Tables 4,
5 and 6 respectively) but riot in experiment 4 (Table '7). The 
interaction of N by I was statistically significant in experi
ment 1 only. 

The plant populations at harvest are shown in Tables 8, 
9, 10 and 11. There was no significant effect of N or irriga
tions on plant populations in any of the experiments. Generally,
plant populations were between 40,000 to 50,000 plants/ha which 
is considered an acceptable range to achieve good yields. 

A more det:iiled and meaningful evaluation of the effect 
of number of irrigations and N fertility rate on cotton yields 
can be accomplished by regression analysis. The four yield 
regression models that were evaluated are: 

Model 1 Y = bo + b I b2 N 2 b33+ + b412 + b 5 NI () 

b2N
b3/4 bi 1334 

3 4
Model 2 Y = bo + + bI + + + 

b5N3/41 3/4 (2)
 

Model 3 Y = bo + bN + b2 N 2 + b3 + b412I + b5NI + 

NI2b (3)6 
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Table 5 The Effect of Number of Irrigations and Nitrogen Fertility
 
Rate on Cotton Yields
 

Experiment No. 2 (Fanner - Yousaf)
 

Number of Nitrogen Fertility Rate kg/ha
 
Irrigations 
 56 84 112 140 Average
 

3 857 1287 1129 1117 1098
 

4 1433 1777 1873 2333 1854
 

5 1502 1866 2216 2533 2029
 

6 1055 1408 1223 1512 1300
 
7 885 1043 1389 1342 1165
 

Average 1147 1476 1566 1767
 

Statistically Significant Effects:
 
N**
 

I**
 

N X I = N.S. 

S.E.y = 137.3
 

L.S.D. (0.05) = 388 kg/ha
 

Table 6 The Effect of Number of Irrigations and Nitrogen Fertility
 

Rate on Cotton Yields
 

Experiment No. 3 (Farmer - Yousaf)
 

Number of NLitrogen Fertility Rate kg/ha
 
Irrigations 
 56 84 112 140 Average
 

3 860 1322 1159 1384 1181
 

4 1465 1591 1725 2160 1735
 

5 1453 1950 2333 2315 2013
 

6 1132 1349 1268 1542 1323
 

7 865 1063 1206 1379 1128
 

Average 1155 1455 1538 1756
 

Statistically Significant Effects:
 

N**
 

I**
 

N X I =N.S.
 

S.E.y = 178.6 

L.S.D. (0.05) = 504 kg/ha 
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Table 7 The Effect of Number of Irrigations and Nitrogen Fertility
 
Rate on Cotton Yields
 

Experiment No. 4 (Cotton Research Station)
 

Number of Nitrogen Fertility Rate kg/ha
 
Irrigations 56 84 112 140 Average 

3 1221 1063 1260 1201 1186 

4 1122 1201 1102 1184 1152 

5 1260 1082 1636 808 1197 

6 1339 1379 1572 1357 1412 

7 1161 1142 1201 1379 1221 

Average 1221 1173 1354 1186
 

Statistically Significant Effects: 

N = N.S. 

I = N.S. 

N X I = N.S. 

S.E.y = 258.3 

Table 8 Plant Population of Cotton Experiment at Harvest as Influenced
 
by Number of Irrigations and Nitrogen
 

Fertility Rate
 

Experiment No. 1 (Farmer - Saleem) 

Number of NitroLn [ertiliity Rate kg/ha 
Irrigations 56 84 112 140 Average 

3 39684 44404 38071 45738 42126
 

4 39684 36991 43737 46751 41790
 

5 48110 48432 48432 48110 48271
 

6 47764 42724 40697 39363 42637
 

7 47418 39684 48432 42724 44564
 

Average 44532 42447 43994 44537
 

Statisticalty Significant Effects:
 

N N.S. 

I = N.S.
 

N X 1 = N.S.
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Table 9 Plant Population of Cotton Experiments at Harvest as Influenced
 
by Number of Irrigations and Nitrogen Fertility Rate
 

Experiment No. 2 (Farmer - Yousaf)
 

Number of Nitrogen Fertility Rate kg/ha
 
Irrigations 56 84 112 140 Average 

3 44404 45738 48110 41710 44992 

4 44725 47097 44725 42056 44651 

5 45071 49445 45738 47764 47003 

6 43737 45738 47418 42378 44819 

7 47097 45071 45738 48778 46672 

Average 45007 46618 46346 44537 

Statistically Significant Effects: 

N = N.S. 

I = N.S. 

N X I = N.S. 

Table 10 Plant Population of Cotton Experiments at Harvest as Influenced
 
by Number of Irrigations and Nitrogen Fertility Rate
 

Experiment No. 3 (Farmer - Yousaf)
 

Number of Nitrogen Fertility Rate kg/ha
 
Irrigations 56 84 112 140 Average
 

3 41043 37930 44404 38350 40431
 

4 45071 44404 40364 37337 41787
 

5 41710 47418 47418 40351 44226
 

6 44725 40376 45071 41365 42884
 

7 42378 46430 39017 45738 43391
 

Average 42986 43312 43255 40628
 

Statistically Significant Effects:
 

N = N.S. 

I = N.S. 

N X I = N.S. 
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Table 	11 
 Plant Population of Cotton Experiments at Harvest as Influenced
 
by Number of Irrigations and Nitrogen Fertility Rate
 
Experiment No. 4 (Cotton Research Station)
 

Number of 
 Nitrogen Fertility Rate kg/ha
Irrigations 56 84 112 140 Average 

3 42716 48110 52805 52484 49030 
4 45071 45071 44725 46405 45318 
5 52138 42378 47418 52484 48605 
6 43391 47764 48778 50779 47678 
7 50112 47418 49791 45746 48266 

Average 46686 46148 48703 49580 

Statistically Significant Effects: 

N = N.S. 

I = N.S. 

N X I = N.S. 

Table 12 Coefficients of Determinations (R2) and Standard Error of
 
Estimates (SEE) of Regression Models 1, 2, 3 and 4 for
 

Experiments 1, 2 and 3.
 

Experiment I Experiment 2 Experiment 3 Experiment Mean
 

Model 1
 
R 0.827 0.885 0.859 
 0.873
SEE 215.5 205.5 203.2 
 193.8
 

Model 2
 
R 0.827 0.881 
 0.850 0.869
SEE 215.2 205.9 
 209.6 196.9
 

Model 	32
 
R 0.937 0.951 0.907 0.948

SEE 137.2 134.9 
 173.5 130.3
 

Model 42
 

R 	 0.905 0.951 
 0.899 0.947
 
SEE 152.4 126.6 164.3 118.8
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Model.4 Y = bo + b1 N + b212 + b3NI + b4NI2 (4)
 

where:
 

Y = yield in kg/ha
 
N = kg N/ha
 
I = number of irrigations
 
b = Coefficients as determined by least square
 

The correlation coefficients (R2 ) and standard error
 
estimates (SEE) evaluating the models fit to the experimental
 
results for experiments 1, 2 and 3 are shown in Table 12.
 
Since the effects of irrigations and N weire not statistically
 
significant in experiment Number 4 no further analysis of the
 

R2data was justified. The values and standard error of
 
estimate of models 3 and 4 were obviously better for all three
 
experiments than were models 1 and 2. Consequently, models 1
 

R2and 2 could be eliminated. The values for model 3 were
 
equal to or slightly higher than model 4 but the standard
 
error of estimates were substantially higher in experiments
 
2 and 3 as well as with the experiment means. Examination of
 
the yield results showed that the nitrogen response was linear
 

N2which indicates a term would not be justified. Based on
 
these observations it was determined that model 4 represented
 

N2the best fit. Model 4 is simply model 3 with the and one I 
term dropped. This also made the calculations less complicated.
 
The b values used in model 4 are as follows:
 

bo = 795.58
 
=
bl -60.950
 

b2 = 1.351
 
b3 = 31.292
 
b 4 = -3.401
 

The response surface showing the yield as a function of N
 
fertilizer rate and number of irrigations using model 4 is
 
shown in Figure 1. The individual solutions of regression
 
model 4 are given in Table 13. Figure 1 is a graphic representa
tion of these solutions over all the irrigations and N rates.
 

These results show that maximum yields were obtained
 
between 4 and 5 irrigations. As can be seen in Figure 1 the
 
N response surface is linear over the entire N fertilizer
 
range of 55 to 140 kg N/ha. In the future higher rates of
 
N should be used in order to establish the point of diminishing
 
return in relation to N. The point of diminishing return was
 
obtained with the number of irrigations.
 

These models are very useful in that various pieces of
 
important economic information can be derived from them.
 
First the marginal product of nitrogen at any level of N and
 
I can be calculated by taking the partial derivative with
 
respect to N.
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COTTON YIELD(kg/ha) 

II 

-w 

.. 0 

Figure 1. 
Response surface of yield as a function of
nitrogen fertilizer rate and number of
irrigations.
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Table 13 
 The Response Surface of the Effect of Number of Irrigations and

Nitrogen Rate on Cotton Yields as Predicted by the Regression Model
 

N (kg/ha) 3.0 	 3.5 45
4.0 	 5.0 5.5 6
 

55 935 1192 1356 1428 1406 
 1291 1084
 
75 981 1330 1552 1647 1616 
 1457 1171
 
95 1028 1469 1748 1867 1825 
 1622 1259
 

115 1074 1607 1944 2087 2035 1788 1346
 
135 1121 1745 2140 2307 2245 1953 1433
 

Table 14. 
 Marginal Product of Nitrogen (kg Cotton/kg N) at Each of Four
 
Irrigation Levels
 

Number of Irrigation 	 Marginal Product 
(kg Cotton/kg N) 

3 
 2.32
 

4 
 9.80
 

4.6* 
 11.03
 

5 
 10.48
 

6 
 4.36
 

*Theoretical moximum
 

Table 15. 
 Return on Investment in Nitrogen at Various Irrigation Levels
 
Based on Different Values of Cotton
 

Price of Cotton 
 Number of Irrigations
 

Rs/md Rs/kg 
 3.0 4.0 4.60* 5.0 6.0
 

115 3.08 2.15 
 9.07 10.22 
 9.72 4.04
 
125 3.34 2.34 
 9.87 11.12 10.58 4.40
 
135 3.61 2.53 
 10.68 12.01 
 11.43 4.76
 
145 3.88 
 2.72 11.47 12.92 12.29 
 5.11
 
155 4.14 
 2.90 12.23 13.78 13.11 
 5.45
 

* Theoretical Maximum yield
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The marginal product of N is the amount of cotton (kg/ha)
 
that will be produced by an additional unit (.kg/ha) of nitrogen
 
and has the units of kg Cotton/kg N. For model 4 the marginal
 
product is given by:
 

2
aY b + bI + b (5)
 
1 3 4 

Model 4 is linear with respect to N as only first order
 
terms in N are present. Therefore, eq. (5) has only terms in
 
I telling us that the marginal product of N is dependent only
 
on the number of irrigations and is independent of N rate.
 
The level of irrigation at which the maximum N response will
 
be obtained, i.e. the marginal product of nitrogen is a
 
maximum and can be found by taking the derivative of eq. (5)
 
with respect to I and setting it equal to zero. The derivative
 
of (5) with respect to I is:
 

dI- b3 + 2b41 (6)
 

This tells us that the change in the marginal product of N is
 
a linear function of the number of irrigations and the irriga
tion level at which the maximum yield increase per kg of N
 
is found where:
 

b3 + 2b4I = 0 (7)
 

and
 
-b3
 

I 2b 4 (8) 

Substituting the coefficient from model 4 into eq. (8) we find
 
that the maximum response to N will be obtained where I = 4.6
 
or the maximum yield was obtained at a theoretical 4.6 irriga
tions at all N rates.
 

We can determine the marginal product of N at 4.6 irriga
tions by substituting 4.6 for I in eq. (5). By doing this we 
find that at 4.6 irrigations we can increase yield of cotton 
by 11.03 kg/ha for every kg of N applied, i.e., the marginal 
product is 11.03 kg cotton/kg N. Because incremental response 
to N is the same at all N levels the return on investment is 
given by the marginal product times the price received for the 
cotton divided by the cost of N: 

MP 
R = c (9)

cN 

where : 
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R = the return on investment
 
M = marginal product (kg cotton/kg N)
 
Pc = price of cotton
 

CN = cost of N
 

Where M is 11.03 kg cotton/kg N the return on investment is 11.21
 
for each rupee invested if cotton sells for Rs. 3.4/kg (Rs.
 
125/md) and N costs Rs. 3.31/kg.
 

The above is somewhat theoretical as it is difficult to
 
apply 4.6 irrigations. However, by substituting into eq. (5) 
we can calculate the marginal product of N at each irrigation 
level (Table 14). From the marginal products given in Table 
14 we can 1-o%%w calculate the return on money invested in nitrogen 

at any number of irrigations and prices of cotton (Table 15). 

Nitrogen fertilizer was a good investment at all irriga
tion levels but the return was much better at 4 or 5 irriga
tions than at 3 or 6 irrigations. The current cotton price to 
farmers is approximately Rs. 3.61/kg (Rs. 135/md). If we 
estimate harvesting and transportation costs to be Rs. 0.27/kg 
(Rs. 10/md) the farmer's return approximately is Rs. 3.34/kg 
(Rs. 125/md). Using this figure (Rs. 3.34/kg) in Table 15 it 
can be seen that the farmers return on N investment ranges 
from 2.34 to as high as Rs. 10.58 at 5 irrigations (not con
sidering the theoretical optimum of 4.6 irrigations). The 
return on N increases by over 7 between 3 and 4 irrigations and 
decreases by over 6 between 5 and 6 irrigations. This relation
ship shows the critical need for proper irrigation to obtain 
maximum return from fertilizer N investment. 

Another useful way of using these surfaces is to plot
 
the yield isoquants as a function of the inputs as shown in
 
Figure 2. The heavy curved lines are the yield isoquants.
 
They can be thought of as "contour lines" of equal yield on
 
Figure 1. From these diagrams we can quickly determine the
 
approximate yield that can be expected from any level of N and
 
number of irrigations.
 

The yield isoquants may be determined by first rearranging
(10)

the equation of model 4 to the form: 

y - bO-b 21
2 

N = -2(10) 

b + b3 I + b4 I 2 

For each yield isoquant N levels are calculated for a series
 
of irrigation levels between I = 3 and I = 6. The resulting
 
points are plotted giving the isoquants as shown.
 

Note that in the area where I is less than 4.60 increasing
 
either N or I will increase .yields. For example, the combina
tion 121 kg N/ha and 4.0 irrigations resulted in a cotton yield
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Cotton yields isoquants as a function of nitrogen and irrigations. Dashed 
diagonal lines are isocost lines for Rs. 3.31/kg N and Rs. 30 irrigation.
Horizontal lines show optimum combination for producing specified yields. 
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of 2000 kg/ha. If the number of irrigations could be increased 
to 4.6, the theoretical optimum, only 107 kg N/ha would be 
required to produce a yield of 2000 kg/ha. One can see that 
the requirement for more N input increases very rapidly on 
either side of the theoretical optimum number of irrigations 
of 4.6. This points out the very sensitive relationship that 
exists between N and irrigation. Over oir under irrigation 
increases the N input requirement substantially to achieve the 
same yield and when the irrigations vary far from the theoretical 
optimum no amount of nitrogen input will keep yields high. 

If one input is scarce or costly it may be possible to 
compensate by increasing the other input to some extent as 
explained above. The optimum levels of N and I will depend 
on the cost of N and irrigation. Costs of N are fairly well 
known but irrigation costs vary depending on the source of 
water as well as the opportunity costs of using the water to 
produce other crops. This is particularly important where 
land lies fallow due to lack of water. The most profitable 
combination of N and I to produce any specified yield level 
depends on the relative price of N and I, i.e. CN/CI. Con
sider any point N, I on Figure 2. The total cost (T) of N 
and irrigation at that point is given by: 

CN(N) + CI(I) = T (11) 

In our example we have plotted I on the vertical axis so we
 
will solve eq. (11) for I.
 

T (CN)C (N)
 -(12)
CI 
 CI
 

Equation (11) describes a straight line with slope CNCI. All 
points on any straight line with slope CN/CI will have the 
same total cost T. Such lines are termed isocost lines. The 
two dashed diagonal lines on Figure 2 are isocost lines for 
Rs. 75/irrigation and Rs. 3.31/kg N or for any other combina
tion of water and nitrogen costs such that CN/CI equals 0.0441. 
The line that is tangent to the 1500 kg/ha yield isoquant has 
a total cost of N and irrigation of Rs. 528 and the total cost 
on the line tangent to the 1750 kg/ha isoquant is Rs. 607. 

Standard micro-economic theory tells us that the optimum
 
combination of these two inputs to produce any specified yield
 
level is the point at which the isocost line with slope CN/CI
 
is tangent to the yield isoquant. Thus as Rs. 75 per irriga
tion and Rs. 3.31/kg N the point of tangency is to the 1500
 
kg/ha yield isoquant at 66.6 kg N/ha and 4.1 irrigation. At
 
1750 kg/ha yield the optimum combination is 1750 kg/ha yield
 
the optimum combination is 88.1 kg N/ha and 4.2 irrigations.
 
Mathematically, this point of tangency can be expressed by:
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N C 1(13) 

An analytical determination of these points of tangency
 
is complicated so we have used an iterative method that is
 
relatively easy with a small desk top computer or even a
 
programmable calculator. Going back to eq. 10 for each yield
 
isoquant we calculate the N values for the comlete range of
 
irrigations 3 to 6 in small increments. The values are thus
 
calculated for the increments and the points selected where:
 

SAI CN 
(14)
AN CI
 

Table 16 was constructed in this manner using costs of
 
irrigation varying from Rs. 25 to Rs. 125. These values are
 
plotted as the horizontal lines in Figure 2 for irrigation
 
costs of Rs. 25, 75 and 125 only. As the cost of irrigation

increases the optimum N levels to produce a given yield in
crease and the optimum irrigation levels decrease. For example,

if the cost of irrigation is Rs. 25 from Figure 2 (or Table 16)
 
we see that the optimum economic combination of irrigations
an& niLrogen to achieve a 1751 kg/ha yield is 4.5 irrigations

and 84.4 kg/ha. If the cost of irrigations increases to Rs. 125
 
and optimum economic combination changes to 4.0 irrigations

and 93.6 kg N/ha to achieve the same yield of 1750 kg/ha.
 

However, the optimum levels of irrigations and N are 
actually ratho, insensitive to changes in irrigation cost 
in this range. This is because the marginal product due to 
N (kg cotton/k N) is very sensitive to the number of irriga
tion as shown in Table 14. 

The above is somewhat of an academic exercise as it 
assumes a continuous rather than a discrete irrigation variable. 
Probably a more useful procedure is to examine the profit
ability of 4 or 5 irrigation at various costs of irrigation.
These costs are calculated using eq. (11) and are shown in 
Table 17. Four irri¢-tions generally produce the specified
yields cheaper than five irrigations, particularly where 
irrigation costs are hiqh. At high yields and low water costs 
the product ion cost or 4 irrigations are very similar to 
those for 5 irigations. For example, if the cost of irriga
tion is Rs. 125/ir -Lgation the cost of N plus irrigation to 
achieve a k \eld Rs. and at 4 and 51000 yi/ha is 562 679 
irrigations re2spect ivoly. However, at the 1-50 kg/ha yield
and irL-igation costs of Rs. 25 the cost of N and irrigation
is about Ps. 415 [or both 4 and 5 irriqations. 

The figures in Table 17 are the variable costs of N and I 
only for the various yields. These do not tell the whole 
story since the fixed costs of production are much higher than
 
are the variable costs from N and I. If we assume a fixed
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Table 16 	 The Optimum Nitrogen Fertility Rate (N) and Number of Irrigations
 
(I) Combinations that will Produce a Specific Yield at Various
 
Cost per Irrigation. Nitrogen is assumed to cost Rs. 3.31/kg.
 

Irrig
ation Cotton Yield (kg/ia) 
Costs 
Rs/Irri- CN/C1 1000 1250 1500 1750 2000 2250 
gation N1/ 2/ N IN I N I N I N I 

N~z- I

25 .1324 18.0 4.1 39.7 4.4 62.0 4.4 84.4 4.5 107.0 4.5 129.6 4.5
 

50 .0662 21.2 3.8 42.3 4.1 63.8 4.3 85.9 4.4 108.2 4.4 130.5 4.4 

75 .0441 24.1 3.6 45.2 4.0 66.6 4.1 88.1 4.2 110.0 4.3 132.2 4.4
 

100 .0331 26.6 3.5 48.3 3.8 69.4 4.0 90.7 4.1 112.4 4.2 134.2 4.3
 

125 .0265 28.9 3.5 51.2 3.7 72.3 3.9 93.6 4.0 115.0 4.1 136.5 4.2
 

I/ Optimum N level (kg/ha)
 

2/ Optimum number of irrigations
 

Table 17 	 Cost of Nitrogen Fertilizer (N) and Irrigation (I) at 4 or 5
 
Irrigations as Affected by Cotton Yields and Irrigation Costs.
 
Nitrogen is assumed to cost Rs. 3.31/kg.
 

Irrigation
 

Costs 1000 1250 1500 1750 2000 2250
 

Rs/Irrigation 411/ 51 41 51 41 51 41 51 41 51 41 51
 

Rs. (Cost of i0plus I)
 

25 162 179 246 258 331 337 415 416 500 495 584 574
 

50 262 304 346 383 431 462 515 541 600 620 684 699
 

75 362 429 446 508 531 587 615 666 700 745 784 824
 

100 462 554 546 633 631 712 715 791 800 870 884 949
 

125 562 679 646 758 731 837 815 916 900 995 984 1074
 

1/ 41 - 4 	Irrigations
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cost of production of Rs. 1500/ha. we can modify eq. (11) by
 
adding this to the variable costs and dividing by the yield
 
to calculate a unit production cost (UPC) with the units of
 
Rs/kg cotton produced, eq. (11) then becomes:
 

CN(N) + CI(I) 	+ Fixed Costs 
y = UPC (13) 

Using eq. (13) we can then construct Table 18 for the
 
various costs of irrigations and yields. The difference in
 
unit production costs of 4 or 5 irrigations is very small at
 
low irrigation costs and increases slightly as the cost of
 
water increases. At higher production levels this spread in
 
cost is decreased. The efficiency of production increases
 
substantially 	as yields increase. If each irrigation costs
 
Rs. 50 the unit production cost decreases from Rs. 1.76/kg
 
cotton at a 1000 kg/ha yield with 4 irrigation to as low as
 
Rs. 0.97/kg cotton at 2250 kg/ha. A decrease in unit pro
duction cost of Rs. 0.79/kg cot-ton represents a 45% decrease
 
in production costs as a result of higher yields. The data
 
in Table 18 clearly demonstrates the more efficient production
 
that is obtained when yields are maximized. Any appropriate
 
fixed cost could be used in eq. (13) to calculate unit pro
duction costs.
 

Table 18 	 Unit Production Costs ( Rs/kg Cotton) Assuming a Rs. 600/ha
 
Fixed Cost and Variable Costs of N and I at Various Cotton
 
Yield
 

Cotton Yield kg/ha
Irrigation 
Cost 1000 1250 1500 1750 2000 2250 

Rs/Irrigation 41 51 41 51 41 51 41 51 41 51 41 51 

25 1.66 1.68 1.40 1.41 1.22 1.22 1.09 1.09 1.00 1.00 0.93 0.92
 

50 1.76 1.80 1.48 1.51 1.29 1.31 1.15 1.17 1.05 1.06 0.97 0.98
 

75 1.86 1.93 1.56 1.61 1.35 1.39 1.21 1.24 1.10 1.12 1.02 1.03
 

100 1.96 2.05 1.64 1.71 1.42 1.47 1.27 1.31 1.15 1.18 1.06 1.09
 

125 2.06 2.18 1.72 1.81 1.49 1.56 1.32 1.38 1.20 1.25 1.10 1.14
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SUM1MARY 

The results of three irrigations by N experiments on
 
cotton indicate that proper irrigation of cotton is a very

critical variable input to cotton production. The theoretical
 
optimum number of irrigations was 4.6 while over and under
 
irrigation decreased yields substantially. The response to
 
N was linear over the entire fertility rate range of 55 to
 
140 kg/'ha.
 

Regression analysis using a yield model allowed us to
 
perform an economic evaluation of production as influenced by

prices of N, irrigations and cotton. The marginal product of
 
N (kg cotton/kg N) was 11.03 at the theoretical optimum number
 
of irrigations. This decreased to 2.32 and 4.36 at 3 and 6 
irrigations, respectively. The return on investment in nitrogen
when the cotton price was Rs. 3.34/kg (Rs. 125/md) was a 
maximum of 11.12 at the theoretical optimum number of irriga
tions and decreased to 2.34 when under irrigation occurred 
(6 irrigations) . Fluctuations in the price of cotton over 
the range of Rs. 3.0? to 4.14/kg did not change the return 
on investment in N as much as did over or under irrigation by 
one irrigation. This shows the return on N investment is more 
heavily influenced by proper irrigation than by the price of 
cotton. 

The unit production cost was influenced more by yield 
than by the difference in cost of 4 or 5 irrigations. If a
 
fixed cost of production was assumed to be Rs. 1500/ha the
 
production costs/kg cotton varied markedly. If each irriga
tion cost Rs. 50 the unit production cost decreased from Rs.
 
1.76/kg cotton at a 1000 kg/ha yield to Rs. 0.97 at 2250
 
kg/ha with 4 irrigations. The difference in unit production
 
costs of 4 vs 5 irrigation was only Rs. 0.04/kg if water cost
 
Rs. 50 and never over Rs. 0.12 when water costs Rs. 125/

irrigation. This spread in cost decreased as yield increased.
 

Based on the yield results and economic analysis of these
 
experiments it is evident that proper irrigation is of critical
 
importance to production of cotton. Farmers often apply more
 
than 5 irrigations but these results indicate that over irriga
tion decreases yields significantly. The adverse effect of 
over irrigation cannot be overcome by increasing the N input.
Therefore, farmers need to be cautioned that over irrigation 
will decrease yields and decrease their net income to a point
where return on fixed and variable costs make cotton production 
uneconomical.
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APPENDIX 5
 

THE EFFECT OF HERBICIDES AND MECHANICAL
 
WEED CONTROL ON MAIZE YIELDS
 

B. A. Sabir, M. M. Iqbal, D. G. Westfall
 
and A. Ghaffar1
 

INTRODUCTION
 

The practice of using herbicides to control weeds in
crops is in its infancy in Pakistan. The Government has
approved only a few herbicides for use by the farmers and very
few farmers have accepted this ne, technology as part of their
production program. 
A considerable amount of education must
be done in order to 
inform the farmers of the benefits herbicides
have on crop yields. 
Also, additional field performance data
are needed on herbicide efficacy and selectivity.
 

The field demonstration reported here was undertaken to
accomplish three objectives: 
 (1) to demonstrate to 
farmers
the potential beneficial effects of herbicides in controlling
weeds in maize as 
compared to conventional methods, (2) to
determine the efficacy and selectivity of serveral herbicides
and 
(3) to determine the potential economics of herbicide use.
 

MATERIALS AND MIETHODS 

A field demonstration on weed control in maize was conducted on Tubewell 56 

Project area. 

in the Mona Reclamation Experimental
The demonstration consisted of six treatments
 
as follows:
 

Best hand weed control Three hoeings
 

Treatment 
No. 

Treatment Name Application Rate 
(kg material/ha) 

1 
2 
3 
4 

Gramoxone 
Afalon 
Primextra 

1.5kg pre & 1.5kg post-emergence
1.5kg pre-emergence 
5kg pre-emergence 

Normal weed control
5 Two hoeings
6 Check 
 No weed control
 

l/Senior Research Officer, Junior Research Officer, Mona Reclamation Experimental Project, Bhalwal, Agronomist and Soil
Scientist, 
 Colorado State University Field Party, Lahore,
respectively.
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At the present time none of these herbicides are standard
ized for use on maize. Gramoxone is a fast acting contact
 
herbicide, therefore, contact to any beneficial plants should
 
not occur. It is approved for use on sugarcane but the dis
tributor suggested that it be tried as a pre-emergence herbicide
 
on maize. Afalon has a broad rancge of recommended crop uses
 
in various countries, among them maize. It is absorbed through
 
the roots and leaves of weeds and has a persistence of several 
weeks. It is recotmnended as a pre-emerqence spray at 1.5-2.0kg/ha 
for maize. Primextra is recommended for use on maize in many 
countries. It is absorbed by roots and leaves of weeds and
 
controls a wide range of broadleaf weeds and grasses. Its 
recommended rate of application is 4-6 kg/ha, depend on soil 
type.
 

Plot size was 8.4 x 61m with two replications. A seeding 
rate of 4.9 kg/ha of the maize variety Akbar was planted in 
75 cm spaced rows on July 13. The uniform preplant fertilizer 
application rate of 93-56-30 kg/ha (N-P 2 0 5 - K2 0) was applied 
on July 12 and 19 kg N/ha was applied on August 16, before 
irrigation. All plots received three irrigations during the 
growing season, i.e., on August 16, September 14 and 28. 
About 3 inches of water was applied at each irrigation. With 
the exception of the weed control treatments all cultural 
practices were the same on all plots throughout the growing 
season. The hoeings with the Khurpa were accomplished during 
August and the herbicides were applied on the flat three days 
after planting. The post-emergence application of Gramoxone
 
was made on August 13 as a directed spray so leaf contact on
 
the maize plants did not occur. Weed counts were made before
 
this second application.
 

The entire plot was harvested for cob yield on October 8.
 
The weight of the cob (cob + grain) was determined on the
 
field moist basis. The grain yield was estimated by multiply
ing the cob weight by 2/3. Statistical analysis using an
 
analysis of variance and LSD test was used to determine the
 
statistically significance of the various treatments on yields.
 

RESULTS AND DISCUSSION
 

Field observations after the application of the herbicides 
showed that only Primextra controlled weeds adequately when 
appl-ied pre-emerence ue Lhe conditi.ons of derions-LraLion.-his 
The weed counts of the various treatments are shown in Table 1.
 
There were 158 and 148 weeds/m 2 in the Gramoxone and Afalon
 
treatments, respectively, while weeds control was 100% with
 
Primextra. Evidently some efficacy occurred with Gramoxone
 
and Afalon because the weed counts in those plots were lower
 
than the weedy check. The performance of these herbicides,
 
as judged by weed counts, would not be acceptable while Primextra
 
performed very well. Since Gramoxone did not exhibit weed
 
control pre-emergence, a second application was made on
 
August 13. Complete weed control occurred at this time but
 
some damage to the maize was observed.
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Table 1. 	Weed counts in various treatments on August 12 and
 
weight of weeds removed from the hand weeded treat
ments.
 

Weeds
 
Treatment Number/mz (kg/ha)
 

Gramoxone 158 
Afalon 148 
Primextra 0 
Best hand weed control 0 4120 
Normal hand weed control 0 4480 
Check (No weed control) 200 

Table 2. 	The effect of herbicides and mechanical weed control
 
on the yield of maize.
 

Dose Time of Yield (kg/ha)
 
Treatment (kg/ha) Application Cob Grain*
 

Gramoxone 1.5 + 1.5 Pre-plus post 1983 1322 
Afalon 1.5 Pre-emergence 1771 1181 
Primextra 5.0 Pre-emergence 2358 1572 
Best hand weed control Three hoeings !2067 1378 
Normal weed control Two hoeings 1847 1231 
Check No weed control i1349 899 

Mean 	 i1896 1264
 

Cob Grain
 

LSD (.05) 205.4 136.9 CV. 10.26%
 
LSD (.01) 322.0 214.7
 

*Cob yield X 2/3 = grain yield.
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The total amount of weeds (weight basis) removed from the
 
two hand weeded treatments was very large (Table 1). These
 
figures show the large weed infestation levels that exist in
 
farmers fields.
 

The yield results from each treatment are shown in Table
 
2. The highest yield was obtained with Primextra which re
sulted in a yield of 2358 kg cob and 1572 kg/ha grain. This
 
is significantly higher (.05 level) than the best hand weed
 
control method of three hoeings. The yield of the Primextra
 
treatment was highly significantly greater than the other two
 
herbicides. There were no significant differences in the yields
 
of the Gramoxone, best hand control and normal weed control.
 
The Afalon treatment- resulted in the lowest yield of all the
 
herbicides but still hiqhly statistically significantly greater
 
than the weed%, check. There was over a 1000 kg/ha difference
 
in the cob yield between the weedy check and Primextra and
 
673 kg/ha difference in grain yields.
 

The cost of each treatment varies wich each chemical and 
manual weed control method (Table 3). The maximum cost was 
incurred with best hand weed control method (Rs. 444.78). The 
cost of herbicides ranged from 'Ps. 151.27 and Rs. 294.57/ha 
which was less than the cost of normal weed control (Rs. 296.52) 
While comparing :ezurn on chemical with normal weed control, the 
return of Rs. 299.95, Rs. 581.65, Rs. 43.39 and Rs. 101.64 was
 
obtained for Gramoxone, Primextra, Afalon and best hand weed 
control, respectively (Table 4). A loss of Rs. 267.88 was 
obtained when no weed control was compared with normal weed 
control. Similarly, when the various weed control methods were 
compared with no weed control, a return of Rs. 567.83, Rs. 849.53, 
Rs. 315.27, Rs. 369.52 and Rs. 267.88 was recorded for Gramoxone, 
Primextra, Afalon, best hand weed control and normal hand weed 
control, respectively. The weed control effect with Gramoxone 
occurred from the post-emergence application. Gramoxone is a 
contact killing herbicide and should not be used as a post
emergence spray of corn. Contact on the corn leaves will kill 
or severelydamage the plants. The use of a directed spray, as 
was used in the study, could not be guaranteed under farmer 
conditions. Therefore, its post-emergence use is not suggested 
for further testing. 

Based on these results Primextra appears to be the most
 
economical and best method of weed control in maize. It has
 
a broad range of efficacy, is selective with no maize damage
 
occurring. The manufacturer of this chemical indicated it
 
will be standardized and regularized for use in the near future.
 

It is not known exactly what percent of the farmers do not
 
use any weed control measures in maize but it is thought to be
 
a large percentage. Some method of weed control is required if
 
good yields are to be obtained. Primextra appears to be the
 
best alternative that is potentially available.
 



Table 4. 	The comparison of costs and returns as affected by chemical and
 
convencional method of weed control in maize. 
The production costs
 
of weed control methods only are considered.
 

Treatment Cost 
Gross 
Return 

Net 
Return 

Return compared to 
normal weed control 

Return compared to 
no weed control 

------.--------.----------- Rs/ha 
Gramoxone 151.27, 2247.40 2096.13 299.95 567.83 

Primextra 294.57i 2672.40 2377.83 581.65 849.53 

Afalon 164.13 2007.701 1843.57 43.39 315.27 

Best hand weed 
control 444.78 2342.60 1897.82 101.64 369.52 

Normal hand 
weed control 256.52 2092.70 1796.18 267.8.8 

Check 
(No weed control) 1528.30 1528.30 (267.88) 
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Table 3. Cost incurred by different chemicals and manual weed
 
control methods in maize.
 

Cost of Labor Sprayer 
Treatment Material Cost cost Total 

(hired) 

--------------- Rs/ha-----------------

Gramoxone 77.14 49.42 24.71 151.27
 
Primextra 220.44 49.42 24.71 294.57 
Afalon 90.00 49.42 24.71 164.13 
Best hand weed control 444.78 444.78 
Normal hand weed control 296.52 296.52 
Check (No weed control) -

SUMs-LARY
 

The effect of three herbicides, two hand weeding treatments
 
and no weed control on the yield of maize was investigated in
 
field demonstration plots. The use of Primextra herbicide to
 
control weeds resulied in cob and grain yields of approximately
 
100% greater than the weedy check. Yields obtained from Gramo
xone and Afalon were highly statistically significantly lower
 
than those obtained with Primextra. The Primextra treatment
 
also out yielded the hand weeded treatments but Gramoxone and
 
Afalon did not. The lack of greater yields from these two herb
icides was due to damage to the maize with Gramoxone and lack
 
of weed control with Afalon when applied under the conditions
 
of this demonstration.
 

The total cost incurred by different herbicides was much
 
less than the cost of best weed hand control method. The return,
 
comparea with no weed control, was very good particularly with
 
Primextra.
 

Additional work needs to be undertaken to educate the
 
farmers as to the potential benefit to them that herbicides
 
can be on crop yields. Also much more research must be under
taken to determine herbicide efficacy and selective in order to
 
get governmental approval for herbicide use by farmers.
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APPENDIX 6
 

YIELD TRENDS AND ADOPTION OF IMPROVED AGRICULTURAL
 
PRACTICES IN MONA PROJECT AREA 1964-65 to 1973-74
 

M. M. Wahla, J. 0. Reuss and Bashir Ahmeda
 

INTRODUCTION
 

During the period 1965-74 the Extension Agronomy Section
 
of the Mnna Reclamation Experimental Project conducted crop
 
cutting surveys on wheat, cotton, rice and sugarcane. This
 
paper summarizes part of the data collected in these surveys
 
along with an evaluation of changes in crop production that
 
have occurred during the peri.od. It is a period of special
 
significance due to the introduction of improved practices,
 
including chemical nitrogen fertilizer as well as high yield
ing varieties of some crops, particularly wheat. The wheat
 
data through 1971 have been previously reported1 but the in
clusion of later years in this paper along with some addi
tional statistical analysis allow us to present a more
 
complete picture.
 

MATERIAL AND METHODS
 

The crop cutting surveys reported here were conducted
 
by the Extension Agronomy Section of the Mona Reclamation
 
Experimental Project. Data was collected from perennial and
 
nonperennial canal command areas and from uncommanded (tube
well only areas). The data from these three types or com
mand areas are reported separately. The sample numbers from
 
the perennial, nonperennial and uncommanded areas are gener
ally in the ratio of 2:1:1. Within this ratio a stratified
 
sampling procedure was used to weight the selection of com
mand areas according to the density of that crop within the
 
command area. Within these strata canal outlets, fields and
 
the location of the sample harvested area within the field
 
were selected at random according to a set procedure. The
 
procedure for wheat has been previously described.

1 In all
 
cases harvested areas were 16 feet by 33 feet. Ancillary
 
information such as number of irrigations, number of plow
ings, fertilizei- applied, etc., were collected by interview
 
of the farm ope cators. 

Various methods of statistical analysis were employed.
 
Confidence intervals were calculated by standard methods
 
assuming the "Normal" or "Gaussian" distribution (2,
 
Chapter 2). Fertilizer effects were generally evaluated by
 
separating fields to which chemical nitrogen fertilizer was
 
applied from those that did not receive such fertilizer.
 
The mean yield difference between these two groups was then
 

a/SRD (Extension) MREP, CSU Party Chief and Technical
 
Officer, MREP, respectively.
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"t" tests for groups of unequal size
tested by means of the 

(2, Chapter 4). This procedure was selected rather than
 

regression analysis because in most cases the high percentage
 

of fields that were not fertilized resulted .n a highly un

equal distribution of points with respect to the independent
 
Revariable which is undesirable in regression analysis. 


to try and relate
gression analyses were used in some cases 


such parameters as number of irrigatio.s or number of
 

plowings to yield.
 

RESULTS AND DISCUSSION
 

A. Wheat
 

The mean wheat yields with confidence intervals, per

centage of high yielding varieties and mean number of irri

gations are shown in Tables 1 through 3. The perennial
 

cropping area is most important in terms of project produc

tion. The project mean cropped acreage during the period
 

1965-66 to 1970-71 was 123,410 acres with a range of from
 

Out of this the mean perennial command
111,597 to 131,984. 

area cropped acres ranged from 84,506 to 93,434 with a mean
 

of 90,020 acres. Thus 73% of the mean cropped acreage was
 

in the perennial canal command area. During this time the
 

mean yield on the perennial canal command area increased
 

from just under 20 mds/acre to about 30 mds/acre. Most of
 

this increase occurred during the period starting with the
 
1971-72 season. During
1968-69 season and ending with the 


this period the percentage of high yielding varieties i.e.
 

Mexi-pak or other semidwarfs increased from 3% to about 93%.
 

The percentage of fields to which commercial nitrogen ferti

lizer was added increased from about 13% to 55%, and the
 

average nitrogen use over all perennial command acres
 

increased from 1.5 to 21.0 lbs N/acre during the same period
 

(Table 4).
 

The mean yields with confidence intervals for the per

ennial area are plotted in Figure 1. We have established a
 

base line of 19.8 md/acre on Figure 1 using the mean yields
 

prior to the 1967-68 season and the unfertilized yield for
 

the 1967-68 season. This provides a 4 year base largely
 

unaffected by the adoption of fertilizer and high yielding
 

varieties. We also find that from the 1972 season onwards
 

the fertilizer use was relatively constant, both in terms
 
to which nitrogen fertilizer was
of the percentage of fields 

(Table 4). The average yield
added and the rate per acre 


for these last three years is 30.1 md/acre. Thus during the
 

period of rapid adoption the yields increased by 10.3 md/
 
These yield increases
acre or 52% of 	the baseline period. 


largely due to improved varieties and fertiapparently are 

lizer although other improved practices could play a role.
 

last three years received
The fertilized 	fields during the 

an average
an average of 39.7 lbs N/acre which works out to 


of 22.5 lbs N/acre over all fields including those not
 

fertilized.
 



Table 1. 
Summary of wheat yields, use of high yielding varieties and number of irrigations for
 
the perennial canal command area.
 

Number Mean Standard Confidence High yielding varieties Mean No. of
 
Year of fields yield deviation interval Number 
 Percent Irrigations
 

(.95)
 
md/A md/A + md/A %
 

1964-65 40 19.5 9.9 
 3.2 0 0 
 NA
 
1965-66 40 18.4 8.0 2.6 0 
 0 4.2
 

1966-67 15 22.6 8.3 
 4.6 0 0 4.4
 

1967-68 40 20.9 11.9 3.8 
 3 7.5 3.7
 
1968-69 40 23.4 9.3 
 3.0 27 67.5 4.5
 

1969-70 42 25.8 9.6 3.0 
 23 54.8 4.8
 

1970-71 41 22.6 9.0 3.0 31 
 75.6 4.8
 

1971-72 42 30.4 11.5 
 2.8 39 92.9 4.4
 

1972-73 42 30.4 9.5 3.6 
 39 92.9 4.5
 
1973-74 42 29.6 10.9 
 3.4 40 95.2 4.5
 



Table 2. 
Summary of wheat yields, high yielding varieties and number of irrigations for the
non-perennial canal command area.
 

Number 
 Standard 
 Confidence
Year of fields 
Mean 

High yielding varieties Mean No. of
yield deviation interval 
 Number 
 Percent Irrigations
 
(.95)


md/A md/A + md/A %
1964-65 
 20 20.6 7.2 
 3.4 
 0 
 0 
 NA
1965-66 
 20 15.6 
 6.4 
 3.0 
 0 
 0 
 2.9
1966-67 
 10 27.4 
 8.3 
 6.0 
 0 0 3.1
1967-68 
 20 18.9 11.4 
 5.3 
 2 10.0 
 2.9
1968-69 
 20 21.2 11.2 
 5.3 
 16 
 80.0 
 4.0
1969-70 
 21 20.2 5.8 
 2.7 
 15 
 75.0 
 3.4
1970-71 
 21 18.1 11.0 
 5.0 
 13 
 61.9 
 3.8

1971-72 
 21 23.2 8.4 
 3.8 
 19 
 90.5 
 2.5
1972-73 
 21 25.2 8.1 
 3.7 
 15 
 71.4 
 4.1
1973-74 
 21 23.8 9.2 
 4.2 
 17 
 81.0 
 4.4
 



Table 3. 	Summary of wheat yields, high yielding varieties, and number of irrigation for the
 
uncommanded area.
 

Number Mean Standard Confidence High yielding varieties Mean No. of
 
Year of fields yield deviation interval Number Percent Irrigations
 

(.95) 
md/A md/A + md/A % 

1964-65 20 21.7 9.5 4.4 0 0 NA
 

1965-66 40 12.7 7.7 2.5 
 0 0 3.1
 

1966-67 5 26.6 7.6 9.4 0 0 2.2
 

1967-68 20 19.3 11.0 5.1 3 	 15.0 
 3.7
 
1968-69 20 17.6 10.4 4.9 13 65.0 4.4
 

1969-70 19 20.4 7.2 
 3.5 7 	 36.8 4.3
 

1970-71 21 19.6 9.4 
 4.3 16 76.2 4.8
 
1971-72 21 28.1 
 8.9 4.1 17 81.0 4.0
 
1972-73 21 27.0 
 7.6 3.5 21 100.0 4.7'
 

1973-74 21 29.2 
 5.9 2.7 20 	 95.2 5.2



Table,4. 
Nitrogen fertilizer use and wheat yields on fertilized and unfertilized fields in the
 
perennial command area.
 

Percent Mean N Applied 
 Mean Yields
Year ferti- All 
 Ferti- All 
 Not Ferti- Response t value*
lized fields lized 
 fields ferti- lized
 
fields 
 lized
 

% lb/A lb/A md/A 
 md/A md/A md/A
 
1964-65 2.5 0.3 
 11.0 19.5 
 ** __ 
1965-66 2.5 0.3 
 11.0 18.4 
 ....
 
1966-67 13.3 
 1.5 25.9 22.6 
 .... 

1967-68 25.0 
 6.5 22.6 20.7 18.6 
 25.9 7.3 
 1.72(.90)
 
1968-69 37.5 
 8.5 20.6 23.4 
 21.3 27.0 5.7 
 1.94(.90)
 
1969-70 28.6 11.6 
 50.8 25.8 
 24.1 30.1 
 6.0 1.91(.90)
 
1970-71 36.6 
 18.1 43.4 
 22.6 21.8 
 24.2 2.4 
 0.77
 
1971-72 54.8 
 23.7 40.0 
 30.4 26.6 
 33.5 6.9 
 2.64(.975)

1972-73 57.1 
 22.9 40.6 
 30.4 26.4 
 33.3 6.9 
 2.63(.975)

1973-74 54.8 
 21.0 38.4 29.6 
 25.1 33.1 
 8.3 2.64(.975)
 

* Number in parentheses is the probability of a real effect.
 
** Fertilizer response not calculated for years in which less than 20% of the fields were fertilized.
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Figure 1. Mean wheat yields with confidence intervals from the Mona crop cutting survey.
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Using the data shown in Tables 1 and 4 we have attempted
 
to separate the effect of fertilizer and high yielding varie
ties on the yield increase experienced over this period
 
(Figure 2). During the rapid adoption period yields of the
 
unfertilized fields increased from 19.8 to 26.0 md/acre. As
 
adoption of HYV's was well over 90% by this time, this in
crease of 6.2 md/acre can be considered largely due to im
proved varieties. The difference between the final three
 
years average of 30.1 md/acre and the unfertilized average
 
for the same period is 30.1 minus 26.0 or 4.1 md/acre. This
 
4.1 value provides an estimate of the effect of fertilizer
 
in improving the overall yield. This 4.1 md/acre increase
 
was achieved by an average of 22.5 lbs N/acre or 5.5 lb N/md.
 
We have calculated the benefit-cost ratio assuming urea at 
Rs. 75 per bag plus 10% interest and application charges or 
Rs. 1.65 per lb of N. Wheat is assumed to have a value of 
Rs. 37.50/md less 10% harvesting cost or Rs. 33.75/md. The
 

cost of the increased yield due to fertilizer is Rs. 9.08/md
 
and the benefit-cost ratio is 3.72 which represents a return
 
on invested capital of 272%. During the final three years
 
the fertilized fields averaged 33.3 md/acre as compared to
 
the project average of 30.1 md/acre. The difference of
 
3.2 md/acre is an estimate of the increased average yield
 
that might be expected if all fields were fertilized at an
 
average rate of about 30 lbs N/acre instead of only 55% of
 
the fields. We also note that the increased yield of the
 
fertilized fields was significant at the 0.975 probability
 
or 97.5% level during the final three years.
 

Responses on the nonperennial and uncommanded areas
 
(Tables 5 and 6) were much less consistent, although this
 
undoubtedly is partly caused by the lower number of samples
 
taken each year.
 

The average yields for the final three years were 30.1,
 
24.1, and 28.7 md/acre for the perennial, nonperennial and
 
uncommanded areas respectively and reflect a general tendency
 
for yields to be highest in the perennial area, lowest on the
 
nonperennial with the uncommanded area lying between.
 

The percentage of fields fertilized was lower in the
 
nonperennial area than in the perennial and uncommanded areas.
 
The average number of irrigations also tends to be lower on
 
the nonperennial area than the other two command types but
 
this difference is less in the last few years. The percent
age of coarse textured soils (sandy and sandy loam) is much
 
higher on the uncommanded area than in the nonperennial or
 
perennial areas (Table 7). This difference undoubtedly
 
explains the higher irrigation levels and nitrogen applica
tion in the uncommanded area than in the nonperennial area.
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Figure 2. Mean yields of fertilized and unfertilized wheat fields. (Perennial Area) 



Table 5. 	Nitrogen fertilizer use and wheat yields on fertilized field in the non-perennial
 
canal command area.
 

Percent Mean N Applied Mean Yields
 
Year ferti- All Ferti- All Not Ferti- Response t value*
 

lized fields lized fields ferti- lized
 
fields lized
 

% lb/A lb/A md/A md/A md/A md/A
 

1964-65 0 0 0 20.6 ** ...... 

1965-66 0 0 0 15.6 ........ 

1966-67 10 .3 2.7 27.4 ........ 
U' 

1967-68 15.0 2.9 19.3 18.9 ........ 

1968-69 45.0 9.3 20.7 21.2 21.2 21.2 0 NA 

1969-70 23.8 5.7 24.0 20.2 20.3 20.0 -. 3 .12 

1970-71 38.1 9.5 24.9 18.1 15.2 24.9 9.7 1.90(.90) 

1971-72 4.8 2.4 50.0 23.2 ........ 

1972-73 23.8 10.7 45.0 25.2 23.7 29.8 6.1 1.51(.80)
 

1973-74 47.6 23.8 49.9 23.8 21.7 39.3 7.6 2.39(.95)
 

* Number in parentheses is the probability of a real effect. 

** 	 Fertilizer responses not calculated for years in which less than 20% of the sampled fields 
were fertilized. 
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Nitrogen fertilizer use and wheat yields on fertilized and unfertilized 
fields
 

Table 6. 

in the uncommanded area.
 

Mean Yields
Percent Mean N Applied 

All Not Ferti- Response t value*
 

Year ferti- All Ferti-


lized fields lized fields ferti- lized
 

fields lized
 

md/A md/A
% lb/A lb/A md/A md/A 


0 0 21.7 ** ....1964-65 0 

m--~ 

0 	 0 0 12.7 ......
1965-66 


26.6 ......
0 0
1966-67 0 


4.38 .93

3.2 12.8 19.3 18.2 22.6
1967-68 25.0 


4.7 15.5 17.6 16.5 23.8 7.3 1.67
 
1968-69 30.0 


1.50
18.8 23.9 5.1

1969-70 28.6 11.9 39.5 20.4 


19.6 17.9 21.8 3.9 .90.
 
1970-71 42.9 21.9 51.0 


-.77
28.1 29.3 26.2 -3.1
1971-72 38.1 21.4 56.1 


31.9 7.6 2.57(.975)
28.7 24.3
27.0 47.2
1972-73 57.1 


29.2 29.14 29.17 .30 .01

24.4 42.7
1973-74 57.1 


* Number in parentheses is the probability of a real effect. 

** 	 Fertilizer responses not calculated for years in which less than 20% 
of the sampled fields
 

were fertilized.
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Table 7. 	Soil texture and salinity-as reported in the Mona
 
crop cutting survey during the 1964-74 period.
 

Sandy
 
Clay Loam loam Sandy Saline
 

% of samples reported
 

Perennial 30 30 31 9 5 
Nonperennial 18 39 39 4 4 
Uncommanded 8 8 68 16 4 
Hazardous 

The linear regression of yield on the number of irriga
tions for the three different types of canal command areas
 
are shown in Table 8. While there is good reason to believe
 
that these relationships would not in fact be linear, the
 
generally low correlations along with observation of scatter
 
diagrams indicate that more complex regression models would
 
probably not result in improved relationships. On the per
ennial command area there was no discernible relationship
 
between yield and number of irrigations until the last three
 
years when significant correlations were noted. These sig
nificant correlations suggest that increased irrigation
 
would benefit at least some fields.
 

This interpretation is probably correct but some care
 
must be taken as there is a tendency for number of irriga
tions to be related to fertilizer applied. Thus in 1972-73
 
the fertilized fields averaged 4.8 irrigations while those
 
not fertilized averaged only 4.1 irrigations. Similarly in
 
1973-74 the fertilized and unfertilized fields received an
 
average of 5.2 and 3.7 irrigations respectively. A high
 
level of management is reflected in more than one practice
 
as one might expect, so that in order to achieve the higher
 
yields from fertilizer some fields might.require one or two
 
additional irrigations. On the other hand a good deal of
 
research at Mona and elsewhere in the Punjab has shown that
 
very good yields can be obtained with 3 or 4 irrigations and
 
certainly not more than 5 should be required. These data
 
show that in the perennial command area the wheat fields
 
receiving 6 or more irrigations were 26% and 29% of the
 
total in 1972-73 and 1973-74 respectively. Assuming 3 acre
inches per irrigation this overirrigation represents an
 
average of 1 acre-inch per acre of wheat planted, or if
 
properly used enough water to increase wheat acreage by
 
about 7%. Alternately the amount of water applied in excess
 
of 5 irrigations would be almost exactly the amount required
 
to supply those fields receiving 3 or less irrigations with
 
4 irrigations.
 

The relationship between yields and number of irriga
tions is more erratic on the uncommanded land with quite a
 
close relationship occurring in 1970-71 but not in the other
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Table 8. 	Regression coefficients and coefficients of determination
 
(rz) for the regression of yield of wheat on number of
 
irrigations in the perennial canal command area, non
perennial 	canal command area, and the uncommanded area.
 

2*
 
n Intercept Slope r


Year 


Perennial canal command area
 
1964-65 20 25.5 -2.0 0.07
 
1965-66 40 19.8 -0.4 0.01
 
1966-67 15 22.45 0.0 0.00
 
1967-68 40 18.6 0.6 0.01
 
1968-69 40 18.1 1.2 0.03
 
1969-70 42 19.4 1.3 0.04
 
1970-71 41 19.5 0.9 0.03
 
1971-72 42 20.4 2.3 0.09(.95)
 
1972-73 42 13.0 3.9 0.22(.99)
 
1973-74 42 12.5 3.8 0.24(.99)
 

Non-perennial canal command area 
1964-65 9 30.1 -2.0 0.05 
1965-66 20 20.0 -1.5 0.12 
1966-67 -- --

1967-68 20 6.0 1.9 0.33(.99)
 
1968-69 20 31.7 -2.6 0.05
 
1969-70 21 18.5 0.5 0.01
 
1970-71 19 19.6 0.1 0.00
 
1971-72 21 12.7 4.2 0.36(.99)
 
1972-73 21 13.3 2.7 0.30(.99)
 
1973-74 21 8.9 4.0 0.40(.99)
 

Uncommanded area
 

1964-65 14 --

1965-66 14 18.6 3.3 0.18 
1966-67 --

1967-68 20 18.3 0.3 0.00 
1968-69 19 10.2 2.1 0.07 
1969-70 21 16.6 0.9 0.03 

1970-71 21 -6.6 5.5 0.56 

1971-72 21 25.2 0.7 0.01
 

1972-73 21 1.5
21.6 0.11
 
1973-74 21 1.4
21.9 	 0.06
 

*Number in paretheses is the probability of a real effect.
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years. On the nonperennial canal command area the correla
tion with irrigations was particularly marked in the last
 
three years, even though the average number of irrigations
 
applied was almost as great as that round in the perennial
 
area.
 

The regressions of yield on number of plowings were
 
calculated for the wheat data and are shown in Table 9. In
 
a majority of the cases no relationship could be detected but
 
several significant correlations were obtained. These sig
nificant results are in excess of the number that would be
 
expected by chance and all of the significant correlations
 
are the result of a positive relationship between yield and
 
number of plowings. This erratic pattern is difficult to
 
interpret and is again complicated by the tendency for the
 
farmers' practices to be interrelated. There is a definite
 
tendency for fertilizer application to be related to number
 
of plowings, at least in the later years when the fertilizer
 
practice was most common. For the four years starting with
 
the 1970-71 season the mean number of plowings on fields
 
that were not fertilized were in chronological order 3.8,
 
4.0, 3.7, and 4.5, while for the fertilized fields the means
 
for the same years were 4.9, 4.6, 4.8, and 5.00. In this
 
situation it is very difficult to determine whether or not
 
the number of plowings has an effect independent of ferti
lizer application. It does show clearly that the farmer who
 
is diligent in his field operations is also the one most
 
likely to adopt the fertilizer practice.
 

B. Rice
 

The mean rice yields with confidence intervals for the
 
perennial, nonperennial and uncommanded areas are shown in
 
Table 10. Yields in 1973 were the highest of those surveyed
 
during the 1966-73 period with the exception of the uncom
manded area where the 1972 yields were slightly higher.
 
Yields on the perennial command area ranged from 18.9 md/A
 
in 1966 to 27.6 md/A in 1973. Unfortunately the yield trends
 
are much less consistent than those for wheat. The 1972
 
average yield on the perennial area is less than the 1968
 
yield and only exceeds that of 1966 by 3.1 mds/acre. While
 
there is probably a real gain in productivity we cannot be
 
confident that a significant gain has been made. Again the
 
yields on the nonperennial areas are much more variable be
tween years than those on either the perennial or uncommanded
 
area. The reasons for the higher variability on the nonper
ennial area are not readily apparent. Perhaps it is related
 
to the fact that in all years except 1972 the percentage of
 
fields that were fertilized was lower on the nonperennial
 
area than on the other two areas (Tables 11 and 12).
 

Nitrogen use consistently increased up to 1970 or 1971,
 
but since then has been inconsistent. In 1973 only 31.0% of
 
the perennial command fields were fertilized and the average
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Table 9. Re ression coefficients and coefficients of determination
 
(ri) for the regression of yield of wheat on number of
 
ploughing in the perennial canal commanded area, non
perennial canal commanded area and the unconmanded area.
 

2*
 r
Year n Intercept Slope 


Perennial canal commanded area
 
1964-65 ........ 
1965-66 -- -- -- -

1966-67 15 23.72 -0.12 0.00 
1967-68 40 16.90 0.86 0.05 
1968-69 40 27.34 -1.03 0.02 
1969-70 42 14.24 3.07 0.15 
1970-71 40 13.36 2.52 0.31(.999) 
1971-72 42 28.21 0.50 0.01 
1972-73 42 22.62 1.78 0.08(.90) 
1973-74 42 17.34 2.55 0.27(.999) 

Non--perennial canal conananded area 
1964-65 .....--. 
1965-66 -- -- -- -

1966-67 10 21.99 0.55 0.06 
1967-68 20 8.11 2.46 0.25(.95) 
1968-69 20 31.38 -3.23 0.09 
1969-70 21 22.77 -0.80 0.06 
1970-71 19 18.76 0.29 0.01 
1971-72 21 20.21 0.57 0.02 
1972-73 21 27.05 -0.37 0.02 
1973-74 21 22.10 0.55 0.05 

Uncommanded area 
1964-65 -- -- --

1965-66 ........ 
1966-67 -- -- --

1967-68 20 14.09 1.15 0.07 
1968-69 20 11.14 2.25 0.15(.90) 
1969-70 20 19.27 0.32 0.01 
1970-71 21 16.87 0.66 0.02 
1971-72 21 10.34 3.94 0.40(.99) 
1972-73 21 18.36 2.31 0.25(.95) 
1973-74 21 30.59 -0.29 0.01 

* Number in parentheses is the probability of a real effect. 
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Mean yields and numbers of irrigation on rice.
Table 10. 


Number 

Year of fields 

Mean 
yield 

md/A 

Standard 
deviation 

md/A 

Confidence 
interval 

(.95) 
_+md/A 

Mean number of 

irrigations 

Perennial area 

1966 54 
1968 40 
1969 40 

1970 40 
1971 52 
1972 39 
1973 42 

18.9 
21.7 
22.1 
19.2 
22.5 
22.0 
27.6 

7.14 
9.59 
8.14 
8.40 
8.45 
9.36 
8.59 

2.0 
3.1 
2.6 
2.7 
3.6 
3.0 
2.7 

8.5 
10.5 
10.8 
12.7 
12.3 
12.2 
11.5 

Non-perennial area 

1966 37 

1968 20 
1969 20 

1970 21 

1971 21 

1972 20 

1973 21 

12.2 
22.2 
26.7 
14.6 
17.0 
21.0 
26.3 

5.84 
4.05 
7.34 
6.49 
6.45 
8.88 
6.34 

1.9 
1.9 
3.4 
3.0 
3.0 
4.2 
2.9 

9.8 
12.3 
12.2 
12.8 
13.0 
12.6 
9.7 

Uncommanded area 

1966 --

1968 20 

1969 10 

1970 20 

1971 21 

1972 19 

1973 19 

--

16.0 
19.5 
19.5 
19.3 
22.8 
21.7 

--

7.39 
7.80 
7.90 
7.74 
5.42 
4.40 

--

3.5 
5.7 
3.7 
3.5 
2.6 
2.1 

-

12.4 
12.9 
13.6 
11.9 
8.4 

11.7 



Table 11. 	 Nitrogen fertilizer use and rice yields on fertilized and unfertilized fields in the
 
perennial canal command area.
 

Percent Mean N Applied Mean Yields
 
Year ferti- All Ferti- All Not Ferti- Response t value*
 

lized fields lized fields ferti- lized
 
fields lized
 

% lb/A lb/A md/A md/A md/A md/A
 

1966 18.5 2.3 12.6 18.9
 

1968 25.0 2.8 11.4 21.7 20.6 25.1 3.4 0.95
 

1969 45.0 10.8 24.1 22.1 19.4 24.7 5.2 2.02(.95)
 

1970 37.5 11.3 30.2 19.2 16.7 23.3 6.6 2.51(.95)
 

1971 52.4 19.7 37.6 22.5 21.1 23.8 2.7 1.00
 

1972 43.6 15.7 35.9 22.6 15.4 30.5 15.2 8.34(.999)
 

1973 31.0 10.6 34.4 27.6 26.9 29.0 2.2 .71
 

* Number in parentheses is the probability of a real effect. 
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Table 12. 
 Nitrogen fertilizer use and rice yields on fertilized and unfertilized fields in the
 
nonperennial and uncommanded areas.
 

Percent Mean N Applied Mean Yields

Year ferti- All Ferti- Not
All Ferti- Response t value*
 

lized fields lized fields ferti- lized
 
fields lized
 

lb/A lb/A md/A md/A md/A 
 md/A
 
Nonperennial Area
 
1966 14 1.8 13.5 12.2 ........
 
1968 10 
 3.8 37.8 22.2 ........
 
1969 20 4.6 23.1 
 26.7 26.1 29.6 3.6 
 .83
1970 19 
 8.8 46.3 14.6 13.9 
 17.3 3.4 0.65
1971 38.1 10.3 27.0 
 17.0 14.8 18.3 3.5 1.15

1972 50.0 21.6 43.2 
 21.0 19.6 22.5 3.0 0.71

1973 23.9 10.8 45.2 26.3 
 25.3 29.6 
 4.3 1.19
 

Uncommanded Area
 

1966
 
1968 25 5.7 22.7 
 16.0 4.4 20.8 6.4 
 1.59
1969 50 13.5 27.0 19.5 19.1 19.8 
 0.7 .14
1970 45.0 17.6 39.1 19.5 18.5 20.8 
 2.3 .61
1971 51.9 16.8 27.1 19.3 
 16.6 20.9 4.2 
 1.32
1972 52.6 15.9 30.2 
 22.8 24.3 
 21.5 -2.8 -1.07
1973 52.6 21.9 41.6 
 21.7 19.1 24.1 
 5.0 2.81(.975)
 

* Number in parenthesis is the probability of 
a real effect.
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nitrogen application on these fertilized fields was only

34.4 lbs N/acre. The average over all fields was only
 
10.6 lbs N/acre. These low fertilizer applications cannot
 
produce consistently high yielding rice. Perhaps we should
 
be less concerned about the exact optimum dose and 
concen
trate on the more widespread adoption of a reasonable mini
mum. The comparison of yield of fertilized fields and non
fertilized fields is not particularly sensitive, which is
 
not surprising due to the low average doseage. Even so in
 
three of the six years tested in the perennial command area
 
th, differences were significant at the 0.95 probability
 
livel. The relatively large and consistent response on the
 
perennial area in 1972 was surprising but a recheck of the
 
data has confirmed its accuracy. The responses to fertilizer
 
was generally positive on the nonperennial and uncommanded
 
areas but in only one case could a significant difference be
 
detected in an individual year. However, the mean response
 
tested over years and over the two command areas proved to
 
be significant at the .99 probability level.
 

The weighted mean fertilizer response was 7.74 lbs N
 
per maund increase on the perennial area and 9.34 lbs/md for
 
the combined nonperennial and uncommanded areas. Assuming
 
an N cost of Rs. 1.65/lb, the nitrogen costs per md of in
crease were Rs. 12.77 and Rs. 15.41 respectively. The
 
benefit-cost ratio is of course dependent on price which in
 
turn depends on the type of rice grown. However, at an 
average price of Rs. 100/rmd the benefit-cost ratio would be 
6.7 and 7.8. These benefit-cost ratios appear to be much
 
better than those found for applying nitrogen fertilizer to
 
wheat.
 

While the nitrogen does seem to have had an effect as
 
mentioned above the overall gain in yields over 
the period

of the survey is much less certain than that for wheat. In
 
contrast to the wheat situation where high yielding varieties
 
have been heavily adopted the change in rice varieties has
 
been much less dramatic (Table 13). The Basmati types have
 
become even more popular in recent years than previously, as 
the market preference for these varieties has made them more 
desirable than the higher yielding coarse types. The Karnal 
variety, which is coarser than some of the other Basmati 
types, has gained popularity while the coarse Jhona variety 
appears to have been largely displaced. 

While rice crops require a large -umber of irrigations, 
surprisingly it was not possible to demonstrate any rela
tionship between yields and number of irrigations. The re
gression of 
Table 14. 

yield 
Only o

oa number of 
ne was . i,:.-f

irrigations are shown 
at the 95' levelicant 

in 
and 4 

at the 90% level, little more than would be expected by 
chance for this number of regressions. 
Yield is determined
 
by many factors, but if water limitations were seriously
 
reducing yields we would expect a closer relationship. There
 



Table 13. Rice varieties reported in the Mona Crop cutting survey during the period 1966-1973.
 

Varieties 
1966 

___ 
P** N** U** 

1968 

P N U 

1969 
--

P N U 

1970 

P N U 

1971 

P N U 

1972 

P N U 

1973 

P N U 

Fine Types 

Basmati* 

B-197, 622 
or 198 

Bhegmi 

Mushkan 

Karnal 

Others 

24 4 

17 

4 3 

4 1 

26 12 13 

1 2 2 

1 

1 

5 

2 

17 10 3 

3 1 3 

16 3 4 

1 

24 10 12 

1 

2 1 3 

13 8 5 

13 12 10 

1 

2 

19 7 5 

1 

13 3 9 

3 

2 

23 13 4 

1 

18 8 14 

1 7 

1 1 

22 6 4 

Coarse Types 

Jhona 21 11 4 2 4 2 6 2 2 23 2 3 
Irri 2 1 1 

Others 1 1 1 

Total
 
Reported 53 37 40 20 20 
 40 20 10 40 21 20 36 21 18 39 20 19 42 21 19
 

* Includes B-370 and those simply listed as "Basmati". 

** P = Perennial, N = Non-perennial, U - Uncommanded. 
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Table 14. Regression coefficients and coefficients of determination
 
for the regression of yield of rice on number of irrigations.
 

n Intercept Slope xr__

Year 


Perennial area
 

1966 48 13.6 .02 .070(.90)
 
1968 40 18.6 .30 .004
 
1969 40 24.4 - .22 .007
 
1970 40 34.1 -1.19 .102
 
1971 42 17.8 .40 .027
 
1972 39 13.4 .694 .070(.90)
 
1973 42 27.7 .01 .000
 

Non-perennial area
 

1966 37 10.6 .16 .011
 
1968 19 21.7 .07 .001
 
1969 20 31.5 - .39 .021
 
1970 21 17.1 - .20 .006
 
1971 21 17.3 - .03 .000
 
1972 20 9.7 .98 .190(.90)
 
1973 21 20.1 .64 .400(.95)
 

Uncommanded area
 

1966 --

1968 20 22.7 - .54 .044 

1969 10 15.5 .31 .015 
1970 21 22.1 - .19 .004
 
1971 21 15.0 .36 .010
 
1972 19 22.8 .01 .000
 
1973 19 16.0 .49 .081(.90)
 

* Number in parenthesis is the probability of a real effect. 
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is no support here for the view that increased water supplies
 
would markedly increase rice yields.
 

C. Sugarcane
 

The yields of sugarcane in the three types of command
 
areas are shown in Table 15. There appears to be a slight
 
decline in yields over the years on the perennial canal com

mand area. Linear regression analysis for the perennial
 
area results in the equation:
 

= 
Yield 524 - 13.68 (years)
 

where time is expressed in years, starting with zero. The
 

coefficient of determination (r2) is 0.55 which is signifi

cant at the 95% level. This indicates the decline is prob

ably real. The nonperennial command area appears quite
 

different. The yields were lower at the start of the period
 

but by the end of the period were as high or higher than
 

those in the perennial command area. The regression equation
 
was
 

y = 319 + 17.5 (years)
 

with an r2 value of 0.75 which is significant at the 99%
 

level. The yield trend on the uncommanded area was slightly
 

positive over time but the regression was not significant.
 

Nitrogen fertilizer use in the perennial area increased
 

from an average over all fields of 0.56 lbs. N/acre to
 

38.9 lbs. N/acre over the period (Table 16). Only in 1971

72 and possibly in 1970-71 does it appear that yields or
 

fertilized 	fields were demonstrably higher than those on
 
a weighted mean response is calcuunfertilized fields. If 


lated we find a value of 0.76 maunds of sugarcane per pound
 

of N applied. Assuming a cost of Rs. 4.5/maund after har

vesting costs have been deducted the benefit-cost ratio is
 

only 2.07. Due to the lack of any consistent nitrogen
 
we have not made this calculation
response (Tables 17 and 18) 


for the other two command areas.
 

In no case could we show a significant correlation be

tween yields and number of irrigations on the perennial area
 

although there were a few apparently real effects
(Table 19), 

in the other two areas.
 

The varieties grown have shown a shift from Co.312 and
 
(Table 20). UnfortunL.44 towards L.54 in the 	later years 


ately, this shift in varieties has not been accompanied by
 

increased production.
 

The decline in production per acre in the perennial
 

area, which as noted above comprises over 70% of the project
 

area, is very disturbing. Even the increased use of ferti
to balance whatever
ilizer has not had sufficient effeci 




Table 15. Mean sugar cane yields and number of irrigations for the
 
Mona crop cutting survey. 

Number Mean Standard Confidence Mean number of 
Year of fields yield deviation interval irrigations 

_(.95) 
md/A md/A +md/A 

Perennial area 

1965-66 40 478 192 61 7.0 
1966-67 15 570 201 11 7.1 
1967-68 39 517 174 56 9.5 
1968-69 40 498 162 51 8.6 
1969-70 42 424 157 49 11.2 
1970-71 41 433 120 38 10.5 
1971-72 42 438 124 39 11.3 
1972-73 41 445 97 31 11.2 
1973-74 42 423 137 43 11.9 

Non-perennial area 

1965-66 20 319 158 74 5.60 
1966-67 10 305 126 90 7.90 
1967-68 20 351 127 60 10.9 
1968-69 20 434 126 59 10.4 
1969-70 19 370 116 56 11.7 
1970-71 21 413 126 56 11.8 
1971-72 21 429 60 28 10.3 
1972-73 A* 21 418 70 32 11.0 

B 20 208 63 30 10.2 
1973-74 21 466 160 73 10.5 

Uncommanded 

1965-66 20 365 165 75 9.5 
1966-67 5 366 126 158 8.0 
1967-68 20 399 89 42 11.4 
1968-69 20 410 146 69 11.2 
1969-70 20 414 179 84 13.5 
1970-71 21 361 95 45 8.9 
1971-72 21 409 68 31 11.0 
1972-73 15 424 193 ill 10.5 
1973-74 15 406 46 26 11.1 

* In 1973 two independe't sets of samples were taken from the non
perennial command area. 



Table 16. 
 Nitrogen fertilizer use and yields of sugar cane on fertilized and unfertilized fields
in the perennial canal command area.
 

Year 
Percent 
ferti-

lizer 

Mean N Applied
All Ferti-

fields lized 
All 

fields 

Mean Yields 
Not 

ferti-
Ferti-

lized 
Response t value* 

fields lized 

1965-66 

% 

5.0 

b/A 

0.56 

lb/A 

11.22 

md/A 

478.3 

md/A 

.... 

md/A md/A 

1966-67 

1967-68 

1968-69 

1969-70 

1970-71 

1971-72 

1972-73 

1973-74 

73.3 

38.5 

72.5 

61.9 

43.9 

57.1 

63.4 

83.3 

11.7 

6.4 

11.3 

19.8 

21.9 

31.9 

25.0 

38.9 

15.9 

16.6 

15.6 

32.0 

19.8 

55.9 

39.4 

46.7 

571.2 

517.1 

497.6 

423.8 

433.2 

438.4 

445.5 

422.9 

479.0 

517.4 

508.3 

401.4 

404.0 

389.2 

445.2 

464.0 

604.7 

518.9 

393.6 

437.7 

470.6 

475.3 

445.6 

414.8 

125.7 

1.51 

-14.7 

36.3 

66.6 

86.1 

0.38 

-49.2 

0.95 

0.03 

-0.25 

0.71 

1.77(.90) 

2.29(.95) 

0.01 

-0.81 

* Number in parentheses is the probability of a real effect.
 



Table 17. Nitrogen fertilizer use and yield of sugar cane on fertilized and unfertilized field
 

in the nonperennial area.
 

Year 
Percent 
ferti-
lizer 

Mean N Applied 
All Ferti-
fields lized 

fields 

All 
fields 

Mean Yields 
Not 
ferti-
lized 

Ferti-
lized 

Response t value* 

1965-66 

1966-67 

1967-68 

1968-69 

1969-70 

1970-71 

1971-72 

1972-73 

1973-74 

% 

5.0 

30.0 

20.0 

15.0 

36.8 

19.1 

47.6 

65.9 

42.9 

lb/A 

1.1 

5.6 

4.5 

3.9 

7.7 

9.4 

18.9 

25.0 

25.9 

lb/A 

22.5 

18.6 

22.5 

26.3 

20.8 

49.5 

39.6 

37.9 

60.5 

md/A 

319.0 

305.6 

350.8 

433.8 

369.5 

413.2 

428.5 

413.4 

465.7 

md/A 

....... 

258.5 

349.2 

416.8 

383.5 

416.4 

433.9 

414.5 

402.7 

md/A 

415.7 

357.5 

530.0 

345.6 

399.5 

422.5 

412.8 

549.4 

md/A 

157.2 

8.31 

114.0 

-37.9 

-16.9 

-11.4 

- 1.7 

146.7 

1.80(.90) 

0.10C 

1.24 

-0.64 

-0.21 

-0.41 

-0.08 

3.18(.95) 

* Number in parentheses is the probability of a real effect. 



Table 18. 
Nitrogen fertilizer use and yields of sugar cane on the uncommanded area.
 

Year 
Percent 
ferti-

lizer 

Mean N Applied
All Ferti-
fields lized 

fields 

All 

fields 

Mean Yields 
Not 

ferti-

lized 

Ferti-

lized 
Response t value* 

1965-66 

1966-67 

1967-68 
1968-69 

1969-70 

1970-71 

1971-72 

1972-73 

1973-74 

35.0 

-

60.0 
55.0 

35.0 

57.1 

23.8 

80.0 

76.7 

lb/A 

4.1 

4.5 

20.0 
11.1 

10.4 

26.0 

5.6 

29.2 

33.8 

lb/A 

11.7 

11.3 

20.0 
20.2 

29.6 

45.5 

23.4 

37.1 

44.1 

md/A 

365.0 

366.5 

399.0 
410.4 

414.3 

361.5 

409.4 

424.8 

338.3 

md/A 

389.3 

-_ 

394.1 
430.2 

369.3 

411.4 

408.6 

359.0 

262.5 

md/A 

319.4 

402.2 
394.2 

497.9 

324.0 

412.4 

441.2 

361.4 

md/A 

-69.9 

8.04 
-36.0 

138.6 

-87.4 

3.8 

82.2 

98.9 

-0.84 

0.18 

-0.51 

1.49 

-2.19(.95) 

0.10 

0.55 

2.49(.95) 

* Number in parentheses is the probability of a real effect. 
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Table 19. Regression of yields on number of irrigation for sugar'cane.
 
2
 

Year n Intercept Slope r2
 

Perennial area
 
1965-66 40 533 - 7.7 .017
 
1966-67 15 509 8.7 .019
 
1967-68 38 382 14.3 .061
 
1968-69 40 604 -12.3 .054
 
1969-70 42 297 11.5 .081
 
1970-71 ........
 
1971-72 39 362 7.6 .026
 
1972-73 39 429 1.3 .002
 
1973-74 A* 20 354 6.0 .024
 

B 41 431 - 0.5 .000
 

Non-perennial area
 
1965-66 20 90 41.0 .264(.99) 
1966-67 10 325 - 2.5 .001 
1967-68 20 288 5.4 .021 
1968-69 20 410 2.3 .003 
1969-70 19 338 2.6 .010 
1970-71 21 392 1.7 .005 
1971-72 21 431 - 0.3 .000 
1972-73 B** 21 369 4.7 .039 
1973-74 21 -5.1 45.9 .554(.999) 

Uncomunanded area 
1965-66 20 252 12.0 .104 
1966-67 5 344 2.8 .003 
1967-68 20 350 4.2 .022 
1968-69 20 427 - 1.4 .002 
1969-70 20 291 9.4 .060 
1970-71 ........ 
1971-72 21 480 - 6.4 .048 
1972-73 15 398 2.5 .001 
1973-74 A* 15 298 9.7 .480(.99) 

B 10 323 - 2.5 .013 

In 1973-74 two independent sets of samples were taken from the 
perennial area and uncommanded area. 

** Regression only available for B sample in non-perennial area in 
1972-73. 
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Table 20. Use of sugar cane varieties as reported in the Mona crop
 
cutting survey. 

Varieties 
Total 

L.54 L.29 Co.312 L.44 Poni Other Reported 

1965-55 
P* 9 2 14 14 1 40 
N* 2 1 8 6 3 20 
U* 10 4 6 20 

1966-67 
P 6 1 6 2 15 
N 2 2 4 2 10 
U 2 2 1 5 

1967-68 
P 12 5 15 2 5 39 
N 5 10 5 20 
U 4 11 4 1 20 

1968-69 
P 19 1 3 11 6- 39 
N 3 1 11 2 3 20 
U 4 1 9 6 20 

1969-70 
P 28 1 5 3 5 42 
N 9 3 3 2 2 19 
U 10 8 2 20 

1970-71 
P 29 6 6 41 
N 
U 

1971-72 
P 33 3 3 3 3 42 
N 14 1 5 1 21 
U 17 1 3 21 

1972-73 
P 32 4 3 2 41 
N 31 5 4 1 41 
U 10 4 1 15 

1973-74 
P 34 3 2 3 42 
N 20 1 21 
U 14 1 15 

* P = Perennial, N = Non-perennial, U = Uncommanded. 
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other factors are causing this decline. The general lack of
 
any relationship between yield and number of irrigations
 
indicates that lack of irrigation water probably is not a
 
major factor in this decline. Perhaps a serious effort
 
should be made to identify the limiting factors in sugarcane
 
yields if this industry is to remain viable.
 

D. Cotton
 

There is little or no evidence for either an increase or
 
decline in cotton yields over the period surveyed (Table 21).
 
Regressions of mean yields on years were not significant for
 
any of the command areas. Yields of cotton are discourag
ingly low. Only in 1972 was the average of the perennial
 
command area in excess of 10 md/acre.
 

Yields averaged slightly higher in the perennial com
mand area than in the other two areas. Mean yields for the
 
perennial,nonperennial and uncommanded areas were 8.72, 7.65,
 
and 8.00 mds/acre and the difference between the perennial
 
and nonperennial area is significant at the 95% level.
 

Nitrogen fertilizer use was quite erratic but generally
 
did increase over the period surveyed (Tables 22-24). On
 
the perennial command area the overall average use of nitro
gen was between 13 and 15 lbs N/acre in the final three years
 
of the study and apparently was no longer increasing. Suffi
cient fields were fertilized on the perennial command area 
in the final four years of the study to test the difference 
between fertilized and nonfertilized fields by means of the
 
"t" test. In all four years the response was positive and 
exceeded the 95% level of significance in two years and the
 

1% level in 1973. For those four years in the perennial area 
the overall weighted mean response to nitrogen is 17 lbs N 
per maund of cotton produced. Again calculating at a cost 
of Rs. 1.65 per lb N and a price of Rs. 76 per maund of 
cotton less 10% for harvest and marketing costs we find a 

benefit-cost ratio for nitrogen fertilizer of 2.44. 

The nitrogen fertilizer effect on the nonperennial and
 
uncommanded areas is not plain from these data. In general
 
the number of fertilized fields was too small to perform an
 

effective test and where tests were performed, they were 
relatively insensitive due to the small numbers. 

The regression of N,\'ild on number of irrigations is 
shown in Tab]e 25. On the perennial command area there is 
plainly a consistent positive relationship between yield and 
number of irrigations. The regression coefficients averaged
 

0.88 mds/irrigation and in only two of the eight years did
 

they fail to reach the 5% level of significance. This
 
general significant effect of irrigation for cotton indi

cates that cotton yields would probably benefit from
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Table 21. Mean yields and number of irrigations on cotton.
 

Number Mean Standard Confidence Mean number of 

Year of fields yield deviation interval irrigations 
(.95) 

md/A md/A +md/A 

Perennial area 

1966 61 9.48 3.64 .94 4.9 

1967 37 7.98 3.60 1.18 4.2 

1968 41 8.15 4.22 1.32 3.3 

1969 42 6.48 4.02 1.24 3.5 

1970 42 9.38 4.02 1.24 4.3 

1971 42 9.62 3.98 1.22 4.1 

1972 36 10.12 2.27 .76 4.1 

1973 41 8.54 4.18 1.30 3.4 

Non-perennial area 

1966 38 6.61 2.81 .93 4.2 

1967 20 8.40 3.77 1.76 4.7 

1968 20 7.71 1.86 .73 3.7 

1969 21 5.90 3.61 1.94 4.3 

1970 15 6.67 3.51 1.94 4.3 

1971 21 7.79 4.24 1.96 4.6 

1972 20 10.03 2.21 1.03 4.0 

1973 20 8.08 3.12 1.46 3.3 

Uncommanded area 

1966 14 7.75 3.15 1.82 4.2 

1967 19 7.65 3.18 1.53 4.5 

1968 18 8.39 3.54 1.76 3.6 

1969 19 7.10 3.60 1.73 3.5 

1970 23 6.96 2.59 1.12 3.9 

1971 21 6.60 2.57 1.18 4.1 

1972 21 8.71 1.98 0.90 4.1 

1973 21 7.82 2.11 0.92 3.1 



Table 22. 
 Nitrogen fertilizer use and yields of cotton on fertilized and unfertilized fields
 
in the perennial canal command area.
 

Percent Mean N Applied 
 Mean Yields
Year ferti- All Ferti- All 
 Not Ferti- Response t value*
 
lizer fields lized fields 
 ferti- lized
 

fields 
 lized
 

% lb/A lb/A md/A md/A 
 md/A md/A
 
1966 1.6 
 .4 10.1 9.48 
 .......
 
1967 0 
 0 -- 7.98 ........
 

1968 8.3 
 1.4 14.0 8.15 
 .......
 

1969 7.1 
 2.3 31.5 6.48 
 .......
 
1970 14.3 
 6.0 32.0 9.38 
 8.82 12.80 3.98 
 2.18(.95)
 
1971 42.9 14.7 
 34.2 
 9.62 8.68 10.87 2.19 1.77(.90)
 
1972 27.8 13.1 
 47.0 10.12 9.76 11.06 1.30 1.51
 
1973 31.7 
 13.3 41.9 
 7.39 11.05
8.55 3.66 7.73(.99)
 

* Number in parentheses is the probability of a real effect. 

http:7.73(.99
http:1.77(.90
http:2.18(.95


Table 23. 
 Nitrogen fertilizer use and yields of cotton on fertilized and fields in the nonperennial
 
canal command area.
 

Percent Mean N Applied Mean Yields

Year ferti- All Ferti- All Not 
 Ferti- Response t value*
 

lizer fields lized fields ferti-
 lized
 
fields lized
 

% lb/A lb/A md/A md/A md/A 
 md/A
 
1966 2.6 
 .7 26.2 
 6.61 ...... 
 -


1967 0 0 -- 8 .40 ........
 
1968 5.0 
 0.5 10.0 7.71 
 ........
 

1969 14.3 
 3.6 25.2 
 5.90 .......
 

1970 13.3 
 10.1 75.6 
 6.67 .......
 

1971 33.3 14.7 34.2 
 9.62 8.32 6.79 
 -1.53 -.69
 
1972 0 
 0 
 -- 10.03 .......
 

1973 30.0 13.4 44.6 8.02 
 7.04 10.49 3.45 2.40(.95)
 

* Number in parentheses is the probability of a real effect. 

http:2.40(.95


Table 24. 	 Nitrogen fertilizer use and yields of cotton fertilized and unfertilized fields.
 

in the uncommanded area.
 

Percent Mean N Applied Mean Yields
 
Not Ferti- Response t value*
Year ferti- All Ferti- All 


lizer fields lized fields ferti- lized
 
lizer fields 	 lized
 

% lb/A lb/A md/A md/A md/A md/A
 

1966 21.4 3.9 18.3 7.75 7.26 9.56 2.30 .95
 

1967 0 0 -- 7.65 ........
 

1968 0 0 -- 8.39 ........
 

1969 0 0 -- 7.09 ........
 

1970 4.3 1.0 22.5 6.96 ........
 

1971 4.8 1.5 32.0 9.60 ......
 

1972 19.0 6.8 35.4 8.71 8.61 9.12 .51 .40
 

1973 19.0 7.0 36.6 7.82 7.49 9.06 1.57 1.51
 

Number in paranthesis is the probability of a real effect.
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Table 25. Regression of cotton yields on number of irrigations
 

r2*
Slope
n Intercept
Year 


Perennial area
 

61 5.79 	 .75 .086(.95)
1966 

36 2.55 	 1.28 .138(.95)
1967 


.148(.95)
1968 39 4.29 	 1.20 


.000
1969 39 6.24 	 .50 


.150(.95)
1970 42 4.91 	 1.03 


.113(.95)
1971 41 5.18 	 1.04 


1972 36 10.22 - .02 	 .000 
.224(.99)1973 41 2.89 1.68 


Non-perennial area
 

1966 38 3.98 .075.62 

1967 20 5.41 .63 .021 

1968 20 8.82 - .30 .048 

1969 21 6.56 - .15 .000 

1970 15 5.37 .30 .023 

1971 21 10.31 - .55 .019 

1972 18 10.64 - .02 .005 

1973 20 5.07 .91 .135 

Uncommanded area
 

1966 14 2.64 1.12 .163
 

1967 19 6.45 .27 .018
 

1968 18 
 4.51 1.09 .158
 

1969 19 2.48 1.31 .122
 
.71 .075
1970 	 23 4.17 


5.22 	 1.07 .222(.95)
1971 21 

1972 21 8.97 - .07 .003
 

.80 .175(.90)
1973 	 21 5.32 


* Number in paranthesis ts the probability of a real effect.
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increased water supplies. It will be noted that no such
 
relationship could be found for rice and sugarcane as dis
cussed above.
 

Again the effect of irrigation is much less clear on the
 

other two command areas. In the nonperennial area four of
 
the eight coefficients were negative and none were signifi
cant at even the 90% probability level. In the uncommanded
 
area seven of the eight slopes were positive and one signif
icant at the 95% and one at the 90% level. There seems to
 

a pattern of lower and more erratic yields and relationbe 

ships with other factors on the uncommanded area, even though
 

numbers of irrigations are quite similar. Apparently some
 

other management factors are overshadowing the effect of
 
those we are measuring.
 

Observations of cotton fields indicate that poor stands
 

are very common in Pakistan. Stand counts were taken at
 

harvest in six of the eight years of the survey. The linear
 

regression of yield on stand in thousands of plants per acre
 

on the perennial area are shown in Table 26.
 

Five of the six are significant at least at the 95%
 
the 99% level so there is no doubt
level and in two cases at 

that the general relationship is real. Some improvement 

could probably be attained by fitting a second order poly

nomial rather than the linear model that has been used. This 

is evident because all of the intercepts are positive and
 

some are quite large even though we know the yield must be
 

zero at zero population.
 

The five significant slopes indicate an average yield
 

increase of 0.44 rods/acre per each 1000 additional plants
 

per acre. These relationships plainly show that attention
 

to cultural practices that will result in increased stands
 

offer a major potential for increased yields of cotton.
 

There
The varieties reported are shown in Table 27. 

appears to have been a shift from the LSS to the AC134 vari

ety over the period, but substantial amounts of the LSS are 
produced a discernible yield
still grown. This shift has not 


increase and adapted varieties with a high yield potential
 

appear to be badly needed. 

REFERENCES
 

Crop cutting surveys for estimation of yields of wheat
1. 

(1965-66 through 1970-71.) in Mona Reclamation Project
 

Area. Mona Reclamation Experimental Project. Bhalwal.
 
17 p. 1973.
Publication No. 20, 


W. Cochran. Statistical Methods.2. Snedicor, G. W. and G. 
lowa State Univ. Press. Ames. 593 p. 1967.
6th Ed., 




178
 

Table 26. 	 Regression of cotton yields in the perennial command area
 
on stand in thousand of plants per acre.
 

2*
r
Slope
n Intercept
Year 


1966 (No stand data)
 

1967 37 4.74 .47 .135(.95) 

1968 41 4.78 .45 .141(.95) 

1969 42 1.79 .50 .249(.999) 

1970 (No stand data)
 

1971 42 4.16 .577 .443(.999)
 

1972 36 8.38 .197 .179(.99)
 

* Number in paranthesis is the probibility of a real effect.
 



179
 

Table 27. Cotton varieties reported in the Mona crop cutting
 
survey during the period 1966-1973.
 

Varieties
 

LSS AC134 DESI Total
 

1966
 
P* 43 18 61
 
N* 37 1 38
 
U* 12 
 2 14
 

1967
 
P 35 2 37
 
N 20 20
 
U 19 19
 

1968
 
P 30 11 41
 
N 20 18
 
U 17 1 18
 

1969
 
P 37 3 2 42
 
N 20 1 21
 
U 16 2 18
 

1970
 
P 30 9 3 42
 
N 11 2 13
 
U 15 7 1 23
 

1971
 
P 16 24 2 42
 
N 16 3 1 20
 
U 8 12 1 21
 

1972 
P 11 22 3 36 
N 16 4 20 
U 10 11 21 

1973 
P 10 29 2 41 
N 8 1
11 20
 
U 7 14 21
 

P = Perennial, N = Non-perennial, U = Uncommanded.
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APPENDIX 7
 

A NOTE ON THE FERTILIZER RATIO CONCEPT
 

John Reuss and Sam Johnson 
111
 

The concept of plant nutrient ratios has long been utilized
 
by agronomists and appears to be particularly prevalent in
 

Pakistan. Production experts often express concern that the
 
a
nutrient ratios utilized by the farmers are not optimum for 


particular crop (4). These concerns are reflected in the
 

press and are considered by those charged with planning pro

duction and imports. Agronomists interested in plant nutrients
 

may thus find themselves designing experiments to determine
 

the optimum ratios of plant nutrients for different crops grown
 
under different conditions.
 

For the sake of simplicity we will limit this discussion
 
to two nutrients, nitrogen and phosphorus and the resulting
 

N/P ratios. This is appropriate because these fertilizer
 
elements are the most widely used in Pakistan and crops often
 
respond to their use. However, combinations involving other
 
nutrients or crop inputs are subject to the same principles.
 

THE RATIO CONCEPT
 

First we must recognize that the concept of an optimum
 
ratio does not simply refer to a single rate of N and P20 5.
 
Suppose we recommend that 90 lb. N and 45 lb. P20 5 be applied.
 

The N/P ratio of this dose is, of course, 2 : 1. If this
 
ratio only applies to this single rate or dose the concept of
 
ratio would be trivial. In order for N/P ratio to be a
 
meaningful concept it must apply more generally over the range
 

of rates that may be effectively utilized.
 

Thus there are certain princij'es inherent in the concept
 
of an optimum ratio for a given i-o.. that are often not under
stood or at least are not clear.1- - ted. First, an optimum 
ratio requires that a generalize, - response surface exists 
that is reasonably valid for the population of fields with 
which we are concerned. Secondly, the economic optimum ratio 
will depend on the relative price of the two inputs. Finally, 
the concept of an optimum ratio would place severe constraints
 
on the geometry of the response surface. Let us first examine
 
the effect of relative prices.
 

1/Professor of Agronomy and Assistant Professor of Economics,
 

Colorado State University, Water Management Research Project,
 
Lahore, Pakistan.
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ECONOMIC CONSIDERATIONS
 

The relationship between optimum ratio and relative price
 
of the nutrients is a key concept. Suppose we have experiment
ally determined under a given set of conditions the combina
tions of N and P, applications that will result in a maize
 
yield of 40 mds/acre. Plotted on a graph such as Fig. 1,
 
these combinations constitute a contour line on the response
 
surface, or what is known as an isoquant (2). The two straight
 
lines with negative slopes are isocost lines (2). The broken 
line has a slope of -2 and all points along that line represent
 
an equal total fertilizer cost if the price of N is twice that
 
P205. The solid isocost line has a slope of -1 and all points
 
on this line represent an equal total fertilizer cost if the
 
price per lb. of N and P2 0 5 is the same. 

For any N/P cost ratio the least cost combination to 
produce 40 mds/acre occurs at the point where the slope of 
the 40 md. isoquant is equal to the N/P cost ratio. In 
mathematical terms the optimum is described as the point 
where:
 

dP C
 _ n (i) 
dN C
 

p 
Where P and N are the ratio of nutrients applied at any 
constant yield and Cn and Cp are the costs per lb. of the 
two nutrients. Thus equation (1) states that the first 
differential of nitrogen applied with respect to phosphorus 
applied at constant yield is equal to the N/P cost ratio. At 
this point the optimum ratio of the two inputs is achieved. 
If these isoquants take the usual shape as shown in Fig. 1, 
the optimum ratios of N and P are obviously dependent on the 
relative N aid P1 price_-. The previously stated principle, that 
optimum ratios are Jepcndent: on the cost price ra-ios of the 
inputs, arises from these relationships. 

Next we shall examine the constraints these relationships 
impose on the nature of the N-P response surface if the concept 
of an optimum N/P ratio is to be valid. If this response 
surface is represented by yield contours on a graph such as 
that shown in Fig. 2, any straight line passing through the 0.0 
point represents a fi:ed :;/,i ratio. For a complete validity 
of the optimum ratio concept , all isoguants (contours) that 
any such line milht cross, must be c rossed at the same slope. 
If the slope of tht. contou-s are not equal along any such line, 
it means that t:or the price ratio represented by these slopes 
the optimum ratio o1 N and 1, var ies with the nitrogen (or 
phosphorus) cost, and the concept of an optimum' : israt not 
valid. These considerations c;ivk rise to the principle stated 
above relative to the very rigid constraints imposed on the 
geometry of the response surface by this concept. An interest
ing exercise would be to define these constraints in mathematical 
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terms so that mathematical response surface models could be
 
similarly constrained and the effect on goodness of fit
 
examined with various data sets. This exercise is unfortunately
 
beyond the scope of the present analysis.
 

One special case to be considered is the possibility of a
 
response surface of the type shown in Fig. 3 (1). If the
 
response is of this type the two nutrients cannot substitute
 
one for the other. The particular surface shown in Fig. 3
 
assumes the bends in the yield isoquants occur at a constant
 
N/P ratio represented by the dashed line. Even surfaces that
 
do not allow substitution may not have this property, in which
 
case the optimum ratio would not be independent of fertilizer
 
rate.
 

Most published two nutrient response surfaces are not in 
fact of the type shown in Fig. 3, but are rather of the type 
where substitution dependent on price ratios is allowed. 
However, we must recognize that most published response sur
faces have been determined by a least sciuares fit of mathematical 
models that would not allow the non-substitution type of surface. 
Even if the true surface were of this type a good fit might 
be obtained from one of the commonly used second order poly
nomials thiat would indicate that a moderate amount of sub
stitution was permissible. This possibility should be con
sidered in the interpretation of any data set. The model shown 
in Fig. 3 will be further discussed below. 

It should also be emphasized that in an economic sense 
whenever the isoguants "bend back upon themselves" or have 
positively sloped segments they are no longer- within the 
economic range of production (3). The parallel dashed lines 
in Fig. 4, indicate the points at whicl tne isocqua:.ts bend 
back upon themselves. The lines OC and Cii, loin these points 
and form the boundaries for the econoric l-,;ion of production. 
These isoclines (lines, OC and OL) then define the boundaries 
outside of which our agronomic excerinients iave no relevancy 
in terms of economic optimum productions. Such reqions are 
not uncommon in nutrient response surfaces, as when high 
nitrogen rates 1esults in lodcing and loss of yields in small 
grains.
 

Fortunately the ratio concept does not necessarily need to 
be strictly valid for all possible N/P cost ratios to be
 
agronomically useful. The regular contours shown in Fig. 2
 
would probably meet the criteria sufficiently well to be
 
useful in the range of N/P cost ratios from 1/2 to 2.
 

AGRONOMIC CONSIDERATIONS
 

For the moment let us reconsider the response surface shown
 
in Fig. 3 that does not allow for substitution between the two
 

http:isocqua:.ts
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nutrients. In fact this is the surface that would be
 
generated if the system strictly follows one of the oldest
 
concepts in plant nutrition, that of limiting factors. Accord
ing to this concept if one factor or nutrient is limiting
 
additional increments of other nutrients will not increase
 
production. Published response surfaces typically have regions
 
where substitution is effective and other regions where it is
 
not. Thus, if one input is in sufficiently short supply it
 
becomes a limiting factor. As mentioned above, it behooves
 
us to be extremely careful in interpreting data from field
 
experiments that we do not in fact create an area in which 
substitution is allowable by fitting a mathematical model 
that could not accommodate the surface shown in Fig. 3. 

Considei-inq the above discussion it seems anticlimatic to
 
question the agronomic validity of the ratio concept. Many 
plants use the elements N and P in about a 10/1 ratio, or on 
the basis of N to P205 would be about 4.4/1. Since the
 
efficiency of uptake is usually less for applied phosphorus
 
than for nitrogen, particularly in the season of application,
 
we often find recommended N/P ratios for non-leguminous crops
 
of about 2/1.
 

One of the assumptions stated above that must be met for 
the concept to be valid is that there is a general response
 
surface that will be valid for a particular crop over some 
geographic area or some particular group of soils. This
 
includes not only the general form of the surface but that the
 
initial levels of N and P, available to the crop without
 
additional fertilizer should be reasonably constant. In
 
practice they are far from constant and the apparent response 
surfaces obtained from different fields may be drastically
different. Thus, the response surface defined from a field 
experiment will be that starting from some initial N and P 
values which we will call Ni and Pi. The actual surface we
 
plot is in fact that of:
 

Yield = f [(Ni + Na), (Pi + P )] 

Where Na and Pa are amounts applied. Thus from different
 
fields we are examining different regions of the surface.
 

Ni and Pi are usually unknown, conclusions drawn concern
'g the optimum ratios or the validity of the ratio concept
 

may vary drastically from site to site.
 

The above assumes that the response surface is the same 
across sites and only the origin varies. 1n fact the amount 
of fertilizer required to produce a given response may vary 
drastically on different soils. Consider for instance the 
phosphorus system which can be schematically represented by 
Fig. 5. 
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Figure 5. 	Schematic representation of the soil phosphorus
 
system.
 

Only a very small fraction of the total P in the soil in
 
solution form at any one time. This is in equilibrium with a
 
somewhat larger pool of so called labile P. This equilibrium
 
is different in different soils. In some soils the labile
 
pool may be relatively small but will maintain a relatively 
high solution concentration. This is adequa'te For plant needs 
until the pool is depleted, but this condition may occur 
rapidly. Thus, the capacity to supply P may be low, but it 
can be supplied at a relatively high intensity, i.e., solution 
concentration. Such soils could be expected to give large 
response to a mil1,n .- licit on oH ',but th, applied P would 

be rapidly 	depleted.
 

The equilibrium in other soils may be such that the labile
 
pool must be very large before the solution concentration is
 
sufficiently high to maintain maximum plant growth. Thus,
 
these soils have a large capacity to supply P, but at low
 
intensity. In these systems a large application would be re
quired to obtain maximum response per unit of P applied to that
 
crop would be small, and the response surface would appear
 
quite different from that of the soils having a low P capacity 
associated with a high intensity. 

This paper, of course, cannot cover all aspects of the
 
supplying power of the soils for plant nutrients but should be
 
sufficient to illustrate some of the technical and economic
 
limitations of the ratio concept. Raising an alarm over the
 
Pakistan farmers' improper fertilizer ratio not only serves
 
no useful purpose but also il.ustrates a lack of knowledge of
 
the technical-economic relationships involved. A blanket
 
recommendation for the whole country such as a N/P ratio of
 
2/1 will not be valid for all areas or farmers.
 

Farmers in different staces of adoption of improved
 
practices will be applying widely different rates. There is
 
no sound basis for assuming that ratios should be the same for
 
differentdoses. Actually most fertilizer experi]nents would
 
have to be drastically redesigned in order to adequately test
 
the ratios 	concept, even for fixed cost/price relationships.
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APPENDIX 8
 

IMPROVING FIELD CORN STANDS IN CRUSTING SOILS
 

1
Larry J. Nelson and C. J. deMooy 

INTRODUCTION
 

Practical solutions to the problems of stand establish
ment of field corn in Pakistan were investiqated in a field 
trial conducted at the Colorado State University Agronomy 
Research Center, Fort Collins, Colorado. Objectives of the 
study were to determine the effects of: 1) bedding practices; 
2) initial seed moisture content at sowing; and 3) soil mulch
ing on stand establishment and yield when soil crusting 
occurred durna the emeruence oriod. 

METHODS AND MATEPIALS 

The field study was conducted during 1978 on two fields
 
at the Colorado State University Agronomy Research Center,
 
Fort Collins, Colorado. Both of these fields were fallowed
 
during the 1977 season.
 

The soil on which the study was conducted is a Nunn clay 
loam, with _n orcan.ic matiter content of 2%, predominantly 
montmorillonitic cla%', and a stable structure. Altliouqh this 
soil is not considered to hawe serious crustin problems, 
several Colorado S~ate Univ,-sitY agronomists indicated that 
surface crusts occur which are ,.of sufficient strength to im
pair emergence of field corn.
 

A 3 x 3 x 2 x 2 sralit-split-split plot design, replicated 
three times, .as used for the stud,/. The treatments were: 

Main plots: Surface crustinci conditions
 

I. Optimal (noncrusted)
 
II. Crusted
 

III. Crust-Thin
 

Subplots: Bedding practices
 

A. Broadoed (double row beds)
 
B. Basins
 
C. Ridge furrows
 

1/Graduate Research Assistant, Professor of Agronomy, respec
tively, Department of Agronomy, Fort Collins, Colorado 80523.
 

http:orcan.ic


189
 

Sub-subplots: Initial seed moisture content at sowing
 
(ISMC).
 

1. 9% ISMC (air dry)
 

2, 23.3% ISMC (soaked 4 hours prior to sowing)
 

Sub-Sub-subplots: Post plant seedbed treatment
 

i. No mulch
 
ii. Soil mulch
 

Ammonium nitrate at 100 kg N per hectare (90 lbs N per
 
acre) was applied with a Gandy fertilizer spreader on a pre
viously plowed and harrowed field on May 25th. The ferti
lizer was incorporated with a spring-toothed harrow. Rain
 
storms occurring during the last week of May through June 8th
 
delayed further field activity until June 12th, at which time
 
the experimental area was reworked with a spring-toothed
 
harrow and the corn was planted on June 13. 

Raised beds (ridge furrows and broadbeds) were con
structed with a set of four tractor-mounted listers. A
 
furrow spacing of 76 cm (30 in) and 152 cm (60 in) was used 
for the ridge furrows and broalbeds, respectively. Furrow 
depths ranged from 15 to 20 cm (6-8 in) irrespective of bed
ding type. A tractor-mounted rotary hoe was used to pulverize 
large clods on the surfact of the beds. 

A 90-day modifled sinile cross variety of field corn, 
Pioneer Brand 3975A was chosen for the study. All treatments 
were sown with a tractor-mounted hand-fed disk seeder, cap
able of sowinq a specific population of 69,190 seeds per 
hectare (28,000 seeds/acre). 

A semi-portable sprinkler irrigation system, powered by 
a 60 horsepower diesel pump, was used to induce surface
 
crusting on all designated treatments. Laterals (10.2 cm
 
diameters) were set along the east and west edges of the main 
plots producing an 18 meter spacing between laterals. Rainbird 
(#35 INT, with .56 cm nozzle openings) part-circle impact 
sprinkler heads on 60 cm risers spaced at 12 meters were 
adjusted to spray half-circles into the plots. The sprinkler 
system was operated at a suboptimal pressure of (50 lbs/in2 ). 
The suboptimal operating pressure and large nozzle openings 
were chosen in order to increase the droplet size and enhance
 
the development of surface crusts. Water application was
 
monitored with a Sparling meter.
 

All crusted main treatments were sprinkler-irrigated on
 
the morning of June 14th. The following morning all crust
thin main treatments were sprinkler irrigated. The original
 
design was for a 5 cm (2 in) application of water, but early
 
morning winds on both days terminated sprinkler application
 
before the designed depth was reached. Sufficient puddling
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however, was observed to ensure that soil crusts would 
develop of sufficient strength to impair emergence. A total 
of 3.73 cm (1.47 in) and 3.51 cm (1.38 in) of water ,as 
applied to crusted and crust-thin main treatments, res.oc
tively. 

Surface soil temperatures at 1 cm and subsurface seil 
temperatures at seed-level (7.6 cm) in crusted and noncruisted 
treatments were monitored with thermocoupLes during the first 
ten days of emergence. The Colorado State University 
agronomy: research weather station located approximately 2,000 
ft. nor .%west of the experimental area provided additional 
inform ~i,.on on daily air and soil temperatures along with 
other climatic data. 

Soil crist samples were collected on the 17, 18, 19 and
 
20th of June for cravimetric soil moisture determination. In 
addition, soil samples at seed level were collected for
 
gravimetric soil moisture determination.
 

Stand counts of each sub-sub-subplot were conducted over
 
the period from 4 to 12 days after p ]antinu. A final stand
 
count was conducted at harvest (November 25). Stand counts
 
were taken on four rows, 7.6 meters (25 ft) long.
 

On June 17th a hand-otperated suqarbeet soil crust breaker 
was used to mulch all sub-sub-subplots desicgnated for soil 
mulching. This instrument was capable of breakinq the surface 
to 1.5 to 4 cm diameter pods within a 6 cm band on either 
side of the seed row. 

On June 22 all no-mulch, crust-thin treatments were
 
thinned to original stand values observed on the 20th of June.
 
Only healthy plants were removed from each row. Plants which
 
had obviously had difficulty in emergence were not removed.
 
This treatment simulated the effects of a more serious crust
 
by reducing the plant population.
 

Soil moisture was monitored to a depth of 2 meters at
 
30 cm intervals with a neutron soil moisture probe. Irriga
tions were scheduled when 50% of the plant available soil
 
moisture had been used. During the growing season the equiva
lent of 23 cm (9 in) of water was applied to each treatment
 
by surface irr-gation with 30 cm diameter gated pipe. All
 
irrigations were monitored with a Sparling meter. Surface
 
irrigations were applied on July 10 (7.6 cm), July 25 (10.2
 
cm) and August 16 (5.1 cm). Rainfall records indicate a
 
total of 3.3 cm of rain occurred during the growing season.
 

A heavy frost on September 20th terminated the develop
ment of the corn between the dough and the beginning dent
 
stage of development. The plants were permitted to dry in
 
the field until November 25th at which time three rows, 7.6
 
meters long, were harvested for grain yield. Harvest data
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included stand counts, numbers of barren stalks and stalks
 
with two ears, moisture content of shelled corn, bushel test
 
weight, and grain yield.
 

Data were analyzed by a 3 x 3 x 2 x 2 factorial analysis
 
of variance. Significant data were subjected to a LSD
 
mean separation test. All LSD values were calculated at
 
the .05 level.
 

RESULTS AND DISCUSSION
 

Seedbed Conditions
 

Temperature records for the 10-day period after sowing
 
are presented in Table 1. Soil temperatures recorded at the
 
Agronomy Research Center were recorded under a grass cover
 
and therefore are somewhat lower than soil temperatures ob
served at the experimental site. It is also of importance
 
to note tiat the soil temperatures at the experimental site
 
were recorded between 2:00 and 3:00 p.m., and may not reflect
 
the actual maximum soil temperatures. However, during the
 
first 6 days: after sowing, temperatures at seed level in the 
crust-trtatmentL.,<o 4 to 50 C lower than those observed in 
the optimal tfraLitment. 

Crusted soil samples on the 4th, 5th, 6th, and 7th days 
after sowing had average (jravimetric soil moisture contents 
of 4.2, 3.3, 2.6 and 2.5% respectively. Visual obser-vations 
of emergence during this period indicated that the soil crust 
had developed sufficient strength by the 5th day to inhibit
 
shoot penetration. 

Stand Establishment
 

Emergence of seedlings was observed in the optimal plots
 
on the 3rd day after sowing. Daily averaged cumulative
 
emergence for all main plot treatments is shown in Figure 1.
 
Substantially lower averaged daily cumulative emergence was
 
observed, during the first 6 days after sowing, in the crust 
and crust-thin treatments as compared with that of the 
nptimal treatments. Daily averaged cumulative emergence was 
58, 45, and 33 percent lower on the 4th, 5th and 6th days 
after sowing, respectively, than the optimal treatment. 
Slightly higher emergence rates in the crust-thin treatment 
resulted from an additional day of favorable seedbed condi

tions before the sprinkler application was applied.
 

Figure 2 compares the daily averaged cumulative emer

gence of optimal versus crusted treatments sown with air-dry
 

seed, mulched and nonmulched. The effects of lower soil
 

temperatures on emergence may be observed by comparing either
 

the mulched or nonmulched optimum treatments with the mulched,
 

crust treatment. Lower soil temperatures on the 4th, 6th,
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Table 1. Daily air and soil temperatures recorded at the experimental
 
site and the agronomy research weather station.
 

June 

13 14 15 16 17 18 19 20 21 22 

Air 
tenerature °C 

max. 
min. 

31 
14 

30 
13 

31 
14 

28 
14 

24 
16 

27 
12 

29 
15 

23 
13 

28 
13 

30 
16 

Soil temperature 
at 1 cm; optimal 

treatment (2 FM) 
- - 43 42 40 41 41 42 43 45 

Soil temperature 
at 1 cm; crust 

treatment (2 PM) 
- 31 36 39 42 44 45 47 

Soil temperature 
at 7.6 cm; optimal 

treatment (2 PM) 

30 29 28 29 29 29 28 30 

Soil temperature 

at 7.6 cm; crust 
treatment (2 PM) - 24 24 25 26 28 27 29 

Soil temperature max. 33.9 34.4 35.6 36 35 35.6 35 35.6 35.8 38.9
 

1-3 cm; weather
 
station min. 14.4 15.6 15.6 16.9 14.4 16.7 17.5 15.6 16.1 19.2
 

Soil temperature max. 26.7 26.7 28.3 28.3 28 28.8 28.1 28.1 27.5 29.7
 
15 cm; weather
 

station min. 16.7 17.8 18.1 18.9 17.5 18.9 18.5 18.8 18.6 21.1
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after sowing.
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and 7th day accounted for a 52, 40 and 8% respective
 
reduction in emergence. Although treatments designated for
 
soil mulching were mulched on the 5th day, soil crusts were
 
of sufficient strength at this time, in addition to low soil
 
temperatures, to effectively reduce daily emergence. Thus,
 
a 57% reduction in emergence between the criust-mulch treat
ment and the optimum treatments on the 5th day (Figure 2) is 
the effect of combined soil crusting and lo.er seedbed 
temperatures.
 

The additive effect of lower seedbed temperatures and
 
soil crusting is demonstrated when the crust-no mulch treat
ment is compared with either of the optimal treatments
 
(Fi'-ure 2). Lower seedbed temperatures and soil crusting
 
resulted in a 65, 74, and 28% reduction in emergence on the
 

4th, 5th, and 6th days after sowing, respectively. By the 
8th day seedbed temperatures of the crust treatment approached 
those of the optimal treatment. Thus, the ii% lower emer
gence in this treatment on the 12th day is a result of the 
soil crust. Final stand counts revealed that the emergence 
in the crust-treatment had not changed significantly. 

A consistently higher rate of seedling emergence was 
observed in basins over that of ridge furrows and broadbeds 
during the f irst 7 days after sowing (Figure 3). The higher 
rates of emergence in basins resulted from problems incurred 
durinq sow.inq. Seedbed preparation in late was inter-Lay 
rupted by 9 dax,'a of rily weather. When fie 1(1 activity was 
resumed, on June 12th, th i I d was re-worked wi. th a spring
toothed ha EFow pr ior- to I,-d formation. Un fortunate]l:, the 
sprii-toothod haerrow only reworked the soil to z depth of 
5 to 8 cm. As -i result, the furrow makers on the disk 
planter were only capable of sowing the seed at depths of 3.5 
to 5 cm in basins, whereas seeding depths in the ridge furrows 
and broadbeds were 7.5 to 9 cm. The more shallow sowing 
depths in the basins increased the emergence rate of seed
lings by decreasing the distance the shoot had to travel and 
by exposing the seed to a more favorable heat flux. Sowing 
seed at more shallow depths may offer a partial solution to 
improved stand establishment in crusting soils of cooler 
climates. However under the extreme soil temperature regimes 
(40 0 -50 0 C), characteristic of the kharif season in Pakistan, 
Anis tecinique would probably result in a high seedling 
.... rt a l i t y . 

Presoaking crop seed prior to sowing is a common practice
 
used by Pakistani farmers to improve emergence in seedbeds
 
characteristically low in available soil moisture content.
 
Previous greenhouse studies (Nelson, 1976) indicated presoak

2-1/4 hours prior to sowing reduced emering maize seed for 

gence time by as much as 24 hours and significantly improved
 

emergence of seedlings in all but the most seriously crusted
 

soils.
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Figure 3. 	The effect of bedding practices on the averaged
 
accumulated emergence of field corn for the
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The overall effect of higher initial seed moisture 
content on emergence was found to be highly significant 
during the first 6 days after sowing. Within nonmulched, 
crusted treatments significant differences in emergence of 
presoaked seed (23.32 ISMC) versus air-dry seed (ISMC) 
occurred throughout the experiment (Figure 4) . This differ
ence was most apparent in the nonmulched, ci.ust-thin treat
ment, where final stands represented those attained on the 
8th day after sowing. Final stands of air-dry and presoaked
 
seed in this treatment were 72 and 86%, respectively, of
 
those observed in the optimal treatment.
 

Soil mulching is a method commonly used in western
 
countries to improve emergence in crusted seedbeds. Surpris
ingly, few Pakistani farmers realize the positive benefits
 
incurred from mulching a crusted field. However, realization
 
of its importance can lead to some innovative solutions. Mr.
 
Raja Aslam, a farmer at Chak i1, observed WAPDA beldars
 
breaking soil crust with Kurpas (hand hoes) in a CSU-WAPDA
 
trial on his farm. About two weeks later another untimely
 
rain severely crusted 5 acres of cotton he had just sown with
 
a precision planter. As soon as the field had dried suffi
ciently, Raja Aslam's beldar broke the crust over every seed
 
row in the field. Ile used a stick, held about the same angle
 
as the shaft of the traditional stick plow, pulled by two 
leads attached to a pai r of hal loci-s. With this rather crude 
but effectivye insti u-c:m t, P, a',slam ootained a near aormal 
stand and a rcspectable yield of 1286 to 1378 kg/ha (14-15 
mds/acre) of' seed cotton. 

Soil mul.ching on the 5th day after sowinq was found to 
significantly improve emergence in crusted treatments sown 
with air-dry seed (Figure 2). Crust treatments which were 
mulched had final stands comparable to those of optimal 
treatments. Similar treatments which were not mulched were 
characterized by a much slower rate of emergence and a 10% 
reduction in the final plant population.
 

The beneficial effects of soil mulching were more
 
apparent in the crust-thin treatment sown with air-dry seed,
 
where final stands represented those attained on the 8th day
 
after sowing. Soil. crusting in this treatment accounted for
 
- 29% reduction in the final plant population, whereas soil
 
.ialching resuLted in populations nearly equal to those of
 
similar optimal treatments. 

Harvest Results
 

Frost on September 20 terminated grain development at
 
the start of the beginning dent stage. As a result overall
 
grain yields were low and of poor quality. Average bushel
 

test weight of harvested grain was 15.6% lower than the
 

standard.
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The grain yield of optimal, crust and crust-thin
 
treatments were 3,248, 3,177, and 2,966 kg/ha, respectively.
 
Crusting treatments appeared to reduce yields. The differ
ences were not statistically significant.
 

Substantial variations in grain yield occurred in bed
ding practice treatments. Average grain yields of basin,
 
ridge furrow and broadbed treatments were 3,345, 3,129,
 
2,918 kg/ha, respectively. A LSD mean separation test re
vealed variations in yield were caused by differences between
 
basin and broadbed treatments. Earlier discussions concern
ing problems with seeding depth in basin p~ots explained the
 
observed yield differences.
 

Treatments sown with prehydrated seed had substantially
 
improved grain yields. Crust and crust-thin treatment aver
age grain yield were increased by 334 and 495 kg/ha, respec
tively, when sown with prehydrated seed (Figure 5). Higher
 
initial seed moisture content also increased average grain
 
yield of more severely crusted broadbed treatments by 490
 
kg/ha (Figure 6). A slight, but significant, increase in
 
bushel test weight suggests treatments sown with prehydrated
 
seed were slightly more mature when physiological development
 
was halted. 

Significatnt 3-way interactions were observed between 
crusting, initial seed moisture content and mulching treat
ments. Mean separation tests revealed crust and crust-thin 
treatments, sown with air-dry seed, were benefited by soil 
mulching. Soil mulching of crusts in these treatments in
creased average yields by 398 and 508 kg/ha, respectively. 
However, soil mulching of crust treatments, sown with pre
hydrated seed, resulted in a 297 kg/ha decrease in grain 
yield. Additional research will be required to explain this 
phenomenon.
 

CONCLUSIONS
 

Harvest stands of crust and crust-thin treatments were
 

6 and 11% lower than comparable stands of optimal treatments.
 

Plant populations of these treatments were reduced by the
 

development of a soil crust on the 5th day after sowing. Soil
 
crusting crt:endeci the emergence period by an additional 5 to 
7 days. ' ext._nded of emergence was caused by lowea period 

crust.seedbed temperatures and the development of a soil 

stands of ridge furrow and broadbed treatmentsFinal 
than thlose observed in basin treatments.were 9 and 12% lower 

The improved stands in basin treatments resulted from a more 
seed to a more favorshallow seeding depth which exposed the 

able heat flux and reduced the emergence distance. 

with prehydrated seed had significantlyTreatments sown 
higher daily averaged cumulative emergence. By the 5th day
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after sowing, crusted treatments sown with prehydrated seed
 

(23.3% moisture content) were near 70% of a full stand, 
whereas those sown with air-dry seed (9% moisture content) 
were only 40' of a full stand. The beneficial effects of 

sowing orehedrated seed w,.re most a oj)aront the noninu lcbed, 
crust-thia tt70I'tment. Sowin this treatment with air-dry 
and prehdrato_,d seed re1sulted in final. pl.ant populations 
which were 72 and 86" of optimal. treatments. 

Soil mulchin,. on the 5th day after sowing substantially 
improved emergence in- crusted treatments. Crusted treatments 

which .ere mulched had final stands comparable with those of 

optimal treatments. Piant populations were reduced by as 

much as 10 and 29 iin crust and crust-train treatments which 
were not mulched. 

An abbreviated growing season resulted in lower yields 
and decreased grain test weights by 15.6%. Although average 

grain yields ef the main treatments were significantly dif

ferent at onl,., the .44 probabil ity level, observed average 

yield of o1timal, crust and crust-thin treatments were 3,248, 

3,177 and 2,966 kg/ha, respectivev.,' 

Averane gri 'iield of basin, ridge furrow and broadbed 
,ere 3,35, 3 129 and 2,918 kg/ha, respectively.treatments 

A LSD mean separation test, at the .05 level, reveajed yield 

differences between basin and broadbed treatments to be 

significant.
 

Prehydrated seed in crust and crust-thin treatments
 
334 and 495
significantly increased average grain yields by 


kg/ha, respectively. Soil mulching increased average grain
 

yields of similar treatments sown with air-dry seed by 398
 

and 508 kg/ha, respectively. When both prehydrated seed and
 

soil mulching were employed, the yield of crust treatments
 

was not increased, but reduced by 297 kg/ha.
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APPENDIX 9
 

IRRIGATION INFLUENCE ON NITROGEN
 
USE EFFICIENCY AND YIELD OF
 

PADDY RICE
 

Muhammad Hanif, C. J. deMooy and John Olsen
1
 

Most of the C-3 plants, in general, are known for their 
low water use efficiency (Salisbury and Ross, 1978). Be
cause of certain anatomical and physiological features, the 
problem is especially accentuated in rice. It is now known 
that rice yields improve under continuously flooded con
ditions and are reduced when the fields are allowed to dry 
well past the field capacity (Grist, ] 959). This is especiall 
true at critical growth stages as tillering and blooming. 
Because of limited irrigation resources, farmers in Pakistan, 
in general, follow alternate flooding and drying cycles. 
Canal closures and other causes of periodic drying are 
common in Pakistan. Because of these fluctuating moisture
 
contents, the oxidation and reduction (redox) status of the 
soil becomes more conducive to higher nitrogen loss_.s. 

It has been hypothesized that most of the nitrogen losses 
occur in the critical redox range of ]2-15 (Lindsay, 1979). 
Elevated temperatures coupled with frequency and time of 
exposure of fields to such critical redox levels as imposed 
by alternate flooding and drying irrigation regimes, gen
erally lead to high nitrogen losses and very low nitrogen
 
use efficiencies in paddy rice. As a result, production
 
usually falls considerably short of the potential production
 
capabilities.
 

The present investigation was directed to explore the
 
response of paddy rice to various irrigation treatments in
 
terms of nitrogen use efficiency and yield.
 

MATERIALS AND METHODS
 

The study was conducted in the greenhouse using Star
bonnet, a clay neatral variety of rice.
 

E'xperiment No. 1
 

The first crop was sown in January, 1978. The soil
 
for this experiment was taken from the Agronomy Farm, air
dried, and passed through a sieve with openings 5 mm square.
 
The pots were filled with 20 Kg soil on oven-dry basis. A
 
6 cm thick layer of sand was put at the bottom of each pot
 

1/Graduate Research Assistant, Professor of Agronomy and
 
laboratory assistant, respectively, Colorado State Univer
sity, Fort Collins, Colorado.
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in order to facilitate siphoning out of leakage from the
 
bottom of the pots. A nalgene pipe of 5 cm diameter and 40
 
cms length was 
installed in each pot extending to the sand
 
layer for the purpose of siphoninq out water as needed.
 

Starbonnet r ice seed wis obtained from the Rice Research 
Institute, Stot urt , Arkansas and rice nursery sown on 
January 1, 197S. Th' uperimenta1 treatments consisted of 
four irrigation reciaes each at three nitrogen levels making 
a total of 12 treatments, replicated four times in a split
plot design with irriqation in the main plots and nitrogen

levcls in the sub-plots.
 

The details of tho experimental treatments are given below.
 

A. IRRIGATIONS (main plots) 

1. 	I1 - Continuous flooding. Flooding is defined
 
as maintaining a water head of about 8 cm
 
on the surface of soil in the pot.
 

2. 	12 - Alternate floodina and drying. The pots
 
were flooded for four days after which the
 
surface water was siphoned off into bottles
 
and the pots dried until tensiometers
 
placed at a depth of 12 cms shows a matric
 
potential ('sm) of -0.75 bars. Under these
 
laboratory conditions this corresponded
 
amount of drying occurred in about three
 
days or so in mid season crop. After this,
 
the pots were a<ain flooded with water
 
using the previously stored water in bot
tles and applying additional water as needed.
 

3. 13 -	 Same as but 15 days dry spell before1 

blooming. The soil matric potential was
 
allowed to reach about -13 
to -14 bars
 
and determined from the desorption curve 
of the soil and gravimetric soil moisture 
determination. The soil was then rewet 
with sufficient water to bring the average 
water content of the soil to that measured
 
at 2 bars of suction.
 

4. 	14 - Same as I1 but 15 days dry spell after
 
blooming to -13 bar 'i'm. was
to -14 T'm 

determined in the same way as for 13.
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B. 	NITROGEN TREATMENTS
 

1. No -	No nitrogen applied
 

2. 	Nb - 50 ppm nitrogen applied through incorporat
ing to a depth of 12 cms
 

3. 	Np - 50 ppm nitrogen applied in mudballs placed
 
at a depth of 12 cms.
 

The 	nitrogen w-is applied in the form of urea on January 28,
 
1978. A 	basal dose of 50 ppm P20 5 as concentrated super 
phosphate was applied to all pots. Soils were flooded with
 
water and puddling of the soil was done by hand. Rice seed
lings were transplanted into the flooded pots at the rate of
 
nine plants per pot on the same day. Zinc sulfate was added
 
to all pots in a 1% solution to provide 5 ppm of zinc to
 
the soil 	on an oven-dry basis. The drying cycles of the
 
various irrigation treatments were imposed as follows:
 

1. Continuous flooding (Ii): no interruption.
 

2. Alternate flooding and drying (12): one-week
 
after transplanting. 

3. 	Preflowering dryspell (13): 12 weeks after
 
transplanting.
 

4. 	Post-flowering dryspell (14): 14 weeks after
 
transplanting.
 

The day temperature was maintained at 400C which was
 
lowered to 350C during the period from flowering to harvest.
 
The night temperature was maintained at 320C from sowing Lo
 
flowering and at 26°C from flowering to harvest.
 

Two liters of leachate were collected from the bottom 
of each pot at various times during the growth period and 
the pH and redox potential of soil were measured. 

All irrigation treatments were stopped 10 days before
 
harvesting in order to introduce senescence.
 

The crop 	was harvested on June 12, 1978, yields recorded
 

and soil 	samples were collected.
 

Experiment No. 2
 

Crop No. 2 was sown in the same way as crop No. 1
 
except where mentioned. The nursery was sown on June 10,
 
1978. The pots were filled with 18.6 Kg soil and trans
planting was done on July 10, 1978.
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I, and 12 treatments were the same as in crop No. 1. 
The 13 and 14 treatments involved water stresses at matric 
suctions of -10 bars and -5 bars, respectively. The three 
nitrogen treatments were No (control) , N5 0 (50 ppm nitrogen) 
and N130 (100 ppm nitrogen), applied and incorporated into 
12 cm depth. Mudball placement was not studied in this crop. 
The number of plants per pot was reduced to four. The day 

and night temperatures were maintained at 35C and 260 C 
respectively. 

Leachate was collected at the rate of 20 liters per pot 
by draining the pots from an outlet at the bottom of each 

pot. The time intervals for imposing the 12, 13, and 14 
treatments were almost identical to crop No. 1. Gypsum 
blocks and gravimetric soil analysis were used to estimate
 
Tm for 13 and 14. The crop was harvested at the end of
 
November, 1978.
 

RESULTS AND DISCUSSION
 

No statistical analysis of the data have been conducted
 

to date but trends in the data are discussed here.
 

IRRIGATION T REATMENTS
 

The continuous flooding treatment is considered as
 
standard (reference) treatment and other results are compared
 
to it. It can be seen from Table 1 that continuous flooding
 
gave the best results at comparable levels of nitrogen for
 
all nitrogen treatments. Continuous flooding, with a dry
 
spell for 15 days at pre- and post-- flowering stages (treat
ments 13 and 14, respectively), resulted in a loss of yield
 
for all nitrogen treatments. The percent yield reductions
 
compared with continuous flooding treatment were 18 for 13
 
and 15 for 14. A severe dry spell (i'm = -13 to -14 bars)
 
for as short a'period as 15 days can prove quite damaging.
 
The alternate flooding and drying treatment (12) showed the
 
lowest yield results at all nitrogen treatments. The mean
 
decrement of yield compared with the continuous flooding
 
treatment was 30 percent.
 

The data for crop No. 2 are shown in Table 2. A 15-day
 
dry spell at post flowering at -5 bar (14) level improved the
 
rice yield by 6%. The statistical significance of this effect
 
is uncertain, however. The decrement in yield for 15-days
 
pre-flowering dry spell (13) at -10 bar matric potential was
 
11%. The corresponding decrease in yield for alternate
 
flooding and drying was 27% which is comparable to 30%
 
yield loss obtained with crop No. 1.
 

Chemical analysis of plant, soil and water samples for
 
nitrogen contents is in progress. Nitrogen use efficiency
 
and nitrogen losses associated with the various treatments
 
will be reported at a later date.
 



207
 

Table 1. 	Effect of irrigation regimes and nitrogen levels
 
on the total dry-matter yield (g/pot) of rice
 
(Crop No. 	1), 1978 (means of four replications).
 

Nb 	 Np Mean Change
N0 


Reference

1 214 248 269 243 


12 156 173 174 170 -30
 

13 179 202 217 199 -18
 

14 163 226 231 207 -14
 

Means 178 212 223
 

% Change Reference +19 	 +25
 

Table 2. 	Effect of irrigation regimes and nitrogen levels
 
on the total dry matter yield of rice (g/pot),
 
(Crop No. 2), 1978 (means of four replications).
 

0 

N50 	 Mean Change
N0 	 N100 


209 172 Reference
125 	 183
1 


12 98 141 	 137 126 -27
 

182 -11
13 128 148 	 153 


14 143 180 223 182 +6
 

Means 124 163 188
 

% Change Reference +31 	 +52
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SUMMARY
 

Two crops of rice (variety Starbonnet) were sown in
 
January and July, 1978, respectively to find out The irriga
tion and nitrooen us efficiency of various treatments on 
the yield of rice. The analytical work on plant and soil 
samples is in progress in the laboratory. The results show 
that. alternate flood in and drving resulted in considerable 
loss of yield of (30 and 271 respctively, for Crop No. 1 
and NTo. 2). The decremient in --ield for a dry spell of -13 
to -14 bar matric potential at pre- and post-flowering 
stages were almost equal for crop No. 1 indicating the 
sensitivity of the rice plant to drought stress around bloom. 
The losses amounted to 18% to 15%, respectively. A pre
flowering dry spell for 15 days at the 10 bars moisture 
stress level for crop No. 2 showed a yield decrement of 11% 
whereas a moisture stress of 5 bars at post flowering for 15
 
days showed a trend to improve the yield by 6%. 
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APPENDIX 10
 

EFFECT OF SOIL TEMPERATURE AND MOISTURE ON COTTON
 
GERMINATION UNDER ARID AND SEMI-ARID CONDITIONS
 

Rafael E. Gonzales, C. J. deMooy and John Olsen1
 

I. INTRODUCTION
 

A major problem faced by cotton producers in the arid
 
and semi-arid regions is the establishment of a good stand
 
early in the season which can be insured only by a high and
 
fast rate of germination. Stand uniformity or lack of it
 
greatly affects production and the management of the crop
 
during the crop year. The physical properties of the soil
 
surrounding the seed, primarily high temperature, low moisture
 
content and a physical impedance above the seed, have been
 
recognized as the most common physical factors restricting a
 
successful cottonseed germination and stand in those regions.
 

The purpose of this study was to analyze the effect of 
high soil temperatures and different soil moisture content on 
the rate and percent of emergence of cottonseed at the labora
tory and greenhouse. Since soil temperature fluctuates 
through a daily cycle the experiments were conducted to eval
uate the combination of different daily soil temperatures and 
several moisture regimes representing field conditions and to 
know if the effect of one is modified by the other and their 
interaction on cotton seed emergence. 

II. MATERIALS AND METHODS 

This research was conducted at Colorado State University
 
in two different studies. The first one was conducted in the
 
laboratory to evaluate the effect of different constant and
 
alternating temperatures on cottonseed germination. The
 
second study was conducted in the greenhouse to evaluate the
 
effect of soil temperature and moisture on the emergence of
 
cottonseed.
 

A. STUDY I
 

Cottonseeds were tested on a two-way thermogradient
 
plate to make a comprehensive comparison of their germination
 
responses to alternating and constant temperature within a
 
range of 14.0 to 46.5C. This device can be used to supply
 
all combinations of alternating and constant temperatures
 
simultaneously within a predetermined range. The temperature 

17Graduate Assistant, Agronomist, Research Assistant, respec
tively, Department of Agronomy, Colorado State University,
 
Fort Collins, Colo.
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setting was alternated every 12 hours. Three different
 
varieties of cotton seed were used (i.e. Acala 1517-V
 
(Gossypium hirsutum L. ) , Acala 1517-70 and Pima s-4 (G. 
barbadense L. )). The seeds were planted on the entire sur
face of the plate over a moistened blue-qray blotter paper as 
substratum, 900 seeds of each variety were planted on each 
replication 2.5 cm apart. Three replications were made. The 
study was conducted over an 8-day period with germination 
count made each 12 hours beginning at 24 hours after planting.
A series of computer programs available at Colorado State 
University Computer Center was used to analyze the results. 

B. STUDY II
 

Daily soil temperature ranges identified as the maximum
 
at which germination occurred in Study I, and several mois
ture regimes representing field conditions were used to
 
evaluate their effect on cottonseed emergence in the green
house. Cotton variety Acala 1517-V with 932 germination was

used in the studl.. The seeds were planted at 2.5 cm depth in 
a Fort Collins clay laroam soil. Plastic pots (40 x 19.5 :: 12.5cm) 
were used. The nots ,.ere watered from the bottom up by 
capillary action to avoid crust formation on the surface that 
could cause a decrease in rate of emergence. Experiments were 
continued for 7 days after planting. Seeds were planted after 
the desired temperature and moisture treatment were attained. 
The soil temperature and moisture were checked at seed level 
three times per day. The rate of emergence was counted twice 
a day. Two different experiments were conducted in Study II. 
The experiments were laid out in a split-plot design in time. 
Analysis of variance and multiple comparison tests were 
performed.
 

EXPERIMENT 1
 

Four different daily soil temperature ranges were used;
 
one at room temperature and three around the maximum tempera
ture for germination found in Study I:
 

T126-29C; T231-36C; T3 32-42C; T432-45C. Three different
 
soil water tensions were used ranging from 1/3 to 3 bars.
 
MI: Field capacity (1/3 bar) for 7 days; M -2.0 bars for
 
7 days; M3 : 2.0 bars for 3 days, dry for 2 ays but not ex
ceeding 3.0 bars, followed by 2.0 bars for 2 days.
 

EXPERIMENT 2
 

Four different daily soil temperature ranges, the same
 
as for Experiment 1, (i.e. 26-29C; 31-36C; 32-42C; 32-45C)
 
and four different water regimes in the soil with higher soil
 
water tension than in Experiment 1 were used.
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M: 2.5 bars for 7 dys; 2: 2.5 bars for 3 days, dry 
for 2 Aays followed by 2.5 bars for 2 days; M3: 2.5 bars for 
2 days, allowed to dry but not exceeding 8 bars for 5 days; 
M4: 2.5 bars for 1 day, dry for 6 days but not to exceed
 
8 bars.
 

Pot Preparation
 

Plastic containers (40 x 19.5 x 12.5 cm) were used. The
 
pots were watered by capillary action with tygon tubing
 
placed at the bottom of the pots. A vertical tubing attached
 
to two perforated horizontal tubes with a "T" connector was
 
used for this purpose. The horizontal tubing was covered
 
with 1.5 kg of sand on top of which 8.5 kg of a Fort Collins
 
soil was placed. 'Two gypsum blocks were buried in each pot
 
at seed level to estimate moisture content. The temperature
 
was monitored at seed level with a thermometer.
 

Temperature and Moisture Control
 

The daily soil temperature ranges were controlled with 
special chambers built of wood and plastic with plastiglass 
cover, each one with a thermostat and electric heater unit 
attachment. The pots were placed in a sand bed inside the 
chambers. The sensing area of the thermostat was ,?laced in 
one of them. Soil temperature was measured at seed level by 
thermometer, one for each pot. Soil moisture tension was 
monitored at seed level by the two gypsum blocks in each pot. 
A moisture ret-ention curve was determined for the soil in the 
laboratory. Calibration curves were made for each gypsum
 
block.
 

III. RESULTS AND DISCUSSION
 

A. LABORATORY GERMINATION STUDY (STUDY I)
 

The temperature response of cotton seed (Gossypium sp. L.) 
was tested simultaneously over a 14 to 46.5 0 C range of alter
nating and constant temperatures on a thermogradient plate. 
A series of computer programs was used to analyze the data of 
three replications. As a final result a plot representing 
intensity patterns of germination was obtained (Figure 1). 
7he ordinate in Figure I represents the temperature gradient
mposed during one half of each day. The abscissa represents 

the temperature gradient maintained during the complementary 
half. The size of the square represents intensity of germina
tion. A diagonal line from the lower left corner to the upper 
right corner represents constant temperature, the greater the 
distance between any point in the figure and the constant 
temperature line, the more extreme the temperature change when 
the gradient direction is alternated. 

Optimum temperature for germination of cotton occurred
 
between 27.5 to 350 C for constant temperature and 24.25 to
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36.5 0C for alternating temperatures. The maximum temperatures

at which germination was observed were 38.5 and 42.5 0C for
 
constant and alternating temperatures, respectively.
 

The temperature range of cottonseed germination on a
 
thermogradient plate was wider for alternating than for con
stant temperatures. A change in temperature within the cor
dial temperature of cottonseed seem favorable to enhance
 
germination.
 

B. GREENHOUSE GERMINATION STUDY (STUDY II)
 

EXPERIMENT 1
 

The results of Experiment 1 are shown in Figure 2, repre
senting percent emergence as a function of soil moisture and
 
time after planting for each daily soil temperature. Each
 
point represents the average of three replications.
 

Analysis of variance indicated that significant differ
ences at 99% probability level were found among soil moisture 
levels for all the temperature treatments on the percent of 
emergence during the 7-day period. Significant differences 
at the 95% probability level were found among temperature 
treatments. When multiple comparison tests were performed it 
was found that differences in the p:ercent of emergcnce existed 
from 60 to 96 hours after planting but not for 144 and 168 
hours. As seen from Figure 2 differences in the initial per
cent of emergence were found at all but 32-42 0 C for the dif
ferent moisture treatmenLs, a difference in time of emergence 
initiation was observed at the lowest and highest daily soil 
temperature used. At 26-29 0 C seeds in soil with water tension 
of 1/3 bar emerged earlier than in the other moisture regimes.

In the case of the 31-360 C range (T) emergence was rapid at
 
all water contents. Emergence was delayed slightly in the
 
32-42 0 C temperature range compared to 31-360C. This delay was
 
more marked in the 32-45 0 C temperature range within which low 
water tension resulted in fastest emergence. After approxi
mately 120 hours the percent of emergence among moisture 
treatments was very similar for all temperatures except
32-450 C. Analysis of variance indicated that significant
differences at 1% level were found among the moisture treat
ments during the 7-day period for temperatures of 32-45 0 C. 
Reduced emergence was associated with high moisture tension 
at the highest temperature, but this relationship was less 
evident at lower temperatures. At soil temperatures of 32
45 0 C and moisture tension M3 , emergence at 168 hours was 60%. 
For the same soil moisture M3 and temperature cycles of 26
29 0 C; 31-360 C and 32-420 C emergence was 90% or higher. 

The optimum temperature for cotton emergence was found
 
to be around 360C. At temperatures up to 420 C the pattern of
 
emergence was found to be very similar for all moisture con
tents with slower rates of germination at 32-42 0 C than at
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temperatures between 31-360c indicating that a slowdown in

the rate of emergence can be expected at higher temperatures.
 

In general, for any given temperature, emergence tended
 
to decrease with increasing soil moisture tension but the
 
differences at the end of the experiment were not statisti
cally significant. The highest temperature caused reductions

in germination compared with lower temperature for all three
 
moisture regimes. At the highest temperature the total per
cent of germination in the field can be expected to vary sig
nificantly if differences in soil moisture tension are
 
present. 
 Two to three bars tension will appreciably reduce
 
the rate of germination although the final stand may reach
 
60%. However, the stands will be further reduced if the
 
moisture tension rises to 3 bars for a few days. 
 Even when
 
water was added after 5 days the rate of germination was not
 
appreciably improved at 32-45 0 C t.mperatures for M3 .
 

EXPERIMENT 2
 

It was 
of interest to know the response of cottonseed
 
emergence for the same daily soil temperature cycle used in

Experiment 1 and higher soil water tension values during the

7-day period. The results 
are given in Figures 3 to 10.
 

Analysis of variance indicated that the effect of soil
 
temperature, soil water tension and their interactions were
 
highly significant at 1% level for the emergence of cotton at

72, 96, 136 and 168 hours after plantinn. These anal\'ses and
 
the emergence curves from Figures 3 to 
6 suggested that the

time for initial germination was longer at the lowest and

highest temperature fol: all moisture treatments. Individual
analyses of variance were performed for the four moisture 
treatments at each temperature. The results indicated that
significant differences at 
1% level were found among moisture
 
treatments at 32-42 0
c and 32-450C, at 5% level in 26-290C and
 
no differences were found at 31-360c.
 

Initial germination was faster at 31-36°C and 32-420C.
 
In addition, the moisture regime had a larger effect on the

initial percentage emergence at 31-36 0 C although final stands
 
were not too different at the temperature ranges of 26-29 0 C
 
1nd 31-360C.
 

Moisture conditions had a strong effect 
on the initial
 
emergence under optimal temperature (31-360c). Good moisture
(M1 and M2 ) resulted in 
a higher and faster rate of emergence

at this temperature than under any other conditions; at this
 
temperature the initial percent of emergence was related to
 
the soil moisture level.
 

Initial emergence was not greatly effected by tempera
tures in TI, T3 and T4 treatments, but there was a 12 hour
 
delay in time to first emergence for Ml, M2 and M3 at the
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lowest (26-290C) and M1 
at the highest (32-450C) temperatures,

and a 24 or more hour delay for M4 (26-290C) and M3 , M2 (32
450C).
 

As temperatures exceeded 400C soil moisture tension
 
became a most important factor controlling cottonseed emer
gence. The greatest moisture stress applied 
(M4) interfered
 with the rate of emergence and final stands at all tempera
tures and the more so at temperatures higher than 400 C.

Neither M3 nor M4 permitted more than 20% emergence at tem
peratures 32-42 0 C and 32-450 C, but there was 
a recovery in
 
germination rate when new moisture was 
applied after 120
 
hours in the 32-42 0C temperature range. This moisture was
 
applicated because maximum tension of 8 bars had been reached.
 
The results indicated that 8 bars tension cannot be tolerated
 
during emergence and that timely rain or irrigation within
 
5 days may still secure a 50% stand of the crop in the 32
420 C temperature range. At the highest temperature range

(32-450 C) the M4 moisture condition failed completely, M3

reached only a final stand of 20%. 
 Even the M2 treatment
 failed until more water was applied after 5 days. As tem
peratures rise the moisture condition for emergence becomes
 
more and more critical. This can be seen from Figures 7 to 10,

in which the different patterns of germination at each soil
 
moisture tension for the four different soil temperature
 
cycles are shown.
 

In Figure 7 at the highest moisture content (Ml), a
 
difference of about 20% in final germination and more than
 
48 hours delay in reaching final stand was observed between
 
T4 and the other temperatures, an increase in soil moisture
 
tension to M2 
(Figure 8) showed a larger difference in the
 
rate and total emergence between T4 and the other tempera
tures. 
As soil moisture tension increased (M3,M4 ), temperatures higher than 400C showed a sharp decrease in rate and
 
percent of germination with a recovery after five days to 
a
 
value around 55% in the 32-420 C, but recovery did not occur
 
at 32-450c as pointed out before.
 

In general as soil temperature increases above the opti
mum 31-36 0c range the rate and final emergence of cotton de
crease for any moisture treatment, the effects are larger

when soil water tensions increase to values of 3 bars or
 
higher. At soil temperature around optimal a good final
 
emergence was achieved, probably because cotton seeds are
 
more tolerant to water stress around optimal soil temperature.

Under field conditions any practice that could attenuate the
 
extremely high temperature in soil such as mulching and use of
 
irrigation water and planting deeper can be practiced. Plant
ing during the rainy season and the use of irrigation water
 
at the critical time are recommended. At temperatures around
450C a good cotton stand can be obtained only with a good
 
moisture supply to the plants.
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IV. SUMMARY
 

A study was conducted to evaluate the effect of high soil
 
temperatures and high soil moisture tensions on cottonseed
 
(Gossypium sp L.) emergence at the laboratory and greenhouse.
 

A two-way thermogradient plate was used to evaluate the 
effect of temperature on germination of cotton. A range of 
14 to 46.5 0C of constant and alternating temperatures was 
used. A second study was conducted in the greenhouse to 
evaluate the effect on emergence of cotton of daily soil tem

perature cycles which were near the ranges found optimum for 
emergence in Study I and of soil water tensions ranging from 
1/3 up to 8 bars. A Fort Collins clay loam soil was used.
 

Optimum temperature for cermination occurred between
 

27.5 to 35°C for constant and 24.25 to 3.5 0 C for alternating 
temperatures on thermocradient plate. The maximum temperatures 

at which germination occurred were 38.5 and 42.5°C for con
stant and alternatina temperatures respectively. 

Moisture condition had a strong effect on the initial
 

emergence under optimal soil temperature, good moisture re

sulted in a faster and higher rate of emergence at this tem

perature (32-360 C) than any other. The time for initial
 

germination was longer at the lowest (26-290 C) and the highest
 

(32-450 C) temperatures for all moisture treatments. At soil
 

water tension between 1/3 and 3 bars and temperature ranges
 

26-29OC; 32-360 C; and 32-42 0 C time for initial germination
 

and emergence percent variable during the first 120
 

hours among moisture treatments, but no differences were
 

found in the final stand of cotton at the end of the experi

ments. The effects of high moisture tensions were more evi
dent at the highest temperature cycle (32-450 C) in initial
 
germination rate and final stand on cotton. At soil moisture
 
tension between 2 and 3 bars a total germination of 60% was
 
obtained.
 

As temperatures exceeded 400C soil moisture tension be
came an important factor controlling cotton emergence. The
 
greatest moisture stress applied (M4) reduced the rate of
 
emergence and final stands at all temperatures and more so at
 
temperatures higher than 400 C. At 32-42 0C soil temperature,
 
a final stand of 50% was obtained when water was applicated
 
to the soil after 120 hours for the lowest moisture treatments
 
(M3 ,M4 ). At 32-450C a recovery did not occur when water was
 
applicated in the M3 treatment and no germination was obtained
 
at the highest moisture stress (M4). Emergence of cotton is
 
reduced less by soil water stress when temperature is near
 
optimum for emergence.
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APPENDIX 11
 

EFFECT OF TILLAGE PRACTICES ON MOISTURE AND NITROGEN
 
STATUS OF SOIL IN DRYLAND WHEAT PRODUCTION
 

M.A.R. Faroogi, C. J. deMooy, John S. Olsen1
 

INTRODUCTION
 

Minimum tillage practices for row crops have gained much
 
ground during recent years because of increasing tillage costs
 
and the need to reduce energy consumption. Nitrogen avail
ability, moisture conservation and management practices are
 
major factors influencing growth and yield of crops.
 

The dryland agriculture in Pakistan is characterized by
 
cultural practices which lead to excessive loss of moisture
 
and nitrogen in the field, the conservation of which could
 
appreciably increase the yield of wheat per acre.
 

Relevant work carried out so far includes the study of
 
movement of nitrogen as influenced by varying levels of irri
gation (Reddy and Dakshinamurti, 1976; Varga and Sziies, 1977),
 
tillage practices (Meint and Peterson, 1977), attempts toward
 
moisture conservation by means of tillage, and herbicide
 
treatment (Smika and Wicks, 1968), and water conservation
 
with stubble mulch (Grob, et al., 1970).
 

Studies influencing the moisture and nitrogen status of
 
the soil as a result of various tillage practices in dryland
 
agriculture have received much attention in recent years, and
 
the present research was designed for further study in this
 
area.
 

OBJECTIVES
 

The 	objectives were as follows:
 

1. 	To investigate the possibilities for moisture and
 
nitrogen and energy conservation through minimum
 
tillage practices.
 

2. 	To determine the influence of different tillage
 
operations on soil moisture and yield of wheat.
 

3. 	To determine the influence of tillage on the movement
 
and vertical distribution of applied N in the soil
 
profile.
 

1/Graduate Research Assistant, Professor of Agronomy, Labora
tory Assistant, Department of Agronomy, respectively, Colo
rado State University, Fort Collins, Colorado.
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MATERIALS AND METHODS
 

One site each under chemical fallow and conventional
 
fallow was selected during the first week of October, 1977,
 
at Otis near Akron in eastern Colorado. Each tillage prac
tice had the following treatments.
 

1. Chemical fallow
 
A. Stubble left standing
 

(1) Control of weeds by herbicide application.
 
(2) Control of weeds by cultural methods (sweep).
 

B. Stubble layed down
 
(1) Control of weeds by herbicide application.
 
(2) Control of weeds by cultural methods (sweep).
 

2. Conventional fallow
 
A. Sweep - sweep
 
B. Sweep - disc
 

The field layout plan with 4 replications is shown in
 
Figures 1 and 2. Moisture and nitrogen samples were taken
 
from 0-5, 5-10, 10-15, 15-20, 20-25, 25-50, 50-75, 75-100,
 
100-125, 125-150 cm depths. The soil samples were taken
 
before and after snowfall during the 1977-78 season. Also,
 
before sowing of the wheat crop and after the snowmelt in
 
April, 1979 (after emergence of wheat).
 

The wheat variety Scout was sown in these plots during
 
September 1978. Weed counts were taken at each soil sampling
 
time and observations were recorded on significant growth of
 
weeds, the respective cultural and chemical control measures
 
were taken during June, 1978.
 

In order to make observations on cropped conditions
 
during 1977-78, another set of fields under both conventional
 
and minimum tillage was selected close to existing conven
tional and chemical fallow plots. Wheat variety Scout was
 
sown in the fields. The field layout plan with 4 replications
 
is shown in Figures 3 and 4, and data from these plots are
 
given in Table 1 and Figures 5 and 6.
 

RESULTS AND DISCUSSION
 

Moisture and nitrogen analysis of the soil samples taken
 
up to April 1978 have been completed. It is evident from
 
Figures 5 and 6, the percent moisture stored in the soil was
 
higher under minimum tillage conditions and wheat grain yield
 
was 5.1 bu/acre higher (Table 1) than with conventional till
age, due to increased moisture conservation.
 

Under fallow conditions, it was observed that standing
 
straw treatments in both the chemical and conventional fallow
 
conditions conserved more moisture in the soil compared with
 
straw layed treatments. The same trend continued until the
 
time of sowing of wheat in September, 1978.
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Table 1. Wheat (variety Scout) yield as affected by minimum
 
and conventional tillage conditions at Akron.
 

Replication Grain yield in bushels/acre2 

No. Minimum Conventional 
tillage tillage 

1 28.0 20.2 

2 24.0 18.7 

3 22.5 18.2 

4 24.0 19.5 

Average 24.6 19.5 

1/Average of three harvested plots of size 300 sq. ft. each.
 
2/One bushel weight taken as 55 lbs.
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GENERAL CONCLUSTONS
 

The pivotal problem of dryland agriculture in Pakistan
 
is the conservation of soil moisture which is the single most
 
important factor in increasing the yields from the present
 
very low levels. The present study which is aimed at study
ing the tillage and moisture conservation practices would
 
help a great deal in solving the problem of dryland agricul
ture in Pakistan.
 

Minimum tillage and moisture conservation practices 
being tested appear to be more effective in conserving mois
ture in soil than those used by the farmers in the dryland 
areas of Pakistan. This data may provide evidence to recom
mend reduction in the amount of plowing currently done during 
the fallow period, and to adopt other moisture conservation 
practices suclh as controlling of weeds and keeping of some 
straw in the field, etc. The adoption of minimum tillage 
practices could lead to continuous economization of fossil 
fuel as there is an increasing trend to tractor cultivation 
in Pakistan. 
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APPENDIX 12
 

BULLOCK-DRAWN GROUNDNUT HARVESTER
 

N. Illsley, A. Cheema, and L. Ulsaker
1
 

Pakistan has approximately 40,000 ha annually planted in 
groundnuts, producing 56,000 mds of nuts. Virtually all of this 
crop is harvested by hand. The harvest season extends from mid-
November to the end of December. As is typical of many crops 
in Pakistan, there is a shortage of labor during the harvest 
season. This labor shortage works a hardship on the farmers 
in two ways; first, it artifically inflates wages for harvest 
labor and second it extends the harvest time into the season 
when the farmers should be preparing the fields for the follow
ing crop, thereby jeopardizing the quality of that crop. An 
improvement in the harvesting methods of nuts would be of real 
value to the farmers concerned. 

The present method of harvesting is to loosen the individual 
plants with a "kussi" or hoe like tool. In the locality studied
 
it takes three to five strokes around the perimeter of the plant
 
to loosen the soil throughout the plant area. Then the plant
 
is lifted out of the ground by hand and the soil shaken off.
 
The plants are then piled in small stacks to await hand removel
 
of the nuts from the vines. It requires approximately ten
 
seconds of steady working time to loosen a plant in light sandy 
soil. 2 This does not include rest stops. 

If the plants can be loosened from the ground mechanically, 
thus eliminating the kussi work, and then stored for later
 
removal of the nuts, this will free the land for immediate
 
cultivation and also delay the nut removal operation until a
 
more slack labor season.
 

Harvesting machines should be developed for both tractor
 
power and for bullock power. Machines do exist in other parts 
of the world 3 but for various reasons, none of these designs 
have been successful in Pakistan.
 

At least three versions of animal drawn groundnut harvest
ers, based on designs borrowed from other countries, have been 
cried but not adopted. Their faults include being too heavy,
 
too narrow, too difficult to control, fouling with trash, and
 
requiring too much draft. 

i/Agricultural Engineers, Water Management Research Project,
 
Colorado State University, Agronomist, Experience Inc. Baranni
 
Project.
 

2/By contrast the harvester lifted one plant per second in a
 
broadcast planted field with a density of between 6 and 10
 
plants per square meter.
 

3/Intermediate Technology Development Group, 9 King St. London
 
WC2E 8 HN England.
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Aside from avoiding these faults, a successful machine must
 
be able to:
 

1. 	hold a cutting depth of 4 to 6 cm, enough to pass
 
under the nuts
 

2. 	break up the soil so that the plant may be easily
 
removed
 

3. 	cut any deeper roots, such as the tap root, and leave
 
them in the ground
 

4. 	to be fabricated in the typical village shops with
 

simple tools and available materials
 

5. 	be purchased by the farmer without financial strain
 

6. 	be portable enough to be carried to and from fields
 
as easily as a desi plow.
 

DESIGN
 

It is not presumed that the design developed in this
 
instance will be the ideal answer for ground nut harvesting
 
elsewhere, just as other designs have not been the answer
 
here. Therefore, to be of greater value to others involved
 
in a similar search, all of the modifications tried will be
 
discussed and their performance commented on.
 

To minimize draft the blade of the harvester is swept back
 
to a 450 angle giving the blade a slicing action in the soil
 
rather than shearing. Therefore, a 55 cm blade is needed to
 
harvest a 40 cm swath which was felt to be a minimum workable
 
width. This was double the width of the harvester that was
 
found to be too narrow.
 

The swept back angle of the blade causes a side draft
 
which is controlled by using a land side similar to moldboard
 
plows. The land side is 8 cm high by 25 cm long before it
 
tapers down to the point of the blade.
 

In general appearance the harvester resembles a moldboard
 
plow with the upper portion of the board cut away. The cutting
 
edge of the blade is sharpened from the bottom side so that it
 
enters the soil at an inclined angle of about 50. The blade is
 
curved upward to give the soil about 5 cm of lift to fracture
 
the soil and raise the nuts above ground level. The radius of
 
this curviture is about 25 cm. Too short a radius was found to
 
compress the soil too much, which prevented the blade from
 
scouring cleanly. The point of the blade is forged downward
 
to give the implement about 1 cm bottom suck for good penetra
tion. Although the original design was conceived as an
 
attachment to go on existing desi plows, the final models use
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a shank that bolts directly to a beam. This shank is made of
 
" x 4" plate that is sharpened on the leading edge. It is
 

welded to the land side immediately behind the blade and ex
tends up 25 cm. With the beam bolted on the shank there is 
15 cm clearance between the beam and blade. 

Though it was not felt essential, the final models had a 
spring steel cutting edge welded onto the blade to give a 
stronger, longer wearing, sharp cutting edge. A lip is forged 
on the top side of the blade and the spring steel (used Volks
wagen front suspension spring) is welded on using 2.5 cm weld
ments at 6 cm intervals both top and bottom. There was some 
concern that the weld joint would cause roughness on the top 
of the blade on which soil would cling and prevent clean scour
ing of the blade. By grind indig the welds slightly, they were 
smooth enough that this is not a problem. 

All cutting edges are sharpened partly to cut through 
trash and partly to reduce draft. All sliding surfaces are
 
ground to remove any rough welds, slag from cutting, and black 
scale or rust, all of which would cause drag and increase draft.
 
The finished harvester ready for bolting onto a beam weighed
 
7.25 kg.
 

FIELD TESTING
 

The field testing looked at three factors. First, would
 
the harvester lift the groundnut plants and leavethem sufficiently
 
loose in the soil that they could be hand lifted as easily as
 
by the traditional kussi method? Second, was the draft re
quirement low enough that a team of bullocks could pull it for
 
a reasonable length of time without tiring, 4 and thirdly, would
 
the farmers recognize any advantages in using the harvester?
 

The final version of the harvester, while operating at a
 
depth of 10 cm lifted the soil about 5 cm and simply allowed it
 
to fall off the back of the blade for breakup. In the process
 
the soil was moved forward with the harvester about 15 cm.
 
These figures are visual estimates as there was no available
 
means of making more precise measurements. There was virtually
 
no side movement of the soil as might have been expected from
 
the angle of the blade. The shank left a small furrow compar
able to that of a grain drill, and smaller than that left by
 
the desi plow.
 

Draft tests were made using a small four wheel tractor
 
with three point hitch. A special adapter was fabricated for
 
hitching a bullock implement to the tractor together with a dial
 
spring scale for measuring draft. The draft of a desi plow was
 
used for a bench mark and then the draft of the final model was
 

4/Bullocks weighing 500-900 kg can deliver 60-80 kg draft accord
ing to Hopfem, FAO Ag. Dev. Paper, p. 91, Rome, 1969.
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compared with two other versions of groundnut harvesters. The
 
results of these tests are shown in Table 1. There was no
 
recording device on the meter. Instead, the needle was
 
watched for at least two 30 minute trials and the normal maximum
 
and minimum readings were noted. There were definite values
 
that were frequently reached but seldom exceeded. These were
 
the readings used.
 

With one model in the field, and being used for perhaps
 
half of one season, no conclusive statement can be made about
 
the farmer acceptance of the machine. However, when that model
 
was sought for testing, the farmers who were using it made it
 
very clear that they did not wish to give it up until their
 
harvest was completed. Instead of using this model for the
 
draft tests, an additional model similar to it was made and
 
tested.
 

It is expected that after these farmers have operated the
 
harvester for this initial season, they will have suggestions
 
that will contribute in making a more lefined machine.
 

DEVELOPMENT
 

The first version was made as an attachment for desi plows. 
To fit it on a plow a four-sided cone was made under the mold
board beside the landside. This cone had two " set screws, one 
on top and one opposite the land side, that could be tightened 
down to clamp the harvester to the wooden hull of the plow. In 
this way it would fit on different plows provided they were of 
a similar design. However, it was found that even in one village 
the variation in plows was so great that there would be at least 
some plows that would not fit. Further, when making the first 
field tests, several farmers said that there was no real advantage 
in making it as an attachment, but rather make a steel shank that
 
could be fitted directly on a beam. They felt the cost of the
 
additional beam would not be too much for the average farmer.
 
The original version also used more of a moldboard to roll the
 
plants and soil to the righthand side of the beam of The plow.
 
In fields that were broadcast rather than plariced in rows,
 
occasional plants would balance on the front of the beam due to
 
its width, and not pass to the righthand side. This would quickly
 
--ther more plants and clog the harvester so that it had to be 
1.eared by hand. To remedy this, one tine about 45 cm long was 

welded midway up the shin of the moldboard and curved to the 
right. This helped but did not eliminate the problem. A piece 
of angle iron with three tines from 50 cm to 25 cm in length was 
mounted on the beam well forward to the moldboard again with 
the tines curved to the right. This still did not solve the 
problem and threatened to strike the hoovesof the bullocks. 
A coulter, either knife type or rolling disc was considered but 
not tried, mainly because the next version with the narrow steel 
shank did not have the clogging problems. 
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Table 1. Draft for bullock implements
 

Minimum Lbs. Kg Maximum Lbs.* Kg 

CSU 
Harvester 20 9 35 16 

Irri
 
Harvester 30 14 50 23
 

Barani
 
Harvester 25 11 35 16
 

Desi Plow 20 9 35 16
 

*Draft readings in tilled loam soil at Agricultural Research
 
Farm, Muree Rd., Rawalpindi taken after November plowing,
 
1978. 

The original version also had a moldboard that gave the 
soil about a 15 cm lift and then used 1 cm diameter steel rods, 
15 cm long spaced 6 cm apart to lift the plants further and allow 
the soil to fall through the spaces. This system moved the average 
plant foward about one meter and carried a roll of soil about 
20 cm high in front of it. This obviously took more energy than 
was needed for simply lifting Li:_ plants. The farmer using
the harvester commented that th ,re would be no need for plowing 
for the followinc crop after using this for harvesting! To 
reduce the bulldozing effect, the rods were removed and 10 cm 
"V" notches were cut in the moldboard in their place. The teeth 
between the notches were bent down to the horizontal position 
so that the entire lift was reduced to 8 cm. Even the flat
 
teeth tended to carry too much soil and so were removed leaving 
only a narrow blade with an 8 cm lift resembling a long con
ventional plow share with a very short moldboard. This still 
had a tendency to collect trash on the shin and at the suggestion 
of one of the far-mers most of the moldboard was removed, leaving 
the share and a portion of a shin. This, together with the 
shank mount and the spring steel edge on the share was the ver
sion left with the farmers for their testing. 
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APPENDIX 13
 

A REPORT ON THE PRECISION LAND LEVELING AND
 
WATER MANAGEMENT PROJECT IN THE N. W. F. P.
 

by

W. D. Kemper1
 

Analysis
 

The primary objectives of the On-Farm Water Management

Program as I perceive these are:
 

1. 
To help farmers improve their water management and crop

production.
 

2. 
To involve them in the improvement process in a manner such
that the farmers consider the project to be their own rather

than another government give-away program.
 

3. 
To help farmers identify and understand their specific

problems so that they are 
self motivated to undertake the
work and investment to solve 
those problems.
 

4. 	To use the physical results of the improvement program and
the enthusiasm of successful, involved farmers to demonstrate the benefits of the program and motivate other farmers to improve their water management practices. 

While some farmers have 	 becomeapparently sufficientlyenthused about land leveling to participate in this program
there is little evidence that farmers who have 
 participated ina watercourse improvemont program have the 	 enthusiasm to motivate their neighbors to do likewise. farmerThe contacted(a tenant) did not seem to feel that the watercourse improvemen- had made a substantial contribution to solution of their
ove.:all problem of short water supply. Apparently their major
problems lay in inadequate diversions from the river and over
use 	 of water between the diversion and their watercourse byfarmers in the upper reaches of this channel. These are longstanding basic problems which were not addressed by the improvement program. There is question as to whether they can besolved and the present program may not be sufficiently flexible 	or adequately developed to address these basic problems. 
Several possible solutions come to mind such as: 
1. 	pakka free flow division structures which could bedesigned to give each group of users 
its 	fair share
 

of the water. 

1Agricultural Engineer, Colorado State University, Fort
 
Collins, Colorado.
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2. a separate deep watercourse traversing the area be
tween the diversion and the improved command area 
which would make stealing of their water more diffi
cult. 

3. 	assistance to the farmers in the form of guidelines,
 
effective structures, etc., for improving the katcha
 
diversion so there would be adequate water for all
 
concerned.
 

4. 	formation of water users association with an execu
tiva committee consisting of representatives from 
each area served which would resolve water allocation 
problems, with the technical assistance of OFWM per
sonnel and possibly the authorities of tribal coun
cils or civil, authorities. 

These or othcr alternatives could probably solve the basic 
problems for the farmers on this watercourse. However, their 
implementation would require some inputs which are not currently 
available or might not be approve,! as reimbursable under the 
present program. For instance, neither the OFWMP, SCS or CSU 
has guidelines or designs for structures to improve the diver
sion, which have been tested under the conditions involved. 
It is possible, but not highly probable that the I-rigation 
Department has been involved in helping some farmers build 
better semi-katcha diversions. A survey should be conducted 
to determine how many of these katcha diversions exist, whether 
their construction and maintenance is a major problem for the 
farmers and one on which they desire help. If this is a major 
problem to them, the OFWMP, SCS, CSU, the Irrigation Depart
ment and possibly WAPDA should review their experience and 
available literature to develop some of the most promising
 
approaches such as:
 

1. 	low profile gabion dams (which are basically rocks
 
held in place by wire net and are highly labor inten
sive).
 

2. 	low level permanent framework across the channel
 
from which boards, poles or brush could be removed 
prior to flood periods (or automatically by the floods).
 

3. 	well anchored cable(s), across the small river which
 
could be used as support for upright poles providing
 
the framework for the diversion during low flow and
 
which would have release, or break away provision on
 
one side of the river when flood pressures rose.
 

However, since the probability of failure of such semi-katcha
 
structures on a river is high, the initial trials should be
 
clearly labeled as experimental and participating farmers should
 
be carefully informed that there are no guarantees of success.
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Moreover careful consideration should be given to their sug
gestions for improvement of the diversions because they are the
 
most experienced people available regarding the river.
 

Considerable need was indicated by OFWM staff for extended
 
lining of some watercourses 
in areas where coarse textires of
 
the soils are allowing large losses of water. In view of the
 
high cost of cement and its vital role in many other develop
ment programs of the country, other methods for reducing loss
 
from these watercourses should be evaluated in the field.
 
For instance recent work at the CSU porous media lab. (i.e.,
 
see Akram and Kemper, 1978) indicates that infiltration rates
 
of sandy boams and loamy sands can be reduced to surprisingly

low levels by compaction when the compaction is carried out
 
at the proper water content. This reduced infiltration rate
 
was persistent if freezing and thawing was not encountered. 
Possibilities of sealing watercourses in sandy areas finewith 
sediment, even if such sediment has to be hauled in from ad
jacent areas and mixed with the irrigation supply, should also

be evaluated at the sites where such treatments might be used

in cooperation with farmers. The involvement of the farmers
 
in such "research activities" is necessary because they must

be convinced that such labor intensive activities are worth
the investment. Once they are convinced, they become the best

salesmen of such programs to neighboring or visiting farmers.
 

The research activities which could be considered include
 
determination of the effect of operating level in a watercourse
 
on the rate of loss. Lower average rates of loss in the NWFP
 
and Baluchistan are correlated with operating levels of this
 
apparent relationship, the low operating levels appear to be a
result of greater slope, less ponding when water is checked back 
up to levels needed to feed the field and consequently greater
acceptance by the farmer; rather than a conscious design criteria.
Several sections of watercourses were observed where the oper
ating level of the water was higher than it needed to be and sub
stantial leakage was observed. Careful elucidation and demon
stration of this factor would provide substantial basis for 
"low level" designs which could save significant amounts of 
valuable water.
 

Check structures which can raise the water level up to the

"- ' uired heights from such low level watercourses need to be
r'(-igned and evaluated for ease of operation and possibly for 
portability and community use of the closure. If only the 
main channel is deepened and its slope is appreciable, side 
branches can be designed so that water will only flow into
them when the level in the main branch is checked up. This 
cn eliminate the need for pakka closure on thea outlet from the
main channel into the branch. If only one farmer, or a compat
ible group of farmers, uses the branch, the closure of the
check structure can be made portable so the farmer (or farmers)
authorized to use that branch and check structure can take it 
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home for safe keeping and to remove the chance of its use by
 
persons who might wish to take water from the watercourse which
 
does not belong to them.
 

If a highly cooperative group of water users were found,
 
the possibilities of using a single closure on a series of
 
check structures at successive branches could be considered,
 
because normally only one of these checks would be in opera
tion. Such sharing, and consequent reduction in number of
 
closures needed, could allow the fabrication and use of light
weight relatively high cost closures (e.g., fiber glass, PVC,
 
etc.) which might avoid some of the persisting chipping of
 
concrete closures which causes increasing leakage with time.
 

If a competent pakka structure maker is not available
 
in the NWFP a nakka maker who is prrnviding a good product in the
 
Punjab should be convinced to set i: a partnership with an
 
NWFP manufacturer becausc nakka imi:lovement to fill specific
 
needs is accelerated by having an innovative nearby manufacturer 
who can come to the site, observe the problem and participate with 
the farmer and the technician in its solution. 

Unleveled lands are causing uneven applications of water
 
and in many cases are a major tactor in keeping water tables
 
high and dissipating limited water supplies. While some of
 
the owners with extensive holdings are convinced and are partici
pating in the land leveling program more of the farmers with
 
smaller holdings could be encouraged to participate in this pro
gram if demonstrations on the fields of their neighbors could
 
be arranged.
 

Such demonstrations could be arranged on fields which are
 
presently not level, but have relatively uniform grades. The
 
cooperating farmer would be asked to allow monitoring of his
 
normal irriqation practice on such fields for one season; and to
 
harvest his crops by strips which would be defined between ele
vation contours on his fields, and to allow the research team
 
to help him measure stands and yields in these strips. This would
 
provide functional relationships between amounts of water applied
 
and crop yields and could demonstrate this to the farmer and
 
his neighbors. Subsequent leveling and advice to the farmer on
 
how to apply the amount of water which was found to maximize his
 
yield could demonstrate the benefits of leveling and water
 
control.
 

In extensive areas, monsoon flooding and lack of surface
 
drainage were given as reasons for the poor maize crops observed.
 
In such areas the benefits of planting on beds or ridges and
 
of draining excess water from maize to drains or rice fields
 
could be demonstrated on the fields described above. The graded
 
furrow trials at Pir Sabak Station should be followed and their
 
feasibility for helping farmers solve some of their problems

should be evaluated: by taking some of the farmers to see the
 
graded furrows and discussing their pros, cons and possibilities
 
for their adoption to the farmers needs and resources.
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Recommendations
 

For 	Research
 

There was not time on this brief tour to develop an infor
mation base to make specific recommendations for research activi
ties with certainty that they will provide solutions to the farm
er's problems. Consequently the following general approach
is recommended which will bring together the personnel and re
.sources to help farmers identify their potentials for improve
ment and develop programs for attaining those potentials.
 

1. 	A research team should be inaugurated immediately to support

the On-Farm Water Management Project in the NWFP. This
 
team should be drawn from personnel in the
 

a. NWFP, OFWMP office (as assigned by the Director) 

b. National OFWMP office (suggest Mr. Ashraf) 

c. Soil Conservation Service (suggest Whiting, Larson, and 
Jones as needed) 

d. Colorado State University (suggest Konrad, with Illsley
Merrey and others as needed) 

e. Master Planning Unit, Survey and Research Division, 
WAPDA. 

2. 	Research would include farmer cooperation in the problem

identification, planning, execution and evaluation stages.
 

3. 	Farmer inputs of labor and capital will be invited for im
provements involved in the research. 
 Items authorized for
 
reimbursement by the OFWM project would be paid for from
 
that budget. Minor items would be handled through the CSU
 
operations budget.
 

4. 	Rodmen, beldars and other assistance that may be needed
 
would be provided on request by the NWFP, OFWMP.
 

A series of meetings should be held with groups of farmers
 
to determine their water management problems. These meetings

should include on-site inspection and discussion of the
 
problems.
 

6. 	Where substantial potentials for improvement exist, the
 
farmer(s) will be encouraged to consider one or more ap
proaches which appear to have promise for achieving those
 
potentials. These considerations will include benefit and
 
cost estimates.
 

5 
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7. 	Based on the economic considerations and the experience

and 	 knowledge of the farmer and the technicians, one or 
more approaches for achieving the potentials for improve
ment will be implemented and evaluated.
 

8. 	If the results are positive and the farmers are pleased

and 	 enthused, field days will be arranged to allow them 
to tell their story.
 

9. 	 If these same potentials for improvement are widely present
in the NWFP and can be addressed within the framework of 
the current PC-i of the OFWMP, personnel will be trained 
in the methods found to be most effective in helping farmers 
achieve those potentials. If the potential cannot be ad
dressed within the current PC-l, but its achievement: would 
be a good investment for the farmer and the country, a re
vision of the PC-l to allow its inclusion would be proposed.
 

10. Stress should be placed on developing programs which feature 
the farmer, show him his potentials for improvement, and 
motivate him to invest his own labor and other resources in 
the improvement. Insofar as possible he should be given

insight, broader options and technical guidance in place of
 
physical materials. 

Mr. 	Ashraf in the National Office should be given primary

responsibility for developing the initial stages of this research
 
with Mr. Konrad to work as the primary advisor. Decisions should
 
be made within the first year on whether to: continue the re
search on this same scale; turn its management over completely
 
to province staff; expand the research to meet the needs under
 
a research agency such as WAPDA, etc.
 

For 	the Ongoing Development Program
 

1. 	Present teams involving:
 

One 	Water Management Specialist (Team Leader)
 

Two 	Watercourse Engineers
 

Five Land Development Officers
 

One 	Agriculture Extension Officer
 

should be split to form two teams to accelerate the work.
 
To maintain or increase the work capability of each team they

should be augmented with trained sub-engineers and field as
sistants to provide two teams with compositions as indicated
 
below:
 

One 	Water Management Specialist (Team Leader
 

One Watercourse Engineer (with one Field Assistant and
 
one Sub-Engineer)
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Two Land Development Officers (Ceachwith one F.A, and
 
one Sub-Engineer)
 

One 	Extension Officer (with two field assistants)
 

The 	Engineers and officers would be expected to continue
 
giving guidance to their FA's and SE's and the field.
 

2. 	The Project Director should be given the authority for in
creasing the proportion of pakka lined watercourses to ten
 
percent of the total if the SCS advisor concurs.
 

3. 	Decision on whether or not to proceed with watercourse im
provement should be based on benefits and costs estimates
 
with no project to be undertaken unless expected benefits
 
exceed expected costs.
 

4. 	Farmers inputs on watercourse improvement p:oject should
 
be at least 20% of the total costs.
 

5. 	Watercourses with high loss rates should be selected as 
the

first for improvement because their potential for improve
ment is greater and opportunities for farmer participation

and enthusiasm development are greater. One Engineer with
 
orifice plates 
or flumes should be able to measure flows

and 	 losses on the moir. channels of at least two watercourses 
per day, or over 40 per month, which should provide a reason
able spectrum from which to make some of the best choices 
in a given area. After a few months experience in doing
this, the man should be able to screen out the better water
courses and select the poor ones with only a few measurements.
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APPENDIX 14
 

WATER DELIVERY EFFICIENCIES ON MN-140:
 
AN UNCOMMANDED WATERCOURSEl/
 

by
 

S.A. 	Bowers, M.S. Shafique, Modh. Yasin, Z.A, Peracha &
 
Bashir Ahmad2/
 

INTRODUCTION
 

Pakistan has one of the world's largest and most sophis
ticated irrigation systems which supplies approximately 80,000
 
watercourses. These watercourses are of several types: annual,
 
perennial, tubewell supplemented, and uncomnanded. Only the
 
latter's water supply comes entirely from tubewells.
 

Although earlier studies (2, 5) estimated watercourse 
conveyance losses at 10-15 percent farmers, particularly at 
the tail, were still receiving insufficient amounts of water. 
This contradiction led to further investigation of watercourse 
conveyance losses. Lowdermilk, et al. (4) in a survey of 40 
watercourses found that the average conveyance efficiency 
for SCARP (tubewell supmlemented) watercourses was 47 per
cent. For non-SCAR? watercourses the average delivery effi
ciency was 54 cercent. Lowdermilk, et al. (4) further found that 
tail farmers received 13-16 percent less water than farmers 
at the watercourse head. 

These earlier studies measured steady-state losses using
 
the inflow-outflow method; Cutthroat flumes (6) were placed
 
at the inlet to the watercourse and at particular locations
 
down channel. The loss was equated to the difference in
 
steady-state discharge between two successive flumes. Kemper,
 
et al. (3) noted that steady state loss measurements did not
 
include operational losses such as wetting of banks, dead
 
storage, etc. From a 15-hour study, where flumes were moved
 
from field to field and measurements made of the total volumes
 
of water delivered, Kemmer concluded that "Summation delivery
 
efficiencies of water to fields through watercourses are con
siderably less than those measure] under steady-state conditions."
 
In his short study summation measurements indicated a 59 percent
 
loss while losses calculated from steady-state measurements
 
were 40 percent. Trout, et al. (7) (8) and Bowers and Wahla
 
(1) extended the period of loss measurement to include a complete
 

1/Cooperative Study by Mona Reclamation Experimental Project,
 
WAPDA and Colorado State University who works in Pakistan under
 
contract to the United States Agency for International Develop
ment Contract No. AID/ta-C-1411.


2/CSU advisor, Senior Hydrologist, MREP, Jr. Agri. Eng. CSU &
 
Jr. Agri. Eng., MREP, respectively.
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irrigation turn (warabundi) of 168 hours. In both studies the
 
water was followed from field to field and the volumes of de
livered water measured. Trout (7) reported for watercourse
 
MN-81R a means delivery efficiency of 4C percent. After
 
improvement of this watercourse Bowers and Wahla (1) reported
 
a mean delivery efficiency of 56.7 percent.
 

In the SCARP II area, there are many uncomranded water
courses which are on lands too high to receive canal water
 
and consequently are served only by tubewells. Visually their
 
maintenance and upkeep appears equally as deficient as commanded
 
watercourses. Since these watercourses are served only by
 
tubewells their water lacks the sediments common to canal
 
supplies. This could conceivably influence their seepage
 
rates since sediments tend to seal channels. Thus, in order
 
to evaluate the water conveyance loss under the different 
conditions found on unconmanded watercourses MN-140 was
 
selected for a full irrigation turn (warabundi) loss study,
 

PROCEDURE
 

A map was made of MN-140 showing each bunded unit,
 
channels, tubewell and other pertinent features (Fig. 1).
 
The watercourse consists of 455 acres and 802 individual
 
bunded fields. The total channel length used in this study,
 
was 36,200 feet. The tubewell discharge was a constant 2.80
 
cusecs except during the daily rest period from 1700 to 2100. 
Soil textural analysis was made from the channel banks and
 
beds; textures varied from sands to sandy clay loams (Appen
dix Table 1). Water samples were taken at the tubewell and
 
various places in the channel and analyzed for quality (Ap
pendix Table 2).
 

The irrigation turn system (warabundi) for MN-140 is 
fixed with farmers taking their water in a set order. The
 
turn starts at 0600 on Monday morning and continues in fixed
 
rotation for 168 hours. Despite this fixed order of taking
 
water the farmers do insert some flexibility into the system
 
by utilizing private tubewells, trading water with other
 
farmers on the watercourse and even with adjacent watercourses. 

The loss measuring procedure used was the inflow-outflow 
method where Cutthroat flumes were placed at the watercourse 
inlet, at the field, and usually at some intermediate point 
such as the junction between sarkari khal3l and farmer field 
channels. In many cases it was impossible to distinguish 
between the two channel types; consequently, flumes fre
quently were located only at the tubewell and at the field. 

3/Sarkari khal channels are both government authorized and
 
government located watercourse channels.
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Field flumes and intermediate flumes moved with the
 
water. Usually several field flumes were set for each inter
mediate flume. 
 Field flumes were set before the water reached

the field and not removed until all channel drainage was
 
complete. This required extra flumes in order that the next
 
field flume be set prior to the arrival of water.
 

Flume discharges in 
cusecs were recorded every five
 
minutes throughout the seven day irrigation turn. These

discharge values were 
then plotted against time and the re
sulting areas under the 
curve integrated with a planimeter

from which total volumes of water were calculated. Figure

2 shows the plot of one day's discharge values. The dif
ference in integrated values between 
two flumes were equal

to the loss. From the sums and differences of all such inte
grations the mean watercourse conveyance efficiency and loss
 
was calculated.
 

Frequently, it was impossible to set field flumes exactly

at the field irrigated. In such instances the delivery to the

field was calculated from a linear extrapolation of the upstream

loss. Where more than one 
field was irrigated from a single
field flume the irrigation time weighted average distance from
 
flume to field was calculated and the loss linearly extrapolated
 
to that distance.
 

The water surface width at full supply level and the

corresponding multiple depths 
 across the channel were measuredat numerous points in each channel and branch. Usina Simpson's
rule for integration the cross sectional area at each point

was calculated and average channel cross 
section determined.
 
The product of the average cross sectional area and the dis
tance water flowed gave the channel storage volume for thatparticular irrigation turn. Where a channel was filled more
than once during the turn the total storage volume was increased
accordingly. The 
sum of the drainage, calculated from the plot

of field flume discharges, equaled the recovered portion of
 
the channel storage volume.
 

Operational losses are those which the steady-state loss
 
measurement procedure fails to detect. 
Trout, et al. (7)
-lefines such operational losses as 
"water initially infiltrated
 
into dry channel banks, water losses from the watercourses
during the movement of water from one field to another, dead
storage left in the bottom of channels after their use, and
losses resulting from short term breaks or 
leaks in the watercourses, both intentional and accidental." Operational losses 
were calculated according to the method proposed by Trout, et
al. (7, 8) and earlier alluded to by Kemper (4). The warabundi

time allotted for water delivery to a field flume times the

maximum steady-state value recorded during the interval minus
 
the total volume discharged through the flume equals the
 
operational loss. In equation form this becomes:
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Figure 2. Flume discharges for December 11, 1977. 



251 

Operational loss 
= (Max. field flume steady-state rate
 
x time) - integrated field flume
 
discharge.
 

The summation of these losses will equal the operational loss
 
during a complete warabundi turn.
 

In addition to conveyance deliveries and losses, channel
 
seepage was measured by the ponding method in each of the
 
main watercourse branches under three conditions: 
 channel

filling, full supply level, and recession. The seepage mea
surement procedure was 
to bund a 32.81 ft. (10 M) section and
with level, staff gauge, and tape determine the average cross
 
section. 
Thin rods with needle points were inserted into
 
the channel bottom such that the tips were set at two inch

height increments from the mean bottom elevation up to the

full supply level. Water was then pumped into the bunded
 
section by means of a constant head and thus constant flow
 
device. The time was recorded as each point was covered and
 
a graph established showing the relation between time and the

cumulative filling volume. 
 On the same graph the cumulative
 
input volume of water was plotted as a function of time. The
 
difference between the two curves is the cumulative infil
tration (Fig. 3). Cumulative infiltration versus time was

then fit with an empirical curve and its first derivative
 
evaluated for the 
rate of infiltration.
 

On reaching full supply! level the constant flow device
 
was shut off and 10 liters of water were added by bucket each
 
time the full supply indicator point protruded above water.
 
The water surface tension allows that point and the corres
ponding time to be precisely identified. An empirical curve
 
was 
established showing cumulative infiltration volume versus

time; its first derivative was 
equated to the rate of infiltra
tion.
 

During recession no water was 
added to the bunded section.
 
Time was recorded as each pointer was uncovered. From the
 
established cross section a section length these water level

depths were converted to volumes. 
A curve was established
 
between recession volume and time; 
the first derivative was
 
equated to rate of infiltration.
 

RESULTS AND DISCUSSION
 

Table 1 shows the summation of tubewell discharges, flume
 
discharges, flume distances, losses, irrigation times, etc.,

for the entire week of December 6, 1977 to December 13, 1977.

(Detailed measurement data are shown in Appendix Table 3.)

The total shows that of 32.828 acre ft. discharged from the
 
tubewell 16.936 acre ft. 
were delivered to the various fields.
Thus, the mean delivery efficiency for the watercourse was
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Table 	1. Seven Day Totals for Discharge, Delivery. etc. on MN-140
 

Tubewell Field Flure Projected Total Acres Drainage
 
Discharge Discharge Duliv.ry Loss Irrigated (ac-ft)
 
(ac-ft) (ac-ft) foc.Ftd (ac-ft)
 

32.028 1C.186 16.936 15.892 50.53 2.453
 

Table 2. 	Pond Infiltration Rate During Channel Filling, at Full Supply Level and
 
Recession. Time (Min) and Water Depth is Given with Each Measured Rate.
 

3 2
Each Rlate is Given in Ft /Ft /Day and Cusecs/IO00 Ft. of Channel
 

Ft3/Ft2/Day (lin) 
Cusecs/1,O00 Ft
 

Br. 2 in. 4 in. 6 in. 8 in. 9 in. 10.25 in 15 in.
 
Filling
 

A 	 9.43 11.79( .. 1308 13.94(1. 14.36(
04-(2.2) 0.-560(9.2 ) 0.6(13.5) 0.67(16 2) 

C. 	 6.93 8.85(13 11.40.246" 13.2 .6) 15"97(43.9)
 
02 1 2.66 . 12.46 .99
 

E. 10.25(5.2) '12.6) 1-46(1i.3) -- 2 (24.8) -

F. 13.75 17 32(15.0 ) 22.14 29.99, 59.) 	 -10 7 7 . 0.97 (24.4) 1 .6L 

G. 	 Recession
 

A. 	 - 21. ( 65 3.43 5.15 6.000.10 0.12.)-6-(74 .- 0 -. 28(.0.24 (9 

C. (260.0) 1.74(7.)-----(10571 .74 1.5 ( ) ?.'49)(.). - 3.22 
30.13 17.9) 0 .20 	 -3 .l) 

. 1.41(226.5) (117.02.3 62(6 	 - - -

F. 	 1.96 2.(1675. 3.75(. 4.32... - 
.1 .8 --.1020. 2-(46.,2) ) 

G. 

Full Su:ply L !vel 

Ft3/Ft 2/D)ay (inches) 
Cusecs/1,000 Ft Dupth 

.lin. 5 main. 10 min. 20 min. 30 nin. 40 nin. 50 min. 60 min. 
.-r. 

it. 7.07 6.65,.) 6.43(o ) 6.43, 9 .  6.22(9) 6.00(^, 5.79() 
"0.3 0.30 . i-.1 !.)1, 0.23 0.27 

C. 	 7.301 6.711, 6.04 .5 5 77(19.5) .50(10.25) 5.371. 2 5,231. 2-

B. 	 3.04 82.214 04 2 8 764 764, 
0.45(0 ~ je3) 0.0(3) () 

F. 	 8.3-) . 7.14. 6 6. . 60,8 6.43(8. 6.25,(,. 
0.4Z7' ) -0.43 3.40J'5' 0.33'' 9.37 -y 0.35 

s. ) 0.371 -[ ( 	 .0-?15)
. 30.(1i5 ) 155 	 U.2 (15) -'- 15
 

http:Duliv.ry


254
 

51.6 percent. During conveyance from inlet to fields 15.892 acre
 
ft. (48.4 percent) were lost through seepage, operational
 
losses, spillage, leakage, etc. While these figures were based 
.:
 
on actual volumetric measurements there are some entries in
 
Appendix 2 that contain partial estimates. In a few instances
 
while measurements through field flumes were in proqress a
 
farmer upstream, without notifying the personnel conducting 
the study, diverted water from the channel. The amount diverted 
was estimated both visually and by the decrease in discharge 
through the field flumes. In each case the amount was quite 
small. Additionally two irrigated fields were too close to the 
inlet to allow valid loss measurements. During the complete 
irrigation turn a total of 45.52 killas4/ (50.58 acres) were 
irrigated; thus, the average depth of irrigation was 4.04 inches. 
This irrigation depth is much greater than the 3.1.8 inches on 
MN-81R as reported by Bowers and Wahla (1) ; the soils at 
MN-81R are silt loam. On this watercourse the soils are 
sandy textured (Appendix Table 1) and due to their higher in
filtration rates reauire more water to cover the field. 

Both Trout, et al. (7) and Bowers and Wahla (1) reported 
water loss rates for each of the two channel types, i.e., the 
sarkari khal and farmers field channels; in both reports loss 
rates were greatest in farmer field channels. In this study,
 
even though the two channel types could not always be distinguished 
from one another, loss rates estimates were based on those
 
instances where separation was possible. The estimated loss 
rate for the sarkari khal and farmers' field channels were 
respectively 0.43 and 0.46 cusecs/1000 ft. For the entire
 
watercourse the average loss rate was 0.53 cusecs ft/1000 ft.
 
The time weighted average distance from inlet to field was
 
3046 ft. The average loss from inlet to field was 0.332 ac.
 
ft. This greater loss rate for the entire watercourse is
 
probably due to the greater number of loss determinations
 
used in its calculation.
 

Bowers and Wahla (1) developed regression equations
 
relating steady-state losses to initial flow rate, distance
 
from inlet to field, and elevation difference between inlet
 
and field. In this study, the below regression equation
 
relates the average loss rate to the field as a function of
 
distance and distance squared from the inlet, elevation
 
difference and elevation difference squared between inlet
 
and field, and the interaction between distance and elevation
 
difference.
 

Loss (cusecs) = 0.84061D - 0.13960D 2 - 0.04284E
 
-0.02203E 2 + 0.07335(DE)
 

R2 =0.433
 
STD Error of Estimate = 0.59 cusecs
 
F(5,41) = 6.255/ 

Where D = Distance (1000 ft) from the head flume 
to the field
 

E = Elevation difference (ft) between the
 
FSL at the branch head and the field
 

4/A locally used area unit (220 ft x 220 ft or 1.111 acres).
 
5/Statistically significant at the 0.01 level.
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The R2 value indicates that 43.3 percent of the variability

in the loss rates can be attributed to the five above inde
pendent variables. In deriving the above equation the curves
 
were forced through the origin.
 

Table 2 and Figure 3 show the ponding infiltration rates
 
for all three types of infiltration; i.e., during channel filling,

full supply level, and at recession. Infiltration rates are
 
given both in terms of cusecs/1000 ft. and ft3/ft2/day. As
 
expected for sandy soils infiltration rates were high but in
 
every case these rates were highest during channel filling.

For example, Table 2 shows that for branch C the maximum in
filtration rate during channel filling was 1.1L9 cusecs/100
 
ft (15.97 ft3/rt2/day); at the full supply level and during
 
recession the maximum rates were 0 55 cusecs/1000 fr (7.38

ft3/ft2/day) and 0.24 cusecs/1000 ft (3.22 ft3/ft2/day) re
spectively. This, of course, was a function of the dry bank
 
and channel conditions. Since only one site was ponded per

branch, usually near the head, these figures do not necessarily
 
represent thu status of the entire branch. The ponding in
filtration rates at full supply level are realistic in comparison 
with the average channel loss rates calculated from flume
 
discharges. While the fu. supoly infiltration rates from
 
30-60 minutes (average 0.36 cusecs/1000 ft), which approach
 
steady- state, ;'oere somewhat lower than the flume derived
 
loss rates this was expected since ponding measurements were
 
made in selected channel sections where loss was due only to
 
seepage and evaporation.
 

Table 3 shows the storage volume of the various channels 
used durine this study. Some channes were filled more than 
once; the total shown reflects the multiple fillings. From 
the total stored volume of 3.716 acre ft., 2.484 acre ft. 
(67 percent) were recovered in drainage. Usinq the time 
period, the integrated field flume discharge, and the maximum 
steady-state values at the field flumes it was calculated that 
2.417 acre ft. or 15.2 percent of the total loss was due to
 
dead storage and other operational losses. Since the actual
 
dead storage volume was not estimated while in the channel it
 
is impossible to separate it from other operational losses. 
Of the total volume entering the watercourse 7.36 percent was 
operational loss. 

MN-140 differed from commanded watercourses in the SCARP 
II in several ways. As mentioned above the water contained no
 
sediments; this certainly contributed to continued high infil
tration rates. Another observed difference was the almost
 
complete lack of leakage from and seepage zones parallel to
 
the channel banks except for one short section of branch C 
which ran at the top of a bank cut. Many of the channels 
had a steep gradient and high flow velocity which keep the
 
water surface relatively low in relation to the surrounding

fields, The low water level in the channels no doubt contributed
 
to decreased leakage. Perhaps also related to this were the
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TIMES Or FILLIPG
TABLE 3 C14AzflEL VOLIJHEE WITI! Dt.TE *,, 

DATE TIMEBMACH CUA-b.YEL 
VOLUUE 
AC. FT. 

F 0.059 Dec. 63 1977 0655 to 0910 

G 0.127 Dec. 6, 1977 0910 to 1510 

A 0.008 Dec. 6, 1977 1510 to 1700 

E 0.669 Dec. 7, 1977 21C0 to 1700 

E 0.687 Dec. 8, 1977 2100 to 1700 

E 0.607 Dec. 9, 1977 2100 to 0717 

C 0.138 Dec. 9, 1977 0717 to 1700 

C 0.306 Dec. 10, 1977 2100 to 1700 

C 0.220 Dec. 11, 177 2100 to 1135 

C 0.336 Dcc. 12, 1977 1135 to 0600 

A 0.121 Dec. 12, 1777 0600 to 1700 

A 0.053 Dec. 12. 1977 2100 to 2217 

E 0.311 Dec. 13, 1977 2217 to 0300 

F 0.074 Dec. 13, 1977 0300 to 0905 

TOTAL 3.716 
--

Rodent Hole Count in Banks of 11N-160 and Three
TABLE 4. 

Other Watercourses
 

BRANCH DISTA!CE (FT) RODENT HOLES
 

MI-140
 

34
6,520 


C 25,250 


A 

158
 

73
36,980 


13
 
E 


5,385
F 
224,532 


TOTAL 78,655 


G 
300
 

AVERAGE HOLES/1,000 FT 3.81
 

1,01-79 

11MAIN 1,000 


MN-81 

A 1,000 20
 

MN-82 

29M{AIN 1,000 
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very few observed rodent holes in the banks. 
 Table 4 shows
 
a comparison between the density of rodent holes 
(holes/1000')

in the bank of MN-140 with that of three other watercourses.
 
The watercourse average was 3.81 holes/1000'. Thus, MN-140
 
had, on the average, approximately 1/8 to 1/3 the holes found
 
in the three commanded watercourses. The reason for this
 
difference is not known but one might speculate that sandy

soils are unstable for burrowing and tend to collapse.
 

The loss encountered on MN-140 certainly should justify

waftercourse improvement. However, the sandy banks and soils
 
found here present a different set of problems than those en
countered on previously improved watercourses. Normally
 
grass and weeds are removed from watercourse channels in order
 
to reduce Manning's roughness coefficient and subsequently

reduce the high water levels. However, it appears that on
 
this watercourse such grass cover may be essential for bank
 
stability particularly in those sections where steep channel
 
gradients and high flow velocities exist. In addition, the

high pond infiltration rates 
(Table 2) imply that seepage is
 
the major loss component on this watercourse. Since this
 
high seepage rate is probably a function of the soil textures
 
it appears lossres could only be partially reduced using the
 
previously developed watercourse earthen improvement techniques.

Low cost lining alternative may be required.
 

SU2MMARY
 

The average delivery efficiency over a complete irrigation

turn (warabundi) for MN-140, 
an uncommanded watercourse, was

51.6 percent. Of 32.828 ac. 
ft. discharged into the watercourse
 
16.936 ac. ft. were delivered to 50.6 acres, the average

irrigation depth was 4.04 inches. 
 During conveyance to the
 
fields 48.4 percent of the water was lost. Operational losses
 
accounted for 15.2 percent (2.417 ac. ft.) of the total water
 
lost. Of the 3.71 acre 
ft. required to fill the channels 67
 
percent was recovered as channel drainage.
 

The average infiltration loss rate from inlet to fields
 
was 0.53 cusecs/1000 ft. Ponding infiltration measurement
 
from five selected small channel sections averaged 0.37 cusecs/

1000 ft over a one hour period with water at full supply level.
 
water loss from the ponded section was due only to seepage

and evaporation. infiltration rates during channel filling
 
were 1 
--4 times greater than the full supply infiltration
 
rate. Seepage is a major componient of the loss due to the

prevailing soil texture. 
 Such high seepage loss probably

preclude the earthen watercourse improvement techniques used
 
elsewhere.
 

Regression equations were developed which related loss
 
rate to distance, distance squared, elevation difference,
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elevation difference squared, and distance x elevation dif
ference. The R2 value was 43.3 percent; the significance
 
level was 0.01.
 

Very little leakage or seepage through the channel banks
 
was observed. Rodent holes averaged 3.81 holes/1000 ft. of
 
channel. This was 1/8 to 1/3 the rate of holes found on three
 
other watercourses.
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APFEL.DIX
 

TABLE 1 
SOIL TEXTURE: LOCATION 
DEPTH '.:JDLw.LYSIS
 

Location D.pth . Sand % Silt % Clay Texture 

"*,' PHANCH 
Read Right dank 0 - 12" 

12"- 24" 

74.8 

76.8 
14.0 

12.0 
11.2 

11.2 
Sandy Loam 

" 

Head • Bed 

24"- 36" 
36"- 48" 
0 - 12" 

80.8 
70.8 
74.8 

12.0 
18.0 
12.0 

7.2 
11.2 
13.2 

Loamy Sand 
Sandy Loam 

Head Loft Bank 

12"- 24" 
24"- 36' 
36'- 48' 
0 - 12' 

12'- .24" 
24"- 36' 

84.8 
74.8 

-
56.8 

56.3 
66.8 

3.0 
18.0 

-
22.0 

24.0 
18.0 

7.2 
7.2 
-
21.2 

19.2 
15.2 

Loamy Sand 
Sandy Loam 

Sandy Clay Loam 
Sandy Loam 

" 

Middle Right Bank 
36"- 48' 
0 12" 

66.8 
76.8 

16.0 
14.0 

17.2 
9.2 

12"- 24" 
24"- 36" 

74.8 
80.8 

14.0 
10.0 

11.2 
9.2 

Middle Bed 

Middle Left Bank 

36"- 48' 
0 - 12" 

12"- 24" 
24';- 36" 
36"- 48' 
0 - 12" 

78.8 
80.8 

84.8 
80.8 
78.8 
76.8 

12.0 
12.0 

8.0 
10.0 
12.0 
12.0 

9.2 
7.2 

7.2 
9.2 
9.2 

11.2 

Loamy Sand 
: 

Sandy Loam 
" 
" 

Tail Right Bank 

12'- 24" 
24"- 36" 
36"- 48" 
0 - 12' 

86.8 
78.C 
74.8 
70.8 

6.0 
14.0 
14.0 
18.0 

7.2 
7.2 

11.2 
11.2 

Loamy Sand 
1 

Sandy Loam 

12"- 24" 67.6 20.0 12.4 

Tail Bed 

24"- 36" 
36"- 48" 
0 - 12" 

75.0 
71.6 
89.6 

14.0 
16.0 
16.0 

10.4 
12.4 
4.4 Sand 

Tail Left Bank 

12"- 24" 
24"- 36" 
36"- 48" 
0 - 12" 

67.6 

71,6 
71.6 
83.6 

16.0 
12.0 
12.0 
8.0 

16.4 
16.4 
16.4 
8.4 

Sandy Loam 

12"- 24" 57.6 20.0 22.4 
24"- 36" 59.6 18.0 22.4 
36'- 48" 57.6 20.0 22.4 

'C'BRANCH 

Head Right 

Head-Bed 

Bank 0 - 12" 

12"- 24" 
24"- 36' 
36"- 48" 
0 - 12" 

83.2 

85.5 
83.2 
85.2 
85.2 

12.0 

10.0 
10.0 
10.0 
8.0 

4.8 

4.8 
6.8 
6.8 
4.8 

Loamy Sand 
" 

Head Left Bank 

Middle Rlght Bank 

Middle Bed 

12"- 241: 
24"- 36" 
36"- 48" 
0 - 12" 

12"- 24! 
24'- 36" 
36"- 48" 
0- 12" 

12"- 24" 
24"- 36" 
36"- 48" 
0 - 12" 

12"- 24" 
24"- 36" 

87.2 
71.2 
67.2 
87.2 

87.2 
87.2 
85.2 
84.8 
90.8 
92.8 
50.8 
78.8 

60.8 
54.8 

10.0 
6.0 

16.0 
8.0 

8.0 
6.0 
8.0 
8.0 
6.0 
4.0 
26.0 
14.0 

22.0 
26.0 

6.8 
12.8 
12.8 
4.8 

4.8 
6.8 
6.8 
7.2 
3.2 
3.2 

23.2 
7.2 

17.2 
19.2 

Sandy Loam 
" 

Loamy.Sand 

Sand 
0 

Sandy Clay Loam 
Loamy Sand 
Sandy Loam 

" 
36"- 48' 46.8 28.0 25.2 " 
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APPENDIX 

TABLE 1 (continued) 

Location Depth Z Sand Z Silt Z Clay Texture 

Middle Left Bank 0 - 12" 86.8 8.0 5.2 Loamy Sand 
12"- 24" 40.8 6.0 3.2 Sand 
24'- 36" 88.8 6.0 5.2 1: 

Tail-Right Bank 
36'- 48" 
0 - 12" 

62.8 
88.8 

22.0 
4.0 

15.2 
7.2 

Sandy Loam 
Sand 

12'- 24" 
24"- 36" 
36"- 48" 

84.8 
78.8 
74.8 

6.0 
14.0 
8.0 

9.2 
11.2 
11.2 

Loamy Sand 
Sandy Loam 

1: 
Tail Bed 0 - 12" 84.8 12.0 7.2 Loamy Sand 

12"- 24" 
24"- 36:' 

76.8 
76.8 

10.0 
10.0 

11.2 
13.0 

Sandy Loam 
t, 

36"- 48" 76.8 4.0 13.2 " 
Tail-Left Bank 0 - 12" 88.8 6.0 7.2 Sand 

12"- 24" 
24"- 36" 
36"- 48" 

84.8 
78.8 
76.8 

10.0 
10.0 
12.0 

9.2 
11.2 
11.2 

Loamy Sand 
Sandy Loam 

'F'BRANCH 

Head Right Bank 0 - 12" 93.2 6.8 0.0 Sand 
12"- 24" 91.2 6.8 2.0 
24"- 36' 86.2 14.8 4.0 Loamy Sand 

Head.-Bed 
36"- 48" 
0 - 12' 

67.2 
93.2 

20.8 
4.8 

12.0 
2.0 

Sandy Loam 
Sand 

12"- 24" - - -
24"- 36" - - -

36"- 48": - - -
Head-Left Bank 0 - 12' 87.2 10.8 2.0 Sand 

12'*- 24" 87.2 8.8 4.0 
24"- 36" - - -

Middle Right Bank 
366"- 48" 
0 - 12': 

61.2 
89.2 

26.8 
6.8 

12.0 
4.0 

Sandy Loam 
Sand 

12"- 24" 89.2 6.8 4.0 " 
24"- 36" 91.2 4.8 4.0 " 

Middle Bed 
36"- 481" 
0 - i2' 

59.2 
85.2 

24.8 
7.2 

16.0 
7.2 

Sandy Loan 
Loamy Sand 

12"- 24" - - -
24'- 36" 87.6 3.2 9.2 Sand 

Middle Luft Bank 
36"- 48" 
0 - 12' 

57.6 
-

25.2 
-

17.2 
-

Sandy Loan 

12"- 24" 
24"- 36' 

73.6 
69.6 

15.2 
11.2 

11.2 
19.2 

Sandy Loan 

36"- 48" 63.6 19.2 17.2 
Tall Right Bank 0 - 12" 85.6 7.2 17.2 

12"- 24- 85.6 5.2 4.2 
24"- 36" 
36"- 48" 

79.6 
83.6 

9.2 
7.2 

11.2 
9.2 

Loamy Sand 

Tail Bed 0 - 12" 87.6 5.2 7.2 
12"- 24" 81.6 9.2 9.2 
24"- 36" 63.6 24.0 12.4 Sandy Loam 
36"- 48" v9.6 6.0 4.4 Sand 

Tail Left Bank 0 - 12" 82.6 8.6 4.4 " 
12"- 24;' 
24"- 36" 

74.6 
79.6 

12.0 
10.0 

8.4 
10.4 

Loamy Sand
1. 

36"- 48" 81.6 10.0 8.4 " 
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APPENDIX 

TABLE 1 (continued) 

Location Depth 2 Sand 2 Silt 2 Clay Texture 

'E' BRANCH 

Head-Right S'tnk 0 - 12" 86.4 10.0 3.6 Loamy Sand 
12"- 24'; 90.4 8.0 1.6 Sand 
24"- 36" 81.2 14.0 4.8 

Heae Bed 
36"- 48' 
0 - 12" 

71.2 
88.4 

20.0 
10.0 

8.8 
1.6 

Loamy 8nd 
Sand 

12"- 24" 
24"- 36" 

60.4 
52.4 

26.0 
30.0 

13.6 
17.6 

Sandy Loan 

36"- 48' 49.2 32.0 18.0 
Head Left Bank 0 - 12 86.4 10.0 3.6 Loamy Sand 

12"- 24" 77.2 16.0 6.8 
24"- 36': 79.2 12.0 8.8 

Middle Right Bank 
36"- 48' 
0 - 12' 

61.2 
61.2 

24.0 
24.0 

14.8 
14.8 

Sandy Loam 

12"- 24" 70.0 18.0 12.0 
24"- 36': 75.2 16.0 8.8 
36"- 48" 71.2 18.0 10.8 

Middle Bed 0 - 12" 81.2 10.0 0.8 Loamy Sand 
12"- 24" 90.0 6.0 4.0 
24"- 36' 
36"- 48': 

55.2 
57.2 

28.0 
28.0 

16.8 
14.8 

Sandy Loam 

Middle Left Bank 0 - 12" 85.2 10.0 4.8 
12"- 24; 
24"- 36" 

84.0 
81.2 

18.0 
14.0 

8.0 
4.8 

Loamy Sand 
" 

Tail Right Bank 
36"- 48" 
0 - 12" 

71.2 
60.0 

18.0 
22.0 

10.8 
18.0 

Sandy Loam 

12"- 24" 5C.0 16.0 16.0 
24"- 36"
36"- 4u* 

65.2
J;.5 

24.0
24. 

10.8
18.3 

Tail Bed 0  12" 62.0 18.0 20.0 
12"- 24" 
24"- 36" 
36"- 48" 

71.2 
63.2 
63.2 

18.0 
20.0 
22.0 

10.8 
16.0 
14.8 

Loamy Sand 
Sandy Loam 

': 
Tail Left Bank 0 - 12" 74.0 18.0 8.0 " 

12"- 24" 76.0 16.0 8.0 
24"- 36' - - - -
36"- 48" 65.2 20.0 14.8 Sandy Loam 

'G' BRANCH 

Head Right Bank 0 - 12" 
12"- 24" 

, 81.2 
87.2 

13.2 
7.2 

5.6 
5.6 

Loamy Sand 
" 

24"- 36" 87.2 7.2 5.6 " 
36"- 48" 87.2 7.2 5.6 

Head Bed 0 - 12" 81.2 13.2 5.6 
12"- 24" 85.2 9.2 5.6 
24"- 36" 83.2 9.2 7.6 

Hbad;Left Bank 
36"- 48" 
0 - 12" 

69.2 
85.2 

17.2 
9.2 

13.6 
5.6 

Sandy Loam 
Loamy Sand 

12"- 24' 87.2 7.2 5.6 o 
24"- 36" 87.2 7.2 5.6 " 
36"- 48" 07.2 7.2 5.6 " 

Middle Right Bank 0 - 12' 75.6 18.8 5.6 of 
12"- 24' 
24"- 36" 

73.6 
71.6 

16.8 
18.8 

9.6 
9.6 

Sandy Loam
" 

36"- 48" 77.6 12.8 9.6 
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APPENDIX 

TABLE 1 (continued) 

Location Depth 2 Sand % Silt 9 Clay Texture 

Iliddle Bed 

Middle Left Bank 

Tail Right Bank 

Tail Bed 

Tail Left Bank 

0 - 12" 
12"- 24" 
24"- 36' 
36"- 48" 
0 - 12" 
12"- 24" 
24'- 36" 
36"- 48" 
0 - 12" 

12'- 24" 
24"- 36" 
36"- 48" 
0 - 12' 
12"- 24" 
24'- 36" 
36"- 48" 
0 - 12' 

12"- 24" 
24"- 36" 
36'- 48" 

89.6 
91.6 
85.6 
79.6 
69.6 
75.6 
77.6 
77.6 
59.2 
58.2 

-
67.2 
65.2 
59.2 
35.2 
53.2 
61.2 

-

61.2 
43.2 

6.8 
4.8 
8.8 
12.8 
20.8 
14.8 
12.8 
12.8 
24.0 
24.0 

-
20.0 
20.0 
24.0 
32.0 
26.0 
22.0 

-

24.0 
28.0 

3.6 
3.6 
5.6 
7.6 
9.6 
9.6 
9.6 
9.6 

16.8 
16.8 
-
12.8 
14.8 
16.8 
32.8 
20.8 
16.8 

-

14.8 
28.8 

Sand 
Sand 
Loamy Sand

" 

Sandy Loam 
" 
i 
t 

Sandy Loam 

Clay Loam 
Sandy Loam 

Sandy Loam 
Loam 
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T:.TLE 2 

LOCPTION 

WATEP. 

Ca 

turENDIx 

iU*jALYIS: ly11-140 

i,illi Equivilents pr litre 

Zig Uta hCO 3 C1 So4 

PP!! 
U.S. by 
(ovap.) 

EC x 10. 
at 

25 ° C 
p SAR 

B iOIC|H G 

Head 10.0 2.0 3.8 5.0 6.0 2.5 864 1350 8.1 1.68 

Hiddle 8.0 0 5.4 5.0 6.0 2.0 832 1300 7.8 2.70 

Tail 8.0 6.0 5.4 6.0 6.0 1.0 632 1300 7.9 2.61 

BRANCH C 

Head 8.0 4.0 5.4 3.0 -5.0 5.5 864 1350 7.8 2.64 

iddle 8.0 6.0 4.3 4.0 6.0 2.5 800 1250 7.9 2.07 

Tail 8.0 4.0 4.3 4.5 6.0 2.0 800 1250 8.0 2.10 



APPEtMIX 
Wt.LE 3 1ischai8es, lossus, distrwi:es, drainage, etc. associated with field flume and intermediate flume. 

IL-

7, 

] 
T.I. 
Lis-

chargE 
ac-ft 

3 
Inter. Loss 
Flum. t, 

Dis- Inter 
charge Flu.:e 
ac-ft (1-3) 

ac-ft 

4 
Dist. 
Inlkt 

to 

Intcr 
FluMe 
lC3Oft 

% 
Field 
Flume 

Dis-

chiar~ 
ac-f 

6 7 8 9 
Loss Dist. Loos Dist. 
Inlet Inlet Inter.lntcr 

to to to to 
Field Field Field Field 
Flume Flume Flure Flum-
(5-1) I900ft ac-ft ac--ft 

10 11 
Av. Froj-
cki ht- ccted 

ed Dis. Del. 
Field to 
Flume Fields 
to ac-ft 

12 
Total 
Loss 

from 

Inlet 
to 
Field 

Total 
Dist-

ance 

Field 
to 
Inlet 

14 
Acre 
Irri-

gated 

11 l6; 
Drainage Date 
cf Time 

-

Up 

Pc-ft Field (11-1) lO00ft 
10O0ft ac-ft 

F-I 

G-i-i 

0.521 

1.041 

0 

1.011 

0 

0.03 

0 

1.02 

0.34 

0.768 

0.181 1.20 

0.273 1.755 

0 0 

0.243 0.735 

0.030 

0.188 

0.335 

0.7C6 

0.186 

0.335 

1.230 

1.943 

0.50 

2.25 

0.012 

0.033 

6-12-77 
0655-1910 
-12.77 
9-lu-1340 

G-1-2 0.347 0.385 -0.038 1.02 0.359 -0.012 1.79 0.026 0.770 0.273 0.350 -0.003 2.063 0.876 0.101 
6-12-77 
1340-1510 

L.270 0 0 0 0.253 0.017 0.200 0 0 0.125 0.242 0.028 0.325 0.699 0.03 
6-12-77 
1510-1620 vi

ul 
0.154 0 0 0 0.154 0 0.02 0 0 0.200 0.154 0 0.220 0.392 0.033 

6-12-77 
1620-1700 

-1-0 0.347 0 0 0 0.202 0.145 0.638 0 0 0.385 0.115 0.232 1.023 0.458 0 
6-12-77 
2100-2230 

Z-2-0 0.366 0 0 0 0.344 0.022 0.89 0 0 0.344 0.335 0.03 1.234 0.754 0 
6-12-77 
2230-0005 

-3 0 0.482 0 0 3 0.41 0.072 1.300 0 0 0.194 0.399 0.083 1.494 1.49 0 
7-12-77 
0005-0219 

i-3-1 0.617 0.658 -0.041 1.300 0.517 0.100 1.715 0.141 0.415 0.118 0.477 0.140 1.833 1.823 0.127 
7-12-77 
0210-0450 

L-4-0 0.548 0 0 0 0.258 0.290 1.870 0 0 0.390 0.198 0.350 2.260 1.091 0 
7-12-77 
0450-0712" 

E-4-1 0.725 0.608 0.117 1.870 0.441 0.184 2.525 0.167 0.655 0.102 0.415 0.310 2.634 1.415 0.092 
7-12-77 
0712-1023 Drainage Estimatec 

6-5-iC.463 0.451 0.012 2.149 0.326 0.137 3.200 0.125 1.051 0.094 0.315 0.148 3.294 1.00 0.079 
7-12-77 
1020-1220 

r-6-1 1.080 0.556 0.524 1.26 0.487 0.593 1.805 0.069 0.545 0.175 0.465 0.615 1.98 1.40 0.081 
7-12-77 
1220-1700 

E-7-0 0.829 0 0 0 0.443 0.386 1.97 0 0 0.173 0.409 0.42 2.143 0.750 0 
7-12-77 
2100-0035 



1L'BLE 3 Discl-arges, losses, distances, drainage, etc. associated with field flume and intermediate flume. 
(continued) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 rLI ;,YS 

E-7-1 1.504 1.253 0.25i 1.97 0.681 0.386 3.67 0.572 1.70 0.330 0.570 0.934 4.00 1.585 0.039 0015 ,0'nq 

8-12-77 
E-7-2 0.498 0.340 0.154 1.97 0.313 0.185 3.11 0.027 1.14 0.220 0.308 0.190 3.33 0.9 0.035 0705 0914 

E-7-3 1.103 0.638 0.465 1.97 0.32 0.783 2.90 0.318 0.93 0.113 0.28 0.822 3.013 0.85 0.012 
8-12-77 
0-14-1400 
8-12-77 

E-8-0 0.085 0 0 0 0 0.85 0 0 0 0 0 0 085 0 0. 0.107 1400-1422 

E-9-1 0.339 0.26 0.079 2.07 0.194 0.145 3.4 0.066 1.33 0.137 0.187 0.152 3.537 1.809 0.C55 
8-12-77 
1422-1553 
8-12-77 

E-T-2 0.270 0.220 0.050 2.07 0.131 0.135 3.668 0.089 1.5S8 0.124 0.124 0.146 3.792 0.310 0.168 1550-1700 Dr.-n:. Estim-ted 
E-9-3 0.324 0.050 0.274 2.07 0.052 0.272 3.62 - 1.55 0.250 0.033 0.291 3.870 0.125 0.052 

8-12-77 
2100-2224 
8-12-77 

,oph2 to f=I~d fltur 
fnr project eliver) 

E--9-4 0.27 0.205 0.065 2.07 0.152 0.118 2.4 0.053 0.33 0.184 0.122 0.148 2.584 0.437 0 2224-2334 

8-12- 77 
E-9-5 0.193 0.155 0.038 2.07 0.127 0.086 2.365 0.028 0.795 0.055 0.127 0.066 2.92 0.487 0.056 2334-0024 

9-12-77 
-10-1 1.593 1.232 0.361 3.33 0.757 0.836 4.590 0.475 1.26 0.229 0.67 0.922 4.819 1.896 0.032 0024-0717 

9-12-77 
8-02 C 0.134 -0.134 3.33 0.116 -0.116 4.220 0.018 0.89 0.05 0.115 -0.115 4.27 0.388 0.115 DroAni~e wat~r on1v 

9-12-77 Y.2. remnlfnl off fc: 
C-2-0 1.466 0 0 0 0.647 0.819 1.307 0 0 0.137 0.553 0.912 1.444 1.08 0 0717-1100 23 minutes die to 

C.P.O. during 

10-12-77 0937-1002 

C-3-1 2.025 1.016 1.009 2.100 0.907 1.118 2.338 0.109 0.238 0.250 0.792 1.232 2.588 1.759 0.117 1400-0245 
10 12-77 

C-4-G 0.945 0 0 0 0.257 0.688 4.72 0 0 0.100 0.242 0.703 4.82 0.437 0 G245-0650 
10-12-77 

C-4-1 1.543 0.686 0.854 4.72 0.387 1.156 5,528 0.299 0.808 0.197 0.314 1.229 5.725 0.899 0.034 0650-1330 
10-12-77 

C-5-0 0.49C 0 0 0 0.282 0.209 3.60 0 0 0.080 0.277 0.213 3.68 0.61 0.019 1330-1537 
10-12-77  11-12-77 

C-6-0 1.38C 0 0 0 0.695 0.685 3.42 0 0 0.200 0.655 0.725 3.62 0.889 0.124 1537-0135 1700-2100 T.W. 
Rest Hours 

C-7-0 1.851 0 0 0 1.021 0.83 3.60 0 0 0.322 0.947 0.904 3.922 1.977 0 0135-0935 

C-7-1 2.854 1.551 1.303 3.6 1.42 1.434 4.072 0.131 0.472 0.268 1.346 1.508 4.34 2.716 0.213 0935-0150 
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UtBLE 3 
(ccntinuud) 

Disclarees, losses, distances, drainage, etc. associated with field flume and intermediate flume. 

1 2 3. 4 5 6 7 8 9 i0 11 12 13 14 15 16 R ,RKS 

C-3-1 

A-n-0 

I-b-O 

0.617 

0.347 

0.135 

0.167 

0.329 

0.257 

0 

0 

0.288 

0.090 

0 

0 

4.8 

2.9 

0 

0 

0.313 

0.207 

0.135 

0.159 

0.304 5.517 

0.14 2.837 

0 0 

0.008 0 

0.016 0.717 

0.05 0.937 

0 0 

0 0 

0.120 

0.05 

0 

0 

0.310 

0.204 

0.135 

0.159 

0.307 

0.143 

0 

0.008 

5.824 

3.887 

0.200 

0.200 

0.379 0.115 

0.589 0.130 

0.31 0 

0.49 0 

12-12-77
0150-04:0 
12-12-77 

R30-C600 
12-12-77 
0600-0635 
12-12-77 
0635-0718 

Estitated figires 
No flumes. 
Estrimared figires 
No flumes. 

A-1-0 

it-2-0 

A-C-O 

0.277 

0.077 

0.193 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.268 

0.047 

0.173 

0.009 0.275 

0.030 0.536 

0.020 0.500 

0 

0 

0 

0 

0 

0 

0.094 

0.200 

0.220 

0.265 

0.0360 

0.164 

0.012 

0.041 

0.029 

0.369 

0.736 

0.70 

0.89 0.019 

0.125 0 

0.50 0 

12-12-77 
0718-0830 
12-12-77 
0830-0950 
12-12-77 
0850-0940 

0.146 0 0 0 0.130 0.016 1.086 0 0 0.01 0.130 0.016 1.087 0.29 0.035 
12-12-77 
T4~1Oq8 

A-4-0 0.586 0 0 0 0.556 0.030 0.300 0 0 0.173 0.539 0.473 0.473 1.568 0 IM J10 

A-5-0 0.405 

0.143 

0 

0 

0 

0 

0 

0 

0.256 

0.16 

0.149 1.748 

-0.017 1.645 

0 

0 

' 

. 

0.142 

0.063 

0.244 

0.160 

0.161 

-0.017 

1.89 

1.805 

0.630 0 

0.413 0.04 

1250-1,35 
12-12-77 
1435-1512 

i-7-3 0.417 0 0 0 0.402 0.015 2.354 0 3 0.242 0.400 0.017 2.596 1.125 0.093 1512-1700 

A-8-0 0.297 0 0 0 0.059 0.238 1.15 0 0 0.100 0.037 0.260 1.25 0.211 0 2100-2217 

E-11-1 1.091 0.774 0.305 2.07 0.658 0.433 3.35 0.116 1.28 0.16 0.643 0.447 3.51 1.20 0.213 2217-03C0 

F-2-0 1.252 0 0 0 0.E51 0.402 1.20 0 0 0.210 0.781 0.472 1.41 2.25 0.016 0300-0825 

F-3-0 0.154 0 0 0 0.151 0.003 1.100 0 0 0.102 0.151 0.003 1.202 0.5 0.028 0825-0905 

TOTAL 32.821 18.186 14.542 16.936 15.892 45.519 2.453 
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APPENDIX 15
 

DETERMINING MINIMUM COST CROSS SECTIONS
 
FOR LINED CHANNELS1
 

Tom 	Trout
2
 

In lined channels, the material costs are usually a
 
function of the volume of material used. On a per unit
 
length basis, costs will be a function of the cross section
 
area of lining material. The capacity of a given channel
 
also depends upon the cross sectional shape. By utilizing
 
these two relationships, minimum cost cross sections can be
 
determined.
 

For our purposes, the different lining techniques being
 
tested and installed in Pakistan will be divided into three
 
cases:
 

1. 	Partial linings with no bottom;
 

2. 	Linings where the same type and thickness of material
 
is used on the bottom and sides; and
 

3. 	Linings where the costs of bottom and side materials
 
are different.
 

In the first case, a minimized cost cannot be derived
 
because there is no cost associated with bottom width. The
 
section should be as wide and shallow as is practical. If
 
the sediment covered channel bottoms have low infiltration
 
rates, as is commonly the case, this case represents a prac
tical, low-ccst alternative.
 

In case two, the cost of material for a given required
 
thickness will be proportional to the length of the wetted
 
perimeter. The objective will be to minimize the wetted
 
perimeter required to achieve the required capacity. A common
 
example of this case is poured concrete trapezoidal channels.
 

The third case will be the most complex. The costs will
 
vary with different shapes and dimensions; all of which have
 
the same capacity. For example, any number of combinations of
 
bottom widths and depths in a rectangular channel will convey
 
the same amount of water, but only one will minimize the costs.
 

l/Presented at the Pakistan Engineering Congress Seminar on
 
Low-Cost Structures, Lahore, Pakistan. April, 1978.
 

2/Agricultural Engineer, Department of Agricultural and Chem
ical Engineering, Colorado State University, Fort Collins,
 
Colo. 
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BASIC EQUATIONS
 

The flow capacity of a channel is determined by Manning's
 
Equation:
 

Q = 	(1/n) AR2/3sl/2 , (1)
 

Where
 

Q = 	flow rate (m3/sec),
 

n = 	 roughness coefficient (between .015 - .020 for 
lined channels), 

A = 	 cross sectional flow area (m2 

R = 	 hydraulic radius = A/WP (m), 

WP = wetted perimeter (m),
 

S = 	slope (m/m).
 

For 	a given channel, Q, n and S are generally established
 
by the local conditions. The design parameters the engineer

must determine are A and R, such that:
 

AR2/3 = Qn (2)
S1/2
 

The 	left side of equation 2 will be termed the hydraulic

section, and will be used to 
indicate the geometrical capacity

of the channel. The objective will be to minimize costs for
 
a given required hydraulic section.
 

Material costs, as 
stated, are usually a function of the
 
volume of material used. If thickness requirements of the

respective materials are specified, then costs on a unit
 
length basis will be a function of length of the wetted perim
eter constructed of that material. 
 Figure 1 illustrates the
 
cost calculation for a trapezoidal channel where the base
 
and 	side material costs are different.
 

Figure 1. 	 Definition of dimensional terms used in cost 
calculations for trapezoidal channels. 

I
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C = 	 bB + 2dE + k (3) 

C = 	 bB + 2dD z2 + 1 + k (4) 

Where
 

C = 	material cost (Rs/m length)
 

B = 	 bottom width (m) 

D = 	 depth (m) 

E = 	 length of sides (M) 

z = 	 side slope (horizontal to vertical) 

b = 	cost of base material (Rs/m 2 )
 

d = 	cost of side materials (Rs/m 2)
 

k = 	a constant to take into consideration costs 
of freeboard materials, corners, etc. (Rs) 

A MINIMUM COST ANALYSIS OF THE SEPARATE CASES
 

Case I. Partial Linings with no Bottoms
 

As stated, since there is no material cost associated
 
with bottom width, this case cannot be optimized to minimize
 
material costs. There are, however, two other types of costs
 
associated with increasing the bottom width. First, there is
 
a cost associated with land taken out of production. Agricul
tural land in Pakistan normally sells for between Rs 2.5 to
 
Rs 5.0 per square meter (Rs 10,000 to Rs 20,000 per acre).
 

The second cost is of the lost water which seeps through 
the unlined bed. Seepage rates through watercourse channel 
beds are usually ess than 1 cm per hour and often below 
0.5 cm/hr. At a 0.5 cm/hr seepage rate, a sarkari khal 
channel which is used on the average of 36% of the time 

2(Trout, 1979), will seep abqut 15 m/m of water per year. 
This water, at Rs 0.1per m (Rs 120/ac-ft), will have an 
annual value of Rs 1.'5; or an initial value, assuming a proj
ect life of 2u years and a capital value of 12% per year, of 
Rs. 	11.
 

With these cost values associated with the bottom width,
 
the partial lining case can be optimized by the same methods
 
as will be presented for Case III.
 

Since these bottom costs will usually be about half as
 
large as the material costs for the sides, these partially
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lined sections will still tend to be wide and shallow and
 
practical considerations will often be more limiting than
 
economic considerations.
 

Cast II: 	 Linings Where the Costs of Base and Side Materials
 
are Equal
 

For this case, cost is a function of wetted perimeter,
 
and the objective is to minimize the wetted perimeter for a
 
given hydraulic section, or maximize the hydraulic section,
 
AR2/ 3
 , for a given wetted perimeter.
 

Since:
 

2/3
SA

3 	 R5/ 3AR2	 xA (5) 

WP 	 WP p(
 

the problem reduces to that of maximizing the hydraulic radius
 
or determining the minimum wetted perimeter that can encompass
 
a given area. The maximum obtainable hydraulic radius for any
 
geometric shape is one-half the depth (D/2) (Albertson, et al.,
 
1960).
 

A half circle is the most efficient hydraulic section.
 
The minimum wetted perimeter for any other shape will occur
 
when the sides are proportioned such that the shape can be
 
inscribed by a semicircle (Albertson, et al., 1960), as shown
 
in Figure 2.
 

Figure 2. Hydraulically Optimum Cross Sectional Shapes.
 

As the number of sides decrease, the length of wetted
 
perimeter required for a given hydraulic section increases.
 
Table 1 gives a comparison of the wetted perimeter lengths
 
required to achieve a hydraulic section of 0.1 for each of
 
the shapes shown in Figure 2.
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Table 1. Minimum wetted perimeter required to give a hydraulic 
section of AR2/3 = 0.1 for various geometric shapes. 

Minimum % of half 

Geometric shape wetted perimeter circle WP value 

Half circle 1.33m 100% 
Trapezoid 
Rectangle 
Triancle 

l.41m 
i. 55m 
1.55m 

106% 
117% 
117% 

Tabl; 'indicates that required wetted perimeters increase 
6% from a s~* circular to a trapezoidal section and 10% from 
the optimu trapezoidal to a rectangular section. If material 

costs vary on!.. with wetted perimeter, they will likewise in
differences in labor and installationcrease. OfK course, 


costs between these sectional shapes could overshadow this
 

difference in material costs.
 

The trapezoidal shape with the minimum hydraulic radius 
is a half hexacon where D = i-3T B and z = ]/v7. If a trape
zoidal section with side slopes other than the optimum are 
desired, the hydraulic radius will be minimized when
 

D B 'Albertson et al., 1960) (6) 
2(,'z2+1 - z) 

For example, if it is desired to construct a section with
 
a 1:1 side slope (z = 1), then D = 1.21 B will give the least
 

wetted perimeter and the lowest cost. Its wetted perimeter
 
will be about 41; longer than that for the optimum trapezoidal 

section. Equation 6 can also be used to desiqn trapezoidal 
sections to reduce losses in earthen watercourses if it is 

found that losses are strictly a function of wetted perimeter 
length. 

The basic optimum dimensions required for a design of
 

each cross sectional shape can be computed. The formulas for
 

the half circle, rectangle, and trapezoid are given in Table 2.
 
are given in Appendix 1.The derivations for these equations 


Table 2. Formulas for designing minimum cost half circle,
 

rectangle, and trapezoidal sections.
 

Shape 3/8
 

= 
Half circle D 1.00( -1
 

Qn '3/8
 
Rectangle B = 1.83( 1/2) with D = B/2
 

Qn3/8 43
 

B = 1.12( Qn )3/8with D = 

Trapezoidal 


and Z = i13 



273
 

Case III: 	 Linings Where Costs of Base and Side Materials
 
are Different
 

In order to determine minimum cost cross sections where
 
different material co § are involved, the equation for the
 
hydraulic section, AR/J, must be solved such that the cost
 
function is minimized. Mathematically this problem is the
 
same as the classical microeconomic problem of minimizing
 
production costs through input (i.e. capital and labor) sub
stitution. Our "production function" is the equation for
 
the hydraulic section. Our inputs are the cross sectional
 
dimensions.
 

The basic solution technique involves determining the
 
input mixture at which the ratio of the marginal products
 
equals the ratio of the marginal costs.
 

This mix can be determined for any number of inputs
 
utilizing the Lagrange Multiplier technique, although the
 
mathematics can become very complex. Computer optimization
 
techniques 	 are possible for complex problems. 

The only lined channel cross sectional shapes presently 
being installed or considered utilizing multiple materials
 
in Pakistan are rectangular or trapezoidal. The equation
 
for the hydraulic section of the trapezoidal channel is:
 

R2/3 	 [BD + zD
2 ]5/3
 

-

2/3/-2-1
[(B + 2D,,z 2 + I] 

where the parameters are as defined in Figure 1. The cost 
function is given in equation 4. The rectangular section is 
the special case where z = 0. Although the minimum cost 
combination can be determined with three input parameters, 
the algebra involved in the solving of the three simultaneous 
equations becomes extremely complex. 

It was consequently decided to treat the side slope as 
a constant reducing the p)roblem to one with only two vari
ables. By solving the same problem for a number of side 
slopes, the optimum side s]npe and dimensions can be itera
tively determined. Under most practical conditions, the 
choice of side slope is somewhat constrained by the materials 
and methods employed. 

The optimization method involves determining the dimen
sion combination such that the marginal change in hydraulic 
section is equal to the marginal changes in costs (Eq. 8) 
and the equation for the hydraulic section (Eq., 2) is 
satisfied. 



274
 

^C(AR 2 / 3 ) @C 

= (8) 
(AR2 / 3 ) -c
 
eD
 

AR 2/ 3 _ Qn (2)
S'"
 

Thus we have two simultaneous equations with which to
 
determine the minimum cost combination of B and D.
 

The alqebra involved in solving these equations for
 
trapezoidal channels is given in Appendix 2. The solution is:
 

I(D/B) + z(D/B)2 15 9B = 1 ,/2+1 S--% (9)D/ (Q) 
Where:
 

D/B = e + Ve2 +2a20(b/d)a (10) 

and:
 

e = 61z2+1 (b/d) - 11 + 10z(b/d)
 

a = 20(z 2+1) - 4zvz 2 +l [1 + 4(b/d)]
 

By inserting the desired side slope and side cost to base
 
cost ratio (b/d) into these equations, the minimum cost bottom
 
width and depth can be determined. By solving the equations
 
for several z values, the minimum cost side slope can also be
 
found. Once the desired dimensions are determined the unit
 
material cost of the channel can be calculated with Equation 4. 

Most lined channels -resently being constructed in 
Pakistan are rectangular. Under this condition, z = 0, and 
Equations 9 and 10 reduce to: 

(11)]1/

B = 1 + 2(D/B)] 2Q 


(D/B)5 S(i
 

Where: 2
 
Whe ee + /e0 

2 + 400(b/d)
 
D/B-= 40 (12) 

a,~d:
 

e = 6[(b/d) - 1
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The optimum dimensions can also be determined graphically 
by plotting equations 7 and 10 for various values of z and 
choosing the point where the appropriate lines cross. Fig
ures, 3, 4, 5, 6 and 7 are plots of these equations for z = 0, 
0.33, 0.5, 0.67, and 1.0 respectively. 

To utilize the figures, first choose the figure with the
 
desired z value. Then calc],te the hydraulic section
 
(Eq. 2), and follow this AR -I J line until it crosses the
 
line emanating from the origin which represents the desired
 
material cost ratio (b/d).
 

The point where the two lines cross represent the minimum 
cost B and D values on the two axes. Total costs can be 
found by inserting these B and D values into Equation 4. 

Tf this 13 and D combination is for some reason undesirable, 
alternative combinations which fulfill the hydraulic require-

AR2 / 3ments can be found by moving along the line in either
 
direction. Again, total costs can be calculated by plugging
 
the chosen B and D values into EquaLion 4.
 

Additional costs in.volveci in moving away from the optimum 
dimension combination can also be determined graphically. Draw 
a line through the optimum point (where the AR2 / 3 and (b/d) 
lines cross), tangent to the AR2 / 3 curve until it crosses the 
B axis. Then extend a line from the chosen dimensions, 
parallel to the first line, until it also crosses the B axis.
 
The difference in the two Bo values on the axis (AB ) times
 
the unit cost of B(6) will give the additional costs (AC). 

AC = b(AB ) (13) 

A PRACTICAL EXAMPLE OF LINED CHANNEL DESIGN
 

It is desired to line a 500 meter section of watercourse
 
channel near a heavily trafficked area to avoid deterioration 
of the banks and reduce water losses. The design slope of the 
section is .0004. The design flow is 0.06 m3 /sec (about 2 csc). 
The roughness coefficient, n, will be taken as 0.017 for lined 
channels. Thus the hydraulic section, AR2/3 = Qn/S = 0.051. 

The material costs at the construction site are:
 

Bricks: Rs 250 per 1000
 
Cement: Rs 30 per bag
 
Sand: Rs 30 per m3 

Aggregate: Rs 100 per m3
 

At these rates, 1:2:4 concrete will cost about Rs 300/m 3 and
 
brick masonry about Rs 225/n 3 .
 

Because the construction site involves some fill area and
 
is in coarse textured soils, it was decided that lining the
 
base as well as the sides is desirablc.
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Z=0.333
 

I,, IN I< 

.7- \ \4N 

.6D '",
 

1>.
.31 N. I> 
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i'i1- 7 -
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Figre . Nmogap forN Dee-mnn Miiu Cost Diesoso 

Fi ur 4. o r p er n u"-ime-s-ons of....No for.-De in Mi i Cos 


= side wall cost (Rs/m 2 ) Side Slope (z)=Small Lined Trapezoidal Channels with . base cost0.333; (b/d 

(Rs/m2); and AR2/3 = Qn/S -).
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Figure 6. Nomograph for Determining Minimum Cost Dimensions of 

Small Lined Trapezoidal channels with Side Slope (z) = 
0.67; (b/d side wall cost 
(Rs/m 2 ) T base cost (Rs/m 2 );

and AR 2/3 = Qn/S') .
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The cross sectional shape with the smallest wetted perimeter

is the semicircle. This shape can be made by RCC pipe manu
facturers at a price of about Rs.75 per meter diameter per
 
meter length at the factory. Our channel requires a depth of:
 

D = 1.00 Q 3/8 = .33m
 

or a diameter of 0.66 m, and would cost Rs. 50 per meter.
 
Freeboard requirements (15 cm) would increase the cost, and
 
would be difficult to install. Transport would further in
crease the price.
 

If section lengths were sufficiently long, the concrete
 
pipe making machine could be moved to the field, eliminating
 
the need for reinforcement and reducing transport costs.
 
Material costs could be reduced to about Rs. 28/m with 6 cm
 
thick 1:1 :3 concrete and 15 cm freeboard (which would be
 
attached later). Labor costs would be relatively high.
 

The next lowest wetted perimeter alternative is the
 
trapezoidal section given in Table 2. The required dimensions
 
would be B=.37m, z=.58, and D=.48m including 0.15m freeboard.
 
Material costs of a 8 cm thick 1:2:4 poured in place concrete
 
lining would be about Rs 35/m. The form costs would be extra,
 
but forms could be reused for other sections. Labor costs
 
will depend upon the process and equipment utilized and super
vision.
 

The commonly used lining material in Pakistan is brick
 
masonry both in one and two brick (11 and 23 cm respectively)

wall thickness. Although brick masonry bottoms are commonly
 
used, a rigid base such as poured concrete, will greatly add
 
to the strength and stability of the section, especially in
 
fill areas where compaction will be a problem. Material cost
 
parameters for such sections would be:
 

11 cm wall thickness 23 cm wall thickness
 

b = Rs 24/m 2* b = Rs 24/m 2* 
d = Rs 26/1n 2 d = Rs 52/m 2 

k = Ps 17/m** k = Rs 30/m**
 

*1:2:4 concrete 8 cm thick
 
•*z = 0 (rectangular section)
 

for z / 0: k = Rs 9.4 + 7.8(z+l)for cm walls and
 

k = Rs 14.9 + 15.5(/z 2+l)for 23 cm walls.
 

Because vertical side walls are easier to construct, it
 
was decided to first calculate the minimum costs of a rectangular

section. The optimum dimensions and costs are determined from
 
Figure 3 and/or Equations 11, 12 and 4 to be:
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11 cm wall thickness 23 cm wall thickness
 

B = .62 m B = .83 m 
D = .29 m D = .22 m 
C = Rs. 47/m C = Ro, 73/m 

In order to check how much the costs can be reduced by
 
utilizing sloping sides, Equations 9, 10, and 4 were itera
tively solved for varying z values. It was found that, with 
11 cm walls, the minimum .ost side slope is with z = .35 and 
costs are reduced by Ps. 1. 5/nm or about 3%. With 23 cm walls, 
the minimum cost side sloe is at z = .2 and costs are re
duced by Rs. 0.5/r or less than 1%. The reduction in material 
costs for both cases was deemed insufficient to outweiah the 
extra labor and supervisory costs that would be involved in 
making sloping sides. 

There is an advantage to sloping side walls which will, 
under some conditions increase their economy. The weight of 
sloping side walls opposes the back pressure from the soil 
outside the watercourse. Thin-walled linings will fail most 
often as a result of this back pressure, especially if they 
are built in cut areas or adjacent to roadways and/or the 
surrounding soil is often saturated. If the side walls are 
sloping, less strength is required in the walls to oppose 
this force, and thinner, lower cost wall materials ca. be used. 

Since the lined section is passing through a heavily 
trafficked area, it is desirable to keep the bottom width as 
narrow as possible so that crossing is easier and so that 
animals will be less likely to enter and damage the 
watercourse.
 

The costs associated wiith other than )tintum dimensions 
were calculated and are shown in Figure 8. It can be seen 
from this figure or from studying Figure 3, that costs increase 
slowly at first, and then more and more rapidly as the dimen
sions vary from the optimum. Decreasing B from 0.62 m to 
0.40 m would increase costs ,y 9% with 11 cm wall thickness 
lining. Decreasing from 0.6;. to 0.5 m would involve only 2% 
additional costs. With 23 cm lining, decreasing B from 0.83 m 

.to 0.40 m increases cost by 22 ", and to B = 0.5, by 9%. 

If culverts would e"Liminate most of the inconvenience 
created by a wider section, it would be cheaper to install a 
reinforced concrete slab walking culvert (which would cost 
less than Ps. 100) each 50 meters than to reduce the bottom
 
width of a 11 cm lining from B = 0.5 m to B = 0.4 m.
 

Again, the back pressure must be considered when deter
mining the dimensions. As depth increases, the back pressure
 
force on the walls increases and a stronger, thicker wall
 
must be designed. So, depth should be maintained as small as
 
is practical. It should be remembered that 0.15 m of
 



283
 

lcm Wall Thickness 

53 0.5 
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Figure 8. Cost (C) vs. 
Bed Width (B) for 11
 

cm and 23 cm Wall Thickness Rec
tangular Channel for 
the Practice
 
Example Watercourse.
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freeboard is added to the calculated depth (D) to'get actual
 
wall height.
 

In light of this analysis this designer would recommend
 
rectangular cross sections with a 11 cm wall thickness
 
through most of the lined section, and a 23 cm wall. thickness
 
through a portion where a roadway runs beside the watercourse. 
The dimensions and costs of both sections would be: 

11 cm wall thickness 23 cm wall thickness 

B = 0.5 m B = 0.6 m 
D = 0.36 m D = 0.30 in 
C = Rs 48/m C = Rs 76/m 

CONCLUSIONS
 

1. 	Designing lined channels, utilizing the cost minimization
 
techniques given can significantly reduce material costs
 
with a small investment of the designer's time.
 

2. 	Even if the minimum cost design is not desirable, the
 
additional costs involved in other cross sections can be
 
determined and used to evaluate alternatives.
 

3. 	Under most cost conditions, the cost reduction involved
 
in building sloping side walls on trapezoidal channels
 
rather than rectangular cross sections will be small.
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APPENDIX 1. 	 DERIVATION OF MINIMUM WETTED PERIMETER DIMENSIONS
 
FOR VARIOUS SHAPES
 

1. Semi Circle (where radius = D) 

Qn 2/3 2 /22/3 2 2/3 W 8/3AR 2 /3 RD	 _
- - ( _ 2 (D/2) 2/-3 D
2 71D/ 2 	 5F 

2 5 / 3
D = Qn3/8 1.00(Q 3/8
 

2. Rectangle (D = B/2):
 

AR2/3 
- - (BD)(BD) (B + B)23B/ (1/2)5/3B10/3 

3 (B + B) 

Qn _ 	 5/3 (B(B/2)) 5//3 


S 	 (B + 2D)2
 

n
8/ 3 	 27/8(Qn 3/8 1.83 (Q 3/8
 

3. Trapezoid (D = 3"/2B and Z = 1//3"-): 

zD 2 )
Qn - 2/3 (BD + 	 ((V3/2) + //5(//2)3
 

7 	 (B + 2D/z 7+l)2 /3 (B + 2(/3/2)B/(I/V3)2 +1)2/3 

_ (/3/2 + /3/4)5/3B1 0/3 _ (3/3/4)5/3 B8/3 = 31 1/ 6 B8/3 

(1 + 2(/3/2)(2/3)) 2/3 B2/3 32/3 45/3 

/45/3 3/8 3/8
 
B = (31-/6 Qn = 1.12
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APPENDIX 2. DERIVATION OF EQUATIONS 9 AND 10
 

For a trapezoidal channel: 

AA5 / 3 ZD 2 )5 / 3 (

AR2/3 (BD + 


WP2- = (B + 2D/z2+l) 2 / 3 

and C = bB + 2D z2+1 + k (4)
 

The optimum :s found where the ratio of the marginal outputs

equals the tio of the marginal costs, or where:
 

(AR 2 // 3 ) 3C
 

B B(8)

D(AR 2 "/ 3C(8 

S(AR 2 / 3 ) (5/3)DA2/ 3 Wp 2 / 3 - (2/3)A 5 / 3 Wp- 1 / 3 
= 2/3 

Wp4 / 3aB (A/WP)
 

[ (5/3)D-(2/3) (A/WP) ] (AR2/3)
 

DD
 

-= (5/3) (2zD + B)A2 /3 - (2/3) (2Vz2+I)A5/ 3 Wp /3 
4/3 WP

= (A/WP)2/3 (5/3) (2zD + B) - (4/3)42+1 (A/WP)] 

3C
 
-b 

8B
 

-jD = 2d 2+1 

Plugging into (8) above:
 

(A/Wp)2/3 ((5/3)D - (2/3)(A/WP) __b 

(A/WP)2 3 [(5/3) (2zD + B) - (4/3) 2/2+l (A/WP)] 2vCzTi d 

1042+1(D) -4/z '(A/WP)= 4z(b/d)D0 + 5(b/d)B - 4/ )(b/d)(A/WP) 

f10 V4?2 + - 10 z(b/d) ]D + [4V~z+1(b/d) - 4 /z-'l (A/WP) - 5 (b/d) B = 0 
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Insert the equations for A and WP and multiply by WP:
 

10V+I(BD) + 20 2)D - 10z(b/a)BD - 20zy+l (b/a)D + 

44 +(b/d)BD + 4zvz/+(b/a)D2-4z2+I(BD) - 4zzz+1(D2) 

2
5(b/d)B - 10/z 2+1 (b/d)BD = 0 

Grouping terms:
 

[20(z 2+l) - 4z z 2 +l - l6zz+i(b/d)]D2 + [6V0+1 - 6/zTi(b/d) 

10z(b/d)]BD - 5(b/d)B 2 = 0 

When all terms are divided by B2 , the equation becomes quadratic
 
of the form:
 

a(D2/B2 ) + e(D/B) + c = 0 

whose solution is:
 
D/B = -e+e 2 - 4ac
 

2a
 

Plugging the terms into this equation gives:
 

[6T+l(b/d-l) + 10z(b/d)] + 1[6/z7+l(l-(b/d)) - 10z(b/d)] 2 + 

D/B = / 20(b/d) [20(z 2 +i) - 4z/z-l(l+4(b/d)] 

8[5(z +1) - z/z+l (1 + 4(b/d))] 

The second equation required to find the unique solution is 
the formula for the hydraulic section: 

= A 5/3 (BD + zD2)5/3
Qn R2/3A
AR WP (BB 2 2/3 

This can be converted to:
 

Qn [(D/B)B2+z(D/B) 2B 2 ] 5 / 3 
- [(D/B) + z(D/B)215/3 8/3 

2= [B + 2(D/B)/z- I(B)] 2/3 [1 + 2/W7i(D/B)]2/3 

or
 B4=B 1+2Vz 
(+D/B)J2 
 Qn 1/8
 

(D/B) + z(D/B)215 S



288
 

APPENDIX 16
 

ROUGHNESS COEFFICIENTS FOR WATERCOURSE DESIGN
 

Tom Trout, Zahid Saeed Khan, Hayat Ullah Khan,
 

and Addul Khaliq-

INTRODUCT ION 

The most widely used water channel design equation

where siltation ind scouring are not the primary considera
tions, is the empirically derived Manning's Equation. This
 
equation, shown below, is being utilized to design water
courses 	in Pakistan.
 

Q 1 AR 2/3SI1/2
Q =-R S , (1)
 
n
 

where:
 

Q = flow rate (m3/sec), 

n = Manning's roughness coefficient, 

(m2
A = cross sectional flow area 


R = hydraulic radius = A/WP (m),
 

WP = wetted perimeter (m), 

S = slope of the water surface (m/m), 

The roughness coefficient in this equation, termed

"Manning's n", has been calibrated in many western countries
 
for various watercourse conditions, and values are readily

available in the literature. Values vary according to the
 
condition of the wetted perimeter (i.e., whether it is
 
smooth or rough, the density and length of grasses, the
 
presence of aquatic weeds, the uniformity of the cross
 
section, etc.) Chow (1959) lists values of 0.011 to 0.020
 
for smooth concrete lined channels, from 0.018 to 0.025
 
for straight uniform clean earthen channels, from 0.025
 
to 0.040 for earthen channels with some weeds and grasses,

and as high as 0.10 for unmaintained earthen channels with
 
dense weeds and grasses.
 

l/Colorado State University Water Management Research
 
Project Agricultural Engineers. The work was supported
 
by USAID Contract No. AID/ta-C-1411. The opinions ex
pressed herein are those of the authors and not neces
sarily held by CSU or USAID.
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The objective of this study was to determine whether
 
the roughness coefficient values of Indus Basin watercourses
 
were in the same 
range of values available in the literature
 
and to determine how changes in watercourse vegetation af
fected the roughness coefficient, channel geometric flow
 
parameters, such 
as depth and cross sectional area, and water
 
loss rates.
 

PROCEDURE
 

Sixteen watercourse sections were 
studied in newly-built

and aged, cleaned and uncleaned conditions. On each test

sectionof length between 300 and 600 meters, the watercourse
 
geometric parameters which are utilized in Manning's Equation

were measured at 30 
meter intervals while the watercourse
 
was flowing at steady state. 
 The data collection sheet
 
utilized in this 
study is shown in Figure 1.
 

Flow rate was determined immediately upstream of the
 
test section durinT the measurement period with a Cutthroat

flume. After completion of the ceometric measurement3, a

second flume was installed just below the section to deter
mine the loss rate 
 and average flow rate in the section.
The downstream flume was not installed until after completion

of the other readinqs because the headloss it 
 creates and 
the resulting backwater effects perturbs the flow depth
 
in the test section.
 

The water surface elevation was measured with a surveyor's

level with the 
rod placed at the water surface at each 30
 
meter station. A graph of elevation versus distance was used
 
to determine the slope of the water surface.
 

Cross sectional flow area was determined by graphically

integrating 
(with a planimeter) five measurements equally

spaced across the top width. Figure 2 shows a sample of
 
the resulting cross sectional graph.
 

Wetted perimeter was determined by pressing a flexible
 
metal measuring tape against the watercourse perimeter from
 
one water surface to the other and measuring the wetted
 
perimeter length directly.
 

Cross sectional area and wetted perimeter data were
 
combined at each station into AR 2 /3
 , called the hydraulic

section. The hydraulic section value was then plotted
 
vs. 
distance, along with the water surface elevation values.
 
A sample of this graph is 
shown in Figure 3. The roughness

coefficient was determined by solving Manning's equation
 
for n.
 

(AR2/3)(S I / 2 )
 
n = ( 
 (2)


Q
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Figure 1. DATA SHEET FOR DETER4INING MANNING'S N
 

Date
 

Experimenter
 

1. 	Choose a long (1500' - 2000') straight section with no 
major obstructions such as culverts. 

Location of W/C
 

Location of 
test section
 

2. 
Flow rate at head and tail of section. Remove downstream
 
flume before taking other data.
 

Inflow 
 Outflow
 

Time ha hb Q Time ha hb Q
 

3. 	Measure wetted perimeter and cross sectional area at
 
about 100 ft. ( ac. intervals). WP is measured
 
directly with tape. Area is calculated from top width
 
of water surface and five equally spaced with depth
 
measurements.
 

Distance
 
from start Wetted Top Depth

(units) Perimeter Width 1 2 3 4 5 Area AR
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Figure 1. (Cont'd)
 

4. Determine the FSL elevation at each 100 ft. 
(h ac. inter
val) location. Only FSL rod readings and turning point

readings are required.
 

Distance from BS FS IS (FSL) RL (FSL)
 
start (units)
 

5. 
Fully describe the condition of the W/C with respect to
 
uniformity, location of obstructions or constructions,

type, length and density of grasses and other types

of vegetation, and any recent cleaning activities.
 

Often the slope and/or hydraulic section varied sig
nificantly within the test sections, 
so they were divided
into subsections for which a value of the roughness coef
ficient was calculated.
 

For each studied section, a visual assessment of the
 
condition of the watercourse wetted perimeter including

cross sectional shape, uniformity, grass length and density,

water weed density, and the presence of bushes was made.

Bends or major obstructions, where they couldn't be avoided,

were also noted, as were flow conditions downstream of
 
the ection to insure that the section was flowing uniformly

and at the hydraulic normal depth.
 

RESULTS
 

The derived Manning's roughness coefficients along

with a brief description of each test watercourse section

is given in Table 1. The sections are listed generally

by increasing amount of vegetation and roughness. Listed

with the roughness coefficient is the range of values
 
calculated within each subsection resulting from variations
 
in slope and hydraulic section.
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TOP WIDTH 

AREA DETERMINED BY PLANIMETER 
C-


Figure 2. 
Graphical cross-sectional flow
 
area determination.
 

=
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Figure 3. 	Graphical presentation of channel
 
hydraulic parameters.
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Table 1. Derived Manning's "n" Values for the Studied Watercourse Sections
 

Section Location Wetted Perimeter 
Description 

Sub 
Sec-
tion 

Average 
n value 
and range 

1. Mona TW 78 Main Channel 
from below TW 

Unif. rect., plastered brick masonry 
lined, with some silt on bed, algae 

on sides 

.018 + .002 

2. Mona TW 56-R 
Main below bend 

Unif., newly built, very clean 
section - 1 month interval) 

(same a 
a 

.020 + .003 

.017 + .003 

3. Tikriwala #1, Branch A Unif. recently built, recently 
cleaned, no grass 

a 
b 

c 

.030 + .005 

.030 + .002 

.032 + .006 

4. Tikriwala #1, Branch M Unif., recently built, recently 
cleaned, no grass 

a 

b 

c 

.020 + .005 

.018 + .005 

.027 + .005 

5. Tikriwala #1, Branch D Unif., recently built, recently 

cleaned, no grass 

a 

b 

c 

.018 + .004 

.022 + .005 

.018 + .006 

6. Samundri, Chak 474 
Main channel from mogha 

Winding, aqed; clean, smooth WP. 
with few grasses at upper edge 

.026 + .004 

7. Mianwali (MP W/C #6), 

Main channel 

Uniform, aged; clean smooth W.P. a 

b 

.026 + 

.014 + 

.005 

.004 

8. Moro (MP W/C 452), 
Main below mogha 

Winding, non-unif., aged, fairly 
clean with little vegetation 

a 
b 

.040 + .004 

.028 + .008 

9. Mona TW 56-L, G Branch 
from Nawaz Dhera 

Unif., recently built, recently 
cleaned, short (3 cm) grasses on W.P. 

a 
b 

.018 + .004 

.035 + .006 

c .031 + .005 

10. Mona TW 56-R, 
Main below mogha 

Unif., recently built, recently 
cleaned, few floating aquatic weeds 

a 
b 

.050 + .005 

.030 + .004 

12. Iwala #1, Branch B Non-unif., aged, clean bottom and 
grassy (3-6 cm) sides 

a 

b 

.040 + .004 

.035 + .003 

12. Mona TW 440, Branch E 
Near mogha 

Non-unif., wide and sandy, aged, 
clean bottom and grassy sides 

a 
b 

.041 + .006 

.053 + .006 

13. Faisalabad Chak 4 (Ram 
Diwali), Main below 

mogha 

Fairly Unif., aged, clean bottom 
and grassy (10 to 15 cm) sides 

.062 + .015 

14. Mona, TW 140, Branch G Non-unif., sandy, aged, clean bottom 
some grass on sides 

.097 + .010 
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15. Mona TW 77, Main Fairly unif., aged, very grassy (15 .042 + .005
 
channel 	from mogha cm) in most placed, aquatic plants
 

in some areas
 

16. Mona TW 56-R 	 Unif., recently built, grass on a .35 + .08
 
Main below mogha sides and very extensive anchored b .18 + .04
 

floating aquatic plants throughout
 

The first watercourse section listed in Table 1 is a
 
rectangular section lined with plaster brick masonry with some
 
silt deposits on the bottom and algae growth on the sides.
 
The derived n value is 0.018. This is a little higher than
 
average values given in the literature, but well within
 
published ranges.
 

The next four test sections, numbers 2 through 5, were
 
recently renovated earthen watercourses in very clean and
 
uniform condition. Roughness coefficient values vary 'rom
 
0.017 to 0.032 with an average of 0.023. This again is
 
slightly higher than average values given in Chow (1959),

but well within the listed ranges. 

The following two listed watercourse sections are old,
 
but clean with very little vegetation on the wetted perimeter,
 
and fairly uniform. One n value derived was very low (0.014)
 
while the other two were both 0.026.
 

The unimproved and irregular Moro watercourse section
 
had little vegetation. Roughness values for two subsections
 
were 0.028 and 0.040.
 

The following two sections listed, numbers 9 and 10, are
 
recently rebuilt sections which had been cleaned 2 to 4 weeks
 
prior to the measurements and had short grasses on the wetted
 
perimeter. The n values varied widely from 0.018 to 0.05.
 
The high value could have been caused by a few floating water
 
weeds left in the watercourse after cleaning. Three of
 
the five values fall between 0.030 and 0.035. This is again
 
in the higher range of values listed in Chow (1959) for
 
similar conditions.
 

Four aged watercourses with clean bottoms but grassy
 
(7-15 cm length) sides had roughness coefficients measured
 
between 0.035 and a very high 0.097. The high value was
 
in a steep sloping section that appeared no worse than the
 
others and .he finding is suspect. The average of the re
maining five values is 0.046. This is significantly higher
 
than the range of values listed by Chow (1959) which are
 
0.025 to 0.033 for "winding and sluggish channels with grass
 
and weeds."
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Tubewell 77 watercourse, which wiis unimproved and the uni
form; and improved TW 56-R section (this is the same section
 
measured twice before in newly constructed and very clean,
 
and somewhat clean conditions) were measured while in very poor
 
condition. The .jLasses, especially in TW 77 watercourse, were
 
thick and about 15 cm long, and the ancriored floating aquatic
 
weeds, especially in TW 56-R watercourse, were very extensive.
 
The n value derived for the first section was 0.042. In the
 
two sub-sections of the second watercourse the values were
 
found to be 0.18 and 0.35. These last two values are very
 
high, much higher than is listed for the worst possible
 
conditions in Chow (1959). Small measurement errors could
 
not explain such high values. During the week following the
 
measurements, the watercourse was cleaned, and although the
 
inflow increased from 20 i/sec to 100 1/sec, the flow depth
 
was about the same. This indicates that the n value must
 
have decreased to about one-fifth its previous value. One
 
measurement does not verify that such high values are valid,
 
but it does introduce the possibility.
 

As part of the measurement procedure, channel cross 
sectional shapes were also determined. It is interesting 
to note the variations in average depths (D), top widths 
(TW), and shapes. In unimproved channels, ratios of top
 
width to maximum depth varied from 1.4 to 5.4 and averaged
 
about 3. The ratio was smaller in larger channels, as depths
 
increased more than top width with larger capacity channels.
 
Table 2 lists the average values for the hydraulic and geometric
 
parameters for each watercourse section.
 

The common cross sectional shapes varied from circular
 
to trapezoidal. The best generalized formula found to model
 
the various cross sectional shapes is a power curve of the
 
form:
 

y = w x p (3)
 

Where
 

x and y are the two coordinate directions associated
 
with width and depth, and
 

w ond p are determined to best fit the physical model.
 

1igure 4 depicts- a simple of this model for w = 2.5 and p = 3. 
The slopes of the wetted perimeter at the water surface averaged 
a little less than 1:1, but are highly variable. 

DISCUSSION OF TIE FINDINGS
 

Manning's roughness coefficient values empirically mea
sured in this study in Pakistan watercourses were generally
 
higher than those reported in the literature (generally measured
 
in the U.S.A.). In the lower value ranges, the difference
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Table 2. Average Hydraulic and Geometric Parameters of the Studied Watercourse
 
Sect ions
 

TW 	 D V/rSSection Location 	 __A 

(m/lO0m) (3/sec) Q 2 ) (m) (m) (m/sec) (in) 

1. 	Mona TW iS >,in Channel 0.34 0.040 0.11 051 0.26 0.29 1.01 .030 
from hel,w W 

2a. 	Mona TW 56-R 0.15 0.088 0.44 1.50 0.40 0.20 1.75 .14
 
a. Main below bend 0.15 0.072 0.35 1.40 0.32 0.21 1.60 .10
 

3a. Tikriwala f#l,Branch A 0.58 0.035 0.15 0.85 0.24 0.23 0.95 .043
 
b. 	 0.47 0.034 0,16 0.75 0.26 0.21 0.94 .047
 

c. 	 0.91 0.032 0.13 0.72 0.24 0.25 0.84 .037
 

4a. Tikriwala lif,Branch M 0.83 0.042 0.12 0.78 0.25 0.35 1.04 .030
 
b. 	 1.08 0.044 0.11 0.84 0.23 0.40 1.00 .025
 
c. 	 1.00 0.045 0.14 0.89 0.39 0.32 1.10 .038 

5a. Tikriwala #1,Branch D 0.91 0.044 0.13 0.87 0.18 0.33 1.00 .027
 
b. 	 1.40 0.040 0.12 G.83 0.21 0.33 0.96 .023
 
c. 	 0.40 0.037 0.13 0.85 0.23 0.28 1.00 .033 

6a. 	Samundri, Chak 474 0.77 0.054 0.16 0.83 0.30 0.30 1.14 .050
 
Main from Mogha
 

7
a. Mianwali (OPY/C Q) 0.61 O.ith- 0.21 0.90 0.33 0.28 1.25 .062 
b. Main Chan l 	 0.21 0.056 I.17 '.,5 0.33 0.33 1.20 .050
 

8a. Moro (NIP ,/C :32) 1.40 .0333 0.28 0.84 0.21 0.1: 1.02 .035
 
b. Main below Mogha 0.36 n.031 0.40 0.9o 0.30 0.05 1.14 .045
 

" 
9a. Mona I'.:3r,-L 	 U. O.l10 0.35 0.87 0.34 0.31 1.75 .105
 

b. G raach 	 0.60 0.10h 0.40 i.02 0.38 0.27 1.90 .150 
c. from N-,': D!.r. 0.63 O.03 0.38 1.0 0.38 0.27 1.86 .130 

lOa. Mona TW 56-R 	 1.10 u.i01 K 1 !.0,410.'. 0.25 1.85 .17 
b. Main below mogha 0.53 0.099 0.33 1.60 0.47 U.30 1.75 .12 

fla. Tikriwala #1 	 0.95 0.043 0.23 1.16 0.34 0.19 1.35 .060
 
b. Branch B 	 1.45 0.039 0.15 1.00 0.26 0.27 1.10 .035
 

12a. Mona TW 140, Branch E 1.10 0.078 0.33 1.70 0.34 0.24 2.20 .09
 
b. Near Mogha 	 0.40 0.065 0.48 1.80 0.50 0.14 2.10 .17
 

13. 	 Faizalibad Chak 4 1.50 0.055 0.27 0.84 0.59 0.21 1.40 .09
 

(am Diwali) Main
 
Below Mogha
 

14. 	 Mona TW 140, Branch G 3.80 0.076 0.30 1.25 0.23 0.25 1.15 .105 
Near Mogha 

15. 	 Mona TW 77. Main Channel 0.29 0.028 0.21 1.02 0.31 0.13 1.24 .07 

from mogha
 

16a. iona TW 56-, 1.60 0.021 0.40 1.70 0.48 0.05 2.50 .10
 
b. Main below mogha 1.90 0.017 0.30 1.40 0.36 0.06 1.60 .06
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0.5 

0.4D =0.35m 
TW = 1.04=3D 

E 0.3- A =0.274m2 

WP =I. 35m 
0.2 A13=0.095 

0. I 0D1.26 (AR3)0.54 
r2=0.99995 

-0.6 -0.5 -0A -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0A 0.5 0,6
x~fm)" 

Figure 4. 	Watercourse cross-sectional shape model defined
 
by Equation 3, with 2 = 2.5 and p 3.
= 


was not great, but at high values, the differences were large.
Table 3 gives a comparison of values given in Chow with those
 
measured in this study.
 

Table 3. 
Manning's n values for various channel conditions
 
from Chow and derived in this study.
 

Manning's I Values
Channel Condition 
 From Chow (1959) Derived for
 

Pakistan Watercourses
 

lined with 	brick
 
masonry 
 .011-.015 
 .018
 

earthen, newly built,
 
uniform, clean 
 .016-.020 
 .017-.032
 

earthen, wiiding, with
 
no vegetation .022-.033 
 .030-.035
 

earthen, uniform, with
 
short grasses .023-.030 


earthen, winding, with
 
grass and some weeds .025-.033 
 .035-.055
 

earthen with dense
 
weeds 
 .050-0.12 
 .042, .18, 	.35
 

.026 

http:AR3)0.54
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where:
 

D = depth of flow (m),
 

a = an empirical constant,
 

e = an empirical exponent, and
 
Qn-

SS- channel hydraulic section (= AR2/ 3).
 

The constants a and b vary with channel shapes and

sizes, but a tends to vary from 1.1 to 1.4 and c from 0.45
 
to 0.55 for the watercourses considered. 
If flow rate (Q)

and slope (S) remain constant, the change in depth with a
 
change in roughness coefficient becomes:
 

dD - F b-b/2]nb-1 (5) 

where all the values in the brackets are constant. Figure

5 depicts the change in flow depth with roughness (Eq. 4)

for different values of Q and S when a = 1.2 and 
c = 0.5.
From Figure 4 it 
can be seen that the flow depth in a small
 
watercourse will increase by about 7 to 11 
cm as a result

of grass and weed growth that increases the roughness coefficient
 
from 0.03 to 0.05. In a study of watercourse cleaning conducted by Akram et al. 
(1978), it was observed that: the
 
normal flow depth in watercourse sections decreased by about

10 to 11 cm as a result of cleaning out the grasses and weeds

plus some silt removal. This observation agrees with the
 
above analysis.
 

A study of the causes of watercourse water losses utilizing

the ponding method for measuring losses conducted in over
100 watercourse sections (Trout, et 
al., 1978) determined that
 
loss rates are very sensitive to 
the depth of flow relative
 
to the usually occurring flow depth. The empirically derived
 
relationship has the following exponential form:
 

K = Ko b(AD) (6)
 

where:
 

K = water loss rate (m3/sec/100m)
 

KO = loss rate at the usual with flow depth (DO)(m3/sec/100m)
 

e = base of the natural log
 

-

b = an empirically derived exponent (m )
 

Ad = flow depth relative to the usual flow depth (Ad = D-D )(m)
o 



1 

I 
Both to
 
chan ".nel. wIhich implies

that the 1- ;'s 	 cr! _ncre' inse 

flow depth. , ' .-	 c ,.een that 
a cha-ge il -. 0 ()r 0.015 can
 
cause ,u-C . " - . .... %lt;ercourse
 
loss rates ,. . oto Equations 4
 
and 6 -.o i't-.i qiven
 
roughness s 1.. 7n" -oucih-

neCss v .. u ; t. . , 	 . 1.0 tt ':..:, and 

constant ' s 5 5 and mentioned
 
above. 


Ficwu ,. :. : .:_ . . .. . loss ratev}'.'. 

to the ro I' t the condition 
of the ,at.ec .' s analysis 
and the re s. ,. t : the effects 
because it s " -.. ne watercourse 
is clean , .,-. , i conditi.on would 
be with some , the o-*:,'-sn -wcatercourse 
wetted erimet,.- made,1.t-iustment 

the effect is st. t-. Cour'es will have 
lower roughnes. '' ,, and signifi-
cantly ].orwer s t cn.n. is given 
in the c..;. .. (Akram et. al 
1978) where ,' , --- st ..Jj.ed sections were 
about four h, I ---n the, -. 'ere after 
cleaning, ev-'- ,s into the cleaned 
banks would, : , . he consequent 

removal.silt 

CONCLUSIONS VNI 'T 

1. 	 Manning's 'UJ.fl', ,.5 fr Pakistan watercourses 
tend to be ao,,wh, ',l -hq v ,,] ,liven i.n Western 
literature.
 

2. 	 Roughness coef .c(rJ..r. a,,,; 0]/f cin be attained in 
watercourses with : .I vo floangt water weeds.i L 

3. 	Although "clean" wt, i Ii have n va lues around
0.03, a more con sertvati~ve vac of 0.04 should be used 
in watercourse desi3n. 1 1 1 risul. in an extra 

freeboard of 3 to 5 ,m, 

4. 	A freeboard of at least 15 cm, especially in larger, 

flat watercourses, should br, iven to allow for increased 
depths that will result from increasinq roughness. 

5. 	Installing outlet structures such that they will be over
topped if the water surface level exceeds design by 6 to 
8 cm might be tried as a mechanism to force farmers to clean 
and 	maintain their water conveyance system. 

3
 
3
 

I
 

3
 

I
 

I
 

I 

http:conditi.on
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Figure 5. 	 Variation of normal flow depth with 
changing roughness coefficient (from 
Equation 4 with a = 1.2 and c = 0.5). 
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Figure 6. Relative change iJn loss rates (K/K 0 ) 
with changes in roughness coefficient 
(n) (from Equation 4 and 6). 
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6, 	Both flow depths and water loss rates increase rapidly
 
with increasing channel roughness and only cleaning should
 
reduce watercourse losses in weedy, grassy channels to a
 
fraction of their initial values.
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Attempts were begun at Mona Reclamation Experimental Proj
ect in cooperation with Colorado State University Water
 
Management Research Project in 1974 to find some alternative
 
to this traditional water control technique. This paper is a
 
report on the structures developed during the past three years
 
to meet this need.
 

BRIEF DESCRIPTION OF TIE WATERCOURSE CONVEYANCE SYSTEM
 

The size and layout of watercourses in the Indus Basin
 
vary widely. The "average" watercourse serves around 160
 
hectares of land farmed by about 40 cultivators in level
 
bunded units less than 0.3 ha. in size. With such small hold
ing and plot sizes, the watercourse system is necessarily 
extensive, often about 60 m length per commanded acre. Of that 
total length, about 15% is government laid out and authorized 
primary channels (sarkari khal) used jointly by the cultivators. 
The remainder are the small branches which connect the sarkari 
khal to a single or small group of farmers' fields. Although 
the length is only about 15% of the total, 80% of the channel 
used to convey water from the watercourse head to the field 
is sarkari khal. Conseuently, practically all cooperative 
watercourse improvement programs involve only the sarkari khal. 

Water is usually rotated through '-he watercourse system 
on a weekly turn rotation which begins at the watercourse head 
and moves through each cultivator to che last one at tne tail. 
A farmer's irrigation time allowance is based on his land hold
ing size. Water moves through the entire system and to each 
cultivator each week. 

By the original design, there were usually only outlets 
(nuccas) from the sarkari khal about every 300 m (one square 
length). As land was subdivided, the need for additional 
nuccas grew, until there were often farmers branches leaving 
the sarkari khal every 60 to 120 m. Many farmers also cut the 
banks of the sarkari khal to allow water to run directly onto 
their adjoining fields. 

Another important factor on most watercourses is the flat
 
topography. There is usually less than .0006 m/m slope 
available to convey water through the system, and sometimes 
_,3s than .0003. Tl1his means that any permanent structure 
hrough which water flows should create as little head loss as 

possible, so that the available slope is not wasted pushing 
water through structures. 

A designer who wishes to install structures in a water
course is consequently faced with a system composed of per
haps 4,000 m of sarkari khal with about 50 outlets to farmers' 
branches most of which are used weekly, additional unauthorized 
cuts directly to farmers' fields; and 20,000 m of farmers' 
branches with perhaps 1500 cuts leading to the fields. 
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TYPES OF CONTROL STRUCTtI'U S 

There are basical, two tv"Des of control strLuctures neededI 
on most I ndu s Basinj wa Le rcon r s1 s , 1 t I ts anlI c hjccks. A 
third tpe , dr ip) struct ur1os i'nr S lpaionl ovices) , which 
control flow veloca,'y, arc na jl\ n. ,. , because. of
 
the small slopes nco .rd, hen ira cr: I. nieeded, it can
 
usually be accomplisn.d with a small si ed or properly elevated
 
check structure and sufficient erosion control downstream. 

The control stL'uctures discussed here are essentially gates
for water. The objective is Lht ,-rhen open, they do not obstruct 
the flow, and when closed , t.' do not leak. They should be 
low cost ann nae fro-i local.' via l i!., They should',.ltor 


be durable and a l.cnq .L . T i:iies'llot only strength, 
but also that the .. "; .ti,- e O" S iiLi of tlhe structure 
is irinimal so that it i..s not- Stolen. Ant t ,,should be easy
for the farmer ',-o ue 

Nuccas are te gates .i: h i low waesL, I ass through the
 
bank into brancl" vw couosrs ov onto tL.- fKicd. Since those
 
outlets into branch watercoure - ti- ones iost extensively
 
used, and are the a-1 a1Jtho1i ou + 1 s I n0 sat kari
 
khal, field outlets v.,111 not. Ir c h'e saoe structures
 
could be used on e.nrs' bIanlUs 1 I ont] Ts, but be
cause of the large number rein rI and the ii: intermittant use, 
they would prove to be more ::,e "i e. 

-s 


Check structures are the ,at, s which stop the flow in the 
main channel to force it to fow th rous.h the- nucca into the 
branch watercourse. They are laced across the watercourse 
downstream of the nucca. 

Since water flowing to most fields must flow past many 
closed nuccas and through only one nucca, minimizing leakage is 
a primary consideration in nucca design. However, water will 
flow through several open check structures and past only one 
closed check, so head loss is of primary importance in check 
design, and leakage of secondary importance.
 

A- junctions from which two or three major branches begin,

the gates act as both checks and nuccas, and both factors are
 
important. This combination structure is called a diversion
 
box.
 

All structures discussed here are permanent. Temporary
 
checks such as canvas dams, and temporary outlets such as
 
siphon tubes, have wide usage in many countries. However,
 
under the local conditions where land holdings are small,
 
structures are jointly utilized, diversions are made from the 
 I 
same location on a weekly Lasis, only diversions into branches 
are considered, and available head is small, permanent 
structures have thus far proven more economical. If field out- I 
lets are desired, temporary structures should be considered. 

I 
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Irrigation structurcs for use other than controlling water,
 
such as culverts, buffalo wallows, and clothes washing stations,
 
and low cost linings have ilso been developed at Mona, but
 
will not be discussed in this paper.
 

CONSTRUCTION MATERIALS
 

Several factors must be considered in choosing materials
 
to be used in farm irrigation control structures. The first,
 
of course, is that it can be fabricated into a product that can
 
fulfill the design requirements. It must produce an effective
 
water gate, which is durable, has a long life and is simple
 
and easy to use. It is desirable that the material is locally
 
available and can be utilized by local or at least regional
 
fabricators. In this way, the growth of small local industries
 
would be encouraged, and farmers would have ready access to
 
replacements. 

-
The produci should also be as low cost as possible. This
 
would reduce the cost of watercourse improvement programs, or
 
alternately increase the number of structures which could be
 
installed on a given budget. Also, a structure that is suf
ficiently inexpensive that a small farmer would purchase it
 
for his own use would be desirable.
 

Table 1 lists materials which have been used in the con
struction of irrigation control structures. The list is
 
divided into materials used primarily to fabricate the actual
 
gate (frame and lid), and those used for installation of the
 
device in the watercourse. The materials are then compared 
as to their relivant characteristics. Costs of frame and lid 
materials are calculated on the basis of the material costs 
of fabricating a panel 0.6 11x 0.6 m that is sufficiently 
strong to be utilized as a nucca lid. Installation material 
costs are calculated on a volumetric basis, and on the material 
cost of a typical nucca installation. 

Each of the lid and frame materials have drawbacks. Steel
 
is expensive and has high scrap value. Wood has a short life
 
and high reuse value as fuel. Concrete is heavy, and unless
 
of good quality, subject to chipping and breakage. Fiberglass 
is relatively expensive, and not locally available.
 

The choice of installation material depends primarily upon 

the local conditions and costs. 

FARM IRRIGATION CONTROL STRUCTURE DEVELOPMENT AT MONA
 

On the realization that a significant portion of Pakistan's
 
water resource was being lost from the farm level conveyance
 
system, work was begun at Mona to develop techniques to improve
 
watercourse conveyance efficiencies. It was immediately
 
recognized that improved water control structures must be an
 
integral part of this program.
 



Table 1. Materials for use in watercourse water control structures.
 

STRUCTURE FRAME AND LID MATERIALS
 

Material Cost
 
of 0.6 m x 0.6 m 
 Lid Local Reuse
 

Material Panel (1) Durability Life Weight Availability Value
 

Mild
 

Steel 
 Rs. 80 Good Medium Medium Good 
 High
 

Wood Rs. 30 Poor Short Light Good High
 

Concrete 
 Poor to
 
(i:l:i mix) Rs. 30 Good Long 
 Heavy Adequate None
 

Fiberglass Rs. 
60 Good Long Light Not Available Unknown
 

C)
co 

INSTALLATION MATERIALS
 

Material 
 Material Installation
 
Cost Local Cost of Typical Labor
Material Rs. Life Availability Nucca Installation Cost
 

Precast Concrete
 
(1:1 :3 mix) Rs. 400 Long Good Rs. 100 (2) Rs. 10
 

Poured Concrete
 
(1:2:4 mix) 
 Rs. 300 Long Good Rs. ",20 (3) Rs. 15
 

Brick Masonry Rs. 220 Long Good 
 Rs. 'I0 Rs. 20
 

Soil Cement Rs. 190 Medium Good 
 Rs. 90 (4) Rs. 20
 

(1) Material thickness and reinforcement as required.

(2) Includes Rs. 10 
castinq labor charge, but not transport charges.
 
(3) Includes Rs. 10 form costs.
 
(4) Includes Rs. 20 labor charge for makingz blocks. 
Note: Costs vary witn uisnai-cc from suppi! -,oit.. 
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The first structures installed in 1974 were sliding metal
 
gates, patterned after du-;igns which had been used in Turkey.

Because of sometimes poor fabrication and installation, and
 
rusting due to poor maintenance, many of the structures were
 
difficult to use and leaked badly. The structures were also
 
very costly, with the frames and gate costing Rs. 500. In
 
light of the high cost and poor performance, alternatives better
 
adapted to the local conditions were sought.
 

Concrete, being relatively cheap and durable, locally

available, and familiar to regional fabricators, was the next
 
material tested. A round shaped lid fitting into a panel was
 
chosen, since forms for round lids could be machined on local
 
lathes. The structure was termed circular orifice panel
 
nuccas. 
 The panels were installed in the watercourse in a
 
backwards slope from 300 to 450 from vertical. 
 The first nuccas
 
had square shaped sealing surfaces and were made from wooden
 
forms.
 

It soon became apparent that the wood forms which had been
 
used would not maintain a constant shape during wetting and
 
drying, and the nucca lids and panels did not seal well. 
 So
 
metal forms were made, and a better product produced.
 

Several hundred such nuccas were produced and tested in
 
the field. Primary problems experienced were leakage and
 
chipping and breakage of the sealing surface.
 

Although the casting forms were precision made, there was
 
still not a perfect fit between the lid and panel, and small
 
leakage occurred. Leakage through 11 such nuccas was measured
 
about one year after they had been installed. Sixty percent

leaked less than 0.1. liters per second (lps) , 30% between 
0.1 - 1.0 lps, and 10% greater than 1 lps. Two additional 
nuccas were chipped or broken and had been covered with soil. 

Soft rubber strips were attached to the lids of some
 
nuccas. Although the leakage was completely stopped when the 
strips were intact, they were often pulled loose or removed by

passing boys. Nucca with damaged rubber seals leaked badly.
 

Farmers are accustomed to stopping leakage with mud, so
 
_tts were left in the front of the panel around the lid for
 

applying mud. Many farmers utIlized this technique, although
the mud often washes out after two or three days and must be 
replaced. Leakage through nuccas to which mud had been applied 
was less than half the leakage neasured through nuccas without 
mud. 

In order to evaluate structures, costs of leakage must be
 
determined. Johnson (1977) determined that the value of
 
supplemental water varied between Rs. 
1200 and 2000 per hectare
meter (ha-m) at the root zone. We will choose a value at the
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Water flows past the average closed
 nucca of Rs. 1200 per ha-m. 

nucca about 30 of the time. If it leaks at 0.1 lps, about
 

Rs. 100 worth of water per year is leaking past the nucca and
 

being lost. A farmer near the tail of a watercourse which is 

flowing 50 !ps would be losing 4- of his water if the water is 

nuccas which are each leaking about 0.1flowing past 20 clused 
to nuccalps. Econoically, 	 more investment can be added 

development and fabric._ition anLi their mariiia. cost exceeds 
the value of the water that is saved. Practically, if nucca 

losses can .) reduced to less than perhaps 2 or 3, of the 

add itional work should be concentrated onwatercourse: inflow, 

other aspects of wcitercourse conveyance losses.
 

In orler to reduce chi. }:ima and leakace, a curved sealing 
1ire this design,surface was tested, 	 as shown in 1. With 

edges co chip, the impact force duringthere were no sharp 
larger surface, and 	 theredist-ributed over 

was a larger surface contact area between tIe lid and panel to
closing ,;as 	 evenly a 

reduce leakage.
 

wasAnother development made possible by the new design, 

the capability of casting the panel from a metal form, and 

lid in the greased panel so that a perfectlater casting the 
cured, the wetted lid isfit is insured. When both parts are 

rotated in th-e panel which slightly wears away andrapidly 
making removal easy.smoothes the sealing surface, 

Field testing has shown that the new design is an improve
less if quality of fabricament over the old one. Breakage is 

tion is good. Leakage, although not measured, is observed to 

be smaller than that with the previous design, even without 

the application of mud. 

This design is presently the one being installed in the 

Table 2 lists the number of orifice panel. nuccas soldfield. 
Hassnain RCC Products, Sargoda) sinceby the manufacturer (New 

1974. %Lostof those supplied since 1976 have been of the 

last design. Additional concrete manufacturers are now attempt

ing to pro2uce similar paroducts. The present cost. of such 
cm diameter size,
panel orifice nuccas is Rs. 55 for the 50 

and Rs. 45 for the 38 cm diarneter size. 

A variation of the circular orifice nucca which was
 
car and truck tires 	as thetested utilized the 	 rim of worn out 

panel sealing surface. It was hoped that the flexibility of
 
Although
the rubber would eliminate breakage and leakage. 


the former was achieved, the rubber was sufficiently hard and
 
It was
sealed sufficiently imperfect, that leakage occurred. 


not determined that the concept could not work, only that it
 

didn't work in the samples prepared.
 

One problem with the circular design is that it-must be
 

opened against the hydraulic pressure of the water, usually
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CROSS SECTIONAL MATERIAL: REINFORCED
FLOW AREA CONCRETE 

51 cm dia 51 cm dia: 
A =0.20 m2 VOLUME CONCRETE .03m3 

LENGTH REBAR I Im38 cm dia 
m2A=O.II MATERIAL COSTS Rs 25 

:38 um dis: 

CONCRE TE .02m3 

REBAR 8m 
MATERIAL COSTS Rs 16 
MARKET COST Rs 55 

PLANE VIEW 

PANEL LID 

STEEL HANDLES 

51 cm58 c
(38 cm)(4cm 

66 cm 
(53 cm) 

CROSS SECTION 

7cm REINFORCEMENT 
ROD 

P f.gt, re . Circular orif ice pantel nuicca (51 cm and 
(38 cn nucca dimensions In parentheses) 

38 cm diameter) 
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Table 2. 	Round orifice nuccas sold by Sargoda manufacturer
 
since 1974
 

Year 	 Number Sold
 

1974 135
 
1975 313
 
1976 835
 
1977 1571
 
1978 3500
 

Total 	 6354
 

from inside the watercourse. On a 50 cm diameter lid which is
 
nearly submerged, just hydraulic pressure will add about 20 kg
 
to the force needed to open it.
 

It was consequently desired to design a lid that could be 
removed from above. First attempts to this end were on 
rectangular sliding nuccas. The nuccas were very easy to use, 
but leaked badly. After several attempts, it was determined 
that it was very difficult to produce a large flat plate and 
frame that was perfectly flat, and the slightest warp produced 
a large leak. 

The next attempt was a trapezoidal shape shown in Figure
 
2, where the edge of the lid also served as a sealing surface,
 
so that exact flatness was not as important. The design also
 
allowed the lid to be cast in the panel, or in this case, the
 
panel to be prepared around the precast lid, to insure a
 
perfect fit. Since the lid cannot he spun in the panel, as
 
was the case with the circular shape, the smooth sealing surface
 
is more difficult to achieve. Very good quality casting is
 
required. Also, the forms, which cannot be made on a lathe,
 
are more costly and less precise. Sharp edges were again
 
avoided wherever concrete-on-concrete contact would be made.
 
This nucca is still in the testing stages. It can stop leakage
 
as well as the orifice nucca. But sediment which deposits
 
on the bottom panel lip is tedious to remove completely and
 
causes incomplete closure and large leakage. In the circular
 
design, a spin of the lid would smooth out and distribute this
 
silt around the sealing surface.
 

Another disadvantage of the trapezoidal shape is that the
 
lid area must include sufficient freeboard to prevent overtopping,
 
which increases the weight of the lid.
 

It is hoped that, on smaller capacity watercourses (less
 
than 50 lps) this trapezoidal lid can be a viable alternative
 
to the circular orifice.
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CROSS SECTIONAL 
FLOW AREA 

HEIGHT AREA 
0.30 m 0.14 m2 

0.35 m 0.16 m2 

0.40 m 0.19 m2 

COST: Rs 60 

PLANE VIEW 

VARIABLE 
PANEL HEIGHTS LID

TM =5 cm-- _r 

12.5cm1 
dm43cm II

I 
65cm 

|I
II 

41 cm--j 

19 cm 

CROSS SECTION 

5cm 4.4cm 

Figure 2. Trapezoidal panel nucca. 
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For watercourses where the flow rate is small (< 50 ips)
 
or slope is large and head loss through structures is not
 
important, the previously described nuccas can also be used as
 
check structures. liowever, on large volume watercourses, as 
is often found in public tubewell supplemented areas, and where 
slopes ar- small, too much head loss is consumed in the smaller
 
sized structures. Structures with larger openings are required 
(head loss is approximately inversely related to the square root 
of the opening area,. L'arge size concrete lids become very 
heavy and ndifficult handle. 

There are three possible solutions. One is to place two
 
regular nucca side by side. This nearly doubles the cost,
 
the work of the farmer, and the leakage, but reduces the head 
loss by 75%.
 

A second is to design a large lid which rotates or slides 
on the panel, so that its entire weight need not be lifted. 
Sliding lids in rectangular frames, such as previously mentioned,
 
have been used for this purpose. A second design which has
 
been tested is composed of a panel with a rectangular hole 
upon which lies a flat lid which is larger than the hole. The 
lid is pinned to the panel on a top corner and swivels around 
the pin, sliding on the surface of the panel. Both designs 
allow a large opening size in a concrete structure. Both leak
 
significantly more than the nucca designs previously mentioned. 

Since only one check is closed at one time, the leakage 
is not additive, and higher leakage can be suffered. A check 
which leaks .5 ips and is used 10 hrs per week will leak 
Rs. 100 worth of water per year, and lose 1% of the flow on a 
50 lps watercourse. If the structures are designed for mud
 
application, most leakage still can be eliminated.
 

The third possible solution to the large check problem is
 
to use light weight lid materials. Fiberglass is one material
 
being tested. Precision fiberglass lids and slides which are
 
later cast into a concrete panel can be fabricated. Steel
 
can also be used, if a proper seal can be developed.
 

Additional work and development needs to be done on large
 
size check structures.
 

All structures discussed thus far are panels and lids.
 
They can be directly installed into lined watercourses. In
 
earthen watercourses, where nearly all are presently being
 
utilized, a special installation must be made. The purpose of
 
the installation is to support the panel, prevent leakage
 
around the panel, and prevent erosion of the banks.
 

Some alternative i.,stallation materials are listed in
 
Table 1. The most commonly used is brick masonry. Materials
 
and masons are available in every village. A common
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installation is shown in Figure 3. 
The cost of this installa
tion is about Rs. 110 for materials plus Rs. 20 for the labor.
 
So a complete orifice nucca would cost about Rs. 185.
 

The importance of the cutoff wall should be pointed out.
 
Local masons and laborers (and often engineers) are usually

not aware of the importance of compaction required to stop

leakage around structures. The cutoff walls do not eliminate
 
the need for compaction, but they do decrease the degree re
quired.
 

Alternative building materials for this type of installa
tion iliclude precast concrete blocks, where aggregate is
 
inexpensive, or soil cement, where material costs must be
 
minimized. Soil cement block will reduce total costs by about
 
10% and material costs by 25%. The life of well made, plastered

soil cement is not yet fully known, but thus far appears to
 
be comparable to bricks.
 

Much supervisory time is required to install nuccas with 
masonry. Often two months is consumed only installing structures 
on a watercourse. 
Also, in this time many cuts have already

been made through the banks of the newly reconstructed water
courses. So it has been attempted to reduce this time factor
 
through the use of precast installations. The primary advantages
 
are of time saved and uniformity of quality. Thus far some 
difficulty has been experienced transporting the slabs to the

site; and total costs, including transportation, is running
higher than the masonry installations. Three types of precast
installations are being tested. The first involves slotted 
wing walls into which the panels slide. The second, shown 
in Figure 4, utilizes precast sides and base which support an 
enlarged front panel from behind. The third is a pipe installa
tion in which a 4 foot length of reinforced concrete pipe cut 
at the proper angle, is attached to the rear of the panel and
 
then buried in the watercourse bank.
 

Where aggregate is inexpensive, cast-in-place concrete
 
installations are a durable alternative. 
They have not been
 
tested at Mona.
 

RECOMMENDATIONS
 

On the basis of the practical experience of developing,

installing and testing of different low cost irrigation con
trol structures, the following recommendations are made:
 

1. Precast reinforced concrete is a recommended material
 
for fabricating nuccas. It has many advantages
including cost, life, and availability. Recommended 
installation materials will depend upon the local 
conditions.
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MATERIAL: 

QUANTITY: .41m3 

BRICKS 205 
CEMENT 
SAND 

1.2 bags 
0.1 m3 

COST 
LABOR 

Rs 
Rs 

90 
12 

/ 
OTN 

NUCCA 
TOTAL 

Rs 
Rs 

60 
162 

/ CUTOFF 
W 

WITH CUTOFF 

WALLS 

QUANTITY: .53m3 

BRICKS 270 
CEMENT 1.5 bags 
SAND O.12m 3 

COST Rs 116 
TOTAL Rs 189 

TOP VIEW 	 SIDE VIEW 

-

I BRICK-

"FLOOR -	 '-6 0 cm-

-- 2 BRICK 

60cm 51cm 	 //57cm 70cm 

..J_. 	 133"1 'FLOOR 

-66cm 
97cm 

Figure 3. 	Standard brick masonry installation for the circular orifice
 
nucca.
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FRONT SECTION 
91-CROOVES
 

F7
 
51cm
100 cm 

33cm
 

H - 150cm 	 -i 

BOTTOM SECTION 
--66cm ---


SIDE SECTIONS (2) 
--56cm 

/

64cm 

3'cm-4-- 56cm ----- 46cm-	 40cm 
, 133cm -	 GROOVES 

Figure 4. 	 Concrete slap pre-cast installation for the circular 
orifice nucca. Cost (complete with nucca) Rs. 200. 
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2. 	Circular orifice panel nuccas with a curved sealing
 
surface, are easy to fabricate, simple to use, and
 
allow less leakage than other tested materials.
 

3. 	Additional work must be done to develop easy to use
 
larger size check structures where leakage is small.
 

4. 	Small drops in watercourse levels can be accomplished
 
by judiciously sized and located check structures.
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APPENDIX 18
 

EVALUATION OF PUCCA NUCCAS IN WATERCOURSE IMPROVEMENT
 

Tom Trout, Abdul Khaliq and Zahid Saeed Khan 1
 

An integral part of the On-Farm Water Management (OFWM)
 
watercourse improvement program is the installation of concrete
 
checks and outlet structures (pucca nuccas). The type pres
ently being installed are precast concrete panel orifices and
 
lids installed in a brick masonry structure. (For a complete

description, see "Low Cost Farm Irrigation Control Structures
 
for Pakistan," by Moh'd Munir, Siddique Shafique and Tom
 
Trout.) The latest design has evolved during three years of
 
experimentation. This particular nucca is being produced by

New Hassnain RCC Products, Sargodha. About 4,000 of these
 
structures have been installed in Pakistan.
 

An initial evaluation of the nuccas, installed from 6 to
 
18 months prior to inspection, by On-Farm Water Management

personnel on watercourses was undertaken in this study.

Chipping, breakage and overall functioning of the structure
 
was 
checked and, where possible, leakage was measured. The
 
results of this evaluation are given in Table 1. 

From the table it can be seen that the lids of 3 percent
of the 69 evaluated structures are ruined and should be re
placed. Twenty-six percent of the lids and 6 percent of the
panels are broken or have badly chipped edges but are still 
serviceable. Nine oercent of the lids and 1 percent of the
panels are slightly chipped but are working well. Twelve 
percent of the masonry installations have cracks but are 
functioning properly. The remainder of the structures are 
in good condition.
 

It should also be noted that, where panels are chipped 
or broken, it was always at the top edge of the orifice
where the lid hits the panel hardest upon closing. Also,
there was practically no chipping or breakage of check 
structures. This may indinate that a major cause of breakage
is the striking of the lid o" the panel by the irrigator when 
the flowing nucca, with full hydrostatic force, is being
closed. Checks are normally closed before the water arrives. 

Water was flowing through to 12 closed nuccas per

watercourse where water leakage was large enough to be mea
sured. Fifty-seven percent of the nuccas had no leakage, 11 
percent had up to 0.05 1/sec (0.0018 cusecs) leakage, 19 per
cent from 0.05 to 0.10 1/sec (.0035 cusec), and 14 percent
had greater than 0.10 1/sec. leakage. The maximum leakage 

1/Agricultural Engineer and Assistant Agricultural Engineers,
 
Colorado State University, respectively.
 



Table 1. Performance of pucca nuccas on four selccted OFWM watercourses. 

Watercourse Age 
.mo) 

Ram Diwali 12 

Lid condition 
G F P 

15 3 3 

R 

2 

Panel condition 
G F P R 

21 0 2 0 

G 

19 

Structure 
condition 

F P 

4 0 

R 

0 

Total 
(cusec) 

0.02 

1 

Leakage 
(1/sec) 

0-.05 .05-.1 

3 3 2 

>.1 

2 

Average 
(I/sec) 

1 
.056 

Thikriwala 18 6 0 5 0 11 0 0 0 11 0 0 0 0.006 4 1 2 0 .023 

Bhodriwala 6 12 2 2 0 15 1 0 0 13 3 0 0 0.003 7 0 1 0 .011 

Jaranwala 6 10 1 8 0 17 0 2 0 18 1 0 0 0.019 7 0 2 3 .045 

Total No. 43 6 18 2 64 1 4 0 61 8 0 0 0.048 21 4 7 5 -

0 

Total % 62 9 26 3 93 1 6 0 88 12 0 0 -- 57 11 19 14 .036 

G - good 
F - fair 

P - poor 

R - ruined 



321
 

recorded was 0'.2 1/sec (.0075 cusec) on two nuccas with badly
 
damaged lids.
 

The average I:otal loss per watercourse through the pucca
 
nuccas was 0.337 1/sec (.012 cusec). This is less than 1 per
cent of the inflow to most watercourses. A farmer at the tail
 
of the watercourse would probably suffer leakage from about
 
twice as many nuccas, or about 2 percent of his water would
 
be lost.
 

The materials cost of the OFWM nuccas are about Rs. 180.
 
Mason costs are about Rs 20 and unskilled labor about Rs. 10
 
per structure, for a total cost of Rs 210 per nucca. With
 
an expected nucca life of 7 years, the undiscounted cost is
 
about Rs, 0.63 per week of use. The benefits derived would be
 
in the form of water savings, labor savings and better water
 
control. Farmer pride is also increased. If water is worth
 
Rs. 800 per ha-cm (Rs. 100/AF), reducing leakage by only .013
 
1/sec (.00045 cusec) in 10 nuccas or .0013 1/sec per nucca
 
would return the cost of the nucca. On three watercourses
 
with exceptionally leaky earthen (katcha) nuccas and junction
 
areas, from 5 to 10 times this amount of leakage was measured.
 
Nucca washouts occur frequently and only four 20-minute nucca
 
washouts each week would cost the same in water loss as would
 
pucca nuccas.
 

Farmers on the Thikriwala watercourse were observed to
 
reduce the irrigation labor utilized by 20 man-hours per week
 
after watercourse improvement. At least 50% of this reduc
tion is likely due to the pucca nuccas. This is worth
 
Rs. 20/week (Rs. 1/hr labor costs) which, by itself, would
 
repay the pucca nucca costs.
 

To put an economic value on the additional benefits is
 
difficult. It is known that pucca nuccas are one of the
 
prime factors which motivate the farmers to invest the labor
 
required to undertake watercourse earthen improvements.
 

CONCLUSIONS
 

1. The precast orifice nuccas, when in good condition,
 
had practically no leakage. Average losses were
 
about 1 percent of the mogha inflow after one year
 
of field use.
 

2. 	Breakage of nuccas is still a problem and the quality
 
of the structures must be improved. A nucca re
placement rate of 10-20 percent per year might be
 
expected with the present nuccas.
 

3. 	Water and/or labor savings will repay the cost of
 
pucca nuccas. Extra benefits are improved water
 
control, more irrigation time and farmer pride.
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APPENDIX 19
 

AIDS AND SUGGESTIONS FOR THE SUCCESSFUL
 
MANUFACTURE OF CONCRETE NUCCAS
 

Norman Illsley and Azeem Cheema
1
 

Watcr losses in irrigation systems have been appreciably
 
decreased by using improved structures at control points
 
along watercourses.2 These control points serve any of three
 
functions: to divert the water into the desired watercourse;
 
to drop the elevation of the watercourse slope; and to
 
terminate the flow of water down the watercourse when irriga
tion is being done above that point. Traditionally these
 
functions have been served by simple earthen fills that are
 
weak and leaky.
 

Several structural designs and various mi terials were 
tested in field conditions and resulted in the development
of a concrete structure that is giving good service. This 
design is described by Trout, et al. 3 and resembles a con
crete manhole inclined at a 450 angle in a watercourse. How
ever, when some contractors have tried to duplicate these 
nuccas they have had difficulty in achieving the performance
of the nuccas manufactured by the original contractor, 
Hasnain RCC, Sargodha. Failures of nuccas have been generally
due to poor quality control in the concrete and in achieving 
a watertight seal between the lid and the panel. It is 
obvious that there are no short cuts in making quality con
crete structures; however, there are some tools and techniques 
that will facilitate achieving quality. 

QUALITY CONCRETE
 

For concrete to achieve its potential strength it must
 
be made with good quality materials. The cement is of
 
uniformly good quality when manufactured but, if left open or
 
stored for long periods of time, it may deteriorate by picking
 
up moisture from the air. In this case it will become hard
 
and lumpy. If too much moisture has been picked up the
 
strength of the concrete will be impaired.
 

l/Colorado State University Agricultural Engineer and Assist
ant Agricultural Engineer, respectively.
 

2/Evaluation of Pucca Nuccas in Watercourse Improvement by Tom
 
Trout, Abdul Khaliq and Zahid Saeed Khan. August 1978. Un
published Colorado State University Water Management Research
 
Project in Pakistan.
 

3/Low Cost Farm Irrigation Control Structures for Pakistan by
 
Mohammad Munir, M. S. Shafique, and Tom Trout, 1978.
 
Presented at the International Seminar on Low Cost Structures,
 
Peshawar, February 27-March 4, 1978. Research was funded
 
in part by USAID grant.
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The most important single factor controlling the strength
 
of concrete is the water/cement ratio (.see Figure 1). A
 
ratio of 0.36 (1 kg water to 2.75 kg cement) s ould produce a
 
concrete of about 4,000 psi/strength (281 K/cm ) if made with
 
reasonable quality aggregate, sand and water.
 

Reasonable quality aggregate means that the parent rock
 
should be strong and free from any harmful elements such as
 
sulfur which attacks cement. Sand should again come from
 
good quality rock and be free from fine silt and clay. Clay,
 
in particular, interacts with the cement particles and pre
vents the cement from bonding properly. Water should be
 
clear and free from any chemicals such as sulphur or salt
 
that adversely affect cement. All materials should be free
 
from organic matter. This includes sticks or grass in the
 
sand, as well as algae or slime in the water.
 

Concrete must be thoroughly and properly mixed. A
 
mechanical mixer is the only sure way of properly mixing
 
concrete. Mixing with a shovel in a pile will not assure
 
consistent quality from batch to batch. When using a power
 
mixer the batch should be mixed at least two minutes after
 
the last ingredient was added. All concrete should be in
 
the forms and in place within 1/2 hour after adding water
 
to the mix.
 

The temperature of the concrete during mixing and
 
placement will effect the ultimate strength of the concrete.
 
The cooler the temperature the stronger the concrete so long
 
as it remains above freezing (see Figure 2). However, the
 
lower the temperature the slower the curing process. Once
 
the concrete is placed and has taken its initial set, the
 
temperature may be raised. Where forms are to be stripped
 
as soon as possible, it is desirable to use steam for
 
curing. This allows removing forms in a matter of hours.
 

Finally, concrete must be properly cured. Once the
 
concrete is hard and movable it is best to place cast pieces
 
under water in a large tank and allow them to remain there
 
for at least one week. The longer concrete remains exposed
 
to water the harder it will get. The hardening process
 
slows down but never stops (see Figure 3).
 

PLACING CONCRETE
 

If a proper water/cement ratio is used, the resulting
 
concrete should be stiff enough so that vibration will be
 
necessary to achieve proper compaction. Two methods of
 
vibration are available, the first is with the small size
 
portable vibrator shafts that are inserted ana moved around
 
in the concrete. The second is to construct a vibrating
 
table on which the forms are filled and vibrated. The hand
 
portable vibrator is more versatile, but usually slower than
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Figure 1. 	 Effect of water/cement ratio on strength
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the vibrating table. But vibration is essential first for 
proper compaction which effects strength, and second to work 
the aggregate away from the forms leaving a smooth grout paste 
on the surface. In the case of casting nuccas, any air 
bubbles on the surface of the form where the lid is to seal 
would cause leaks. It is essential to vibrate this portion
of the concrete sufficiently to remove all-entrapped air 
bubbles in both the nucca panel and lid. Vibrators should 
not be allowed to contact reinforcing steel for any extended 
time. If the steel is vibrating it will force back the 
aggregate and gather water next to the steel bar. The result 
will be a poor bond between the concrete and the steel. 

FORMS AND MOLDS 

Forms for portions of concrete that do not have critical 
dimensions can be made of wood, but surfaces, such as the
 
sealing portion of the nucca panel, must be cast against a 
hard, rigid material, such as machined cast iron or accurately

finished concrete. Wherever possible, edges and corners 
should be rounded to reduce chipping. The sealing surfaces 
of the concrete should have a smooth, uniform texture with 
no large pieces of aggregate showing. A grout paste of sand 
and cement with no aggregate is used for this portion of the 
castings. T!n making the panel, regular concrete is first
 
used between the outside form and an inner ring form that is 
about 10 cm larger in diameter than the lid. This ring is 
slightly tapered so that it can be easily removed as 
soon
 
as the concrete is in place and vibrated, after the ring is
 
removed the cast iron form is placed in the panel and the 
remaining space is filled with grout. This is again vibrated 
to assure no air pockets remain that will cause leaks.
 

By using the cast iron ring for the sealing surface of
 
the panel, the lid can be cast directly into the panel. After
 
the panel has cured enough to work with, a convex disc is
 
placed in the panel so that the center thickness of the lid
 
will be reduced by about 50%. The sealing surface of the
 
panel is liberally coated with light grease to act as 
a re
leasing agent when the concrete of the lid has cured and is
 
to be removed. The reinforcing steel and lid handles are
 
positioned and the concrete for the lid is placed. Here again,
 
to assure, a fine smooth texture, a sand-cement grout is
 
placed on the sealing portion of the panel first. This grout
 
is about five to ten centimeters thick to assure no aggregate
 
from the remaining concrete emerging. Finally, good vibration
 
is essential for strength and to ensure that no air bubbles
 
are on the sealing surface.
 

FINISHING
 

After the panel and lid have cured sufficiently (a few
 
days) the lid is ground or lapped into the panel. This is
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done by rotating the lid in the panel much the same as engine
 
valves are ground into their seats. Water is used as a
 
lubricant and for flushing out the ground away material. This
 
can 	be done by hand but requires about 20 minutes of hard
 
work per panel. The starting torque on an unground panel and
 
lid is of the order of 250 ft lbs. The running torque is
 
about 1/4 of this. A special machine has been designed for
 
this purpose and has resulted in a much better quality surface
 
on the seal with much less physical work. It is described in
 
detail below.
 

CURING
 

Proper curing of concrete is essential for strength
 
(see Figure 3). Steam is fast but requires special equip
ment. A simple pond that the concrete pieces can be stored
 
in is adequate. Hasnain RCC found that storing under water
 
for 	one month gave appreciably harder nuccas than the usual
 
storage time of one week. Where time and facilities permit,
 
this is good practice.
 

GRINDING MACHINE
 

The most difficult problem is making nuccas, whether
 
concrete or any other material, is to get a tight seal.
 
The 	"S" shape seat developed by Trout and the grinding tech
nique used by Hasnain showed the greatest promise of a good
 
seal. However, the labor involved in the grinding process
 
meant that only the most diligent manufacturer would pro
duce a "tight" nucca. Therefore, a machine was designed and
 
built to lap the lids to their seats in the panel mechanically.
 

This machine must:
 

1. 	have sufficient torque to rotate the lids (over
 
250 ft lb.),
 

2. 	be made of locally available material with local
 
shop facilities,
 

3. 	be flexibile enough that it could grind any
 
anticipated shape of nucca,
 

4. 	be reasonable in cost, and
 
5. 	be portable and simple.
 

In evaluating these constraints the following observa
tions were noted. A mechanics torque wrench was used on a
 
new nucca and indicated a starting torque of 200 ft lbs.
 
Local shops generally have good welding facilities and a
 
variety of lathes, shapers and milling machines. Foundries
 
are familiar with sand casting of common metals, and are
 
reasonable in their charges. Mild steel is available in
 
the comnon shapes such as angle, channel, pipe, and plate.
 
A large market exists in used ball and roller bearings which
 
have been salvaged from old machinery and automobiles.
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Electric motors, both single and three phase, are locally
 
made, and old automobile wheels are available in the used
 
market.
 

An electric motor was used for power because of its
 
simplicity, cheapness and low maintenance. This imposed one
 
constrainit, namely that the power for the machine would be
 
delivered at 1,500 rpm. Since a final turning speed of one
 
half revolution per second is adequate, a 1/4 hp motor has
 
sufficient power. This requires a 50:1 speed reduction.
 
To keep pulleys and sprockets reasonable in size, this speed
 
reduction was done in three steps. The first step from the
 
motor to the first step down pulley is 4:1 using 4" and 16"
 
pulleys. This phase also changes the axis of rotation from
 
horizontal at the motor to vertical at the first pulley.
 
An auxiliary guide pulley is needed here to align the belt 
on the slack side from the motor to the pulley. This guide 
pulley is on a movable arm so that it can slack off the belt
 
and act as a clutch. As the torque is lowest here, this is
 
the best location for a clutch mechanism, and the guide 
pulley serves Ehe purpose well. The second or intermediate 
phase is from a 4" pulley cast integrally with the first
 
16" pulley, to a second 16" pulley giving an additional 4:1
 
reduction. The second 16" pulley has a 3" sprocket mounted
 
on it to make the final drive to a 12" sprocket on the drive 
shaft. The total reduction is therefore 64:1. This is
 
greater than the required 50:1 and resulted from what was
 
locally available in sprockets and the torque and tension can
 
be calculated in reverse order. Given a maximum torque of
 
250 ft. lbs, the tension on the final u.iLve chain would be
 
500 lb on a 12" (6" radius) sprocket. The torque on the humb
 
of the 3" sprocket would be 62.5 ft. lbs. This gives a
 
tension of the intermediate belt of 93 lbo. The torque on
 
the hub of the first step down pulley would be 15.6 ft lbs.
 
The tension on the first belt would then be 23.4 lbs, giving
 
a torque on the motor shaft of 3.9 ft lbs. These figures
 
start with an arbitrary value and do not account for
 
fricitional ir.: s. They indicate that the sizes selected
 
are capable of -:arrying the loads imposed.
 

All of the pulleys and shafts are mounted on ball bearings
 
with provision for occasional lubrication.
 

Tension adjustment of the first belt is done with the
 
clutch pulley as well as by moving the motor on its mount.
 
The second belt and the final drive chain are adjusted
 
simultaneously by rotating the shaft for the second 16"
 
pulley and sprocket on the eccentric plates that hold the
 
shaft in position. By rotating the two plates the shaft can
 
be positioned anywhere within a 6" circle so that both belt
 
and chain may be set at the desired tension.
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The final drive sprocket is mounted on an automobile
 
rear axle flange. The axle then extends through two ball
 
bearings and has an automobile universal joint pinned on the
 
lower end. A steel drive arm is bolted to the unversal joint

flange, and studs on which to attach drag chains are welded
 
to the trailing edges of the drive arm. Short drag chains
 
attach to the appropriate studs and hook onto the handles
 
cast into tne nucca lids. By changing the studs to which the
 
chains hook, different diameter lids can be accommodated.
 

The frame is made of 3" channel iron with the wheel
 
axle held by "U" bolts. This allows the axle to be moved
 
to change the balance of the machine, thus varying the load
 
on the lid being ground. A handle is mounted on the front
 
of the machine for moving the machine into position and
 
also for lifting the machine and lid while starting, to re
duce the starting torque.
 

It was initially intended to put a spring load on the
 
clutch pulley to hold tension on the first belt. However,
 
this was found unnecessary. The pulley has very little
 
force on it because it rides on the slack run of the belt.
 
Secondly, the mount for the pulley has sufficient friction
 
in it to hold any position. This is because the arm is
 
welded onto a tube that was machined to a sliding fit on a
 
1 1/2" machined shaft. When the welding was done with the
 
unit assembled, the shrinkage from welding warped the tube
 
enough to make it a tight fit on the shaft. A spring may

have to be added at a later date but, thus far, the
 
friction on the 4" tube is adequate and has not changed
 
perceptibly.
 

What was formerly done in 20 minutes of hard physical

work can now be done better in three minutes. By using the
 
grinding machine described, the new nuccas are virtually water
 
tight and it is expected that they will remain so. Nuccas
 
that were hand ground to less than this degree of tightness
 
have not deteriorated in the past.
 

Concrete can be a good material for making these control
 
structures provided it is used and finished properly.
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TRAPEZOIDAL PLATES WITH CIRCULAR ORIFICES FOR MEASURING
 
FLOW RATES AND WATER LOSS IN WATERCOURSE
 

W. D. Kemper, Dwayne Konrad,
 
Norman Illsley, and Tom Trout!/
 

DESCRIPTION OF PLATES AND THEIR ORIFICES
 

A set of these plates with 4", 6" and 8" orifices was made
 
with the base of the trapezoid being twice the diameter of the
 
orifice, the bottom of the orifice at a distance of one diame
ter from the bottom of the plate the side slopes of the orifice
 
at two units vertical to one unit horizontal and the distance
 
from the top of the orifice to the top of the plate was about
 
0.5 ft. as indicated in Figure la.
 

The bottom and side edges of these orifices should be
 
sharpened to about a 600 angle as indicated in Figure lb.
 

The plates were cut from 1/4" thick sheet plastic. If
 
this sheet is clear or translucent, it allows the reader to
 
see the level of water on the front side of the plate when
 
viewing from the back side and thereby facilitates and in
creases the accuracy of the head loss measurement.
 

The orifice edges were flat as indicated in Figure 2.
 

The profile view of the general measurement conditions
 
is shown in Figure 2 for submerged flow conditions.
 

CALIBRATION AND CONSISTENCY OF MEASUREMENTS
 

Table 1 shows the flows associated with head losses through

2", 3", 4", 6", 8", 10", 12" and 16" diameter circular orifices.
 
This table was calculated from the equation.
 

Q = 0.65 A (2gAH)
1 /2
 

where Q is the flow rate in cubic feet/second, A is the area

of the opening in square feet, g is the acceleration of gravity

(32.2 ft/sec 2) and AH is the difference in elevation of the
 
water surface in front of and behind the orifice. The co
efficient of 0.65 was selected on the basis of past calibra
tions.
 

1/Agricultural Engineer, Extension Engineer, and Agricultural

Engineers, Colorado State University, Fort Collins, Colorado,
 
respectively.
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Figure 1. Orifice plate.
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Figure 3. 
Double Orifice Installation; View from Downstream
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Consistency was tested for the 4" and 6" orifices, by
 
installing a 6" orifice, allowing time for steady state and
 
measuring the head loss across the 6" orifice in a channel and
 
then placing a 4" orifice directly in front of the 6" orifice,
 
allowing time for steady heads to develop, measuring the head
 
loss again and then comparing the flow rates using Table 1.
 

In one channel, the head loss with the 6" orifice was
 
measured at 0.10 feet and then the 4" orifice was inserted,
 
the stezcyv state head loss was 0.50 feet. Usina Table 1,
 
these translated to 0.304 and 0.302 cusecs respectively.
 

On another channel the head loss through a 6" orifice was
 
0.09 ft. and the head loss through a 4" orifice was 0.43 feet.
 
Using Table 1, these translated to 0.288 and 0.281 cusecs
 
respectively. 

Since turbulence on the water surface (particularly on the
 
downstream side) prevents reading the elevation difference to
 
closer than plus or minus 0.005 feet, consistency of measu[-e
ments using these two sizes of orifices is within the limits
 
of observational accuracy.
 

In several cases, before 8" orifices were available, flows 
between 1.0 and 1.2 cusecs needed to be measured. Two of the 
6" orifice plates were placed side by side as indicated in 
Figure 3 and flows in this range were measured. To obtain an 
indication of whether two orifices placed this close together 
would disturb eachother's flow rates and calibration, the 
following measurements were taken. After a head loss of 0.48 
feet had been measured across a single 6" diameter orifice 
(indicating 0.666 cusecs flow) at one location with a free
 
flow drop about 30' upstream, two orifices were installed as
 
indicated in Figure 3. The head loss measured across the
 
double orifice was 0.12 feet, which using Table 1 and assuming
 
half of the 0.666 of flow through each of the submerged orifices
 
was exactly consistent.
 

In all of these measurements the level of water on the down
stream side was raised to about 0.04 feet or more above the
 
top of the orifice by placing of rocks or shovels in the
 
-hannel to achieve submerged conditions. 

In several other cases where streams joined together or
 
split, the measured combined flows were equal to the sum of 
the separate flows within observational limitations.
 

When measuring flows with flumes at successive positions
 
along watercourses where losses are extremely low, great care
 
must be taken, or downstream readings occasionally exceed 

upstream readings due to improper leveling of the flume, 
bouncing of water levels, etc. Using orifice plates it is
 

soon apparent that they yield more consistent results in the
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Table 1. Flow rates (cubic ft/second) indicated by the head loss (cm)
 
according to q = .65 AV2gAH, where A = D2/4, g = 32.2 ft/sec 2
 

Head 
Loss 
ft. .167 .25 

Diameter of Circular Orifices (feet) 
.333 .50 .667 .835 1.0 1.33 

0.01 .011 .026 .046 .102 .182 .410
.284 .725
 

0.02 .016 .036 .064 .145 .258 .402 .579 1.03
 

0.04 .023 .051 .092 .205 .364 .569 .819 1.45
 

0.06 .028 .063 .112 .250 .446 .696 1.00 1.78
 

0.08 .032 .072 .129 .290 .515 .804 1.16 2.05
 

0.10 .036 
 .081 .144 .324 .575 .899 1.30 2.29
 

0.12 .040 .089 .158 .355 .631 .985 1.42 2.51
 

0.14 .043 .096 .170 .384 .681 1.06 1.53 2.71
 

0.16 .046 .102 
 .182 .409 .729 1.13 1.64 2.90
 

0.18 .048 .209 .193 .435 .773 1.20 1.74 3.08
 

0.20 .051 .115 .204 .458 .814 1.27 1.83 3.24
 

0.22 .054 .120 .213 .481 .854 1.33 1.92 3.40
 

0.24 .056 .125 .223 .502 .892 1.39 2.01 3.55
 

0.26 .058 
 .131 .232 .522 .928 1.45 2.09 3.70
 

0.28 .060 .135 .241 .542 .963 1.50 2.17 3.84
 

0.30 .063 .140 .249 .560 .997 1.56 2.24 3.97
 

0.32 .065 
 .145 .258 .580 1.03 1.61 2.32 4.10
 

0.34 .067 .149 .265 .597 1.06 1.65 2.39 4.23
 

0.36 .069 .154 .273 .615 1.09 1.70 2.46 4.35
 

0.38 .070 .158 
 .280 .631 1.12 1.75 2.53 4.47
 

0.40 .072 .162 .288 .648 1.15 1.79 2.59 4.58
 

0.42 .074 .166 .295 .664 1.18 1.84 2.66 4.70
 

0.44 .076 .170 
 .303 .679 1.21 1.88 2.72 4.81
 

0.46 .078 .174 .309 
 .695 1.23 1.93 2.78 4.92
 

0.48 .079 .177 .315 .710 1.26 1.97 2.84 5.02
 

0.50 .081 
 .181 .322 .725 1.29 2.01 2.90 5.12
 

0.55 .085 .190 .337 .760 1.35 2.11 3.04 5.37
 

0.60 .089 .198 .352 .793 1.41 2.20 3.17 5.61
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hands of the common operator than do the flumes. Reasons for
 
the consistency of the orifice readings include three obvious
 
factors.
 

1. Orifices do not require precise leveling to assure that
 
the upstream and downstream gauge readings are with
 
respect to the same datum.
 

2. When the orifice is submerged, actual depths of the water
 
on the upstream and downstream are not necessary and only
 
the difference in head, which is easily measured across
 
the clear plastic orifice plates is needed.
 

3. Head difference is a squared function of the flow rate
 
through orifices (i.e., square both sides of equation 1)
 
and consequently is a more sensitive measure of flow
 
rate than is the flow in a flume which varies with
 
about the two-thirds power of the head.
 

As an illustration of the latter point consider that a flow
 
rate of 0.608 cusecs is occurring in a watercourse and that
 
2000 feet downstream 10% of the water has been lost so that
 
0.549 cusecs of water is flowing at. that point. The head loss
 
readings across the 6" diameter orifice plates would be 0.40
 
feet and about 0.32 feet at the two successive points.
 

On the other hand if 4" width cutthroat flumes were used,
 
under free flow conditions at the two successive points, the
 
upstream staff gauge readings would be about 0.62 and 0.58 
feet at the two successive points.
 

The difference in gauge readings between the first and
 
second stations would be two times as great for the orifice
 
plates as for flumes and consequently the orifice plates
 
allow more accurate measures of loss between the measuring

stations on the watercourse. When the orifices can be used
 
under conditions of considerable head loss, the precision is
 
magnified by the squared relationship between head loss and
 
flow,so it is relatively easy to detect losses of only a few
 
percent. However, when the head loss must be kept small,
 
larger orifices must be used which cannot benefit from this
 
magnification in their accuracy.
 

INSTALLATION OF ORIFICE PLATES IN EARTHEN CHANNELS
 

In some earthen channels with size and shape similar to
 
the orifice plates, it is possible to simply force the plates
 
into the channel at right angles to the flow and wait for the
 
head to build up on the upstream side. Submergence of the
 
orifice on the downstream side should be achieved by fixing a
 
shovel (or stones) in the bed about 10' downstream from the
 
orifice plate.
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If the channel bed is too hard to allow the plastic plate
 
to penetrate, or if grass and roots or dry soil on the side
 
prevent the plate from extending into the banks, a shovel
 
can be used to cut through these obstructions and open the way
 
for the plate to enter the bottom and sides of the channel to
 
the point where the orifice will become submerged as indicated
 
in Figure 2.
 

If the channel is wider than the plates it will be necessary
 
to build partial bunds on one or both sides of the channel
 
which will support the orifice plate in its vertical position
 
and prevent passage of water around the plate. In such cases,
 
and for the larger orifice plates in particular, it may be
 
necessary to drive a couple of metal stakes firmly into the bed
 
of the watercourse just behind and to each side of the orifice
 
to help support the plate in a vertical position and prevent
 
it from bowing excessively.
 

Remove any soil or grass from at least three orifice
 
diameters in front of the plate to three orifice diameters
 
behind the plate which is in direct line with the orifice and
 
the cylinder which extends at least an inch beyond the orifice.
 

Time required to achieve steady head conditions can be as
 
little as one or two minutes where there is free flow over
 
an upstream structure close to the orifice plate, or there is
 
a steep gradient of the channel bed. However, the time required
 
for steady head conditions to develop increases as the slope
 
of the channel decreases and the head drop across the imposed
 
orifice plate increases and it may be as long as 30 or 40
 
minutes. Consequently readings of head loss should be taken
 
at 5 or 10 minute intervals until they are constant before the
 
observed head loss is used as a measure of the flow rate.
 

STANDARDIZED CONDITIONS FOR OPTIMUM REPRODUCIBILITY
 

The head loss accompanying a specific rate of flow through
 
the orifice is dependent, to some extent, on the approach and
 
departure conditions. For instance, if the approach conditions
 
consisted of a pipe with an inside diameter equal to that of
 
the orifice, there would be negligible head loss in the orifice.
 
The energy balance for the conversion of hydraulic head energy
 
(VAH) to kinetic energy (I/2MV2 ) is the basis for the general
 
form of equation (1). The numerical coefficient in the
 
equation is determined by several hydraulic factors, including
 
the approach velocity. The numerical coefficient will remain
 
reasonably constant if the approach and departure conditions
 
are reasonably the same.
 

For this reason it is suggested that the level of water on
 
the departure side always be about 0.04 ft. above the top of the
 
orifice and that the approach channel should have a cross
 
section at least five times that of the orifice. This latter
 
condition can be achieved by excavating the channel on the
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approach side if it does not already have this dimension.
 
However, the channel should be returned to its original con
dition when the measurement is completed to maintain good

relations with the farmers.
 

GENERAL COMMENTS
 

Orifice plates can generally be made at less cost than
 
other flow measuring devices. 
They are also easy to transport

in passenger vehicles and easy to carry to the field.

Although they are 
simple, they can be an accurate tool for
 
measuring water flow rates and rates of loss in watercourses.
 

Since the country is converting from English to metric
 
units, a calibration chart for metric units is given in
 
Table 2 for round orifices with diameters approximately equal
 
to those in Table 1.
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Table 2. Flow rates (in liters/second) indicated by the head loss (cm)
 
= .65A V'2gAH
according to the equation q 


HeadHead Orifice Diameter (cm)
 

AH
 
(cm) 5 7 10 15 20 25 30 40
 

.2 .25Z/sec. .50 1.01 2.27 4.04 6.32 9.09 16.2
 

.4 .36 .70 1.43 3.21 5.71 8.93 12.9 22.8
 

.6 .44 .86 1.75 3.94 7.00 10.9 15.7 28.0
 

1.0 .56 1.11 2.26 5.09 9.04 14.1 20.3 36.1
 

1.5 .69 1.36 2.76 6.22 11.0 17.3 24.9 44.2
 

2.0 .80 1.57 3.19 7.19 12.8 20.0 28.7 51.1
 

2.5 .88 1.75 3.57 8.04 14.3 22.3 32.1 57.1
 

3.0 .97 1.92 3.91 8.81 15.6 24.5 35.2 62.6
 

3.5 1.05 2.07 4.22 9.51 16.9 26.4 38.0 67.6
 

4.0 1.12 2.21 4.51 10.2 18.1 28.2 40.6 72.2
 

4.5 1.19 2.35 4.79 10.8 19.2 30.0 43.1 76.6
 

5.0 1.26 2.48 5.05 11.4 20.2 31.6 45.4 80.8
 

5.5 1.32 2.60 5.30 11.9 21.2 33.2 47.7 84.9
 

6.0 1.37 2.70 5.51 12.4 22.0 34.5 49.6 88.1
 

6.5 1.44 2.83 5.76 13.0 23.0 36.1 51.9 92.2
 

7.0 1.49 2.93 5.97 13.4 23.9 37.3 53.7 95.5
 

7.5 1.54 3.03 6.17 13.9 24.9 38.6 55.5 98.7
 

8.0 1.59 3.13 6.38 14.4 25.5 39.9 57.4 102
 

8.5 1.64 3.23 6.58 14.8 25.8 41.2 59.2 105
 

9.0 1.69 3.33 6.78 15.3 27.1 42.4 61.0 108
 

9.5 1.73 3.40 6.94 15.6 27.7 43.4 62.4 i1
 

10 1.78 3.50 7.14 16.1 28.6 44.7 64.3 114
 

11 1.87 3.68 7.50 16.9 30.0 46.9 66.6 120
 

12 1.94 3.83 7.80 17.6 31.2 48.8 70.2 125
 

13 2.03 4.00 8.16 18.4 32.6 51.0 73.4 131
 

14 2.11 4.15 8.47 19.1 33.9 53.0 76.2 135
 

15 2.17 4.28 8.72 19.6 34.9 54.5 78.5 140
 

16 2.25 4.43 9.03 20.3 36.1 56.5 81.2 144
 

2 3 
*Where A is the area of the orifice in cm q the flow rate in cm /sec, gis
 
980 dynes/gm and AH is in cm.
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APPENDIX 21
 

TUBEWELL JUNCTION JET PUMP
 

M. S. Shafique and D. E. Konrad I/
 

INTRODUCTION
 

A common problem for irrigation farmers in the Mona
 
Project area is that their full authorized discharge is not
 
provided at the outlet (mogha) to their watercourse. The
 
moghas are either modular (flume type) or non-modular (pipe
 
orifice). The modular moghas are designed to discharge the
 
full supply at an unsubmerged condition. Because of flat
 
watercourse gradients, along with silt deposits, vegetative
 
growth, and elevated fields, the water is usually backed over
 
the mogha.
 

Where tubewells exist near the mogha, it is possible to 
use excess water horsepower or energy at the tubewell to raise 
the level of the w 0:er in the watercourse. This was done 
successfully in two locations in the Mona Project area. The 
first jet pump utilized a long discharge pipe from the tube
well to the watercourse and from there a horizontal steel 
jet pipe and nozzle. The other jet pump involved bringing 
the watercourse to the tubewell to save piping cost. The 
existing concrete discharge box was heightened to allow full 
use of the relatively high discharge elevation of the tubewell. 
In both cases, the previously submerged mogha was freed to 
allow full supply flow. Also, the jet pump allows the com
plete mixing of the canal water with the more saline ground
water.
 

BACKGROUND
 

Watercourses MN-60 and MN-62 are just across from each
 
other on the same distributary. Their problems were alike.
 
Both watercourses had access to a public tubewell built
 
under the Salinity Control and Reclamation Project (SCARP-II)
 
to lower the water table and augment the irrigation water 
supply. However, in both cases, the mogha was submerged 
even without the tubewell in use. When the tubewell for 
each watercourse was activated, the mogha became more sub
merged so that the water through the mogha ceased flowing 
altogether. In that case, the farmers were essentially 
paying for tubewell water only and giving their higher 
quality canal water back to the distributary. This completely 
defeated the purpose of the SCARP tubewells since it neither 

l/Senior Research Hydrologist, Mona Reclamation Experimental 
Project, and Irrigation Engineer, Colorado State University. 
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augmented these two water supplies nor did it provide reason
able quality mixed water to these farmers. In fact, the
 
farmers were actually being charged for water that they did
 
not prefer.
 

Watercourse MIN-60, for example, should receive 2.83
 
cusecs through the mogha as authorized supply. The tubewell
 
is capable of pumping 3.6 cusecs. When the tubewell was
 
actually turned on, total flow through that watercourse
 
section became 3.5 cusecs. In effect the total supply was
 
coming from the tubewell.
 

Farmers at MN-60 could not recall having received the
 
authorized flow of water in 13 years. More recently, they

had organized to improve or rehabilitate their watercourse to
 
increase the supply. Even when that hard labor was finished,
 
the mogha was still submerged. In effect, the farmers could
 
not see the immediate benefits of eart.en improvement. The
 
situation at watercourse MN-62 was much the same. Since
 
MN-60 and MN-62 are mocghas opposite each other on the dis
tributary, anv effect on one mogha would surely affect the
 
other mogha.
 

Submergence of the modular type mogha is such that,
 
once the flow is unsubmierged, maxium flow exists unless the
 
distributary water level is increased. There are also sub
merged pipe moghas in the Mona Project area. Where these
 
pipes exist, the effect of reducing submergence can have a
 
potentially greater effect on flow to the watercourse than with
 
the flume type mogha. Flow through the pipe depends upon
 
net head between distributary and watercourse. In reality,
 
flows greater than authorized could be caused by unsubmerging
 
to extreme.
 

PRINCIPLE O, JET PUMP 

A jet pump operates with the principle of taking a low
 
capacity but high velocity stream of water and transferring
 
that energy to another stream of low velocity water to ih
crease the head or water level of the combined streams.
 
This was convenient to do at Mona Project without adding
 
a cost of energy because the SCARP tubewell discharges are
 
constructed with discharge pipes from 4 to 5 feet above the
 
watercourse level. A worthwhile feature of the jet pump is
 
that it has no moving parts and is relatively simple to
 
fabricate. All materials could be manufactured in Pakistan
 
and near the place of use. In some cases, the jet pump

could also be seen to eliminate the expensive animal driven
 
jalar or water wheel.
 

RESEARCH FINDINGS
 

The first type of jet pump or energy principle pump was
 
proposed by CSU and built Dn watercourse MN-51 in 1977
 



341
 

(Figure 1). Obviously too much energy was dissipated before
 
the tubewell water reached the canal supply and only a small
 
lift was realized.
 

Aust did further research on jet pumps in 1977-78.
 
Research pointed out that theoretical efficiencies up to 50%
 
could be attained by hydraulic jet pumps. With the knowledge
 
that even a 25% efficient pump would be satisfactory for the
 
Pakistan situation, a jet pump was designed and constiucted
 
for testing at the Engineering Research Center, Foothills
 
Campus, Colorado State University. Results of testing a
 
model such as Figure 2 showed an efficiency of 42%. Lowest
 
efficiency attained was 19%. Critical parts of design were
 
the nozzle size and distance of nozzle to mixing chamber.
 
Total cost of installation for Pakistan was estimated at
 
Rs. 1,600.
 

MONA TUBEWELL JUNCTION JET PUMP INSTALLATION
 

Figure 2 shows the installation setup type at MN-60 for
 
the first designed tubewell junction jet pump (JJP). Par
ticular dimensions of the pump mechanism are given in Fig
ure 3. This installation required the purchase of 8-inch
 
steel pipe from the pump discharge to the nozzle. The nozzle
 
was also made of steel. The mixing chamber, inlet section
 
and diffuser were made of brick and -oncrete masonry. Total
 
cost was Rs. 12,000 ($1,212), well above the estimated cost
 
by CSU. The tubewell is located about 700 feet below the
 
mogha. Inpu'. energy to the tubewell was not increased by
 
adding the jet pump device.
 

Costs were decreased greatly at MN-62 by bringing the
 
watercourse to the tubewell and by employing the existing
 
discharge box although the box walls did require heightening.
 
A concrete mixer and nozzle were used initially but the nozzle
 
was later changed to metal so that clearance between nozzle
 
and intake would be adequate to pass trash from the water
course and to decrease head loss in that section. The cost
 
of this final installation was just under Rs. 1,000 ($101).
 
The tubewell is located about 150 feet below the mogha.
 

RESULTS OF TUBEWELL JUNCTION JET PUMP TESTS
 

Discharges, flow depths, jet pump features and jet pump
 
efficiencies are given in Table 1. In all cases, the
 
operation of the JJP cause the mogha to be unsubmerged at 
the inlet to the watercourse. The water level in the dis
tributary was below normal so that the full authorized flow
 
was not achieved for MN-62. Later into the irrigation season,
 
full supply is expected.
 

Output of the jet pump can be expressed in terms of
 
either foot-pounds per second or water-horsepower. Since
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Design of Discharge Box 
I- and Mixing Point 

Canal Supply = 3.0 cfs 
9 ' 6 T/W Supply: 3.5 cfs 

A= Start of Bed Rise 
B: Pipe Line Lid 
C Pipe Line for Higher Land Supply 
D : Highest Point 
E Converging Section 
F : Mixing Point 

6 ) G T/W Supply 

, 'A 

----- 28--

-Extream FS.L 
99.4' 

Normal FS.L 
98.4 

-

-7 

3.61' 

- -

0.25-

Concret Bose 0.5' 
0.25_ 

7 

Section D-D Section A-A 

Figure 1. Layout of first junction jet pump arrangement at
 
MN-51.
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III_ 

Scale 0.4"= I'- " 
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Figure 2. 
Tubewell junction jet pump installation at
 
MN-60, Mona.
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Figure 3. 	Hydraulic junction jet pump device installed and tested at MN-60,
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Table 1. 	Results of tubewell junction jet pum#'t*.tg and
 
design dimension.
 

TW MN-60 TW MN-62
 
(5.8" Nozzle) (5.25" Nozzle) (5.5" Nozzle)
 

Watercourse
 
Flow, QW 2.14 cusecs 1.20 cusecs 0.66 cusecs
 

Tubewell
 
Flow, Qp 3.60 cusecs 2.75 cusecs 2.75 cusecs
 

Total
 
Flow, QT 5.74 3.95 cusecs 3.41 cusecs
 

Nozzle
 
Velocity, V 20.0 fps 18.3 fps 17.2 fps
 

Net head at
 
tubewell, Hp 5.0 ft 4.39 ft 4.07 ft,
 

Net lift pro
duced, by jet
 
pump, HT 1.15 ft 0.88 ft 0.82 ft
 

Water horse
power input 2.04 HP 1.37 HP 1.27 HP
 

Water horse
power output 0.75 HP 0.62 HP 0.32 HP
 

Efficiency
 
(Power) E 36.7% 28.9% 
 25.1%
 

Efficiency
 
(Momentum) EM 17.8% 10.8% 6.1%
 

horsepower is a term generally associated with pumps, this
 
term was chosen. Water horsepower is determined by the
 
formula:
 

WHP = 0.114QH
 

where 'Q' 	is in cusecs and 'H' is in feet.
 

Input horsepower is determined from tubewell discharge

and distance from center lines of discharge pipe to jet

nozzle. Output horsepower is determined from total discharge
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and the height that the total supply is lifted. In the cases
 
at Mona, it is seen in Table 1 that efficiencies of 25.1 to
 
36.7% were reached without great refinement of the jet pump.
 

The test at MN-62, indicating an efficiency of only 25%,
 
was run under conditions such that watercourse flow was only
 
0.66 cusecs and the accomplished lift was 0.82 feet. Also,
 
the nozzle size used was 5.5 inches, resulting in a nozzle
 
velocity of 17.2 fps. It was quite possible that, in this
 
case and due to low watercourse flows, the nozzle may have
 
been slightly unsubmerged so that energy was lost in that
 
section. The diffuser section was also deleted at MN-62
 
(Figure 4). The earlier test, using a 5.25 inch nozzle and
 
watercourse flow of 1.2 cusecs, resulted in a pump efficiency
 
of 28.9%. Nozzle velocity appears to be a critical parameter
 
to efficiency.
 

As noted in the table, the jet pump input is in a
 
relatively low horsepower range. At the same time, where
 
this horsepower (1.27 - 2.04) cannot be utilized, one could
 
question the practice of constructing a tubewell with the
 
high relative elevation of the discharge pipe.
 

Efficiency of the junction jet pump can also be expressed
 
in terms of momentum lost vs. momentum gained by the water
 
through the pump. In that case, we see relatively low
 
efficiencies of 6.1 to 17.8%. The efficiency is determined
 
by the formula,
 

(QT - QP ) HT X 100
 
EM Qp (Hp -
HT )
 

Salinity of the tubewell water at MN-62 was measured as
 
802 ppm. The canal water salinity is 166 ppm. With the
 
installation and operation of the junction jet pump, the
 
salinity of the mixed supply is 611 ppm. This is close to
 
what would be expected with this mixture.
 

CONCLUSIONS
 

Standard efficiency can be attained for the type of low
 
head jet pump built at the Mona Project on watercourse MN-60
 
and MN-62. Where the tubewell is situated so that it is
 
near the mogha and near the watercourse it serves, design and
 
cost of installation present no difficulty. It is anticipated
 
that most junction jet pumps could be designed and built
 
much like MN-62. At this cost (Rs. 1,000) and with an in
creased flow rate of about 1.2 cusecs (30%) farmers at MN-62
 
should recover that cost in only 9 days of pumping, (water
 
valued at Rs. 50/ac ft). Claiming this benefit may cause
 
question since, in reality, the water that is now coming
 
from the mogha previously went to another mogha. The fact
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Discharge Pipeof T/ W- _ 

Discharge Box 

Scale 0.4%1 I'-0" 

Side View 

Figure 4. 
Tubewell junction jet pump installation at
 
MN-62, Mona.
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is that, without the JJP, there was no incentive for MN-60
 
and MN-62 farmers to pump at all. In that respect, the jet
 
pump 	results in the tubewell water being the supplement for
 
which it was intended. Another direct benefit of the JJP is
 
that 	it does result in a mixed water supply that, in most
 
cases, will meet the water standards for salinity. 

The increased water supply caused by the installation 
of the junction jet pumps caused farmers on both watercourses 
to begin further watercourse improvement programs. The Mona 
Project staff briefed them on the fact that they would need 
an improved and enlarged watercourse to make use of the full 
supply that they hadn't seen in 13 years. The jet pumps 
at MN-60 and MN-62 were provided from Mona Project Research 
funds and the farmers were willing to put in many man-hours 
of earth work in expectation of the results. None were 
disappointed whien the job was completed. 

RECOMMENDATIONS
 

1. 	 Test junction jet pump devices at more difficult locations
 
(i.e., where tubewell water must be bifurcated between
 
watercourses). This will require careful bifurcation of 
the total mixed supply as well as special agreement 
between farmers on the w..atercourses. 

2. 	 Work to further lower the cost of JJP installations so 
they can become more read ily available. 

3. 	 Provide a basic design of JJP that will accommodate 
certain flows and specific conditions so that only 
simple field adjustments need be made. Put these 
designs in printed form. 

4. 	 Inventory of the Mona Project area to determine the
 
potential use of JJP devices.
 

5. 	 Continue to monitor JJP's at MN-60 and MN-62 to determine
 
how well they perform over a three-year period.
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APPENDIX 22
 

POST-IMPROVEMENT STUDY ON THE WATERCOURSE AT
 
CHAK-2J.B. RAM DEVALI
 

by
 

-
M. Iqbal Niazi /
 

OBSERVATIONS
 

Pacca Section: Head
 

1. 20/25 newly planted plants very close to the left
 
bank near mogha.
 

2. 
At the end of the pacca section, a farmer having

his land adjacent on both sides of the watercourse, has cut
 
down earth from both the banks, leaving it hardly 6" wide

with the brick walls. (He could not be resisted by other
 
farmers.)
 

Katcha Improved Portion: Middle
 

A 25-foot long portion of the right edge of the water
course looks damaged a lot, being cut 
in six places. A two
kanal plot of potatoes is comparatively low and looks quite

wet. During the last rains 
in January and February,it got

filled several times and was emptied each time with buckets
 
to save the potato crop. 'Phis practice weakened and
 
cut the watercourse bank. Hlowever, 
some of the farmers
 
told me that the respective farmer is a cooperative type

of man and he will soon repair it. So far, there has been
 
no need of irrigation water. The watercourse has no water
 
flowing in it because the mogha was closed by the farmers
 
to save their lands from flooding.
 

Tail
 

1. A 40-foot long portion of the right edge of the
watercourse has been narrowed by the respective farmer.
 
He cut earth clods from the edge-side and put them on 
its
 
top uncompacted.
 

2. In the field adjacent to the first half of the tail,

the crops look very weak i.e., yellowish/brownish, uneven
 
and having several empty spots because of the recent rains.
 

3. In the fields on the second half of the tail, the
 
crops look almost destroyed with standing rain water, still
 
4" to 12" deep.
 

1/Agricultural Engineer, CSU Field Party, Lahore, Pakistan.
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The Mogha
 

The mogha was closed by the farmers during the last rains,

to save their land from flooding. According to the rules this
 
is forbidden as it causes an increase in 
the pressure on the
 
edges of the distributary which may break out anytime.

But there is no drain on 
the tail of the watercourse and when
 
no one is irrigating lands, the water overflows the edges
 
at the tail and spreads about in the adjacent lands, causing
 
loss to the crops and land.
 

COMMON PROBLEMS 

Waterlogging
 

The difference between the elevation of the mogha and
 
the land at the tail is six to seven feet. Water table
 
has been continuously rising day by day in the area all

around. With the continuous flow of the watercourse and/or
rains, the tail land get flooded and hence the crops wasted.
 
There is neither an outlet drain at the tail of the water
course nor any tubewell to lower the water table. It appears

that the land will change to wastelands within a few years.
 

Rats
 

Rats are increasing all around in the area and wasting

land, edges of the watercourses and crops. I observed count
less rat holes along the Katcha improved portion of the water
course and in the fields with or without standing crops. I
 
could not see any open hole; all were blocked, indicating

that the kind of rat in that area is most probably, 'NESOKIA'.
 
The farmers say the above 
two problems are common throughout

this area on both the improved and unimproved watercourses.
 

PROGRESS IN FARMING
 
(Prior to the installation of the tubewells)
 

Before 1963
 

It was a common practice that the farmers cropped turn
 
by turn one-tnird and two-thirds of their land in Kharif and
 
Rabi seas:on, respectively, because of 
a shortage of irrigation

water. Cotton was the most common crop in Kharif which
 
yielded above 20 mds/acre, at that time. The thefts of
 
irrigation water and conflicts over 
theft were a routine.
 
All the farmers had to watch all along the watercourse while
 
irrigating his land. In short, irrigation water was never
 
enough for anyone's lands.
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1963-1977 (Installation of the Tubewells to the Improvement
 
of the W/C) 

With the installation of a tubewell on each of the three
 
watercourses in the village, the problem of water shortage
 
was solved to a large extent. The farmers began to crop

75 percent to 100 percent of their lands per season. They
 
began to sow sugarcane, vegetables, maize, fodder, newly
introduced varieties of wheat and increased the cotton area.
 
But in the early 1970's, cotton began to be wasted by insects
 
and diseases, particularly the insect which causes the cotton
 
bolls to drop before ripening. These diseases increased
 
year by year with the result that the farmers lost interest
 
in growing cotton.
 

Chemical fertilizers were introduced in the 1960's. In
 
the first 5 to 6 years, most of the farmers did not wish to apply

it on their crops. They thought that fertilizer is harmful
 
to their crops i.e., would burn the crops, etc. By the
 
beginning of the 1970's, hardly one-third of the farmers had
 
begun to apply chemical fertilizers to some crops, especially

wheat, sugarcane, and vegetables. By the middle of the decade
 
(1975-76), almost all the farmers began the practice on some
 
and most of them on all of the crops. It was experienced by

the farmers that after applying chemical fertilizer to a crop,

the field proved very poor to grow the next crop without
 
the application of chemical fertilizer again, so the farmers
 
became bound to apply chemical fertilizer to every crop.

Replacing old varieties of crops, especially wheat, with the
 
new high yielding ones became a usual practice. Irrigation
 
water thefts and conflicts became very rare, but not given up.

Formerly, it was not possible for most of the farmers to cul
tivate all of their land with the bullock plows. Thus
 
tractors were also an important factor in the increase in
 
the cropped area.
 

The major problem with the watercourse was that it was
 
flowing through the village pond. Formerly it flowed beside
 
the pond's bank but due to leakage of water, the pond expanded

to its other side, too. Hence the edges of the watercourse
 
being over-wet, got weak enough to break often by themselves
 
or from animal stepping. This way most of its water got

wasted in the pond and the farmers had to watch and repair
the edges for watering their fields. Then there were many
other weak sections downstream and to avoid thefts of water,
 
another person had to guard it all along. This irrigation
 
process was very difficult.
 

Second, the paths on the bank used to be muddy even
 
in the dry season and hence diff'cult to walk along. A
 
katcha road leading to a neighboring village, Dhotanwala
 
(Chak No. 111 J.B.), also passed by the same pond. While
 
passing, many times the residents of that village, stuck in
 
or slipped on the mud especially in the dark night and they
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used to curse these villagers. To get rid of their continuous
 
insult, these villagers repaired the path many times but it
 
deteriorated again within a few days. The villagers of this
 
village told me that it was really a continuous shame for
 
them.
 

1977 and Onward (After the Improvement of the Watercourse)
 

1. The section near the pond is now pacca-lined, so
 
there is no mud and leaking around the ponds. This is the
 
biggest benefit of the improvement of the watercourse.
 

2. One person can easily divert water to his field
 
on his ,.urn, whereas prior to the improvement three to four
 
persons were needed, two or three for watching the channel
 
upstream and one for diverting water. The farmers at the
 
middle of the watercourse could irrigate their lands with
 
fewer persons than the farmers at the tail did before
 
improvement; now one is sufficient even at the tail.
 

3. All the farmers get an even amount of water, whether
 
at head, middle or tail.
 

4. There is no possibility for water theft along the
 
pacca section. There is some possibility of the same along
 
the katcha section but this practice has been reduced to
 
being negligible, because all of the farmers can get enough
 
water for their requirements on their respective turns.
 

5. The farmers now lend their turns of water to each
 
other according to their needs. This was not even thought
 
about before the improvement.
 

6. The farmers now sow crops within ever, a week after
 
harvesting the previous crop. Formerly they had to wait for
 
sufficient water and hence sowed the new crops at least
 
three or four weeks after the harvest of the previous crops.
 
This way they are able to sow early and keep their lands under
 
different crops with very small intervals of time, and hence
 
they grow more crops.
 

7. The cropped area per season was already 90 percent
 
to 100 percent so no change was possible here.
 

8. Cotton has almost been excluded from the list of
 
the major crops at this chak. It covered hardly four acres
 
of land on this watercourse in the last Kharif season (1978).
 
This is because of the insects and diseases.
 

9. Sugarcane, wheat and fodder are in almost the same
 
position, as they were before the improvement.
 

10. A trend of growing vegetables, especially potato,
 
has been in progress for the last five to six years.
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11. In the last Kharif season (1978), for the first
 
time, the Department of Reclamation issued permits to the
 
farmers for planting rice on their saline land. 
Rice planting

will be continued for two more Kharif seasons,at least, to
 
reduce salinity in the lands.
 

12. Sometimes water leaking is caused by rats only,

otherwise there is none.
 

13. Finally, it is notable that the watercourse committee
 
has not been active or effective since improvement.
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APPENDIX 23
 

TREE REMOVAL AND WATERCOURSE IMPROVEMENT:
 

A PRELIMINARY STUDY
 

by
 

Iqbal Niazi, Muhammad Yasin, Douglas Merrey
 
and Helmer IHolje!/
 

INTRODUCTION
 

Pakistan is predominantly an agricultural country and
 
its agriculture is primarily dependent on 
irrigation. in
spite of havincf 
one of the world's largest conveyance systems

which contains over 85,000 watercourse command areas, the
 
average crop yield is 
one of the lowest in the world. This
 
is due in large part to the inefficient delivery system.

These inefficiencies are 
found mainly in the watercourse
 
(sarkari khal) of 
the command area and in the farmer's

branches which lead from the sarkari khal to the individual
 
fields.
 

In orCar to alleviate the water losses in the sarkari
 
khal an intensive research program was undertaken by the

Mona Re..lamation Experimental Project with advisory help

provided by Colorado State University funded under a program

of USAID. 
 The initial efFfort was directed at determining

the most feasible system of watercourse improvement. Various
 
pucca lining experiments were conducted along with a simple

earthen irprovement program, but with the installation of
 
pucca control structures.
 

As a result of this experimentation, it was found that

the earthen imprnvement program with pucca structures was
 
the most feasible from an economic point of view in terms

of costs and benefits as well 
as providing an opportunity

to improve the many watercourses of Pakistan on 
a massive
 
scale. 
 It is primarily a labor oriented development with
 
limited capital investments. 
 Also, the labor is provided

by the farmers for the most part with technical assistance
 
provided by the GOP and USAID. 
 Thus, it was felt that with
 
a well organized and managed government instiiution that
 
the watercourse improvement program throughout the entire
 
country could be implemented and proceed at a fairly rapid

pace. As 
a result, the On-Farm Water Management (OFWM)
 
program was created. This program has been underway for
 
some 
time and is making rapid progress in watercourse im
provement. The research and development programs in water
course improvement are also continuing at the Mona Reclama
tion Experimental Project to develop new and better methods
 
for the watercourse improvement program.
 

1/PSC, Social Scientist; PSC, Agr. Engineer; CSU, Anthro
pologist; CSU, Economist, respectively.
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In order to proceed with the improvement work on a
 
particular watercourse the farmers are required to remove
 
all of the trees on the sarkari khal before any technical or
 monetary assistance is provided, 
 Since trees are a valuable
 
resource, both to the individual owner and to the Nation,

this requirement has raised a number of questions about the
 
necessity and utility of removing these trees. 
At present

there are very little data available on the number and

value of the 
trees removed, or farmers' attitudes and per
ceptions toward removing their trees as 
part of the water
course improvement program. Therefore, it seemed most im
portant to obtain some preliminary data concerning this prob
lem to determine whether additional research was needed
 
which could be used to develop policy measures by the GOP
 
in regard to the tree removal regulation.
 

As a result, two surveys were conducted. One was carried
 
out in conjunction with the Water Users Association study.

A questionnaire was prepared and a random sampl: 
- farmers
 
was selected from five villages. These farmers are all
 
located on watercourses that have been imroved ond
 
survey was undertaken on four watercourses that had not as
 
yet been improved, but were to be improved at an earl-' date.

The thought was 
to get the opinions and attitudes of the
 
farmers on a 'before' and 'after' situation. Unfortunately,

these watercourses are still awaiting improvement although

the farmers have removed the trees in most cases. 
 Thus,

a number of the answers given to the questions asked in the
 
survey are opinions, or observations, of these farmers before
 
experiencing the results of the watercourse improvement work.
 
These answers, however, will be helpful in understanding the
 
attitudes and 
feelings of the farmers, particularly when
 
correlated with the answers obtained in the survey of the
 
farmers in the five villages.
 

The first section of this paper contains the data ob
tained from the farmers in the five villages. The second

section provides the information received from the farmers
 
on the unimproved watercourses and this will-be followed by
 
some general observations and conclusions of the a-alysts.
 

Table 1 presents basic background data on the five
 
villages surveyed. Two were in Sahiwal District two in

Faisalabad, and one in Multan. 
Therefore a variety of
 
cropping regions are represented in the sample. The sample

was a random sample, stratified by position on the water
course.
 

Number and Types of Trees Removed According to Sample Farmers
 

Sample farmers were asked to estimate the total number
 
and types of trees removed by them during the watercourse
 
improvement project. 
 These data are presented in Table 2.
 



TABLE 1 

Nr. 
No. 

i b 
Nmber 

Nillae 
Name 

TV rict Tehqj W 
Total Improved 

Con,rnded 
area 

No. 
Farmers 

No. 
Farmers 

(Me rs) (acres) Total I Saople with 
t-rn trees on 

1. 45/12-L Firdous Sahiwal Chichan- 4290 4290 400 31 16 

W/c 

11 
watni 

2. 103/10-L 
3. 216 RB 

Dinpur 
Muham-

Sahiwal 
Faisala-

Sahiwal 
Jaramala 

2218 
5250 

22112 
4140 

300 
375 

21 
56 

16 
11 

8 
8 

Ln 

0't 

nadwala bad 
4. 136/16-L Chak 36 Multan Khanewal 5413 4490 492 46 13 5 
5. 475 GB Giddar Faisala- Smundari 7260 990 757 99 16 8 

Pindi bad 

Total 253 72 40 



TABLE 2
 

Number and Kinds of Trees Removed*
 

Village Number of trees**
 
No. Shisham KiKar Shisham Other Total
 

and
 
Kikar
 

1 877 9 - 5 891
 

2 515 30 30 - 575
 
L4J3 1459 67 - 22 1548
 

4 1027 302 - - 1329
 

5 587 - - - 587
 

TOTALS 4465 408 30 27 4930
 
PERCENT 91 8.0 0.6 0.4 100
 

* Based on sample farmers' reporting

**Shisham is Dalbergia sisso; kikar is Acacia arabica;
 

"other" includes mulberry, Dharek or Bakain (Melia
 
azadarach); and Albizzia Lebbek.
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The totals include both mature and immature trees, and are
 
estimates made after completion of improvement.
 

Ninety-one percent of the total number of trees reported

as removed from the five watercourses were Shisham. Shisham
 
trees are quite abundant in most districts of Punjab. The
 
weakest branches are commonly used as fuel, while the wood
 
is especially valuable for making good quality roof bearns
 
and furniture, and is thus quite expensive. The next most
 
common tree reported cut was Kikar (Acacia), accounting for
 
eight percent of the total. Three-fourths of the total
 
Kikar trees in the sample were removed from the Multan water
course. This tree is found everywhere in Punjab, but is
 
especially abundant in southern Punjab and Sind, where
 
the soils are more sandy. Kikar wood is used mostly for fuel
 
and cheap roofing and furnishing purposes. Shisham and Kikar
 
together account for 99.6 percent of the total number of
 
trees removed according to the sampled farmers.
 

Table 3 shows that among those farmers who had some trees
 
on the watercourse. There is 
a very wide range in average

numbers of trees per farmer. Assuming the sample as a whole
 
is representative, the estimated total of trees per water
course varies between 756 and 7896, while the total number re
moved from the five watercourses is estimated at over 18000.
 
These figures combine mature and immature trees and are
 
farmer's estimates, not actual counts. Nevertheless, they

suggest that the farmers have sacrificed a large number of
 
trees in order to obtain more irrigation water, and perhaps
 
are a rough indication of the value farmers place on improving

their watercourses.
 

Number of Trees Not Removed from Improved Watercourse Sections
 

In the two villages of District Sahiwal, all the trees
 
were removed during watercourse improvement. However, in the
 
two District Faisalabad villages nine and two farmers, re
spectively, did not agree to remove them; they insisted on
 
retaining their trees for shade during the hot 
summers for
 
their cattle and themselves, and for fruit. In the District
 
Multan village, of three trees not removed, one is owned by
 
a farmer who refused to cooperate while the other two are
 
claimed to be the property of the Government. These two could
 
not legally be removed by the farmers. Therefore, with these
 
few exceptions, the farmers did remove their trees as 
part
 
of the improvement process-.
 

Means of Removal: Labor Organization
 

Table 4 shows that 68 percent of the sampled farmers
 
having trees on the watercourse removed the trees themselves,
 
or did it themselves with some help from hired labor. Thirty
 
two percent had them removed by hired laborers.
 



TABLE 3
 

Average Number of Trees Reported per Farmer*
 

Village No. farmers Total Average No. Trees 
No. w/c Sample No. those total 

total total Having Trees having sample 
trees trees farmers 

1 31 16 11 891 81 56 

2 21 16 8 575 72 36 

3 56 U 8 1548 194 141 

4 46 13 5 1329 266 83 

5 99 16 8 587 73 45 

TOTAL 253 72 40 4930 686 361 

MEAN 51 14 8 986 137 72 

* The range in number of trees reported per farmer is from 3 to 1200; 

Estimated** Length of Average No. 
w/c sarkari trees/100 

total khal meters 
trees (meters) 

1736 4290 40 

756 2218 34
 

7896 5250 150 w 
L1 

3818 5413 71
 

4455 7260 61
 

18661 24431
 
3732 4886 76
 

the figures from village number four 
include one farmer having 1200; similarly one farmer in village number three had 799. 

**Average number of trees per farmer for total sample multiplied by number of farmers on the watercourse. 



TABLE 4
 

Tree Removing Labor
 

Labor Type 
 Number Percent
 

self (individual farmer) 10 25 
I68 

self and hired labor 17 43 

hired labor only 13 32 

TOTAL 40* 100 

*40 is the number of sampled farmers actually removing trees.
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Opinions Concerning Ownership of Trees on the Sarkari Khal
 

Some questions have been raised as to whether the farmers
 
or the government own the trees along the watercourse. Over
 
90 percent of the farmers in our sample believe that the trees
 
along the watercourse are the property of the owners of the
 
land adjacent to the watercourse. Most of them are, in fact,
 
planted and harvested by these farmers.
 

Official Objections to Removing Trees
 

There was no official objection to removing the trees
 
on four of the five sampled watercourses, but on the fifth,
 
in village number 5, Tehsil Samundari, the Revenue Department

objected. As a punishment, and to recover its alleged loss,
 
the Reven e Officials fined nine out of the thirteen sampled

farmers.2/ The farmers, under the rules, 
should have appealed
 
to the Assistant Commissioner through proper channels, that
 
is, On Farm Water Management. However, not knowing the
 
official procedures, they went directly to the A.C., who
 
referred them to OFWM for help. The OFWM officials assured
 
the farmers verbally that they would discuss the matter with
 
the Revenue Department and they would get their fines remitted.
 
As of December, 1978, only one of the farmers had had his fine
 
refunded. Another farmer's fine was excused before he had
 
deposited it. The remaining seven farmers said they expected
 
to have their fines remitted soon.
 

Disposal of Trees Removed from the Watercourse
 

Table 5 shows that cf the total forty farmers who removed
 
some trees, twenty (50 percent), used the wood for fuel,
 
while eleven (28 percent), used some for fuel and sold the
 
rest. Only one sampled farmer sold all of his trees for
 
lumber. The remaining eight farmers used their wood for
 
various purposes, including fuel, building materials, and.
 
furniture; and three farmers had some agricultural implements
 
made, including a cart. Also the leaves are frequently used
 
as fodder, especially for goats.
 

Income from the Trees
 

Annual Income Before Removal. Farmers were reluctant
 
to indicate how much they earned from their trees annually
 
before their removal. Table 6 shows that only thirteen farmers
 
responded to this question. However, despite the limited
 
data, some idea can be formed about the annual income from
 
the trees before watercourse improvement.
 

2/Presumably thlis means that a much larger total number of 
farmers were fined. Only one sampled farmer indicated
 
the amount of his fine--Rs.330.
 



TABLE 5
 

Uses of the Trees Removed
 

Mode of Use 

no. 
1 

% no. 
2 

Village Number 
3 

% no. % 

(No. and percent farners)* 
4 5 

no. % no. % 
Tt
al** % 

Sale only - - 1 13 - - - - - - 1 2 

Own fuel only 6 55 2 25 5** 63 1 20 6 75 20 50 

Fueland sale 3 27 2 25 3 38 3 60 - - 11 28 

Fuel & Building 1 9 3 38 - - - - - - 4 10 

Fuel & Agric. Imp. i*** 9 - - 2- - 25 3 8
 

Fuel & Furniture -  - - - - 1 20 - - 1 2 

TOTAL 11 100 8 101 8 101 5 100 8 100 40 100• Percentages arc rounded off.
 
•* One farmer has stocked the wood at his dera and has been 
using part of it as fuel, but has not yet

decided on further uses.***This farmer had a plow and a cart made fron wood. 



TABLE 6
 

Estimated Average Annual Income from Trees Before Removal
 

Village No. of farmrs No. of Trees Average Annual Incime
 
No. Removing Responded Remved Owned by Per Per 

Trees to question on w/c respondents farner Tree 
(Rupees) 

1 11 3 891 510 233 1.37 

2 8 3 575 379 1167 3.08 

3 8 3 1548 1000 1333 1.33 

4 5 2 1329 1252 2500 2.00 

5 8 2 587 61 500 16.40
 

TOTAL 40 13 4930 3202 - -

MEAN 8 3 986 640 1147 4.84
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Table 6 shows that each farmer used to earn about Rs.1147
 
per year from his standing trees, The average annual income
 
per tree was Rs.4.84. Regardless of the exact reliability

of these figures, it was obvious that standing trees are not
 
only a means of saving for farmers, but are also a source
 
of regular income, analagous to a savings account in a bank.
 
"Closing the account" by removing the trees is likely only

if farmers feel the potential benefits are greater than the
 
annual income from their trees, and the need to have a source 
of ready cash for emergencies. 

Estimated Income from Removal of Trees. Table 7 shows 
that for this question, too, the number of responses is rather
 
limited. This table shows a wide variation in claimed income
 
per tree from tree removal, ranging from Rs.6.18 to Rs.12.38.
 
The average income per tree for all watercourses is under
 
Rs.9.00. 
This figure is rather low, perhaps reflecting the
 
inclusion of immature trees in the total sample. 
 Farmers
 
may also have understated their incomes. 
 The total income
 
claimed per farmer ranged from Rs.450 on 
one watercourse, to
 
Rs.7,750 per farmer on 
the District Multan watercourse.
 
The average amount earned per farmer was Rs.2,214.00.
 
The estimated average total income from the removal of trees
 
on a per farmer as well as 
per tree basis is almost double
 
the annual income from the trees before removal.
 

Farmers Willingness to Cut Trees Again, if Asked
 

The farmers were asked if they would still cut their trees
 
as part of the watercourse improvement work if asked to do so
 
again. Forty farmers--the number who actually cut trees-
responded to this question. Table 8 shows that thirty-six

(90 percent), of the respondents expressed satisfaction with
 
the results of cutting their trees, and said they would cut
 
their trees again. Only four farmers (10 percent), said they

would not cut their trees again. This suggests that most
 
farmers perceive the benefits of trees removal as being
 
greater than the loss of their trees.2/
 

In the second survey, four unimproved watercourses were
 
selected for study. The initial objective was to determine
 
the number, type and size of the trees that were 
located on
 
the sarkari khal, farmer's branches and in the fields of
 
the watercourse command area. 
Two of the watercourses were
 
located on the Mona Reclamation Experimental Project. They

are W.C. 94, a perennial watercourse and supplemented pre
viously by a public tubewell which has been shut down because
 
of brackish water. However, there are four private tubewells
 
in operation on this watercourse at the present time. The
 

3/Nevertheless, the authors have observed that farmers often
 
replant new trees on improved watercourses after completion
 
of the improvement.
 

http:Rs.2,214.00
http:Rs.12.38


TABLE 7
 

Estimated Income from Removal of Trees
 

Village No. of Farmers No. of trees Estimated Income (Rupees

No. removing responded removed by Per Per
 

trees to quest respondents Farmer Tree
 

1 11 3 510 1050 6.18
 
2 8 
 3 198 450 6.92
 
3 8 3 
 336 900 8.04
 
4 5 
 2 1252 7750 12.38
5 8 
 7 581 921 11.10
 

TOTAL 40 18 2877
 

MEAN 4 
 575 2214 8.90
 



TABLE 8
 

Willingness to Cut Trees Again
 

Response Village Number Total 
1 2 3 4 5 number percent (of respondents) 

Yes 9 7 7 5 8 36 90 

No 2 1 1 - - 4 10 

No Response 5 8 3 
 11 5 32
 

TOTAL 16 16 11 16 
 13 72 
 100
 
*Nevertheless, the authors have observed that farmers often replant new trees
 
on improved watercourses after completion of the improvement.
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other watercourse at Mona is 140 which is uncommanded, but has
 
one public tubewell, which is operating, as well as four pri
vate tubewells. The two watercourses selected at Faisalabad
 
are at Chak No. 52 and Chak No. 61, 
 Both of these are perennial

and without public tubewell water, but each have two private

tubewells in operation.
 

When these watercourses were selected, it was understood
 
that the trees would be removed during the winter and that
 
the watercourses would be improved in early February. 
 It
 
was 
then thought that it would be desirable to interview a
 
few selected farmers at Mona to ascertain their attitudes and

feelings about the watercourse improvement program. A ques
tionnaire was developed for this purpose. Unfortunately,

the watercourse improvement work did not proceed as 
scheduled,
 
so the farmers are still awaiting the improvement of their
 
watercourses. However, it felt that some
was informed opinions

could be gleaned from the farmers, so ten farmers at each
 
watercourse were interviewed. They, of course, had observed
 
what had happened, and is happening, on previously improved

watercourses at Mona, and they were 
in a position to make
 
some worthwhile observations about their own situation.
 

Number, Location and Size of Trees Removed
 

Watercourse 94 has a command area of 700 acres and has
 
a total of 23,936 trees. Out of these, 6665 are on the sarkari

khal, 5894 oi-. the farmers' branches and 11,377 in the command 
area. This means that over 50 percent of these trees are 
either on the sarkari khal, or on the farmers' branches. 
It was found that 58 percent of these trees are shisham,
 
19 percent bari, 16 percent kikar and the remaining 7 percent

in a variety of species. In terms of size, about 60 percent

of these trees are 
8 inches or less in diameter.
 

There are 7537 trees at Watercourse 140 which has a
 
command area of 455 acres. 
 The sarkari khal contained 919,

the farmers' branches 1.750 and 4868 are in the command area.
 
In this case, only 12 percent of the trees are on the sarkari

khal and 23 txercent on the farmers' branches. Also, kikar
is the most common as 56 percent of the trees arc in this
species, followed by shisham with 22 percent, bari, 9 percent,
and all others 13 percent. The trees on this watercourse 
are smaller in size than W.C. 94on 84 percentas lessare 
than 8 inches in diameter. 

No 
of 
52, 

At Chak 52 and Chak 61 only the trees were 
tabulation was made of the species, or size, 
information was obtained in the first survey. 

a command area of 500 acres, 916 trees were 

counted. 
as this type 

At Chak 
counted on

the sarkari khal, 1457 on the farmers' branches and 1370 in
the command area. The watercourse at Chak 61 is relatively
small having only 275 acres. Here 112 trees were counted on
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the sarkari khal, 855 on the farmer's branches and 536 in
 
the command area.
 

When one compares the number of trees by location and
 
per acre at each of the watercourses a considerable difference

is found. Watercourse 94 has 28 percent of its trees on
 
the sarkari kha] , W.C. 1.40, 12 percent, Chak 52, 24 percent

and Chak 61 only 7 percent. However, at Chak 61, 57 percent

of the trees ,re on the farmers' branches while at Chak 52,

39 percent are on farmers' branches, at W.C. 140, 23 percent

and at W.C. 94, 25 percent. In the command areas, one finds

47 percent of the 
 trees at W.C. 94, 65 percent at ,.C. 140,

37 percent at Chak 52 and 36 percent at Chak 
 61. On a per
acre basis there are 34 at U.C. 94, 17 at W.C. 17, 7 at Chak
 
52 and 5 at Chak 61. it is fairly obvious that the density

of trees is much greater in the Mona area.
 

As indicated previously, the plan to interview the farmers 
on the two watercourse's at Mona didn't materialize as expected
because the watercourse improvement work has yet beennot 
completed. However, -0 farmers at each watercourse were 
interviewed to get their attitudes and toreaction the 
program. All but t; o of the farmers felt that the improve
ment program would inc oase their water whichsupplies would
enable them to increase their cropping intensity and acres cul
tivated, therebv increasing their overall production. They
felt that this increased production would more than compensate
them for the loss of trees, Twelve of the twenty farmers said

they planned to plant new trees, but on the sarkarinot khal 
or the farm branches. 

All but two of the farmers interviewed felt that the trees
 
on the sarkari khal belong to the farmers whose land it borders. 
There was no interference from government agencies and 18 of
 
the 20 farms removed the trees themselves with the help of
 
hired labor in a few cases. 

When asked why the trees had not been removed before 
when the general feeling seems to be that it would greatly
increase their water supply the most prevalent answers were:
 
1) ignorance; ,) lack of technical assistance; 3) lack of
 
cooperation among the farmers; 
4) there had been sufficient
 
water and 5) the trees are a valuable asset and could not
 
be replaced.
 

Only one-half of the farmers were willing to state how
 
much they had received in income from the trees removed.
 
The mean income was Rs. P85, but there was 
a great variance
 
among the respondents. If a more sophisticated study is
 
initiated it would be advisable to determine the return on
 
a linear foot basis of the sarkari khal. However, the general

income question asked, both at Faisalabad and Mona, does in
dicate that the trees removed have a substantial value and
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could provide much of the money needed for the pucca struc
tures on the improved watercourses,
 

General Observations and Conclusions
 

1. Trees, without question, are a valuable resource to
 
the farmers. They are used for many purposes such as imple
ments, building materials, furniture, fuel, fodder, shade, bound
ary lines, wind breakers and have great aesthetic value.
 
They also serve many farmers as a source of income for emer
gency and other purposes.
 

2. Unfortuna 
 ly, trees can also be a serious detri
ment to the farmei operations, particularly when they are
 
located in improper places. Those located on the sarkari

khal or farmers' branches often impede the full flow of water
 
and provide opportunities for trash to accumulate which

further restricts the flow of water. 
Likewise, the trees
 
located on the banks of the watercourse makes them porous

and enables rodents and insects to greatly increase the
 
seepage losses. The trees themselves also consume large

quantities of water which otherwise could be used for crop

production. Also, many of the trees are an ideal haven for
 
destructive birds.
 

3. It was estimated that 26,612 trees were removed from
 
the sarkari khal on the nine watercourses included in this
 
survey. 
Almost all of these were removed by the fariners and
 
represents a lot of hard work. In most cases, no definite
plans have been made to replace these trees. Obviously, most
 
of them were not planted, but are a result of natural propa
gation. It would be desirable to develop a tree replacement

policy. Desirable species could be selected and planted in

strategic locations, thereby maintaining the free flow of
 
water in the watercourses and as 
time goes on in the farmers'
 
branches as well.
 

4. Almost all of the farmers believe that the trees on
 
the sarkari khal belong to 
the farmers whose land it borders.
This is a legal question that hasn't been resolved in the
 
courts, but the government thus far has adopted a lenient
policy regarding their removal and will probably do so in
the future. The general feeling being that the tree removal 
program is essential to the watercourse improvement work
which in turn is most beneficial to increasing agricultural 
production.
 

5. Over 95 percent of the farmers interviewed feel that
 
the tree removal requirement is desirable and that the 
increased water supplies more than offset the loss suffered
 
from the removal of the trees.
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6. Finally, it seems apparent from this brief survey
 
that a much more intensive study of this matter is warranted.
 
It appears that if the proper programs and policies are developed
 
that the removal of the trees would not only enhance the water
 
supply, but with a well designed tree planting program the
 
benefits from the trees themselves could be increased,too.
 

APPENDIX 1
 

Tree Survey
 

Questions to be asked of sample farmers on Improved Watercourse
 

1. A. Were all the trees along the improved section of the
 
watercourse removed? Yes No
 

B. 	 Who removed them? 
C. If all were not removed, whose trees were not removed
 

and why?
 
2. 	 A. Who is the real owner of the trees on the watercourse, 
in 	 your opinion? a) individual farmers
 

b) Government ; c) Other (specify)
 
3. 	A. Were there any objections from Government Deuirtments 
(such 	 as Revenue, Forestry) to your removing the trees?
 

Yes No
 
B. 	 If ves, then which Department objected? 
C. 	 What action, if any, did this Department take, and 

with what result?
 
D. If any action was taken, did the On Farm Water Manac-

ment personnel help you? Yes _ No 
E. What is the nresent position in regard to the action
 

taken (e.g., appeals, no further action, etc.)?
 

(NOTE: Even if the respondent claims the Government owns the
 
trees, he undoubtedly feels he has some rights in them and
 
was making use of them. Therefore, ask the following ques
tions from iall farmers unless he had no trees; if none, write 
none in question 4. 

4. Please estimate ho..; many of your trees were removed, the 
kinds of trees, their value, and what was done with them. 

Kind of INo. of use rmde before annual earning how disposed 'of 
tree trees cuttina before cutting if sold, give price 

2 
3 
Total
 
5. 	Do you know -,Ihy OFWM asked you to remove the trees?
 

Yes No If yes, why
 
6. Do you regret having removed these trees? That is, is the
 
value of the improvement greater than the value of the trees
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lost? 
 (This will have to be explained clearly and carefully

in simple language), Yes 
 No Why

7. 	Would you cut your trees again if asked to for watercourse
 
improvement? Yes 
 No
 

APPENDIX 2
 

TREE SURVEY OF FARMERS ON WATERCOURSES TO BE IMPROVED
 

1. 	What are your feelings about removing the trees from the
 
watercourse?
 

a. 
Has 	it helped to increase your water supply?

Yes 


b. 	Has it helped to 
No
straighten and strengthen the water

course? Yes 
 No
 
c. 
Has 	it helped to increase the acres cropped?


Yes 
 No

d. 	Has it helpej to 
increase your cropping intensity?


Yes 	 No
 
e. 
Were all of the trees removed from the watercourse?
 

Yes 
 No

f. 	Who removed the trees? 
 Yourself Hired Labor
 

Contractor
 
g. 
What use has been made of the removed trees?
 

2. 	Whodo you feel is the real owner of the trees?
 

3. 
Were there any objections from Government Departments

(such as Revenue, Forestry, Irrigation, etc.)? 
Yes

No If so, what was the objection and how was it
 
resolved?
 

4. 	Do you feel that all of the farmers in the watercourse
command area should share in the money received from the
 
removal of the trees on 
the sarkari khal?
 
Are you located on the sarkari khal?
 

5. 	What was 
the 	value of the trees removed?
 

6. Was this sufficient money to pay for the structures needed
 
in the watercourse improvement work? Yes No
 

7. 	Would you participate in the tree removal program again?

Yes No
 

8. 	Did you grow these trees intentionally? Yes No
 

9. 	If yes, why did you plant them on the watercourse?
 

10. Do you plan to plant new trees? Yes No
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11, 
 If so, where do you plan to plant the new trees?,
 

12. 
 Is the income from the sale of trees necessary for your

family living expenses? Yes No
 

13. 	 Do you feel that the tree removal and watercourse im
provement work is helpful to you and that the increased
 
returns from crop production more than compensates you

for the loss of the trees? Yes_ _ No_ _
 

14. 	 If you feel that the tree removal and watercourse im
provement work is helpful to you why do you think so 
many farmers have not done this type of work in the 
past?
 

15. 	 Are you planning to remove any trees from your field
 
branches? Yes No
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APPENDIX 24
 

A STUDY INTO THE MARKETING PROBLEMS OF CITRUS GROWERS
 
IN THE MONA PROJECT AREA
 

Mohammad Aslam, Mohammad Siddique, Abdul Rauf and Helmer Holje-


CHAPTER ONE
 

ORIGIN AND IMPORTANCE OF CITRUS
 

Weber (1948) in his book, "The Citrus Industry," is of
 
the view that an important species of citrus, namely sweet
 
orange, had been grown for many centuries in China much before
 
the birth of Christ. Similarly, traces of citrus have been
 
found in the Middle East, in the area of Mesopotamia and
 
Southern Bzbylonia in the period B.C.
 

With an ever-increasing demand for balanced food supplies,

fruit has become an important part of our diets. Almost all
 
fruits are very nutritious and contain valuable vitamins and
 
calories. Fruit raising is 
thus proving to be a significant

and profitable enterprise, as well as a potential source of
 
foreign exchange. Rapid economic growth, resulting in
 
increased per capita incomes, will further enhance the demand
 
for this quality food to meet the requirements of a balanced
 
diet.
 

IMPORTANCE
 

The economic progress of Pakistan is directly linked with
 
the development of the agricultural sector. This, in turn,

pivots around the development of techniques for increasing

production, finding better and high-yielding crop varieties,
 
improved processing and storage of farm produce and the
 
development of an efficient marketing system.
 

In view of the foregoing, the fruit industry in Pakistan
 
has ample stimulus for an accelerated development. Pakistan's
 
future strategy for agricultural development should incr 
ase
 
its focus on an enhanced supply of fruit and its by-products,

both for domestic consumption as well as for export.
 

From the consumer's point of view, fruit constitutes a
 
vital component of daily consumption as they contain essential
 
calories, minerals and vitamins for his diet. 
 Expectation of
 
increased demand of processed fruits gives rise to the need
 
for prompt promotion of fruit raising, processing and an
 
efficient marketing system.
 

1/J.R.O., Agricultural Economics, Mona; S.R.O. Agricultural

Economics and Statistics, Mona; Assistant Professor and Mona
 
Advisor, University of Agriculture, Faisalabad; and Advisor,
 
On-Farm Water Management Team, Colorado State University,
 
respectively.
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Fruit raising in general, and citrus growing in particular,
 

yields a higher income per acre when compared to other agri
cultural crops. 
 Citrus, thus, holds a very important economic I
 
position in the 
fruit industry of Pakistan on both an acreage

and total value basis. 
 3 

Pakistan is one of the major citrus growing countries
 
in the world. The others are the U.S.A., U.S.S.R., France,
 
China, and India. Citrus contributes as much as 7% of the 
 I
 
entire food production in Pakistan, of which the Punjab alone
 
contributes about 89 percent. The other provinces, like
 
Baluchistan, NWFP, and Sind, contribute 8.07 percent, 4.82
 
percent and 0.19 percent, respectively. 2/ I
 

The major citrus growing areas of Pakistan are Sargodha, 
Multan, Lahore, Peshawar, Hyderabad, Rawalpindi and Bahawalpur IDivisions. Distribution of acreage and production of citrus
in various divisions of the Punjab during 1976-77 is as 
follows:-3
 

Division Acreage Production % Shanre 
(Tons) i 

1. Sargodha 83502 366368 56 
 i 
2. Multan 37782 148929 23
 

3. Bahawalpur 32149 82163 13
 

4. Rawalpindi 9408 27413 4
 

.3. Lahore 8811 27448 
 4
 

T 0 T A L 171652 652321 100.00 
 3 
The reasons for the phenomenal growth of citrus production in
Pakistan is due to the favorable climate, fertile soils, and
 

the availability of adequate ir. _-ion water. Citrus has not

only registered a quantitative .ncr.se but also its quality
 
has been improved a great deal. ' e factors, coupled with
good prices in most years, has c_ -:Eed an ever-increasing 3
interest in the citrus industry.
 

Rapidly increasing acreage under citrus will pose many 3 
problems, particularly in the field of marketing. Moreover, 
the enhanced production has brightened the chances of export 
of fresh fruit and this also requires a well established
 
and efficient marketing system. On the other hand, the farmers I
usually complain that they are not receiving their share of
 
the consumers rupees and during the surplus production years
 
their produce is not properly marketed. In view of these
 

2/The Yearbook of Agricultural Statistics 1971-72 and Develop
ment Statistics of Sind, 1973.
 

3/Agri. Statistics of Pakistan-1977
 

I
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circumstances, a scientific and well planned study is imperative

to isolate the nature and extent of the various problems faced

in the disposal of citrus fruit at various trade levels.
 

The Mona Reclamati6n Experimental Project was initiated
 
with the aim to carry out research in the field of agriculture

for the general economic uplift of the area. 
 This study has

been undertaken to examine the existing marketing system and
 
the major bottlenecks in the way of establishing an efficient
 
marketing system for citrus and to determine the extent of
 
export possibilities for future programming and planning.
 

CHAPTER TWO
 

METHODOLOGY
 

SELECTION OF AREA
 

The Punjab accounts for about 89 percent of the total
 
acreage and 90-97 percent c. the total production of citrus
 
in Pakistan. The citrus production belt of the province

comprises the districts of 
Sargodha, Faisalabad, Sahiwal,

Lahore, Sheikhpura and Multan. Sargodha in general and Tehsil
 
Bhalwal in particular, is 
the major citrus producing area 
contributing the major share for 
home consumption and export.

The project area, comprising nainly Tehsil Bhalwal, was thus
 
selected for the analysis of marketing problems faceO by

the entrepreneurs in the industry.
 

SELECTION OF GARDENS
 

A list of 137 citrus gardens, located at various locations
 
was prepared by a preliminary survey of the area. Data from
 
the sampled gardens relating to their location, distribution
 
of variety, acreage in each orchard, type of approach road,
 
means of transportation, type of losses, 
cost of transpor
tation and selling practices were 
taken from the growers

and handlers.
 

DRAWING OF SAMPLE
 

After preparing a list of citrus orchards from a prelimi
nary survey, the growers were stratified into three categories
 
on the following criteria: 

Size of Gardens Extent of Acreage 

i) Small 0 - 6.25 

ii) Medium 6.25 - 12.50 

iii) Large 12.50 - and above
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In order to give equal weight to each strata, a 40 percent
 
random sample was taken from each. As a result, the following
 
classification was used for the study.
 

No. of small orchard holders =18 
No. of medium orchard holders =18 
No. of large orchard holders =19 

TOTAL =55 

PROBLEMS OF MARKET ANALYSIS
 

Growers problems. Every effort was made to obtain the
 
unbiased views of the growers concerning their marketing
problems. Incidentally only two out of the 55 cases turned 
out to be qrowers who marketed their citrus themselves. 

Contractors' !)rolblems. Generally, the pre-harvest con
tractors mar.t citrus 't their own ris1: . Unhil te the growers
who were co:itactcd on their farms for the interview, the 
pre-harvest contractors .:ere approached in the orchards, 
at the markets where they carry on their business and even 
at their residences, creating great difficulty in making 
these contacts. 

COLLECTION OF DATA
 

The sampled gardens were regularly visited and the infor
mation was collected from the garden owner, or the contractor,
 
or whoever was found managing the garden. 

Likewise, the markets were visited to contact the pre
harvest contractors, middlemen and arhtis to determine the 
cost of picking, packing, loading, unloading, transportation,
and the commission rate paid to the middlemen and arhtis for 
handling the business. 

PROBLEMS FACED TN TIE COLIECTION OF THE DATA 

Inaccessibility to the respondents. Much difficulty 
was faced in contactinq the respondents. In the case of the 
orchard owners, the job was a bit easier as they could be 
approached on -:hoir farms. The main difficulties arose when 
the pre-harvest contractors were involved, who greatly
outnumbered the growers. Generally a contractor was managing 
more than one orchard and hence not easily accessible, 

Hesit~ition in Turovid, in' the information. The respondents 
were usually suspicious of ,_he interviewers and reluctant to 
reply. The field staff was, however, fully apprised of the 
importance of the study and were accordingly trained to obtain 
unbiased information. 



377
 

Lack of written records. Besides the reluctance of the
 
respondents to respond, the lack of written records was another
 
hinderance. In most cases the memGry of the respondents had
 
to be relied upon. However, every effort was made to secure
 
reliable information.
 

CHAPLZR THREE
 

RESULTS AND DISCUSSION
 

Training in gardening. In order to assess the technical
 
knowledge in gardening, the growers were asked to indicate
 
their training. In line with the general standard of literacy

in the country, however, only 20 percent of the growers

claimed to be trained and even those "informally." This
 
reflects the backwardness of the growers in this important

industry. This is not a good sign for the healthy development
 
of this industry. Moreover it also indicates the inadequacy
 
of the existing training facilities in the country.
 

Distance from the local market. 
The local market is an
 
important place for determining the profit prospects. The
 
approach roads and routes from the place of production to
 
the local market area, therefore, are very important. An
 
efficient network of roads is a prerequisite for sate and
 
quick transportation. The sampled orchards in this study

have 61.39 percent pucca roads and 38.61 percent katcha
 
roads at their command.
 

Area under dif rent citrus varieties. According to the
 
sample, kinno is commanding the largest acreage of the total
 
area under citrus orchards. Feutrell early, malta and mussami
 
follow by order of relative importance. The overall per
centage is 73.87, 11.49, 8.16 and 6.50, respectively. However,
 
young gardens are almost en:mirely in kinnos. The following
table provides the data breakdown by variety, size of orchards 
and whether the gardens are young or mature. 

Table 1 shows t h it among the large gardens young kinno 
commands the largest percentage of the area under citrus. No
 
young gardens have been reported under feutrellpearly or 
mussami in the large gardens. In the medium category there are 
no young gardens of malta and mussami, and in the small category

there are no young gardens in mussami. 

In the case of mature gardens, after kinno, the largest
 
percentage of the area comes under feutrell and next comes
 
malta. Mussami is the tail-ender. This indicates a trend
 
towards the demand of more juicy citrus fruit.
 



378
 

Table-1 PROPORTIONAL AREA UNDER DIFFERENT CITRUS VARIETIES 

Size of K i n n o Feutrell Malta Musammi 

garden YG Mature YG Mature YG Mature YG Mature 

Small 96.38 75.42 1.45 9.32 2.71 6.78 - 8.47 

- 12.59 3.74Medium 98.44 71.77 1.56 11.90 

Large 99.10 74.34 - 11.62 0.90 6.91 - 7.13 

Overall 98.53 73.87 0.63 1l.18 0.84 8.16 - 6.50 

Fruit-bearing behavior. There is no uniform age for
 
fruit-bearing of citrus plants. The age varies depending on
 
climate, quality of the soil and variety of the plant. The
 
majority of the respondents agreed that 4-5 years was the
 
normal fruit bearing maturation age.
 

The prime age for fruit-bearing was from the 6th through
 
the 8th year.
 

There is considerable difference of opinion as to when
 
the trees become unproductive. The majority of respondents thinks
 
it starts in the llth year, whereas some thought it commences
 
in the 12th, 13th, 14th and even the 15th year of the plant's
 
life.
 

Cost of production. Net income equals gross income minus
 
the costs of production. A glance at Table 2 reveals that
 
the cost of production per acre increases with the increase
 
in the size of the garden. This is mainly due to the disguised
 
family labor on the smaller gardens, higher costs of plant
 
replacement, bigger doses of fertilizer and more plant pro
tection measures adopted in the larger orchards.
 

Fertilizer constitutes the biggest part of the total 
variable cost of production. This is followed by labor cost 
of replacement, F.Y.M., land revenue, transportation and spraying. 

The cost of production per acre in the small category is
 
Rs. 365. In the medium category it amounts to Rs. 405 and in
 
the large category it totals Rs. 434. The increasing cost of
 
production per acre with the increase in size of the gardens
 
points out the presence of disguised labor in the case of
 
the smaller categories as the owners rarely hire labor outside
 
their family.
 



Table-2 COST OF P1ODU TION (AVERAGE) 

Size of Replacement F.Y.M. Fertilizer Labour Spraying Transportation Land Average 

Small 372.00 

garde CosI 

344.44 305.27 585.77 

IRevenue 

145.00 337.61 

peracre 

365.20 

Medium 1267.67 851.00 1145.00 1185.00 550.00 - 841.17 405.06 

Large 2077.00 2240.0 4165.50 3545.45 1375.00. 1000 2472.OO 433.72 

Overall 1496.77 1215.81 2122.28 1719.56 861.25 1000 1239.75 421.25 
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Rate of fruit-bearing per plant. In view of the increased
 
demand for kinno, more attention is being paid to this variety.

It is not only the highest yielding variety, but is also very
 
tasty. Malta feutrell early and mussami follow in order of
 
merit. The following table indicates the yields by variety
 
and garden size.
 

Table-3 TOTAL PRODUCTION FRUIT BFARING PER PLANT
 
(Im er)
 

Size of garden Kinno 	 Feutrell Malta Mussammi
 
early
 

Small 	 681 623 667 310
 

Medium 	 743 590 638 490
 

Large 	 979 718 780 840 

Overall 	 900 673 732 736 

Reason for selling gardens at premature stage. The selling
 
of one's product at a premature stage shows the vulnerability

of the producer to the current market structure. It seriously
 
reduces the chances of the farmers to improve his bargaining
 
power and ultimately his net income. 

Out of the 55 cases selected for this study, only two
 
growers do their own marketing. The rest sell their gardens
 
at a premature stage to the contractors.
 

On inquiry, it was revealed that th urgent need of money
 
was the primary reason for selling their gardens at this stage.
 
The lack of market information, business experience, timidity
 
to take risk and convenience were other factors contributing
 
to this practice. Some other factors include the nonavailability
 
of labor and means of transportation at the appropriate time.
 
Table 4 classifies the importance of each of these factors
 
on a percentage basis.
 

Mode of payment. As has already been stated, out of the
 
55 cases selected for survey, 53 turned out to be preharvest
 
contractors, who do not make the payment in lump sumbut is
 
made in installments. The other two cases fall in the category
 
of owner-cum-preharvest contractors. On inquiry it was revealed
 
that 42 respondents paid 1/4th of the total amount at the time
 
of the contract and the remaining 3/4th at the time of harvest.
 
Six respondents paid 1/4th at the time of contract, 1/2 at the
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start of the picking and the remaining 1/4th at harvest.
 
The other 6 respondents paid 1/4th at the time of the con
tract, another 1/4th at the middle of the picking and the
 
remaining 1/2 at the end.
 

Losses incurred. In 1970 the FAO reported: "Nobody

knows how much food men labor every year to produce only

to see it ..... spoiled in a hundred different ways. The
 
figures and estimates fly around 10 percent here, 50 percent

there, 20 percent in the world as a whole and almost every

figure has its firm supporters and its equally resolute
 
opponents. About the only thing that is generally agreed
 
upon is that losses are enormous.....".
 

Pakistan, being a developing country, can ill-afford
 
the wastage of even a small quantity of its agricultural
 
produce.
 

Since in the surveyed area the pre-harvest contractors
 
purchased the orchards much before maturity, they have to
 
bear all such losses taking place due to kera in addition to
 
those occuring during the picking, packing and transportation.

Almost 50 percent of the total losses are due to kera. This
 
is a standing fruit loss and is mainly due to poor soil
 
conditions and climatic factors. 
 Birds and parasites

damage about 30 nercent and 3 percent is pilferage. 

Picking usually starts when the fruit is almost mature. 
At the pre-harvest contractors level, picking is performed

by the contractors themselves 
or by hired labor. In the
 
surveyed area, the small contractors participated in picking

but the large contractors used hired labor. That is why

picking losses in medium and large gardens are higher than in
 
small gardens. 
Of the total loss the loss due to picking

is about 5 percent.
 

After picking the fruit, it is packed for hauling to the
market. Grading is also done before the comnodity is packed.
The gradinq is performed on the basis of color, size and 
taste. However, the majority of the disposedcontractors 
of their produce without grading. This was mainly to save
time and the cost of labor as there does not exist any stan
,tard for grading. Packing losses were 3 percent of the total
losses. However, since the small contractors market their 
produce loose, the loss is negligible.
 

Transportation moves the commodity from the place of
production to the buyers. Tt is, therefore, a crucial step
in the marketing process. Transportation is carried out in 
the surveyed area by trucks, trolleys and bull-carts. On 
an average, the total loss reported for transportation is 
about 10 percent.
 

Details of the losses incurred is given in Table 5.
 



Table-4 REASONS FOR SELLING GARDEN AT 
(Percentage) 

PRE-M J RE STAGE 

Size of garden 

tiLabour-Transmorta-t 
Lack f _ 

arket Exieuess 

Infomt~i-)nExperience 

Urgent need 
of money Risk 

To avoid 
Inconvenience 

Small 5.56 9.26 12.96 16.67 20.37 18.52 16.67 Co 

Medium 7.14 4.76 16.67 19 05 26.19 9.52 16.67 

Large 2.44 4.88 21.95 12.20 19.51 19.51 19.51 

Overall 5.11 6.57 16.79 16.60 21.90 16.06 17.52 



Table-5 LOSSES INCURRED
 
(Percent)
 

Size of Birds Kera Stealing During 

garden IIpicking IPacking 1 Transportation 

Small 31.25 53.75 1.57 3.40 0.94 9.07 

Medium 38.00 34.67 6.00 6.34 3.67 11.33
 

Large 19.23 60.38 - 6.92 4.62 8.85
 

Overall 29.50 49.60 2.61 5.45 3.07 9.77
 

Yield of the trees. Yield has a direct correlation with
 
production. A study of the factors leading to enhanced yield
 
was made. Likewise, factors hindering yields were also analyzed.

The trees of the sampled orchards which did not yield fruit
 
were studied and the reasons given by the growers were recorded.
 
It was found that 32 percent of the sterility was ceased by 
disease. Lack of irrigation water, fertilizer and improper 
soil also decreased the fruitition of the trees by 16.8, 
10.7 and 12.2 percent, respectively. 

Other factors responsible for low yields are: lack of 
care, immaturity of trees, hazardous sub-soil and water,
 
nonavailability of good varieties, lack of plant protection
 
measures and waterlogging.
 

Table 6 gives the reasons for the low yields of trees.
 

Price behavior. Generally, commodity prices move
 
together. Like the prices of most other goods the trend in
 
citrus during the period 1975-78 has been upward. The
 
growers and contractors were asked as to what the price
 
structure had been during this three-year period.
 

A look at Table 7 makes it clear that the last three
 
years have witnessed a price boom in the citrus industry.
 
The main reason being a tremendous increase in its demand,
 
both at home and abroad.
 

It is noteworthy that the increase in the price of citrus
 
per acre was greater during 1977-78 than in 1976-77. On
 
an average, an acre of citrus was worth Rs. 1992 in 1975-76,
 
Rs. 2229 in 1976-77, but shot up to Rs. 3749 in 1977-79.
 
This was due to the increased demand for citrus without a
 
corresponding increase in supply.
 



Table-6 REASONS FOR TREES NOT 
(Percentage) 

YIELDING FRUIT 

Size of 
garden 

Lack of 
Irriga- Proper Proper 
tion soil care 
supply 

Ferti-
lizar 

Tnmatu-
rity 

Ifa:ar-
dous 
sub-soil 
water 

Di.3asc 
'tacks 

Nn-avail-
ability of 
good fruit 
tree vaie
ties 

Water-
logging 

Lack of 
P.P. 
measures 

Small 16.22 15.51 2.70 10.81 - 5.41 29.73 - 18.92 2.70 

Medium 12.50 15.00 15.00 15.00 5.00 - 30.00 2.50 2.50 2.50 

Large 20.37 9.26 5.56 7.41 3.70 1.85 35.19 5.56 3.70 7.40 

Overall 16.79 12.21 7.65 10.69 3.05 2.29 32.06 3.05 7.65 4.58 
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Table-7 PRICE BEHAVIOUR OF CITRUS (PER ACRE)
 
DURING THE LAST THREE YEARS(1975-78) 

Size of garden 1975-76 1976-77 1977-78
 

3261.02
1693.22 1977.97
Small 


3466.00
2786.39 2952.72
Medium 


1774.12 2189.69 3902.69
Large 


1991.69 2229.23 3748.53
Overall 


During 1977-78, there was a sluirp in the citrus market
 
for a short while as markets swelled with the exportable sur
plus, but with the easing of import restrictions by Iran the
 
citrus market recovered rapidly.
 

An interesting fact revealed by Table 7 is that generally
 
the smaller orchard growers received lower prices than the
 
larger ones. This indicates a lack of bargaining power

of the small growers with the contractors.
 

Picking practices. Picking practices are important
 
reasons for the price fluctuations in citrus during the
 
season. Citrus fruit is a highly perishable commodity.
 
A slump in its trade may be due to gutted markets which in
 
turn quickly lowers its price. As a matter of fact, picking
 
of the citrus usually starts with a rush and ends abruptly.
 

In the surveyor area, 47 respondents picked their pro
duce early, five picked timely and three picked the fruit
 
late. A more uniform rate of picking would be highly
 
desirable.
 

Transportation. Marketing depends to a large extent on
 
transportation. Efficient transportation is a prerequisite
 
to an efficient marketing system.
 

As already pointed out, only a few growers market their
 
produce themselves. Marketing is in most cases a contractor's
 
problem. The marketing problems faced by the contractors are
 
enumerated in Table 8.
 

High cost is the largest obstacle in hiring transport.
 
This is simply due to its shortage as compared with its
 
demand during the peak season. Even if transport is available,
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Table-8 PROBLIS OF TRANSPORTATION 

(percentage) 

Losses during Inaccess-Size 	 o-l Non-availability High Cost 
transit abilitygarden of means 

6.9o
58.62 6.90Small 27.59 


8.90
60.O0 -
Medium 32.00 


Large 25.00 	 56.25 9.38 9.38 

5.81 8.41Overall 27.91 	 58.14 

many orchards are inaccessible. It may also be noted that
 
additional losses occur during transit.
 

Cost of marketing citrus. Marketing is much more
 
important today than a short while ago. The function of a
 
good marketing system is to get the product to the consumer
 
at the prope-r placo, at the proper time, in the proper form
 
and at an acceptale price.
 

Marketing costs are relatively inflexible because many of
 
them are based on volume rather than the value of the product.
 
This is particularly true in the citrus industry. Whatever
 
the price of citrus, marketing costs remain more or less
 
fixed.
 

However, marketing costs do differ on account of:
 

i) 	Amount of perishability: The higher the rate of
 
perisiability, the higher the cost of marketing.
 

ii) 	 Bulkiness relative to value: Marketing costs also
 
increase with the bulkiness of the product.
 

In the sampled area, only two means of transportation
 
were used. These are truck and rehra. The former is used
 
for packed transportation to the relatively distant markets
 
and the latter for the local market, i.e. Bhalwal. A look
 
at Table 9 shows that with an increase in the acreage of
 
orchards the share of transportation done by rehra de
creases. In other words, small contractors and growers
 
content themselves with selling their produce in the local
 
market.
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Table-9
 

Size of garden Mode of transport (percent)
 

Small Rehra 41.12%
 

Truck 58.88%
 

Medium Rehra 29.41%
 

Truck 70.59%
 

Large Rehra 10.53%
 

Truck 89.47%
 

Overall Rehra 26.42%
 

Truck 73.58% 

Table 10 depicts the cost of handling and transporting
 
citrus by truck. It may be seen that the nearer the market,
 
the higher the cost of marketing per mile. In economic terms
 
it may be said that the marginal cost of transportation
 
decreases with every added mile of distance. An interesting
 
factor is that only 1/7th of the total costs of marketing
 
are the commission costs. If these could be reduced the
 
price to the consumer could be lowered substantially.
 

As already pointed out, when the distance is short the
 
citrus may be transported in loose form because of the mini
mum climatic hazards during transit. Thus, the rehra is a
 
feasible means of transport for the local markets.
 

However, for the more distant markets truck transportation
 
becomes necessary and the marketing costs are increased
 
greatly. These data are presented in Table 11. Though ex
port transportation costs were not analyzed in this study,
 
the costs there would be even greater because of the greater
 
distance and the need for more careful handling.
 

Cost of picking and packing of fruit on per truck basis:
 

On an avr,-age, picking and packing a truck with 400
 
(12x12xl8) craLs per truck costs about Rs. 2870. The
 
Dreakdown of the total cost is as follows:
 



Table-10 COST OF MARKETING OF PACKED FRUITS PER HUNDRED AND PER MILE
 
FROM ORCHARD TO DIFFERENT MARKETS
 

F ro Mode of Cost off 
 Cost of handlip te fruits. Cost duringOrchard trans- hiring tran- Cost/ CostVatch Rav inatterial PickT' Rck- 121o-to ... port trans- and sit nund- perBas_' i,, etails ing in, idin: Oct. TolllCorn red hundred 
port ward k<e t ar r Tl)ej Stx risso n per mnil(tax perinib 

Peshawar Truck 1200 150 1400 1800 500 
 30 500 200 225 250 
 50 875 8.00 0.03
 

Hyderabad -do-
 1750 150 1300 1200 300 
 30 325 Z00 225 
 250 50 980 
 9.00 0.01
 
Karachi -do- 2050 150 1350 1200 280 30 325 z00 
 250 250 50 1000 10.00 0.01 co 

Quetta -do- 1800 150 1400 iz00 315 30 315 200 250 
 250 50 900 
 9.00 0.01
 
Lahore -do-
 670 150 
 13Z5 1100 310 30 300 
 Z25 250 250 50 
 445 8.00 0.05
 



Table-ll COST OF MARKVTTNGS OF UNPACKED FRUIT PER HUNDRED
AND PER HUNDRED MILES FROM ORCHARD TO DIFFERENT 

MARKETS 

From orchard 
to ...... 

Mode of 
Trans-
port 

Cost of 
hiring 
trans-

Cost ofhandling 
Watch Picking Unload-
and and ing 

Cost during transit 
Oct. Tolli Commi-

tax ssion 
Cost/ 
100 

Cost/ 
100 mile 

Xr t ward loading 

Bhalwal Rehra 35.00 10.00 50.00 3.00 15 - 12.50 2.34 0.24 

Sargodha Truck 233.00 140.00 300.00 200.00 250 50 280.00 3.20 0.11 

Faisalabad -do- 550.00 150.00 300.00 250.00 250 50 350.00 4.20 0.04 

Lahore -do- 670. 00 150. 00 300.00 200.00 250. 50 300.00 4.30 0.03 
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1. 	Cost of labor for picking Rs. 320.00
 
(32 laborers P Rs. 10/laborer)
 

2. 	Packing
 
(18 laborers @ Rs. 10/laborer) = Rs. 180.00
 

3. 	Cost of 400 crates Rs. 350/crate = Rs.1400.00
 

4. 	Nails 
 = Rs. 30.00 

5. 	Waste paper
 
(paper cuttings Rs. 300+waste
 
(paper Rs. 640) = Rs. 940.00
 

TOTAL Rs.2870.00
 

The rehra is the other type of transnortation used in
 
the area surveyed. They haul the produce .o the local market
 
in loose form. 
The 	cost of picking and packing in the case of
 
the 	rehra is negligible when compared with that of a truck.
 

Labor for marketinq. Out of the 55 respondents, 53 
hired casual labor while the remaining 2 managed the marketing
themselves with the help of family members. 

Total r)roduction, In the surveyed area, total produc
tion of citrus was 56,.1,000 units. Of this, kinno produc
tion was 44,119,500 for a total percentage of 78.51. Feutrell 
early rankeJ second with 5,651,500 units for a percentage
of 10. Malta and "Mussammi varieties ranked third and fourth
 
with 3,295,000 and 3,130,000 units, respectively. The
 
percentage share of these two varieties comes 
to 5.86 and
 
5.56 (see Table 12).
 

As is evident from the above, kinno is by far the most
 
popular variety with consumers. Mussammi and malta are
 
decreasing in demand and Feutrell early is barely holding
 
its 	own with the consumer.
 

MARKETABLE CITRUS
 

Production minus home consumption determines the amount
 
of marketable citrus. All that is produced is not marketed.
 
A negligible part of it is taken away by the hawkers for
 
door-to-door selling in the vicinity of the garden. Moreover,
 
when striking a bargain, the owner also demands a part of
 
the produce at the time of harvest. This may be in the
 
terms of the number of plants or the amount of fruit,
 

http:Rs.2870.00
http:Rs.1400.00


Table-1 2 TOTAL PRODUCTION 

(NOS) 

Size of garden Kinno 	 Feutrell Malta Mussammi Total 
ea rly 

Small 	 3098000 342500 200000 155000 3795500
 

Medium 
 7840000 1504000. 670000 
 245000 
 10259000
 

Large 	 33181500 3805000 2425000 
 2730000 
 42141500
 

G. Total 44119500 5651500 3295000 
 3130000 
 56196000
 

Percentage 78.51 10 5.86 5.56 100 
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It was revealed that this share ranged between one percent 
to 12 nercent of the total produced. Out of the 5(1,96,000 
units of citrus produced about 409,500 units were used by
the producers for home consumption. This is about .73 I)ercent
of the total produced. Therefore, unlike many other crops 
grown in Paikistan, almost al ] of the citrus was sold in the 
ma rke t. 

CONCLUSION AND SUGGESTIONS
 

The marketing problem facing a farmer involves when, where
 
and how to sell his produce. When to sell involves many fac
tors such as price, storage facilities and deciding at what
 
stage of maturity the produce should be sold. This is

particularly important for fruit and vegetables where
perishability is a major problem. 
Where to sell involves the
 
selection of a buyer. Should it be sold to 
a market agency
 
at a terminal, or in the local market? How to sell 
concerns
 
whether the product should be graded before it is sold,

whether the farmer should transport the product to the buying
 
agency, or have it picked up and finally the type of contract
 
that should be used.
 

The grower labors under a distinct disadvantage in his
 
attempt to market the citrus. He has frequently neither the
time, the merchandizing ability, nor the information necessary
 
to market his produce successfully.
 

Since effective production calls for a high deqree of
 
specialized knowledge most farmers are unable to become
 
specialists in marketing as well. They consequently have
 
insufficient knowledge of marketing methods, of market
conditions and possess little, or no information as to the
 
price of their produce. Marketing, then becomes the role
 
of the middleman unless the growers are able to organize

themselves in an orderly and efficient manner.
 

In order to assess the bottlenecks in the way of
a smooth and economical system of marketing, citrus growers,
as well as the contractors, were encouraged to suggest
 

methods to improve the marketing structure. These are
 
summarized below:
 

Citrus processing industry. Doubtlessly, the establish
ment of an organized processing industry would be a
 
significant step towards the development of an efficient 

marketing system. A large portion of the produce is 
not
 
required for immediate consumption. This surplus could
be processed, or stored for domestic consumption, as well
as export. Unfortunately, due to high cost of these plants,
 

I
 

i
 
I
 

I
 
I
 

this industry has not attracted much attention of the GOP,
 
or private business firms.
 

I 
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In Bhalwal, a private enterprise, "Pak Citrus Industry",

carries on 
a limited amount of this business, but is quite

inadequate in view of the citrus produced in the area. 
More

processing units are 
required to make efficient use of the
 
mature surplus citrus.
 

Credit problems. Although a vast amount of money is
being spent by the GOP and lending agencies for the increased
 
production of fresh fruit, there is practically no allocation

of credit for marketing the produce after it is produced.

The establishment of marketing agencies that 
can siupply a

rapid, controlled type of credit for harvesting, packing,

and transportation will go a long way in solving these
 
problems.
 

Transportation. Transportation appears to be the most

serious of all the problems and is 
one of the most expensive
 
to solve.
 

Access roads are deficient. 
Most 	of those traveled
 
are 
so rough that damage from bruising is very high, even for
 a short distance. 
 During the peak season, the shortage of

trucks or other means of rapid transportation has been noted.
Railroads 
are not being used in the marketing of citrus. As
 
a result, transportation costs 
are very high. The following

steps 	are recommended to help solve these 	 problems: 

i) Improve and construct garden-to-market roads. 

ii) 	 Facilitate the development of more rapid transpor
tation and refrigerated vehicles by credit allocation 
and the reduction of import duties and customs. 

iii) 	 Conveyance shou1d be made more efficient and speedy 
by special trains on a priority schedule. 

iv) 	 Regulations should be established for trucks requiring

insurance on the fruit they haul.
 

Storage problems. 
 Losses due to the absence of cold 
storage faci L ties are enormous. Dehydration causes bothspoilage and :.eight loss. 
 As such, dry storage should be

built. 'lor r.er, as storage rates are very high--especially

short 	term storage--steps should be taken to lower this cost.
 

Market place 	 r- oblem theproblems. A mcinin is lack of acitrus market place in many areas. This results in increased
handling costs, unsanitary conditions and lack of space for
additional marketing people and organizations, This reduces

competition and helps keep marketing costs high. 
 These
 
problems can be partially overcome by:
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i) 	Expansion of the present market site, or the
 
construction of new sites.
 

ii) 	 Improve the sanitation facilities.
 

iii) Provide storage cover.
 

iv) 	 Provide better access to the market for a better 
flow of produce to and from the market place. 

Export policy. The problems of exporting citrus are
 
somewFha_ the same as the domestic problems of marketing regarding 
packing, transportation and financing. However, the develop
ment and maintenance of foreign markets requires much more 
expertise by both private and grovernment personnel. The 
slump witnessed in the citrus market during l.)77-78 was due 
mainl\ to the fact that the blockage imposed by Iran on ci trus 
imports could not be coped with. As citr7us production con
tinues to expand, these foreign markets become ever more 
important. The GOP, with cooperation from private growers, 
needs to examine this problem immediately and develop export 
plans and policies that will expedite citrus exports. There 
is, without question, a great potential to increase citrus 
exports which will provide a greater market for the citrus 
growers and increased foreign exchange earnings for Pakistan. 
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APPENDIX 25
 

IMPACT OF MONA RECLAMATION EXPERIMENTAL PROJECT
 

ON THE FARM ECONOMY OF THE PROJECT AREA
 

by
 

Mohammad Aslam, Mohammad Siddique, Abdul Rauf and Helmer Holje2*/
 

CHAPTER ONE
 

INTRODUCTION
 

The Mona Reclamation Experimental Project comprises the
 
northwestern part of SCARP II and spreads over an area of about
 
110,000 acres. The project was initiated in 1965 with a
 
view to finding out the ways and means for overcoming the factors
 
limiting agricultural development in the area, such as water
logging, salinity and the lack and timeliness of irrigation
 
water. These research activities were designed to make better
 
use of the limited farm resources in order to improve their
 
efficiency and net farm incomes. The following lines of action
 
were planned:
 

1. 	The development of methods and procedures to achieve
 
effective use of water and land.
 

2. 	The reclamation of saline land.
 

3. 	Detailed ground water and hydrologic studies to
 
determine the effect of ground water management,
 
quality changes and tubewell performance.
 

4. 	Tubewell operation, maintenance, rehabilitation,
 
and replacement.
 

5. 	Efficient management of water supplies.
 

6. 	Determining optimum economic input-output relation
ships.
 

7. 	The transfer of technical assistance and farm tech
nology to the farmers through the extension program,
 

The !-oject, already in operation, must be evaluated from
 
time to time to determine its progress and pinpoint those areas
 
that are retarding development. Evaluation helps to avoid
 
pitfalls of the past and furnishes data to minimize costs and
 

l/J.R.O., Agricultural Economics, Mona; S.R.O. Agricultural
 
Economics and Statistics, Mona; Assistant Professor and Mona
 
Advisor, University of Agriculture, Faisalabad; and Advisor, On
 
Farm Water Management Team, Colorado State University,
 
respectively.
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maximize returns in the years to come. 
 Since the inception
 
of the project many chanqes have taken place in the agri
cultural economy of the area. The implemencation of the 
project encouraled adoption of improved cultura] prac-tices,
high-vie 1 in , fert i1i zersi ',t-1-.ieschomi cal. and p Iant pro
tection me su-,o .Improvement in the va]ue of land, increased 
economic activ ; L nanced empoloyment opportunities and a 
change in the distribution of income are other benefits of 
the project though tiey are not analyzed in this study. 

An evaluation study was made in 1970-71 of the Project 
area to determine the progress made since the benchm'ark 
study of 1965-66. However, in the period since 171-72 many
changes have occur red in the project. This was due 1are ly 
to the followina factors: 

1. The adoption of new technology and modern inputs. 

2. Watercourse remodeling, cleaning and maintenance. 

3. Precision land leveling,
 

4. Improved and increased agricultural extension ac
tivities. 

Intensive research and extension activities of the project

have induced farmers to adopt many new scientific and im
proved innovations. More attention was paid to the remodeling
 
and maintenance of watercourses. This resulted in reducing
the conveance losses and thereby enhancing the supp.y of 
irrigation water and lessening the time to irrigate. Through 
an effective extension service, precision land leveling was 
popularized and has proven quite helpful in or>timizing the 
use of the available water supplies and reclaiming saline 
lands. As a result many tangible benefits have been realized 
by the farmers throughout the project area. 

An evaluation of the project will help to assess the 
activities of the project and to locate the major causes of 
failure or success of these development endeavors. It,
therefore, is important to undertake an economic evaluation
 
study to measure the progress made since the Project's

inception so that steps may be suggested to accelerate the
 
role of development in the area. Changes brought about by
 
the project activities in the agricultural sector up to
 
1976-77 have been calculated, Every effort has been made to
 
present a lucid, comprehensive and comparative picture of the
 
magnitude and direction of change in land utilization, cropping

patterns and intensities, farm costs, use of farm inputs and
 
gross net income. In order to portray net benefits of the
 
project, annual costs of the project have been compared with
 
annual benefits, thereby establishing a cost-benefit ratio,
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CULAPTER II
 

METHODOLOGY
 

An economic appraisal was made of the Mona Project activities in 1970-71. 
 The 	present study was designed to
evaluate the progress that has been achieved since that

time. Cost-benefit analysis has been used to analyze the
'with' and 'without' situation. However, only the primary
benefits 
(benefits to the farmers) have been assessed.

is well recognized that many secondary benefits have oc-

It
 

curred as 
a result of this project, such as enhanced employment opportunities, increased tax base, rising land values
and, generally, increased economic activity. 
However, to make
an evaluation of these secondary costs 
and benefits is beyond
the scope of this study though they are very important from
a regional and national point of view. 
The 	following criteria
 
have been assumed:
 

1. 	Primary benefits are considered in calculating

the cost-benefit ratio. 
The project's primary
benefits represent the difference of net in
come under with and without project conditions.
Public tubewell development signifies the
 
"with" project situation and its absence
 
represents the "without" condition.
 

2. Current prices have been used for agricultural

inputs and outputs to give a vivid picture

of the present situation. Net incomes have

been computed according to the total cost
 
method.
 

3. 	A 25 year life span has been assumed for the
 
project installations, whereas 12 years is
used for the life of the tubewells. No

salvage value was considered.
 

4. 	A 10 percent discount rate was used in the
 
cost-benefit analysis.
 

SAMPLE SELECTIONS
 

Villages. Almost the 
same villages as taken in 1970-71
 were selected for the with project comparison. They are:
 

Perennil: 
 Chak No. 10-ML, 15-NB, Sidowal, Old
 
Phullarwan and Jagatpura.


Nonperennial: 
 Kot 	Momyana, Jahanpur Dahr and Chak Sahib
 

Khan.
 

Uncommanded; 
 Gurmukh singh wala, Jahanpur.
 



398 

To facilitate the comparison, the following non-project
 
villages, in close proximity to the project area, were
 
selected:
 

Perennial: 	 Ciaks 19 NB, 21 NB, 23 NB, 16 NB and 17 NB. 
Turtipur, Chak Sheikh da Lok, Kolian, Sigh 
Bala, Sigh Zaireen.
 

Uncommanded: 	 Chak Nizam, Boolary Bala, Boolay Zaireen,
 
Mid Parghana Miani. 

Farms. Due to the shortaqe of time and other constraints, 
only 20 percent of the farmers enumerated in the benchmark 
survey could be selected at random for detailed study. In 
a strata where the number of resnondents was extremely small 
their number was increased to maintain statistical significance.

The distribution of the sample by farm size, tenure and
 
irrigation type are presented in Tables 1 (A,B,C).
 

Table 1(A) 

NUMBER OF RESPONDENTS BY SIZE OF FARM 

Size of farm 1965-66 1970-71 1976-77 
(Acres) Base year With Without With Without 

Project Project Project Project 

0-6.25 97 42 50 57 33 

6,25-12.50 219 70 86 91 43 

12.50-18.75 121 50 49 52 27 

18.75-25.00 50 37 36 41 31 

Over-25 70 49 41 45 25 

Total 5 248 262 2- 159 
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Table 1(B)
 

NUMBER OF RESPONDENTS BY SIZE AND TENURE SYSTEM
 

size oF 
farm 

(acres) 

Base year 
Owner Owner 
opera- cum 

Ten-
ants 

With Project 1976-77 
Owners Owner Ten-

cUm ants 

Without Proect 1976-77 
Owner Owner Tenants 

cum 
tors ten- ten- ten

__ ants ants ants 

0-6.25 '0 22 25 35 15 9 16 8 9 

6.25-12.50 77 58 84 35 20 36 20 11 12 

12.50-18.75 51 23 47 22 11 19 10 9 8 

18.75-25.00 24 8 18 22 7 12 13 9 9 

Over-25 36 4 30 27 9 9 9 9 7 

Total 238 115 204 141 60 85 68 46 45 

TABLE 1(C)
 

NUMBER OF RESPONDENTS BY SIZE AND IRRIGATION TYPE
 

Size of farm Base year 
 1976-77 With 1976-77 Without
(acres) Peren- Non-
 Uncom- Project 
 -Proect
 

nial peren- manded Peren- Non- Uncom- Peren- Non- Unccm
nial nial 
 peren- manded nial peren- manded
 

_ nial, nial
 

0-6.25 53 5 39 33 15 9 
 9 13 11 

6.25-12.50 110 34 75 51 18 22 11 19 13 

12.50-18.75 73 11 37 21 19 12 8 10 9
 

18.75-25.00 22 
 5 23 15 15 
 7 11 9 11 
Over-25 38 14 18 19 12 14 9 8 8
 

Total 296 69 192 143 79 64 48 
 59 52
 

It should also be noted that the farmers selected for this
study are not the same as 
those sampled in 1970-71. This was
due to the fact that many changes have occurred in tenancy,

ownership, and fragmentation.
 

http:18.75-25.00
http:12.50-18.75
http:6.25-12.50
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Questionnaire. The questionnaire developed for the
Benchmark Survey was used in this study. 
 The 	enumerators
 
were duly trained in the art of interviewing and filling

the questionnaires. The field operations were supervised

by the Head of the Agricultural Economics Section of the

Mona Reclamation Project.
 

Limitations. 
 The 	survey team was conscious of serious
deficiencies in the research data and every effort was made
 
to collect and analyze these data as objectively as possible.

However, certain factors were beyond their control. 
They

are:
 

1. The labor force supplied by the farm family and the

time spent by each member, especially women on

cultivation, was difficult to estimate accurately.
 

2. Many commodities like milk, feed, fodder and manure
 
are not weighed or neasured by the farmers and
their true value is difficult to estimate. 

3. 	The system of weighing commodities, especially grains,
are done on a volumetric and unstandardized basisin most villages. This makes it difficult to convert
weights into standard maunds accurately. 

4. 
In the majority of the villages selected to repre
sent the uncommanded conditions, some of the farmers

had installed private tubewells for irrigation water
 
supplies. 
 Therefore, true uncommanded conditions do
 
not exist on such farms. The final estimates of

cropping patterns, intensities, yield rates and

the 	resultant gross and net returns for these un
commanded areas would tend to be on 
the highside

for this reason,
 

5. 	The respondents were usually suspicious of the inter
viewers and often reluctant to reply. This made

the job of the interviewers most difficult and the
data obtained in those cases 
is subject to question.
 

6. 
Besides the reluctance of the respondents to respond,

the lack of written records was another hinderance.
 
The 	memory of the respondents had to be relied upon.
However, every effort was made to 
secure reliable
 
information.
 

CHAPTER THREE
 

LAND UTILIZATION AND CROPPING PATTERNS
 

At the inception of the project, 138 tubewells were installed in the project area, 
 However 18 tubewells have been
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closed down due to poor quality water. As a result, the net
 
additional water supplied by the tubewells decreased from 2

AF/acre to 1.25 AF/acre. This reduced the total supply of
 
water in the commanded area from 3.6 AF/acre to 2.85 AF/acre.

The cultivated area decreased from 98.54 percent and 97.45
 
percent in 1970-71 to 96.80 and 94.52 percent in 1976-77
 
under with and without project conditions, respectively.

However, culturable waste and the 
area not available for
 
cultivation disappeared under with project conditions,

whereas these increased significantly under without project

conditions during 1976-77. 
Table 2 below gives the details
 
of the land use pattern:
 

Table 2
 
LAND UTILIZATION
 

1965-66 1970-71 1976-77 
Base year With Without With ithout 

Project Project Projectl Project 

Farm area (acres)* 14,00 14.40 15.60 17.10 18.07 

Percentage of Farm area
 

Cultivated prea 97,10 98.54 97.45 96.80 94.52
 

Uncultivated area 2.90 1.46 2.55 3.20 5.48
 

Forest 0.20 - -  -

Culturable waste 1.90 
 0.48 1.23 - 4.10 

Not available for
 
cultivation 0.80 0.98 1.32 1.38
 

Percentage of cultivated area:
 

Cropped area 110.80 128.35 113.72 131.52 111.44
 

Net cropped area 96.80 98.57 97.95 99.51 
 95.73
 

Area sown more than once 14.00 29.78 15.77 32.01 15.71
 

Fallow 3.20 
 1.43 2.05 0.46 4.27
 

*Appendix 1.
 

The cropping intensity, however, increased from 128.35
 
percent in 1970-71 to .31.52 percent in the with project
 
area. The increased intensity was a result of a 2.3 percent

increase in double cropping and a reduction in fallow land.
 
This illustrates the awareness of the farmers in making more
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efficient use of the available water resources, coupled with
 
the adoption of the on-farm water management program, the
 
introduction of short-period crops, the 
usc of modern tech
niques and] cultural practices and a high rate of fertilizer 
application. 

In the without project area, the cropping intensity
fell from 113.72 percent to 111.47 percent. This was 
mainly due to an increase in culturable waste and fallow 
land ard the lack of adopting modern technology provided 
by the project. 

A comparison of tubewell utilization and the intensities
 
achieved is presented in Table 3. 

Table 3 

TUBEWEJLL UTILIZATION AND INTENSITIES 

Year Rate of tubewe].! .nnual pumpage i Cropp7p-g - inten
utilization 

Percent i Index. A.F. 
___ sities 

i Index i Actua! Incex 

1971-72 44.65 100.00 143158 100.00 128.35 100.00 

1972-73 36.77 82.35 117576 82.13 124.60 98.97 

1973-74 39.92 89.41 122245 85.39 124.20 98.65 

1974-75 48.21 107.97 134583 94.01 126.20 100,24 

1975-76 40.66 91.06 111708 78.03 126.70 100.64 

1976-77 47.18 105.67 126186 88.14 131.52 102.78 

Project cultivated area: 102030
 

From the above, it is evident that the rate of tubewell
 
utilization has no consistent relationship with the cropping

intensities. During 1975-76 and 1976-77 the pumpage declined
 
as compared with 1974-75, but the intensities increased.

This is largely due to the decline in the water table, ameli
oration in the physical. and chemical conditions of the soil, 
an increase in water use efficiency supported by doublecrop
ping and short-period crops, use of modern inputs and the im
provement in the technical assistance extended by the Mona
 
Project personnel..
 

Cropping pattern. Proper land utilization and the

judicious allocation of scarce water resources from public

tubewells have had a marked impact upon the cropping patterns

which are given in Table 4. 
A look at the table reveals
 



Table 4. CROPPING PATrER 
(Percentage) 

1965-66 
 1970-71 
 1976-77 
Cultivated Cropped Without Project With Project Without Project With roject

vteCUlti-' Cropped CUlti-' C;pedvtCUlti- Cropped Culti- Cropped
vated .. vated fvated jIvated. 

Food Grains:
 

Theat 35.86 40.79
31.7 35.87 
 42.54 33.14 39.31 35.27 37.82 28.76
 
Bajra 1.85 2.0 3.52 3.10 1.75 - 0.111.36  0.08
Rice 1.39 3.26
1.9 2.87 4.48 3.49 15.65 14.05 9.86 7.50
Maize 0.88 2.90 6.92
0.7 2.55 5.39 1.75 0.06
1.56 0.04
 

Total 39.98 36.3 50.47 
 44.39 55.69 43.38 56.71 50.88 47.85 36.38
 

Cash Croos: 

Cotton 22.92 20.8 9.28 
 8.16 9.98 7.78 5.29 4.75 9.68 7.36
Sugarcane 4.24 8.07
3.8 7.10 
 8.10 6.78 12.09 10.85 10.98 8.35

Garden 4.20 6.83 8.67
3.9 6.00 
 6.75 3.83 3.43 13.38 10.18
Mehndi 0.67 0.89 1.37
0.6 0.78 
 1.07 0.37 0.33 12.58 9.56

Others 0.47 0.4 0.84 0.76 1.g0 
 1.40 0.57 0.50 0.13 0.10
 

Total 32.50 29.3 25.91 22.78 30.52 23.78 22.15 46.75
19.86 35.55
 

Pulses:
 

Grams 0.31 0.3 0.74 0.65 0.59 0.46 0.09 0.08 0.70 0.52
 
Other pulses 0.30 0.3 0,24 0.21 0.26 0.20 0.04 0.03 - -


Total 
 0.61 0.6 0.98 0.86 0.85 0.66 0.13 0.11 0.70 0.52
 

Fodders: 

Kharif F. 21.21 19.1 
 18.99 15,27 24.62 19.18 16.22 14.56 18.88 14.36

Rabi F. 16.51 14.7 17.37 16.70 16,69 13.00 16,26 14.59 17.35 
 13.19
 

Total 37.72 33.8 36.36 
 31.97 41.31 32.18 32.48 29.15 36,23 27.55
 

Annual Total 110.81 100.0 
 113.72 100.00 128.38 100.00 111.47 100.00 131.53 100.00
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that a substantial increase has taken place in the cash crops
 
due to the introduction of improved seeds, application of
 
fertilizers and a greater and ensured supply of irrigation
 
water. A change in the cropping pattern has also occurred
 
under without project conditions. One of the factors for
 
this has been the establishment of the Noon Sugar Mill.
 

Food crops. The behavior of individual food crops 
has been somewhat erratic. The cultivated area under wheat
 
decreased from 43 percent to 38 percent in 1.976-77 under
 
with project conditions. This decrease was offset by an in
crease in the area under ri ce which moved up from 4.48 per
cent to 9. S erent. The acreage under rice in the non
prcject area increased nearly five-fold over 1970-71. This
 
tremendous increase in the area under rice during the last
 
six years has been a result of better prices and increased
 
yields due to the abundant rainfall.
 

There has been a marked decrease in the cultivated area 
under maize in both the with and without project areas when 
compared with 1970-71. This is attributed to the heavy rains 
during the last five years. The cultivation of bajra has 
been abandoned in thewi thout project area whereas in the
 
project area it has become a minor crop. This indicates a
 
more rational allocation of water resources and a moire to
 
the production of cash crops.
 

Cash crops. Cash crops have registered a declining
 
trend during the study period in the without project area, but 
they increased rapidly in the with project area, During
 
1970-71, 26 percent and 31 percent of the cultivated acreage
 
was put under cash croos in the without and with project
 
area, respectively. In 1.976-77 only 22 percent of the cul
tivated area in the without project area was used for
 
cash crops production. However, 47 percent of the with
 
project area was in cash crops in 1.976-77.
 

The decreased ppr-entaqe in cultivated acreage of cash
 
crops (except suldrcane) in the without project area has been
 
due primarily to a slump in cotton sowing which was a
 
result of the depressed yields due to adverse climatic fac
tors and unsuitable soil conditions aggravated by an
 
unstable supply of water.
 

In the with project area, the percentage of cultivated
 
area under sugarcane, gardens and mehndi increased from 8
 
to 10.9, 8.70 to 13.40 and 1.40 to 12.60, respectively.
 
The sugar mill has provided a strong impetus for the
 
increased production of sugarcane and the enhanced demand
 
for citrus fruit has brought more area under gardens, par
ticularly in those areas having a good and stable water
 
supply. Similarly mehndi, being a short-period crop and
 
a big source of income, attracted more area when compared

with previous years.
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Crop varieti,3. The area under improved crop varieties
 
showed a marked improvement in sugarcane and rice, both in
 
the with and without project area over the year 1970-71.
 
Cotton did not attract improved varieties due to the poor
 
crops during the last few years. The adoption of improved

varieties of wheat remained relatively constant in the
 
project area, but dropped significantly in the without pro
ject area. See Table 5 for specific data on the adoption

of improved varieties.
 

CHAPTER IV
 

FARM COSTS
 

The costs of farm inputs have been calculated at the
 
current rates of payments. The methodology practiced in
 
the benchmark survey of 1965-66 was also used in this
 
study.
 

METHODOLOGY
 

The farm costs were estimated on the assumption that
 
all the factors of production were hired.
 

1. 	Land: The actual rent was taken as the cost of
 
land for tenants. For owners, the average rent
 
prevalent in the areas was used.
 

2. 	Manual Labor: This comprised family and permanent

hired labor. The labor units were arrived at by

considering any male over 15 years as one unit and
 
below 15 as one half unit. Similarly, women above
 
15 years %-e treated as a half unit and below
 
that as a *.uarter unit. The wages were valued
in money ter,s. Family labor was charged on the 
basis of the average rate for permanent hired 
labor. The casual labor employed was also taken
 
into account.
 

3. 	An annual inventory of draught power was prepared
 
at the beginning and end of the year. These were
 
depreciated at 12 percent and 10 percent rates of
 
interest. The variable costs were added to compute

the 	total costs of the work animals.
 

4. 	Seed, manure, fertilizer and plant protection: The
 
home grown seed was valued at the harvest price.

Purchased seed was priced at the average village
 
rate. Farmyard manure, chemical fertilizers and
 
pesticides were valued at their purchase price.
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Table 5. ADOPTION OF IPROVED VARIETIES 
(Percentage)
 

Base Without With With Without 
year
1965-66 Project

1970-71 Project
1970-71 Project

1976-77 Project
1976-77 

COnION 

A.C. 134 - 11.00 25.00 61.88 35.58 
L.S.S. 86.20 70.00 56.00 19.50 30.71 
Other inproved 6.00 20.00 3.00 0.44 7.12 
Unspecified 7.80 10.00 12.00 18.00 26.59 

SUGARCANE 

C-312 17.90 12.00 16.00 - -
L-54 33.10 61.00 57.00 95.84 87.57 
L-29 0.90 23.00 10.00 - -
BL-4 - - - 2.82 4.80 
Other improved 5.70 1.00 3.00 0.73 0.30 
Unspecified 42.40 10.00 9.00 0.55 7.34 

RICE 

Basmatti 39.50 77.00 72.00 74.39 54.60 
Jhona 17.00 8.00 4.00 - -
Irripak - 7.00 12.00 5.17 4.44 
Kernal - - - 19.85 23.46 
Other imrproved 12.00 2.00 5.00 - -
Unspecified 31.50 6.00 7.00 0.54 17.50 

WHEAT 

C-591 37.20 11.00 6.00 - -
Maxi-pak 0.10 76.00 87.00 64.01 34.65 
Drick 26.00 4.00 2.00 - -
Ch. 70 - - - 9.74 10.45 
Yakora - - - 23.35 41.30 
Unspecified 30.10 7.00 2.00 2.90 13.60 
Other improved 6.60 2,00 3.00 - -
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5. 	Implements and tools: These were depreciated at
 
various iates depending on their length of life.
 
The repz-ir costs whether in kind or in cash have
 
been accounted for.
 

6. 	Miscellaneous charges like water rates, land revenue,
 
transportation, including octrol charges, were direct
 
cost items and posed no problems in evaluation.
 

FARM INPUTS AND THEIR COST
 

Livestock. Livestock constitutes a sizeable segment

of the farm industry in the project area. It included both
 
draught and milch animals.
 

Numberwise, the bullock force decreased by 35 percent

and 	13 percent per acre in the with and without project areas,
 
respectively, during 1976-77 when compared with 1970-71.
 
Of the total cost, livestock constituted 30 percent and 36
 
percent in the with and without project areas during 1976-77
 
compared to 412 percent and 40 percent during 1970-71. All
 
of this points to a lesser dependence on livestock and an 
increasing trend towards a mechanized rural economy. 

Rent. Rent has a positive relation with production.
After -estock, it is the second largest cost item. It was 
20 percent and 23 percent of the total cost during 1970-71,
 
but 	increased to 29 percent and 28 percent in the with and
 
without project areas, respectively, during 1976-77.
 

Farm labor. The labor force of a farm consists of
 
family, permanent-hired and casual-hired labor. Total 
labor costs are less than rent, but they are an important 
component of total costs. There has not been a significant

change in family and permanent hired labor during the study
period. However, casual hired labor, which was practically
nonexistent earlier has become an important part of the farm 
labor costs in both the with and without project areas, but 
more so in the project area. This suggests a more pro
gressive and market oriented type of farming using the 
help of local manpower. It also indicates the increased em
ployment opportunities provided by the project development. 

Seed. During 1970-71 the expenditure on seed was some
what identical in both the with and without project areas. 
It was 3.41 percent with the project and 3.56% without the 
project. This pattern again prevailed during 1976-77 
constituting 3.64 percent and 3.62 percent of the total cost
 
in the with and without project areas, respectively.
 

F.Y.M. The expenditures on farmyard manure have actually 
decreased slightly during the study period. This is primarily

due to the adoption of chemical fertilizers which are easier
 
to apply and now more readily available.
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Fertilizer. With the advent of intensive farming, the
 
application of chemical fertilizer has increased substan
tially. As a result, fertilizer has become a crucial input.
 

a. 	 Fertilized area under different crops: In 
the project area vegetables, wheat and sugar
cane received the largest amount of fertilizer. 
Percentage wise the area fertilized under 
these crops was 100, 76 and 72 percent re
spectively; rice, gardens, rabi fodder, cotton 
and kharif fodder follow. On a total cropped 
acre basis, the fertilizer application was 
41 percent. 

The without project application of fertilizer 
was 	primarily in sugarcane, rice and wheat.
 
The 	 percentage of the total area fertilized 
under these crops was about 65 for each. 
Gardens, maize, rabi fodcier, kharif fodder 
received the saime fertilizer. As in the 
case of the with project area, 2.78 percent 
of the cotton area received fertilizer. This 
was due to the poor cottor vields because of 
untimely he<,%.," rains and the attack of pests 
and disease. T able 6 shoows the use of fer
tilizer by crop and typo during 1976-77. 

b. 	 Type of fertilizer: In the with project 
area, 2165 bags of urea and 866 bags of
 
D.A.P. were applied by the sampled respon
dents. Every cultivated acre received 35.66 
lbs. (Nitrogen 26.51 lbs. Phos: 9:14 lbs.) 
as compared to 24 lbs. per acre during 1970-71. 
In the without project area 876 bags of urea and 
401 bags of D.A.P. were consumed by the sampled 
respondents. This means an acre average of 
26.46 lbs. during 1976-77, compared with
 
15 lbs. during 1970--71. The percentage share
 
of this input in cost was 2.82 percent and
 
1.82 percent in the with and without project
 
areas, respectively during 1970-71. It in
creased to 3.12 percent and 3.10 percent
 
during 1976-77. The cultivation of mehndi
 
comes under fertilizer application, but since
 
the preharvest contractors are responsible
 
for its cultural operations it has not been
 
included in the analysis.
 

The foregoing depicts an encouraging trend
 
in the application of fertilizer and most
 
significantly in the project area. This is
 
due primarily to the enhanced and ensured
 
water supply and the help of the technical
 
and 	extension service of the Mona Staff.
 



Table 6. USE OF FERTILIZER 

Crops Without Pro-ect 1976-77 With Project 1976-77 
Cropped 
Acres 

Fe-ti-
lized 
acres 

Unfer-
tilized 
acres 

No. of Baqs Aoplied 
Urea DAP Total 

Cropped 
acres 

I 

Ferti-
lized 
acres 

Unfer-
tilized 
acres 

No. of Bags Applied 
Urea DAP Totaal 

I I 

Sugarcane 328.37 216.75 111.62 170.16 85.33 255.50 519.13 376.25 143.68 342.25 156.00 498.25 

Cotton 143.75 4.00 139.75 3.00 - 3.00 458.25 39.00 419.25 32.33 10.17 42.50 

Rice 425.00 275.50 149.50 199.00 99.50 298.50 466.87 186.50 280.37 138.00 69.00 207.00 

K. Fodder 440.50 9.00 431.50 8.00 - 8.00 894.10 30.50 863.60 25.00 4.75 29.75 

Garden 104.00 22.00 82.00 17.84 8.92 26.75 633.75 167.50 466.25 200.00 110.00 310.00 

Theat 1067.25 683.25 384.00 462.00 207.00 669.00 1790.87 1374.88 415.99 1304.76 514.08 1818.84 

R. Fodder 441.50 12.50 429.00 11.50 - 11.50 821.42 102.50 718.92 112.25 - 112.25 

-Maize 47.50 4.50 43.00 4.50 - 4.50 2.75 - 2.75 - -

Grams 2.50 - 2.50 - - - 33.25 - 33.25 - - -

Oil Seed 1.00 - 1.00 - - - 1.00 - 1.00 - - -

Vegetables - - - - - - 5.00 5.00 - 10.00 2.00 12.00 

Total 3001.37 1227.50 1773.87 876.00 400.75 1276.75 5627.19 2282.13 3345.06 2164.59 866.00 3030.59 
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In the without project area, aside from the
 
demonstration affect, the persistent rains
 
during the study period made it possible
 
to increase the application of fertilizer.
 

7. 	Tractors and implements: No inventory
 
was made regarding the number of tractors 
and implements in the previous surveys.
At this time, there were 15 tractors 
among the project respondents and 10 in 
the without project area. A similar 
situation existed in other implements 
such as cultivators, threshers, trolleys,
karahs, ploughs and other field implements.
It is very evident that with increasing
yields and incomes that the farmers are 
adopting modern technology. Without ques
tion, this trend will continue at an in
creasing pace in future years.
 

8. 	Hand tools and artisans: As a result of
 
mechanization, the expenditure on this
 
item decreased during 1976-77. It was
 
only 1.83 percent in the project area
 
and 1.83 percent in the without project
 
area compared to 3.25 percent and 3.78
 
percent in 1970-71.
 

9. 	Tubewells and irrigation water: Private
 
tubewells did not exist in the project area
 
in 1970-71. However, in 1976-77 there
 
were a number of private tubewells and
 
their share of total costs was 1.29 percent.

In the without project area, private tube
well costs decreased from 2.70 percent in
 
1970-71 to 2.19 percent in 1976-77.
 

In addition to the 1.60 AF/acre of canal
 
supplies, the Project supplied 1.25 AF/acre
 
of tubewell water during 1976-77, compared

with 2.0 AF during 1970-71. The closure
 
of a number of tubewelis due to bad quality
 
water was the reason.
 

10. Plant protection measures: The expenditure
 
on plant protection measures indicates an
 
increasing awareness of the farmer for
 
healthy crops. In 1970-71 an average ex
penditure of Rs. 1.40 and Rs. 0.46/acre in
 
the with and without project areas, re
spectively, was made. In 1976-77 these
 
expenditures had increased to Rs. 3.21 and
 
Rs. 	0.63/acre under project and without
 
project conditions, respectively.
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11, 	 Land revenue: Land revenue is a source of
 
income for the government and has in general
 
a positive relation with production. How
ever, land revenue costs actually decreased
 
during the study period because of the
 
exemption of payment by the GOP Gn land
 
holdings of less than 12 acres.
 

12. 	 During 1970-71, marketing charges consti
tuted a negligible percentage of the cost.
 
However, in 1976-77 the marketing charges
 
increased substantially. This suggests a
 
movement of the farmer away from the tra
ditional pattern of selling his commodity
 
at the farm gate.
 

The details of physical inputs are given
 
in Table 7 and Table 8 depicts the cost
 
per holding and per cultivated acre and
 
the relative importance of each input.
 

CHAPTER FIVE
 

GROSS AND NET FARM INCOME
 

Gross farm income is a function of acreage, yields and
 
prices. The acreage under each crop was discussed earlier
 
under cropping patterns, while the number of livestock is
 
given in Table 9. Yields of crops and livestock production
 
are presented in Table 10. Current prices have been used in
 
the analysis.
 

METHODOLOGY
 

1. 	The total cropped area included the area which was
 
sold or fed green, the matured crops and partly
 
greenfed and saved for seed production. The crops
 
used as green fodder were evaluated at their sale
 
or purchase price if consumed at the farm. The total
 
production of the matured and harvested crops was
 
considered in computing farm incomes. For the com
modities that were consumed on the farm, or paid
 
in kind to the artisans, harvest prices were used.
 

2. 	The income from animals and their by-products, such
 
as milk, wool, FYM, meat and skins, etc., were
 
evaluated using current prices. The average village
 
rates were used for the products consumed at the
 
farm. Whenever the draught power was hired out
 
the returns were included in their income. The
 
gross income of milch animals was based on the
 
quantity of milk produced during the year. Milk
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Table 7. 

PHYSICAL QUANTITIES OF FAP fTUTS (PER ACRE) 

Itemrs Unit Base year 1970-71 1976-77 
1965-66 Without With Without With 

Project Project Project Project 

Family and 
permanent 
hired labor Adult man 0.16 0.14 0.16 0.15 0.17 

C. H. Labor Rs. - - - 16.50 29.01 

Working 
Bullocks units 0.14 0.16 0.23 0.14 0.15 

Fertilizer 
(nutrients) Lbs. 1.70 15.00 24.00 26.46 35.66 

Irrigation Water: 

a) Canal A.F. 1.60 1.60 1.60 1.60 1.60 

b) Tubewell A.F. - - 2.00 - 1.25 

T"tal 1.60 1.60 3.60 1.60 2.85 

Plant protection Rs. - 0.46 1.40 0.63 3.21 



Table 8. COST OF FAFM INPUTS AND IHEIR RELATIVE IPORTANCE 

Items Total 
cost 

Rent of 
land 

Labor Livestock 
Draught Milch-

Seed F.Y.M. Fertilizer Tools 
imple-

T/we1I 
and 

P.P. Land 
revenue 

Tractor 
and 

Market
ing 

others ments T/well Tractor 
and %ater hiring 

arti- purch
sans ased 

Base year i) Cost per 4987.00 1135.00 943.00 767.00 1371.00 161.00 98.00 13.00 140.00 121.00 - 235.00 - 3.00 
1965 holding 

(ii) Cost/culti
vated acre 367.00 83.53 69.39 56.44 101.10 11.85 7.21 0.96 10.30 8.90 - 17.29 - 0.02 

(iii) Polative 
inortance 100.00 22.76 18.91 15.37 27.50 3.23 1.96 0.26 2.82 2.43 - 4.71 - 0.05 

Without (i) Cost per 
Project holding 5481.00 1263.00 940.00 789.00 141-3.00 195.00 83.00 100.00 207.00 148.00 7.00 318.00 - 18.00 
1970-71 (ii) Cost/culti

vated acre 360.60 81.10 61.80 52.00 93.00 12.80 5.50 6.60 13.60 9.70 0.50 20.90 - 1.00 
(iii) Pelative 

ir7-ortance 100.00 23.03 17.15 14.39 25.77 3.56 1.51 1.82 3.78 2.70 0.13 5..83 - 0.33 
With (i) Cost per 
Project holding 5960.00 1166.00 1140.00 925.00 1585.00 203.00 115.00 168.00 194.00 - 20.00 428.00 - 16.00 LJ 
1970-71 (ii) Cost/culti

vated a:re 419.80 82.10 80.30 65.10 111.60 14.30 8.10 11.80 13.70 - 1.40 30.10 - 1.20 
(iii) Polativ 

irq[ortance 100.00 19.56 19.13 15.52 26.59 3.41 1.93 2.82 3.25 - 0.30 7.18 - 0.30 
Without (i) Cost per 
Project holding 17597.62 4952.12 3611.63 2092.83 4283.41 637.62 204.91 545.75 331.79 386.77 10.75 211.91 211.74 116.28 
1976-77 (ii) Cost/culti

vated acre 1030.53 290.00 211.50 122.56 250.84 37.34 12..00 31.96 19.43 22.65 0.63 12.41 12.40 6.81 
(iii) Pelative 

irortance 100.00 28.14 20.52 11.89 24.34 3.62 1.16 3.10 1.88 2.19 0.06 1.20 1.20 0.66 
With (i) Cost per 
Project holding 22935.62 6622.57 5546.40 2311.77 4619.24 840.23 298.01 716.72 420.86 298.01 53.14 573.34 308.11 327.15 
1976-77 (ii) Cost/culti

vated acre 1395.30 410.00 335.00 139.63 279.00 50.75 18.aO 43.52 25.42 18.00 3.21 34.63 18.61 18.74 
(iii) Pelative 

importance 100.00 29.28 24.01 10.01 20.00 3.64 1.29 3.12 1.83 1.29 0.23 2.48 1.33 1.41 

*Base year's prices have been used for the year 1970-71, whereas current prices have been used for 1976-77. 



Table 9. LIVESTOCK STRENGTH/FAR4 

Project Draft Buffaloes Cows ! tes G. Total 

conditions Animals Weat Dry Young Total Wet' Dr Young, Toa Donkeys ore SepTta adl 

stock adult 
Sunits 

;Stock adult 
-units 

Goats; ad-ult 
I u n i t s 

units 

Base year 
1965-66 2.70 1.92 1.38 1.70 4.00 0.30 0.20 0.30 0.60 0.20 0.40 - 0.60 7.90 

With 
Project 
1970-71 3.20 2.30 1.69 1.09 4.35 0.18 0.12 0.07 0.33 0.41 0.13 0.01 0.26 8.15 

Without 
Project 
1970-71 2.73 1.75 2.10 0.93 4.17 0.17 0.11 0.05 0.29 0.48 0.12 0.04 0.29 7.85 

With 
Project 
1976-77 2.50 2.52 1.40 1.78 4.51 0.77 0.56 0.67 1.55 0.62 0.21 2.05 1.10 9.66 

Without 
Project 
1976-77 2.38 2.43 1.23 1.99 4.32 0.81 0.44 0.75 1.50 0.64 0.21 2.68 1.32 9.52 
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Table 10. YIELDS FROMt CROPS AND LIVESTOCK 

Crops Base 1970-71 Price 1976-77 Price 
year Without With Rs. / Without With Rs./ 

Project Project maund Project Project maund 

Sugarcane 238.00 352.00 409.00 2.25 325.00 368.00 5.65 
Cotton 4.10 *5.30 7.70 38.00 4.29 4.00 124.00 
Rice 13.70 13.70 15.70 18.70 18.75 21.25 49.00 
Maize 9.50 9.50 13.70 14.70 14.20 15.00 44.00 
Bajra 10.70 10.70 10.20 8.30 - 8.00 50.00 
Mehndi 
Garden 

325.00 (Rs) 
517.00 (Rs) 

325.00 
550.00 

350.00 
600.00 

-
-

800.00 (Rs) 
2000.00 (Rs) 

1000.00 (Rs) 
2230.00 (Rs) 

-
-

Vegetables 
and others 325.00 (Rs) 325.00 330.00 - 3000.00 (Rs) 4000.00 (Rs) -
K. Fodder 149.00 (Rs) 180.00 200.00 - 350.00 (Rs) 400.00 (Rs) -
Others - - - - - -
Wheat 12.30 15.60 20.00 15.00 18.30 22.00 41.00 
Oil seed 6.50 9.90 10.1 35.00 8.20 10.25 70.00 
Gram 8.00 8.00 7.00 15.00 7.50 8.00 49.00 
R. Fodder 278.00 (Rs) 300.00 350.00 - 700.00 (Rs) 800.00 (Rs) -
Others 
pulses 260.00 260.00 250.00 - - -

Crops by
products 
Cotton 25.00 25.00 30.00 - 50.00 50.00 
Rice 15.00 15.00 20.00 - 40.00 50.00 
Maize 30.00 30.00 35.00 - 47.50 60.00 
Bajra 30.00 30.00 35.00 - - 60.00 
Wheat 12.30 15.60 20.00 2.50 18.30 22.00 Rs. 7/md. 
Livestock 
lbs./day 
Buff - es 
Cows 

9.30 
5.30 

12.50 
8.50 

13.10 
9.00 

22.00 
16.00 

11.67 
8.77 

14.00 
9.51 

Rs. 55/md. 
Ps. 55/md. 

NB: Base year's prices have been used for the year 1970-71, whereas current prices
 
have been used for 1976-77.
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in most cases was not sold as such. Part
 
of it was consumed and the rest was con
verted into ghee which was partly consumed
 
and partly marketed. Ghee was not considered
 
in estimating the income from milch animals 
because its production, consumption and
 
sale was entirely in the hands of womenfolk
 
and 	the male interviewers knew little about
 
it. Consequently, gross income from milk
 
alone was estimated.
 

YIELD OF MAJOR CROPS AND LIVESTOCK
 

1. 	Crops: During the period 1972-73 to 1976-77
 
unseasonal weather conditions played havoc
 
with agricultural production. The project
 
area is prominent for sugarcane growing, 
but the uncertain and unfavorable weather 
conditions, courled with the attack of pests 
and disease, reduced sugarcane yields from
 
409 maunds/acre in 1970-71 to 368 maunds/acre
 
in 1976-77. Cotton mi- the same fate of 
uncertain weather and The attack of pests and 
disease. Untimely torrential rains destroyed 
most of the cotton crop before maturity. This 
reduced the yield of this important cash crop 
from 7.7 maunds/acre in 1970-71 to 4 maunds/ 
acre in 1976-77.
 

In the without project area, yields of sugar
cane and cotton fell from 352 to 325 maunds/
 
acre and from 5.30 to 4.29 maunds/acre, re
spectively, during 1976-77 compared with
 
1970-71.
 

The 	rest of the crops, within and without
 
the 	project showed yield increases, but more
 
significantly in the project area. The heavy
 
rains which proved fatal in the case of
 
sugarcane and cotton proved a blessing for
 
rice. Its yield increased from 18,70 and
 
15,90 mds/acre in 1970-71 to 21.25 and 18.75
 
mds/acre in 1976-77 with and without the
 
project, respectively. The increased demand
 
for 	citrus encouraged growers to bring more
 
fertile area under gardens, thus increasing
 
both their yields and acreage and ultimately
 
their net income.
 

Livestock: The yield from livestock main
tained a steady rate of increase in the pro
ject area. Compared with 13.10 lbs/day in
 
1970-71, the milk yield from buffaloes went
 
up to 14.00 lbs/day in 1976-77 in the project
 
area. However, in the without project area
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it decreased from 12.50 lbs/day to
 
11.67 lbs/day during the same period.
 

The milk yield from cows increased
 
from 9.0 lbs/day to 9.51 lbs/day in
 
the projcct area and from 8.50 lbs/day
 
to 8.77 lbs/day in the without project
 
area in the period 1970-71 to 1976-77.
 

GROSS AND NET INCOME
 

The gross income per cultivated acre was Rs. 1,979 and
 
Rs. 1,422, with and without the project, respectively, during
 
1976-77. Using the base year's gross income index of 100,
 
incomes under the project increased to 536 and in the
 
without project area to 391. The cropped acreage index was
 
452 in the project area and 388 in the without project area
 
during 1976-77.
 

The contribution of livestock to gross income in 1970-71
 
was 31 percent in both the with and without project area.
 
However, in 1976-77 livestock's share of gross income dropped
 
to 28 percent indicating a shift to cash crops.
 

A classification of gross income is represented in Table
 
i1.
 

Table 11.
 

GROSS INCOME FROM CROPS AND LIVESTOCK (RS.)
 

Per holding Per Acre Indices
 
Crops Live- ITotal Culti- Crop- Per cul- Per Crop

stock tivated ped tivated ped
 
acre acre
 

Base year 3,666 1,353 5,019 369 332 100 100
 
1965-66 % (73) (27) (100)
 

Without Project
 
1970-71 % 5,357 2.461 7,818 5J4 452 140 136
 

(69) (31) (100)
 

With Project
 
1970-71 % 6,405 2,851 9,256 652 509 179 153
 

(69) (31) (100) 

Without Project
 
1976-77 % 17,553 7,068 24,622 1,442 1,294 391 
 388
 

(71) (29) (100) 

With Project
 
452
1976-77 % 23,753 9,019 32,772 1,979 1,505 536 


(72) (28) (100) 

N.B. Evaluation for 1970-71 has been done on base year's prices whereas
 

current prices have been used for 1976-77
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In order to arrive at net income, all farm costs have to
 
be subtracted from gross income. This is presented in Table
 
12 on a per holding, per cultivated and per cropped acre
 
basis.
 

Table 12
 

NET INCOME FROM PRODUCTION (RS.)
 

Base 1970-71 1976-77 
year !Without With Benefits Without With Benefits 
1965 JProject Project Project Project 

Per
 
Holding 32.00 2,337.00 3,296.00 959.00 7023.00 9671.00 2648.00
 

Per cul
tivated 
acre 2.30 153.00 233.00 80.00 411.00 584.00 173.00
 

Per
 
Cropped
 
acre 2.10 126.00 184.00 58.00 369.00 444.00 75.00
 

Total benefits
 
of project on
 
102030 culti
vated acre. 
 17,634,865
 

COST BENEFIT ANALYSIS
 

Primary and secondary benefits have occurred, both in
 
the area as well as to the nation at large, as a result of
 
the development. However, only direct benefits have been
 
considered and indirect benefits like improvement in the
 
value of the land, increased economic activity leading to off
 
farm business and employment opportunities, increased Govern
ment revenues and income distribution have not been accounted
 
for in this study. The measurement of secondary costs and
 
benefits is most complex and beyond the scope of this study.

The cost benefit analysis presented here is concerned only

with the direct costs and benefits.
 

ProJect benefits. Agricultural production has increased
 
largely because of e enhanced irrigation supplies provided
 
by tubewell development, more efficient use of the water,
 
high-yielding crop varieties, fertilizer and better plant
 
protection measures. Although the project water supply has
 
declined from 2 AF/acre in 1970-71 to 1.25 AF/acre in 1976-77
 
due to the closure of a number of tubewells as a result of
 
brackish water, more efficient water use has offset this water
 
loss. The net income with and without project conditions
 
are presented in Table 12. The difference between value
 

http:3,296.00
http:2,337.00
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added under with and without project conditions, represents
 
the net benefits of the project. The project benefits amount
 
to Rs. 17.6 million.
 

Project costs. The costs include the annual capital
 
costs, operation and maintenance, project services, and a
 
sinking fund for the tubewells. The detail of the project
 
costs are given below:
 

A. 	Capital costs Amount
 
(Rs)
 

Installation of tubewells 6,976,245
 

Operators, quarters and distribution network 1,276,458
 

Construction of colony 2,957,263
 

Electricication network 3,605,442
 

Construction of link watercourses 108f134
 
14,923,542
 

Amortized @ 10 percent taking project's
 
life as 25 years. 	 1,644,097
 

B. 	Operation and maintenance costs
 

Electricity charges 1,595,034
 

Vehicles 88,531
 

Workcharged staff 4,011
 

Maintenance and repair of tubewells 517,797
 

Repair of pump houses 40,081
 
Total 2,245,454
 

Cost of project services 1,189,117
 
Grand Total 3,434,571
 

C. 	Sinking fund for tubewells
 
(Assuming 12 year life) @ 10% 326,230
 

Total of capital operation and maintenance
 
cost and replacement cost 5,404,898
 

The annual project costs thus come to Rs. 5.4 million.
 
It averages to Rs. 53 per cultivated acre or Rs. 42 per acre
 
CCA, feet of water pumped.
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Cost benefit ratio. Cost benefit ratio is simply a
 
relationship depicting total benefits relative to total cost
 
and is presented below:
 

Annual costs 5.4 	million 

Annual benefits 
 17.6 million
 

Cost benefit ratio 	 1:3:26
 

Cost of and return from tubewell water. The cost per
 
acre foot of water in the project is generally lower than in
 
the 	adjoining areas of the project where private tubewells
 
are 	 used. 

Durinq 1976-77 the project tubewells pumped out 126186 
acre feet of water. As already pointed out the cost per
 
acre foot is Rs. 42/CCA against a return of Rs. 140 per
 
acre foot.
 

Policy guidelines. The main activities of the Mona
 
Reclamation Experimental Project are:
 

1. 	Operation and management of the tubewells. 

2. 	 Research and investigation of modern technology. 

3. 	 Dissemination of this research to the farmers by 
the 	Extension Division.
 

A review of the project's past performance shows that 
it has met with success in its major objectives. However,
it is felt that there is still a great opportunity to increase 
agricultural production beyond the present levels. The 
following guidelines are presented for this purpose. 

a. 	 First, and foremost, comes the coordination between 
the different disciplines of the project. 

b. 	 Surveys of the waterlogged and saline areas should 
be conducted at regular intervals to assess the
 
success of the project. 

c. 	 Due to the installation of tubewells in the project
 
area, there is a significant increase in the water
 
supply, but all the farmers have not adjusted their 
farm plans accordingly. Optimum use of available 
water supplies, therefore, should be emphasized and
 
carried out through the extension service. 

d. It was found that the input levels applied by many 
farmers is less than required for optimum crop yields,
 
Steps should be taken to ensure the supply of these
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critical inputs and to provide incentives for their
 
use. Provision of credit, supported by technical
 
knowledge and application, can go a long way in
 
achieving this objective.
 

e. 	Due to the intensification of agriculture, the attack
 
of pests and insects is on the increase. Plan pro
tection services should be provided to the farmers at
 
the appropriate time and place.
 

f. 	Farmers generally get a lower return from their farm
 
products. The establishment of agro-based industries

in the project area would improve this situation.
 

g. 	The dissemination of modern techniques and knowledge

among the farming community has become an essential
 
prerequisite for the adoption process. 
Personnel
 
from each section should be deployed for this purpose.
 

SUMMARY
 

1. 	The culturable waste disappeared during 1976-77 in the
 
project area, but increased to 4.10 percent outside the
 
project.
 

2. 	Fallow land decreased from 1.48 percent in 1970-71 to 
.40
 
percent in 1976-77 in the project but doubled in the 
non
project area.
 

3. 
The cropping intensity increased to 131.53 percent in the

project but declined to 111.47 percent outside the project. It was 128.38 percent and 113.72 percent respec
tively during 1970-71.
 

4. 
The cropping pattern showed a favorable trend for rice,
 
sugarcane, garden and mehndi, particularly in the project
 
area.
 

5. 	The application of fertilizer per cropped acre increased
 
to 35.66 lbs. and 26.46 lbs. under with and without
 
project conditions, respectively. It was 24 and 15 lbs.
 
per cropped acre, respectively, during 1970-71.
 

6. 	The expenditure on plant protection measures, which did
 
not exist in 1965-66, and was Rs. 
1.40 and 0.46 with and
N t'oi:u 
the project during 1970-71 increased to Rs. 3.21
 
and 0.63 during 1976-77.
 

7. 	The yield per acre of almost all crops increased in both

the project and nonproject areas, with the exception

of sugarcane and cotton, with the largest gains in the
 
project area.
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8. 	The net income under with and without project conditions
 
was Rs. 584 and 411/cultivated acre, respectively.
 

9. 	The annual benefits and costs were Rs. 17.6 million and 5.4
 
million, respectively, thus showing a cost-benefit ratio
 
of 1:3:26.
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APPENDIX 26
 

SIMULATING CROPPING PATTERN AND WATER MANAGEMENT
 
ALTERNATIVES IN THE PUNJAB, PAKISTAN
 

MODEL DEVELOPMENT
 

Wynn R. Walker, John 0. Reuss and Naveed Ahmad1
 

PART 1. MODELING OVERVIEW
 

INTRODUCTION
 

A watercourse command area simulation model is planned
 
as one of the current tasks within the USAID sponsored work
 
of Colorado State University. The objectives outlined for
 
the model are as follows:
 

(1) To establish the overall water balance on a water
course command area as affected by canal diversions,
 
tubewell pumping, watercourse condition, cropping
 
patterns, and climatic variables; and
 

(2) To examine the viability of various cropping pat
terns systems and intensities in terms of water
 
availability for planting and in-season water stress.
 

In order to accomplish these objectives, the model is ini
tially being set up on a Hewlett-Packard HP 9825A computer.
 

The HP 9825A does not have sufficient internal memory
 
(only about 23K bytes) to program in traditional methods.
 
Large simulation exercises must be decomposed and handled as
 
a series of overlay systems with the output from one set of
 
computations being stored on tape and then being read into
 
the memory of the next segment of the model. In the initial
 
stages of the model development the transition from segment
 
to segment is accomilished primarily in a manual manipulation
 
of tape files by thL user.
 

Because Dr. Walker initiated the programming while 
on TDY at Lahore, but could not program the complete model in 
so short a time, it is important that the work have sufficient 
continuity that substantial duplication be avoided. In this 
brief report, it is the intention of the writers to set forth 
the scope of the work as envisioned at the outset: oE the pro
gramming in order that further efforts might be undertaken 
with as little confusion regarding previous work as possible. 

l/Agricultural Engineer, Agronomist, and Computer SpecLalist,
 
Colorado State University.
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BASIC MODEL STRUCTURE
 

The simulation of the watercourse command area can be
 
divided into four logical parts. The first submodel deter
mines the basis for estimating evapotranspiration from land
 
surfaces within the command area. Two primary models are
 
utilized to calculate the potential evapotranspiration of a
 
reference crop such that the effect of climatic and topo
graphical variables within the hydrologic system are con
densed into a sinqle representation. These methods are the
 
Penman Equation and the Jensen-Haise Equation, both of which
 
seem to work well under Pakistani conditions. This model is
 
completed and programmed in two versions, the principal one
 
being a code to compute and record daily values of the refer
ence potential evapotranspiration for use in subsequent seg
ments of the model. The second version is a program to
 
compute the evapotranspiration of various field crops and
 
output these data onto tables.
 

The second submodel is a planting-irrigation scheduling
 
program written to be an analysis of water management alter
natives at the farm level rather than the more traditional
 
simulation of real-time events prerequisite to recommenda
tions on water application timing. Data from the potential
 
evapotranspiration file along with precipitation, initial
 
cropping and soil moisture conditions, and control parameters
 
describing the priority for sequencing irrigations are input
 
to the irrigation scheduling submodel. Data describing the
 
timing and volume of the water supply at the boundary of the
 
irrigated fields is necessary for the irrigation and planting
 
scheduling. This latter information will come from the third
 
submodel when formulated, but at the present an artificial
 
data array must be defined a priori.
 

The irrigation scheduling submodel considers what is
 
referred to as a "square," of about 25 acres of farmland,
 
receiving a periodic supply of irrigation water from canal
 
and/or tubewell sources. The frequency of the supply and its
 
intended duration is referred to as the warabundi time. The
 
spatial resolution of the square model is based on one-half
 
acre units of fields which are intended to represent the
 
field sizes typically encountered. A field of several acres
 
is treated as several smaller fields.
 

The irrigation scheduling submodel is designed to deter
mine the water balance within the square. Hydrologic output
 
includes actual field evapotranspiration, the time distribu
tion of soil moisture storage, and the deep percolation that
 
may result from overirrigation. Of intrinsic interest, the
 
model also provides information regarding the scheduling of
 
irrigations and plantings, limitations on planting and growth
 
due to stress and water shortage, and the impact of assuming
 
different water management schemes at the farm and watercourse
 
level.
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A third submodel, a watercourse conveyance and water
 
supply model, is not yet developed although the research into
 
local hydrology has been most intensive during CSU research
 
efforts in Pakistan. Dr. Walker omitted this model from cod
ing during his TDY because it was felt this would be the most
 
easily contributed phasp of the modeling by other project
 
personnel. The watercourse conveyance subrodel needs to begin
 
with the mogha diversions, tubewell pumping and watercourse
 
physical conditions and predict the amount of seepage and
 
evaporation losses expected along the length of the channel.
 
This prediction allows an estimation of available water to a
 
square anywhere along the watercourse. It is also envisioned
 
that the impacts of linings, structural improvements, and
 
management alternatives would be reflected in the output. The
 
same model should also be able to evaluate seepage losses
 
within the irrigated square itself in providing the net water
 
supply data required by the scheduling program.
 

The final segment of the model is a groundwater simula
tion. Data from seepage predictions, deep percolation, and
 
tubewell pumping will be used to estimate water table eleva
tions. Several aspects of the model remain undefined so far
 
as scope is concerned at the time of this writing. The chem
istry of groundwater supplies is affected by the fact that
 
the water table floats on a very saline groundwater basin.
 
Research is currently underway to determine the best nossible
 
methods of pumping the shallow layer of relatively fresh water 
for reuse. in addition, it was originally intended to incor
porate the contribution of a high water table to crop needs, 
but this does not seem realistic without doing so in c( ijunc
tion with a groundwater model.
 

It is obvious that the hydrology within a watercourse 
command area is a large complex system. Use of the HP 9825A
 
computer requires that the mathematical description of a sys
tem be decomposed with linkage among the parts accomplished
 
via temporary data storage and overlaying the respective seg
ments in the memory one at a time. A schematic view of how
 
this is conceptualized by the writers is shown in Figure 1.
 

PART 2. EVAPOTRANSPIRATION MODELS
 

ESTIMATING POTENTIAL EVAPOTRANSPIRATION, Etp
 

A key quantity in the daily water balance of an irrigated 
field is the evapotranspiration of the crop. The value of the 
evapotranspiration is dependent upon climatic conditions, crop 
variety, crop growth stacle, moisture status of the soil, etc. 
In order to estimate field evapotranspiration, the water use 
of some standard reference crop growing as if water were not 
Limiting is estimated. The estimate isolates climatic 
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factors 	from all others. The consumptive use under these
 
conditions is called the potential evapotranspiration (EtD).

(Note that climatic factors do not enter into the definition,
 
but that they determine the day-to-day variations in E,.o. )

Common reference crops are alfalfa with 12 to 18 inches of 
growth, 	or grass, completely shading the soil.
 

There are a large number of methods for estimating Etp

which are reviewed by Jensen (1973) and will not be detailed
 
here. However, in the western United States and in Pakistan
 
two approaches have been commonly employed: (1) The Penman
 
Method; and (2) the Jensen-Haise Method.
 

The Penman Method
 

The Penman equation is a statement of the total energy
 
available for evaporation and transpiration by the crop. The
 
equation is called a "combination equation" because it in
cludes both solar energy and advective energy (that made
 
available due to air movement).
 

Penman (1948) first derived an equation for the evapo
transpiration of a short, well-watered crop (generally assumed
 
to be grass) based on a combination of energy balance at the
 
crop surface and the heat-mass transfer processes due to air
 
movements. The equation which resulted and is used today is
 
written 	for a reference crop:
 

Etp 	 -A (Rn+G) + 15.36 + (a + bUez 

in which
 

E = 	 potential evapotranspiration, langleys/day; 

A = 	 slope of the saturation vapor pressure curve at 
a specified temperature, d(mb)/d(C); 

Y = 	 psychrometric constant, mb/C; 

Rn = 	 net radiant energy, langleys/day (ly/day); 

G = 	 soil heat flux, ly/day; 

U2 = 	 wind run at a height of 2 meters, km/day; 

a,b = 	 empirical regression coefficients requiring 
local calibration; and 

ez°-e z = average daily vapor pressure deficit, mb
 

In order to convert langleys/day to equivalent depth units,
 
multiply by 0.0171 to obtain mm/day.
 

The Penman combination method requires data describing:

(1) solar radiation, (Rs), (2) temperature; (3) wind; and (4)
relative humidity. These data are then utilized in empirical
 
functions to define the actual parameters given in Eq. 1. A
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summary of these functions and their origin is given in
 
several literature sources, possibly the most complete being
 
Jensen (1973).
 

Net radiation. The net radiation term, Rn, can be
 
determined from relationships presented by both Jensen (1973)

and Kincaid and Heermann (1974). Since the data actually

describing solar radiation can be either measured values of
 
solar radiation, hours of sunshine, or percent sunshine, the

approaches utilized to arrive at 
Rn are different. For the
 
case when actual solar radiation values are recorded, the

first step is to plot an envelope curve through the maximal

values over a season. This curve defines the "clear day"

solar radiation and is often expressed as an exponential

function of the following form:
 

Rso A exp-[IDa y C- B (2=A C (2) 

where,
 

RSO= clear day solar radiation, ly/day; 
Day = actual or modified Julian date; 

A = seasonal peak value of Rso; 
B = Julian date corresponding to A; and
 
C = empirical coefficient used to fit the shape of
 

the curve
 

The coefficients in Eq. 2 vary with location and latitude,

but can be estimated from Table 1 (b Jensen, 1973). A plot

of Eq. 2 at the latitude of Lahore, Pakistan, is shown in
 
Figure 2.
 

If the radiation data are reported in daily hours of

sunshine, the approach involves first approximating Rs by
calculating the fraction of possible sunshine represented by

the data. Utilizing a Julian date such that Day 1 
=
 
January 1st, the days of the year can be expressed in terms
 
of the equivalent radians, (0), circumventing the earth's
 
rotation about the sun:
 

0 = 2j5(Day) - 1.377139376 (3)
 
The declination angle (A) of the earth relative to the sun is
 

determined by
 

A = 0.40927971 sin e 
 (4)
 

where A is also expressed in radians. The possible number of
 
sunshine hours per day depends not only on A, but the latitude
 
of the test site as well. Latitude is first converted to
 
radians by multiplying by 27T/365, thus:
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Fig. 2. Estimated yearly distribution of clear day solar radiation at Lahore, Pakistan.
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= Ow/365 (Latitude in Degrees) (5) 

Then the half day length in radians is:
 

Half-Day = cos-l(z) (6)" 

in which
 

z = -tan( ) tan (A) (7) 

The possible sunshine hours per day is defined as:
 

Sm = 0.13333 (Half-Day) (8)27T/365
 

And finally, the fractional sunshine percentage, S, is com
puted as the ratio of actual measured values to Sm Once
.

given this value, solar radiation can be estimated from:
 

Rs = (0.35 + 0.61S)Rso (9) 

If S is given as data, solar radiation can be calculated
 
directly from Eq. 9.
 

The next step is to define the clear day net outgoing
 
longwave radiation:
 

Rbo= c'T k (10) 

where,
 

Ro = net clear day outgoing longwave radiation, ly/day;

-4 2 

F- = -0.02 + 0.261 exp [-7.77 x 10- 4(273 - Tk) ] (11) 

Tk = temperature in degrees Kelvin (OC + 273)
 

a = Stefan-Boltzmann constant = 11.71 x 10- 8 ly/OK. 

Based on Eqs. 2 and 10, the longwave radiation occurring on a 
particular day equals: 

: s 0.2]R bb 1.2 R -(12 
(1 

so
 

and
 

R = ns(1 - a)R - Rbb (13) 

in which a = crop albedo (gene.rally taken to be 0.23). The
 
values 1.2 and -0.2 in Eq. 12 are suggested values for arid
 
areas and will be different in more humid climates.
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Soil heat flux. The exchange in heat from the soil is
 
based on two assumptions: (1) the soil temperature to a depth
 
of 2 meters varies approximately with average air temperature;
 
and (2)_he volumetric heat capacity of the soil is 0.5 cal
 
cm °C- . The soil heat flux, G, is then written as (Jensen,
 
1973):
 

Ti- - i+l 
G = x 100 (14)At
 

where,
 

G = soil heat flux, ly/day;
 

Ti 1 = mean temperature for the previous period, OC; 

Ti+ 1 = mean temperature for the following period, OC, and
 

At = days between the preceding and following period
 
(twice the period interval).
 

Calculations of constants. Kincaid and Heermann (1974)
 
present convenient expressions for determining A/A+y, y/A+y,
 
and saturation vapor pressure. These expressions are as
 
follows:
 

y/A+Y = 0.60543 - 0.01728T + 0.000146972 (15)
 

A/A+y = 1 - y/A+y (16) 

and
 

° 3
e = 6.328 + 0.424T + 0.01085T 2 + 0.000519T (17)
 

when T represents the daily value of temperature in OC being
 
used in the computations.
 

Vapor pressure deficit. The evaluation of the term 
(ez° - ez ) in the Penman equation can be made in several ways. 
For many purposes, the following expression can be used: 

0
e2 +e 
(ez - e) = 2 1 - el°.rh (18) 

z z 21 

in which,
 

e2°,el' = saturation vapor pressure at maximum and
 
minimum temperatures, mb; and
 

rh = maximum relative humidity (usually taken as
 
the 6-8AM values) expressed as a fraction.
 



433
 

The Modified Jensen-flaiso Method 

The Jonsen-llaise procedure is a temperature and solar 
radiation equation adjusted for location and elevation by 
vapor pressure functions (Jensen and Haise, 1963):
 

Etp = CT (T - T)Rs (19) 

in which, 

Etp = average daily potential evapotranspiration of a
well-watered alfalfa crop having 30-50 cm of top
 

growth, cm/day; 

T = mean daily temporat:ure, °C; 

Rs = otal daily solar radiation in lan(jleys multiplied 
by 0.00171 to qet cm/day; 

Tx = intercept of the temperature axis 

oC/mb= 2.5 - 0.14(o - O) - elev(m)/550 (20) 

=
2.), el saturation vapor pressures at the mean maximumand mean minimum tem)erature , respectively, for 

the warmest. month of the year, in mb; 

C 'l,t ell)( -rAtLI ' COoL'ficicient 

= . I-- "- (21)C1 + *2(lII 

C1 38 - (2"C x elov(m)/305) (22) 

C2 7.6°C (23)
 

50 ib(2

c 2 
 24)
 

This eqlation has been found to work wel.l in the western 
Unitod Stat,,.;. Its applicability i.n Pakistan has been de
scr1ibed by Cliyma Ild Chaudry (1975) and by oeuss eLt a.1 . (1976) 
\ summary 1: Ht coe fficiont.s Tc, and Cl ar, .i.von in Table 2 
LMr th.1h' met i e ulnits: ((i 11 , I977). I L slould be noted that 
ill alreas o1 i i.l1 huni liitvy, sit'h as Ihe monsoon areas of 
Pakistan, evidece sjqe, Is that CT slhoulld be dilminished sub
s.[-anti aly (1ensen , 1973A). (,ilsequenlt-Iy, one Ii.i(llhl consider 

ducin C.1 by 2'' wlhel It,h iveraq;e irtlatLive hum i dity is 40 
i0 50",, by 36',. whon ithe roeliit 'V humidity ave raqes 50-607,, 
and by .11V, when liu rolat:vo humidity is greater 6071.1 than 
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Table 2. Geographic coefficients for Jensen-Haise Equation
 

in Pakistan (after Gill, 1977)
 

Location CL Tx 

Karif- - -Rabi Karif / Rabi / 

Lahore 0.01926 0.02232 -6.100 -8.739 
Lyallpur 0.01926 0.02196 -6.122 -8.511 

Sargodha 0.02016 0.02250 -6.711 -9.183 
Multan 0.01998 0.02214 -6.544 -8.883 
Peshawar 0.02142 0.02232 -6.622 -8.544 

1/ July - September
 

2/ October through June
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ESTIMATING ACTUAL FIELD EVAPOTRANSPIRATION
 

In contrast to potential evapotranspiration (EtD) which
 
occurs in a well-watered crop, at full cover, under given
 
set of climatic conditions, there is '_ile field evapotran
spiration We. This is a combination of the crop evapotran
spiration Et, which would normally occur, plus the excess
 
evaporation from the soil and crop Etr caused by their being
 
excessively wet. This usually occurs for a short period
 
immediately following a rain or an irrigation. Thus:
 

We = Et + Etr (25) 

It should be emphasized that Et does include some evaporation
 
from the soil, such as would occur normally under conditions
 
when neither the soil nor the plant are excessively wet.
 

Crop evapotranspiration can be estimated from the
 

following equation:
 

Et = KcEtp (26) 

where Kc is a coefficient accounting for crop maturity and.
 
the water stress under which the plant is growing. This
 
coefficient is calculated from the following:
 

Y1c KcoKs (27)
 

where K is the crop growth stage coefficient and K is the
 
water s ress coefficient. The crop growth stage coefficient
 
can be determined from some qeneralized functional relation
ships app] icable to many semiarid regions (Jensen, 1969; 
Jensen et al., 1.970; Jensen et al., 1971). For computer
 
schedulinq purposes it is convenient to use a polynomial
 
estimatinq equat ion as follows: 

K - Ar 3 + Br 2 + Cr + D (28)co 

where r is either (a) the fraction of time which has elapsed 
from plantinq to effective cover, or (b) the number of days 
which have ,lapsed beyond effective cover. The constants A, 

, C and U take on different values depending on the crop 
.nd whether conditLion (,) or (b) exists. Exper:imental data 
throuqhout. Pakistan indicates that Kco values published for 
the UJnited States i-equiro mnodification. These will be 
r:overnd in a sepiarate sect ion 

The stress coefficient is calculated from the following: 

In [I + 1.00(1 - (DP/DT)J 
K_ =n (-1 . (29) 
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where,
 

Dp = actual soil moisture depletion, cm; and
 

DT = total available soil moisture (field capacity 

wilting point) , cm. 

In order to compute the value of the stress coefficient, Ks,
 
the values of soil moisture depletion must also be known.
 
This involves two factors. First, as the roots grow in the
 
early season, more and more available soil moisture is added
 
to the system:
 

DT(t) = (MC) [RD i + (RDm - RDi).rJ (30)
 

in which,
 

DT(t) = field capacity of the root zone with time, cm;
 

MC = moisture content at field capacity, cm/m;
 

RDi = initial rooting depth, m (Table 3);
 

RDm = maximum rooting depth, m; and
 

r = interval of the planting date to present divided
 
by the time between planting date and full crop
 
cover. (Table 4)
 

The soil moisture depletion on a day i is written,
 

Dp(i) = Dp(i-l) + Et - Ri (31) 

where,
 

Dp(i) = soil moisture depletion, cm; and 

Ri = rainfall or irrigation on the day, cm.
 

The value of Dp substituted into Eq. 29 for a day i is
 
usually the value Dp(i-l).
 

Effective precipitation--that which reduces irrigation
 
water demand by a crop--is difficult to determine. All run-
off must of course be eliminated when considering the con
tribution of rainfall, but that water which passes into the
 
soil through the surface is potentially available for use.
 
If this quantity exceeds the root zone storage capacity of
 
the soil (at the time of the precipitation occurrence) plus
 
that which is consumptively used during the time it passes
 
through the root zone, this must be considered and the con
tribution is reduced. Small rainfall events, which wet the
 
plant and the soil surface but which do not enter the plant
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Table 3. Initial and maximum root depth of selected crops in
 
Pakistan. 

Initial depth at Depth after 
Crop planting effective cover 

(cm) (cm) 

Citrus w/c 15 120 
Citrus wo/c 150 150 

Cotton 15 180 

Berseem 15 120 

Maize 15 120 
Rice 15 90 

Sugarcane 15 90 

Wheat 15 120 

Table 4. A guide for establishing the effective cover dates 
of selected crops in Pakistan. 

Days from planting or 

Crop 
beginning of growth to 
effective cover 

Citrus w/c 30 days
 

Citrus wo/c 0 days
 

Cotton 120 days
 

Berseem 30 days
 

Maize 60 days
 

Rice 70 days
 

Sugarcane 130 days
 

,heat 60-85 days
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roots, effectively reduce the demand for irrigation water and
 
should be considered in full.
 

Whenever a rain or an irrigation occurs, the actual
 
evapotranspiration is actually increased somewhat due to free
 
water at the crop and soil surface. To account for this, an
 
additional quantity of evapotranspiration is added to Et as
 
follows:
 

Etr [Kr(0.9 - KcoKsEtp 	 (32) 

where,
 

Etr = 	 added evapotranspiration due to rain or irrigation, 
cm/day; 

K = 	 0.8 for first day following rain or irrigation; 

= 0.5 for second day; 

= 0.3 	for third day; and 

= 0.0 	for other days. 

If the value of Kco.Ks is greater than 0.9, Etr is set equal
 
to zero. Thus, the actual evapotranspiration of a given day
 
is:
 

Et = 	 KcoK s + Kr(0.9 - KcoKs )lEtp (33) 

A note of caution must be exercised concerning the
 
definition of Etp. If heavy rains cover the area for several
 
days, Kr would remain at 0.8 until the water had infiltrated
 
the soil. In addition, if the groundwater elevation is suffi
ciently close to the soil surface, water may be evaporating
 
in excess of the estimated values. In this case, Kr should
 
be based on the nearness of the water table and would be held
 
constant.
 

SIMULATION OF CROP GROWTH STAGE COEFFICIENTS
 

Crop growth stage coefficients for citrus, cotton, fodder
 
(alfalfa and berseem), maize, rice, sugarcane, and wheat have
 
been developed in the Punjab area of Pakistan through a coor
dinated program of gravimetric soil moisture sampling. These
 
data were utilized in formulating a series of mathematical
 
expressions required for programming of the HP 9825A computer.
 
A description of the subroutine "crop" summarizing the attempt
 
at mathematical simulation is found in Appendix A.
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Citrus
 

Citrus groves in Pakistan can be divided into those
 
having a fodder crop of alfalfa or berseem growing under the
 
tree canopies during the late fall and early winter, and those
 
cultivated to be clean. Data from local experiments are
 
plotted in Figure 3 for the cultivated condition. In most
 
cases only the young developing orchards include e cover crop.

The crop growth stage curve does not vary widely over an
 
annual cycle and can be approximated by 
tion of the form: 2 

an exponential rela-

Kco = a exp- (b-T) (34) 

in which 

a = 	 maximum value of Kco; 

b = 	 number of days since planting or beginning of 
growth to when the maximum value of Kco occurs; 

c = 	 empirial fitting constant; and 

Ti = 	 current Julian date. 

Coefficient values of a, b and c are respectively, 0.75,
 
180.0 and 400.0
 

For the case of the citrus with fodder crop, the Kco
 
function is defined as that of berseem fodder.
 

Cotton
 

Cotton is generally planted in the Punjab between the
 
first of March and the last of April, depending upon such
 
factors as water availability as to the specific timing. The
 
cotton Kco data indicate a single curve as shown in Figure 4
 
offset by the planting delays. This curve is not represent
able by the exponential curve form of Eq. 34 so a step wise
 
polynomial regression was determined. For the first six
 
weeks after planting, Kco for cotLon is expressed as a linear
 
"unction:
 

Kco = 0.20 + 0.002381 (Ti-T ) 	 (35)
 

in which Tp is Julian date of planting.
 

Between 42 and 98 days of the planting, the curve is
 
expressed as a third order polynomial:
 

23
 
K + a + b(T.-T ) + c(Ti-T ) + d(Ti-T )3 (36)

co 	 1 p 1 p 1 p 
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where,
 

x 10-
2
 

a = -6.942 


- 2
 
b = 1.94799 x 10
 

- 4
 
c = -3.20859 x 10
 

- 4
 
d = 2.2544 x 10
 

For the periods 98!Ti<140 and Ti>140, the Kco relation is also
 
described in the form of Eq. 36:
 

- 5
 x 10
 a = 2.37505 


- 3 x 10b = -3.903237 
98<T. <140 

- 4 1
10 

c = 2.400357 x 

x 10-6
d = -1.128125 


and,
 

x 105
a = 6.30.4 


-
b = 2.17174 x 10 2 Ti>140
 

- 4
 
c = -1.1893 x 10


- 7
10
d = 1.37862 x 


Fodder
 

Fodder crops of alfalfa and berseem planted in December
 
and January would generally have relatively unique Kco func
tions because these are the reference crops for estimating
 
Et,. For a period of about 30 days at the .beginning of the
 
gr wing season and for a period of about 20 days following a
 
cutting, K varies linearly from 0.5 to 1.0 (Kincaid and
 
Heermann, Y974). In Pakistan, however, a fodder field is
 
only partially harvested at any one time. In other words, a
 
specific field is likely to exhibit a continuous range of
 
conditions from freshly cut to the mature stand. Under these
 
conditions, this model defines fodder Kco values at 0.80
 
throughout the growing season.
 

Maize
 

Maize plantings range throughout July and August, but
 
unlike cotton, the Kco curve is affected by the date of plant
ing as shown in Figure 5. In order to simulate the curves in
 
Figure 5 for the full range of planting dates, the curve was
 
divided into four segments. The first segment encompasses
 
the period between planting and the next 6 weeks. This
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segment is the same regardless of planting date although
 
offset in time. The expression used for this first 42 days
 

is:
 

Kco = a + b(T i - Tp) + c(T i - Tp)2 (37) 

in which
 

a = 0.34 

b = 5.2551 x 103
 T.-T <42
-
- 4 T p 

c = 2.551 x 

10
 

For the next segment (42<Ti-T, 56) which is also common for
 
all planting dates, a linearlunction is utilized:
 

Kco = 0.70 + 0.00714286(Ti-Tp ) (38)
 

The third segment of the curve is uniquely determined by the
 
planting date. However, its development requires an explana
tion first of the fourth segment. It is assumed that maize
 
will require at least 56 days (eight weeks) to reach full
 
cover as modeled by Eqs. 37 and 38. A similar assumption is
 
that six weeks or 42 days are required from the period'of
 
highest K until harvest (refer to Figure 5). Thus, it is
 
assumed tot the growing season is at least 98 days as eval
uated by the equations describing the first, second, and
 
fourth segments. Any extra time of growth is given a Kco
 

In other words, the effect of early planting
value of 1.1. 

is to extend the peak demand period. Mathematically, in this
 
third period:
 

Kco = 1.1 56<Ti-Tp<Th-42 (39)
 

in which Th is the Julian date of harvest. The fourth segment
 

function is an equation similar to Eq. 36 with:
 

- 5
10
a = 2.374 x 


x 103
b = -3.903237 


- 4
 
c = 2.400357 x 10
 

x 10-6
d = -1.128125 


Rice
 

Rice in the Punjab is usually planted between June 24th
 

and July 23rd and then harvested in mid or late November.
 
The Kco curve for rice, assuming that the crop is transplanted
 
rather than seeded, is shown in Figure 6. A single exponen
tial curve of the type expressed by Eq. 36 fits the rice
 
curve over its growth season:
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77- (Ti-T ) 2 
2.K co .0 exp. 80 (40) 

Sugarcane
 

For the purpose of this model, it is assumed that sugarcane plantings occur during March or April and that harvest
 
occurs near 
the end of December. 
 The effect of ratooning is
neglected. 
 A plot of the Kco relation for sugarcane is shown
in Figure 7 again indicating 
some effect of delayed planting.

Equations like Eq. 36 fitted to
were the Kco relation for

both the increasing and decreasing segments. 
 In order to

shift the increasing segment in accordance with planting date,
the Julian date and the coefficients b and 
c in Eq. 36 need
 
to be modified as follows:
 

T! = T.-69 
 (41)
1 1
 

b = 133 + (Tp-69)/2.33 (42) 

c = 120-(Tp-69)/2.45 (43)
 

Kco = 1.05 exp-[ c (44)
 
The decreasing segment is the same 
as Eq. 44 except that
 

c is fixed at 175. 

Wheat
 

The Kco function for wheat in the Punjab is the most

difficult to model. 
 The crop can be planted from mid October
to early December. Harvesting is near mid April. The complexity of the wheat Kco curve is 
illustrated in Figure 8.
Early season plantings exhibit a longer period to reach maxi
mum Kco than later plantings whereas the late 
season plantings

tend to maximize at 
a lower Kco value.
 

The increasing Kco segment of the curve 
is modeled with
 an exponential form similar to Eq. 
34 except the argument is
 
cubed:
 

K = a exp [-_ (45)
 

The value of the maximum Kco (a) is adjusted linearly as
 
follows:
 

a = 1 -(T P-288) 

980
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and the coefficients T!, b, and c similarly:
 

T! = T. - 288 C47)
1 1
 

b = 105 + (T - 288)/3.5 (48)
 

c = 80 - (T - 288)/1.81 (49)
 

The decreasing side of the curve is simulated with Eq. 34
 
with a, T!, and b as defined in Eqs. 47 and 49 and:
 

I 

c = 100 - (Tp - 288)/2.45 (50)
 

MODEL APPLICATION
 

The principle evapotranspiration model presented in this
 
report is designed to calculate and tabulate values of Et for
 
the eight Punjab crops listed previously. Documentation is
 
given in Appendix A and a listing in Appendix B. A modified
 
version which eliminates the printout, but stores the daily
 
Etp values in taped arrays will be used ta input estimated
 
potential evapotranspiration requirements into the water
 
management-irrigation scheduling model.
 

To test and verify the model, two sets of climatological 
data were recorded. Both data sets cover the period from 
October 1, 3971 to September 30, 1975. The only difference 
is that the first set includes radiation data as hours of sun
shine per day while the second incorporates solar radiation 
in langleys,/dav (cal cm- 2 day-) . The station of record is 
Sargodha, Pakistan. The data record includes the precipita
tion (mm), radiation or sunshine, maximum temperature (°C), 
minimum temperalure (°C), maximum relative humidity (%), and 
daily wind run in miles. 

Utilizing the first data set (hours of sunshine), the 
evapotranspiration of cotton and wheat were calculated on a 
daily basis usinq both the Penman and Jensen-Haise equations. 
The results are shown in Tables 5, 6, 7 and 8. The output 
is printed at va-Jous intervals and indicate the parameter 
. dLue or rate ()n thaft: date. Tlie cumulative Ft is summed for 
..jch day and pi.-inted at the selected intervals. 

It is seen that- the difference between the two methods of 
calculation is 13.7 mm (2.9 inches) for seasonal cotton Et 
which is an 8' average diffe rence with the Penman method 
Lending to estimiate lower values of Et than the Jensen-Haise 
method. The wheat seasonal totals differed by 26.2 mm (1.03 
inches) for an average disparity of 6.5%. In this case, how
ever, the Penman approach produced the highest values. Both 
methods yield results within the range of values being 
measured in the Punjab. 

http:288)/2.45
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Data describing radiation indirectly as hours of sunshine
 
is usually a very poor substitute for radiation actually mea
sured as lanqleys. Analysis of the second data set which
 
incorporated the same data except radiation is summarized for
 
the same conditions described previously in Tables 5, 6, 7
 
and 8. Comparison of the annual totals for cotton using the
 
Penman method indicates that the actual radiation data pro

duced'a lower E, estimate by an average of 6.7%. The same
 
trend was exhibited for the Jensen-Haise analysis although
 
the difference increased 11.1%. Wheat differences diminished
 
drastically. The Penman differences were less than 0.4% and
 
the Jensen-Haise estimates reduced to 2.3%. Considering the
 
range of values, differences in computational method and data
 
input could amount to 15% for cotton but only 7% for wheat.
 

Too much evaluation of these tables is unwarranted and
 
certainly do not indicate computational errors. The discus
sion of these estimating differences do, however, lead to
 
three important conclusions. First, the form of radiation
 
data, hours of sunshine or actual solar radiation probably
 
does not create significant problems in using either the
 
Jensen-Haise or the Penman approaches. Second, the choice of
 

method is not too important at least at Sargodha although
 
similar tests might be advisable at other locations. And
 

third, both methods behave more uniformly during the cooler
 
winter months when the radiation and vapor pressure influences
 
are small.
 

A number of recommendations have also become apparent to
 

the writer. The most significant being that the measurement
 
of potential evapotranspiration for a reference crop should
 

The current program of
be undertaken in lysimeter studies. 

artificially establishing the empirical coefficients for the
 

Etp model then using these figures to define Kco is a poor
 
approach because it creates too much of a "site calibration"
 
mode of operation. It, therefore, tends to preclude any
 
generalizing ability which would be important in evaluating

various possible water management options.
 

PART 3. IRRIGATION SCHEDULING MODEL
 

INTRODUCTION
 

The purpose of this segment is to detail an irrigation
 

scheduling model comprising the second phase of a much larger
 

effort to simulation water management decisions along a water

course in Pakistan. The scope of the model is a daily, but
 

non-real time, simulation of the water balance within what is
 

known as a watercourse square comprised of fifty one-half
 

acre fields. In the second part dealing with evapotranspira
tion, the consumptive use simulation of citrus, cotton,
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alfalfa and berseem fodder, maize, rice, sugarcane, and wheat
 
was 	discussed. Many of the same subprograms will be utilized
 
in this model but not detailed again. The evaporation from
 
fallow lands will be discussed in this report since it deals
 
more directly with the simulation of planting schedules.
 

The water volume available to the croplands within a
 
square is an important parameter in irrigation scheduling. 
Because of memory limitations, however, this information will
 
be provided to the irrigation scheduling model as input data
 
generated by an independent simulation of the watercourse 
conveyance system. Thus, the physical setting of this model 
is limited to the individual fields encompassed by a square. 
The 	computer program description and listings are given in
 
Appendices D, E, F, and G.
 

GENERAL OPERATION OF THE MODEL 

The irrigation scheduling model consists of three models:
 

(1) A main program to control the order of calculations
 
load input data and control parameters, and output
 
results (Appendix E); 

(2) 	 A data preparation program to define control param
eters and initial conditions if needed (this infor
mation can he stored on a tape file after initial 
defir i tion (Appendix F) ; and 

(3) 	 A service program to calculate various coefficients 
such as irriciation priority, crop growth stage co
efficients, and rooting depths (Appendix G) 

This division is made solely for the purpose of meeting the 
computer's internal storage limitations which do not allow 
the simultaneous storage of both the data preparation and 
service program. The essential features of these latter two 
programs will be discussed in separatc sections. 

The main program includes three subroutines: (1) "DATE 
CONVERSION", described i' vevious]_; (2) "INTERMEDIATE RESULTS" 
'hich is the principal ootput mechanism; and (3) "HARVEST 

DATES" which calculates the date a field will be harvested 
once it has been pre-irri Jated and planted. With the excep
tion of the third subrout-ine which will be described sepa
rately, the subroutines will not be described due to their 
traight forward operations. 

ELEMENTS OF THE MAIN PROGRAM
 

The main program section can be divided into five
 
elements. In the section encompassing lines 14 through 43,
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the user responds to a series of questions which sets up the
 
program's operation. For example, the generation of control
 
parameters and initial conditions can be accomplished by

either loadinq the appropriate tape files or attaching and 
executing, the data preparation program. In addition, the 
evapotransprat ion and water suoply data files are identified 
and loaded.
 

From lines 44 to 60, the output headings on the external 
printer are p)roqirammed. Note that in this version, the write 
statements are listed as "wrt 701.1", whereas in the listings
of the evapotranst iration model, the statement would have read,
"wrt 6.1 ". Tie d-tiscrepancy involves the external printer 
select codes. The initial programming occurred in Pakistan 
with the impacat. pi nter which the irrigation scheduling model. 
was completed in Fort Collins usinCT a dot matrix printer. The 
proper select code must be utilized. Consequently, each write 
statement will need modification if the program is to run on 
other systems. These changes will be required throughout the 
program. 

The third section of the program lies between program
 
lines 61 and 95. This is the basic irrigation scheduling
 
routine and will also be described separately.
 

Between lines 96 and 114 are the statements dealincT with 
the irrigation of the individual fields in the square, and 
likewise will be described in another independent section. 

GENERAL OVERVIEW 

The logic of the irrigation scheduling model is somewhat
 
different than is inherent in traditional irrigation schedul
ing programs. This program simulates the planting, harvesting,
 
and irrigation of fields within the subject area as opposed to
 
calculating the suggested decisions regarding these operations 
for actual implementation. Consequently, the climatological

and water supply inputs to the system are known one year in 
advance or more and the computations detail what would be 
expected to occur.
 

The program begins its daily cycle of calculations on 
October 1st by defining the initial state of each of 50 fields 
in the study area. On any given day thereafter, the fields 
are grouped into three classes with essentially the same 
analysis performed on each. The first class of fields in
cludes those growing one of the eigh!, crops. The program

first calculates the crop rooting depth and growth stage coef
ficent, and then uses these data along with precipitation to
 
update the soil moisture level in the crop root zone. For
 
the second class, those fields which are idle or fallow, the
 
"root zone" is defined to be 45 cm deep and then this depth
 
of soil is also updated with respect to soil moisture. The
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evaporation from the fallow fields is set at 70% of the
 
potential evapotranspiration. The third class of fields are
 
a group of fields which have been preirrigated in preparation
 
for planting. These fields are evaluated in the same manner
 
as 
fallow fields except that when the soil profile dries to a
 
prescribed level, the crop is planted automatically.
 

Once a crop has been planted, the harvest dates are com
puted. When the day by day analysis goes beyond this date,
 
the crop is automatically harvested. A flow chart of the
 
basic soil moisture updating analysis is shown in Figure 9.
 

After the soil- moisture levels in each of the 50 fields
 
have been updated, the program moves to the irrigation phase
 
of the analysis. If irrigation water is available on the day

in question, the water is distributed among the fields on the
 
basis of a priority system to be discussed subsequently.
 

PRIORITIES FOR SCHEDULING IRRIGATIONS
 

When water is the limiting factor in the agricultural

production of an area, farmers Vace critical decisions regard
ing the allocat ion of the supply among the fields--a water 
management pro(c.ss bet ter known as irrigation scheduling.
Although the exe-cution of irrigation scheduling is more likely 
to be ha sed oi the judgement: (of tlie farmer than any completely
rational metholoo,, t,chnipigos based on computer simulation 
can be us, d. Th.ie nature of fa n-er decisions depends on the 
distance to tLhe mog1ha, ]evelness of his fields, the season of 
the year, and the crops already growing or planned for plant
ing. Since the complex.ities of these factors cannot be com
pletely modeled, simulating irrigation schedules must be 
undertaken realizing the inherent limitations of the simplify
ing assumptions.
 

For the purposes of this model, irrigations will be 
scheduled acco-ding to a system of priorities incorporating 
several charact-eristics. First, the production of some crops
like citrus and vegetables are more valuable than maize and 
fodder so a farmer will tend to protect these more profitable 
crops from struss. These factors are handled b' wav of a 

I imum fixed( i n i-tv value for a specific crop . Second, 
eff Jtse I-elayedri i,ations, on stress, are less impor

ant il some "1-op7s than r ethers, but in all crops the effects 
-o water shol1-.,le t(end to, -educe yields (cotton may be some
.,!hat of an excep -tion). Thus, a crop's priority for irrigation 
water must in i:,TasO as tlie soil moist- ure reservoir in the soil 

iminishes ben,)id a critical point characteristic of the crop.
And finally, a distinction must be made between the water de
mands of growing crops and the pre-plant irrigation utilized 
to initiate the season of u)ther crops. Within the possible 
plantin season, the prioirity must increase as the remaining 
p.1inting opportuni ty declines. 
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The first component of the priority system might be

called an "economic" priority. 
Of the nine land uses simu
lated by this model, the relative order of priority under
 
existing production conditions is as follows: citrus (mature,

fruit bearing trees), wheat, rice, berseem, citrus with fodder
 
crop (immature trees), maize, sugarcane, cotton, and fallow.

The relative differences among these crops dictate the rela
tive differences in 
the economic portion of the priority.
 

The second priority component can be termed the "stress"
priority since it is designed to be indicative of the relativeimpact on yield caused by soil moisture deficiencies greater
than an optimum value. In other words, there is a soil moisture depletion below which the crops are not significantly
affected because their roots can withdraw water from the soil 
at nearly the potential rate. 
 Above this value, however,

growth 	and production processes are hindered by the inability

of rooting systems 
to satisfy water and nutrient requirements.

At the 	wilting point, the stress is 
sufficient to essentially

eliminate the plant from the production potential of the field.
For the purposes of this model, it is assumed that the stress

priority increases linearly with the depletion of moisture

beyond the actual or optimal level. Mathematically, the first

and second components of priority combine as 
follows:
 

P. = 0; if SMD<CSMD (51)
 

P. P'. + (100 - P'.) SMD - CSMDJ(2 

in which,
 

P. = 	the irrigation priority of the j th crop;
 

P1. = minimum priority at optimal soil moisture deple-
P tion, also called the "economic" priority; 

SMD = 	 soil moisture depletion expressed as a percentage
of the total. available root zone water which has 
been withdrawn by the plant, in %; 

CSMD = 	critical soil moisture depletion beyond which
yi~t-lds are ex)ected to decline rapidly from the
maximum cluo to wat:er and nutrient stress, in %. 

The third priority component is the "pre-plant" irrigation priority for the ctop. Since this irrigation is in
-xpectation of plantiini, it sis mutually exclusive of thestress 	priority which would develop once the crop was planted.The pre-plant priority for water is intended to be indicative
of farmer preferences in sati:;fying not only an expected eco
nomic return but also such factors as minimum acreages foranimals and maintenance of crop rotations. The format of the
preplanting priorities is similar to Eqs. 51 and 52 with the 
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exception that the priority must increase as planting
 
opportunity time passes. Mathematically,
 

P.=0 T < T (53) 

100 - ?' 
P. = p' j + -7TjJ (r i - Ti) (54) 

where,
 

P. = Preplant priority of the j th crop;J
 

T.1 = Julian date of present time frame; 

T. = Julian date of planting season's beginning; and 
J
 

AT. =duratior of planting season, days3 

In as much as a single crop will have either a stress 
priority or a preplant priority, including in both cases the 
economic component, the priority for irrigating fields within 
the square at any time can be selected directly from compari
son of relative priorities. 

IRRIGATION
 

Water available at the end of the field does not repre
sent water available for storage in the crop root zone. In
 
the Punjab where basin irriqation is used predominantly, a
 
high potential application efficiency is possible if the field 
is well leveled and the depth of application equals the soil 
moisture depletion at the time of irrigation. Application 
efficiency, Ea, is the percentage of the flow into the field 
that is stored within the crop root zone. 

Simulation of application efficiency ordinarily requires 
substantial field data describing the soil's infiltration 
characteristics, field levelness, and advance or filling 
times. AL this stage of the research, these data are lacking 
and a simple approach is required. Two boundaries are im
posed on water applications. The first is the minimum depth 
of application (Dmin), that can be achieved under existing 
irrigation practices and conditions. Similarly, a maximum 
depth of applic':tion (Dma:) is assumed to further restrict 
the model. Both of these boundary conditions will be part of 
the management scheme of the model itself.
 

While it is assumed that applied depths will always range 
within the limits of the minimums and maximums listed above, a 
further step must be taken to determine or estimate the actual 
applications. For these purposes, a series of admittedly
 
simplistic assumptions are made. First, if the soil moisture
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deficit ranges between Dmin and Dmax, the soil reservoir is
 
assumed to be completely refilled and 20% of the gross appli
cation results in deep percolation (Ea = 80%). Application

efficiency can be specified at other values by the model user
 
to reflect his judgment if field practices are more or less
 
efficient. To express application efficiency mathematically,
 
some relations between soil moisture variables and irrigation
 
depths must be defined. The total available water per unit
 
depth of soil is:
 

FC - PW
 
TAW =- X Ps (55)
 

in which TAW = available moisture, mm/mm;
 

FC = soil moisture percentage at field capacity;
 

3
Ps = bulk density of the soil, gm/cm
 

The soil moisture depletion per unit depth is thus defined as
 

SMD = X 100 (56)TAW 
where Dp = depth of water depleted from the unit of soil. 

Usually, SMD is expressed over the depth of the root zone
 
rather than at a specific point in the soil. For this case
 
Eq. 56 is integrated over the root zone depth and averaqed.

If the root depth is represented as a time dependent variable
 
RD (i), then the amount of water that can be stored by an
 
irrigation is the irrigation requirement:
 

IR. = TAW X SMDi X RD(i) (57)
100(
 

in which IRi = irrigation requirement on day i cm;
 

SMDi = soil moisture depletion on day i, in %, and
 

RD(i) = root depth on day i, in cm.
 

Now writing Ea mathematically:
 

Ea = Dmin (58)IRi x 100 if SMDi < D 

Ea = 80.0% if D < SMDi < D (59)
 

Ea = 100% if SMDi > D (60)
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It may not be obvious as to how the rainfall has been
 
incorporated in this definition of application efficiency.
 
The model adjusts SMDi each day to the precipitation received
 
before the water applied through irrigation is added. It is
 
possible that the r-ain could completely refill the root zone
 
and result in some deep percolation loss as well.
 

It is necessary to make an adjustment to the application 
efficiency once irricqatiJns of the various plots have been 
scheduled. Because the mode1 deals with 25 acres in 50 uni
formly sized fields, it does not allow irrigation of partial 
units. Therefore, the water available for only partial irri
gation of a field will be spread back over the completely 
irrigated fields by adjustinq the actual depths of applica
tion or application efficiencies. For the case where all 
fields requiring water have been irrigated and an excess 
exists, the applied depths are again adjusted. The only limi
tation in any of these adjustments is that the maximum irri
gation depth, Dmax, is not exceeded. 

The volume of water applied to each field under these 
assumptions is as follows: For the case where the SMDi .Dmin, 
the applied depth would be Drin. For Dmin _ SMDi < Dmax, 
the actual aplied depth is SMDi/Ea. When SMDi > Dmax, the 
application depth is defined as equal to Dmax. 

The volume of deep percolation from the fields is based
 

on Ea as follows:
 

DP = (I - Ea) AD (61) 

where
 

DP = deep percolation in inches; and
 

AD = actually applied depth, inches.
 

Rainfalls are handled simply on a mass balance basis as stated
 
above. If the amount exceeds SMDj, the remainder is deep per
colation and SMD i = 0. If it is insufficient to raise SMDi
 
to zero, no deep percolation occurs and SMDi is simply adjusted
 
by the amount of rainfall.
 

PLANTING AND HARVESTING DATES
 

All of the annual crops grown in the Punjab are planted
 
over periods of several weeks. This planting schedule is
 
affected in a number of ways. Preirrigation is an almost
 
universal practice and consequently, the availability of
 
water for preirrigation and the interval until the soil sur
face is dry enough to be worked are primary factors dictating
 
the date of a field's planting. Occasionally, a rainfall
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will delay planting but this can be related directly to the
 
wetness of the soil.
 

In the irrigation scheduling model, planting and harvest
 
dates will be computationally selected. At the beginning of
 
a crop's planting season, the model will identify available
 
fallow fields, their soil moisture status, and their water
 
demand priority in relation to crops already growing in the 
square. The individual fields will be irrigated and allowed 
to dry to a specified level before planting. Since the 
priority system was detailed in- a previous section, two 
aspects of planting and harvest will be considered here: (1) 
definition of planting date; and (2) definition of harvest 
date. 

Date of Planting
 

Consider a field which has just been immediately preirri
gated. The moisture in the surface layers is near saturation
 
and obviously prevents plnting crops except rice. Drying of 
the first few centimeters of the soil occurs in three stages.
The first stage is a drainage period of two to three days
during which time the soi1 moisture level approaches field 
capacity. The second stage occurs simultaneously and is a 
period of wet surface evaporation. The rate of evaporation
during this period (called constant rate evaporation) is 
approximately 907 of Et and will proceed until 6 to 12 mm 
have evapora ted (1.2 mm ?rom a clay loam, 6 mm from a sandy
soil). Then the third stape, or falling stage, begins. Dur
ing this period, the evaporation rate varies with the square 
root of time since the second stage ended (Gardner and Hillel, 
1962). Since the fi rst stage of drving is simply a redistri
bution of the water, it wi.l not affect the planting date and 
will be omitted from further consideration. 

For the purposes of this model, the evaporation from the 
first 45 cm of the soil is assumed to occur at an average
 
rate of 70% of Etp. The date of planting thus occurs when 
the rate has depleted the soil moisture storage by 15-20%.
 

Harvest Date
 

H1arvestinq dates for the perennial crops like citrus are 
assumed to be unrelated to their water needs in the overall 
irrigation schedulingi model since their needs exist through
out the year and mu.st be irrigated when their root zones are 
sufficiently depleted. For fodder, sugarcane, cotton, wheat, 
7-'co and maize, however, the harvest dates are important be
cause at that point they become fallow lands waiting for the 
next planting opportunity. Young citrus with a fodder cover 
:-rop will be treated as a fodder field during that season and 
as citrus during other times. A plot of growing season 
length versus the time between planting and the beginning of 
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planting season is shown in Fig. 10. All of these curves can
 
be represented by a function of the form:
 

Tg = T' g - kATp (62)
 

in which T = maximum growing season, days;
 

k = slope of the relationship; and
 

Tp = planting delay, in days. 

For the crops shown, the following table summarizes the
 
coefficients in Eq. 62:
 

Crop T'1 k Maximum length of ATp
 

Cotton 233 .54 42
 
Berseem 151 1.02 62
 
Maize 114 .60 28
 
Rice 149 .60 28
 
Sugarcane 292 .60 49
 
Wheat 181 .68 49
 

The date of harvest, therefore, is the date of planting plus
 
the days determined by Eq. 62.
 

MODEL EVALUATION
 

The irrigation scheduling program was developed and
 
debugged using synthetic data over a one-year period. The
 
evapotranspiration data were developed from the Sargodha
 
climatological information utilized to evaluate the evapo
transpiration models discussed earlier. The water supply
 
file was set uo to deliver a 35 ha-cm supply to the 50 fields
 
every seven days. The remainder of the input, initial con
ductors and program control parameters, is summarized in
 
Table 9.
 

The fiist version of the program works as intended and
 
reproduces the basic features of the irrigation system.
 
There are, however, several areas for improvement in subse
quent versions. The first charge that could be suggested is
 
the consolidation of time steps. At present the program se
quences through its varied steps on a daily basis. Since the
 
water supply in Pakistan is generally provided on a rotating
 
basis to each square, there is actually no advantage in daily
 
time steps. Average 7-day conditions could be computed and
 
then used in the scheduling process. This suggested improve
ment would vastly speed up the program's evaluation of a
 
one-year period.
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Fig. 10. 	 Length of growing season as influenced by planting
 
delays for selected crops in the Punjab, Pakistan.
 



le 9. Definition of Irrigation Sche" 
._.ig Control Parameters and Initial Condd 
._.s

for Program Development Efforts.
 

I ield by rfield Slatus 

r-Vriable Description Value Field No. crop Printing Ote SD 

i Max. Irr. Depth, Centiseters... 
2 Min, Irr, Depth Centimeters... 
3 Icon, PriDriy:ULtrus wic ...... 

i.00 
1.00 

LJ.0OO 

i 
2 
3 

Citrus wic 
Citrus wolf 

-Cotton 

January 
Januiry

Al.ri 

1 
1
ir. 

0.10 
0.10 
.O 

4Ctru; WO/C ...... 40,00 
UTion ........... ".00

6 Derseea .......... 20.007 maize ............ 15.00 
Rice ............. 30.009 guarCane ....... 2000 

i0 Wheat ............ 30.00
ii Critical SiD For:Citrus Wlc .... S0.00
12 Citrus wo/c.... 0.0,213 Cotton ......... 70.0014 Bersee ........ 60.00 
iS Haize .......... 60.0016 Rice ........... 20.0017 Sugar Cane ..... S0,00
18 Wheat .......... .60.00 
i? Soil Moisture Field Cagacitj.Z I.O
20 Soil Moisture Wilting oint,A_ 7.00 
21 Max. Acreag of Citrus w/c..... O.SO
22 Citrus wa/c ...... 1.50 
23 Cotton ........... 2.00
24 Bersee ......... 4.00 
25 Maize ............ 3.00 
26 Rice ............. 4.0027 Sugar Cne ....... 3.00 
28 Wheat ............ .8.0
29 No. of Fields in:Citrus w/c .... i.00 
30 Citrus wo/c ... t.90
31 C.tton ......... 4.80
32 Berseen ........ .00 
33 Maize .......... 6.00 
34 Rice ........... .3.035 Sugar Cane ..... 6.0 
36 Wheat .......... 0.00
37 Fallow ......... 24.00 

4 
r 
6 
7 
(3 

10 
ii 

17 
14 
V.
16 
17 
13 
17 
20 
2i 
2? 
2 
24 
25 
26 
27 
2 
29 
30 
31 
.32 

34 
35 
36 
37 

Cotton 
Cotton 
CoItrt 
maize 
M ize 
Maie 
M1ize 
Maize 
Maize 
Rice 
Rice 
Rice
Rice 
Rice 
Rice 
Rice 
nice 
Sugar Cane 
Sugar Cane 
Sugar Cane 
Sugar Cane 
Sugar cone 
Sugar Cane 
Fallow 
;.allow 
fallow 
;:allow 
Follow 
:allow 
Fillow 
Fallow 
Fllow 
;-allow 
Fallow 

Ar l6 
Auh 16 
April 16 
uy 1 

July 9 
July ', 
July 7 
July 
July ? 
June 23 
June 2S 
June 2r
June 2s 
June 25 
n s25 

June 25 
June 23 

March 5 
March 5 
March s 
Match S 
March S 
March S 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.io 
0.0 
0.18 
0.10 
0.16 
0.10 
0 It 
0.10 
0I. 
0.10 
0.10 
0.10
O.iO 
0.10 
0.10 
0.10 
0.10 
O.io 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.11 
0.10 
0.i 
0.10 
0.1 
0,10 
0.11 
O.iO 
0.10 
0.10 

33 
7r 
4841 
41 

Fallow 
Fallow
FallowFollow 
Fallow 

0 
060 
o 

0.i 
0.10OLio0.10 
0.10 

4n 
44 

Fallow 
Follow 

0 
0 

0.10 
0.10 

44. Fallow 0 0.10 

46 
4Y 
43 
47 
'; 

Fallow 
Fallow 
Follow 
allow 

Fallow 

S 
0 
0 
0 
0 

0.t0 
0.10 
8.10 
8.10 
0.I0 
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A second possible improvement in the model lies in the
 
simulation of soil drying after a pre-irrigation or rainfall.
 
This process substantially affects planting and harvesting and
 
would create more realistic simulations of those activities
 
if a better soil evaporation equation were substituted in
 
line 84 in the program.
 

The simulation of irrigation efficiency in lines 96-114
 
is very simplistic in comparison with the existing state-of
the-art in basin irrigation. As a result, the estimated
 
values of irriqation efficiency and deep percolation are
 
obviously rou:h and unreliable. These simplifying assumptions
 
were made at ie outset of the model development to keep the 
program withi the calculator's core limitations, but could 
be added as revisions increase the efficiency of the program's 
storage allocations.
 

Any model of this scale can generate very valuable in
formation to the irrigation planner and thus should be veri
fied for one or more case studies. If squares along one or
 
more watercourses could be studied intensively as 
a system,

the validity of the model could be demonstrated and the

results could yield beneficial information for model
 
improvements.
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APPENDIX A
 

EVAPOTRANSPIRATION SIMULATION MODEL DESCRIPTION
 

The consumptive use model in this initial version is set
 
up to compute and tabulate tables of Et values. A simple

modification can be made to store the results in arrays which
 
can be loaded as input to other parts of the water management
 
model. A listing of this program is given in Appendix C.
 

The evapotranspiration model consists of a main program
 
to control the order of input, calculations, and output in
 
conjunction with six special purpose subroutines. The sub
routines in brief are as follows:
 

Subroutine 	 Purpose
 

"Date Convorsion" 	 Convert calendar dates to Julian
 
dates and vice versa
 

"Crop" 	 Calculations of crop growth stage
 
coefficients, Kco
 

"Root Depth" 	 Calculations of crop rooting depths 

"Penman" 	 Calculation of potential evapo3transpirat.)n 
using the Penman 
e(qa t i on 

",Jensen -llase," 	 Calcul-ition of potential evapo
transpiration using the Jensen-
Flaise equations
 

A listinq of th', -ritire model (Appendix B) follows more ex
p1 icit descri pt ions of these subroutines. 

Description of fat,. 	C(onvers ion Subroutine 

fn order index arrays and maintain the order of time 
-eries calcu.lat ions, time must be referenced as a Julian date 
rather than a -. ilenriar date. Input data describing important 
rl;ites 1 ike pl:irt inq, harvesting, etc., are more easily entered 

.('al r1,1ar d,, rs z), a 	 subr)ut ine entitled, "Date Conversion" 
•prov (ld to make the nocessarv transitions. 

,The "[),it - :onv, r.icon" -rin be iappended to any program or 
hrouf i lild :,prlt.,l t-irouh i calli.ng statement in the 
*r i',t i mn . 'h c ll statem-ut must have the followinq 
In.: I

3I 'Date, "'nver.r i n 	 (A, B, C) 

" i the r- I I r,.ramEtors A, B, and C can be any variable, 
a y !o ment, rr ri,Lmbr. in the po).:i_tion of A, an output 

" rl parrnil-:r For the subroutine is defined. Specifying 

http:calli.ng
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a 1 in the A position either numerically or by parameter will
 
cause either the calendar date or Julian date to be printed 
on the HP 9825A internal tape printer. The B parameter spec
ifies the diroction of date conversion. B=0 is for Julian 
date to calendar date and B=1 is for calendar date to Julian 
date. The oarameter C must be a variable name representing 
the day of the month or Julian date. It will enter in one 
form and emercie as the other in both directions. 

Use of the date conversion subroutine also requires dimen
dim D$(10) in thc calling program.sioning of a strincj array, 

An example of the use of "P-ite Conversion" is found in the 
lines 67-98. An exampleevapotransp -ration model, ]ocated in 

call statenpt i- found at line 12. 

Description of Cr-:: ;ro,.'th Staqe Coefficient Subroutine 

The relationship between the evapotranspiration of a 

specific crop under well watered conditions (and well ferti

lized) and the reference Et:, is the crop growth stage coeffi-

For crotus of citrus (with and without a foddercient, K 

cover under the cano'-y), cotton, berseem, fodder, maize, rice,
 

sugarcane, 
oped. It 

and wheat, 
may be used 

a su
only 

bro
as 

uti
a 

ne entitled 
subroutine 

is d"crop" 
and supplied 

evel
data 

through a call statement as follows: 

cll'crop' (A, B, C, D, E, F) 

in which,
 

A = crop code
 

1 - citrus w/c 5 - maize
 
2 - citrus wo/c 6 - rice
 

3 - cotton 7 - sugarcane
 
4 - berseem 8 - wheat
 

B = number of days since planting
 

C = variable receiving computed value of Kco
 

D = Julian date of planting
 

E = Julian date of harvest
 

F = present Julian date
 

An example of the use of "crop" is given in lines 99-144.
 

The subroutine "crop" is called from line 49 of the main
 

program.
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Description of Root Depth Subroutine
 

In order to define the reservoir of soil moisture
 
available to the growing crops, it is necessary to estimate
 
the rooting depth. The information is also important in eval
uating the stress adjustment to potential evapotranspiration.
 

For 	the purpose of this model, the root depth calcula
tions are divided into two main parts. Crops such as berseem, 
cotton, maize, rice, sugarcane and wheat are assumed to extend 
their roots in a linear proportion with the lapse time between 
planting and the time of 90 to 100% of maximum Kco. Citrus 
and crops which are perennial maintain a fixed rooting depth.
The initial and final rooting depths along with the days to 
extend the root zone were presented earlier in Tables 2 and 3. 

The root depth subroutine is called from line 50 in the
 

main program and executed in line 145 - 204. 

Description of Penman Subroutine 

An important method for calculating Et for an alfalfa 
reference crop is qiven in the subroutine "Penman". Use is 
by appending to main program or another subroutine and 
executed through a call statement. Data necessary for the 
calculations can be entered through the call statement or in 
response to "Ltntur" ruquests within the program. 

The call. statement for the Penman subroutine is an 
extension on and follows the same format as described for 
previous subrouti nes. 

cll'Penman' (A, B, C, D, E, F, G, H, I, J, K, L, M, N, 0)
Parameters A-N are input and control variables defined c.Lher 
numerically or by variable:
 

A = 	Operational mode, 0 for external data entry, . for 
internal data definition. 

B = 	Units of calculation, 0 for English, 1 fK-r metric.
 

C = 	Output control, 0 for no printout, 1 for intermediate 
and final rcsults of calculations be-iig output on the 
lip 9825A tape printer. 

D = 	 Soil heal- flux computation control, 0 for real time 
irriqation scheduling computations, 1 for all other 
cases. This parameter will affect the input or 
definition of: parameters K, L, and M. 

E = 	 Maximum temperature of day or average day for calcu
lations involving average Etp for periods longer 
than one day.
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F = 	Minimum temperature of day or average day.
 

G = Control format of radiation data, 0 for solar radia
tion, 1 for fractional sunshine, 2 for sunshine hours.
 

H = 	Radiation, angles/day. fraction of possible sunshine
 

per 	day, or hours of sunshine per day.
 

I = 	Wind run, miles/day or km/day.
 

J = 	Modified Julian date in which October 1st is Day 1.
 

K = Average daily temperature for period proceeding period 
of calculation if D = 1, and average daily temperature 
for the day three days previous if D = 0. 

L = 	Average daily temperature for period succeeding period
 
of calculation if D = 1, and average daily temperature
 
of the day two days previous if D = 0,
 

M = Two times the days in the period of calculation for 
D = 1, and the average of daily temperature of the 
day previous to the day of calculation if D = 0. 

N = 	Maximum relative humidity in %. 

0 = Computed value of Etp in inches/day or mm/day supplied 
back to the, callinci program. 

The 	Penman subroutine is called from line 46 of the main
 
program and i.s found in lines 205 - 254. 

Description of Jensen-Haise Subroutine
 

The modified version of the Jensen-Haise equation is 
programmed :ina siihroutine format to facilitate its use in 
various calculations ..hich "re an estimate of potential 
evapotrans,,i raition from thc : ence crop alfalfa. The sub
routine can hr, adcd to er subroutine or main program 
and executed throilli- a call .*.-tement, the value of Et, is 
computed directly. The second option is to enter nece sary 
information manually by responding to a series of "enterl 
statements contained in the code. 

The 	call statement must have the following format:
 

cll'Jensen-Haise' (A, B, C, D, E, F, G, H, I, J)
 

where the call parameters A-D, and F-H are any numeric or
 
variable defined input data. E is the value of Etp returned
 
from the program. Definitions of the other parameters follow:
 

A = 	System of units, 0 for English, 1 for metric.
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B = Value of CT if program is to operate with external
 
input data.
 

C = Value of Tx if program operates with external input.
 
(Note that both CT and Tx will be returned by the
 
program if data are entered internally).
 

D = Value of solar radiation in langleys/day or sunshine
 
as in the hours or fraction of total possible. 
(External input only)
 

F = Control for data entry, 0 for data supplied in call
 
statement, 1 for internal data definition.
 

G = Output control, 0 for no output, 1 for output on
 
HP 9825A tape printer.
 

H = Value of average daily temperature.
 

I = Form of radiation, 0 = Rx, 1 = S (fraction), 2 = 
S (hrs.). 

J = Modified Julian date, October 1st = Day 1.
 

If the pro-jram is to operate in the manual mode, CT and
 
T[ will be calculated, thereby requiring that maximum and
 
minimum temperatures for the hottest month of the season and 
the site elevation be known. An example of the utilization 
of the Jensen-liaise routine can be found at program at 
line 48. rhe subroutine itself is in lines 255-287. 
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APPENDIX B
 

COMPUTER LISTING OF EVAPOTRANSPIRATION MODEL
 

0: 'rrogroi Ior Calculatino 1I For rield Crops InPakiston':
 

2: ent lTape Track of Data File?',A;trk A
 
3: fnt 'Cliaotir Data lileT',A;ldf AMA
 
4: ent 'Year of Data?',ri?
 
5: ent 'radiation forM? 0=Rsji=S(frc),2:S(hrs).,r3M
 
6: ent 'Etp by PenMan(0) or Jensen-Uluise()?A
 
7: ifA=itcn 'Jensen-Huise CT(karif)?',r24,'Jensen-1aise Tx(karif)?',r2s
 

3; ifA=i;ent 'Jensen-HQise CT(rabL)?',Z,'Jensen-Hoise Tx(robi)?',Y
 
9: ent 'Nunber of Crops To Be Output?',r20
 
i0: for h=i to r20
 
I: ent 'Crop Code?',ri;ent 'Planting DoteMonth?',Dt,'Doy?',r2
 
12: ell IDMIE CONVERSION(0,tr2)
 
13: ent 'Harvest Dole, Month?',D$,'Day?',r3
 

ITE CONVERSION1Otr3)
 
M5: r3)r4;.if r3(r2;r3+365)r4
 
14: cll Di 


6: ent 'Table Niwber7*,b
 
17i: 'Output Frequency inDays?',L
ent 

W8: fmt 9,l5x,'Table 'f2.0,'. Estimated Et during ',f40," for '%cfO
 
19: ifr1=;'Citrus w/c')D$
 
20: ifri=2;'Citrus uoc')DI
 
21: ifri=3;'Cotton '1D$
 
22: ifr1=4;'Berseem ')DI
 
23: ifrir=;'Koize 'D
 
24: ifri=6;'Rice 90
 
25: ifri=7;'Suqar Cane'}D$
 
26: ifri=8;'Wheat ')D$

27: 4rt 6,9XriY,D$;wrt 6;urt 6
 
28: ft 2,17x,'Days',7x,'Root',4x,'Kco",6x,'Etp*,Bx'Actuo]',x,'Cumul tive'
 

27: fmt 3,bx,'Since',6x,'Depth',1ix,'(Am/doy)',?x,'Et',7,'Et To Dte'
 
.. ..... .. .. ... 
30: fmt S,15x,'P.a.. ..... ......... .. ... .. .. ... ...3
 

31: fnt 51x'--- -- ~- 

32: wrt b.2;wrl 6,3;wrt b.4;wrt b.j;wrt b
 
33: fmt 6,16 ,f4,0,7x,f4,0,5zf4.2,xF4.1,Bx,f4.i,7x~f6.i
 
34: O)U)Y)W

35: for I=r2 to P4
 

36: 1-273]N;if N(:0;365+N)H
 
37: val(A$[N,4,6])/iOB;val(A$(N,7,91)/iO)C;val(A$(H,8,121)/10)D
 
38: vol(AStN,i3,iSJ )/i)E;al(AStN,i,19])?.6D9)F;iF r31=;iOB)B'
 
39: ifA=i;jmp 8
 
40: ifN-3(=0;(C D)/2)G;jmp 2
 
41: (voil(A$(N-3,7,9I)+vYa(AS[N'-3,iO,2]))/20)G
 
42: ifN--2(=O;(C+D)/2)H;jmp 2
 
43: (val(A$[N-2,7,9])+vol(A$[N-2,i0,12]))/20TH
 
44: ifN-t(=0;(C+D)/2)J;jmp 2
 
4S: (val(A$[H-1,7,9)+w](A$(N-i,12]))/20)J
 

http:r3)r4;.if
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W[ r3i)rS~'c1 Pni'(,,, 3 ,Dr28F,,1 IJE,)ji
 
47: 7)r2bY).27;j (J):274;r24)r26;r?S)r27 

1r2b,r'-7,B,T,0,0,(C D)/2,rJ2,N'
r31"r32;Ell KJensen-Hriise '(i
U48: 

49: rdl 'co 
SD: cl 'ROOT DEPTH'(ri,lI-r2,r2,i,S)
 
Sit U+R)U
 

S2: ifW:=J;wrt 6.L,I-r2,S,K ,T,RIi;0]Q
 

54: ifI~r4;wrt b.6,I-r2,S,KTR,U
 
i+V)V,;next I
 

Sb: wrt 6.5;wrt 6
 
ISS: 


57: iff=O:wrt 6,' Colcul. Use P~eman Etp and Assuwe'
 
rit, Calcul, Use Jensen-Hoise Elp and Assume:'
ifA~iiwrt b,' 


60 FAI 8J11 w n Dole2of ciOf3O
 

62I18A~I CONVER5I~iw(Q,6,r3)
 
63. fiii
8,i9x"Harvest Dole of "',cIDO3.O


I 64: 4drt 6.3,Dt1,i3 

I 
b : riekt Mi 
b6,: end 
67; 'DATE CONVERSION'; 

pe=(;qlo "TO REGULAR'
3; if 

69: ifrapMDSJ'irUAR1";p!)p3
 
70: ifcap(DSWFEbkUARfW;p3r3ijp3
 
71: ifrap(Ds)WMAMLV,3'S9}p3 

72. if cap-D$)W'PRiL",p3t7O)p3
73, if '') 1 A~310p 

74 if iopkD$):JNL' 10ii)p3 

if(o1 I(W-:JLWP3ii61LP3a75j: 

1 

.7';. .f ($ ETh:~;323 
;/ : if cip-Di:'Of ii-R~;p273)

io79:! if 


I [2: rat 

B4: if p3i"our"f,3p;~o'RET'
')C.if-( ;F~roy)~p3-1 -9111~ 'RET*
 
Uif p3(9;'February)D,.S )p3)§O RT 

[s9if p2"Muep-'~~3goiE' 

IET' 
1if' 4,~~s'D,52~p;t "REV' 

96 if I)~t.-8) 3 t' "R(22 

: 'RU'" 
TI 3 ,O;:.brD;323p t '10'1 

if 273;"ie r)p3-243jp; qtoI92: 

4 3. ~tbr.1 ~ip;i 'I:H' 

S'R: i' 

~, V.- p. 
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99: 4c. (P,:
100: 'Ihis Subroutioe rust Le Supplied The Following InlNe Coll Stateier,t':
 
1: 1 crop code':
 

t/: +2. days sinre flnting':
 
131: 3. Variable for Recieving Kco":
 

4 Jflian Date of Planting':
 
1 '65 Julian Dote of Harvest':
 
106: . Present Julian Dote': 
107: 55)pl1;tf p3(p4,36S+pi3)p1
 
10: ifp (9;0)p3;ret
 
109: ifp2)pi3-p1; Qi; ret
 
tU P: If- =1 ;Qto "be,%Si 

lil: i = o'"e s,'i 

114: ii tw gto 'ti 

114: ifp1=6,q%o '*c " 
171: ifpl-0 ;gto *Wuh;c ,

it7: ifpi1 ;Qto 'ci
 

ipC: citru. wo/c.:

119: ,751exp( ((p6-189)!400)'2ijpj;rE1
 
12 0: "1 oit orn 

121: ifp?(=42;,4.OO23lp?)p3;reI
 
462
122: ifp2(98; b.9 e-2ip2 (i,94?99-24p2-l.08?9e-4+2,244-titp2)))p3;ret 

123: ifp2)i 40;b,304e-' p2(2,1?i?4e-2+p2ki18?3e-4+t.37862e-7$p2)))p3;rt

124: 2.37OSe-S+p2(-3,903237e-3+p2(2,403Se 4-1.i28Q2Se-6tp2)))p3,ret
 
125: 'brsen' 
126: ,p3;re1

127: 'moize':
 

128: ifp2(=42;. 3445, 2
?Sie-3*p2F?,.51e-45p2p2)f,3:rct
 
129: ifp2(rS6;.i+,O0?i4286p?)p3;ret

130: ifp13-p6)=42;1,i0p3;ret
 
131: 42-pi3+p4+p2)p7
 
132: i 1O93+p7(- 9.02393e-3-7,393548e-5Sp7))p3;ret
 
133: 'rice':
 
134: 2etp(-((77-p2)/B0)'2))p3;ret
 
135: 'sugar cone':
 
136; 133+(p4-69)/2,33)p7;120-(p4-69)/2,4Sp;p6-69)p9
 
137: ifp9('14;i.OStexp(-((p?-pT)/pS)A 2))p3;ret
 
i3f::
i,05exp(-((p?-p7)/i7S)'2))p3ret
 
139: 'wheat':
 
140:l-(P4-EBS)lgBO)p7jiOS+(p4-288}/3,S+,Ol~p8180-(p4..?SB)/lBl~p9
 

-.
141: IOD-(p4 288)/2,45plO;p6)pit;iF pli(p4;plle36S)pti
Ni4: pit-2B~pi2
 

143: ifp1?(pB;p~Texp(-((pC-pi2)/p?)'3)lp3;ret
 
144: p7lexp(-((pi2-pB)/piO)A2))p3;ret
 
145: 'ROOT DEPTH':
 
14: 'This Subroutine Must Pe Supplied The Followng':
 
147: 'Inforation Inthe Call Statement':
 
14l:: ' 1.Crop Code,pl':I

147: ' 2.Days Since Plantingp2': 
150; ' 3.Planting Date,p3':
 
1Bt: ' 4. Sy-tem oF UnitsQ-English;i:Metrtc':

15: ":I 
153: 'Root Depth incentoMeters or inches':

6S4: 
'Will Be Transfered Dock As pS':
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itpl=1;gqto 'BERSEEIi
 
M5: itpi=2;qto 'CITRUS U/C'
 
15p,; ifpiz3;gto 'COTTON'
 
0 


iS6b, 


19: ifpi=4;gto *BERGEEtI'
 
160 ifpi=S;gto 'MAIZI'
 
ibi: ifpi,66;gto 'RICE'
 
16: ifpi:7;gto 'SUGCAR CANE'
 
163: ifpiza;qto IWIIEATO 
164: 'CITRUS W/C':
 
16S: 1S0)pS
 

16k. ifp4=0;p512.54)pS5
 
167 Pet
 
W.f: 'COTlON':
 

1 
ifp2(:12O~jmp 3 

M7: 180)p .;if p4-OQ-pS/2. 54)pS 
17it Pet 

I ,169: 
p4=0;p5/2.S4)p5
17: p2/120$i6S~iS)pS: if 


173i ret
 
104: 'BERSEEM':
 
175: ifp2(30;jmp 3
 

176i: p2/30t115+iS~pS;if p4=0;pS/2.54)pS
 
t77: ret
 
178 12Q)pS;if p4=0;pS/2.S43pS
 

M77 ret
 

1M: ifpl(=b0;jmp 3
 
W8: i?0p5~if p4=0;pS/2.1 4)pS
 

1F. p2/,-b1i15)p~;if p4p/.4p 
13s: Pet 

p2(:70;jmp 3
 

M8: 90)pS;if p4=0;pS/M.
4lpS
 

107: if' 


109: ret
100: p2/70VrA11)p'aif pA4;pY-72.S4)pS


I 171: ret 
M7: "S[;G( 1RCANE"; 

19:if' o45(=38,,jmp 3 
oDQ P4=0;p5!2 .Ai4pSiiAf 


M9: rt
 
~% .4ipS/2.Y~jp5
pf3'$~4S)~;L 

U~~21 IL',O;*1if.1)' f 4 

'LOS: ifpizi;qtc ' tr t' 
21VIent 'unitS7 .: flQ j=I ItPL2 

2f nt "time ~P=nt e~irvi1qe ,p 
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210; eni 'Tiot2',p5,'bTin?',p.S3 

212: fni "radiation in approp. unitsw",pl
 
21 'wind movement km)7',D
1: Enlt iiles or 
214: ent "modified julioan dfitel*,pl) 

T
"I': if p4=0;ent " -3",pnj ,24,pi2,*1 ',p1'1,j~ip 2 
216: Ent Itp1'-?,i'dlnPpi
 
21P: Ent 'relative humidilv?",pi4I
 
218: 'strt':
 
215: ifp7=2;c)1 'Fractional Svnshine1(pG,piO);iUp7
 

220: if p2=1;pS2 9/Sf32)pS;p6E9 /53)p6;pii*9/+.2)p1iI
221: If p 9/S+2=l;pi2*$ 32')p12;pi3t9/S432)p13;p9/i.609)p9
 
Q?2if p4tQi' p2=0;(pit-32)5/9)pii;(p12.-32)S/9)p12
 
M:~ifp4=0;5((p11+pi24pi7)/3-(p54p6)/2))p(t;jnp 2
 
224: 100(pl2-pWl/pt3)pt8
 
2211. Ifp3=i;prt 'soil heat flux,lanqleys,:',p18
 
2216:
(pS+pb)/2)pi9;.9S9-,Q12Sp19 .000D4534p92)pi91..-pi7)p2
 
2127: if p3=t;pr1 "CW:,p20,*C2z*,plT

228: -.79-24p-D~9ppi9t't~~'~2
 
225: -.69S9t.2946p6-, 00S19Sp6p6+89/tnA6*p6pbp6)p22
 
230: (p21tp2L')/2-pi4p22/iOD)p'Ll;if p3=iipr1 "wapor pres-iure defirciet-,,phl 
131: (pS- 32)5/
94?73)p22; (p6-32)S19+273)j'23
232: -7,77/tn'4*(273-(p2+p23)/2)A23"2p24 

234: if'p3zi;prt 'Clear Day Pb=',p24I 
231j: piO+273)p3C;if p3B)365;p3O-3b5Jp36
 
236: 7B5e~p(-((p3H.b6)/t80)A2))p2S
 

237! if p3ri;prt 'Clear Day Rs=',p25
218: itp?:G~p24(i,2p~3p25,2N)p%6
 
239': if p =i;(.3'5+.bitp8)p2S)p6;p24ui.tpC/p2S-.2))p26
 
240: if p3=1;pri *RV'?p26 

241: .77p8-p2b)p8
 
242: 'pone':
 
24-': if p3--I;pri 'net radiation,Rn,=',p8

244: p20(p~tpt8)+p19tiS.36(.9 ,Uiip9)p21l)p27I
 
245j: ifp2=0;,000673p273pilS;if p3=i;prt 'E1p~inches,=',piS
 

246: ifp2=i;.0171p27)piS;if p3=i;prt *Etp,milliaeters,=%piS
 
247i: ret
 

248: 'Fractional Sunshine':
 
249: rud;2;(/365)p8
 
250: .409?797i$sin(pgp2-2.96084h357flp4
 
251: 31pg)pS
 
252;, acs(-1an(p5)tan(p4)))pb
 

33333
253: i p6/pB)p7
 

2S4: pi/p7JpliretI

255: 'Jensen-11aise':
 
256: ifp9#2;jmp 4
 
257: p1O+?73)p30;if p3O)3b5;p30-365)p3O
 

2A8 cli ?Fractional Sunshtne'(p4,p1U);1/8Sexp( ((J16i 
4
 
259; (.31j1,61p4)p21j)p4;jmp S
 

http:Tiot2',p5,'bTin?',p.S3
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260: ifp7iijmp 41 
26ti: piC421/3)p3~;f p3G)36S;p3O-3&S)p3O 
262:- 78Sexp(-((p3O 6b)/1l8D)A2))p2S 
263: (,3i .6p4)p2p4
 
264i fxd 5
 
265: ifp~*igto 'fovr
 
266: ent Imean muiieap for hotest ,onth?'Ip9
 
267t ent *mean min temip for holest mcnthjwpl
 
268: ent 'ele,ation of site?',Pii
 
269: ifpltO;9p9)C5432)p9i9piO/S+32)ptO
 
270: ifpi=O;.3043pit~pti
 
271: -.69S9+,'294btp9-.001i9*p9p989/tnA6*p9p9p9)p12
 
272: -,6959?+,2946piD0 .005i95ptopi0+89!tlnbtpigpiop10)pi3
 

MW: 38-pil/36W~)pit
 
276i i/(p1i~piflp21;if p7=ipri 'CT=',p2
 
277; -2.S-A1(pi2-pi3)-ptl/SSO)p3
 
27t:; ifp7=1iprt 'TX=',p3
 
279: ent 'solar rqdialion?",p4
 
280: er I "tempEralure?%",pC;IfpiO; (pC 32)5/9)pB 
2:31; 'fot-r" 
20.1: if pliti;if p1zD (p8-32)/9)pS 
283: p21(p8--p3)p4)pS
 
284: if p1=b iOO7pp';if p7:i;prt 'Etp:,pSuifches' 
285:, if p~Iti; Q17j~pS)pS~Yf p?=l;prl I Itp="pS, "iliaetersn
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APIPENDIX C 

DAT'A PREP-ARATI:ON PROGRAIVI LISTING 

0: '[oqi i~rulatiq [1p In F-, stan"i:U 

2: ent 'Tape Track of Data File?',Atrk A3 
3: eni 'Climatic Data Filel',A;ldf AA 
4: ent 'radiation For;O? 	 flRs,1Strac)2:S(hrs0',r3i 
S: erit 	 Je~nHasO
'rip by Penman(O) or 	 ,
 
6: if A~i;ent 'Jensen-laiose CT(karif)?',r24,'Jensen-Haxse Tx(karif)?',r-2S 
7; if A~i ;eni 'Jensen-ikxise CT~robi)?% 2,'Jensen-Hai!e Tx(rabi)7',Y 
2: for 1=274 to 633
 
9: 1--273)N;if N(=D,;36S+N)N
 

12: ifA~i;jmp 8
 
13: ifN-3{=O;(CW)/2)C;jmp 2I
 

05: if N-2(=D;CC+D)/"Th,;jqi 

IBI
 
19: r31)r32;cI1 'Penman' 	 (,i)O ,C)D~r 22FNH,, )jmp 3 

20: Z)r2b;Y~r27;if N)=274;r24)r26;rF2 )r?
 

23. next II
 
24: Ent 'Track of New Etp rile?*,A;trk Awet %sh~er of New (1p '(jle?',1
 
25S:
dsp 'IsFile MiOrkEd,If Yes Pre~s corit';stp
 
26: rcf B,11
 
27: endI 
28: 'Penian'z
 
29: ifp7=2;-cll 'Fraclional Sunshine'(p8,ptO);iUp7
 
31: ifp2=i;pi2$/532p1;p19/+32)p3;pi.6O+32p
 
MD: ifp2=1;p5*?/S+32)p;p$9/5+32)p3;p 9/+32)p
 
32; itp4tQ;ir p2=DO;(pii-32)S/9)pii;(t2-32)/)p;22
 

33: ifp4=D;S((p11+p12+p13)/3-(pS~p6i? ))piB;jtp 2I
 
34: 	iDC(p12-pil)/pi3)piO
 

0j25pj 04534pj 2
3S: (pS~pL.)/2)p19; .959- , 9fl	 o
9+,9 9A2)pi9;j..-pj 9)p

36: -.6959+.294bpS-.ODSi9Sp5pS+89/tn-'6*pSp~p5)p2i
 

37: - .69S94.2946p6-.,00i9Spip6489/tnAbtp6pbpb)p22 
38: (p211*p22)/2-p14p22/iQO)p2i
 
3?; (pS-32)5I?+273)p22'Cp6-32)S/9t27i)p23

49: -777/*,nA4C'173..(p 2+p1 3)1f";A2)p24I
 
41: (-,02+.2btip(p24))ti1,71/tnA8*((p?22p23)/2)A4)p24
 

42: p!D+273)p33; ifp30)36S;p3D-3b5)p3O
 
43: 78Sexp(I.(p3O-1bb)I18O)A2))p2S
 
44: UV p7=Qj;p24(i,2p3/p25-.2))p26I
 
45: itp7=1;C.35.+61p)p2)p;p24(1.2pO/p2S-.?))p2b
 
46; .7lpB-p26)pO
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APPENDIX D
 

DESCRIPTION OF IRRIGATION SCHEDULING CODE
 

Description of Main Program
 

Much of the maini proqram's role in the irrigation
 
schedul ing model has been discussed in the body of this
 
report. Of interest in this appendix is the operational
 
Aspect )f the code. 

Nearly all of the iinput to the irrigation scheduling
 
model must come from po17e-recorded tape files. Consequently, 
the first proqram lines deal with the problem structure. The 
user is initial!y asked if these files already exist (line 19, 
Appendix E), and whc,re they are or are to be located (lines 21 
and 23). I these files need to be set up, a subroutine en
titled, " Init ial Conditins' (lines 191-235, Appendix F) is 
called (from line 34, Appendix [']). This subroutine will be 
discussed separateiy. Then an output option for the initial 
conditions and control parameters is presented and executed. 
The subroutine for (,utputincg this information is entitled, 
"Output of Initi.al (Yndit ions" (lines 259-276, Appendix F). 

Input doesribhi na the cc; tentia] evapotrans!irat on values 
on a daily kasis are qenerated by the proqram listed in 
Appendix C and stored in a string a.)rray along with daily 
values of cr,.ciicitation and wind. This array is labeled 
T${365,9 an," only itiized in lines 69 and 70. The water 
supply data <s also re-r-ocorded as an array WI 1. These two 
files must he user identi fied in lines 41 and 43. 

The remaining piece of information before the execution
 
of the irrigation scheduling model is the definition of out
put frequency. This is simply a parameter designed to control
 
the number of days between the printouts of intermediate
 
results and can be any value from I to 365.
 

The main program is supported by twn separate files con
taining subroutines. The first file contains the following 
subroutines: (1) "Initial Conditions"; and (2) "Output of 
Initial Condicions". The second file contains subroutines: 
(1) "Irrigation Prior) ty"; (2) "Crop"; and (3) "Root Depth".
 
In addition, the main program file also contains subroutines:
 
(1) "Date Conversion", (2) "Intermediate Results"; and (3)
 
"Harvest Dates". Since some of these subroutines have been
 
discussed previously, the following section will be abbre
viated.
 

Description of Subroutine "Intermediate Results"
 

As the program progresses from day to day in its simu
lation, the status of the irrigation system will be
 

http:Initi.al
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periodically printed according to the interval selected by
 
the user. This subroutine (found between lines 149 and 167,
 
Appendix E), is called from line 67 of the main program but
 
does not pass any data through the call statement. Thus, no
 
special considerat-ions for using this subroutine need be made
 
because it was data files from the main program. A series of
 
p-variables are used as counters but do not affect parameter
 
values in the main program.
 

Description of Subroutine "Harvest Date"
 

Once a crop is planted, the model requires a date of
 
harvest. The subroutine, "Harvest Dates" is called at the
 
beginning of the simulation from line 68 of the main program.
 
Thereafter, the subroutine is called only from line 94 when
 
initiated by a crop planting. "Harvest Dates" is found in
 
lines 168 to 190 of Appendix E.
 

Description of Subroutine "Initial Conditions"
 

The fact t:hat any modeling exercise must begin at some 
point in time requires that both the initial conditions of 
the system and the parameters controlling its simulation mus 
be specifi.ed prior to the first execution. A subroutine 
entitled, "Tnitial Conditions" is provided to define this 
phase of the input when the user is either just setting up a 
study or when real conditions are not known and the model is 
to be -y(-I(cl th roilqch a reason to generate "initial conditions".
An uptiion to oJitput tht-c values entered as data through this 

!;ubroutine t Itc. print them at some other time is provided by 
t subroutine "Output of Initial Conditions" which will be 
included in tli discivsion as well. 

The data entered through this subroutine is divided into 

two parts. The first is a series of 37 r-variables which are 
the irrigation scheduling control parameters. A summary of 
t-he r-variable functions is given in Table 9. Once entered, 
the r-variables should be recorded on tape by marking a file 
of 320 bytes and recording the data by executing rcfi, r37. 
O)nce on a tape file, parameter changes are easily accomplished 
hy loading the file (idfi, r37), making the desired modifi
cation and thon re-rcording :he array.

U'!i~',. co ,irt w: f-he da ta consists of three pieces of 
iforma t~in i,¢,)rdccl for each of the 50 fields. These data 

,1re stored in i stri-ir array I'$ (50,111 to minimize core 
r,:,lu i rements. In coltirmns one and two is the crop code for 
that tie i. In co hm::; 3-6 air: the Julian dates of planting 
o,r each Field. At tho begi nning of this model use, these 

clia l ire arbitra.ril7/ set at the date of the openinq of the 
Ilaitlinq season. 'The remaining columns, 7-11, are reserved 
for the avraqe soil moisture depletion in each field. At 
1he brginn ing, each field is arbitrarily defined as having 

of t-he field capacity moisture level within the profile.3:"V, 

http:specifi.ed
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Should a user start with known conditions, a small program
 
could be written to enter actual values of initial soil mois
ture depletion. A data file marked for 700 bytes must be
 
marked for the 1$ array. Note that both the r-variable array 
and the T-' array must be loaded onto tape files manually at 
the comi) ,'t i n of tie execution of "Initial Conditions". 

It .. hibe iioted that rO is not defined in Table 9. This 
variable is set -jside as an output control parameter for the 
optional printinc, of the initial conditions. Since the 1$ 
array and the r-variable arrays will also function and be up
dated during execution of the irrigation scheduling submodel, 
the rO parameter can be ;:.eriodically defined so that the out
put w:l 1 .ccur at other desired times. This feature will 
allow th, user to periodically check the progress of the pro
gram ar;- ,va uate what- the model is predicting. Any time rO 
is set equal to 1, the subroutine "Output of Initial Condi
tions" will be loaded from files aiid executed. 

Description of Subroutine "Irrigation Priority" 

The "Irrigation Priority" subroutine found in lines 191 
and 253 of Appendix G is called from line 97 of the main pro
gram to identify the relative imp:ortance of each field for 
receiving a portion of the available irrigation supply. 
Prioritiec- are calculated for 50 .-,Ianted and fallow fields 
accordinc to formulas describecd in the body of the text. 

The "r:c,.tion Prior it'." subroutine has a special func

tion which deserve:" mention h-ere. The str ing array I$ con
tains, as erl ientioneder, trho crop code of each fJeld, the 
soil moisture dle,!otion, and the planting date. When a field 
is pre-irriI-,Ited in ,rearatIon for a planting, it is necessary 
to distincuish tlh is'" tield from other fallow fields between the 
pre-irrigation date arid the actual planting date. This is 
accomplished with an array F{50) representing the transitional 
status of each of the pro-irrigated fallow fields. A field 
which has been pre-irrigated is assigned an F-value equal to 
the crop code of the expected crop while the crop code listed 
in the 1$ array continues to indicate a fallow field. By 
comparing the corresponding F and I$ values on a field by 
field basis, the pre-irrigated fields are distinguished. When
 
this soil is dry enough for planting, the I$ designation is
 

equated to the field's F value.
 

This subroutine also maintains the integrity of con
straints placed on the maximum acreage that can be planted to
 
any individual crop by giving irrigation priorities zero
 
values for fallow fields in excess of this limit.
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LISTING OF MIAIN IRRIGATION SCHEDULING PROGRAM
 

0 'Punjab Irrigation Scheduling ProQram': 
i:diii D1iT1.T35,9],J$[S0,11],PfS0],F[50],S[S01, IS01,W[36S],Ai91,B[9]
 
2: dinm$[9,i],N$[37,3fl . 
3: for J:1 to 9
 
4: ifJzi;'"Ctrus w/c ')M$[IJ]
 
5: ifJ=2;'Vitrus wo/c')M$IJ]
 
6: ifJr3;'Cotton }M$[J]
 
7: if J-4;'Berseem 'IMSJ) 

nize
0: ifJ=5 a ')MS[J
9: iPfJ=6) ORce I)MMIJ 

10: itJ=7;'Sugar Cone ')MtIJ]
 
ii:ifJLB'Wheat 11)
 
12: ifJ=9;'Fallow 1)i$(JI
 
13: next J
 
14: lri 'This program isstarted on Oct land runs 165 days.'
 
is: spc ;spc
 

16: prt 'You will need tospecify control parameters, init-ial conditions'
 
?: prt ',and output opt-ions."
 

i8: spc ;spc
 
19: lirt'Do you need to .el topfiles forlhese varioblesjyes or no?'
 
20: spc ;spc ;ent Ds 
21: prt 'Which trk I filefor the control porometers?';spc ;spc
 
22: eni r32
 
23; prt 'Which file for initial condi- tions7';spc ;rpc ;ent r39I24: fid(i 
25: prt 'Mak file ',r38
 
2t: pri 'for 300 bytes'
 
27: prt 'Mark file ',r39
 
28: prt 'for 660 byte,"
 
29: prt 'ifyou already have;1i.';fxd
 
30: spc ;spc ;UTh
 
31: prt 'Precs CONTINUE when completed.';stp
 
32: spr ;spc ;if cip(DS)'YE5';trk i)ldf r38,ri,r37;Idf r39,IS

33: irk Oif cap(D$)='YES';O}h;ldf 2,191,34
 
34: if c(p(D$)=Y*S";cll Initiql Conditions' 
35: pri 'o ou Wish to output initial corditions and 
36: prt 'control paro., yes or no?';ent D$37- 11cap(D$)= ([S';if M:tildf 2,19i, B
 

38: ifcap(D$)'YE3';cll 'Output of Initial Conditionsl;spc ispc

30: prt 'At what interval,in dnys, shouldintermediote resuIts be out-'
 
44: pr, 'put?';ent r40;spc ;spi:
 
41: prt "Whicn FiJe Has Eip&Frcc Dlatn?"ent r4l 
4?: spc ;spc
 
43! prt 'Which rile Has Wrter Supply Datnl';ent r4?
 
44; Wii1,404,'Punjab Irrigation Scheduling Subprogram'
 
4t,: wr,701.1
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46. iml I 4Sx Oulptl' of lrterhediuhResltc 

C'2:wr 70 1 iart 7rtI;r 701 
4[;: fmt I Ait Lip to Prec to crop obr 

U to Status of Field Soil Soisturt',l49: fml 2," DeEp PErc 

SO: f~t 3,* Depletion"
 

Si: wrt 70it;wrt 70i12wrt 701.3
 

S3: fmt 2,* of Fields inRanqe of'
 
SC; wrt 7011iwr *101.?2
 

IS-SO% 75-MllZ
Sb: flit 2,00-25% SO-73X 

S7: wrl 701.;wrl 701.?1 
-59: frt 2,-- - - - -* 

62; irk 0;Idf 4,191,63
 

63; (ri9-r2O)),04S)rb4;r4O)rSi
 
64: for 11i to S;u(~II2lFI~lt
 
6S: for L=274 to 63~3 
66: L)r55;if L)3b5,;L-3bS)r 5') 
67: ifrSir4Ogcll 'Intermediate Resolts'lO~r51 
68: ifL=4^74;cll 'Harvest Doles' 

70: vL-2(T$E lN,4,0)YZ4Y r7AIU~ 

71: for h=1 to SO;O)O 
72: a(ti1?)JvlIE,,1)b3GC$h3,6)
 
73; ifJ=Q or J=9;4S)rS2;rS2(i-r3)r64)SEMI),jrp 1i
 

74: HIMI]X;if V)HIMI;36S+X)X
 
75: ifV(HtIM) and L)3bS;36S'X)X
 
76: ifL)=X;str(9))I~i,i,2;437)r37;r(J+28))r(i?C);jmp -4
 

77: L)X;if L)36S;rSS)X
 

78: cll 'ROOT DETH' (,kVV,i 62);U-rb3)r64r52)S(M) 
79: cll 'crop1(J,L-V,rS7,V,H(HI,r5S);if rb3)=i;f)rb5 
80: IoQ(14i00(i-r63))/loq(1Qi))58
 
81: .8-16r63)r59;if rS9(=D;Q)r'S9I
 
82: ifrS7r58)=.9;Q1rS9
 
83; rj9( ,9-rS7r58)$Z)r60;ZS!57rS846r6h2Ujmp 2
 

84. *7Z)r62;if J=0;FIIII)J;i)O3
 
8S: S[K)-r62+Y)SIhI;if S1i1(=O;r624SLM])rb2;Q)S1tI]
 
86: fxd 2;1i-SUI]/r64r52)rb3;-rb2*.212343+AIJJ)AIJI
 
87:- ifrb3@5$;-rb3rb4rS2$.202343PJl)BJ];0]r 63
 

88: str(rb3))I$Ih,7,ffl;if Ozzi!VJ
 

89: ifJI0;jmp 41
 
90: fxd Q;if rb3),16;str(rSS))I$!M,3,61;1)U~trFEM)]I$Mi,2I
 
91: ifU:1;r37-)r37I
 
92:, ifU=Ji-tfr(F(ttJ+28))r(F[1l1428)
 
93: next Ii
 
94: if Ilzi-cll 'Harvest Dales' 

96: ifUiNI(=0;qto 'Point V
 

mailto:rb3@5$;-rb3rb4rS2$.202343PJl)BJ];0]r
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U 97: Ell 'Irriqation Priority' 
98: ifWIN](=C;qto 'Poiivt 1'
 
99: 0)JK
 
100: for MWI to SO
 
101: ifPIlI))K;M)J
 
i0p':
next mi
 
10: ifJ=C;gto 'Point 1'
 
M0: voi(I$LJ,7,iiJ))r65;0)P[J];ri)Q;ifr5i;99)6
 

i~:if K(:r2;-K/r2)E;str(0))I$13,7,liil;r2-K)D;jhp 3
 
1W: ifK)r2;if K(%Q;K/Q)E;sir(O))ISEJ,7,t11;Q-K)D;jnp 2
 

109: vol(I$1J,1,2J))X;D.202343 DIX]ThIX) 
IM0 if Dz;)WN)-Q1.2023433WIf1M 
Hit: ifD$0;W(NI-D/(i-E)*.20234)IH) 
W;? if val(IS(J,1,21)411;jnp -14 
M13fxd 0;str(0))l$[Ji,,2];jp -15S 
£14: 'Point I': 

I15: next L 
i(.: end 

U17: 'DATL CONVERSION': 
118: ifp2=0;qlo 'TO REGULAR' 
Mi; if cup(D$):-'JANUA[:Y";p3)pi3
120: if cop (D$)-'FEBRU Ya; p3 f A p 3 
121 ; if c~op(DSWMARCH";p3+)p3 

M': ifcapMWA):1R1L';p3+90jp3
 

12.A.: if ca[-(D$:',AY';p3*i?0)p3j
11: if cup (hf)iaJ~p3 j )V3 
it".: if c']I(DW)' 1ULT'p3;i~i)pU3 
12t: if cop(D$)Uti3'p3+;1jp3 

iL' : if cup(D$)SEPTLAU~R ';p34243)p3l 
128: if cap(D)'fJCTOBER';p3,273J1p 
02: if cup(DM WKJIVLI.M114 ;p3l3DI)p3 
130: ifcap(DS$'DECEMiFR*;p3iQ$4)p3
 
131: ifpi~i;prt 'Julian Dote =',p?,
 

13,1:
Pei
 
iAS: 'TOi
MLULAR":
 
134: ifp3(.-3i;"]onuciryiDS;p3)p3;g~o 11j-' 
US: ifp3(:S9;'Februory')D$;p3-31)p3;qto 'RET' 
13t -ifP3::=90:'MQrth'bDt,,p3-'dYp3;qto 'R[EV 
1, if p3(=i2DO;'April')D$;,p3-90Jp3;,qto "RLT" 
1Z.ci:ifp3(=Ii,;'May')Ds;p3-iO)p3;,qto 'RE'
 
1U9, if' p3(=:1D "Juiie')f4:p3-1~1)p3;gt0 'RET'IAll;~ if p(1'Juy' D1;p3-l jp,gto '[,FT"

14:if P:(=43;"Auqu-,t')D$;p3?i2)p3;gto 117"' 

3, 
143; if p3%'3Q4j"fLtobo.'')D;p1 273)'p3'qto "RiT' 
M4: if P3(=33A'oehrier')D$;p3--304)p3;qtn "REP' 

14:if p3(=365 'Dr.eiier')D;p3-334)p31 
1i 'RET': 
147; ifpi~i;prt D$,p3 
14l:: rel 
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149 ^Ine'r~ dIqt,F'SuI s': 

I5u: rs)m
 

1' urt 701.1 D$h,rb6,r67 ,1.,i ,f2.QB,t,Q1,1 x,f"' O,5 {7."' 4, ?32%,2[t1:4:fit i,32'x, 

155: for J=i to '1
 
1t': O)pl)p2)p3)p4)pS
 
157: for M=i to10
 

1S9: ifvo1(t$|H,i,2I)=J;i+pipl)
 
ibb: ifvaj(ltjMj,2l)=J; irm(=,2Si+[p2)p2
f i H),2SifT :(=,Si+n3}P3
i6l: ifvtI[l=
 

1b2: ifvola1$IM,1,2])=J;if H),q;if H(=,7;i+p4)p4
 

163: ifvol(I$EHi,21)=J;f H),/5;i+pS)pS 

ib4: next M 
3 ,P4,p5
16S: wrt 701.,M$IJ],pi,AIJ],E&J]p,p
 

166: next J
 

167: rel
 
168: 'NorveslDotes':
 
169: for M=i to SO
 

171: :
 

172: if p2)2,jmp 2 

173: I090)H[M];9'o 'Point 2'
 

174: ifp213;jmp 2
 
175: K+233-.4(K-10G))H[MI]glo 'Point 2'
 

176: ifp2t4;jmp 
3
 

17/: ifK)r33S;K-214-i,O2(K-33S)WIlM];qto 'Point 2'
 

178: K+1S-1,Q2(K+3i))IllM1;qto 'Point 2'
 

1M: ifp2tS;jtsp 2
 
180: K+j14-,6(K-190)lH[H1~gtO 'Point 2'
 

181: ifp21b;jmp 2 
82: K+149-.6(K-i76))IH)gto 'Point 2'
 

183: ifp2#7;jmp 2 
184: K+292-,6(K-&4))H[M] qto 'Point 2'
 

18: ifp218;jAp 2
 
186: K+i8i-,68(X-288)-36S)H([];jmP 2
 

187: O)H[M]
WE:: 'Point V': 

189: next M
 
190: ret
 

$27768
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APPENDIX F
 

IitS'I'N(~Ol. IR IIGATIOU SCIIEDULING DATA PREPARATTON PROGRAi 

191: 'Initial (onditions':
 
V,?; for 1=i to F.,, I;ext
"l$( I
 
93: ent 'Maximumi Depth of Irrigation?"ri
 
94: ent 'Minimum Depth of Irriqotoon?',r2
 
195: 	ent 'Economic Priority of Citrus w/r.?',r3
 
i.: ent '[cononmc Priority of Citrus wolc?",r4
197: eni 'Economic Priority oF Cotton?',rS
 

i9l::
ent 'Econonic Priority of BerseeM?',r6
 
19'/:
ent "Ecorouir Priority oF Maize?',r
 
200: ent *[conomic Priority of Rice?',i9 
201: ent 'rEonutr Priority of Suqr Cune?',r9
 
20?: ent "[conomIc Priority of Wheot?',ril
 
203: ent "CSMD For Citrus w/c?',rli
 
204, ent "CSMiD [or Citrus Wo/c?',rl?
 
205: ent "CSMD For Cotion?',rt3
 
20i,: ent CSMD For Perseem?*,r14
 
207: ent 'CSMD For No.'eT',r5
 
201:: ent 'fcifor kice?,r16
 
209: ent 'CSMD For Sugar Cone?',rW7
 
210 ent "CSMD For heai',ril
 
211 ent 'Field 'opQcLIy of Soil in Z?',r19
 
2?I: 	ent 'WOtinq Point Percentnge?",r20
 

S1i: 'Mii um Acreage 6f Citrus w/r?',12
ent q 

A trnl'hltmum Acreoae of Citrus wo,'/c?*r22
 
2IS: e:iI "Maxium A'teqe of toiton?"r23
 
Li., ellt 'r];I I,, ALrcqiv of U:cr e',O',r?4
 
217 ent "MIAMi.ii AcrErqje ofh±qze?,
 
21i: eCii'Maximum Acreone of Ricr?'.rG
 
219: ert 'M'oilIUri ACrege o; Suqiir Cone?',r2V

Mximuh Acreogi 

21h: ent 'Nu,4ber of Fields inCitrus w/c?',r29
 

20 (n 'ri ot Wheal?",r2ki 

,2",Ent 'Number of fieldc inCitrus wo/c?',r30
 
223: ent 'Number of Fields inCottonl'hr3
 
224: ent 'Number cf F,,ds in .ersee,,r32
 
225: !nt 'Nu, o Fieids inMLle?',r.3I,77,
:ent "Nutber of Fjids inRice?' ,r'

;'I ;nT 'Nutiber of Fields inSugar f(ne?',r35
 
22f:: ent "Ni,,bcr of Fields inWheat?",r.%
 
29: 5-r2' r30 t31-0, r33 r34r3S-r3J)r37
 
.; ifr37,0o;b pdsp "Itio
dony Fi lI, GiVenWit SUOO; IMp -9 

.3i: 1 W 
,3, ; K I, [ 

4!,'k1 i y 

:S ir i,f,, 21 

A 

I3 K
 

http:Ricr?'.rG
http:MIAMi.ii


24.' for I:i to 0 

,144 2 ) %tl 3,61'l l: itr,11)lt 1t 

24".; J i
v~It II ,2J )--3;str0IUboM11,3,) 

246: ifvnhil$il,2I):4;tr(3S)IlII,3,6I
 
240; ifvol(1$[,,t ; str(t7b)I]tl,3,61
 
246: ifvol(1$[1,i,21)=/;str(b4))I$II,3,61
 

"SO: ifv'i(llt,2))8;str(B))$[l,1, ,}
 
25] if voli li,21r=YPstr(%())l$II
 
2,2: next I
 
2SM: for 1-1 to 50
 
.54: Fxd 2
 
2S.: tr(.I)Il(tlI1I
 

256; next I
 
2S': trk i;rcf r38,rir37;rcf r3+,l;ltrk 0
 
258: ret
 
259: Output vf Initial ConditioriO: 
260: trk O;lds 3,N$
 
20: fmt 9,401x,'istinq of Control Ioraheteri; oii'
 
262: PFt i,44xz'Field by Field Londitions"
 
263: wrt 70i,9;wrt 701,1;wrt 70i;wrt 701
 
Lb4: f~t 8,O)x,'Field by Field 3tuti ;wr '01,
 
2U.: fmt 2,'r-VYr able Desrriptiui Vnlue ,
 
266: Fit 3,20x,"Field No, Crop Planting DOw SMD'
 
267: wrt 701,2;wrt 70L.t;urt 70t;wrt 701
268: fnt 7,?z,fJ.0,2o,c31,4o,fs.,,f3.0,6o c11,3x ,c10f3,D,'Sx,F9.2
 
268':
M@: fmtfmt 6,69x~f3,0,6x,cti)3x,ciO,f3.,;x~f9gI
 

270: For 1-i to SIjvol(I$IIi31))U
 
271: val(ItI)3)6)))pl);if p16:=99;* ')D$;O)pJo;jmp 2
 
272: clI 'DATE CONVERSION1(,O01ptO)
 
273: ifI(:37;wrt 70i.?,1,NtIlrllMtlLI),$,piOyalcItII,';It))
 
274: iF1)37;wrt ?Ol.BIH$[U],DS~p10,vql(I$[l,7,Lj)
 
27r: next 1
 
276: for It to 9;wrt 70;next li;ret
 
U161
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APII.NDTXG 

I. I 81h' I W,01' 1101.1 GATI I ON 8c1; 1 :uING SERVI'CE PROGRA?. 

IC' 
2! 296Th12OW071~64)rOU
3i P3101 1020r2)rM3]731P 14);4r31)r7!';r3)r76 

for 12I'io 

,)Icif 

V: lif ~ 

Sit N((r(Jl1UU)lr~Ji4))1S;jmp 

14; nex*t J 

r) 

I 

I 

'I 

if J-( qt "Net oU 

rCJiI0r(JI0 ) 'Oir(.1r1W qo 

24 n N(r(J'I4 o.-N~rdl110) U)I'IIII;jPP 3
l.i~r(jt(Lc) It~3WW I'1. )1(N W4J74) l( 00 r(J,"))(r (Mil) 

S i1 'it j 

3 lit %II 

I:i e 

b.IFP2P 
31 it pk pi p ;1j';(lt l,'~I 

Ifs1 0o 

'next Loop 

M- 4) )VIc I 

IIrv wt 4 

I C ~ 32 '3t;~ 1PP111~3;ret 
'4 2 ,p,1( I V4"9c4 p:( 6 t;'I ' I31 "14 4e,*~ 3p; 

C~~ '-O1'3'e C'41.l'4 ,CITptS )~ 



.h ',odder", 

A '3t 1Q4 Y 4tp4 'A e I 

fbv~ "o 7fiI(lu 11,plp;o 

') lpr oI1 1Vo'3 i~p7 I 2 ;t Ap.,.4c 

62 "6unr ant' 
63 1KA tp4./133)p!j 20- p4 ;p)bYp 

pi,
W4 if p9(iS4,1Itc t3pk 
bY I .05teip(k- I,; 7W2)'. )p,%;ret 

70: 1,-((M0p/ p"S)/3,1 )p3r' II; I-S4,(p4, V( 

I 

6Y: pi 0piqo'rOD1 
M0 if i6qo'CE84: 1-(p4.iTf U/C'gl )3StO~GO '
82: p )?Op;O~p,o 'CITRUS:)p; p.B~iit 

83:M : iOO-p4p.iCOT1TOPIN'': .4/;,)plOp)tiPp|p;t=8)t I

72t 'ROO1?;t 'SUAR AN 
76: ifp(:4;qto DDV'
84: re- ~t;
 I/
77: 'CIET'
70: ifitpliG-qtopt:;S;qlo "~,F 

80: if
pl=p;/lo 'RICE"
 
79i ifpi=Tiqto 'SUGAR C:ANE' [
 
MO ifpi=Og.,to 'WHIEAT",a
 

80: 'CITRUS W/i
82: 151)p5
 

83: if 4pSpifp
p4uipS/ 

84: ret
 
BS: 'COTTON':
 
86: ifp20(:)6;jp 3 
 3 
B7: 180)pS;if p4:0;p/2.S4)p

DO: pit
 

B: p2/12Ql16S1Sp5;if p4:O;pSt2,54)pS
 
I90: ret 


921: 9?)pS;if p4!:)pS/2,S4)pSn
 
93: et
 
94i *NAIZLI-.
 
75: Ifp2(=60;jmp 3
Y10: 'ROIU[':I 
vit of pDD70j~p
91.:
120)pSpf p4Q)pS5/2,1 4)p5/@
 
971: ret 
901 p216O$IQS+t5)pS~if p42OlPS/2,S4)pS
 

Mi0 'R1C[*.
11tl ifp20-7?1-jmp 3
 
1Oi 90)pS;if pA=Olp5l2,54]p5
 
103 1r t 1
 
104; p2/TQ17Si1S)pS;1f pA=Ojp5/2,S4)p5j
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Ii7: if p2(-13Ojmip 3 
1Ok 9OJp',ai p4B;;p~i,5UpS 
109: rel
 
00O: p2/1U$74', 5]iSp5~if p4=O;p,/2I.54)pS
 
lit: ret 
Ill' 'WHEAT":
 

W.~ if p:',(::p6j J,[ i 

M1.: ret 

h8: ret 
*$A0737
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APPENDIX 27
 

A SURVEY OF THE GR ADUATES OF THE FIRST ON-FARM
 
WATER MANAGEMENT AGRICULTURAL OFFICER TRAINING
 

COU RSE
 
1 

Dwayne G. Westfall and Douglas J. Merrey
 

INTRODUCTION 

The University of Agriculture (Faisalabad) is responsible
 
for training the Agricultural Officers (AO) for the field
 
teams of the on-Farm Water Management Pilot Project of all the
 
four provinces of Pakistan. Colorado State University provides
 
advisory assistance to this tra iningr program. The first
 
course was completed en October 20, ]977 and is described in 
a previous ruporL (Awan, et al., 19783). From October to 
November, 1978 a survey was conducted of all but two oL the 
16 graduates of this course. We assum.d that during the year 
since graduation these ... s would havc ha: sufficient experience 
to help us in improvinc the effectiveness of the traininc 
course. Our survey had three basic oh iectives: 

1. 	 to find out whether the nradwnLates are doing the 
work they were trained for , anid more generally, 
to learn about their working conditions and 
problems; 

2. 	 to elicit their opinions and perceptions regarding 
the effectiveness and strengths and weaknesses of 
the course and their suleest ions for improving it; 
and 

3. 	 to test their technical knowledge and their under
standing of the purposes of the On-Farm Water 
Management (OFWM) program as a measure of the 
effectiveness of the course.
 

PROCEDURES
 

The authors of this report personally conducted all but
 
two of the interviews. Two people in Sind were on leave and
 
the questionnaires were left for them to fill out and return
 
by mail. The two graduates from Baluchistan were not inter
viewed because an active OFWM program had not been initiated
 
at the time of the survey.
 

In each province the graduates were gathered in a room
 
and explained the purposes of the survey. it was stressed
 
that the information collected was to be used for evaluating
 
the training course and not their own job performance. The
 

1/Agronomist and Social Anthropologist, Colorado State
 
University, Water Management Research Project, Lahore,
 
Pakistan.
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questionnaires were then distributed and the respondents were
 
asked to fill them out themselves. The questionnaire used is
 
included here as Appendix "A". Most required about two hours
 
to complete the questionnaire. One of the authors explained
 
in Urdu the objectives of the survey, and answered respondents'
 
questions to clarify the meaning of some of the questions. 
Despite this effort, however, the respondents had difficulty 
in understand ;nq some questions and some misinterpretation 
occurred. This exper_;.: - raises questions about the effective
ness of training in Er iish medium, even to students having 
M.Sc degrees from Engl.ah medium institutions (Table 1). 

QUALIFICATIONS OF THE GRADUATES
 

All of them hold degrCes in acriculture or an agricultural 
discipline. Nearly 70 percent hold a B.Sc. degree while the
 
other 30 percent have M.Sc. degrees.
 

We asked the graduates what their current job assignment 
was. The results ,are presented in Table 2. Of the 14 men 
trained, 10 are working as Agricultural Officers. Two are 
assigned to the2 Office of the Director while one has left the 
OFWM Project. One of the two working as a Land Development
Officer was in the ,iWF'P where very few watercourses had been 
completed at the time of the interview. 

We also asked the graduaLtes what specific types of work 
they had been doing since (jraduation. The responses were very
diverse cover-inq all aspects of the OFWMl Project including 
watercourse cleaning and maintenance, precision land leveling,
organizing watercourse commit tees, profile and topographical 
surveys, watercourse imp-ovemen t and agronomic demonstrations. 
The wide rang> of activities reported fully justifies the 
attempt to provide training in all aspects of water management 
in the training cour-se. 

PERCEPTIONS OF THl: TRAINING PROGRA\M 

The interviewees were asked to evaluate how well the 
training course prepared them for their job. The responses 
are reported in Table 3. Five respondents (38.5%) said the 
course had prepla , them very well for their jobs while an 
qual number ratecd lie trt-aining as adequate. Three c:raduates 
-. l) ra1ted tu , t Iailininq .; "somewhat inadequnate" while none 

regarded it as very inadequate. Tn cleneral the Sinc graduates
raLed the training more posi.tively than did those from Punjab 
or NWFP. Those t:hat rated train.in,1 as scmewha t inadequate 
qave two reasolls: 1.) lack of adequate extension training; and 
2) lack of proper tr1aining in watercourse cleaning and main
.enance. 

We asked the graduates to specify the st:rength and weak
.iesses of the course content in each subject area. The
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Table 1. The academic qualifications of graduates.
 

Province 

Qualif icat itl _Punab Sind NWFP Total No. Percent 

B.Sc. (honors) 5 2 2 9 69 
M.Sc. (honors) 2 2 0 4 31 

Total 7* 4 2 13 100 

*One ether graduate who moved to another agency is excluded. 

Table 2. Present job assignments of graduates.
 

Province
 

Job Assignment Punjab Sind NWFP Total
 

Agricultural Officer 6 3 1 10 
Land Development 
Officer (LDO) 0 0 1 1 

Office of Director 1 1 0 2 
Other Agency 1 0 0 1 

Total 8 4 2 13
 

Table 3. Adequacy of training received.
 

Response Punjab Sind NWFP Total Percent-

No. age
 

Very well 2 3 0 5 38.5
 
Adequate 1 1 1 5 38.5
 
Somewhat inadequate 2 0 1 3 23
 
Very inadequate 0 0 0 0 0
 

Total 7 4 2 13 99
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responses were classified as rating the training in each
 
subject as adequate or inadequate. Table 4 presents the
 
results. The general opinion was that training was adequate.
 
Agronomy and Agricultural Extension, though rated as adequate
 
by a large majority, received the most criticism. The major
 
criticisms of the extension training were that not enough
 
time was spent on this subject and the course content was
 
the same as that taught in University courses, hence it con
tained nothing new.
 

The criticisms of: the agronomy training included: 1)
 
lack of attention to variation in agronomic conditions of
 
different provinces; 2) pest control reconuendations were
 
inaduquat,; 3) the latest agronomic recommendations were not
 
qiven; and 4) more Lime needs to be spent on the techniques 
involved in estab] ishiii. fieIld demonstrations. Other suggestions 
that were made wer trhat more Province - specific sociology
 
training should bo ,ivun and mo-c emphasis should be placed
 
on watercoturse c] .a,-ninj and maintenance and the economics of
 
watecouurse imnjrovmen t. Several a1.so suggested a further in
crease in the aio 11t of field work in the course. 

In response to questions asking what sj.,ccific chanqes 
they woul i suggest for impryoving each component of the train
ing program, we rece i'e:0d a wide variatv of responses, many 
of which did not e.pimvery hiel pful. Some of the questions 
were obviously not ti,nerstood by the respondents. Tn general, 
the qradua res a.; ,. t.hat the tra iners worked hard and did a 
good job, thoiu, some criticized the trainers For arriving 
late for le.ctures, and not adhering to the training schedule 
more closely.
 

The recommenl,Iions regarding course content included 

training in entomology and plant pathology and reducing the
 
Punjab orientation of the course content. Some graduates
 
criticized the lenqLh of the course (4 months) but most felt
 
the length was aLout: right. Almost half the respondents
 
suggested more trips to research institutes while a few 
suggested the neced for more field work on watercourse improve
ment and maint{enan,'e and spending more Lime visiting OFWM 
Project wakercotsi v and programs.t othe-

Finally, we asked the graduates if they felt a need for 
t refresher cowr se, aL if so, in what subject. Seven 
Yesponded that they H I feel such a need and listed a very 
wide variety ol to!pics. The results of our examination of 
their technical knowledge, repor ted below, also suggests 
that re'frresher courses would he useful. 

PROBLEMS ON THE JOlt
 

We asked a series of questions concerning the graduates'
 
iroblems and work conditions. Only about half responded to
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Table 4. Evaluation of adequacy of training by subject.
 

Province 

Subject 
matter 

Ptnjab 
Ade- Inn -

quatc .qua t e 
Ade-
.ua e 

Sind 
Th*de-

tqat. 

--

Ade-
qiate_. 

NWFP 
Inade-

a te 

Total 
Ade- Inade
cua te ciuat e 

AgricUltural 
Extension 6 1 2 2 2 0 10 3 

Agronomy 4 3 3 1 2 0 9 4
 

Soil Science 6 2 4 0 2 0 11 2 

Farm Management 6 1 4 0 2 0 12 1 

Sociology 7 0 3 1 2 0 12 1 

Engineering 7 0 4 0 1 1 12. 1 

Table 5. Farmer cooperation in water management activities. 

Farmer Cooperation Punjab Sind NWFP Total 
in followingI areas Yes No Yes No Yes No Yes No 

Watercourse 
Improvement 5 1 0 2 1 0 6 3 

Cleaning and 
Maintenance 0 6 0 1 1 0 1 7
 

Changes in agro
nomic practices 4 2 1 1 0 0 5 3
 

Precision land
 

leveling 4 2 1 1 1 0 6 3
 

Total 13 11 2 5 3 0 18 16
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the question asking them to specify the problems they faced.
 
Those problems identified included such things as having too
 
much work to do and lack of cooperation from farmers. The
 
pattern of responses sugyest the AO's do not perceive any
 
major obstacles to carrying out their jobs.
 

About half the respondents reported they get good co
operation from other team members to carry out their AO 
responsibilities while the other half felt that such coopera
tion is not adequate. Most did feel their supervisor en
courages them and several Punjab graduates mentioned they 
had gotten more encouragement recently. In terms of perceived 
administrative problems, Punjab and Sind respondents pointed 
out three areas of dissatisfaction. They claimed that: 1) 
travel allowance (TA) is not sufficient, given the expense of 
operating motorcycles, etc; 2) TA is not paid in a reasonable 
amount of time and is arbitrarily cut; and 3) they should be 
made eligible for the 30%. residence allowance. 

Obtaining the cooperation of farmers for watercourse 
cleaning and maintenance - their major duty - was perceived 
by most of the respondents as their major problem. Table 5 
presents thc responses to a question on farmer willingness to 
cooperate in var ious activities. Some interviewees did not 
appear to understand the questlion; their responses are ex
cluded. All tlh Punjab and Sind respondents claimed f1armers 
do not cooperate with them for cleaning and maintenance and 
the one posit ive response for NWFP is questioned since at 
the time of the interview there had been no cleaning and 
maintenance program in that province. For other water manage
ment activities a majority of the respondents do report farmer 
cooperation. 

In response to a question asking for suggestions to 
improve the level of cooperation, several suggested some legal 
authority need:s to be given to the OFWM teams for enforcing 
watercourse improvement and maintenance. Several also suggested 
making PLL more attractive by increasing the land holding 
ceiling (presently 25 acres in Punjab and NWFP, and 32 acres 
in Sind) and increasing the subsidy for very small land 
holders. 

In gecneral , desuite the various problems enumerated 
above, the AO's we interviewed had very positive attitudes 
toward the OFWM Project and toward their jobs. 

TECINICAL KNOWLEDGiE OF AGRICULTURAL OFFICERS 

The final section of the questionnaire was designed to
 
letermine the level of technical knowledge of these AO's. 
Unfortunately, the results were not as gratifying as we had 
hoped. 
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Johnson, Early and Lowdermilk (1977) report that Pakistani 
farmers have very poor knowledge of the rootinq depths of 
major crops. This lack of knowledge leads to inappropriate 
irrigation. We asked the AO's some of the same questions 
asked by these three researchers that related to irriqation 
practices. ThL, correct rooting depth of various major crops 
was not well understood by the interviewers. Their answers 
were classified as acceptable or unacceptable. At -least half 
of the answers (liven were unacceptable (Table 6) . For rice 
and sugarcane 752 of the answers were unacceptable while for 
berseem 67' were unacceptable. 

We asked the interviev.,es to give crop production recom
mendations for growing wheat, cotton and rice. Under each 
parameter, soil preparation, irrigation, pesticides, fertilizer, 
and seed variety we classified their responses as acceptable 
or not acceptable. For most parameters a .Large majority of 
responses were acceptablo. Most of the unacceptable answers 
for pesticides recommendation were for rice where no in
secticide was recommended for stem borer control. The fer
tilizer recommendations that were unacceptable were for cotton 
and rice; these were either too high or did not include 
phosphorus.
 

The largest number of unacceptable answers were given for 
number of irriqations; 25 percent of the respondents recommend
ed too many irrigations for wheat, 40% recommended too many 
for cotton, and 500, gave unacceptable answers for rice irriga
tion. The respondents' weak knowledge of irrigation was 
confirmed by their answers to the question, "flow deep will a 
3 inch irrigation penetrate the soil?" Only one of the 12 
responding to this question gave an acceptable answer; the 
other 11 responses were unacceptable. ('[able 8) 

Table 9 summarizes the responses to the other technical 
questions. Twenty-three percent of the interviewees could not 
give an acceptable definition of a cusec; similarly 33% did 
not know what the typical watercourse conveyance efficiencies
 
are; 46% could not give an acceptable definition of con
sumptive use; and 25?, did not know the advantages of precision
 
land leveling. All but one respondent did know the advantages
 
of furrow irrigation.
 

This poor performance on questions relating to irrigation
 
practices is nearly matched by the performance on extension
 
related questions. Fewer than 50% of the interviewees seemed
 
to understand the question on how to set up a fertilizer
 
demonstration, though all these people did give acceptable
 
answers. Thirty-three and 42%, respectively, did not under
stand the usefulness of using demonstrations in farmers'
 
fields under their growing conditions to convince them to
 

adopt new practices. Many suggested pamphlets as the best
 
way to educate farmers which is not as effective a demonstra
tion because a large percentage of farmers are illiterate.
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Table 6. Knowledge of rooting depths of major crops.
 

Correct Acceptable Unacceptable Total Range Given By
 
Crop Depth No. Percent No. Percent Responses Interviewees
 

Rice 9-12 in. 3 25 
 9 75 12 6 in. to 6 ft.
 

Sugarcane 2-3 ft. 3 25 9 75 12 4 in. to 10 ft.
 

Berseem 2 ft. 4 33 8 
 67 12 2 in. to 7 ft.
 

Wheat 5-6 ft. 5 45 
 6 55 11 4 in. to 6 ft.
 

Cotton 5-6 ft. 6 50 6 50 12 
 12 in to 10 ft.
 

Corn 4-5 ft. 5 42 
 7 58 12 2 in. to 8 ft.
 

Table 7. 	Knowledge of crop production recommendations.
 

Soil 
Crop Preparation Irrigation Pesticides Fertilizer Variety 

A* Una** A* tUna;** A* Una** A* Una** A* Una** 

Wheat 12 0 9 3 1.2 0 11 0 12 0 
Cotton 10 0 6 4 9 1 7 3 9 1 
Rice 10 0 5 5 6 4 8 2 9 1 

*Acceptable 
**Unaceptab] e 

Table 8. 	Responses to the question "How deep will a 3-inch irrigation 
penetrate the soil?" 

Range given by
 
Correct depthl Acceptable Unacceptable interviewees 

18-24 in. 1 11 3 in. to 4 ft. 
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Table 9. Interviewees' response to questions of a technical nature 

Ouest ions Answers 
Acceptable Unacceptabl e 
No. No. 

Organize waterciutrse (ommittee 8 62 5 38 

Set tip fertilizer d0uMInstratIon 6 100 0 0 

What is a cusec 10 77 3 23 

Advantages ot furrow irrigation 12 92 1 8 

Conveyance efficiencies 8 67 4 33 

Advantages of PLL 9 75 3 25 

Advantages of cleanin; & maintenance 12 92 1 8 

What is consumptive use 7 54 6 46 

Convince farmer to use fertili(,r 6 67 3 33 

Convince farmers it-,adopt new practices 7 58 5 42 
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SUMMARY AND RECOMMENDATIONS
 

The survey of the graduates of the first OFWM training

course for Agricultural Officers achieved its objectives and
has provided us 
with many useful insights into the strengths

and 	 weaknesses of the course. 

In terms of the first objective, to learn whether thegraduates are doing what they were trained for and what sortsof problems they face on the job, we discovered that the
respondents feel the training was adequate and did prepare them,for their jobs. They do not seem to have any major on-the-job
problems or grievances. 

Our 	 second objective was to elicit their opinions on theeffectivene.-:,i of the training and 	 ways to improve it. Most 
were basically satisfied with training. ofthe 	 Some theproblems and sugIgestions they mentioned have been dealt
in the second and currently in the session of the third 

with 

training courses . Their suggStions that the agronomy and
extension component.s need strengthen.ing are wel]-taken inview of their Je r F vmanee on t he technic al knowlecge questions. 

Our 	 tllirdr bjucti\, was to tesL the grduates' basic
knowledge of t lH, subjects tauL(Iht in the course a:.; a test
tl ef1fectivclloss ()f the i-rai.11ing. Tlie per formance on 

of 

questions i-e' ing irr .i.iaton methods and extension methods 
was not sat. i sbf't-ory and theseSugg!ests components need 
strengtheninq . 

Based on t.his survey, we suggest the following recommenda
t ions: 

1. 	More emphasis needs 
to be given to the Agricultural

Extension and Agronomy components of the training
progIram. 3pecial emphasis should be placed upon
establishment of result demonstration using irriga
tion and agronomic inputs. Every trainee should be 
required to help establish a demonstra-ion in the 
field . 

2. 
A wat kcourse cleaning and maintenance operation
should be Idhysicaly accompli shed thediing training
cours,: . Th is slion]ld include the physical process
from iiii. ti al farmer contact through the cleaning
and mi- nt enance opert iOln. 

3. 	 In (lor to eHco raCte L0he trlinees to Study more 
dili w.iitly anl to rai-se the standards of the course,
examinations nrd t.o he given on a regularly
scheduled hasis. llass4ing marks and 	 acceptable class 
room at tenclance should be required for graduation. 
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,1. S i nice (t,L L 11 1t.he F1a in.e s to COOj.)0,ra tO wi Lh t: hem i.s 
roe'l'k'iVL't d.1 i IIIIjor prob01 1 by the AO' s , more 

att.on tiol ni.,,s be tO L;achillk hU1tr- 1 to cJivOll an 
icet ion :;killIs andwbuildiili up their confidence .ihttheir ,ihility to work with fairmer,,.. 

5. 	Greater attenLion to the importank.:e o increasinq 
alqricuiltura I production as the r.a0,1 1oa is needed, 
bot.h in the trainiil; couLrse and in Lhe policies of 
the 	 OVUM Project.U 

6. 	 Ref resher courses need to he q iven reqularly on the 
provincial 1.eve.t ill order to ra ise the level of 
expOertise ill alea1s Where the AO's are weak and to 
keep the AO's informed of the latest recommendaLions. 

7. 	 The di:ficuities the respondents faced both inI 
under standi nq our quesLions and in qiving acceptable 
answers raises ques tions about: the efficiency of 
Einqlish medium training: Considelatiol should be 
qiven to usinq Urdu at least to supplement .nqlIsh

lL pr-isenta ions. atquaLe 

In conclusion, many of tLhe above recommendations have 
been at least partly i nl 1uded in t.he thi rd t ra ini;( course 
which beqan in March, 1979. 
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Appendix A


3SnL\W,'V 010' O-0W AGI,1CULTU1,AL 01".1 CEIS
 

Nalie. Of .i
IntO:Vietw\ct 	 1')dt 


O(f.i.co/Tot-1 to which in_ 
_ _ _ 

i'ov nc ......... . sition presently held (A.0. LID, etc.)
 

............
.... .. ........... 
 . do Level. (NPS)_ 

Dat;e cOliplotod Trixiiniknq Course at Agricultural University 

I& Academ ie tQu i . i cat ions (DoPgq-ote & Sub je c ts ________________ 

.1.. ... coult in tho t.rairii.1n'.proq ram what have you been 
do i n? (Not k: Ii.st-. all, changes i.n position, transfers,andt - i Lies, sue i as Watercourse improvement, 

sltvtys, 	la4d etc.hovelilukt,
Where ap
__ -owateract-Is..I evol 	 courses ma1titaine,otc., b) intervviewecs. Press on organi

kLOil %0, watI.,("oIIr v a -1i andE- li e, i i maintenance, 
ando.\onson work dione.1.a - -hl..JL'iI. l.... - 1_-.-- __c_ _ _ _ __, 

2, (a) 	 lHow wol 1I lias tie t raiin.innq you received at the training
Col, } fOr doinq your job?l-tpead you

31) 	
inVel'y W01. ; (2) adequately; (3) somewhat 

,Adequatellh, ( 4) vkry i.nldoquato 

(1h) Peast, t a you.,>rasonlls for y 1our illanswer detail 

(c) 	 and-ti'oenths anh'.iicweaknesses in train.i.nlg courso 

A.i r'i cul t.o,. eten., i.OnI---

Alt 'Olit1i\'...
 

,Soi ,i ' n('icue--
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Farm Manaqemen t/Economy---

Sociololy--

Enginecring---

Integration of above subjects---

Others--

3. 	 What specific changos would you suggest for improving 

the training pirogram to better prepare you for your job?
 

a) Personne --

b) Course Content--- (specify subjects)
 

c) 	 Length of course--

d) Mix of field and classroom work--

e) Field Trips--

f) Others--

4. 	 Do you feel the need for a refresher course? If yes, 
specify the subjects/areas you would like covered. 

5. 	 On the job problems: Please specify what problems you 
are facing in doing your job as an Agricultural Officer. 

a) What are the duties of A.O.?
 

b) Are you doinct work for which you were trained (explain)?
 

c) Do you qot coo era!.ion from other team members in
cluding the toalrn I ador to do A.0. work? 

d) Does your Supeori.-V " encourage you to work as an A.0. 
or in a w:.atercourso improvement or land development 
capacity? liav Lhli,; atttitlude changed recently? 

e) What are your quotas? Are they reasonable? 

f) Are farmers willing and/or anxious to cooperate with 
you 	 in the following areas. 

(1) Watercourse improvement. Why? 



507
 

(2) 	Watercourse cleaning and maintenance. Why?
 
(3) 	Changes in their agronomic or cultural practices.
 

Why? 

(4) 	Precision land leveling. Why?
 

(5) 	What do you suggest to correct problems encountered
 
in 1, 2, 3 and 4 above?
 

(6) 	How many farmers associations have you organized
 
on watercourses? Problems encountered.
 

(7) 	What other problems have you faced/encountered? 
Give reasons -nd possible solutions. 

(g) 	Are TA, Pay, Cycle and expenses sufficient and promptly 
paid in such a manner that they do not detract from 
your work? Exlain specific instances. 

(h) 	 Administrative problems you encounter. 

(i) 	 Others. 

7. 	The OFWM Program
 

a) 	What are the goals of the OFWM Project as you understand
 
them? 

b) 	Are these goals being fulfilled? Give reasons.
 

c) 	 How can an effective cleaning and maintenance program 
be achieved? 

d) 	 What suggestions do you have to improve the OFWM pro
gram? 

8. 	 Technical Knowledge 

a) 	 Give the rooting depth in the soil of the following 
crops (assuming a well-cultivated, irrigated silt 
loam 	 soi ) 

Rice Wheat 	 Sugarcane
 
Cotton Berseem 	 Corn 

b) 	 What recommendations do you give farmers for the 
following? 

Soil Number of 
Cro2s Variety P reparation Irrigations Pesticides Fertilizer 
Wheat 
Cotton 
Rice 
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c) 	 flow deep wil. 1 a 3-inch dep jrric.itiorn penetrate into
 
ai stit onam soi.l that has cl mo(istuLre content s.iqhtly
 
abov, thE wi [tirn point at tim, of irriqTation?
 

d) How Jo you orqanizfe a watercou r, committee?
 

d) How 1o you set Op a fertilizer demonstration on cotton?
 

f) What is a cusec?
 

g) What are the idvantacies oF furrow irrigation compared
 
to basin irrigation? 

h) What is the typical conveya'nce, efficiencies of water
course before and after improvement? 

i) What are the adva,,taqes of cleilninq and maintenance of 
a watercourse?
 

j) 	 What are the advantaqes to prcision land leveling? 
Is it economical to the farmer? 

k) 	Outline steps you would follow in order to get a far
mer 	 to use fertiJizer on his wheat. 

1) 	 What is meant by the term "Consumrt.ive Use"? 

m) 	 What is the best method you can use to convince a 
farmer that a certain farminct practice is beneficial 
to him under his conditions? 
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APPENDIX 28
 

TRAINING AGRICULTURE OFFICERS FOR THE ON-FARM
 
WATER MANAGEMENJT DEVELOPMENT PROJECT
 

Dwayne G. Westfall, Qurban Ali Awan
 
Douglas Merrey and Norman S. Illsley1
 

INTRODUCTION
 

The second training course for the Agricultural Officers
 
of the On-Farm Water Management Development Project (OFWMDP)
 
was conducted at the University of Agriculture at Faisalabad
 
(UAF) from April 19 to August 30, 1978. The Agricultural
 
Officer is one member of the eight man field team under the
 
OFWMDP. The field team consists of two Watercourse Develop
ment Officers, five Land Development Officers and one Agri
cultural Officer. The general responsibility of this team
 
is to brLng about a significant increase in water use effi
ciency a-id increase agricultural production through the
 
following programs:
 

1. 	Improvement and renovation of watercourses
 
2. 	Precision land leveling of farmers' fields
 
3. 	Training and education of farmers regarding effi

cient use of irriqation water and other cultural
 
practices
 

4. 	Insure improved watercourses are properly cleaned
 
and maintained.
 

In theory, all watercourse reconstruction is to be
 
accomplished under the supervision of the Watercourse Devel
opment Office,precision land leveling under the supervision
of the Land Development Officer, while the Agriculture Officer 
is in charge of training and education of farmers and super
vision of watercourse cleaning and maintenance. In practice,

all these people have to be cross trained so they can effi
ciently pei-form all jobs. This is particularly true for the 
Agricultural Officer. In the field he may be expected to 
design and supervise improvement of watercourses, survey for 
and supervise precision land leveling as well as perform his 
extension responsibilities. Therefore, the Agricultural
Officer training program has to include watercourse design
and improvement, technioues of land surveying and precision 
land leveling as well as training for his extension respon
sibility. This cross training requirement has led to the 

l/Asso'i ate Professor, Department of Agronomy; Assistant 
Professor, Irrigation and Drainage, University of Agricul
ture, Faisalabad; Assistant Professor, Department of
 
Sociology; and Research Associate, Department of Agricul
tural and Chemical Engineering, Colorado State University.
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development: of an interdisciplinary training program involving 
seven departments at PAP and nine faculty members. Colorado 
State T',ivorszity (CSU) has the responsibility of advising the 
traininq ,i:oqram and during the 1978-79 fiscal year allocated 
11.5 man-moniths of fiecld party personnel time to the pi:ogram. 
In additjin ,tothis time, traininq aids and other educational 
materials are boing dev,] oped by CSLJ staff members at the 
Fort Collins campus. 

TRAINING PRO(]RA'M 

The second t:raininq course began on April 19, 1978. The 
initial enrollment was li trainees, 6 from Punjab, 4 from 
Sind and I from NWFFP. Midway through the course one trainee 
from the Sind dropped out when he accepted a position as 
Lecturer at the AcTricultufa! University at Tando Jam. The 
rest of the t rainees com])ul .d the course and qraduated on 
August 30, 1978. The namt-;, Provinces and initial posting 
locations of the graduates are as follows: 

Name 	 Province Posting Location
 

Ghulam Asghar Punjab Jahania
 
Intisar Ahmad Punjab Jahania
 
S. Sajjad Hussain Naqvi Punjab Lallian
 
Muhammad Saleem Javeed Punjab Jahania
 
Muhammad Asahar Bajwa Punjab Lallian
 
Muhammad Razzaq Punjab Lallian
 
Abdul Razaque Qureshi Sind Hyderabad
 
Muhammad Usman Sial Sind Nawabshah
 
Ghulam Dasticir Kalier Sind Nawabshah
 
Olas Khan NWFP D. I. Khan
 

The UAF faculty that participated as trainers for the
 
course and subject matter responsibility are as follows:
 

Trainer Department 	 Faculty
 

Qurban Ali Awan Irrigation & Drainage Agricultural Engi
neering & Technology
 

"
 Arshad Ali 
M. Rafique 
Kh. Altaf Hussain 

" I 

Farm Power & Machinery 
" 
" " 

Fateh Muhammad Agronomy Agriculture 
Atta Muhanmad Ranjah Soil Science Agriculture 
M. Akhtar Bajwa Farm Management Agric. Econ. & 

Rural Sociology

"
" 
Rural Sociology
Abdul Rehman Qazi 


M. 	Akram Zia Agric. Extension Agric. Education &
 
Extension
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The CSU Field Party members that acted as Advisors to
 
the training program are as follows:
 

Advisors Area of Responsibility
 

Dwayne Westfall Training Advisor/Agronomy,
 
Soils and Agric. Extension
 

Douglas Merrey Rural Sociology
 
Helmer Holje Farm Management
 
Norman Illsley Farm Power and Machinery
 
Tom Trout Irrigation and Drainage
 

In addition to the CSU Field Party advisors two CSU Personal
 
Service Contract Agricultural Engineers, Liaquat Masood and
 
Zahid Saeed Khan, assisted the trainees in the areas of farm
 
machinery operation and maintenance and watercourse survey,
 
respectively.
 

The detailed outline of the training course schedule 
and the principles and skills taught are included as
 
Appendix A and B, respectively. Although the sequence of
 
subjects taught was somewhat different from that in the first
 
course in 1977 (Awan et al., 1978), the basic principles and
 
skills taught were very similar.
 

The overall effectiveness of the training program was
 
acceptable. Having completed the course the trainees were
 
able to design a watercourse for improvement, perform preci
sion land leveling, organize a watercourse committee, clean 
and maintaining a watercourse and teach the farmers how to 
increase production through adoption of improved irrigation 
and cultural techniques. They were probably more confident 
of their ability to design a watercourse for improvement and 
to perform precision land leveling than they were in the 
organization of watercourse committees and in orking with 
farmers on improved practices. 

The course places an important emphasis on the teaching 
of practical field related skills. This is accomplished by 
allocatinq a major percentage of the training time to working 
in the field where the trainees learn by doing. This is very 
important and cannot he overemphasized. 

Althougl as discuissc'd in the next section many of the 
same problems and weaknesses occurred during the second 
training course that characterized the first course, the 
general consensus was that the second course was more effec
tive and efficient: than the first. This is not surprising 
since the fir.st course was a new experience for everyone and 
a training program that had never been taught previously was 
being initiated. We feel the third course will be even 
better than the second. 
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PROBLEMS ENCOUNTERED
 

Developing the skills and confidence needed to organize 
effective watercourse committees and to work with farmers to
 
help them improve their cultivation practices has proven 
more difficult to teach than the more technical skills. This 
is undorstancable because watercourse design and precision 
land levelino sk].].F; are measurocd by the accuracy with which 
an individual maikes ix's,-ical measurements. The results are 
immediately tanqibl,' as iumhers, drawings , etc., and the 
person has pvxsica Control ) (ve-them. Vorkingc with farmers 
to organize witorcourse committee or to encourage adoption 
of a new ir i ation: or cultura] practices is far more diffi
cult and ratner fac0f17C,., for nexper ienced..Ce cedis e
i:Iitonina the ThTh 
Agricul tural Offce is often tryinq to bridge conflicts that 
exist in a village and c ot o.peosincT Orouv; to cooperate. 
Here physical control is not possible. The ''ouna age and 
inexperience of the t 2;icultural Officers are a hand:icap, 
but perhaps a more sionif cant problem is that many of the 
trainees would rather use authoritarian means to get farmer 
cooperation; some of them do not. symnathizo with the volun
taristic approach and see this as a waste of time. It is 
very difficult to overcome this atLitude and to build self
confidence, especially since none arc willing even to admit 
to a lack of confidence. The des e to use more authori
tarian means is probably largely a result of the lack of 
self-confidence of the trainees. 

In the case of adoption of new irrigation and cultural
 
practices the Agricultural Officer is attempting to change
 
practices that have been used for many years and have be
come customary. it is sometimes difficult to convince the
 
trainees themselves of the advantages of the new agronomic
 
practices. For those who are not originally farmers, or
 
from farming background, the new agronomic practices have
 
little meaning. Those who are farmers, or from farming
 
background, often have the same beliefs and attitudes as
 
their potential clients have and having learned them from
 
childhood as part of the socialization process cannot easily
 
change. Finally, another inhibiting factor is the relatively
 
low prestige of extension workers as opposed to engineers,
 
therefore, there is a tendency of the trainee to take more
 
interest in the engineering skills and less on acquiring
 
extension skills.
 

These are very difficult problems to overcome and the
 
lack of self-confidence of the trainees in these areas is
 
understandable. More field work related to sociology and
 
extension needs to be included in the training program. More
 
imaginative techniques for teaching (even socializing) the
 
trainees to accept their role and to perform it well will be
 
necessary. This problem is being given increased attention
 
by the CSU advisor and UAF trainers.
 



513
 

Another major problem was trainee absenteeism and
 
tardiness. This was a constant problem and detracted sig
nificantly from the overall effectiveness of the whole pro
gram. Accurate records were not maintained regarding trainee
 
absenteeism but it is estimated that it averaged about 15%.
 
Tardiness resulted in delayed lectures, delayed departures
for field trips and disrupted training exercises. We are not 
aware of a fool proof, yet practical, solution to the problem
of absenteeism and tardiness. The trainees are Agricultural 
Officers in the OFWMDP and consequently the University train
ers and CSU advisors have no direct jurisdiction over them.
 

The tardiness and absenteeism of the trainers was also
 
a disrupting factor. Trainers often were requested by the
 
University to attend a meeting or some other university com
mitment would arise. This often fell durin the time they
 
were scheduled to give a lecture. The University assignment
 
was generally given first priority and many lectures were 
missed, wasting the trainees' time. Only occasionally was
 
another trainer asked to take over the lecture. 

At the beginning of the course all the trainers had 
good intertions of giving two major exams plus several short 
quizzes duL-ing the training period. For various reasons many 
of these g1i:z,:Ls and exams never materialized. Consequently,
the trainees were not motivated to study. Their major moti
vation was interest in the sub-ect and peer pressure; neither 
of these proved very construct i.ve. 

Although the trainees are M.Sc. graduates their compre
hension of Eng]lsh, particul arly spoken English, is not very 
good. In the first course there was considerable criticism 
of instructors th,lt: used Punjabi in the ciass room as some 
of the trainees from NWFP and Baluchistan were not fluent in 
this language. Lianguage was not a major problem in the 
second course. Tho trainees in the second course all under
stood Urdu, therefore , the i.n structors that desired could 
use Urdu ci means of communication. This was useful as 
the lev(ei of comp)rehension of spoken English was low. In 
each trainingi program the medium of instruction will remain, 
officially, Enlish but the use of Urdu in the class room to 
supplement and clarify English presentations will also 
continue. 

Transportation, housing and food problems were generally
minor and easily rectified. Considerable difficulty did 
occur in pay and daily allowance matters that were out of 
the control of the tln ivers it y . Eventually these problems 
were resolved but they had all adverse effect: upon the morale 
of trainees. On one occasion the Punjab trainees threatened 
to boycott class unless t-hey r-eceived their daily allowance. 
Since the University had no control over the matter a tense 
situation arose and several hours of training time were lost.
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RECOMMENDAT IONS
 

1. 	Accurate attendance records should be kept on all 
trainees and disciplinary action taken for unexcused 
absence or habitual tardiness. The most immediate 
method of disciplinary action is to withhold the 
trainees' daily allowance for unexcused absence. The 

Deputy Director, Punjab OF'W.1DP has asked that the 
University handle ail1payment of daily allowance for 
their trainees. The projected amount of dail.y allow

ance will be transferred to the University which will 

disburse the funds monthly. This will facilitate the 

withholdino ot anv Jail", allowance for unexcused 
absences. Atl east 75, attendance at lectures and on 

field trips should be required for ciraduation. If a 

trainee is absent for over 6 days he should be dis

missed from the training program and sent back to 
the Province headquarters for approp-iate disciplin
ary action. 

2. 	In order to place more emphasis on obtaining skills 
that will enable the trainees to become more confi
dent in working with farmers, more training time 
should be given to the development of sociological
 

More field time should be
and extension skills. 

devoted to farmer contacts, establishment of agron
omic demonstrations and organization of water users
 

asassociations. As part of the training, and a 
having completed therequirement to be certified as 

course, the trainees should be divided into small 

groups (three or four) , -,ider the guidance of the 

trainers, each group would organize and conduct a 

cleaning and maintenance progtram on a watercourse. 
This would provide a valuable practical experience 

of working v:ith the farmcrsto the trainees. 

should he given in every subject. These3. 	 Regular tests 
should be a combination of nuizzes and examinations 
that emphasize practical matters. Exams should be 

included in the training schedule so they are not 

forgotton during the course of the program. The
 

trainees should be required to obtain passing grades
 

on the tests in order to graduate; high achievements
 

should be rewarded with special recognition.
 

4. Appropriate transportation needs to be assigned to
 
In the past
the 	University on a permanent basis. 


loan from Punjab
all 	the transportation has been on 


OFI 4. This has caused some administrative problems
 
that could be avoided if the University had full
 

control of the vehicles.
 

to how much value field
5. 	The question has arisen as 

trips to the various Agricultural Research
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Institutes are to the trainees. These trips are
 
enjoyable and beneficial for psychological reasons
 
and build morale but their technical value is ques
tioned. The trips that involve long travel dis
tances probably should be deleted and that time used
 
for field work in establishing agronomic demonstra
tions in farmers' fields and at the University.
 

SUMMARY
 

The second Agricultural Officer training program was con
ducted at the University of Agriculture at Faisalabad from
 
April 19 to August 30, 1978. This interdisciplinary program
 
included subject matter training in irrigation engineering,
 
agronomy, agricultural extension, rural sociology, soil
 
science, farm management and farm machinery. The main objec
tives of the training program were to teach these very im
portant members of the On-Farm Water Management Field Team
 
how to work with farmers to improve agronomic practices and
 
to keep their watercourses cleaned and maintained. A con
siderable amount of time was spent on engineering skills
 
such as watercourse design surveying, etc. This is necessary
 
because every field team member has to be cross trained in
 
all skills.
 

The major benefit of the OFWMDP will be obtained when 
farmers use their additional supply of water to increase 
agricultural production. Every facet of the training cur
riculum should be oriented toward teaching skills that will 
result in the achievement of this benefit. When the Agri
culture Officer is able to show farmers how to use their 
increased water supply to increase agricultural production, 
Pakistan will reap the ultimate benefit of the On-Farm Water 
Management Development Project. 
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APPENDIX A
 

AGRICULTURAL OFFICER DETAILED TRAINING COIRSE OUTLINE 

UNIVERSITY OF AGRICULTURE, FAISALABAD 

Lectures Field Trainer 
. .(Pe,"ods)"(ays) 

Inauguration of Course 3,4 

Watercourse Improvement Introduction 5 Qurban 
6 ReussOFWM Project (slid, show) 

April 20 
Evaluation of knowledge level of trainees 

1 Qaziand introduction over Rural Sociology 
Structural attributes of village orga

2 Qazinization 
Evaluation of knowledge level of trainees 

over Irrigation and Drainage 3 Qurban 
4,5 QurbanUnits of water measurement 

Evaluation of knowledge level of 
6 Ranjahtrainees over Soil Science 

Soil Science tuorminology and 
8 Ranjahsoils of Pakistan 

April 21
 
Free
 

April 22
 

Holiday
 

April 23 
1,2 Qurban
Use of levels 


1/3 Qurban
Use of levels 

6 Qazi
Process of collective decision making 

7. Qazi
Assessment of need for more water 


April 24
 
1 Rafique
Cutthroat flumes 


April 25
 
Evaluation of previous knowledge of
 

1 Zia
trainees over Agricultural Extension 


Identifying specific needs of farmers related 
2,3 Zia
 

to water management and design of program 

4,5 Mumtaz Awan


Introduction to cleaning and maintenance 

(Guest)
 

Assessment of satisfaction, interview vs.
 
6,7 Qaziparticipant and observation 
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Suject. Lectures Field Trainer
 
(Periods)* (Days)
 

_Aril 26
 
Evaluation of previous knowledge
 
of tralnees 
 I Fateh
 

Cotton Production Guidelines 
 2,3 Fateh
 
Essential nutrients, functions and symptoms 4,5 Ranjah
 
Profile survey of watercourse 6 Arshad
 
Introdiuctioi & closing, of B. M. survey 
 7 1/3 Arshad
 

Apri.27 
Cotton Production Guidelines 
 1,2 Fateh
 
How to condUc't method & result demon
strations related to project 3,4 Zia
 

Nutrient mobility in soils 5,6 
 Ranjah
 

Free
 

Characrerfstics of Costs 
 1 Qazi
 
Legal authority -ind personal Influence 2 Qazi
 
Soils of PalhIst:,n 3,4 Ranjah
 
l.0low measuring d,,, Ices 5-9 Qurban
 

Cutthroat H ume:; water('ourse at Thokrlwala I Rafique 

Fre
 

Date redulcti n r',,rdinr conveyance losses, etc. 1,2 Rafique 
Preparation ,t int m; iv, interviewing 
S.cdi( l1 l f111I di.lOW111Iis sstons 3,4 Qnzi 

Packagin,, o.:tens;ion t ,n.ihing methods to 
Ifevo ; !AIn, h,Iru'gYim (Libective eva]unation
 
of ,(1hlvtlik's 5,6 Zia
 

rieli ip to Monn I Mtamtaz Awan 
(Guesr) 

iv 1aiU' inn l p(v : hiknow 1edr,,eo It n ne,, A] taf,
 
rVw'I 1arm hlnerv 1i1sley
111:11 

Nnehin'ry lo- ngr ir ul"e nnd their purposes, AlLaf, 
Ski 11F in rran ter dr-in -Iilpment 8/9 111sley 

Mav 5
 
["tcc'
 

Ha ' 6-14 
11I1 n.m to !..liI I oIedin the so of Altar, 
hinml bi In ind ri.'-tor drnwn eqOlpme"1 .1 1si ey 
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Subject Lec tures 
(Periods)* 

Field 
(Days) 

Trrainer 

May 15 
Examinat ion over Agricultural 
Discussion over the subject 

Implements I 
2,3 1/2 

AltafIllsley 
Altaf, ll1sley 

MainLen;1 ev of extension records 
and report writ ing 

DeterminItg irri.,,iat iou requtrement 
Irrigat ion schedul ing 

1,2 
3,4 
5,6 

Zia 
Qurban 
Rafique 

May 17-18 
Studying relevant le'adershp 
(initial farmer contact) 

characteristics 
2 Qazi 

May 19 
Free 

May 20-22 
Studying relevant leadership characteristics 

(initial farmer contact) 3 Qazi 

Itav 23-"4 
Watercourse losses 2 Arshad 

May 25-29 
Precision land levelling use of levels 
data collection and computation 4 Arshad 

May 26 
Free 

May 30-June 12 

Organizing a watercourse committee 
profile survey of watercourse 

and 
12 Arshad,Qazi 

June 2-9 
Free 

June 1.3-15 
,Data reduction and profile survey 

computation and plotting 3 Arshad 

June 16 
Free 

June 17 
Methods of irrigation 

Fertilizer materials availability, soil. 

reaction and production 
response 

1,2,3 

4,5,6, 

Trout 

RanJaiI 
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SuJSc L Lectures Field Trainer 
(Periods)* (Days)

Junme 1$,.
 

Evluation of basin irrigation 1,2 Rafique
 
Evahtwit ion of irrigLation at fitrtor's fields 4/5 Rafique
 

June 19-20 
Evzat at on of t'carmor Ir rigation basin 2 Rafique 

RI l rodict ion gkildol tlt's 13 Fateh 
l'V, Iat Ilon ovor pi'l,I0n8 kilo\ cdt,. 

o f t ira I os and Iitrodtc't Ioti over 

t"a r-111u nal,,O keltnajwa 4 
Farni bu 8i, anal \',1 5t6 Bajwa 
Mak I , ItI ,I r,,'ouv'olnda t ions 8,9 Ranjah 

,June .!.
 

Coutnt Ing tI'arcoszt ,8atd ott returns 
for varIous t'nt0 rl r is, 1,2 Bajwa 

prv z Ion land Itt'vt I t 314 ShawTwitty 
Pan ovalpora ion s 5ieasoreuont5,6 Qurban 

Free
 

June "I 
|Ev\'I[oat Ion ot t'aruier t'rrgaitio1i Rafique
dmtile 2.1 

Field vlst to I'ARI 1 Ranjah, Staff 

,itne '.O 

ft'li vistit to NIAll 2 Rjanh,Staff 

,tuine T-28 

Topo,.11q. Ic Survey 2 Raf ique ,Arshad 

wolea t p"odc t Ion ui do 1InLs 1,2 Fatch 
E ono1 Ic Pr Inv 1p1 es 3,4 Baijwa 

•luuv '10
 
Free'
 

Field (rip to cotton resOarch station at Miltan 2 Fateh,Staff 

11eld trip for ecolonmic anyss of farm plans 3 BaJwa 
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S~lt L Lvo t ues 

(Periods)* 

Fle ld 

(Days) 

Trrainer 

Sugarcanle prodtiction guidolines 
.f h"iellt. oralli .a I iol of 

tidividlial tt reti'ise" 
Soil sa I lln it v SAR and ES11 

3,4 
1,6 

Fa 'h 

Biwa 
Ran .ah 

F ree 

Julv 8 

Orchard c rop product ion uIdol ius 
Complete and a rt ial budget fig 

1i)ret seed r ice app Iicat iono 

I,2 
1,'. 

Fateh3 
Il ]wa 
Fatoh 

Field trip to 
t. KalIa Shalh 

rico
Kaku 

rseaci- cntre 1 FatehStiff 

Maie production guidelhins 

Narrative t1d support ie Int'ormatI 

ma rke t ing, c i'Ot' I. e. , etl c ,V,S ,1 tJWI 
Irrigation netork of Vakista 

tilt , t e 

I2 

,6 

Fat eh 

il 
(4eSt 

Julv 11-12 
Field trip to Mlai.zo Research Ceutre 

YoUtsaIwala and Cotton Research 
Institute at ultan 

at. 
Fatel,, 

fS f 3 
July 13 
Quality of irrigation water 
Summary of procedure for reeommendattons 
Canal wa ter d st rIut ton system 

1 2 
3, 4 
5,6 

Ranjab 
B.ajwa 
Ourban 

July 
Free 

1 

Julv 15 
Fodder crop (winter) production guidelines 
Vegetable product ion guidelines 
Mogha outlets and warabund: 

1,2 
3,.4 
5, 6 

Fateh 
Fatelh 
Qurban 

July 16-1 7 
Field trip for soil science 
investigation and analysis 2 Ranjah 

July 18 
Watercourse design aids basic 

equations and their uses 
inforilat on , 

1-4 Ourban 



Subj e't Lectures Field T'raliner 

)* )ay;s)
Ju lv jO -oPoriod 
Wa terourse des ign a ids 1-3 Qurban,Arshid 
Exami[nation over Soil Science (take home) 5,b Ranjah 

J uIv 20 

Ex:mina t ion over farm management (take home) 1,2 Bajwa 
Watercourse structure 4/5 Arshad 

July 21 
Free
 

T
July\ 22 - A\tt,. 5 

Topogr.phic survey of tun ilproved'Lwater'ourse For first six 
and its command reIs. G tting warahund i days QaiZ 

from ',ana 1irr igat ion depa rtment I 3 Arshad & Qurban 

ror reminng
 

July 2S A28- t. 

Au.b- ,"
 

Comput at ion of surveyCd d.atI atid preparlation 
of deasigtned she'ts for wat ercoLt se 1- Arshad,Qurban 

Examin.t ion over RtiI Sociology I-3 Q.)I.
 
Discus:s ion ,o desi g.n ofIwlro\¢.1 LIls' 4-t Qurban. Arsltad
 

Oi l seed product ion I 1-2 Fat chgu it' eles 

Ant., 1971I3 
Bench M'Iark Surv'ev of Wa tercourse, 1-4 Arsh.id 

, _IIj), . '. 

Nxamitall ion ov ,Agr i Wtr lo 1xti'nis1-1 
Inis,.ssion on the, subjeuct U i 1i1)" Zlot 

r c'iultra ZI;1

Roma 1 

day
 

Eaimi o ove prdcingulvi
I'xziii ill Li\'t' 1" il't ioil ,tui Ih'l IIltesI1:1 t tl 
O r'othdvr hollot) Fow"lt )ct'oLon, whleat . nei:t, (talkt 1-

Di sc uss in on subject 3'-( I -i'll 

.Ann,.._7 

Ii If ifCu It i es In wa i ng un iiiiproveii ni 
,1%It rCtt'~ I-"| nl,t'.lr SL tii I

((:lll'sq
) 
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Subject Lectures Field Trainer 
(Periods)* (Days) 

Aug. 18 
Free 

Aug. 19-20
 
Field visit to Mona and Chiniot 2 Qurban,Staff
 

Aug_._ 21 
Visit to Agricultural Engineering Workshop
 
and Agricultural Implements Manufacturing
 
Enterprises at Faisalabad 1 Qurban, Staff
 

Aug. 22
 
Field visit to OFWJ', research and training 

Lahore and land reclamation 1 Qurban, Staff 

Aug. 23 
Examination over irrigation, precision land
 
leveling, watercourse maintenance 1,2,3 Arshad,Rafique
 

Discussion on subject Remaining Arshad,Rafique 
day
 

Aug. 24-25
 
Free
 

Aug. 26
 
Examination over watercourse design
 
and water measurement devices, etc. 1,2 Qurban
 

Qurban
Discussion on subject Remaining 

day
 

Aug. 27-28
 
Review, critique and prepare to
 
depart for new job assignment as Westfall,
 
Agricultural Officers 2-6 Merrey
 

Aug. 29
 
Staff
Preparation to leave campus 


Aug. 30
 
Closing ceremony and distribution of Program
 

announced
Certificates to successful trainees 

separately
 

*Detailed Timing of Periods
 

Period Time Period Time Period Time 

1 0700-0750 2 0750-0840 3 0840-0930 

4 0930-1]020 5 1020-1110 6 1110-1200 

7 1200-1250 8 1250-1340 9 1340-1430 

(lunch break) 
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APPENDIX B
 

PRINCIPLES AND SKILLS TAUGHT IN THE AGRICULTURAL OFFICER
 
TRAINING COURSE AT UNIVERSITY OF AGRICULTURE, FAISALABAD
 

IRRIGATION AND DRAINAGE SKILLS
 

Survey techniques: taping and pacing, use of engineer's
 
level, differential leveling, drawing profile of watercourse
 
and surveying for watercourse design.
 

Elements of watercourse design: Assumptions, field data
 
required, general procedures', starting point, backward inter
action, treatment of culverts and model problems with solutions.
 

Cleaning and maintenance of watercourse: determining
 
needs, advantages, techniques to accomplish and advantages to
 
farmers.
 

Water measurement by Cutthroat flume: introduction, in
stallation, reading, observation and maintenance.
 

Water measurement by other means: principles for head
 
measurement, float method, weirs and flumes.
 

Soil moisture measurement: sun drying method and touch
 
and feel method, equations, computations, examples and
 
explanations for farmers.
 

Delivery losses and efficiencies: concepts, equations,
 
computations, examples and explanations for farmers.
 

Application losses and efficiencies: concepts, equations,
 
computations, examples and explanations for farmers.
 

Identification of land leveling needs and potential costs:
 
field measurements/observations, justifications, estimating
 
costs and predicted benefits.
 

Watercourse cleaning and maintenance: needs of cleaning
 
-dmaintenance, increased water supply resulting from, bene

fits to farmers and organizing and conducting a cleaning and
 
maintenance operation.
 

Improved methods of irrigation: border irrigation, factors
 
effecting and recommended size of borders, furrow irrigation,
 
length, spacing and depth of furrow and construction equipment.
 

Determining irrigation requirements: elements, equations
 
used, use of charts, calculations and amount of water to be
 
applied.
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Determininq irrigation capability: available supplies, 
how much to supply, adjustments with available time and model 

problems. 

Irrigation and crop scheduling on seasonal basis: basic 

information, computations and time table of irrigation. 

Determininq leaching requirements: basic information, 
leachinq requiroments, expected benefits, alternate measures, 
removal of excess water, affects of remedial measures and 

-.predictd bene f i t 

of level land: methods of maintaining levelMaintenance 

fields and use of proper implements to maintain level. 

Practicals
 

Water measurement by: a. float method; b. weirs; c. 

Cutthroat flume.
 
Determination of conveyance losses 
Use of engineer's level
 
Watercourse profile survey
 
Topographic survey and preparation of topographic maps 

Field trainingT in layout and construction of improved 

watercourse
 
Evaluation of irrigation practices to determine land
 

leveling needs and time farm requires to irrigate fields
 

SOCIOLOGICAL SKILLS 

Structural attributes of village organization, social,
 

economic and numerical significance of difference caste,
 

biradari and other solidary groups in the village.
 

The characteristics of caste endogamy and patrilineal and
 

patrilocal family organization, extent and bases of faction

alism, familv dispute, social and economic dominance of
 
the other, factional tendencies as
one social ,_ up over 


impediments 1i, the way of developmental activities, ways to
 

resolve these conflicts.
 

Characteristics of village leadership, caste dominance,
 

age, education, honesty, land ownership, etc.
 

Legal authority vs. personal influence in mobilizing
 

collective efforts.
 

The process of collective decision making with special
 

reference to cleaning and maintenance of common watercourses.
 

The sig-
An assessment of the felt need for more water. 


nificance of getting more water through improving the 
water

course.
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Any alternative solutions available and their evaluation.
 
The procedure for getting people to agree to the improvement
 
of the watercourse. Preparation of the plan of work and its
 
implementation.
 

Assessment of the satisfaction with the total operation.
 

Interviewing vs. participant observation as techniques
 
of gathering sociological data.
 

Interviewing helps in reporting on values, beliefs,
 
motivations and future plans. Participant observation high
lights the problems of actual implementation of a plan.
 

Practicals
 

Preparation of an intensive interviewing schedule and
 
involvement as participant observer for studying village
 
attributes and the patterns of collective decision making.
 

Studying the relevant leadership characteristics so as
 
to influence decision to clean watercourses.
 

AGRONOMIC SKILLS
 

Latest recommendations for land preparation, seeding
 
rate, seeding method, fertilizer recommendations, pest con
trol recommendations and irrigation requirements for all
 
major crops. Principles of proper crop rotations as well as
 
those commonly followed at present in canal and well irrigated
 
areas.
 

Water requirements of crops, consumptive use, irrigation
 
methods and choice of best methods.
 

Efficient use of water in relation to fertilization,
 
influences of different levels of fertility on water
 
requirements.
 

Practicals
 

Field trips to learn the position of the farmers in the
 
area in regard to the agronomic recommendation, i.e. variety,
 
cultural methods, inputs, plant protection measures, etc.
 
What improvements can be suggested to help increase produc
tion (suggestions and improvements to the farmer). Field
 
trips to cotton, rice and maize research centers and
 
production areas.
 

SOIL SCIENCE SKILLS
 

Terminology frequently applied in soil science, soil
 
analysis and agencies analyzing soil samples, criteria for
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soil evaluation. Soil sampling for fertility evaluation,
 
salinity/sodicity, and moisture determination. Management
 
of saline./alkali soils. 

Pl.ant food elements, importance, source and their defi
ciency symptoms, recommended doses of fertilizers. Fertil
izer application and efficient use of irriqation water. 
Determiniation of texture of soil in the field by feel method. 

Quality of irrigation 
irrigation water, water 
water samples. 

sam
water, 
pling 

criteria for quality 
and agencies analyzing 

of 

Practicals 

Determination of soil texture by feel method, diagnosis 
of deficiency symptoms of plant nutrients. Field trips 'to 
observe the experiments and achievement of various agencies 
working on various aspects of soils. 

EXTENSION ?'1KII,L. 

Identification of actual water management problems,
 
creation of awareness and interest in water management
 
through mass media, mobilization of local resources for the
 
solution of water management problems, principles of arrang
ing demonstrations and tours, evaluation and reporting.
 

ECONOMIC SKILLS
 

Definition, scope and goals of farm planning.
 

Farm Business Survey: Type of data required for plan
ning, sources of data, selection of area and period, inter
view schedules, interviewing farmers.
 

Farm Business Analysis: Computation of farm cost,
 
working out unit cost of production of various farm enter
prises, causes of cost variation on similar farms.
 

Guiding Principles: Law of comparative advantage,
 
enterprise and resource combination.
 

Developing Farm Plans: Analysis of existing agricul
tural conditions at farm level, locating merits and demerits,
 
application of partial budgeting technique, planning land
 
labor and water use, developing optimum cropping patterns,
 
economic comparison of old and new farm plans, need and
 
procedure to revise plans over time.
 

Practicals
 

Developing a contact with the farmer. Explaining farm
 
planning objectives and motivating farmers to participate.
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Preliminary survey regarding agricultural conditions
 
at the farm level.
 

Collection of basic data for application of a partial
 

budgeting technique. Pretesting of the farm survey schedule.
 

FARM POWER AND MACHINERY SKILLS
 

The use of agriculture machinery on small farms under
 
limited capital conditions. Use of correct piece of machin
ery to accomplish a specific land manipulation or farming
 
operation.
 

Practicals
 

Trainees to become skilled and confident in maintenance
 
and operation of power driven machinery for agriculture with
 
particular emphasis on land leveling and planting equipment.
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APPENDIX 29
 

THE ON-FARM WATER MANAGEMENT TRAINING PROGRAM AT
 
THE UNIVERSITY OF AGRICULTURE AT FAISALABAD
 

Dwayne G. Westfall, Douglas J. Merrey,
 
Qurban Al. Awan, and Arshad All 1
 

INTRODUCTION
 

The loss of water from the watercourses in Pakistan has
 
been well documented to average 47%. This loss is contribut
ing to the soil salinity and waterlogging problems as well as
 
resulting in a shortage of irriqation water required to in
crease agricultural production. The Punjab, Sind and NWFP
 
have initiated an On-Fa rm Water Management Development Project 
(OFWMDP) in which Field Teams help farmers to improve their 
watercourses and carry out precision land leveling on farmers' 
fields to improve deliverv and irrigation efficiency. After 
the watercourse has been improved the farmers must b shown 
how to use the increaseu water supply more efficiently. This 
is the responsibility of the Field Team, specifically the 
Agriculture Ofice. The University of Agriculture at Faisalabad 
(UAF) has the contract with the provincial governments to train 
the AO's for the field teams. 

DEVELOPMENT OF TRAINING PROGRAM 

As the first training program was organized and conducted
 
in the suimmer of 1977 it became apparent that this course
 
could be an important motivative factor to bring the faculty
 
at the University closer to the problems of the farmers, par
ticularly as related to OFWM. Since most of the OFWM related 
problems do not presently have satisfactory solutions a 
research program was developed to provide the University 
faculty with an opportunity to identify problems and test 
alternative solutions.
 

It was felt that the course should be strongly field
 
oriented and the trainees should be trained specifically in
 
identifying farmer's problems in the fields, conducting and
 
observing well planned demonstrations on the latest OFWM
 
techniques, organizing watercourse committees to facilitate
 
watercours3 improvement and long term maintenance, as well as
 
in the engineering skills required for watercourse improvement
 
and precision land leveling. With this in mind a research
 
proposal titled "Water Management Research Program for Rural
 

l/Agronomist and Social Anthropologist, Colorado State Univer
sity Field Party, Training Course Coordinator and Chairman,
 
Department of Irrigation and Drainage, University of
 
Agriculture, Faisalabad, respectively.
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Development" was proposed for funding by USAID in 1977. 
 Due
 
to various problems the approval of this research program has
 
been delayed.
 

When one analyzes the watercourse improvement program it
 
becomes obvious that if the water losses 
on all the 80,000
 
watercourses in Pakistan, or even a majority of them, are to
 
be decreased substantially, additional effort and/or additional
 
approaches must be initiated. Research has shown that a heavy
 
cle,-,ning and maintenance operation on unimproved watercourses
 
can cut water losses by 25%. This involves removal of bushes
 
excessive grasses and weeds and rebuilding of banks to provide
 
at least a six inch freeboard. No engineering supervision is
 
required. The major input is labor which would be provided
by the farmers. The estimated cost of this program is Rs. 0.30 
per foot. 'Fihe average watercourse is approximately 12,400 ft. 
long and serves about 400 acres. A crew of 25 men would need 
about 13 days to accomplish a heavy cleaning and maintenance
 
program on an average watercourse. The cost would be about
 
Rs. 9.3 per acre. This program is completely labor intensive.
 
As with improved watercourses the farmers must be shown how to 
use their increased water supply more efficiently so a.gricultural
production can he increased. To accomplish this the person
would have to receive training in the OFWM aspects of improved 
agronomic practices as well as watercourse cleaninq and main
tenance. 

Th,, Provincial AgIricultural E'xtension Service (AES) is 
the logical orqanization to become involved in such a program.
In the initial stages of the original On-Farm Water Management
Pr'oject proposal one field assistant per five watercourses was 
to be left behind to work with farmers on continued cleaning 
and maintenance of improved watercourses and to improve
agricul tural prodiuction through increased water use efficiency. 
Since this was not made a part of the current project it is 
therefore crit-icil that all Extension Staff in the provinces
be given this capabi.lity in order to continue to reap the 
benefits of the watercourse improvement program. 

The OFWM research and training capability of the 
University is being strenglthened to include both training of 
OFWMDIP and AES pvm,}p]e and liven the necessary research support 
,y tile ecenlt alpprvov-l] by the Pun jab Government of the PC-l 

I ,d "WaItel* Mai';lement 16h";earch and Training ProgIram f---
Riral l)evelopmenlt." for I'iii,inq by USAIl). Colorado State Univer-

I.t.1 (C1II ) will h1i 'iv adrVi.,e y responsibility. This new program
1 des traitiinl throe ps of people in OFWM skills,C)v for of 'Iou 

I ) Ari cul t:iira I )If iceers of OF10h for a 4 months c(urse which 
i.; curruntly be iig taughit , (2) Ar-icultural Offi-c r.s;/Assistants
()f it(, AIS for si: weeks and (3) iuscm-uctors of In-Service 
gtmicultural lraiLiiinq lns tittute of. AES for 41 months. Group 3 
1 1 be,: inteqratcd into [lie Agri.cul1turl Officer I:main.ing 

, so while a sf,(,cial short course will be esta bl i shed for 
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group 2. The Agricultural Officer training program has been 
taught two times previously at UAF but the new PC-i will clive 
the University staff greater field capability and experiences 
so the effectiveness of the OPWM training program will be 
increased. After the instructors of the In-Service Agricultural 
Training Institu tes have completed this 41 months of training 
we expect they wi l inte(Jrate OFWM techniques into the training 
curriculum at the Extension Service Traini nq Institutes where 
field assistants for AES are trained. This, along with the 
training of the Aciricultural Officers/Assistants of the AES 
will give each province a greatly increased capability in OFWM 
techniques. 

The research activity to support the training program
 
covers ei, ht areas: (1) Crop production as affected by irriga
tion methods, (2) Use of saline water for irrigation, (3)
 
Improved method of watercourse rehabilitation, (4) Optimizing
 
On-Farm Water Application, (5) Impact of improved water manage
ment techniques on surface and subsurface hydrology, (6) 
Extension methods to motivate farmers to adopt OFWM practices, 
(7) Testing water users associations and (8) Development of
 
farm management :ans related to OFWM.
 

CONTENT OF RAININGTI, PROGRAMS 

Interciiscipinary training programs comprising seven 
departments and nine faculty members have been developed. All 
the training faculty are also involved in the research portion 
of the PC-1. Adivsory support personnel from the CSU Field 
Party also participate in the training program (Table 1). 
The Agricultural Officer training course for the OFWMDP per
sonnel contains much more technical information than does the 
six week course for Agricultural Officers/Assistants for AES. 
Since these personnel will be involved in teaching farmers 
cleaning and maintenance and agronomic techniques related to 
OFWM they do not have a need for the engineering skills. Also 
in their every day field activity they will not have access to 
the field equipment and logistical support to perform these 
functions.
 

Agricultural Officer of OFWM Course
 

The training course curriculum for the Agricultural
 
Officers and Instructors of In-Service Training Institutes of
 
the AES is presented in Appendix I. The course can effectively
 
handle 20 trainees. It is anticipated that the OFWMDP demand
 
for each course (taught two times a year) will be from 10-15
 
people. Consequently, about nine In-Service Staff can be
 
trained during each course. The projected breakdown of personnel
 
to be trained in shown in Table 2.
 

The training course curriculum is heavily field oriented
 
(70%) where the trainees learn by doing. Past experience has
 
shown this to be the only effective method in teaching the
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Table 1. Faculty involved in OFWM training at UAF and CSU
 
support personnel. 

Faculty Department Trainer 

Agricultural Engineering Irrigation & Qurban Ali Awan 
and Technology Drainage Arshad Ali 

M. Rafique 
Farm Power & 
Machinery K. Altaf Hussain 

Agriculture Agronomy Dr. Fateh Muhammad 
Soil Science Dr. Shah Muhammad 

Agricultural Economics Farm Manage
and Rural Sociology ment M. Akhtar Bajwa 

Rural Sociology Abdul Rehman Qazi 
Agricultural Education Agricultural 
and Extension Extension M. Akram Zia 

USAID/CSU Support Personnel 

Dr. John Reuss Chief of Party 
Dr. Dwayne G. Westfall Training Advisor and Agronomist 
Mr. Norman Illsley Agricultural Engineering - Farm 

Machinery 
Mr. Douglas J. Merrey Social Anthropology - Rural Sociology 
Dr. Helmer Holje Agricultural Economist 
Mr. Dwayne Konrad Agricultural Engineer - Irrigation 

Table 2. Projected breakdown by province of personnel to be
 
trained per year.
 

Agricultural Agricultural 
Officer/ In-Service Officers of 

Province Assistant Staff OFWMDP Total 

Punjab 28 10 12 50 
Sind 16 6 7 29 
NWFP 4 2 2 8 
Baluchistan 2 0 1 3 

Total 50 18 22 
 90
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types of skills necessary. After the trainees themselves have 
performed an operation such as watercourse cleaning and main
tenance, establishinl an agronomic or irrigation demonstration, 
etc. they gain self-confidence in their ability and are not 
hesitant in performing these activities once they have been 
posted in the field. Only through practically oriented 
tralininq do they achieve the desired level of expertise. 

A,.1riCu ltural Officers/Assistaits of AES Course 

The trainin.g; course for the Agricultural Officers/Assistants 
of AES will be of 6 weeks duration and much less technical than 
the training program described above. Since the Extension Ser
vice personnel will not have access to surveying equipment,
flumes, etc., a minimum imount of time will be spent on thesesubjects. The objective of this training proqram will be to 
teach this group only the fundamental techniques of water
course cleaning and maintenance as well as agronomic and irriga
tion practices as related to OFWM. They are employees of the 
AES and upon returning to their various posts will inteqrate 
watercourse cleaning and maintenance and improved irrigation 
and agronomic practices into their proqrams. The training
curriculum for this six-week course is shown in Appendix II. 
In this course, 60% of the training time is spent in the field. 
Since most of their work would be involved in areas where 
watercourses have not been improved by the OFWMDP these people
will be trained to perform a heavy cleaning and maintenance 
program on unimproved watercourses. Research has shown that 
about 25% of the watercourse loss can be saved by this opera
tion. No engineering skills are required, just rebuilding 
banks to have proper thickness and freeboard and removal of

weeds and other obstructions in the watercourse. Pucca 
structures and linings are not included in this program be

cause of the obvious limitations of funding and technical 
skill to supervise their installation. 

SUMMARY 

The interdisciplinary OFWM training at the UAF is designed
 
to teach the practical skills that are needed in working with
 
farmers. There are two courses taught, a 4 month course con
training highly technical subjects and a less technical six-week
 
course. The Agricultural Officers of OFWMDP and instructors
 
of the In-Service Training Institute of the Agricultural
 
Extension Service attend the 4 nionth course while the Agricul
tiral Officers/Assistants of the Agricultural Extension Service
 
attend the six-week course.
 

A research project at the UAF has been developed to increase
 
the effectiveness of the training programs by providing the
 
faculty with funds to conduct field research projects related
 
to OFWM. These research program cover the major areas of
 
training and will serve as a nucleus of expertise in OFWM
techniques at the University.
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Appendix I 

Training course curriculum for Agricultural Officers of OFWM 
and Staff of in-Service Training Institutes of AES.
 

Subject Lecture Field
 
(fours) (Days) 

Irrigation 1ad Draila(e Dep artment 

Watercourse Improo\emot 2 -
Introduction to On-(;am Water Management 2 -
Units of watel. ml,ts'emulet 2 -
Flow measueiu01,. devic8. 2 -
Cutthroat. tium a,nd C-onveyance losses 4 2 
Data reduct tioivon flume measturements 

and COflVOydlle't' :' 4 -

Wa ter -ux'-;e t "t:ui'- 4 -
Field tv ijj to im.oved watercourse at 

Tikhriw la - 1 
Field trip to imjuved watocourse at 

Mona 1 
Field tri, to imiroved watercourse at 

Chinio t: 

Watercour se D'si.n 
atercours-e desiq aids 3 -

Use of levels 2 1 
Bench martk survoy 2 5 
Profile "un4Ve Of wterl.Course, data 

reduct.ion , computations and plotting 2 6 
Topograp,hic survey oC watercourse and 

its comalnal ae,1. irrLia.-tion nlopart
llelt Wal'lblll". 2 14 

Computat.ion ot ,urvoy ilt.a and prepara
tion of doesiln sheet s Co, wlterourse -

Field trip to FWM cearch and Training 
Center in 1,lhore - 1 

Evaluation ,und Impr oemt of 11:1'iqatioll 
Practices 

Methods of ikation 3 -
Water maiei . of land loveling 2 -n.tCaspects 
Precision land .1ovelin, , data collection 

and compultatlt ioll' 4 4 
Trriqation dei aids, asic information, 

eqtuations ii their uso 4 --
P ill ovalporat ion n11d consum'spti'Ve ise 4 -
Determinin i ir '.i~atmion requireiments and 

irrigat'.ion chdu I n/j 4 -

Evalualtion of ,armer'.rrigation system
and time required to irrigate 2 3 



5 3 4 

Watorcou~rse Cl villq and Maintonance 
DiffiCUttiOS, ill Imailt-aillill'. 

wa to rcour set 

Needs and beneofits of watec'ourse 

Lecture 
(Hours) 

S.," 

Field 
(Days) 

U 

TImplomlen tat ionl OL" a watercourse 
cleanling, and Inaintoenanco0 progkram11 
tcondlucted in coope ration with 

Agiriculture Extension and Rural 
Sociolou y oparitnment) "2 5 

ExIa inat io-is ,q -

b7 49 

Rural Socioloo, Departiment 

Orc.lnizinq of Watercourse Committee 

Reasons for coiservatism 
Characteristic,, of villa(c soeio

cultural ornization 
Institutional devolopment 
Personal approaches 
Evaluation of village problems and 

social relationships
Planning and oroani- iq a watercourse 

committee to accomplish a cleaningand maintenance prokr~4 n in coopera
tion with Irrigation and Drainaqe, 
Aqricultural Extension Departments) 

1 

2 
I 
1 

-

-

-

2 

1 

I 

Watercourse Cleaning, and Maintenance 
Implementation of a watercourse cleaning 

and maintenance program (conducted in 
cooperation with irrigation and Drain
age and Agricultural Extension Depart
ments) - (5) 

Examinations 3 -

-!i - (5)* 

Agricultural Extension Department 

Organizing a Watercourse 
Maintenance Program 

Extension methods 
Extension implications 

and maintenance 

Cleaning & 

in cleaning 
3 

2 
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Lecture Field
 
(Hours) (Days)
 

Convincing farmers to undertake a
 
cleaning and maintenance program 2
 

Planning and organizing a watercourse
 
committee to accomplish a cleaning
 
and maintenance program (conducted
 
in cooperation with Irrigation and
 
Drainage Department and Rural
 
Sociology) (1)
 

Watercourse Cleaninq and Maintenance 
Implementati.on of a watercourse cleaning 
and maintenance program (conducted in 
cooperation with Irrigation and Drainage 
and Rural Sociology Departments) (5) 

Agronomic and Irrigation Improvement
 
Methods and results demonstration 1
 
How to conduct a method and results
 
demonstration related to agronomic
 

and irriijati.on improvement 3
 
Packaging, c:tension teaching methods to
 
meet a single program objective and
 
evaluation of these objectives 2
 

Examinations 3 

16 (6)* 

Farm Manaqement Department 

Introduction 1 -

Farm business analysis 2 -

Computing farm costs and net returns from
 

various enterprises 2 -
Economic principals 2 -
Effective or,lanization of individual 

enterprises 2 -
Partial and complete budgeting 3 -
Narrative and supportative information 

for marketing, credit source, etc. 2 -
Summary of procedures and recommendations 2 -

Field trip on economic analysis of farm plans - 1 
Examinat ions 3 -

Aq rono. Dpar tmen t 

Crop Production Guidelines 
Cotton 2 -

Rice 2 -

Wheat 2 

http:irriijati.on
http:Implementati.on
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Lecture Field 
(Hours) (Days) 

Sugarcane 

Fodder crops 

Maize 

Oil seed 

Orchard 


Field Demonstrations
 
Implementation of a rice, cotton or wheat
 
planting and/or fertilizer demonstration
 
in the field (depending on season, to be
 
conducted in cooperation with Farm and
 
Power Machinery Department) 

Field Trips
 
Cotton Research Center at Multan 

Maize Research Center at Yousufwala 

PARI at Faisalabad 

NIAB at Faisalabad 

Rice Research Center at Kala Shah Kaku 


Examinations 


Soil Science Department
 

Soil science terminology and soils of
 
Pakistan 


Soils of Pakistan 

Essential nutrients, functions and symptoms 

Nutrient mobility in soils 

Making fertilizer recommendations 

Soil salinity - SAR L- ESP 

Quality of irrigation water 

Soil science field trip 

Examinations 


Farm Power and Machinery Department
 

Machinery for agriculture 

Operation of bullock and tractor drawn
 
agricultural machinery 


Implementation of a rice, cotton or wheat
 
planting and/or fertilizer demonstration
 
in the field (depending on season, to
 
be conducted in cooperation with Agronomy
 
Department) 


Examinations 


Grand Total of Course 


2 

2 

2 

2 

2 


2 

-

-

-

-

-


4
 

1 
2 

2
 
2 

2 

2 
2 

-1
 
3
 

1-


2 


-


2 

4 


153 


-

-

-

-

-


3 

1
 
1
 
1
 
1
 
1
 

-


-

-

-

-


r 

-


8
 

(3) 
-
8 (.3)* 

69
 

*Conducted in cooperation with other departments and time counted
 

in cooperating departments total.
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APPENDIX II
 

Training course curriculum for Agricultural Officers/Assistants
 
of the Agricultural Extension Service.
 

Subject Lecture Field
 

(Hours) (Days)
 

Irrigation and Drainage Department
 

Watercourse Improvement
 
Introduction to On-Farm Water Management
 
Project 2 

Units of water measurement 2 -

Flow measurement devices 2 -

Cutthroat flumes 2 -

Installation of flumes and flow measure
- 1
ments 


Seepage loss on watercourses - 1
 
Observation of improved and unimproved
 

,
watercourses 

Field visit to OFWM teams in Faisalabad
 

area - 1
 

Evaluation and Improvement of Farmers
 
Irrigation Practices
 
The irrigation system of Pakistan 1
 
Methods of irrigation (bed and furrow,
 

basin, etc.) 3
 
Field techniques of soil moisture
 
determination 2
 

Water management aspects of precision
 
land lovelinl and maintenance of
 
level fields 2
 

Evaluation of farmers time required to 
irrigate (before and after cleaning 
and maintenance) 1 2 

Cleaning and Maintenance of Unimproved
 
Watercourses
 

Needs and benefi.ts of watercourse cleaning 2 
Implementation of a cleaninq and mainten
ance program on an unimproved watercourse
 
(conducted in cooperation with Agricul
tural Extension and Rural Sociology
 
Departments) 2 5
 

21 1
 

,rm Power and Machinery Department
 

Agricultural machinery for land leveling 
and maintaining level fields - xl 

http:benefi.ts
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Lecture Field
 
(loursT (Days)
 

Agronomy Department 

Crop Production Guidelines 
Wheat 2 -

Cotton 2 -

Rice 2 -

Sugarcane 2 -

Maize (Grain) 2 -

Fodder crops 2 -

Agronomic implications oL increased water
 
availability through watercourse cleaning
 
and maintenance 2 1
 

Efficient use of irriqation water on 
agronomic crops 2 1 

Rooting characteristics or field crops 2 -

Demonstrations on bed and furrow making, 
planting aiidt irrigation techniques - 2

18 2
 

Soil Science Department 

Soils of Pakistan 1 
Physical properties of soil as related
 

1 to water management 
Soil salinity and alkalinity 1 -
Water quality standards and use of saline
 

2
water for irrigation -

Consumptive use calculations and water 
holding capacity determinations 2 

2 -Soil reclamation and soil amendments 
Nutrient deficiency symptoms of crops 1 -
Fertilizer requirements and irrigation 

2 relationships 


Agricultural Extension Department
 

Extension methods 3
 
Extension implications in cleaning and
 
maintenance 2
 

Convincing farmers to undertake a cleaning
 
and maintenance program 2
 

Planning and organizing a cleaning and
 
maintenance program (conducted in co
operation with Irriga-ion and Drainage
 
Department and Rural Sociology) (1)
 

Implementation of cleaning and maintenance
 
program of an unimproved watercourse
 
(conducted in cooperation with Irriga
tion and Drainage and Rural Sociology
 
Departments 1 (5)
7- (6 * 
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Lecture Field
 
(Hours) (Days)
 

Rural Sociology Department
 

Reasons for conservatism 1
 
Characteristics of village socio-cultural
 
organization 2 -

Institutional development 2 -

Personal approaches 1 -

Evaluation of village problems and social 
relationships - 2 

Planning and organizing,a cleaning and 
maintenance program (in cooperation with 
Irrigation and Drainage, Agricultural 
Extension Departments) - (1) 

Implementing a cleaning and maintenance 
program of an unimproved watercourse (5 
days, conducted in cooperation with 
Irrigation and Drainage and Agricul
tural Extension Departments) 1 (5) 

6(6) 

Farm Management Department
 

-Introduction of farm planning 1 
Concepts of partial budgetling 1 -

Economic organization of individual crops 2 
Selection of most economical crops for 

product ion 2 -

Economic benefits of increased water
 
availability through cleaning and mainten
ance of a watercourse 2 

-Economics of land leveling 2 
1-_0
 

Grand Total of Course 74 18
 

Conducted in cooperation with other Departments and time
 
counted in cooperating departments total.
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APPENDIX 30
 

THE WATER USER ASSOCIATION RESEARCH PROJECT
 
AN INTERIM REPORT1
 

Ashfag Hussain Mirza and Douglas J. 
Merrey2
 

INTRODUCTION 

A. Background: The On-Farm Water Manaqement Project
 

During this decade there has been a major change in
 

development strategy in many developing countries, including 

Pakistan. In the past there has been an emphasis on larqe
as dams and steel mills.scale capital-intensivo projects such 

While such projects have undoubtedly contributed much to in
increased the potential for furthercreasinq the GNP, and have 

development, it has become obvious that they have not substan

tially improved the employmont opportunities or incomes of the 

poor who form the majority of the population. The same obser

vation applies to the so-called "Green Revolution": while 

overall acricultural production dramatically increased, the 

benefits have accrued mainly to the large farmers and not to 

the vast majority of small farmers. Furthermore, agricultural 
years.production has staqnated acrain in recent 

In Pakistan, even before the completion of the Tarbella 

Dam Project, research on local watercourses and water manage

ment practices demonstrated that huge amounts of water are
 

being wasted, and that at a relatively low cost this water 

could be conserved and utilized for increasing both aqricul

tural production and the well-being of millions of small
 

farmers. The Pakistan Government therefore launched the On-


Farm Water Management Pilot Project. This Project aims to
 

improve water management practices, and thus agricultural
 

production, by:
 

1. 	organizing farmers to improve the efficiency of
 

their watercourses;
 
2. 	aiding farmers in precision leveling of their fields;
 

adopt better irrigation and
3. 	encouraging farmers to 

cultivation practices.
 

To help farmers reduce their watercourse losses, the
 

Government provides technical advice, and pakka nakkas, check
 
the 	farmers
structures, and pakka lining where necessary; 


sharing the watercourse must form an executive committee to
 

coordinate their efforts, and they must provide all labor.
 

1/Research carried out under USAID Agreement No. 204-77-3.
 

Technical support provided by CSU under Contract AID/ta

C-1411.
 
2/Principal Investigator, Agriculture University, Faisalabad,
 

and Assistant Professor, Dept. of Sociology, CSU.
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This project has made considerable progress in Punjab; the
 
OFWM Directorate claims over 100 watercourses completed or
 
under construction.
 

B. Objectives of this Study
 

The OFWM Project is specifically directed toward helping
 
small farmers. Because of the small land holdings a rela
tively large number of farmers share each watercourse. A
 
critical problem has been that of effectively organizing
 
farmers, especially for maintenance of watercourses after
 
improvement. Frequent and regular maintenance is essential
 
if the farmers are to reap the benefits of watercourse im
provement. University of Agriculture, Faisalabad, was there
fore asked to do a study on the possibilities of organizing
 
water users associations on each watercourse. The study is
 
divided into two stages. Stage one is further subdivided
 
into two phases. The specific objectives of phase one are to:
 

1. 	ascertain the degree of success of farmers in orga
nizing to maintain improved watercourses;
 

2. 	identify the major characteristics of rural society
 
that both inhibit and promote effective farmer
 
organization;
 

3. 	identify the types of village and watercourse social
 
organization where water users associations are most
 
likely to succeed; and
 

4. 	based on the results of phase one research, suggest
 
alternative modes of organization to be tested in
 
phase two of the study. 

In phase two water users associations are to be estab
lished on several watercourses in order to test various modes 
of organization on different types of watercourses. Their 
progress will be carefully monitored. Based on this experi
ence, the project will make definite policy recommendations 
to the Government on the most effective means of organizing 
water users associations. 

During staqe two similar research will be initiated in 
the North West Frontier Province (NWFP) and Sind, to be 
carried out by local insti.tutions in these Provinces under 
separate contracts. 

C. Theory and Assumptions
 

This report makes several assumptions. These are:
 

1. 	the reader is already familiar with the OFWM Project;
 

2. 	the OFWM Project is basically a sound and practical
 
significant contribution to
program that can make a 

rural,social and economic development;
 
3. 	the future of Pakistan's agriculture lies in develop

ment of small and medium size farms;
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4. 	the organization of farmers into larger self-managed
 
democratic orqanizations through which they can help
 
themselves socially and economically is essential to
 
the 	 future of Pakistan; and 

5. 	 organizing water users associations to enable farmers 
to more effectively maintain and manage their irri
aatior .ater is the key to the success of the OFWM 
Project, and beyond thait, the experience of farmers 
in this project may encourage them to organize and 
cooperate in obtaining credit and other inputs, 
storage and marketingi of their product and other 
self-hel" activities. 

In the past, social scientists often "explained" peasant agri
culturists' behavior in terms of their "irrationality", 
"tradition", "ignorance", and the like. However, this study 
is based on recent social science theory that emphasizes the
essential rationality of individual actors, including peasant 

farmers, within the limits of perceived social economic, and 
ecological constraints and information available to them. To
 
"explain" behavior by sayina it is "traditional" is no expla
nation at all. Furthermore, peoples' own conscious e:plana
tions of a particular behavior, while important as data, are 
usually insufficient in themselves as explanat:ions. 

This is not to say that farmers are necessarily "rational" 
in the narrow sense assumed by economists; one cannot assume 
farmers are necessarily motivated by the desire to maximize 
their monetary prnfit. In fact, people in all societies have 
various combinations of coals, which are often contradictory, 
and rarely conform to 'the western-trained economists' assump
tions (or hopes). The social scientist must attempt to iden
tify the multipliciry of factors, conscious and unconscious.
 
material and nonmaterial (culturally-defined goals and per
ceptions), which generate particular kinds of decisions and
 
lead to particular patterns of behavior. Only then can he
 
successfully design innovations, such as new forms of orga
nization, that will be perceived as beneficial by the clients
 
and 	adopted.
 

D. Methods
 

Both the Mona Reclamation Experimental Project and the
 
OFWM Project have reconstructed a number of watercourses in
 
various areas of the Punjab. Since the total number of
 
watercourses completed is small, a random sample would not be
 
meaningful; instead we are choosing an "opportunity sample."
 
In order to observe the 1evel of maintenance we have tried to
 
select watercourses that have been completed some time ago.
 
We have also tried to select watercourses that have different
 

for 	example the Mona Project watercourses
characteristics; 

are in a SCARP area, while the Faisalabad area ones are not.
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We are using four questionnaires as the basic core of our
 
research strategy. Three are completed utilizing key infor
mants to collect data on village social structure, watercourse
 
social and land holding patterns, and the process of water
course improvement. The fourth is administered to either a
 
random sample of, or all, watercourse shareholders, depending
 
on the number: generally 15-25 persons are interviewed. This
 
questionnaire is designed to collect data on the interviewee's
 
economic condition, participation in improvement, opinions and
 
perceptions of problems, and possible solutions. 

Since we are interested in gathering data on human inter
relationships--group and individual patterns of conflict and 
cooperation, dependence on simple survey methods is inadequate.
People are reluctant to discuss these matters with outsiders 
and in fact usually5 try to sup)press them. Therefore it is 
essential for our study to sulIlement the use of question
naires with more informal "participant observation" techniques.
Our Research 2'fficers therefore have spent 10 to 15 days on 
each watercourse studied. In addition to using the question
naires, they! have s)ent hours in informal d iscuss ions with 
people, trying to gain their confidence, and probing for a 
deeper understaidi nq of the interplay of human relationships 
of viilage social life. In the end this method is a compro
mize. Ten to 15 days is not einough time to completely under
stand these mat ters; yet more time cannot be spent because of 
the necessit-y of covering a slufficient number and variety of 
watercourss I o (discover the r anqe o variation, and the 
extent to which similar problems are found on all watercourses. 

E. Hypotheses 

The followinq are the working hypotheses guiding this 
research. Each hypothesis listed is based on the assumption 
of "all. other things being equal." 

1. 	 Effect of Physical Characteristics 

a. 	 Where farmers perceive a shortage of water they 
are more likely to cooperate to maintain the 
watercourse. On watercourses in shortage areas 
farmers ar-e more ]ikelv to have tried to main
tain their wa torcrourse wel1. be fore improvement, 
and the l o vel of maintenance after improvement 
.should 	 be rt iat ive ly good. Since cooperation 
amoni shareholders is (-,;s.nt:ia] for effective 
mai ntenanc'e , glo, maintenance is an indicator of 
ability -o cooperate with little or no outside aid. 

b. 	 In SCARP areas where water is relatively abundant, 
even though more water is wasted, there will be 
less cooperation to maintain the watercourse. 
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C. 	 Long single-branch watercourses will be
 
relatively well maintained as water must travel
 
further, increasinq potential losses, and more 
farmers will have a areater interest in main
tenance; watercourses consisting of several
 
relatively short branches will be relatively 
less 	well maintained. 

2. 	Sociological Factors
 

a. 	Effect of Ineoquality 

i. On watercourses characterized by qreater 
inequality in land holding (either among 
owners or amonq big owners and tenants) 
carrying cu,,t of reconstruction may be rela
tively easior hut the likelihood of long 
term organizaLion for maintenance will be 
less. 

ii. 	 The qreator tho eujality of the distribution 
of power and in Ifluence, the more effective 
will be Lonq t:orm maintenance, flowever, if 
there are no peopIe on the wItercourse who 
have influonce and respect--i .e. there are 
no constructive I eaidts--there wi.11 be 
relati vel\" less cooperation. 

b. 	 Effect of Size of Holdin(is 

The 	 greater the percentacle of small but econom
ically viable (5-25 acres) holdings, the greater 
will 	 be the interest in and incentive for main
tenance. Farmers with very small holdinqs may 
see 	 little incentive in the effort of improvement 
and 	 maintenance, and in fact often have supple
mentarv sources o income, reduc inq incentive 
further. Larcger farmers tend to get the work 
done 	 by servants and tenants who have little 
incentive to work effectively. 

c. 	Effect off Biraderi/Zat Structure
 

Patterns of cooperation and conflict will be 
biraderi-based. Successful organization for im
provement and maintenance is more likely on 
single-biraderl ,witercourses or on watercourses 
where bi rade i-, have evolved mutually acceptable 
conflict resolution mechanisms. Watercourses 
dominated by two zats or biraderis with equal 
power/influence will be highly polarized, and 
cooperation will be problematical. rheqe expec
tations also apply to sectarian divisions, espe
cially where these overlap with kinship divisions.
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d. Effect of Location on the Watercourse
 

Since middle and tail farmers tend to benefit
 
proportionally more from improvement and main
tenance they will have more incentive to cooper
ate to carry out maintenance. Where influential
 
and powerful farmers are concentrated at the head,
 
there will be siqnificantly less cooperation for
 
maintenance; where they are concentrated at the
 
tail there will be more.
 

e. 	Effect of Previous Relationships
 

Where the farmers have cooperated on other proj
ects (schools, cooperatives, roads, joint tube
wells) they are more likely to cooperate for 
maintenance of their watercourse. Where there 
is a previous history of conflict and hostility,
there will be less cooperation on the watercourse. 

f. 	"Settlers" (families who settled the canal 
colonies when the canals were built-) and "refu
gees" (families who came from India after Inde
pendence) are more likely to be able to cooperate
than the oriqinal inhabitants ("locals" predating
the canal system). For reasons that are not 
entirely clear, "])caIs" have a reputati on for 
beinq more quarre Isome and lit iqous than others. 

g. 	Farmers with qrea ter exposure to mass media, more 
educati on, cireater interaction with Government 
officials, and greater adoption of new cultiva
tion practices are more likely to perceive the 
value of watercourse improvement and maintenance 
and are more likely to cooperat, for maintenance. 

In real life, "all things beinq equal" does not hold, of 
course, behavior is tho result of a complex interaction of 
many factors. Hypotheses such as those listed above over
simplify. The value of the intensive methods we have adopted
is that they mike it possible to identify relationships and 
mechanisms that can at best be inferred or assumed in a purely 
stat istical. :;urvey.
 

F. Proqlress!- to Pat-e 

A number (of administrative problems delayed the project 
for many mont h;. ''ho research was bequn in June 1978, in the 
Mona Project ar,-a. LBy mid-August the four watercourses, two 
in the Mona airoa, and two near Faisalabad, reported on here 
had been complet-ed. As this report is written the sixth 
watercourse is nearly complete. Various factors have combined 
to delay the proloct ; monsoon rains; the theft of our office 
typewriter and subsequont harrassment of our employees by the 
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police; the involvement of the project Jeep in an accident,
 
causing injuries to our Research Officers that kept them from 
work for some time; difficulty of travel for a month while 
the Jeep was bein repaired; Eid holidays; rapid turnover in 
Research Offiers and the slow procedures that must be fol
lowed to replace them; ind furt-her administrative problems in 
gettingi the second installment ot the [inancial lorant, which 
has taken up much of the Principal Investioator's time. 

Barrinq unforeseen further delays, we hope to complete 
ten watercourses by the end of December 1978. Thus the final 
report on phase one will be based on a sample of ten water
courses.
 

G. Purpose of this Report
 

This is an interim report, written to inform concerned 
persons of what has been accomplished so far. The conclusions 
and recommendations presented here are tentative. However, we 
hope it will stimulate thouolht and discussion. The authors 
will welcome comments and criticisms of their assumptions, 
methods, conclusions, and reconmondations. We shal I Judge the 
success of this report by the quality and quantity of con
structive suoqesti ons and criticisins cenerated, and not by the 
mellifluousness of: sonas o: praise. 

PRESENTATION AND COMPAPISON OF THE DATA 

A. General Introduction and Villacie Social Structure 

Table 1 presents basic technical data on the four water
courses discussed in this report. T,o are in the Mona Project, 
SCARP II area, while the other two are in District Faisalabad 
and were improved by the On-Farm Water Management (OFWM) 
Directorate, Punjab. One of theseo has a supplementary tube
well owned by the village Cooperative Society; the other has 
no tubewell and has less water available than the other 
watercourses.
 

Table 2 summarizes the basic outline of villaqe social 
structure data in comparative form. In both the Mona Project 
villages the agricultural households are one third or less of 
the total households, whereas they form a majority of village 
households in the Faisalabad area villages. In all four 
villages a very large percentage of the agriculturalists are 
owners of their own land. Both the Faisalabad villages are 
larger than the Mona Project villaqes--Chak D is especially 
large with 658 households. Both of these Faisalabad villages 
are overwhelmingly single-caste villages, while both the Mona 
Project villages are multi-caste. Chak B is especially
 
divided in this respect. Finally, religious sectarianism was
 
not a factor in any of these villages.
 



Table 	1. Basic watercourse data,
 

Chak 	ADistt: Sargodha 


1. 	Improving organization :'ona Projert 

2. 	 Tube-dell] sSC4P f I 

;;orLh(rn :1,rastf, 

4. 	Name of dlPtriburtar, PntokalaIhaitFarehpIr 
5, 	Branches (r- rkarI) SSIn"]e, n;.e 

6. ial.or cropps 	 Kinno, whe-at, rice 

7. 	 Total rulti. area-- :1363 acres 

8. Co="arnd-d area, 1363 acres 

vi.] Thg~e
 

9. 	 .o.' ooha,€ .2 

10. 	 !o,. ';f h:tproved w/c '2 
11. Sa.p~e ",//: 	cr ...rmanded i463 acres 

12. 	Dio,'chare: Mo,;ha ; .76 cusec 

T t b-v/l- 1 . 33 cusecs
1 
7 otal 3.09 clrsecs 

13. 	 Total lerith '/9,000 feet 

(oarkarlI) 
 i 

14,. bat orr, IpletIon Octob-r 76 

pr ove.rnr
e rt

15. Date 2tisdied June 78 
1'--2.3P- cooperative tubeiell J,. 	run far less 

Chak 	 B 11rlak Ci Disrt: Sargodha Distt: Falsalabad 

Mona Project iOFw, Pun.jab 

'%"CARP 	 I I Cooperative 

.!hle1--
3 aef L,,-r .Jhang Branch 


Nortrhern -€ran ch
 

Single 


lnno. wheat, rSugarcane, wheat, 
cotton 


i674 acres 965 acres 


!674 	acres 890 acres 

!2 	 3 

2 	 13 
337 	acres 290 acres 

11.11 	cujecs 11.58 cusecs 

cueecs 1'o41 


12.61 	 cugec. 12.99 cusecs 


10,000 feet 9,840 feet 


Nay 	 77 .Deceanber 77 

July 78 July-August 78 
frequently than SCARP tubewells. 

Chak D 
f Distt Faisalabad
 

OFWM/, Punjab
 

None
 

Fakh Branch
 

!Lakhuana
 
jultiple
 

ISuxarcane, cotton, 
r.aize 

!2525 	acres
 

11825 	acres
 

14 
1 
375 	 acres 

1.48 	 cusecs
 
0 cusecs
 

1.48 cusecs
 

17,850 feet
 

April 	78 

Aug.-Sept. 78
 

I 

http:1'--2.3P


Table 2. Summary of social structure of sample villages.
 

Village Chak A Chak B Chak C 


N'o. and percent No. No,. 7 Io. 7
! 

Agric. household 70 33 ,8 27 154 55 

.on-A~gric. " 142 67 13 2 73 127 4 

Total 212 100 180 100 281 100 

No. and percent
 
Agriculturists who are
 

Aowne rs 60 86 -37 77 131 85 

rvant s 2 3 0 0 3 2 
Ckwners-Tenant 8 11 1 23 20 13 

rota 1 70 100 47 100 154 100 

li'ca Is 0 0 0 0 0 
 0 

Set lers 54 77 4P 100 153 99 

Refugees 16 23-) 0 I i 

Total 
 70 100 11 100 154 100 


of A-rc, ero. 7 - -bcastes- 11 

No. & 7 AgrIc. hougeholdg (ii ]jjar) .Int Kahoort Jat Ri ndhawa 
in lar;,est nubcafste 35 50 16 33 150 97 

2nd large.t s.ibcaqte (1a.Id) .J!t At. a r 
19 6 1 1 

i/Includes village :howkidar who get.s; 2 acres land as remijner;jt ion. 
2./Includes 3 households of I zat not engaging in agriculture at the moment. 

Chak D
 

No. 7
 

477 73
 

181 27 

,58 100
 

347 73
 

0 0
 

130 27
 

477 100
 

477 100
 

0 0
 

0 0
 

477 100
 

6 

J.ar Athwal 
450 94 

-Tat Hanjra 
12 3 
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B. Watercourse Social Organization
 

1. Social Structure
 

a. Chak A
 

Table 3 shows that despite the multi-caste nature
 

of the village, the Gujjars are numerically abso

lutely dominant on the watercourse. All except
 
two of the households have their total landhold

ings on this watercourse; these two exceptions
 
have their major holdings located on the other 
(also improved) watercourse in the village. On 
this watercourse, there are large, medium and 
small holdingis. Pable 7, on the distribution of 
size of Iandholdi-'qs in sample Vil laaes , shows 
that six farmers out cf the total. 21 own more 
than 25 acres total. The Four farime rs with the 
smallest holdings (2-6 acres) a:e a1l .ocated at 
the head. The remaining elevon are medium sized, 
ranging from 11 to 23 acres. The 1arg est hold
ings are generally' located in the middle of the 
watercourse. W-ith their la rkek),inno orchards, 
the inco..e of the larger land owners is probably 
substantial . Most of the non-7uj 32f5s' land is 
located on the t a.i1. oF the watercou se. All but 
one of the hllouseholds in this vi ] ] a'e e 
settlers. w o the three wa I e rcour_ e committee 
members from Chalk A have 1re:10 thaan 5 ar res of 
land in the middlie section of the wtercourse; 
the third has 18 acres in the tail section. The 

Numberdar, with the largest land holding on the 
watercourse, is not a committee member, but the 
third member in fact is allied with hit. 

b. Chak B
 

Table 4 shows that this watercourse is multi
caste in structure. All the major agricultural
 
castes and subcastes of the vill age are repre
sented on the watercourse, except the five 
Kariale arnd one lhokar households. liov.ever, 
three out of tlhe five KI-r i' le households in the 

villageo in fact do not- pos:;. an\' land. None 

of the l,< ;ehia households have land on thisvi a 
watercou rsa'; 112 l] ds Sunni. Thishos euo ar' 
village is predominant lv a set:tler village.
 

Nineteen of the ,32 households, ne naIi]V, (,0?, 3have 
()I more than 2!5 acres. Oftotal land ll d inO 

by" the rle that: at least7Tho,-Mona- Project is not o1Overned 
as is the OFWM75% of the farmers must own 25 acres or less, 


Project. Also, in the 1ola] records, many of those heldings
 
than one person.are undoubtedly in the names of more 
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Table 3. Chak A watercourse 	structural attributes.
 
S. 	 MIajor Sub- N.o-f Settle 

No. 	 Caste Caste house- Religious ment 1 Tenancy
holds sect 
 status status
 

1. Gujjar Same 15 Sunni Settler Owners 

2. MalIk Khokar I Sunni Settler Owners 

3. Savved Same 2 Shia Settler Owners 

4. Rajput Raja 1 Sunni Refugee Owners 

Jat Jaisak 1 	 Sunni Settler Tenant
 

6. 	 Muslim Same I Sunni Settler Tenant
 
She ikh
 

Total 	 21 Sunni 19 Settler 20 Owners 19 
Shia 2 Refugee 1 Tenant 2 

1/Settlers are those who settled the village during British times as
 
part of the colonization schemes.
 
Refugees are persons who came from India as a res,!l t of Partition. 
Locals are original inhabitants. predating thc caiui l system. 

Table 4. Chak B watercourse 	 structural attributes
 

Total No. Settle-

S. M,or Sub- of house- Religious ment Tenancy
 
No. Caste Caste holds sect status status
 

1. Jat Kohoot 10 Sunni Settlers All owners
 

2. Jat Attar 3 Sunni Settlers All owners
 

3. Jat Bore 2 Sunni Settlers All owners
 

4. Jat Mekan 1 Sunni Settlers All owners 

5. Jat Badhor 3 Sunni Settlers All owners 

6. Jat Jatriane 2 Sunni Settlers All owners
 

7. Jat Marth 1 Sunni Settlers All owners
 

8. Malik Tiwana 5 Sunni Settlers Mixed 

9. Arain -	 1 Sunni Refugees Owner 

10. 	 Kasai - 1 Sunni Settler Tenant 

11. 	 Musalli - 1 Sunni Settler Tenant
 

12. 	 Tarkhan - 1 Sunni Settler Owner
 

13. 	 Jat Mianey 1 Sunni Settler Owner 

Total 32 Sunni Settler 31 Owner 25
 
Shias Migrant 1 Tenant 2
 

Mixed 5
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these the largest holding is 80.5 acres, but ten
 
are owners of 50 acres or more. However, only

three of these own more than 25 acres on this
 
watercourse. Two of these, one Bore (38.5 acres)
 
and one Tiwana (31 acres) have all their land on
 
this watercourse whereas the third, a Mekan, has
 
40.5 out of his total 50 acres on this water
course. These three were watercourse improvement
 
committee members. The fourth committee member,
 
a Jatriane, owns 14.5 acres on this watercourse
 
out of a total 50 acres. Thus it appears that
 
size of land holding was a major criterion in
 
choosing watercourse committee members.
 

c. Chak C
 

This is basically a single-caste village and
 
watercourse. Table 5 shows that all the land on
 
the watercourse is owned by Jat Randhawas; there
 
are one Arain and one Mochi tenant. All but the
 
Arain are settlers. Two of the Randhawa are
 
Ahl-e-Hadith and three are Shia, but informants
 
say there has never been any religious conflict
 
in the village.
 

Only three farmers have total holdings larger
 
than 25 acres; but one of these, the Arain, is a
 
tenant. The largest holding is 37.5 acres; all
 
of this land is on the watercourse under study.

All of the other holdincgs are small, but not so 
small as to be economically nonviable. Nine 
farmers have some land on other watercourses, but 
even these farmers' major holdings are on this 
watercourse. Presumably this dependence on one 
watercourse encourages a greater commitment to 
the efficient operation of this watercourse.
 

d. Chak D
 

Table 6 shows that all the shareholders on this
 
watercourse are Sunnis, locals, and own the land
 
they cultivate. One Jat subcaste, the Athwal,
 
dominates the watercourse. Forty-eiaht of the 
56 shareholders have all their land on this 
watercourse. The holdings are qenerally small: 
there are 11 medium sized holdings (12 to 24 
acres). Of these five have a greater part of 
their hoidinqs on another watercourse. There are 
just three holdings of 25 or more acres; and 28 
(50%) holdings of five acres or less. 
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Table 5. Chak C watercourse structural attributes.
 

No. of Settle-

S. Major Sub- house- Re Igious ment Tenancy
 
No. Caste Caste ho lds sect status status
 

1. Jat Ra odhawa 20 Sunn i 15 Owner 16 

AlIe- 2 Settler Mixed 2 
Had i th 

Sh ia 3 Tenant 2
 

2. Ar in Ara in 1 Sunn i Re fugee Tenant 

3. Mochi Mochi l Sunni Settler Tenant 

Total 22 Sunni 17 Settler 21 Owner 16 
Ahl-e-liadith 2 Refugee 1 Tenant 4 

__ Shia 3 Mixed 2 

Table 6. Chak I) watercourse structural ittributes. 

No. of Settle-

S. Maj or Sub- house- Religious ment Tenancy 
No. Caste Caste holds sect status status 

1. Ja t Athwal 46 Sunni loca I Owners 

2. Ja t Hanj ra 6 Sunni Loca I Owners 

3. Jat Isra 2 Sunni Local Owners
 

4. Jat Saboke 1 Sunni Local Owners
 

5. Rajpur Kharal I Sunni Local Owners 

Total 56 
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e. Comparison: Size of Land Holdings
 

Table 7 shows the distribution of size of land
 
holdings, both on the watercourse and total size
 
for the four sample watercourses. Both of the
 
Mona Project villages have relatively high per
centages of large holdings. Both of the OFWM
 
villages are well within the eligibility guide
lines, having small percentages of farmers with
 
25 or more acres. However there is a major con
trast between the two Faisalabad area villages:

while the Chak C watercourse has no farmers with
 
uneconomically small (less than five acres) hold
ings, in Chak D half of the total holdings are
 
below five acres.
 

f. Comparison: Distribution of Power and Influence
 

We used a formal technique to elicit data on
 
sample farmers' perceptions of the "power and
 
influence" of other farmers on 
the watercourse.
 
Briefly, we asked each person to rate all the
 
others on the watercourse on their influence
 
within their village and biraderi, and with 
Government officials, then scored the responses
 
on a zero to four bas:_s. The higher the percent
age of a person's pos!sible score achieVed, the 
qreater is his influenc (see Appendix for a 
discussion of t he method in more detail). 

The "Centrality Ratio" refers to the percentage 
of farmers achieving 60% or more of their pos
sible score; the higher the uercentage, the 
larger the percentage of farmers who are per
ceived as influential by their fellow shareholders.
 
The "Concentration Ratio" refers to the percentage
of farmers' scores, beginning with the highest,
whose sum equals one half of the total power and 
influence score of all shareholders. The closer 
this percentage is to 50, the greater is the
 
eguality of farmers' influence.
 

In Chak B as Table 8 sows , no one is perceived 
,1; havino any siqnifi cant influence, either 
witlhin the ville, or with oN.vernment officials. 
This is consist ptnt with the extremely fragmented, 
multi-bitrade-i . ;t1uc1ure of the villaqe and water
course. Chal C exhihits the hiqhest percentage 
of persons wi th -,iqnificant influence in their 
village and hiraderi (31.8%). Furthermore, un
like the other three watercourses, no one in 
Chak C is perceived as having zero or negligible 
influence: all conuand at least some respect 
among their fellows. 



554
 

Table 7. Distribution of size of land holdings on sample watercourses.
 

Size of land holdings Chak A - Cha k B Chak C Cliak D 

On sample watercourse No. % No. % No. % No. % 

25 acres or more 0 28.6 4 1.2.5 3 13.6 1 1.8 

12-24 acres 10 47.6 14 43.7 10 45.5 6 10.7 

5-11 acres 2 9.5 4 12.5 7 31.8 12 21.4 

Under 5 acres 3 14.3 10 31.3 2 9.1 37 66.1 

Total 1 21 100 32 100 22 100 56 100 

Total land holding 
25 acres or more 8 38.1 19 59.4 4 18.2 3 5.4 

12-24 acres 8 38.1 8 25.0 10 45.4 11 19.6 

5-11 acres 2 9.5 5 15.6 8 36.4 14 25.0 

Under 5 acres 3 14.3 0 0 0 0 28 50.0 

Total 21 100 32 100 22 100 56 100 

Table 8. 	 Summary and comparison of power and influence Oil sample 

watercourse. k_ BT' Ch k A\ .... .. . .... chak C. Chak D 
Village/ G;ovt. Village/ Covt. Village/ (;ovt. Village/ Govt. 

_ (ff. der i Biraderi Bi rader__Biraderi ir, a Off 	 Off. Off. 

Centrality 19. 197 0 0 31.87 13.67 11? 5.35% 

Ratio1 (4/21) (4/21 (7/22) (3/22) (6/56) (3/56) 

Concentration 19" 14. 3 21.9% 15.6Z 36.3% 22.7Z 277 14% 

Ratio 2 (4/21) (3/21) (7/32) (5/32) (8/22) (5/22) (15/56) (8/56) 

i/Percentage of farmers achieving 60Z or more of possible score. 
to half the total power/inf luence score.2/Percentage 	 of farmers score equal. 

Table 9. Institutional services available in viilae. 
Service Chak A Chak B Chak C Chak D 

1. On pakka road yes 	 - yes yes 

2. Bus stop yes 	 - yes 

3. Train station 
4. Boys' primary school yes yes yes yes 

-yes yes
5. Girls' 	 primary school yes 
- - yes 6. 	 Boys' middle school 

- yes 7. Girls' 	 middle school 

- yes 8. Boys' high school yes 
9. 	 Girls' high school .... 

- yes -10. Medical dispensary 
- yes -11. Veterinary dispensary 

yes 	 yes 	 

- yes 
12. Bank branch 

-13. 	 Cooperative Society 
yes yes yes14. 	Post Office yes 

- - yes yes15. 	Fertilizer Agency 

yes yes
16. Resident Field Assistant yes 	 yes 


_Z_ yes __
17. Electricity 


10 5 15 5
 

8 6 10 10
 
Total 

Miles from nearest city 
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Chak A has the second highest centrality ratio
 
on the village and biraderi parameter (19%), but
 
the highest on the influence with Government
 
officials parameter (19%). Chak D has a rela
tively low centrality ratio on both parameters.
 

The differences among the four villages in con
centration ratio is less significant: in village
 
influence the highest is Chak C (36.3%), the
 
lowest Chak A (19%). Influence with Government
 
officers is generally concentrated in even fewer
 
hands than influence within the biraderi. 

2. "Progressiveness" of Sample Farmers 

"Progressiveness" is very difficult to measure. In
 
general the concept refers to openness to new ideas,
 
willingness to experiment, and a desire to improve
 
one's way of life. One indirect measure of the over
all progressiveness of a village is to look at the
 
institutional services available. Table 9 shows that
 
Chak C has the most services, followed by Chak A.
 
The other two villages have significantly fewer
 
services. There seems to be no correlation between
 
availability of services, and differences in the 
number of large land holdings or distance from the 
city. 

We have also tried to measure "progressiveness" of 
sample farmers by examining their educational level,
 
and use of radio, since these are frequently asso
ciated with willinqness to modernize. Education
 
above the nrimary level is likely to be indicative 
of progressiveness; primary education is probably 
insufficient to chancre attitudes since persons with 
a primary education are often functionally illiterate. 

Table 10 shows that the educational achievements of 
sample Farmers are consistent with the number of 
institutional services available in the village: 
Chak C and Chak A respondents have sicni ficantlv 
higher educational levels than the other two villages; 
fewer than ten percent of the Chak D farmers have 
any oducation at il. Table 1i., showing frequency of 

radio listening b)y sample farmers, is also consistent 
with the above tr-ends, but not decisively so. 

The final measure of "-rogiressiveness" we have ex

perimented with involves asking sample farmers about 
the helpfulness of ten kinds of government employees 

they are likely to come into contact with. Their 

answers were converted to numerical scores and added 
which againtogether. Table 12 gives the results, 

While over 70%
are consistent with other measures. 
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Table 10. Distribution of sample farmers by educational achievement.
 
A B C D 

Education compreted No. %J No.% No. % No. % 

None 4 26.67 4 25.00 2 11..77 20 90.91 
Primary (1-5) 2 13.33 7 43.75 1 5.88 0 0 

Middle (6-9) 3 20.00 3 18.75 8 47.00 2 9.09 

Matriculate (10-11) 4 26.67 1 6.25 4 23.53 0 0 

F.Sc/F.A (12) 0 0 1 6.25 1 5.88 0 0 

Graduate (BA/B.Sc) 2 13.33 0 0 1 5.88 0 0 

Total 15 100 16 100 17 _10 22 100 
Total middle or 
above education _ 8 60.00 5 31.25 14 82.35 2 9.09 

Table 11. Use of radio by sample farmers.
 
Times listened A B C D
 

in a week No. % No. % No. % No. %
 

Frequently 4 26.67 6 37.50 8 47.06 2 9.09
 

Sometimes 3 20.00 1 6.25 2 11.77 0 0
 

Never 8 53.33 9 56.25 7 41.17 20 90.91
 

Total T 5 00 16 100 17 100 2'2 100 

1 

Table 12. Sample farmers' percep tions of 
A 

hus pfi
B 

l nos qs of ;overumn t: 
C 

serv ices. 
D) 

Score No. No. No. 7 No._ _ 

Very helpful (10-22) 4 26.7 0 0 6 35.29 3 13.64 

Some help (5-9) 7 46.7 7 43.8 6 35.29 8 36.36 

Little help (1-4) 4 26.7 9 56.2 3 17.65 7 31.82 
None/harmful (0 or below) 0 0 0 0 2 11.77 I 4 18.18 

Total 15 l0O 16 100oo 17 0 0 22 I00 
1/We asked farmers to rate the helpfulness of the following: Agricultural
 

Officer, Field Assistant, Bank/Credit people, Cooperatives Department, 

Revenue Patwari, Canal Patwari, Zilidar, Canal SDO, Overseer, Watercourse 

Area Team, Watercourse Committee. The answers were scored as very 

helpful = +2, harmful = _, no contact or no help or harm = 0, +1 and -i 

were also used for less extreme statements. The scores awarded to each 

service by each respondent was totalled.
 

Table 13. jo ranking.Summaryof ressiveness" 
Ranking
 

Parameter 
 1 2 3 4 

DI BI
 Avail Institute Services C A 

D
Educational level C A B 


Frequency Radio listening C B A D
 

Helpful Government Services A C D D
 

Overall rank (score) C A B D
 
(15) (12) (8) (6)
 

= 

Scoring: Each instance of rank No. 1 = 4, No. 2 3, No. 3 2, No. 4=1. 

Maximum score is 16, minimum is 4. 
I/Chaks D and B rank equally on institutional services so both are 

awarded 2 points. 
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of the respondents in both Chak C and Chak A rated
 
Government services as of some help or very helpful,
 
50% or fewer of the respondents in the other two
 
villages rated government services so highly. It is
 
notable that in both the Faisalabad villages some
 
farmers rated government services negatively-harmful-
overall, while no farmers felt so negatively in the
 
Mona Project area.
 

Table 13 shows the ranking of each village by the
 
four "proqressiveness" measures used, and the ranking

"score" achieved: it shows Chak C ranking as the
 
most "progressive" followed by Chak A, Chak B and D.
 

3. Intergroup Relations Before Improvement 

In order to predict the likelihood of success of a
 
watercourse improvement program (or any otier social
 
action program) it is necessary to understand the
 
basic relationships among key individuals and groups.
 
Therefore, in this section, short descriptions of
 
these relationships are presented.
 

a. Chak A
 

Even though the Gujarj are numerically very 
dominant, Chak A is still a multicaste village. 
However, the existing factions are not based 
completely on caste structure. There are two 
leaders in the villaqe who, in order to achieve 
dominance, have organized factions around their 
personalities. "X" is a reliious-minded person 
who is interested in welfare-oriented projects. 
All of his land is on the other watercourse. One 
day we observed that he was personally supervis
ing repair of the link road and also construction 
of a kacha link between the metalled road and the 

seemsvillage. By and large, his support to come 
f-om small farmers and kamis. 

The other major leader "Y" is a graduate (B.A.) 
and believed his education qualifies him as a 
leader. 1-e projjcts an image c,f "progressive
ness", and has successfullY cultivated relations 
with various Government officials, though both 

have influence in the Government.leaders claim to 
Both are relatively large owners and commercially 
oriented pro( ressive farmers. In general, the 

larger farmers tend to support Y. 

Both of them use every opportunity to enhance 
their own reputation at the other's expense--or 

at least to blacken the other's reputation. For 

example a man recently put a drum into the 
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distributary to obstruct the water flow and thus
 
steal extra water. Leader Y is said to have
 

rej; ,rted this to the Lolice, with the claim that
 

he .4as 
man, h! 

>'s man. 
-la .,s 

Alrhouqh X has beenl 
that ht had no haid in 

helpinci 
his 

this 

obst ruc-t- ;i the te-ater. 

r of water
couise, v turned to be 
Sini la 1. , dul i'in imlir,)vem nt-'W thc- first 

seiv-d meals wh ich out 
insufficient: ii,(iani it ','.The next time X served 

dand pointedl ' rejparit a s1r1 ]us. The intention 
was to dcinonstrat- ins sul..riority to the other. 

In the facti(,,al I int-ti,}, about 35 percent of the 
Gujars a ii Y's olouj , w.:hich besides the ral ik 
Khok ha rs, includes t ne Sa,.ids and tihe Jaisak Lat. 
One reason fo1- the s} I it amonnq the Guijars is that 
there s nrr I (d1uai leader w.;ho toifnolt iv l- wants 
establish his oVn 1(, e 'rshi,, and has aLlied him
self v.ith Y. lie tcic is a bici owner and has influ

ence ii the Cc\vernmeiit bur,-aucracy. _iunlificantly, 
unlike the otlher t-io , - II of his land is on the 
sample ereo,;rse Halie is t hereforo not forced 

overto cootorat(- ir comie t e wit h the other t'.:o 
water-courI-C-r ,at .d i.,.;tltes
 

The tens ,)n 11L t:.e ntt two roun. is very active 
but has not VtO;ulted in any' fights or even public 

the reportead to plotincidents. Both leaders are 
behind t-he sk,'nes to r-educ'e the res ie and 

honor (izzat) and thus the number of Followers of 
the other ; bt the lif ferncos, do not prevent 

them from cooperating on ioad and watercourse 
construction and maintenance, or from oresenting 

an appearance of unity to outsiders. 

An undercurrent of t(,nIsioii and hostil ity was also 
th part o)f the sinall farmers aqainstnoticed on 


the bi( and the influential. This is not. insep

arable from the fact ional division a.! noted above. 

The small farmers comp,]ained of manipulation by
 
have officersthe influentials to Ge\oernient act 

in their favoK. As .oxamiules, the small owners 

pointed out that buFfalo haithing tanks were built 

near the deras of the influentials. Of the total 

five on the two watercourse.; in the vil1 lage, they 

say three were built very close to the deras of
 

each of the three most influential farmers, for
 

their exclusive use. Small farmers also complain
 

that the bigr landlords manage to get tubewell
 

water during "rest" periods wherea, the tubewell
 

water supply for them is interrupted even during
 

their normal running times. Again, this tension
 

between the small and large owners is not public,
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and does not prevent cooperation on projects or
 
presenting a unified front to outsiders.
 

b. Chak B
 

The level of tension and hostility among some of
 
the Jat subcastes seems very high at both the
 
village and the watercourse level; one of our 
research officers noted that even the children 
rarely play in groups, apparently because of the 
tension. liowever, the villagers were reluctant 
to discuss these matters, and in the short time 
available, we were unable to penetrate their 
defenses and learn the details of their disputes. 
The Attar group is divided four households versus 
two over a land dispute, whose details are not 
clear. The Kariale and the Bore have each taken 
separate sides ir this dispute as a result of a 
long-standinq competition for influence in the 
village. There have also been several murders 
in Chak B resulting from these inter-biraderi 
disputes, but our data on these are also contra
dictorv. Some smaIler farmers (and tail farmers) 
expressed unhaqppiness i.th, and fear of, :some of 
the larger owners. The absence of al',' in fluen
tial leaders, as discussed in the power an, 
fluence section above, is both a result ,. in 
indication of the re,)t ionship among the ,-si
dents of this village. 

c. Chak C
 

This village is dominated by Randhawas. The 
Randhawa are not divided into named or bounded 
groups and emphasize their unity to outsiders. 
However, in fact, two "groups" have formed around 
two men competing for leadership in the village. 
Only one of these has 1and on th is watercourse; 
the other ha. land on ot-her watercourses . Both 
men are cousins (mother's brother's son/father's 
sister's son) . Thei: competition led to one 
incident eiqht years awo in which shots were 
fired and several men wounded, leading to a 
court case. 

Chak C has a Cooperative Society established 
about 60 years acio with contributions of Rs.10 
to 20. During the 1960's the Society invested 
Rs.40,000 on three tubewells at the heads of 
three watercourses in the villaqle; shareholders 
buy water at a rate o i Ps.4 per hour. Five 
thousand rupees was also sprint on bu.ilding a 
girls' primary school, and 5,000 on the Union 
Council office. in addition, loans have been 
made to farmers. 
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The Society is under the control of one of the 
competing leaders (the one not on the sample 
watercourse) and is another issue dividincy them. 
There is difficultv in recoverincl farmer loans, 
and the opposition to the controllinq leader say 
they wish the Society to be dissolved. Some 
accuse the Secretary of the Society of misuse of 
funds, claimino he refuses to show the financial 
records to them. This tension has, however, had 
no effect on watercourse improvement or the 
ability to cooperate to maintain the three im
proved watercourses in the villaqle. 

d. Chak D 

The dominant subcaste, the Athwal, are divided 
into two factions. 'rhe larger group is led by 
one of the four numberdars in the village. Thouiqlh 
he has the nominal support of perhaps 90% of the 
Athwal, much of it is apparently not very com
mitted. The other faction, though smaller, is 
led by an "obstructionist" who is willing to use 
violence tc intimidate others and achieve his 
ends; and he is said to have a great deal of 
influence with the police. Most people are there
fore afraid of him. le abducted the dauqhter of 
the leader of the other group which led to a 
shooting incident about seven years aco, resultini 
in injuries on both sides. Ten people were
 
charged by the police and have spent time in jail; 
their cases are still beinq appealed. 

The leader of the. larger group has attempted to
 
comoromise, by attending prayers at the death of
 
a member of the opposition party, for example,
 
and also by offering to settle the court cases
 
between them. These attempts have failed and the 
two groups do not attend each others' marriaqes
 
or funerals.
 

Another numberdar, a watercourse committee member,
 
is the former chairman of the Union Council and
 
presently a member of the "Rabita Committee." lie
 
projects an image of "progressiveness" and is
 
credited by some with having tried to brin im
provements to the village. He tried to get a
 
girls' primary school and electricity for the
 
village while Chairman of the Union Council, and
 
contributed land for the building of the boys'
 
Primary School and for the Union Council building.
 
This apparent "progressiveness" led to a vote of
 
no confidence in him in the Union Council because
 
of resistance to establishing a girls' school. He
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has also tried to bring about compromise in 
above conflict but one of them refused, so 
remains aloof from this conflict. 

the 
he 

Neither of these numberdars is a strong leader, 
able to control his followers; hence the larger 
faction is not a bounded or unified aroup in any 
se-se-,. There aro jealousies and competition even 
within thle group. Much of the tension and con
f1iet is individual-based; and cooperation on 
joint projects is difficult because they do not 
have an\ effective mechanism for resolving dis
putes and controll1 obstructionists. 

4. 'the Process of atercourse Improvement 

a. Chak A 

The other watercourse in Chak A was among the 
first improved by the Mona Project. Its success 
led three farmers on the sample watercourse to 
apply to the Mona Project for renovation in 
Auoust .1976: these three subsequently became the 
com:i i tl t merabers. 

Ta'd'M0 1.1 'evea Is that the maor i tV caste has two 
reOresent ati\-es o:- the coinni t tee. Two 1-embers 
aric ,uou. tl' ,,v,ovt it !u utial men on the water
course; the third, tho,h not \-Orv iluential
Ihii'o If , i , a .- o reoIa tie of thiie num Ir rda r. 

no sayi is a
and thereforex 
kof the Colmlitt.t 

olose friend aid
-i lso assoc:iated 

-lly of leader Y,
\with =,:the Chairmanl 

iLtt lined sootion was not in ithe original WAPDA 
plans (oven thou,1h it. passes througih the villaqe), 
The watercourse members themselves decided that 
they" would pay for pakka nakkas provided the sec
t-ion of the w,'a-oroourso through the villaae. \as 

liiid instead, VAPDA acreed tthis, 

Thc ,ceneral formr1a oviid in, , tH1e imlrovement 
work wa, a.-si-nments in proportion to land hold
illo. The cI mi ttee o\versaw all otf the ork. TwoIer .'tinOswl'e hold: one or " fixation of 
the poa-o f }ak!\a nu11 as "Ink, one to mak e a 

I 
dee il hmviuo a lined 
tpakka nakkas. 

'l'eve\ ',.no ,. ~lu tiapt c 
There was, l armer., ,thlil I:1oipo'mn 

Section and 

nfict aj ljjj 

rjcVt 

navinI for 

tile Chak A 

e 

qlrd to itl't ol decii1, a hae in the water

cours0 r'ou0te, one farmer opposed it, but later 
,reed , theuqh unhappi iv. This was a man owninq 
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20 acres of land split into two parcels, 16 acres 
at the head and 4 acres in the middle. He lost 
some land as a result of rerouting while his 
brother qained. He considers the change illegal 
and complained to the researchers, but had not 
pursued the case further. 

Although the leaders of Chak A claimed that de
cisions were taken by simple majority vote rule, 
small owner informants claimed that decisions 
were made not by a voting rule but by committee 
members who, along with other influentials, so 
dominated the situation that free expression was 
not possible. All decisions were taken by the 
committee which was dominated by the most powerful 
farmers in the village. 

This watercourse also irrigates portions of nine
 
squares of land at the tail located in another 
village, "E". There are 27 E farmers on the 
watercourse, div\ided into four different castes. 
All of them seem to be small land holders, with 
little or no education. 

Althouoh the E channels appear to be mart of the 
"sarkari khai" (the Mona Project maps are contra
dictor}" on this ;oint) , this ;art was left unim
proved. Then contacted, the farmers of E claimed 
that before the imnrovement bean they -. ere told 
their porticn would also be .impro ved, and there
fore one committee memoer was selected from among 
them. The I' farmers did their share of the work 
but when the work was completed up to t-he end of 
Chak A land and the beginnino of theirs', the 
Mona Project personnel refused to extend the con
struction further. The !,Iona Project people we 
contacted claimed that the F farmers were not 
willina to imi:urove the tail portions irriciating 
their land. However, informants in Chak A sup
ported the vie,,oint of the F farmers. 

Another reason von byIi Mona Project ,People was 
that onl\y the ma i channel was to be imuroved 
under their p]ans and lF's portion was considered 
to be a branch i nel ji e the other t\.o branches 
in Chak A and hence not imuroved. The F farmers 
exprcssed qreat dissat.isfaction and claimed that 
they a-e suffor in from a severe water shortage. 
They claimi that hey iet- less-. ;a te t-han before 
improvemeilnt; some of them triLed to improve their 

watercniOu so themse.ylves, but without success. 
Futhel, they accuse two Chak A farmers (both com
mittee members) of stealing water during their 
time and claim the tubewell i.s shut off during 

their time. 
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The Chak A leaders, who refer to the E farmers as 
"jangalis", may have played a role in misleading 
them. The E farmers certainly believe this to be 
true. Be that as it may, our research assistants
 
arranced a meetino between Mona Project personnel 
and these IL:farmers, but it appeared they were too 
divided ,mong themselves to cooperate on a heavy 
cleanin, ind maintenance project on their portion 
of the .<to ren rse. The E farmers are not in
cucieod H (1r random samnIle as we learned of them 
On1 lv nOii thc end ofT our stay' in Chak A and their 
colmitt,,, representative was not available. If 
they had been included, the generally positive 
image of this watercourse would have been some
what reduced. 

b. Chak B 

On this watercourse the farmers were apparently 
pursuaded by the Mona Project extension staff to 
improve their watercourse. The first meeting of 
the watorcourse members was held in December, 
1976; then an application for renovation was 
filed on January 18, 1977. The criteria for 
select in of the vjatercourse executive committee 
members are unclear, but as discussed above, and 
as the data summnorized in Table 15 suggest, size 
of landholding seems to have been the main cri
terion. No chairman was ever selected. The 
Mona Pro ,ict staff apparently nominated the mem
bers in a cioneral meet nc. The largest subcaste, 
the Kahe *ct.,is not reoresented; nor wore the 
farmers at the tail of the watercourse repro
sented directly. Three of the four: members have 
the three hiahest scores in biraderi' ,i llace 
influence. 

Table 16 lists the decisions during watercourse 
improvement that led to controversy: 

i. The four farmers who opposed cutting of the 
trees are from three different biraderis and 
located at the -,ead, middle and tail. All 
four have relatively large landholdinas. The 
main argument the, put forward is that the 
trees are Government roperty. Ultimately 
all agreed to remove their trees except one, 
a Kahoot owning land at the head of the 
watercourse.
 

ii. WAPDA decided digging for kacha improvement
 
should begin at the tail; four head farmers 
were opposed but finally cooperated in the
 
digging.
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iii. 	 A dispute arose between two farmers, a Bore,
 
and a Badhore, over the route of the water
course in the middle sections; the Bore
 
claimed the old route was wrong, and the
 
watercourse should be rerouted through land
 
belonging to the Badhore. 
 Two other farmers,
 
a Badhore and a Kahoot, apparently supporting
 
the Badhore, proposed the work continue on
 
the old route, but the Bore refused until the
 
case was settled. Ultimately the Irrigation

Department was called on 
to make a decision,
 
which was made in favor of the Bore; 
that is,

they sanctioned the new route. Mona Project
 
personnel supported this decision and the
 
watercourse was built on 
the new route. At
 
the time of our research, there was still
 
bitterness between the Bore and the Kahoots
 
(who had strongly supported the Badhore, in
 
pursuit of their own aims) over this incident.
 

iv. Three farmers, two Kahoots and a Badhore, all
 
with relatively large land holdings, opposed

the WAPDA plans in regard to the number and
 
location of pakka nakkas, hoping to get more
 
for themselves. Informants say Mona Project
 
personnel compromised to settle the dispute. 

Two farmers also did not do their share of the 
work on kacha improvement, but others did it for 
them, so this did not lead to trouble. It is 
notable that, as Table 16 reveals, most of the
 
obstruction and conflict was initiated by head 
farmers. Some informants also complained that 
committee members were partial toward their own 
supporters, and the influential farmers were 
favored by the W?.PDA personnel, who exempted one 
farmer from cutting his trees, and allotted addi
tional nakkas to certain farmers. It is diffi
cult to judge the extent to which these accusa
tions 	are true, because the high level of 
animosity and jealousy amonq the Chak farmersB 
leads 	to a tendency to try to tarnish the reputa
tion of their competitors. 

To conclude, we may say that the process of im
provement was accompanied by a qreat deal of con
flict. This is not surprising in view of the 
pre-extstinq tensions among the various biraderis 
in this villacqe. 

c. Chak C
 

Improvement of this watercourse was initiated
 
because of the effort of one farmer, the largest

landowner on the watercourse: after seeing an
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improved watercourse in Thikriwala, he convinced
 
others of its benefits. The improvement loca
tion, and uprooting of trees, were initiated in
 
August, 1977.
 

Table 17 presents the data on the characteristics
 
of the committee members. Three of the four mem
bers have the highest scores in power/influence
 
within their village/biraderi, and these are the
 
only three with scores abovn 60% in influence 
with Government officials.
 

The fourth member has little influence, and is 
the only member with land at the tail. In fact, 
five of the seven persons scoring high on power 
and influence have their lands at- the head of the 
watercourse; another has his land at both the 
head and middle; and the seventh has land in the 
middle. Two of the committee members made most 
of the decisions pertaining to watercourse con
struction themselves; and no one expressed any 
dissatisfaction with their decisions. 

During construction, the only controversy that 
arose was one farmer's refusal to cut a valuable 
jamun tree on the watercourse route; when OFWM
 
stood firA that it must be cut in order to con
tinue, all the other farmers convinced Lim to 
remove the tree. We may conclude, then, that
 
the process of watercourse improvement was re
markablv smooth and conflict-free. This lack of 
conflict during improvement is consistent with 
the relatively low level of tension and competi
tion among the people of this village. 

d. Chak D
 

The numberdar projecting a relatively "progres
sive" image described above, is credited with
 
initiating the improvement project. Uprooting
 
of trees began on November 15, 1977,and kacha
 
improvement on December 2; the kacha improvement
 
was completed on February 20, 1978. The lined
 
section (branch AB; see map) was completed
 
March 12, and installation of pakka nakkas on
 
April 25, 1978.
 

As can be seen from Table 18 Branch A had no
 
representative on the committee. The Chairman
 
of the committee, and most influential person,
 
is at the very head of the watercourse. Infor
mants say selection of committee members was on
 
the basis of patti (persons paying land revenue,
 
historically, through one numberdar).
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Table 17. Characteristics of committee members.
 

Landholding Location % B/VI % G/O1 Any other 

Caste Vill. W/C on W/C Score Score position 

Randhawa 15 12 H 91 92 

Randhawa 6 6 H 3 41 25 
T 3 

Randhawa 37 37 M 25 88 75 W/C Committee 
H 12 Chairman 

Randhawa 30 25 M 84 66 

1/See notes to Table 14. 

Table 18. Characteristics of committee members. 

Landholding Location I % B/V2 % G/O2 Other score 
Caste Vill. W/C Branch Posi Score Score position 

Athwal 25 25 AB Head 100 100 Chairman 
W/C Comm. 

Athwal 4 4 B-I Tail 53 47 -

Athwal 23 8 B-2 Tail 4 69 Numberdar 

Athwal 6 6 B-2 Tail 37 20 -

Athwal 4 4 B-2 Tail 46 29 -

Athwal 17 8 B-2 Tail 99 88 Numberdar 

Athwal 12 12 B-2 Tail 42 23 -

1/See map of Chak D watercourse. 
2/See notes to Table 14. 
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A-I 

Rood 

Figure 1. Map of improved watercourse at Chak 13 
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During construction there does not seem to have
 
been much conflict over uprooting of trees, divi
sion of work, or location of nakkas. A few trees
 
were left standing with the agreement of OFWM.
 
There was at least one conflict over the route
 
which was solved by referring it to the patwari;
 
and there was some delay in installing nakkas
 
and culverts when some farmers hesitated to pay
 
the masons. There was also conflict between the
 
brother of the "obstructionist" farmer and OFWM
 
personnel.
 

According to OFWM informants, the initiating
 
farmer, despite his "progressive" image, often
 
did not come on site to manage the work. In
 
fact, OFWM personnel seem to have been somewhat
 
misled by his image of "progressiveness." The
 
"obstructionist" is reported not to have done his
 
share of the work; but it was done for him so
 
this did not lead to severe conflict. His hold
ing on this watercourse is not large, so that his
 
share of the work was not a large percent of the
 
tota 1.
 

Most of. the farmers expressed considerable dis
satisfaction about the process and results of 
improvement. First, they say, the point from
 
which improvement beaan is not in fact the mogha: 
thlere is ai Ion "main" watercourse whiuh has two 
branches; neithur this maiin branch nor the otlr 
branch have bet-n impiroved. Some trees had how
ever been removed from part of the main branch. 
St w:; difficult to discover why the ma in branc. 

wa,.s not i mproved. One possible reason is tl T. 

fairim rs now cut- i.ts banks to irrigate ,i(ja .:t 

1ainds ; tiis wotil]d be difficult after irmprovement 
is. no nrakkas are sanctioned on it:. Indeed, the 
in[lu ntia i head farmer has managed to gelt a 
"private" pakka nakki insta1led on t hi s m,. n 
branci 10,17r lii ; dora, tlhoul it- is , t leqal. 
Another rf;on :n(ine.-ted by sorec- faii ]l that, e rs 
cn f 1ict of som(, farm, rs with 3INM 1],,id to its 
noni mprovemeiont; another, rel, ited f, ctor may have 
ht en in a 1I eqi '1 liink hetween ,in OI'WM fflier an(] 
t ''ol).t r li i, (s;ee, below).ct s '' 

TPIhe farmors; coil1:1 Ine(d abhout tlie ebol;,avior- IId 
a l1eqed jIr nIp},,, llC(, ()f one f thie, (,ivernmlnt. 
offictr s wh i I, iraisin other-. 'llh,7 fFelt he 
was rude: and insulti u toward them; and they 
clai .rn -rcoutrse wa;; incorrect*d tfe Wati level 
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in some place s so that some land gets less water
 
than before.
 

Finally, farmers accused one officer of getting
 
involved in their factional politics on the side
 
of the "obstructionist." The farmers on the
 
other branch applied to have their watercourse 
improved too. This man, who has the bulk of his 
land on the middle portion of this watercourse, 
objected; informants attribute his opposition to 
a desire to continue his practice of cutting the 
watercourse banks to steal water. Also his 
"enemy" favor.e.d it and he therefore "automatically" 
opposed it. It is alleqed by ou- informants that 
the "obstructionist" :ind the officer in questionhave a mutual friend in Faisalabad. The farme 

is said to have approached the officer through 
this man and even though other farmers had up
rooted all their trees, and an overwhelming major
ity (4h/5'%- 88,) favored improvement in a formal 
vote, he manacod to prevent improvement of that 
branch.th 

The farmers on the improved watercourse are also 
unhappy with the number of nakks, savingc with 
their fraamente1 holdinus (and lack of unity) 
there ouqht to be more nakkas. The OFWM response 
is that no more are sanctioned by the Irrigation
 
Department. The result is that farmers are cut
ting the banks in some places, causing degradation
 
of the watercourse. 

e. 	Comparison
 

These short descriptions simplify what is really
 
often a complex -,nd long process. Table 19 shows
 
just how l.ona t.. rocess can be. The fastest
 
improvement wa -.-,.by the Chak A farmers in two
 

'
 months; the OFL ! :ercourscs both took longer
 
than the Mona Project watercourses. At Chak C
 
informants reported problems of cement supply de
layed the project; Chak D's watercourse is much
 

4/Informants suggest this is due to the design, which is based
 
on average slope of the watercourse, and does not consider
 
undulations--alternating high and low fields; it may be
 
speculated that the design here might have included check
 
and drop structures. We emphasize here that the truth of
 
the above allegations is not confirmed, and is not relevant
 
to our purpose, which is to report farmers' perceptions.
 

5/Again, we are reportinq informants' perceptions wh-_ch have a
 
significant impact on their attitude towards Government
 
programs.
 

http:branch.th
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Table 19. Time required to complete the improvement process.
 

A B C D
 

a. Date begun uprooting 12. 9.76 10.2.77 8.77 15.11,77
 
trees
 

b. Kacha improvement 12.10.76 15.3.77 10.77 20. 2.78
 
completed
 

c. Pakka nakka installa- 10.11.76 14.5.77 12.77 25. 4.78
 
tion completed
 

d. Total time (a-c) 2 months 3 months 4 months 5 months
 

Table 20. Perceived sources of losses before and after improvement.
 

No. of responses
 
Source of loss Before improvement After Improvement 

A B C D A B C D 

a. Spills over sides 14 9 11 14 0 1 0 0 

b. Seepage 14 15 10 11 0 6 0 0 

c. Water standing in 
ditches 14 12 9 12 0 6 0 0 

d. Vegetation in 

channels 13 14 9 20 1 7 0 1 

e. Silting 15 14 12 20 1 6 0 1 

f. Illegal cuts 0 1 2 15 0 2 0 3 

g. Improper level 0 1 0 0 0 1 0 4 

li.Rat holes 1 0 0 0 3 0 9 6 

i. Livestock crossing 2 1 6 0 0 1 0 0 

j. Kacha nakkas 0 0 1 0 0 0 0 0 

k. No loss 0 0 0 0 11 7 8 14 

No. of respondents 15 16 17 22 15 16 17 22
 

http:10.11.76
http:12.10.76
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longer than the others, and its improvement was
 
not a smooth process; it took over five months
 

to complete.
 

It is not possible for twenty or fifty people,
 

whose pro-existi n q relationships are so complex 
and so long-standinq, to cooperate on a water
course p)roject without conflict. The cultural 

mechanisms r7 cooperation on such projects are 
not 	wel I deveilvoOd, and often nonexisting, in 
Pakistan. Nev,,erthele s, these short vifqnettes 

illustrate both the existinq social rel.ationships 
among the shareholders and their i.mortance, and 
how the t,:-no of ieationship that develops be
tween the farmerr and the Cove rnment officers 
can sicnificantly1 oft fect tile success of the 
project. savi'"- these factors , andof two 
deliberate\'o vilavnnd stratecies to deal with 
them, call sic n ~cvit]1 i m-rove the success of 
such communi t'v sel f-help irojects. 

of -i 
pitfalls of workino in villaqes with relatively 
high levels of tensiov--esPeCilally when the 
worker is iqnorant of these, or takes sides. 
Chak A and ChL-1< B i l.Iust:rate a frequent problem: 
the tencloncy to .nne:- r to favor the influential 
minori t' over thte less articulate, and non
influeiI a]1 ma ;or ity 

The 	 experience Chaks avd D illustrate the 

5. 	 Quality of MaJintenince of Improoved Watercourses 
After Improvement 

We were unable to measure the present level of water 
losses, and no data are available on losses before 
improvement. We asked farmers what their sources of 
losses %-;ere hofore improvemen t , and what, i f any, 
sources o!-- .s s they noted after imrovement. Table 

20 summarizes the results. It dlemonstrates, incdi

rectly, that farmers perceive far 	 Of 

loss, and thus presumably loss loss, aftor improvement. 

In Chaks C and D we asked about chancies in the time 
21 presentsrequired to irrigate thmeir land. Table 

of the sample farmers i.nthis data. All hut ,lne 
Chak C not i ced i vovemevt-oftn v; qni f i"ant; while 

in Chak [) eleven Ii(.'_edi- rovmon t., but 5ix c.aimed 

they get less water, and four more cla imecI there has 

been no change . Als;o the maqn:itude o f p: erceived 
Chak C tholn i (Chak D.improvements J.:grea.ter in 

The accuracy of the.,farmer;' perc!,t ion Svmay not be 
withexact, but the gene:ral results are: consJ, telnt 

the relative levels of satisfaction with, and main

two improved watercourses.tenance of, the 




Table 21. Reported time required to irrigate land in minutes per kanal. 

I- Chak D 

Farmer No. 1 3 5 6 10 14 15 20 22 23 31 32 34 36 40 42 43 44 46 48 50 56 

Prior to improvement 14 9 10 17 12 28 18 22 7 15 10 19 10 60 20 17 8 30 12 36 17, 12 

Immediately after 2 
improvement 21 15 10 11 14 24 14 21 NA 11 14 17 15 60 16 34 104 22 1 8-1/3 36 13 8 

Pres'.-t - 21 15 10 11 14 24 14 22 NA 11 14 17 15 60 16 8 101 22 8-1/3 36 13 8 

Direction of change Improvement - 11 Same - 4 

(No. of responses) Deterioration - 6 NA - I Total - 22 

Chak C 

Farmer No. 1 2 5 6 7 8 10 12 14 15 16 17 18 19 20 21 22 

Prior to improvement 28 16 8 16 5 3 14 41 16!- 8-3/4 21 21 36 15 23 22 70
 

inmediately after 
improvement 24 12 4 16 2 4 18 7 22 14- 6 21 15 21 7 14 17 56 

Presently: 22 8 4 161 24 18 7 2214 14 6 16 15 21 7 14 17 56 

Direction of change Improvement - 16 Same - 1 
(No. of responses) j Deterioration - 0 Total - 17 

1/A kanal is 1/8th of an acre. These figures are based on farmers' statement about warabandi time and 
amount of land they can irrigate in their time. 

2/This trend is related to a route hange.
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Table 22 shows the frequency of cleaning before and 

after watercourse improvement. While Chak C's water
course has been cleaned monthly before and after im
provement, the frequency of cleaninci has declined in 
Chak A and B. In Chak B it is irregular because of 
the refusal of head farmers to cooperate. Chak D 
farmers seem to be cleaning their watercourse more 
frequently since improvement, but our observations 
of cleaninq suqgest this is true only on the portions 
near the pakka road.
 

Table .23 shows that the formulas for dividing tile 
cleaning labor vary among the four villages; two have 
a fine system, in theory, to enforce participation, 
but informants say these are not effective. It is 
noteworthy that the watercourse executive committee 
no longer exists or plays a role, Eer so, in mainte
nance after improvement of the watercourse. 

Table 24 shows the relationships among our rating of 

maintenance of different sections of the watercourse, 
and 	 the relative distribution of power and influence. 
We hypothesized that the concentration of influence 
at the tail would enhance the likelihood of iood 

D not head,maintenance. Chak is included because a 
middle, tail division seems not to fit; but except 
for portions near the pakka road, most of its main
tenance was fair at best because of cutting1 of banks, 

broken nakka covers, and excessive vegetation. Chak 
B, the most poorly maintained watercourse, has most 

of the power and influence (93.6% of the total score) 
and 	 the committee members, concentrated at the head 
and 	 middle. Chak A, relatively better maintained, 
has its influence (90.18%) and committee members con-

Chak C thecentrated at the middle and tail. In 

result is more ambiguous; it is also well maintained,
 
the differences in power and influence amonq the head, 

middle and tail sections are not v'ery great but are 
the head. The committee membersmore concentrated at 


are also more evenly distributed.
 

6. 	 Sample Farmers' Opinions of Formin Water User 
Associat ions 

After explaining to sample farmers tile basic idea of 
if they favoreda water user association, we asked 

the 	idea. Table 25 (lives the results. Over 60% of
 
The 	 majority ofthe respondents favor the idea. 

farmers in all but one villace favor it; in Chak C 

eight farmers favored and nine opposed. The opposi

tion was a result of their satisfaction with the
 

present arrangements, they said.
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Table 22, 	 Interval between leeaninggs. 

A B C D 

Before improvement 1 month 1 rionth I month 6 months
 

After impro'ei ent 2 months 2-6 months 1 month 3 months 
(irregular) 

Table 23. 	 Division of labor uid enforcement of participation for 
cleaning water~ottrse. 

A 	 l" t, 1' 

For ula for By size of land Work to.let hr I man 1'r 1 .ma per square
division of holdin. fron," head household (households take 
labor 
 eac'h works 	 ur tnrns 

to his o\wn 

Nojuart ic i- "requests" Social Rsi2n for tea. 
pants pay pressure. -old drinks,

Enforcement Rs. 1Oday requests for i,.rticipants 
for ,*,r for (rarcv - if 
part i,ipants evoer - used
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Table 25. 	 Sample farmers' opinions on formation of water user
 
associations.
 

Chak A Chak B Chak C Chak D Total 

Opinion No. (7) No. (%) No. (%) No. (%) No. (%) 

Favor 1i (73.3) 12 (75) 8 (47.1) 12 (54.55) 43 (61.4) 

Do not favor 4 (26.7) 4 (25) 9 (52.9) 10 (45.45) 27 (38.6) 

Total 15 16 17 22 70 

IablcOpinion cf legalization of water user associations.
26. 


Chak C 	 Total
Chak A Chak B Chak D 

(Tinion. No. ()) No.* (%) No.* (.) No.* (%) No.* (%) 

FavoC r 11 (110) 2 (100) 8 (100) 12 (100) 43 (100) 

0 0D,:nt f vr 0 n 0 

I 

: -b~ 7.-	 - n an committce within the water", i ~r executive 

Ch C Ch a k Total
 

. . ... . .. ,- . No . - , . (-.) . (T[) 

"." Av,'r97., , (2.5 7 (5?.- 2), (71.8)

II(K:• (25) 3 ('37.5) 5 (.'1.T 11 (28.2) 

I2 
t 	 
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able 26 sho... tlat l00Y o' a!l those favorina 

.stabl shi ... .-- r user associat ions favor their 
hon:: _ _-n a coal -asis. 

Table 27 shows that nearly 72 of these farmers also 
:avr .=': *. ecutive cormittee manace the asso
C-ation affairs. -11far.ers except one in one vill
ace, .:hen asked, otn)osed estahlihn-o a separate 
;anchavat for settlinq disoutes
 

RECO.ENDATIONSCO(NCUSIONS A RD 

Since this is an interim re.Dort, our conclusions and
 
In the final report, not
recommendations must be tentative. 


only will our sample be larc:er, but our analysis will be more 
sophisticated, and will include statistical analyses to test
 
hypotheses. Nevertheless, we do have some tentative conclu
sions to present.
 

Conclusions Based on Comoarison of the Data
 

Table 	28 sucgests the Following conclusions:
 

leads 	 to1. The hvnothess that "..:ater snorta::e -rer so 
bettero:~.ntenance is not colrned. Chak D, with 

the !east .,ater (no tubewell, high pieces of land, 
and farmers claim the mocha aas reduced in s~ze some
 
years 	 ago) is not .ell maintained; Chak A, with much I_
a
water, is well maintained. Chak C, with both 
_.. v~~ 
suoplementary tuhewevl and a supplementary mocha in 
the sum:mer, is also well maintained. 

2. SCARP area watercourses are not necessarily less well
 

maintained. At Chak A, a well maintained SCARP water

course, many farmers are commercially oriented and
 

know that water is a key to improving their profits
 

on their kinno orchards. This profit-orientation,
 
also characteristic of Chak C, but not of the other
 

two watercourses, is not necessarily connected with
 

large land holdings (Chak C farmers have medium
sized holdings), but it is probably a key predictor
 

of likelihood of success-in coorerating to manage a
 
watercourse.
 

The hypothesis that long single branched watercourses
3. 

will be better maintained than watercourses with
 

several 	short branches receives some support from our
 

two of the three single branch watercourses are
data: 

well maintained; the one multi-branch watercourse is
 

less well-maintained.
 



Table 28. Compariso, four watercourses. 

1. Tubewell 
2. W/C branches (Sarkari Khal) 

3. ."total holdings over 25 acres 
Rank: lowest = 1 

4. 7 totalI hold S, - 24 acres 

C 
S-i 

38.1 

A 

-

(3) _ 

B 
SC 
Sigle Single

--

59.4 (4) 18.2 

C 
tive 

-

(2) 

w. 
D 

None 
'MuItipe 

5.4 (1) 

Rank: hi_'v1t . ... ... 
5. / tot l h,I in'snder 5 acres 
6. Centr,. ILL ti1 (io i raderi/v ii lage) 

hi tn _ .... 
7. ConcentrvI t (ct.qii-t-i) ratLio 

____(r a cru/k ill.-v',I) ighest r.1k I 
,8. Liradtui .-_ut- . rt~_ n_ .:iterciirse 
9. LocaL 0r~5 o,- inif 1u icu oii './C 

47.6 (2) . 
14.3 . 

9 (2) 

19 (4) 
_jL_ dV(I2luiInt 

-____ 

. 0. (4) 
0. . 

0 (4) 

"1 (3) 

_M11 I t iple 

81.8 
0 

31.8 

36.3 
inle 

(1) 

(1) 

(1) 

44.6 (3) 
50 

11 (3) 

27 (2) 

Mainlv single(divided) 
_______________ 

10. 

v '.- nr 1 'rv hitidari/vill.e 
i:flnencC. Score ('. of commit-
tee :en1mmhers in t )' 

Rank: evaluation of level of 

,.11 
M 
Ti 

6.6 
17.1 

22.0 

(hI 
(2) 
(1)_.. 

10.23 
14.4 
.4 

(2) 
(1) 
(0) 

36.64 
37.0 
22.5 

(1) 
(2) 

(1) 

Not 
calculated 

previous c'ttperg] Lion ; 

1i. 
hi ,.hest c'opi,.ration= 
Settle::Icnt Statis 

1 1 
Settlers and Settlers 

1 
Settlers 

3 
Locals 

12. Pankng roprovrvssiveness 
refugees 

3 
..... 

1 3 
13. Rank de,!ree 

tfproverent 
of (confi ict 
(least = 1) 

during 
1 3 1 2 

14.Rank qualit 
15. Rank support 

associations 

intenance (best 
of water users 

1) 2 

2 (73.3%) 

4 

1i (75Z) 

1 

4 (47.1%) 

3 

3 (54.55%) 
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4. Inequality of land holding per se does not seem to 
be correlated. with ease of carry-ng out watercourse 
improvement or its maintenance. 

5. 	 However, a hi qh percentae', of small but econor.Ically 
viable farm units does seem to be stronilx' correlal:ed 
with abilit ' to cooperate to build, and to maintain 
a waterco-IrSe; and the existence of a large percent.
age of very small farmers (less than 5 acres) , as in 
Chak B, seem, to inhiibit cooperation on the 
watercourse. 

6. 	 The watercou'-:se with the qroatest equality of power 
and influence (Chak C) is also the best maintained; 
but the relationship is not clear cut for the other 
three watercourses. 

7. 	 There is a :osit.ve correlation between a high per
centace or faroers beino recognized as influential 
withi. thcir *x ] v . their :eers (c'ntr1Si ty ratio) 
and th, ahjitv to cooperaite: the t o Lest ma~n
tamed (Cha C and Cha 9 have the cireatest ipercent
acge of farmer.; wi .,o1 i cant in f Iuenco; th worst 
mainta LnoC .- , r. V h ._'en a sinqle person recog
nized as i<uni] 

8. 	 Patterns of cooperation and conflict are biraderj
based. The watercourse most fragmented into separate 
biraderis, Chak B, is the worst maintained; the best 
maintained (Chak C) i.s totally dominated bhy a sinole 
subcaste. Cha-k D, thouch dominated by one suhcaste, 
is divided into separate pattis, and into hostile 
groups, mainl' the result of one man's behavior. 

9. 	 Both equality of influence on the head, middle and 
tail sections (Chak C), and its concentration at the 
middle and tail (Chak A) are positively correlated 
with cooperation for main tanance, as predicted; 
similarly, concentration of oower at the head (Chak B 
and to a lesser extent Cha- D) reduces the incentive 
and ability to cooperate for maintenance. 

10. 	 Although the only villace inhabited by "locals" in 
our sample exhibits little cooperation (Chak D), the 
watercourse with the most conflict is inhabi ted by
"settlers" settled Britishin times. Ihrefore the 
relationship between settlement status and coopera
tion is unclear and rrohab] v nonexistent. 

11. 	 Previous successful cooperation on community projects 
is a strong predictor of cooperation on the water
course (however concentration on such locations will 
accentuate differences in development of different 
communities). 
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12. 	 A high level of "progressiveness," as measured by
 
availability of institutional services, educational
 
level, exposure to mass media, and positive inter
action with government officials, is correlated
 
positively with ability to cooperate. (However the
 
same warning about accentuating differences applies
 
as that given in No. 11 above.)
 

13. 	 The informal watercourse executive committees do not
 
continue to function after the improvement project
 
is completed.
 

14. 	 Finally, we found a high degree of overall support 
for the idea of establishing water user associations 
with a firm legal foundation. 

At this n-rellmi.nary stage, it is not clear which of the 
above are in fact "causal" and which are "intervening" vari
ables; similarLy, the direction of causation--the distinction 
between dependent and independent variables--is not clear in 
some cases. Does "cooperativeness" of a community lead to 
their obtaininq institutional services such as schools which 
then 	raises the educational. levels; or do institutional serv
ices encourage greater cooperation? It is hoped that as the
 
study progresses, and we refine our inscruments, we shallbe
 
able to specify the causal relationships more rigorously.
 

B. 	 Preliminary Recommendations 

1. 	This study demonstrates that village and watercourse
 
social oroanization do significantly, effect the
 
short and lono term success of watercourse improve
ment programs in a predictable manner. Therefore we
 
recommend that:
 

a. 	Social surveys precede all watercourse improve
ment projects as an aid in choosing watercourses 
where the likelihood of success is high, and in 
order to anticipate, and attempt to prevent, the 
development of problems that will impair the 
success of the program. Chak D is a oerfect 
illustration of Lhis: it was chosen, the work 
planned, based on the ;-erception of "nroqressive
ness" of one man at the wa tercourse; knowledge of 
the soci.al relatJons on that watercourse could 
h1ave siqn i.fi icantl imnroved the effectiveness of 
the proj ect there. OI.'W% has a manda te to do such 
surveys, but has not been able to do them so far. 
If the OV\M )irectorate wishes w-e shall attempt 
to develop guidelines for carrying out such 
surveys as part of our final report. 



582
 

b. 	OFWM workers should receive more training in
 
social skills in order to develop abilities to
 
antici,,ate, and thus prevent or at: least deal with 
disputes and problems on other watercourses. They 
also need more traininc, in order to prevent nreju
dices :uaainst locals ("jancT,1lis" as they are 
often insultinqlv called) from diminishino their 
effecti veness.. FairIy or unfairly , some OF.'M 
personnel are perceived b- farmers as arrogant, 
further reducing their effectiveness. These 
factors were a major source of the rroblems at
 
Chak D. 

c. 	The informal executive committees no longer
 
function 	after imp)rovement is finished. Further, 

:ire 0.atercourseson mo.1t ',-. no nechanPsms for 
insurin-i parti ciat ion a: farmers in the mainte
nance of the watercourse beyond the (aIwas 
ephemeral) voluntary v:illingness to cooperate 
with trusted leaders. Therefore, it is important 
that O- T' ricul tur Officersff keen'...orkina with 
farmers on a reu.ar hasi s to encouracge better 
maintenance -ind more efficient use of the water. 

2. 	 Beyond this, It is i.mer-ai.ive that farmers be en
couracied and aide to orcianize themselves into 
legally coast ituted associations -..ith specific powers 
and resonsibilities for management of their water 
supply. The failure of informal organizations used 
so far demonstrates the importance of this step to 
the lonq term, success of the OFWM project. It is 
notable chat a solid majority of our sample farmers
 
favor forming!water user associations, and all of
 
those favoring such an organization also favor its 
legalization.
 

3. 	In order to improve the likelihood of success of 
phase two of this study, when we shall be having 
organizations organized and monitoring their success, 
we suacest the following: 

a. 	 A special law to facilitate organizing water user
 
associations, even if temporary, would facilitate
 
testin. whether it would be wise to organize such
 
associations under the existing Cooperative or 
Company Acts, or whether a separate law is 
required. "he authors are not optimistic about 

the likelihood of successful organization under 

existing laws. 
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b. 	 It is imperative that OFWM cooperate with us
 
on phase two. They have been very cooperative
 
on phase one, but the level of cooperation re
quired in phase two may be inhibited by their
 
compulsion to achieve quotas of watercourses
 
improved. Specifically, we need to cooperate
 
with OFWM on choosing of sites; coordination
 
of their work and our re.earch; and most impor
tant, we need their personnel to organize the
 
experimental associations under our guidance.
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TENTATIVE CONCLUSIONS AND RECOMMENDATIONSSUMMARY OF 

This interim report is based on research completed on 
four watercourses exhibiting a variety of sociological char
acteristics. Our research methods have combined the use of
 

formal questionnaires with more informal techniques in order
 

to achieve a deeper understanding of key social processes.
 
Among the tentative conclusions suggested by our data are:
 

a
1. 'maintenance of watercourses after improvement is 


major problem that must be solved. 

2. 	 The social or :an zation of .-:aercourses is a major 
diet'eiin~art 7f likelihood a successful thatth' of 	 ...I 	 r -... TIt a;:.:)ears

TtL~:asta.rover' nt -ind mainter--nc' p or.. 

the best intained watercourses are thoo -;-ith a.tI
 

least some of the follo.:ino: characteristics:
 
a. 	 sinale sarkari khal branch; 
b. 	a high percentace of small but economically
 

viable land holdings (5 to 25 acres);
 

c. 	 relative ecaualitv amon: farmers of cower and 

influence and especially, a high percentage of 

farmers being recognized as influential and a 
low percentage of farmers with no or little
 
influence;
 

d. 	equality of influence of all sections of the 

watercourse, or concentration of influence at 

the middle and tail sections; 
e. 	a low level of pre-existina conflict and hostility;
 

f. 	 a previous history of cooperation on community 

projects; 
g. 	nonfragmentation into separate competing
 

biraderis none of which are dominant; and
 

h. 	a high level of "progressiveness" as measured
 

by educational level, exposure to mass media,
 

and 	 the like. 

Most farmers interviewed favor establishing legally
3. 

constituted water user associations. Given the lack
 

of effective social mechanisms to ensure cooperation
 

among watercourse shareholders, such legally consti

tuted organizations are essential to maximize the
 

impact of the On-Farm Water Management Project on
 

water management in Pakistan.
 

4. A previous knowledge of the social relations on a 
of this knowledge,
watercourse, training in the use 


and the attitude of the Government personnel towards
 

their clients, are important for choosing water

courses on which to work, and in order to plan the
 

work so as to anticipate, and reduce the effect of,
 

conflict.
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Our 	preliminary recommendations are:
 

1. 	Social surveys ought to precede all watercourse
 
improvement projects in order to plan ways to
 
minimize the effect of conflict and inability to
 
cooperate on the success of the program.
 

2. 	OFTTM workers should all receive more training in
 
social skills, and the organizational problems of
 
watercourse improvement and maintenance should be
 
given greater attention.
 

3. 	Special legislation to facilitate organizing water
 
user associations, even if on a temporary, experi
mental basis, would greatly facilitate the useful
ness and significance of phase two of our study for
 
Government orlic.
 

4. 	The close cooperaticn of the OFI-M Directorate,
 
Punjab, will be essential for phase two of our
 
study--organizing experimental water user
 
associations.
 



PAPPENDI X 

Iethodr' 	 Measurinq Power and Influenceloaical ",ote on 

' 	 a modification of 
rn :,'e-/influence scale we used is 

On each watercourse wea method suc:oested bv David Freeman. 
asked sample farmers to rate the "power and influence" of all
 

their biraderi andthe watercourse shareholders both within 
village, and covernment officials. We made no attemptwith t i o n sfine disti n c betw.-een power and influence--weo-k. 

explained it to our resuondents simply as the ability to in

fluence or lead neopie. Pespondents were asked to rate each 
.as converted to a person, one at a time, and their answer 

with 4 sinifin.. I(; ver, influential.score on t s 
: 	 urin i f a person was in f luentia II- 1 ' ..1 V :, 

tt rest of the village he was 
qlci 7,n -i scot.- f . 

hsu-71, t",-'c re ..oT sCS (and the 	 :ercentaoe )f his 

for watercourse-as calculated eachhiohest uossible score) 
possibleo received 60 or more of hismember. Any nerson 


score is deemed to have a significant amount of power and 
farmers scoring 60% or above
influence. The rercentace of 

is called the "centrality" score; an(] indicates the percent

age of farmers regarded as navinq a significant decree of 

power/influence.
 

The scores of each farmer were also ranked from highest
 

to lowest, and the number of farmers' scores accounting for
 
scores was calculated.
the total of all
half of the sum of 
 "concentra-
This is used as an indication of the equality or 


the watercourse: the closer
tion" of the rower/influence on 

of the total
to 50% of the farmers required to equal 50% 


the farmers among themselves in
 score, the more equal are 

the fewer the number of scores
relative power/influence; 


of the total score, the qreater is the concentotalling 50V 	
that
or inequality of, power/influence on
tration of, 


watercourse.
 

I.
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APPENDIX 31
 

IRRIGATION AND HONOR:
 
CULTURAL IMPEDIMENTS TO THE IMPROVEMENT OF LOCAL
 

LEVEL WATER MANAGEMENT IN PUNJAB, PAKISTAN
 

Douglas J. Merrey
1
 

"Social organizations are the central vehicles through
which water management technologies are delivered, 
utilized, improved, and maintained." (Freeman and 
Lowdermilk, 1978: 704) 

In recent years the organization of irrigation systems

has become an important research topic among social scientists.
 
No adequate theoretical perspective either for understanding

the structure and operation of single systems, or 
for making

useful comparisons among systems, has yet been developed
(H1unt 0nd Hunt, 1976: Freeman and Lowdermilk, 1978). However,

organization and manacement have come to be 
 recognized as of
 
central imporaance, not 
 only in terms of their political
implications (ittfogel, 
 1957), but as major constraints on
 
the productivity, stability and efficiency of irrigation
 
systems. 

Pak istai ihas one of the largest andl most complex irrigation
systems in the world, and the country is heavily dependent on
 
its irigat-d agriculture. This system is operating at a very

low level of efficiency, whether measured 
 in terms of world-wide 
agricultural. production standards, or in terms of its potential
productivity (Corey and Clyma, 1975; Govern:ment of Pakistan,
Planning Commission, 1978). In addition to the large number 
of reports identifyin! the technological deficiencies in the 
system, there have been several recent sociological studies 
on organizational problems (cited below). Inadequate and in
appropriate organi:ation appears to be the major constraint 
retarding the efforts to improve Pakistan's irrigation system. 

As useful as these recent studies are, they remain in
lete as explanations of the management of irrigation in 
stan for two reasons: 

1. All of the s ;tud i s are focused on the viillage/
wattercounrse level, tlhat is, the primarily informal 
relation:;ihips amon.i ir rigators at the village and 
watercolurse level. There are as yet no studios 
of the workiiiqs of the Provincia. 1ria t:io De
partments themselves, or how these departments 
relate in practice to the users of the water and to 

Ass sant Priofessor, Colorado State University. 



'artt)a~r' n ? ri cl A(Ir i 1 lnrc' ,n(I thE 
Aui iii it , (WAPI)A) .2I) ':r, t ,, t 

2. 	 7 ' ;, i,; , i, ' frc-.s on ; .::ial sLruictural
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3, i ' " , i t , L.iat s thei 11 is, 
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!I' t'i' 1i 1, 	 1tri 'L-arioiin( . 10 C 

j;r,: ,'I.;.., , ,. n'r,:, I, irn leh -,_atiin;I cf the cul ture 

" .,. " ; .:; :,1 flT-Pl'r. in rural 
;. ,', .. ' . 1 ri I :, t i I same sot- o f 

v:.i1u. ", p~i,... , ::; ":,irIn:;, I:'i .r., t ,::' u,".',l ui.i ibastE t on 
tIlis iS3n:qI-t I TI [b"': {:' I 1:. 'ii r-," ir, il tIll.: }jaij,'' 1 

;, I r (r t !I; itI' sOC l1)0i( -,IIfirst p cs ,r, a Bii 


research on Ioci1 1, :,1 i:Liirt'menI in PIkistan. The n,
-. ter 

after present in ) ,(ii- ra wi I mit irn o cl t , and britfly 
describinq what happi,,l , uril; ; tL :'Kl 7:o0Wi .'of r,,constrl:Ct ion I 

at,-U of P1nj Ti cIltur.C1of one watercourse, I di CU SS 

and their imp_,icaLions , r improvi n, th, , ar, a t i()n of wat,,r 
b .ed of) detLa edmanagement in Pakistan. This 1isc c rs. 'i, is 

field work in Oil, vi I I ,, supp I ei'l-ert ed Ibyttex:.:, r i ence w th a; 

broader study of wat e col r< or-,an i ,at P 1 t I ,ioblelis 'Mi rza 
and Merrey, 1978). Th Io is ' to ideli t i fy and discuss the 

feature of Punjahi rural culture thaLimplications of a major 
must be considered if e2ffective, forms of social organization 
for water management as wr-] l as; othc'r productive purposes are 

to be developed. Throuihout th. paper I discuss Punjabi 
culture specifically, as most of the research has been done in 

Punjab; but the ma ior conclusions and their implications are 
relevant 	for the other provinces of Pakistan as well.
 

SUMMARY OF SOCIOLOGICAL F INDINGS 

Terminology
 

Before proceeding further, a few comments on terminology 
seem necessary. In general, Punjabi villagers recognize several 

ranked categories of people. The three major categories are 

Sayid, zamindar, and kami. Sayids are believed to be descendents 

of the Prophet Muhammad, and are therefore supposed to be 
land, they may, for the purposes of
respected; when they own 


be included aith zamindars. In Punjabi, "zanmindar"this paper, 

is best translated as "agricultural ist," and includes "castes"
 

such as "Jat" and "Rlajput" who traditionally are farmers or at
 

2/tHirza 	 (1975) and Lowdermilk, Freeman and Early (1977) do 

hL:ve some comments on the relationships between water users
 

and the Irrigation Department bureaucracy, but neither are 
this issue. A partial exception,
systematic studies of 


(1971).
focusing 	on India, is Gustafson and Reidinger 


http:cIltur.C1
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least land owners. Kamis are traditionally non-agriculturalist
 
"castes" who may have a skill (carpenters, blacksmiths,
 
potters) or be unskilled laborers (e.g., Masali). Their caste
 
and their profession overlap and are hereditary both in theory

and to a large P>:tent in practice. Kamis traditionally work
 
for particular farmers and are paid at harvest time, and have
 
certain ceremonial roles; these ties are, however, weakening

and being replaced by purely cash relationships. Though kamis
 
do sometimes play important roles, village politics and water
 
management are mainly the concern of zamindars. Therefore,
this paper, like the other studies to be discussed, will not
discuss the role of kamis.
 

Sociological studies of rural Pakistan tend to use 
"caste"
 
(the usual translation for zat and qaum), "subcaste," and
 
"brotherhood" (i.e., biradari) rather loosely and inter
changeably. In fact, certain "castes,' such as Arians
 
and Gujars, tend not to be further subdivided within villages,
 
though there are exceptions; but the local group is still best
 
referred to as a "biradari". Jat and Rajput "castes" on the
 
other hand, often, but not always, are further subdivided into 
local groups, also referred to as biradaris by the people 
themselves. I place "caste" in quotation marks because it is an 
open question as to whether this is even the appropriate term
 
to use here.
 

Alavi (1972), who has presented the best discussion of
 
"biradari," says that kinship-, not caste, is the major basis
 
for rural Punjabi social urganization, and "biradari" is the
 
basic kinship institution. The term biradari has several
 
referents depending on context, but its most significant

referent for the purpose of this paper is what Alavi (1972)
 
terms the "biradari of participation," whose members generally
 
reside in one village. Although common patrilineal descent is
 
the premise of this group, horizontal (fraternal, including
 
cousin) ties receive special emphasis; these are reinforced by
 
marriage relations and ritual exchanges (vartan bhaji) on
 
certain ceremonial occasions. Brothers and cousins of all types
 
exchange sisters and daug-hters in marriage, both ideally and
 
in practice, leading to a high degree of biradari endogamy.
 
Where the literature being summarized uses the terms "caste,"
 
"-'bcastr'," and biradari," in what follows I use the term
 
'bhiradari" and mean the biradari of participation. It is
 
i-mportant to keep in mind that since "biradari" has different
 
referents in different contexts, they are not necessarily
 
bounded group6 (seu Alavi, 1972).
 

Sciological Conclusions
 

All of the studies reviewed here have been carried out
 
-ider the auspices of the Colorado State University Water
 
Management Project in Pakistan. All have focused specifically
 
nn the local level organizational factors enhancing or in
hibiting the introduction of programs for watercourse
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reconstruction and maintenance. This issue is important as 

Pakistan has launched a Pilot On-Farm Water Management Project, 
whose key element is watercourse reconstruction. In this 
project, the government t.rovides technical advice and materials 
(bricks, cement, cement water-control structures); the share
holders on a watercourse are expected to provide all labor and 
keep the watercourse maintained after it has been rebuilt. If 
this project is successful,millions of acre feet of water, now 
wasted, can be saved and utilized to improve production at a 
relatively low cost !sce Eckert, Dimick and Clya, 1975).

on farmersHoweve-, its success .e;edseffectively organizing
to reconst rict, :-2aintzin, and manace their own watercourses. 

-:ireviis *-.: Y l3 

r., ''o. :4; also see Loder
'i1 , C,97,:32-:2; Free.an an, Lrwier

, (: - 8 .,'re , 1975; .. za andI ..... . 
1978). a..en an / ermil- (i976:687-692) 

enr.Ie c.1 an. r l of biradaris in mos:ue 
and scho ostrcs I on a wE:.ll as traditional water
couF:r/ mnt:nrco. 

2. 	A hi:h level of polarization and conflict in a village 
makes or,:anizinj such commnities for watercoujrse 
improvement a risky business (Freeman and Lowdermilk, 
1976:693-705; Lowdermilk, Freeman, Earl-/, 1977 'Vol. 
1) :49; Mirza and Merrey, 1978).' Such conflict is 
ener aiy be r 	 or if within , bira<hriwi-n iradris 

tends to snlJ_ it into two biradaris. 

3. 	 Communities characterized by two (or more) biradaris 
of aqricultura sts of about e-ual size and power will 
exhibit more tendency toward polarization and be more 
difficult to organize for collective projects (Mirza,
1975:96).4 

Conversely, communities dominated by a single biradari, 

or having a number of small biradaris none of which are
 
dominant, may be better candidates for collective 
projects (Mirza and Merrey, 1978). it is important
 
to note here that the number of biradaris, and degree
 
of polarization of a community, are not permanent
 

3/See Freeman and Lowdermilk (1976 and 1978) for a method of 
determining degjree of polarization in terms of extent of 
overlapping versus cross-cutting of conflict structures. 

4/But Mirza (1975:73) also says "There is nothing conclusive 
about single and multiple castes..." in villages.
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characteristics of a co.=-,unity; rather they are points
 
on a longer development cycle. This has not been
 
explicitly recognized by any of the studies under
 
review exce[ t ,4irza and Merrey (1978).
 

4. 	 Coz:inities with a relatively equal distribution of 
power and: influence (and/or landholding) and a high 
perc,: .nt°,eof people recognized as influential are 
better candidates for cooperative projects than those 
dominated by a few powerful people, or those having 
no., nrf1,e ..-ial : . These- observations arc still 

a r ncs.-. 1 r r;1(.e conefir"ed2v 
"- " - " J ".e r y 9 

. aw a.rr.r:c watercourse and moreatainnc. 
.,_:-..e 	to ctiornahz.. - 1975), but they tend 

... e. 
_ 

to violate -tions suci. as by stealing 
w.. 	 . rrs (Lodermilk, Freeman, and 

Ear!iy, 1977 1Vol.J, 5;. n--se observations are3 .o.rar- to .- ass.:.pade 	 by oiicymakers

6. 	 P-.wer : .... arc cantly associated withlandholdi:gi , .a,- epsuesizei of ,o 1..n,.... ed Ja exzpo sure, firh igr-h 
-.c--tion of ir-prc-7 tecCnolo-y, an, more knowledge of 

.... Ie irri at or, a-ricultural service:: (Freeman 
a r~ ;;err:'ilk, 1976 : 706-709.) Other factors such as 
ersonality ard o~ficial contacts are also very 

£:ortan t. 

7. 	 Pr"..o~siy exiting forms of cooperation or a previous
history of successful cooperation on co:rmunity projects 
are 	 iprtant predictors of likely success in water

course :.:srovement pro3ects (:,,irza, 1975; Lowdermilk, 
Clyca inr Early, 1975, 41-42; "4irza and Merrey, 1978) 

8. 	 Cooperition :or watercourse improvement is more likely 
to n- s~c--ssfl ',;here there is a single covernment
sanct on'-d watercourse branch (sarkari khal) (Mirza

and 	 Mrrey, i97j 

. S ._ lli; O'/::, i s a'a so more . Cooperation €0r wa,.,rco.rse-"-i roemr ialo or 

yik, be :ccossf! on W,;atercourses with fewer
 

/" 'rec'i .-. ..	 r -: 

"ce:~tr.rait'" ar:,c "co:r;•:'_tr,:t :." .of r arn.i !irf1O/e....	 .
 

7 would qualify this: sahIe tIorLe is variatiorn over time, in 
a co:nmunty s ability to cooperate it roay be the case that 
communities which had coop-rated previously later become 
conflict-ridden. 

I, 
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13. iarniers at ?Y tail of a watercourse are more likely 
u. support cooperative efforts at watercourse improve
71ent since their potential gains are greater than those 
at the head (Mirza, 1975; Lowdermilk, Freeman and 
Earl:, 1977).
 

11. Ecuality of influence on all sections of the water
course, or concentration of influence at the middle
 
and tail, seem to be conducive to successful coo~pera
tion 	for watercourse improvement (Mirza and Merrel.. 

1978). 	 That is, if the influential people stand t'o 
l:ain substantially they are more likely to support 
_nu :et otners to support the project. 

12. 	 A hi;h le.-el o: "progressiveness" as measured by 
educational level, ex-posure to mass media, etc., 
seems to be an important predictor of cooperation
 
on community projects (Mirza and Merrey, 1978) 

STPTEGIES, RULES, AND GOALS: 
THE CONCEPT OF CULTURE 

The sociological factors affecting the ability of Pakistani
 
farmers to cooperate on a watercourse improvement program that
 
have been summarized above seem likely to be confirmed in a
 

study presently being conducted on water users associations. 
One could criticize t:he list of findings or at least add to it; 
nevertheless they provide very useful guides, especially in 
=hoosing communities where the likelihood of a successful
 
watercourse improvement program will be greater (Lowdermilk,
 
Freeman and Early, 1977; Freeman and Lowdermilk, 1976; 1978).
 
However, they do not tell us why people behave as they do; that
 
is, why are biradaris so competitive? Why do Pakistani farmers
 
find it so difficult to cooperate on projects they themselves
 
recognize as beneficial? Why is there such a dearth of "con
structive" and effective civic-minded community leaders? The
 
answers to these questions may be sought at several levels 
of abstraction; but since our purpose is to identify factors 
relevant to planning effective forms of farmer irrigation 
associations (given present social conditions) in rural Pakistan, 
I shall focus on specific cultural factors that underly the
 
sociological ones described above.
 

By "culture" I mean all of the percepts, concepts, recipes,
 
skills,values, standards, goals, etc. that people learn and in
 
terms of which they behave and interpret others' behavior. What
 
has been learned must be clearly distinguished from its material
 
manifestations: overt behavior, and statistical patterns of
 
behavior that may be observed and counted. In these terms,
 
the locus of culture, since it is learned, is within' ixdividuals;
 
social and economic systems which we observe in operation "are
 

created and maintained as products or by-products of culturally
 
guided human action and, as such, are artifacts of culture"
 
(Goodenough, 1963:271).
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There are, then, two orders of phenomena here toward which
 
prediction is directed 
(Goodenough, 1963:269; 1971:20-21). One
 
is actual behavior--a statement of probabilities based on a
 
sample of past events, such as "a watercourse whose members are
 
divided into two opposing biradaris are prone to conflict."
 
The other type of prediction is based on standards of behavior,
 
that is culture: the rules and standards in terms of which
 
people operate, judge others, and predict, the coals people
 
pursue, and the strategies used to achieve their goals. A
 
description of a culture is a predictive statement. 
in the same
 
sense as a grammar is for language; it does not tell us what
 
people will do, necessarily, but what things are likely or
 
regarded as appropriate under particular circumstances.
 

There is a complex feedba-k "r5lationshipbetween these
 
two levels of phenomena (Goodx:.ough, 1963; 1971) whose
 
ramifications are beyond the scope of this paper. 7 This re
lationship is an important consideration in understanding

social and cultural change, and in planning innovations. Even
 
if a new form of orqanization is introduced, people are likely
 
to continue behaving within it in terms of their previous

culture, and will assume others in their society will too. If
 
these rules and standards are inappropriate for the successful
 
operation of the new form, it will fail, or at least be trans
formed into something quite different from the original in
tentions of the initiator. On the otier hand, if behavior in
 
terms of the old rules proves disadvantageous (psychologically
 
as well as materially) to the people involved, and behavior
 
in terms of the new set perceived as advantageous, people can 
and often do change their culture. I shall return to this point 
in the conclusion. 

In the next section I present a case study of a watercourse
 
improvement procram, then in the following section I discuss 
certain key features of Punjabi culture that affect Punjabi
farmers' cap,: ity to cooperate on such colJ.ective projects. 

WATERCOURSE RECONSTRUCTION: A CASE STUDY
 

Canal Irrigation: Its Initial impact on One Village 

As part of a larger study of the relationship between 
introduction of canal irrigation and social organization, 8 

I had an opportunity to observe an experimental attempt at 
carrying out a watercnu-rse improvement program. The village 

7/Goodenough (1971) has also distinguished several levels or 
senses of the "culture" depending onterm the perspective of 
the obseriier '.h ch also cannot be pursued here. Culture as 
defined here is not the traditional "superorganic" con
cCptualization of sociologists and anthropologists.


8 See acknowledgements at the end of the paper.
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studied, "Gondalpur" (a pseudonym), is located in Central
 
Punjab, on the Chaj "doab" (the area between the Jhelum and
 
Chenab Rivers). This part of the doab has traditionally been
 
called "Gondal Bar" because historically the Gondal "tribe"
 
dominated the area.
 

Before 1901 therfe was no canal irrigation in this area. 
The ancestors of many of the present inhabitants of Gondalpur 
had large herds of camels, sheep, goats, cows, and water 
buffalo; they also had one Persian well (chai) irrigating 18 
acres of land as of 1857, and practiced some rainfed agriculture. 
As the accompanying table shows, during the 49 ,years between 
the British land settlement (1857) and the arrival of the canal 
water in Gondalpur (1904/05), there was a substantial rise in 
population (much of it because of in-migra tion) , and a gradual 
extension and in te.ns ification of agriculture. There was also 
a fairly large-scale transfer of control over land to outsiders-
and a concomitant increase in tenancy; and a large increase in 
the number o "castes" reur).esented. 

The Lower Jhelum Canal was officially opened in 1901, but 
its water did not reach Gondalpur until the 1904-05 rabi 
(winter) season. Its impact was i rmediate: hundreds of acres 
of land came under cultivation during both the summer (kharif) 
and rabi growing seasons. Forimer herders became farmers, 
either on their own lani or as tenants on others' lands. The 

area available for grazing animals declined so that even a few 
years after the canal was introduced most farmers were devot
ing a substantial percentage of their land to growing fodder 
for their animals. Other changes since the introduction of 
canal irrigation include a further rise in population, increas
ing fragmentation of land holdings, and increasingly intensive 
agriculture. As is true elsewhere in Punjab, the water table 
has also risen 40 to 60 feet so that today nearly everywhere
 
it is less than 20 feet below the surface. In some areas it
 
is less than 5 feet, and a large low-lying tract in Gondalpur
 
has become waterlogged and an adjacent previously productive
 
area saline and unproductive.
 

Gondalpur land is irrigated by three watercourses, all of
 
whose heads are located in other villages, and controlled by
 
farmers larger and more powerful than any Gondalpur farmer.
 
On two of them, most of even the Gondalpur land is owned by
 
outsiders and cultivated by Gondalpur tenants. The third
 
watercourse has several separate branches, as the accompanying
 
map shows. One branch passes through the center of "Chak Aziz"
 
(a pseudonym), before passing through Gondalpur to a third
 
village, "Pindi" (a pseudonym). The main branch follows the
 
line between Chak Aziz and yet another village into Gondalpur,
 
then divides into three sub-branches which primarily irrigate
 
the holdings of Gondalpur farmers.
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Table 1. Changes in population and cultivated area in Gondalpur since 1857 .a
 

Year Population Area sown once in a year in acres 
Rainfed Irrigated Total 

Well Canal 

1857 67b 46.5 18 0 64.5 
1881c 215 - - - -

1888/89 - 125 44 0 169 
1891C 310 - -

1901/02 568 186 47 0 233 
1904/05 - 152 36 86 274 
1909/10 - 1 0 605 606 
1911 c 565 - - -

1921 c 767 .... 
1931c 758 - - -

1936/37 - 374 0 492 866 
1951 c 914 - - -

1955 1027 104 0 654 758 
1961c 1117 - - -

1968/69 - 87 0 668 755 
1972 c 1246 - - -

197 7d 1449 .... 

a. 	Source: unpublished village records
 
b. 	The 1857 settlement records gives the following population
 

Households People Zat
 

10 56 Gondals
 
1 2 Mochi (leather workers)
 
3 9 Cuhra(non-Muslim, very low status,
 

untouchables)
 

14 67 Total
 

c. 	Census figures taken from unpublished village records to 1951; 1961
 
and 1972 figures are from District Census Report (Gujrat) for these
 
years.
 

d. 	Based on complete household census. The number of zats had increased
 
to 24 in 1977.
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Watercourse Social Organization
 

The Gondals are the dominant land owners in Gondalpur. As 
Table 2 shows they are divided into four major named biradaris, 
the Khudaya (branch D) , Khizarane (branch B) , lhluradke (branch 
C) , and "M iane". Tue first three named so dominate particular 
branches of thne watercourse that these are known by their names. 
Members of other biradaris also have land on various branches. 
A few Awan have vear' small. holdings on B and 2; two Blhattis 
have some land on branch B, as do three Sayid refugee families; 
and some Zluradke and Ehudava have land on branch B.9 on branch 
D, aside from the iKhudaya, a few Pindi farmers also have land, 
as do the religious leaders of Gondalpur, the "Miane". The 
Numberdar I 0 and his family, having relatively large holdings, 
(50-80 acres) are Khudaya; the Miane holdings are also relative
ly large (25 acres for each of three households) while the other 
two Gondal biradaris are mostly small farmers (5 to 20 acres).
 

At the head of branch A are four related households of 
Kharal zat. One has become a very large land owner (about 300 
acres) , having bought much land elsewhere. fie has about 50 
acres on this watercourse. His brother also has about 50 
acres on branch A and their half-brother's two sons have about 
50 acres between them. Though these two half-brother's sons 
often quarrel with each other they did not during the water
course project; I shall refer to them collectively as the "step 
nephews". Following the Kharal, on Gondalpur land, branch A 
irrigates the land of several small Langah farmers (one to ten 

acres). The members of this biradari, though poor, have 
marriage relations with the Khudaya, Muradke, Kharal, and a large 
Pindi landlord. Some land belonging to the Gondalpur Miane 
is irrigated after the Langahs', then at the tail branch A 
irrigates small portions of the relatively large holdings of 
several Pindi families. 

Watercourse Conditions Before Improvement
 

Pakistan's irrigation system is a continuous-flow system.
 
Farmers have a right to water proportional to the size of their
 
holdings. Usually they get water at a fixed time on a weekly
 
basis. From the beginning, government policy has been to
 
interfere as little as possible in local water management; the
 
Irrigation Department directly manages the headworks, canals,
 

and distributaries, but not the watercourses. When the system
 
was built the government laid out the route of the watercourses,
 
but their building and maintenance was the responsibility of
 

9/Most of this latter is either waterlogged or saline, or not
 
commanded because the land is high and on the other side of
 
the low-lying waterlogged area (see Figure 1).
 

10/"Numberdar" (numbardar, Lambardar) is hereditary position
 
created by the British. le collects the land revenue and
 
irrigation fees for the government, keeping a percentage for
 
himself; and acts as the intermediary between the villagers
 
and government officials.
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Zamindar biradaris involved in watercourse reconstruction.a
Table 2. 


Biradari Number of Watercourseb Position on
 
Households People branch branch
 

Gondal-Khudaya 11 70 	 mainly on D; Head; Middle;
 
a little on B. Tail
 

Gondal-Khizarane 21 105 B 	 Head; Middle;
 
Tail
 

Gondal-Muradke 7 43 	 C; a little on Head; Middle;
 
B Tail
 

Gondal-Miane 5 36 	 D; a little on Middle; Tail
 

A
 

Langah 5 36 	 A Middle
 

Awan 11 47 	 B and C - very Middle
 

small holdings
 

Bhatti-Rajeanec 18 78 	 B (2 households) Middle
 

Sayid 3 25 	 B Head; Middle
 

non-Gondalpur biradaris:
 

Kharal (Chak Aziz 3 ? 	 A (a little on B) Head
 

3 Pindi biradarisd under 10 ? 	 A & D Tail on both
 

a. 	This is not a complete list of all biradaris in Gondalpur; only those
 
having land irrigated by the watercourse reconstructed are listed.
 
Figures are based on 1977 complete household census.
 

b. 	See Figure 1.
 
c. 	Only two households of this biradari have land on this watercourse.
 

There are 7 Bhatti biradaris in Gondalpur with a total of 91 households
 
and 421 people as of 1977.
 

1. 	These biradaris did not play an important role in the improvement
 
project--there major holdings are on other watercourses; they generally'
 
acted together on this project.
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Figure 1. Sketch map of watercourse, Gondalpur.
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the shareholders. The government retains residual powers
 
activated by appeals from farmers to set water rotations, settle
 
disputes, or change the route (see Johnson, Early, and Lowder
milk, 1977; 1237; Michael, 1967; Jahania, 1973).
 

At the time of the study (1976-77) the level of maintenance 
of all the branches on the watercourse studied was extremely 
poor. A Salinity Control and Reclamation Program (SCARP) tube
well had been installed at the head of the watercourse in the 
mid-60's, doubling the amount of water flowing through the 
watercourse. As is generally the case in the SCARP areas, the 
intensity of cultivation increased substantially as a :esult of 
increased water supplies.

I I 

However, the capacity of the watercourse was not increased; 
further, for some years after the installation of the tubewell, 
there was no perceived water shortage. According to informants 
this led to a decrease in maintenance efforts, atrophying the 
already weak sanctions enforcing participation in watercourse 
cleaning. Further, fragmentation of plots had led to increased 
numbers of "illegal" (i.e., not sanctioned by the Irrigation 
Department) cuts in the main water channels. The watercourse, 
on all branches, was choked with grass, bushes and trees; leaked 
through rat holes, thin banks, and at junctions; and water 
remained standing in many low sections after irrigation. On 
branch A, since the Chak Aziz lands are relatively high, the 
owners actively sabotaged efforts to clean the head of the 
watercourse. Silting raised the water level, and thus their 
ability to irriigate their higl land; but it blocked an increas
ingly large pulcentage of the water from reaching the middle 
and tail farmers. 

This lack of maintenance, combined with increasing pressure
 
to raise production (limited by water) had created a considerable
 
dissatisfaction with the condition of the watercourse by 1976.
 

The Improvement Process 

In response to this dissatisfaction I was instrumental in
 
arranging for the Mona Reclamation Experimental Project to choose 
this watercourse For an experimental improvement program; 1 2 in 
this program the Government supplies technical advice and super
vision, and materials such as concrete outlets (nakkas) ; the 
farmers arLe responsible for supplying all labor for the earthen 
improvements, masons for installing nakkas, etc. , and for sub
sequent maintenance,. Some Gundalpur farmers had heard about 
the success of the improvement program in other villages; a 

ll/Previousl y informants say there had been little double
cropping. Now most of the land--especially that of small 
farmers--is double cropped. 

12/The arrangement was that I would observe, but not participate, 
in the process; in fact, people often sought my intervention 
to influence the engineers and upon occasion I did offer 
suggestions to the Mona personnel--which were never followed. 

http:supplies.II
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survey by the author indicated that the farmers were actually
 

aware that the losses from their watercourse were high and 
were eager to improve it.
 

The improvement program on this watercourse undoubtedly
 
faced more problems than is usually the case on a single
 
watercourse; but this makes it an important case to study as
 
all of the problems encountered characterize other watercourse
 
reconstruction efforts to various dcgrees. A description of
 
all that happened durtn'j the six months of active improvement 
work would constitute a book in itself; a brief summary will 
show the kinds of problems faced by the project. At a farmer 

meeting in June, 1977, two committees were set up; one,for 
branch A, included a Kharal representative from Chak Aziz 
(the youngest of the two "step nephews"), a Gondalpur Langah, 
and the Pindi numberdar. For the "main branch" and branches 
B, C, and D, one Khudaya, one Khizarane, and an Awan were 
chosen. The branch C Muradke refused to take part in the 
improvement program on their branch and therefore had no 

several for their refusal:
committee member. There were reasons 

they did not perceive much of a water shortage; they preferred
 

to continue cutting their watercourse freely; and they were
 

angry at the Awan over unrelated issues and opposed any pro
gram the Awan supported. 

Work began on Branch A--but on the same day as an announce
ment of land allotment under the land consolidation program in
 
Gondalpur; therefore, only Chak Aziz shareholders were present
 
at the work site and they successfully pressured the govern
ment engineer to start work on a new route for the watercourse,
 
parallel to the distributary around their village (see Figure
 
1). This route had been discussed previously and opposed by
 

the middle shareholders, but now it became a fait accompli
 
and they could not oppose it. Since the old route had passed 

through the step nephews' land and another Kharal's court
yard, while the new one is on government land and higher than
 

the old one, the Kharal benefitted substantially from this 

change.
 

Over the next few months work continued, fitfully, on
 
branch A, and the engineer had branch D and B work begun even 


though he had not yet done a survey to indicate the route, width,
 

and depth. The farmers on B and D discovered their water
 

supply was reduced as a result, leading to considerable tension 

between them and the engineer. At a meeting with the farmers
 

the engineer accused the farmers of not cooperating with him
 

and gave them an ultimatum--to follow his instructions without 


argument or he would abandon the project; the farmers were
 

I
 

I
 

I
 

I
 
I
 
I
 
I
 
I
 



601
 

angry but agreed to his demands. These branches were then
 
surveyed and the work redone. 1 3
 

A number of disputes broke out among the farmers (aside
 
from a series of continuing disputes between the farmers and
 
Government officials):
 

1. 	On branch D, two Khudaya, the numberdar (supported
 
by the Miane), whose land was at the head and middle,
 
and 	his paternal cousin, a watercourse committee
 
member most of whose land is at the tail, disputed 
over how far towards the tail the improvement work 
should go. The numberdar (and Miane) wanted the work 
to stop about 1,000 feet short of the cousin's land, 
so that no improvement work would be done on the 
section through their land. When the tail cousin 
refused to cooperate unless his demands were met the 
numberdar agreed, though the Miane continued to pro
test and refused to cooperate on the work. 

2. 	 The Miane, near the middle and tail of D, continued 
to dispute with the Khudaya over how far the improve
ment should go, and over the route of the watercourse. 
The engineer, based on his survey, wished to straighten 
it. Since it skirted the edge of the Mianes' land 
and over the years had been shifted, increasing their 
land, moving it would reduce their land slightly. It 
was straightened, finally, but over their continuing 
protest. 

3. 	 On branch B, the Khizarane leader frequently argued 
with Muradke, Khudaya, and Sayid shareholders over 
division of the work. 

4. 	 On branch A the Pindi shareholders and the Miane were 
lax about doing their share of the work, leading to 
conflict with the others. 

13/There were significant differences among the branches in 
the labor organization for improvement and the efficiency 
of the work. Except for a few portions of branch D done 
collectively, the work on each portion of all the branches 
was di,,ide(d wton( the_ shireholders proportional to the 
amount of land irriqiaed. The large farmers at the head 
and tail of hr-' ich A had their tenants and servants do 
the 	work, while the siall farmer-s in the middle ciid their 
own share--and dU t hem more quickly. Most of branch D 
was clone by tenaints, kamis and hired laborers--and more 
time was spent smoking and gossiping than working, 
significantly slowing the work. All but a few of the 
branch B shareholders did their own work, and theirs 
was 	 completed very quickly. 

http:redone.13
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5. The Langah committee member and the Kharal member
 
disputed over route changes demanded by the Kharal 
and division of work shares; because of his weak 
position, the LanIgan pursued these issues more with 
the enqincer thar thlef l ihliA1-al iirt1ctly. In every 
case, the hara1 won , becan:> no th the government 
officials aind otiwr farmers lea red the consequences 
of the I:ha: al coope atiq,, ivun their strategic 
position on t ntercourse. 

6. The Eha ral "ste j ne .huws", who had traditionally 
taken "unauthori1 ed water from the main branch, 
successful D sao;ec the work on that branch, in
clucling tv 'Crev;the r-emoval of trees and straighten
ing of the ro , There seeme. to be three reasons
for their obstuctionisi: thay realized taking illegal 

water £ron the ma i branch would be more difficult; 
they wou Ii los. a litt a of the land t Lhe,, occupied 
if the ;.'-tercourse wer-e st'-i i c ~htened; and the',' were 
jealous. Thev--;o lod Ipiogr am t hat w.;ou i b.ne fit 
the weake-r Gonda ur neon., :riaps fearirnc it would 
lead to their b-:conin.:) ] nependeit of im. 

7. The Eharal demanded, and L(-eatenlsabotageto 
the project, obtained ext-a :iakkas and double-sized 
culverts for their land; hut e.ven after Getting these 
the two "stei nephews" in ;.,articular continued to 
sabotace the work. 

A project that was p,:.:ected to be, completed in le3s than 
two months was not finished in December 1977, the sixth month, 
when I left; and when . returned in Nay, 1.978 1 discovered 
that some sections still had not been reconstructed, especially 
in the middle and tail sections of A and B; some of the 
sanctioned nakkas had .ot been ins tal ld, and several of the 
installed ones had been damaged ; and there had been no cleaning 
and mainte:-,ance ione. All the branches were choked with weeds 
and silt arid leaked from niew "unauthorized" cuts in the rebuilt 
banks. Even in October, 1978, the normal watercourse cleaning 
in preparati(.n for the rabi season had only been haphazardly 
done. 

The sections completed up to December, 1977, immediately
 
after reconstruction, did not leak, and farmers enthusiastically
 
reported up to five times as much water reaching their fields
 
as before. However, by November, 1978 the water delivery had
 
drastically declined though farmers said not: quite to pre
improvement rates. I observed that the sides, because of both 
poor construction and very poor maintenance had deteriorated 
considerably and were leaking badly; much water remained 
standing in the ditch after irrigation; and many farmers felt
 
discouraged about the prospects of maintaining even the 
present levels of efficiency.
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PUNJABI CULTURE: THE CONCEPT OF IZZAT
 

There is no doubt that one source of the problems faced
 
by this project is the relationship that developed between
 
the farmers and the govemnment officials supervising the
 
program.1 4 Another factor was that the potential benefits
 
of the program were not perceived as equ.ally distributed 
(Doherty and Jodha, 1977). Indeed equal distribution of 
benefits in a watercourse reconstruction program is impossible 
to achieve because of differences in size of landholdings, 
differences between owners and tenants, and moz crucial, the 
relatively greater benefits accruing to farmers with land at 
the tail than to those with land at the h'ea of the water
course. However, the active attempts by the ste nphews to 
sabotage the program in order to prevent others from bene
fitting, and the disputes that developed a::on persons whose 
benefits were about equal, suggests these factors are in
sufficient as e:pianations of the problems encountered. In 
fact, the major source is to be sought within the socio
cultural organizat.wn of rural society. Punjabi rural society 
is characterized hy a set of values and mechanisms which 
encourage conflict-make conflict endemic and unavoidable, and 
thus tend to discourcgo coopuraton on a long term basis. 5 

The most fundamental concep., or theme, in rural Punjabi 
culture, in terms of which much of Panjabi behavior c: be 
understood is the concpt of izzat.16 Izzat may be glossed 
as "honor," "et eam, " "reputation" or "face". it is a 

14/Although some or these engineers and extension workers have 
rural backgrounds, their education has seemingly ral.e them 
unfit for rural work; possessing a degree, and a respectable 
position in the overnment bureaucracy, they are "officers". 
They create barriers between themselves and their clients 
by wearing western clothes, speakin, an urban dialect, and 
doing all they can to create the impression they possess a 
superior knowledge and position which ought to be respected. 
When the clients assert themselves, and refuse the "officer" 
the "respect" (road "obeisance") he claims, conflict arises, 
and the officnr's low opinion of his clients is confirmed 
in his mind. This kind of relationship between government 
and farmers is not confined to Pakistan. 

15,/1 am not a r' uinq that thece is no cooperation; Lowdermilk, 
Clyma and -. , (197 : 41-47), for example, discqgs several 

forms of cooperation. But the patterns they discuss are 
among a few indi viduais, usually relatives, and tend to be 
on a short term basis. These authors (p. 47) minimize the 
importance of the factors discussed nere as major impediments 
to organization. 

16/This is the most common and broadest term; there are others 
but they tend to have more res tricted meanings. The term 
has obvious affinities, conceptual and historical, with the 
Middle Eastern and Mediterranean concept of "honor". This 
paper does not pretend to be a complete discussion of izzat, 
which has important ramifications in many areas of Punjabi life. 

http:izzat.16
http:organizat.wn
http:program.14
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"limited good" (Foster, 1965): one acquires more izzat only 
at others' expense. As in a zero-sum game, the success of one 
person is a threat to all the other players, a characteristic 
that generates competition and jealousy. For example, when 
Government officials agreed to a -:er '. reasonable request for 
a le-widh c.: rt truc ac-ess to one of h- Fharal's 
brick, .i ], his 
for iis._if. 
got less thnC his s 

n w 
!1-(,;is 
'c 

dr 

h 

slze'n :iounir size culvert 
izz t was. ,t stake: if he 

wu].o los:. izzat. Government 
oersonnel, 
j"c*ohi 

not 
n ' 

t, 
I 

r.r".1(.in: o 
1 'ed 

-.izzat game, 
:erooler:s with 

re
the man. 

Ali men 'naish o osin,: i ZZ-, but :rany men also attempt 
to increase their iz/at, or roc others' One acquires 
and increases onL.J izat by sJ''eral different strategies. 
First, on:.t bay,- ao d iii ano mor_ imLmortant the willing
ness, to use force. 'here is a moc. in jabi saying : "Who
ever holds stick rhe. ;,1 o." This does not meanthe r)ffd 

f orce i"s is rerso3-rtd to, it enough ton..ce. t is 
create the imprressiol r'-;, one is wil.ir7 an( able to do so, 
anid in tines o: tension, m~c cilcuia'_ion arc soeculationI-I 
revolves around this i ss: :, -- ral t n e r 
feared because the-v had ionsnrate. h_-ijr willingness to use 
force in i s Thchatt o <ondalpur,previou r 1 mostly 
tenants arid poor, i :t r, a I, of iz zat 
for the same reason. < h, oth.r :andi, the Khudaya numberdar, 
despite land holdin-is, nis :j,.rnmrenr contacts, and several 
adult brothers, had less izzat han he might have hau because 
it was known that he feared violr-nce (this was not an un
reasonable -F--.ar since nis ;fatner has b -.n m urdrered) . 

A second means of ac-juiring izzat is possession of influence 
with government officials, and willingness to use it for one's 
supporters and against one's "enemies". The nurrberdar had some 
izzat from this source but was not willing to use it against

"enemies'; the Kharal steo nephews, some Pindi landlords, 
and a recently deceased poor arid landless Bhatti leader 
before his death, all had a substantial amount of izzat from 
this source (as did the author). A third source is willingness 
to entertain guests lavishly, whether they are government 
officials or relatives at a wedding--even if one bankrupts 
himself in the process. The deceased Bhatti leader mentioned
 
above, kept himself bankrupt but high in izzat by this means.
 

Success in competition, whether organized games such as 
kabadi or a stick fight, is another source of izzat. Winning,
 
not a valiant loss, is the key. Another source is generosity,
 
not to the general public, but toward individuals (who are obliged 

then to render support).I Finally, successful one-upmanship,
 
17/Religious generosity such as building a mosque earns one
 

"respect" (adab) for piety, but is not itself 
a source of 

izzat; pious acts score points in a different game.
 

__!
 

I
 

I
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including getting revenge for a previous defeat or 
insult, is
 
important. For ezample, disputes are often taken to the
 
police; 
 and the person or group that can avoid jail or beatingby the police, while ,jetting the opponent punished, and spend

the least money on the case, "wins". Such cases often become
 
very long, involved, and ezpensive; but they continue even
 
when people aware after much and
are that so trouble expense

they will have nothing tangible to show.
 

In order to .:mpro-ie one's izzat one must have taqat (strength,
pow.er), but tac.at alone is insufficient; one must use this 
power to help one's clients or defeat one's enemies. The 
richest of the Kharals has less izzat than one would predictfrom his wealth rind go-iernment contacts because he was un
willing to use his position in this way. A person whose taqat

and izzat are increasing attracts followers and allies who hope

to benefit; but he also attracts the jealousy and fear of others
 
who are likely to band together Lehird the s1:ceWes to lot
strategies to limit or reduce him. If it is a group (such as 
biradari) or veral brothers who are ';etting too powerful,
efforts will be rae t.-j sow dissension and thus weakrn their
 
,nity; because individuals' pr imary loyalties are to thernselves
 
and each on, ass:: this to bu true of others, efforts to
 
divid- groups, even two brothers, often succeed. 

Pe~o.lAe reconi z{d as "l-aders" are s.pposed to work for
 
the benefit of th.i r followers as , group; bj t more o::en than
 
not, such 
 persons keep their ,,r. intCr:sts n .ind first 
and attract clients by aiding individu is (ag-ainst the police 
or an enemy for examprle) who are then obliged to them. Only
infrequently do leaders work for the benefit of a grou!community as a 'iwhole--and even when they do, orothers may accusethem of seeking only their own benefit. 

Opposition is e:- en expresse-d verbally in terms of issues,but in fact the issue is nearly always a pretext: men oppose 
or support decisions and programs based on their perceptions of 
their competitors' position. For example, even though all
farmers were suffering th- (-xactions of a corrupt tubuwell 
operator, they did rothine because, informants explained, if
c)rr, mran or group propos2s ptitioning for his remov!-, others 

.. I oppose, not out of love for the tuibewell operator, but 
p~revent th(u others rom utilizing the issue to gain some 

advantage, or to pnursue some long-standing grudge. This can 
be carried furthe.r: the non-cooperative behavior of several 
Kharal on branch A during the watercourse reconstruction was 
interpreted by informants as based on desire to preventa ..... rs from benefitting--even if it meant fore-joing their 

wn benefits. 1 8 Opposition is also not "legitimatL-" in the 

J8/Thre is a Punjabi saying, "If my neiqhbot's Vi:2l falls 
it is good--even if it falls on me". 



606
 

western parliamentary sense: opposition is always personal 
(or interpreted by others as personal), and aimed at weakening 
others or strengthening one's own position. 

There is a strong ethic of loyalty to one's kinsmen; one 
ought to be prepared to make sacrifices for their benefit--and 
on occasion people do. Marriage within the biradari--siblings 
and cousins exchanging children--is intended to cement their 
affections and relationships. Divisions within the community, 
in Gondalpur and other villages, are usually between biradaris; 
this was the case for most disputes over the watercourse 
improvement program. There is a feeling of a biradari's izzat,
 
which must be protected from others' attacks; and if a man's 
izzat suffers at the hands of a member of a different biradari, 
all of his close kinsmen will unite in opposition to the
 
"enemies" (jushman)
. 

Nevertheless, . espite the emphasis on loyalty to one's
 
kinsmen, tensions among biradari members are always present;
 
patrilateral cousins and brothers often have tense and com
petitive relationships and do not completely trust each other. 
One's brother's or cousin's personal izzat is not necessarily
 
one's own; hence a man is apt to be jealous of and feel threat
ened by a brother's success. Tension is also generated among 
biradari members by joint, potential rights in land. One of 
the worst cases of conflict in Gondalpur history, resulting 
in two murders and three executions, occurred within the 
Khudaya biradari over land; one branch attempted to deprive 
another branch of rights to some land; tensions built up and 
the latter finally took action, by murdering the numberdar 
and his brother. The amount of land involved was in fact not 
great; the real issue was izzat. If the second group had 
allowed themselves to be deprived of the land, their izzat 
would have been severely damaged. 1 9 

During the improvement process there was much petty con
flict among biradari members over work shares and the like;
 
the Kharal are seriously divided, and the Khudaya only slightly
 
less so; the Awan and Muradke, though separate biradaris in
 
many senses, are closely intermarried--yet at the time of this
 
study were involved in conflict over several issues. It is
 
likely that the sociologists discussed above have over
emphasized the unity of biradaris.
 

19/The numberdar and the cousin with whom he argued over the
 
extent of work on the watercourse are the sons of the two
 
murdered men; their relations are tense in part because of
 
jealousy and dissatisfaction over the subsequent partition
ing of their fathers' land; and in part because each fears
 
the other will gain an advantage. An exchange of sisters
 
would seem to be called for here, but each branch is
 
marrying matrilaterally (outside the village), accentuating
 
the division.
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The sense of community within the village is real, but
 
also inter-twined with izzat. In opposition to outsiders
 
villagers will act together in a stick fight or a competitive
 
game (such as kabadi), to preserve the izzat of their village.
 
However, cooperation within a community to achieve a mutually
 
beneficial goal is very difficult as people fear others may
 
benefit more than they, or the leaders will gain undue in
fluence. In some villages there are leaders who are suf
ficiently trusted (or feared) to insure that farmers cooperate
 
to maintain their watercourse (Mirza and Merrey, 1978), but
 
this is not true of most communities, and is not a permanent
 
characteristic of any community. 2 0
 

THE IMPLICATIONS OF IZZAT FOR ESTABLISHING LOCAL
 
LEVEL ORGANIZATIONS
 

Punjabi villages exhibit considerable variety in observ
able social organization: single, double, multicaste villages;
 
villages with strong leaders and villages with no leaders; 
villages with no recent history of serious conflict, and villages 
where murders occur 'early; villages inhabited by descendents 
of the original (pre-canal system) inhabitants; colonists who 
came at the time of the building of the canals; and recent 
refugees from lndi .a. However, in contrast to the variation at 
this level, there is relatively less cultural variation: the 
concept of izzat described here is shared to a very large extent 
by rural Punjabis. However, it leads to somewhat different 
sociological patterns under different circumstances. 

For one thing, pope pursue different strategies depend
ing (aside from persoralit'' differences) on the larger social 
context in which they find themselves. Pindi village for 
example is dominated by a iiumber of very large landlords; 
they are all Gondal , but are subdivided into several biradaris. 
Tension among several of those has led to a number of murders 
over the years. %Imbers of other Gondal biradaris attempt 

20/One commentator on an early draft of this paper, as well 
as one of my Gondalpur informants with whom I discussed my 
conceptualization of izzat, suggested I have confused what 
my informant calls "false izzat" with "true izzat". True 
izzat refers to the more "positive" characteristics included 
in the concept, while "false izzat" includes more "negative" 
behaviors such as undercutting others, and creating fear in 
others. It is importtnt to note that. my informant here is 
a Langah, who are not active participants in the main game 
of izzat. Other Gondallpur informants, while unlerstanding 
the distinction, insist neverthle)ess that obstructionists 
like the step nephew Jo h-ve izzat in most people's eyes; 
men who are feared and r ferred to as "badmash" ("bad 
character", troublemaker, bully) are also respected (even 
admired) and regarded as having izzat; and the "badmash" 
themselves believe they are increasing their izzat by their
 
tactics.
 

http:community.20
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to remain neutral, or temporarily ally themselves with one
 
or another side, or try to stir up incidents among others in
 
order to weaken them. Many Gondalpur farmers are clients of
 

the Pinl:1i landlords; they work as tenants for the landlords,
 
or help thom when a show of force--or votes--are needed; in
 

return they expect their patrons to help them anainst their
 
enemies when needed. Normally the Gondalpur people do not
 
compete directly with the Pindi landlords; they may be said
 
to be operating in different political "arenas".
 

Everyone is concerned about his izzat; but not all men
 
play the game of izzat actively. Many are content to avoid
 
losing izzat by not initiating confrontations. If they retreat
 
when someone forces an issue, they lose izzat, but avoidance
 
of confrontations does not always mean weakness. The Langah,
 
for example, being a small biradari with relatively few
 
resources, are rarely involved in conflict, but when another
 
group attempted to grab some of their land during the land
 
consolidation program they faced the issue squarely. The 
grabbers backed down, losing considerable izzat, and the Langah 
gained. Nevertheless, since the Langah do not initiate confrontations, the extent )f their izzat is limited. 2 1
 

In contrast, the Awan, with a slightly larger number of
 
men but less land than the Langah, have closely allied them
selves with the Kharal step nephew, and exhibited a willing
ness to use force to achieve their ends. People are, there
fore, reluctant to annoy them and their leaders have more
 
influence and izzat in the community than one would predict
 
from the size of their landholdings or numbers.
 

The process of collective decision-making is also con
ditioned by concern for izzat. I have observed several paryon-s
 
(panchayats, i.e., informal "councils" of men) attempting to 

settle disputes, and several meetings at which decisions re
garding the watercourse improvement program were made. At
 

all of these meetings, discussion seems interminable to the
 
outside observer; people usually "shout" (by American standards),
 
often get excited, and often drag in seemingly extraneous
 
issues. At paryon-, after the disputing parties have had
 

21/The Langah illustrate another strategy for maintaining their
 
izzat: as noted above they have marriage relations with the
 
Khudaya, Muradke, Kharal, and a large Pindi landlord. None 

of these other groups have direct marriage relations with
 
each other. The Langah are proud of these connections.
 
These marriages strengthened their position and were a 

source of more izzat than their small size and lack of in

volvement in politics would lead one to expect. However,
 
this strategy has a double edge: since they were mostly
 

I
 

I
 

I
 

women-givers in these transactions, they were also affirming
 
a certain inferiority.
 I
 

I
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their say, and there has been considerable public discussion,

the three to five men who are to make the decision withdraw
 
to discuss the case privately; their decisions are always

presented as unanimous, and one suspects they are influenced
 
by the trends in the public discussions.
 

Similarly, at the meetings on watercourse improvement, a

"consensus" was arrived at on each issue 
(sometimes meaning

those opposed kept quiet--though they did not always accept

the decision); on some issues, such as selection of the
 
members of the "executive committee" the more important men,
 
representing the various biradaris withdrew to discuss the 
issue privately. Their decision was announced to 
the group

and extension officer, and accepted with little further dis
cussion.
 

An important function of this "consensus" form of
 
decision-making is 
to preserve the izzat of all the participants.

If a consensus, or at least the appearance of consensus, is
 
not achieved, decisions are often postponed, even when a large

majority are agreed. To press for a decision when 
some re
main opposed is to attack the izzat of the opposition. This
 
may lead to an escalation of the conflict. if a formal process

such as voting or an election is used, someone must suffer a
 
public defeat and thus lose izzat, creating bitterness and
 
potential obstructionism. Since one's izzat is at stake, aside
 
from the office or dlecision in dispute, people are likely to 
resort to "unfair" means to avoid losing. Given this orienta
tion it would be folly to insist on fcrmal voting and majority

rule as the mechanism for decision-making in any institutions
 
established on watercourses.
 

Of course people may make decisions by consensus, then
"ratify" it by formally voting; but the voting rule is also 
apt to be utilized by persons bent on increasing their izzat 
by forcing votes and thus causing opponents to ;se publicly:
this would 1ii.tinatelv subvert the organization.- Secret 
ballotting does not completely solve the problem either: 
someone still loses izzat in a public way; and in a small 
community it is not difficult to figure out how particular 
neople voted. 

When villagers and government officials interact, both
 
are concerned about their izzat. In villages with several
 
competinq leaders, they often compete for the "privilege" of 
entertaining visiting officials--especially potentially
important ones. Part of the reason is an ethic of the impor

.lice of honoring a "guest" of the village; it is "beizzati," 
.e., a loss of izzat, for the village not to treat a guest 
,)perly. Another aspect is the person who (publicly) treats 

a quest well gains points in the game of izzat over his opponents. 

22/I suspect something like this may have happened in many 
cooperatives.
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If he is able to translate this into influence (or even the
 
impression of influence) with the official then his izzat is
 
further impiroved.
 

Officials are also concerned with their own izzat both 
in the villagers' and their colleagues' eyes. This often
 
leads them to avoid delegating authority (especially to
 
villagers but including such people as extension workers)

and to try to give an inflated impression of their own 
authority. Although they often flatter and cater to big
 
landlords, they also try to maintain social distance between
 
themselves and ordinary villagers by wearing western clothes,

and by using speech that is authoritarian and sometimes rude.
 
This includes use of familiar verbal and pronoun forms of
 
address. Villagers on the other hand are expected to be
 
polite, to accommodate themselves to an official's needs, and
 
to accept his point of view without argument. Publicly
 
villagers are often obsequious, but behind the official's
 
back, they may ridicule him. Some officers seem to be aware
 
of this; 
at any rate they are very insecure and vulnerable,
 
and I have observed several very strong outbursts by officers
 
when villagers have criticized them publicly. These factors
 
obviously inhibit government workers' abilities to work
 
effectively with rural people. 2 3
 

Perhaps because of this social distance, and the con
comitant lack of awareness of the divisions and competing 
concerns of the people they work with, government officials
 
sometimes make decisions that seem "fair" to them, but are 
seen as izzat-threatening by some of the community people.
 
The example of the conflict over the double-sized culverts
 
discussed above illustrates this point. It is important
 
for officials to make themselves aware of these factors and
 
consider the likely consequences of decisions; this can only

be done if they understand the relationships among the people
 
involved, and the culture in terms of which they operate. It
 
should be a cardinal rule that no one should lose izzat as a
 
result of a seemingly reasonable decision. In the above case,

either both should have been given a double culvert, or
 
the person needing it should have been asked to pay for the
 
extra width.
 

Finally, a major consequence of the concern for izzat is
 
that a "civic" sense is very rare. The step nephews from Chak
 
Aziz are not unique in Punjab: there are many individuals
 
who will actively sabotage a program to keep others from
 
benefitting, even if it means foregoing benefits for them
selves. Other people have no mechanism to neutralize or
 
control determined obstructionists, even when a large majority
 

23/The On-Farm Water Management Project workers are a notable 
exception to this, which may be one factor in their generally 
good reputation among villagers. 



favor a particular program. It may be possible to solve this
 
problem by strong government intervention, but this creates
 
other, perhaps more serious, problems.
 

CONCLUSION
 

This paper is by no means a complete discussion of the
 
role of izzat in Punjabi social life; nor is the concept of
 
izzat the only characteristic of Punjabi culture relevant to
 
understanding why conflict is so endemic and cooperation so
 
rare. A complete discussion would have to dissect the social 
and economic structure of rural Punjab; the dynamics of 
family and kinship, and the profound changes that have occurred 
in Punjabi society during the last 100 years. All these would 
have to be related to the historical and general cultural con
text of South and Southwest Asia. The discussion would have 
to include an analysis of the assumption of hierarchy and 
inequality in social relations that is only superficially
 
overlaid by the Muslim ideology of equality; and it would have 
to include a discussion of attitudes toward land. This brings 
the discussion full circle back to izzat: hierarchy is ex
pressed in the idiom of izzat, and possession of land and 
cattle are perceived as primary sources of izzat.
 

To reiterate, not all men actively "play" the game of 
izzat; but all those involved in "politics" in its broadest 
sense do. This includes a large number of men who are not 
"leaders" by any definition of the term. All Punjabi 
communities exhibit. these same characteristics, but some more 
than others, and some are able to overcome them temporarily
in order to accoiplish community-wide projects; but these 
latter are a small minority. 2 4 The game may not have been 
unadaptive under pre-canal social conditions. During the 
period immediately preceding the building of the canal, 
population pressur seems to have been building--perhaps 
explaining why caanii irrigation was adopted so quickly 
(Boserup, 1965). After the canal there was no shortage of 
land, no severe population pressure, and no pressure from 
the larger system to "develop": hence the minimal level of 
cooperation required to operate the system at a low level of 
efficiency was sufficient. 

Now the pressure is again increasing: the demands of the
 
-rger system require increased production; the local sub
system too is under increasing local pressure as productivity
 
on a per capita basis is probably not even being maintained. 

24/See Pettigrew (1978) for a discussion of the role of izzat 
in East Punjab. Many of the characteristics of Punjabi 
rural society are found to varying degrees throughout north 
India and Pakistan; many of the implications of this paper 
for organizing farmers apply to these areas too. 
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Water and its mismanagement is a key constraint. Large-scale
 
capital-intensive projects such as dams, canals, and tubewell
 
schemes will continue Lo be constructed and operated in order 
to maintain and improve the productivity of Pakistan's irriga
tion system; but iL is now recognized that many of the major 
problems--low [;ruductivity, waterlogging, and salinity, among 
others,--ar.c the result of local-!evel mismanagement. In
creasing ct tentio arn investment are, therefore, being focused 
on improving local water mariagement practices, by involving 
local water users in i.roijects to improve the efficiency of 
their watercourse,s, as well as their cultivation practices. 

There are two possible strategies either the government
 
can intervene directly and rebuild or enforce the reconstruc
tion of watercourses, -nd use of better cultivation practices;
 
or it can e(ncourace local initiatives. The former strategy,

in which thie aovernment itself would line all watercourses
 
with cement for examiple, las been considered. Many farmers
 
find it attractive. In theory at least it would require less
 
maintenance. However, aside from the prohibitively high cost
 
(Eckert, Diriick and Cl yma, 1975), such a strategy would con
stitute further centralization, reducing the responsiveness
 
of the system to local-level problems, and ultimately risking
 
its viability.25 Its effective administration would also be
 
problematical. 

The administrative and social impediments to the strategy 
being pursued are also substantili'. Nevertheless, -rom an
 
ecological perspective, a decerralized approach is most 
viable. In fact, paradoxical as it may seem, I would argue
that the current projram has not gone far enough toward 
encouraging local organization and initiative: riot only should 
the government encourage the organization of local water users 
to manage their own local sub-systems, but these local organiza
tions ought to be integrated into the operation of the system 
at higher levels (as in Spain, for example; are Padosevich, 
1975) . This decentralization would increase the responsive
ness of the larger system to local needs and perturbations. 

Given the sociocultural characteristics summed up in the 
concept of izzat that seem to prevent rural Punjabis from 
organizing and cooperating, how can local organizations succeed? 
In the discussion of "culture" and its relationship to be
havior I emphasized the complexity of this relationship. It 
is not a fixed one to one or one-directional relationship. 
Since patterns of behavior are "generated" by a mixture of 
material and cultural constraints and rewards, changes in these 
constraints and rewards should generate changes in behavioral 
patterns (Barth, 1966; 1967; Goodenough, 1963). It cannot be
 

25/See Rappaport (1971); Flannery (1972); Lees (1974); this
 
perspective is being developed in another paper presently
 
being written by this author.
 

http:viability.25
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assumed that people will alter their customary behavior
 
patterns and cultural values in the absence of compelling con
straints and/or rewards to do so. 
 Mere exhortation will not
 
suffice.26
 

The solution is to create such constraints and rewards,
 
designed with the specific cultural characteristics and
 
material resources of the population in mind. A three-pronged
 
strategy is suggested here:
 

1. Legal and administrative mechanisms are required to
 
facilitate organization (such as an enabling law for
 
local watercourse organizations, and their federation
 
into larger organization). These organizations ought
 
to be given real responsibilities. 27
 

2. 	Sufficient rewards need to be built in 
to attract
 
farmers to organize, and continued rewards held out
 
to maintain the organization over the long run (for

example free materials for watercourse reconstruction,
 
credit and agronomic inputs at special rates for
 
members of successful organizations, special public

recognition for communities with effective organiza
tions).
 

3. 	Sanctions are needed to be applied initially to
 
individuals and groups who sabotage organizational

efforts and local improvement projects, and eventually
 
to be applied to local conmmunities who lag behind in
 
organizational efforts, or do not fulfill their
 
responsibilities (such as watercourse maintenance).

Such sanctions will have to be applied by an external
 
authority, to avoid their becomincl another weapon in

the 	game of izzat, and will have to be swift, certain, 
severe, and just. This "external authority" should 
not be another arm of the Government bureaucracy; 

26/Although thu eyhip]asis in this paper has been on cultural 
factors as the independent variables "explaining" particular
forms of behavior, this is an oversimplification. In fact,
at a more abstract level than patterns of individual be
havior, culture - including the set of values and strategies
summarized by the term izzat -- should be seen as a product
of a particular social structural, economic and ecological

context. 
Attempts to change only cultural values (by

"education," "preaching," etc.), without changing the basic 
social structure and the constraints and rewards built into
it, are not likely to succeed (see Silverman, 1968).

27/Gustafson and Reidinger (1971) seem to be among the first
 
advocates of establishing water users associations; see
 
also Water Management Research Project Staff (1976).
 

http:responsibilities.27
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rather, it should be a body deriving its authority 
from local communities, but above any particular 
community. 28 

The facilitating mechanisms, rewards, and sanctions must
 
be designed to fit the local milieu; what works in the Phili
ppines may not work in Pakistan. For example, formal voting
 
and elections ougrht not to be overemphasized at least initially
 
in the operation of an association as this requirement may
 
lead to its bein<j sabotage(d in the game of izzat. Communities
 
that organize th(.mse1%,rrs effectively ought to receive public
 
recognition asidk, [rom the material benefits that will hope
fully accrue. In time such a stategy may encourage, if not
 
a redefinition of izzat, at least a recognition of more con
structive beiaviors as sources of increased izzat.
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APPENDIX 32
 

OPTIMIZATION OF LENGTHS OF ALTERNATIVE
 
WATERCOURSE IMPROVEMENT PROGRAMS IN PAKISTAN
 

John Reuss
1
 

I. INTRODUCTION
 

Over the past several years a substantial amount of
 

information has been collected concerning watercourse losses
 

in Pakistan. Due to the high water losses encountered, im

provement programs have been designed and undertaken. To
 
date, these are largely either experimental programs or pilot
 
operational programs but serious consideration is being given 
to more substantial operational programs. 

Several studies (2,3,4) contain information on costs and 
returns from earthen improvement either with or without per
manent control structures and/or improvements involving brick 
or concrete Ii.iings of various types. These studies have 
assumed that the complete main channel or official watercourse 
would be improved by either o}nc method or the other, but 
studies have not considered the alternative of lining the 
heavily used portions and using lower cost improvements on 
the less used tail reaches. This paper undertakes th( devel
opment of a theoretical basis for determining the optimum 
amount of any contempliated i.mprovement or the optimum point 
on the watercourse at which a high cost program would switch 
to a lower cost alternative. 

There are many pract ical considera tions to watercourse 

improvement that are relevant, in addition to the more theo
retical approach given here. At present information is being 
assembled from various watercourses that have been studied in 
some detail so that the application of these theoretical 
approaches to field situations can be properly examined. How
ever, various organizations and agencies are presently in
volved in analyzing water management alternatives for new or 
revised programs. It therefore seems appropriate to issue a 
progress report on the theoretical aspects at this time. 

While some important conclusions are fairly obvious from 
the material presented here, comprehensive recommendations 
must await the more complete analysis.
 

17Cfief of Party, Colorado State University Water Management
 
Research Project, Lahore, Pakistan.
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II. THEORETICAL CONSIDERATIONS
 

Let us consider a watercourse with a flow Q at any point. 
The inflow is defined as Qo, the delivery as QD and the water
course losses as QL so that: 

Qo = QL + Q () 

First we will consider the case of watercourses with a single
 
main branch, althouqh several of the relationships are valid
 
for branched watercourses as well.
 

Linear Loss Assumption
 

The first assumption is that the loss rate along the 
channel is uniforrm and is it constant fraction of the inflow. 
Thus, if Q is the rate of flow at any point and Q0 is the 

inflow rate, a plot of Q/Qo as a function of distance should 
give a straight line. This assumption has several weaknesses 
but plots of Q/QQ for several watercourses that have been 
intensively studied do tend to be linear even though there is 
substantial point: scatter. Slopes of these lines indicate 
loss rates of from 4% to 13% of the inflow per thousand feet. 
(5,6) 

We will now define a relative loss k with the dimensions
 
-
ft defined as the fraction of the inflow that will be lost
 

per unit length in any part of the channel where water is 
flowing. The change in flow per unit length dQ is now given
 
by: CL 

dQ -kQ (2) 
if 0 

The above mentioned losses of 4% to 13% per thousand feet
 
correspond to k values of 4 X 10- 5/ft to 1.3 X 10- 4/ft.
 

Watercourse improvement programs are of various types.
 

Certain high cost improvements may nearly eliminate loss,
 
while other improvements may only achieve moderate loss reduc

tion. Therefore, it is convenient to utilize a loss reduction
 
factor f, which is the fraction that the initial loss is re

duced as a result of improvement. If k for an unimproved
 
watercourse were 5 X 10-5/ft and the improvement reduced
 

At any point on the waterlosses by 90%, f would be 0.90. 

course the reduction in loss per unit length is given by:
 

dQL
 
(3)
dL = kfQo 

The change in volume of water saved per unit distance is
 

given by the change in flow multiplied by the time of opera

tion so that:
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dWL-s = kfQot (4) 

Here t is the time the water is flowing at any particular
 
point L and WS is the volume of water saved by treatment. The
 
change in water lost per unit distance, i.e. the loss per foot
 
dWL/dL, is simply the special. case where f is equal to 1. The 
loss per unit length and the expected water savings by two 
types of improvement programs are shown in Fig. 1. For illus
tration, I h ass urned a oss ,f 7%/.000 ft in the unrmproved
systen of a k value of 7 X 10'. Th! ling treatment was 
assumed to reduce I osses b7 r.'/1000 ft and the earthen im
provement by 3.5%/I 00 ft, which correr;pond; to f values of .93 
and .50 re:s'pect-ivelJy. Inflow was as:;sued to be 3 cu.xs'ecs for 
336 days or 2016 iicre-ft-/year. Ir thJ-, i.lu:;trat on, at the 
head of the ,a to reur.s where t i. erjua]. to ], the 1o.2 per
foot would 1e .14 acre-ft/year of which .1 3 acre-ft/year would 
be saved by ]inin or .07 acre-ft/ye.r would be saved by
earthen imInprovement. Moving dlown the: charinie1 to where the 
watercourse oriny ,pera tes 84 hours v) r werik, t is O('qua]. to 0.5 
and the loss per foot is .07 acre ft/y/ear of. which .065 and 
.035 acre ft/(ar are saved by lining or earthen improvement 
respect i vr] 7. 

Defining R., as the net return per unit length per year
dRn/dL is given by multiplying dWs/dL by Lhe value of the 
water saved V and subtracting the annual cost of the improve
merit per unit length C. 

d R 
nd - VkfQot - C (5) 

It is convenient, using units coinmn in Pakistan, to
 
define V in terms( of Rs/ac-ft, k as ft-, Qo in acre-ft/year, 
t is dimension les-s: (years/year), and C in Ps/ft per year.
Plots of Rn/ft for the lined and urilined cases, illustrated 
in Fig. ], are showni[n Fig. 2 a ;suming an annual cost of 
Rs. 4/ft for the ] ining ajnd Ps. 1.25/ft- for t:h(. earthen im
provements, ind i:he va.tlie of wa te r V ;af; R.,;. 100/acro-ft. At 
this point:, c nn siron (rt n c.; i],! ; ri so cn.ceorn i n' t ' time of 
inflow, t), and t-he! tioc,-.'sit y of ad jus ting liie opto imur time t 
for the ln i., ti ,, w.erc()lrse i. . lerei. [ ;inot: o;.eration, 
'he adjIs't:rn(ent i,; a ]ready/ accolitd r ;ice i:-; calculated 
as acre-ft/day ti me t h. nurnber of opo,..rat-iniq days// oar so that 
Q91 in effect, repres nts; the I)rOduct ()Oto. 'l'hiii; ethod 
simplifien the.. calcul.aLior, , n e. i mi atc the ner For carry

ng t o the lW I'iala:u nti,,m; lI: i:; u;ed throii'hoi t [hi.s paper. 

Conven: ional( economic t he'," ;i'iO'(J :;t hit, i f one were 
considering iin expen; i.v i.mlproveuen t proogram ;uch a; 1 ining, 
one would only wi s h t, ap ply it to t hose', reache; on which the 
net return is positive, i.e. (IRn1/d], is grea ter than zero, or 
the marginal return is greater than the marginal cost. 
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Figure 1. 
Annual water loss and amount saved per foot of watercourse
 
assuming lining or earthen improvement as a function of
 
distance. Value of water is given on 
the right hand scale.
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Therefore, setting the left side of (5) equal to zero and
 
solving for t:
 

t (6)
 

Using the above units, t is dimensionless and C is the
 
annual cost per foot. Multiplying by 168 converts t to hours
 
per week of "warabundi" or irrigation turn time. In this
 
manner, we can calculate directly the hours per week of use
 
required to justify the treatment. The implication is that,
 
for sections of the watercourse having less than the indicated
 
use, we could not justify the cost of improvement. In Fig. 2
 
the optimum t values for the two systems are shown by the
 
points where the diagonal lines cross the zero-return axis or
 
at about 51 and 30 hours per week for the lined and unlined
 
cases, respectively.
 

Let us now consider the case where the two methods of
 
watercourse improvement are contemplated for the same water
course using the lining on the upper reaches and the earthen
 
improvement at the tail. Again economic theory suggests that
 
the optimum point to switch from the higher cost to the lower
 
cost treatment is that point at which the returns per unit
 
length from the two methods are equal. From (5) we can write:
 

Vkf Qot - C = VkfhQot - Ch (7)
 

In (7) the subscripts h and £ refer to the higher and lower
 
cost treatments, respectively. Rearranging, we obtain (8)
 
which allows us to calculate the time of use required to
 
justify the higher cost treatment over the lower cost treat
ment.
 

t-VkQo0(fh
= Ch - Ck _ fl18 .(8) 

From our example, t is 0.455 (76.5 hours per week) and repre
sents the intersection of the lines for the two cases in Fig. 2.
 

The above equation only allows us to calculate the use
 
time at which treatments should be changed to maximize net
 
returns. In order to determine the total amount of water
 
saved or the total return it is necessary to integrate Eq. (4)
 
or (5), respectively, over distance. This cannot be done
 
directly as t is dependent on distance. A couple of approaches
 
appear feasible.
 

First, we can use a simple numerical method. The t used
 
to this point is the fraction of the inflow time at any point
 
on the watercourse so that:
 

t h (9)
168
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Figure 2. 	 Annual net return per foot of watercourse for lining 
and earthen improvements as a function of hours per 
week. Assumptions are given in text.
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where h is the weekly hours of turn time. Replacing t in (4)
 
and integrating the left side we have,
 

kfQ L 
W= i-8 fh(dL) (10) 

0 

Here kfQo/168 represents the water saved per foot-hour
 
L 

and the term fh(dL) can be obtained by summing the weekly
 
0 

foot-hours above that point. The water lost from the unim
proved watercourse, WL, again is simply the special case where
 
f is equal to unity. As water is delivered from the water
course to the field branches at specified points, usually a
 
few hundred feet or more apart, it is a relatively simple
 
matter to sum the weekly foot-hours above any point on the
 
watercourse. Malhotra (1) has used the principle of loss
 
being proportional to foot-hours in a graphical optimization
 
scheme. This method will be further discussed in the section
 
on branched watercourses below.
 

The net return to treatment above any point is given by,
 
kfQ
o0
 

Rn 168 ( weekly foot-hours) - CL (11)
 

The second method of integrating with respect to length
 
is to assume that the time of use is a linear function of
 
length such that,
 

t = (1 - L) (12) 
T 

The term L/LT is the fraction of time the watercourse is
 
in use at any distance. This relationship assumes that the
 
outlets are uniformly distributed along the watercourse. The
 
validity of that assumption for individual watercourse is
 
subject to question, but it could certainly be useful for de
veloping general guidelines and policies. This assumption is
 
implied by the use of the improved or distance scale in Figs.
 
I and 2. Substituting for t in (4) gives,
 

dW5
 
(13)


dl _ o (1 ET
L) 

Relationships analogous to (6) and (8) can then be
 
developed for determining optimum L or L/LT values. Probably
 
more interesting is the fact that using this assumption the
 
total water lost or saved is given by the area under the
 
curves in Fig. 1. This can be calculated by integrating (13)
 
with respect to L to obtain (14).
 

L- (14)
Ws = kfQoL(l 
0 2LT 
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The total water loss and the water saved by either of the
 
improvement programs is shown in Fig. 3. In our example, water 
is valued at Rs. 100/acre-ft so tnat the gross value of the 

(VWs) saved is 100 times the number of acre-ft saved andwater 

is given on the right hand scale. Again assuming a single
 
main branch and that use time decreases linearly with length 
it can be shown geometrically that 75% of the total loss will 
occur in the upper 50% of the watercourse, or conversely, that
 

75% of the benefit of improvement will be realized by improv

ing the upper 50%.
 

The net return from a single type of treatment is calcu

lated by multiplying the value of water times the volume of
 

water saved and subtracting the cost:
 

= VkfQoL(l L -LC (15)
Rn 

Net returns for the example lining and earthen cases are
 
Note that returns reach a maximum and then
shown in Fig. 4. 


decline as the treatments are continued towards the tail of
 

the watercourse, particularly for the higher cost lining
 

treatment.
 

Where .,wo types of improvement are to be used on the same
 

watercourse, some complexities arise. Normally, the high cost
 

lining would be at the head and we can define the length of
 
If L is less than Lh, the water saved Ws and
lining as Lh. 


the net return Rn are given directly by (14) and (15), using 

the f and C values for the high cost lining. If L is greater 

than L , the "Water Saved" curve continues from Lh as if it 

were t~e low-cost curve displaced upwards, as shown in Fig. 3. 

Mathematically, this is given by:
 

L> Lh L L 

Ws = kfhQoLh(l - h) + f kf£Qo(l - L)dL (16) 
h YT LhX0 LT 

Integrating (16) and rearranging we have:
 

L >Lh 
- )( - ) + kf~nl- ) (7 

(17)
Ws = kQoLh(fh - f)(i - 2LT 

We again obtain the net returns by multiplying the water
 

saved Ws by the value and subtracting the cost so that:
 

Rn = VWs - LhCh - (L - Lh)Ci (18) 

Net returns for the combined system are also shown in Fig. 4.
 

for the complete watercourse are substantially
Net returns 

higher for the combined system than for either alternative
 

applied singly.
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curves is the same. 
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Nonlinear Loss Assumptions
2
 

In the above section, the assumption was made that the loss 
per unit length in an operating watercourse is a constant fraction 
of the inflow:. As a consequence of this assumption, the curve of 
Q/Qo as a function of distance must be linear as shown in Fig. 5. 

From our example, where the loss rate is 7%,/1000 ft, this 
model predicts that flow would be zero at about 14,300 ft. Losses 
in excess off 7'/1000 ft are not uncommon but experience shows that
 
watercourses with an inflow of 3 cusecs can and do deliver water 
well in excess of 14,000 ft. This leads us to suspect that the 
true model may be nonlinear and that the loss per unit distance
 
decreases with distance, giving a concave shape to the curve
 
of Q/Qo"
 

Two mathematical models that may be appropriate to test in 
this regard are the exponential or first-order decay model, and 
a second-order polynomial (quadratic) model. In the exponential 
decay model, the loss per unit distance at any point is propor
tional to the flow Q at that point. 

dQ = -k'Q (19) 
dL 

With this assumption the relationship of Q/Qo with distance
 
is given by:
 

(20
Q/Qo =e-k' = (20) 

Where e is the base of natural logarithms
 

With the second-order polynomial model, the assumption is
 
that the initial loss per foot is some fraction ko of the inflow
 
and that this fraction declines linearly with distance by the
 
factor k,
 

dQ -Qo(ko kL)k (21) 

Here the relationship of Q/Qo with distance is given by a
 
second-order polynomial.
 

kLL
 

Q/Qo- L kL + 1 (22)
 

Figure 5 is a plot of Q/Qo for the linear and the nonlinear
 
models. The coefficient for the exponential model was selected
 
so that the area under the curves is equal to that of the linear
 
model. Coefficients for the quadratic model were determined by
 
regression to approximate the quadratic model as closely as
 
possible. Most sets of field measurements have sufficient vari
ability so that it is not possible to demonstrate that either
 
the linear or nonlinear models are most appropriate.
 

2/At this point we include only a brief discussion of the 
assumptions and some of the consequences of the nonlinear
 
loss assumn~lons. Readers interested in the mathematical
 
development of these assumptions should refer to Appendix A.
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Two methods could be used to fit either of the
 
nonlinear models. The coefficients could be determined by
 
taking one measurement in addition to the outlet discharge
 
for the exponential model, and two measurements for the quad
ratic. (See Appendix A for details.) Either model could be
 
fit by using regression techniques if a series of measurements
 
were available. The water loss/ft predicted by the nonlinear
 
and linear models is shown in Fig. 6. These graphs plainly
 
show that the nonlinear models predict greater losses at the
 
head of the watercourse and smaller losses at the tail than do
 
the linear models. The equations for determining the optimum
 
length for improvement are more complicated, particularly for
 
the exponential model, than are those for the linear assump
tion, but solutions can be obtained.
 

As a result of the assumption that losses are greater at
 
the head and less at the tail, the optimum length for improve
ment tends to be less than for the linear model. In our
 
example the optimum length, if lining is to be the only im
provement, is 6,947 feet for the linear assumption, 5993 for
 
the exponential and 6,063 feet for the quadratic assumption.
 
The optimum points at which to switch from lining to earthen
 
improvement are 5,453, 4,721, and 4,812 feet for the linear,
 
exponential, and quadratic assumptions, respectively.
 

Interestingly, the net benefits predicted from the water
course improvement programs are higher for most of the water
course, if the nonlinear assumptions are used (Fig. 7). Only
 
if the improvements are carried out for the entire watercourse
 
do benefits become the same for both linear and nonlinear. In
 
our example, if lining were carried out up to 4,000 feet,
 
annual benefits would be about Rs.26,000 and Rs.32,000 for the
 
linear and nonlinear assumptions, respectively.
 

Branched Watercourses
 

To this point, we have only considered the case of a
 
watercourse with a single, main branch. In Pakistan there are
 
often one or more branch points in the official watercourse
 
or "sarkari khal." It is, therefore, appropriate to examine
 
the effect of branching on the optimizing conclusions that we
 
have reached thus far. For the purpose of illustration, we
 
will use our prior assumptions of 10,000 feet watercourse
 
with an annual inflow of 2,016 ac-ft and a loss rate of 7% of
 
inflow/1000 ft. We will also use our previous assumption
 
that the use is equally distributed with length so that the 
fraction of the flow time at any point is given by L" ', 
where L is the length served below that point and LT - L is 
the length served above the point. With this assumption, we 

set the flow time at the start and end of any reach.
can 


Three example watercourse configurations, each having a
 

total length of 10,000 ft, are shown in Fig. 8. The flow
 
times and annual flows at the start and end of each reach
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were calculated using the above assumption and are shown in
 
Table 1.
 

Configuration (1) is the unbranched case, as discussed
 
in previous sections. Configuration (2) has one branch point,
 
B, and three reaches, AB, BC, and BD. For the branched case,
 
it appears that each reach must be considered separately.
 
Loss per foot as a function of distance for each reach is
 
shown in Fig. 9 separately.
 

The annual water loss per foot at any point, or the
 
amount that could be saved by improvement, can still be calcu
lated by Eq. (3), and this loss declines linearly with dis
tance. Annual loss as a function of distance for configura
tion (2) is shown in Fig. 9. The total loss in each reach is
 
given by the area under the curve and can probably best be
 
determined by a simple geometric calculation of that area.
 
Total water saved by any treatment applied to a reach is given
 
by: 

ohs Qohe 

QoheL kf 016 oe L kf 
W s o 168 + 168 2 168 R (23) 

Where hs and he are the hours per week for the start and end
 
of the reach and LR is the length of the reach. Eq (23) can
 
be simplified to:
 

Q LRkf 
Ws- 336 (hs + he) (24) 

Again, the water loss WL is the special case where f is equal
 
to unity. Water losses for the reaches in the samples are
 
shown in the right hand column of Table 1. For the same total
 
length, water losses decrease as branching increases due to a
 
shorter mean flow path. The optimum point to switch from the
 
high cost lining program to the low cost earthen improvement
 
is still a function of time only as given by Eq. (8), and for
 
our example is 76 hours. For the two branched configuration,
 
lining would be less practical than the earthen alternative
 
below the first branch point, for in neither case does any
 
reach below the first branch point flow for more than 76 hours
 
per week.
 

Assuming a combination of lining and earthen reconstruc
tion, with annual costs of Rs. 4 and Rs. 1.25 per foot as used
 
previously, the costs and returns for reconstruction of each
 
reach were calculated for all configurations (Table 2).
 

The highly branched configuration (3) has four short
 
branches that do riot even show a positive return for earthen
 
improvement and certainly should not be lined. From a prac
tical standpoint, earthen improvement of the lower reaches is
 
probably necessary if the upper reaches are lined, due to the
 

increased flow that would occur at the end of the lining.
 



Table 1. 
Comparison of optimum length of lining and returns for three watercourse configurations.
 

Watercourse Length Length Annual Water Return 
configuration Reach Loss lined earthen cost saved Gross Net 

ac-ft ft ft Rs. ac-ft Rs. Rs. 

(1) No branches -- 706 5,453 4,547 27,496 593 59,268 31,772 
(2) 1 branch point AB 359.8 3,000 0 12,000 334 33,400 21,410 

BC 112.8 0 4,000 5,000 56 5,600 600 

BD 63.5 0 3,000 3,750 32 3,175 (575) 

536.1 20,750 422 42,175 21,435 
(3) Multiple branches AB 254.0 2,000 0 8,000 235.9 23,590 15,590 

BC 35.3 0 1,000 1,250 17.7 1,765 765 

CD 7.1 0 1,000 1,250 3.6 355 (645) 

CE 7.1 0 1,000 1,250 3.6 355 (645) 

BF 63.5 0 3,000 3,750 31.8 3,175 (575) 

BG 28.2 0 2,000 2,500 14.2 1,420 (1080) 

395.2 18,000 306.8 30,660 13,410 
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Table 2. Comparison of flow times, annual flows and water losses of each
 
reach with sample configurations. 

Configuration Reach Length Time Annual flow Loss 

Start EnIS QE 

ft hrs/wk ac-ft/yr ac-ft/yr 

(1) 	 AB 10,000 168.0 0 2,016 0 705.6
 

(2) 	 AB 3,000 168,0 117.6 2,012 1,411 359.8
 

BC 4,000 67.2 0 806 0 112.8
 

BD 3,000 50.4 0 605 0 63.5
 

536.2
 

(3) AB 2,000 168.0 134.4 2,016 1,613 254.0
 

BC 1,000 50.4 33.6 605 403 35.3 

CD 1,000 16.8 0 202 0 7.1 

CE 1,000 16.8 0 202 0 7.1 

BF 3,000 50.4 0 605 0 63.5 

BG 2,000 33.6 0 403 0 28.2 

395.2
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As mentioned above, Malhotra (1) has utilized the
 
foot-hours concept in a graphical optimization scheme for
 
branched watercourses. In these graphs, foot-hours are
 
plotted as a function of length. Foxed length is presumed
 
desirable; or stated another way, some fixed cost is feasible
 
and beneficial. The object of the optimization is to improve
 
the maximum foot-hours within this fixed cost constraint.
 
This also minimizes the loss within the constraint. Malhotra's
 
scheme apparently considers the slope of these curves as well
 
as the percentage of foot-hours improved on each branch, but
 
neither is identified as the sole or firm criterion. The
 
analysis presented here indicates that,to obtain the maximum
 
foot-hours of improvement within a fixed cost constraint, one
 
simply starts at the head of the watercourse and successively

selects the reaches with the maximum turn time until the re
sources available are fully utilized. The maximum utilization
 
of resources occurs when no unimproved reach operates more
 
hours per week than any improved reach. In Malhotra's scheme,
 
this would occur if the slope of the foot-hours vs foot curves 
were equal at the cutoff point in all branches. The plots are 
unnecessary, however, as the slope is merely foot-hours/foot
 
or hours, and it is much simpler to select the reaches with
 
maximum hours than to determine foot-hours/foot. Finally, it
 
appears that the percentage of foot-hours that can be included
 
by a fixed percentage of improvement will generally be higher
 
for branched systems than for a single main channel. Thus for
 
the two branch systems (configuration 2) , 842 of the total 
foot-hours could be included by improving 50% of the total 
channel length. With the more highly branched configuration 
(3) , improvement of half the length would include more than 
88% of the total foot-hours. 

Distribution of Benefits 

Most watercourse systems in Pakistan and many in India 
are operated on a turn or "warabundi" time basis. The irriga
tion turns are on a weekly basis and the time per week allotted 
to any operator is nearly proportional to the percentage of 
the total commanded acres that are held by that operator. 
Additional time may be granted to operators that are served 
by channels that are dry at the start of his turn to compensate 
for the wetting of the channel. Some time may be subtracted 
from the allotment of an operator at the end of the channel 
who would otherwise benefit. from the water draining from the 
channel after water is diverted to another branch. No adjust
ment of warabundi is imade for channel losses. The warabundi 
system does not result in equal water delivery for land lo
cated at the head and tail of the watercourses. Several 
studies have shown higher croppling in tensities at heads of 
the watercourses as compared to the tail. reaches. 

Since it i.s common prac tice to equalizc turn time rather 
t-han water delivery, the benefits of watercourse improvement 
tend to accrue most heavily to the previously deprived "tail 
enders. 
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For a general analysis, let us assume that the time
 

allotted is equally distributed along the watercourse. Thus,
 

the delivery to each increment of distance would be propor
tional to the flow at that point and the proportionality
 
constant is l/LT so that,
 

(24)
dWD -_ Q 
dL LT
 

A plot of Q/LT as a function of distance, for an unim

proved watercourse and for the combination lined and earthen
 

case, is shown in Fig. J0 using our previous linear assump-


The distance between the lines represents the
tion. 

In the case of the combined
improvement in total delivery. 


improvement, 54.50 of the watercourse would be lined but about
 

67% of the improved deliveries would occur below the end of
 

the lined section. 

Assuming that the theoretical delivery distribution is an
 

equal share of the inflow, Table 3 shows the percentage of 

theoretical delivery distribution with distance for the unim

proved and the various improved systems, as well as the per

centage increase in delivery that would be achieved by
 
Unless a very high cost program is utilized that
improvement. 


would conserve almost all of the water, the tail-end farmer
 

would still receive significantly less water than those at
 

However, the tail farmer's supplies are increased
the head. 

the head farmers. In our
proportionally much more than for 


reexample, the watercourse has head-to-tail losses of 70% 

the total inflow. This is not
sulting in the loss of 35% of 


a particularly high loss for watercourses in the Punjab. An
 

earthen improvement program that reduces losses by 50% would
 

only result in the savings of 17.5% of the inflow. Yet our
 

calculations show the tail-end farmer receives more than
 

double (116.7%) his previous supply.
 

It is not unusual for tail-end farmers who have partici

pated in watercourse improvement programs to claim their water
 

supplies have doubled. We tend to discount such claims as
 

being over enthusiastic. Perhaps we should not be too hasty
 

in discounting such claims.
 

If we undertake a combined program of lining the head
 

and doing earthen improvements at the tail, perhaps the tail

end farmer would be reluctant to share in the cost of lining
 

that does not reach his property. In fact, he should not be
 
Head farmers would
reluctant as he stands to gain the most. 


stand to gain the least water, assuming the costs were 
equally
 

shared by all farmers.
 

3/A more thorough mathematical treatment is given in 
Appendix B.
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- full length treatment.
Table 3. Distribution of benefits 


Lined Combined
Distance Unimproved Earthen 

Ed Increase
Ed Increase
Increase
(ft X 103 Ed* Ed 

100.0 100.0
0 100.0 100.0 0.0 0.0 0.0
 

7.0 99.5 7.0
1 93.0 96.5 3.8 99.5 


8.1 99.0 15.1 99.0 15.1
2 86.0 93.0 


98.5 98.5
3 79.0 89.5 13.3 24.7 24.7
 

36.1 98.0 36.1
4 72.0 86.0 19.4 98.0 


5 65.0 82.5 26.9 97.5 50.0 97.5 50.0
 

6 58.0 79.0 36.2 97.0 67.2 ?5.4 64.5
 

89.2 91.9 80.2
7 51.0 75.5 48.0 96.5 


96.0 118.2 88.4 100.9
8 44.0 72.0 63.6 


85.1 95.5 158.1 84.9 156.5
9 37.0 68.5 


81.4 171.3
10 30.0 65.0 116.7 95.0 216.7 


*Ed - efficiency of delivery
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III. DISCUSSION AND CONCLUSIONS ON THEORETICAL ASPECTS
 

The foregoing technical analyses help to establish a
 
sound theoretical basis for evaluating watercourse improvement
 
alternatives. On the basis of these principles, we must give
 
serious consideration to mixing high and low-cost improvement
 
programs on the same watercourse. Admittedly, some of the
 
detailed analyses require many simplifying assumptions that
 
may lack reality when applied to a particular field situation.
 
However, the important lesson to be learned here is that
 
analyses of improvement alternatives, based on the assumption
 
that one method will be used throughout, may give a distorted
 
picture of the economic viability of the method when applied
 
to certain sections of the watercourse. Specifically, rela
tively high cost linings should seriously be considered for
 
high water use sections of the watercourses, even though they
 
would not be economically feasible if used throughout.
 

In terms of optimization, we have presented a relevant
 
method for analyses using both linear and nonlinLar assump
tions. The nonlinear assumption results in optimum solutions
 
as shorter lengths of improvement than does the linear, but
 
it also predicts higher benefits.
 

At this time, we prefer the linear assumption for general
 
use. While our previous discussion mentioned possible reasons
 
for higher losses at the head, which would be consistent with
 
the nonlinear assumption, there are some counterbalancing fac
tors that tend to increase losses near the tail. In the first
 
place, we have considered largely the steady state losses from
 
a flowing watercourse. In fact, significant nonsteady state
 
losses such as channel wetting occur. The channel wetting
 
loss tends to assume greater importance near the tail where
 
the watercourses are dry much of the time. These alternately
 
used channels also tend to develop more porous banks below
 
the normal water level diue to rodent and insect activity than
 
do the more heavily used channels.
 

Most measurements taken to date have not been designed
 
specifically for testing the linear vs nonlinear assumption.
 
Usually, a significant amount of scatter is found in plots of
 
Q/Qo vs distance due to such factors as rate of inflow and
 
elevation of the outlet. These data sets generally have not
 

provided support for the nonlinear assumption.
 

The linear assumption is conservative in that it predicts
 

lower net benefits than the nonlinear assumption. However,
 

one should probably exercise care in recommending optimum
 
the linear assumption since these
improvement lengths based on 


length recommendations tend to be nonservative. Perhaps it
 

would be better to recommend lining lengths somewhat shorter
 

than those predicted from the linear optimization. Fortun

ately the net benefits are fairly insensitive to moderate
 

errors in the optimum length. Table 4 shows annual costs and
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Table 4. 	Cumulative annual costs and net returns for optimum lining
 
(5453 ft) and lining 10% more or 10% less than optimum.
 

Annual cost Annual net return 

Distance 10% less Optimum 10% more 10% less Optimum 10% more 
(ft) (Rs.) (Rs.) (Rs.) (Rs.) (Rs.) (Rs.) 

0 0 0 0 0 0 0 

1000 4000 4000 4000 8449 8449 8449 

2000 8000 8000 8000 15587 15587 15587 

3000 12000 12000 12000 21415 21415 21415 

4000 16000 16000 16000 25933 25933 25933 

5000 19747 20000 20000 29112 30253 29140 

6000 20997 22496 23995 31037 31127 31037 

7000 22247 23746 25245 32257 32347 32257 

8000 23497 24996 26495 32771 32861 32771 

9000 24747 26246 27745 32579 32699 32579 

10000 25997 27496 28995 31682 31772 31682 
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net returns for the example assuming optimum lining and 10%
 
more and 10% less than optimum. Annual net returns for the
 
entire watercourse are identical for the 10% more and 10%
 
less cases and differ from the optimum by about Rs. 100.
 
However, costs increase or decrease by Rs. 1500. It appears
 
that there is little to be gained by crowding the optimum so
 
that in light of the nonlinear assumption favoring shorter
 
linings, we may consider the optimum point from the linear
 
assumption to represent the maximum.
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APPENDIX A 

NONLINEAR ASSUMPTION,
 
THEORETICAL DEVELOPMENT 

In Section II the assumption was made that the loss per 
unit length in an oporatinq atercourse is a constant fraction
 
of the inflow. As a consequence of this assumption, a plot of 
Q/Qo as a function of distance, must be linear as shown in 
Fig. 2. In our example where the loss rate is 7"/1000 ft, 
this model would predict. that flow would be zero at about 
14,300 ft. Losses of 7%,/1000 ft are not uncommon but experi
ence shows that watercourses with an inflow of three cusecs 
can and do deliver water well in excess of 15,000 feet. This 
leads us to suspect that the true model may be nonlinear and 
that the loss per unit distance decreases with distance, giv
ing a concave shape to a curve of 0/ 0 vs length. Two mathe
matical models that seem appropriate to test in this regard 
are an exponential decay model and a second-order polynomial 
model.
 

Exponential Decay Model
 

In this model the loss per unit distance, dQ/dL at any
 
point is proportional to the flow Q at that point so,
 

dQ
 = 
-L -k'Q (Al) 

Here k' is the relative loss per unit distance similar
 
tc k in Section II and again has the units ft- '. Equation
 
(AI) can be integrated with respect to distance to obtain
 
IA2).
 

Q = Qoe (A2)
 

Where e is the base of natural logarithms. In order to
 
determine k we could determine the flow Q at the outlet and
 
the flow Q at distance L. Taking the natural logarithm of
 
both sides of (A2) and rearranging, we have
 

ln(Q/Qo)
 
k' = (A3)L 

In the example shown in Fig. 5 (Section II), L was chosen
 
as 6,305 ft and k' determined as 9.34 X 10- 5/ft. This dis
tance was chosen as the point in which the area under the
 
curve for the two models is the same. An alternative to
 
taking measurements at only the outlet and one other point is
 
to determine Q at a number of points and determine k' from
 
the slope of a linear regression of the form:
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in Qo = lnQo -k'L (A4) 

To find the water lost per unit length(dWL)/dL we sub
stitute for Q from (A2) into (Al) and multiply by the time t. 

dWL = tk'Qoe -k'L (A5) 

In this case both t and L are unknown so we replace t 
with (1 - L/LT). 

dWL
dL 

-k'L L 
= k'Qoe -kQL 

-k' 
e-kL (A6) 

o oLT 

The plots of loss per unit length, as a function of dis
tance, for the linear assumption and the two nonlinear assump
tions, are given in Fig. 6, Section II. In order to determine
 
the net return per unit length of a particular treatment we
 
must know the fraction of water previously lost that will be
 
saved by the treatment. We will again define this fraction
 
a f. The net return per unit length is:
 

dR -'
 
= VfkQ ek'L
d n 

L - C (A7) 
dL0 
 LT
 

The point at which it is no longer economical to apply
 
an improvement is again the point at which the net return per
 
unit length is equal to the cost per unit length. Setting Rn
 
equal to zero and rearranging we have:
 

-LT C
e-k'Le -L e-k'L VfkQo (A8)
 

Unfortunately there is no simple solution to (A8) but
 
graphical or iterative solutions are relatively simple. In
 
our linear example in Section II, lining was assumed to save
 

5
93% of the water. Using .93 for f, 9.34 X 10- for k' and
 
inflow, value, and costs the same as for the linear assump
tion, we find the optimum length for lining to be 5,993 ft
 
or about 1000 ft less than with the linear assumption.
 

If we wish to obtain the optimum length at which to
 
switch from the high cost to the low cost alternative, the
 
relationship is,
 

-k'L L -k'L Ch - C£
 
e - L - VkQo(fh-fl ) (A9)

T 


Again we resort to an iterative solution which shows that
 

the optimum point to switch from the lined to the earthen
 
alternative is 4721 ft, compared to 5453 ft for the linear
 

assumptions. In order to calculate the total water lost or
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the total amount saved by an alternative, we integrate (A6)
 
with respect to L to obtain,
 

WL Qo-k ' L (L+ 1 
W = Qe L(T+ -L- 1) + C (AlO) 

Evaluating the constant of integration, C, at L = 0, 
WL= 0, 

WL 0o- LT+ 1-L-T i)+o(l - ) (All)W= LL_W Q -k'LL(-++Q Al 
T T T 

The water saved by an improvement program would be ob
tained by multiplying (All) by the factor f appropriate to the
 
program in question, and net returns are obtained by multiply
ing by fV and subtracting the cost.
 

WS = fWL (A12) 

+ VfWL - LC (A13)Rn 

Figure Al shows a comparison of water saved by lining for
 
the linear and nonlinear assumptions, using our previous
 
example. The total water saved is the same in this case but
 
the water saving has been shifted to the head of the channel.
 
This tends to give greater returns to improvements near the
 
head of the channel but relatively less near the tail, as
 
shown in Fig. 7, Section II.
 

Quadratic Model
 

In this model the assumption is that the initial loss is
 
some fraction of the inflow and that this fraction declines
 
linearly with length, 

dQ 
6L 

Q (k 
o o 

- klL) 
1 

(A14) 

where k is the initial loss per unit distance and kI 
decline in loss per unit distance. 

is the 

Integrating and then dividing through by Qo, we find that
 
Q/Qo is a second order polynomial with distance.
 

klL 

Q/Q 1 -koL + 1 (A15) 
0 2 o 

.The 1 in (A15) arises from evaluation of the constant of 
integration, which turns out to be Qo" 

One method of utilizing this model would be to obtain
 
and
flow measurements at the inlet and two other points, L1
 



800 

600
 

Non-Linear 	- . 

Y400 

<200 

0 I 	 I
 

0 2 4 6 8 10
 

Feet (Thousands)
 

Figure A.l. 	 Annual savings in water as a function of lining
 
as predicted by linear and non-linear models.
 



644
 

L2 . Equation (Al5) could then be solved with two unknowns for
 
ko and kI . In practice one would more likely take a series
 
of measurements at different distances and determine the coef
ficients by means of a second-order polynomial regression of
 
Q/QQ vs distance. The coefficient of the squared term would
 
estimate kl, the coefficient of the linear term would esti
mate ko and the intercept should be near 1.0. For purposes 
of illustration we have a fit a second-order polynomial to 
eleven equally spaced points on the exponential decay model.
 
The Q/Qo plots for the two shown in Fig. 5, Section II models
 
are almost identical. Estimated values of ko and k, obtained
 
by this procedure were 8.79 X 10- 5/ft and 5.56 X 10-9/ft 2
 

respectively.
 
dQ
 

Again the product -t( -) gives us the water loss per unit
dWL L) fodA 4 wLa r t 

distance d- Replacing t by (i from (A1 we can write 
dL LTdWLL 

d L Q (ko - kL)(I - L(A16) 

The water loss per unit length for any point on the
 
watercourse can be calculated from (A16) and is shown in our
 
example in Fig. 6. In order to calculate the optimum length
 
for implementinq an improvement program, we again multiply
 
dWL/dL by the value of the water and the fraction saved and
 
set the product equal to the annual cost per unit length of
 
improvement. Rearranging we obtain,
 

1+ k L + k (A17)
 
LT oY7klL)o
VfQ


If the optimum point to switch from a high cost method
 
to a low cost alternative is desired, the relationship
 
becomes,
 

kO
klL1 22 _ Ch - Ct
 
+ k
L L + k VfQ(f (A8) 

LT LT 1/ - 0(of h (A18) 

Solution of (A17) or (A18) for the optimum length, L,
 
can be obtained by means of the standard quadratic formula.
 

b2
-b ± 4ac (A19)

x =2a 



where x= L
 

k1
 
a T
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b L +k I 

ck C ark Ch C9 
k Vo o VQo(fh FA)
 

The optimum length to line in this case would be 6,063
 
feet, while the optimum length at which to switch from lining
 
to earthen improvement would be 4,812 feet. Solutions are
 
very similar to the exponential decay model, as indeed they
 
should be when our input data comes from this source.
 

In order to calculate water loss to any point, L, we
 
rearrange (A16) and integrate with respect to L to obtain
 
(A20).
 

k L 9~ (k0(+20)
 
L o3LT VLT 2/L k0Lj(20
 

The constant of integration is zero in this case and,
 
therefore, has been dropped. The water saved by any treatment
 
or the net returns can then be calculated using (A12) and
 
(A13).
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APPENDIX B
 

MATHEMATICAL DEVELOPMENT
 

THEORETICAL DISTRIBUTION OF BENEFITS
 

Using the linear assumption, the change in flow at any
 
point is given by Eq. (2) Section II as -kQO . Equation (2)
 
can be rearranged and integrated to give.
 

Q = Q0 -kQ L (Bl)
 

Irrigation times are theoretically equal and if all water 
entering the watercourse reached the field and the water use 
was evenly distributed along the watercourse the delivery per 
foot of watercourse dd would be given by Qo/LT,i.e. each 
section of the watercourse would deliver equal water to the 
land. In fact the flow dliminishes along the watercourse so 
the delivery per foot is estimated by Q/LT. Therefore, 

dWD _ Q 

LL- (B2)ET 


Substituting for Q from (Bl) we obtain,
 

dWD Qo -kQoL
- 0(B3)

dL LT 

Plots of Eq. (B3) for the linear assumption for the unimproved 
condition and the combined improved condition are shown in 
Fig. 9, Section II. The total water delivered is represented 
by the area under the curves and the area between the curves 
represents the increase in deliveries as a result of the im
provement. The area under the curve, i.e. the total delivery 
to any point L, is obtained by integrating (B3) to obtain: 

WD= 1L -k)(B4)
D -LT 

The improved case is given by:
 

QoL QokL 2 

WD = Q L - (l-f) (B5) 
TT 

Equation (B5) is identical to (B4) in the unimproved case
 
where f = 0. The area between the unimproved and improved
 
curves represents the difference in total deliveries between
 
the two systems and can be obtained by subtracting (B4) from
 
(B5):
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2
AW D Q0k (B6)
 

Again the calculations for the combined case are more compli
cated. If L<L the combined case is the same as the lined
 
system. For L Lh the total delivery is given by,
 

L>Lh
 

Q°L Q I2 2 
WD = ' [LI fh + (L- Lh) (f 

-f[ 

f 
D T h' h h 0 

The area between the improved and unimproved curves canbe calculated from,
 

L>Lh
 

QokfhL2 Qok(L -Lh) 2(fh - f)
-
D 2LT 2LT
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-SYMBOLS AND UNITS USED
 

Symbol 


Q 


Q 


QL 


L 


LT 


Lh 


LR 


dL
 

WD 

WL 


WS 


d-L--


dL
 

dW 


dL
 

dW 

dL
 

k 


k 

e 


k 

0 

k 


t 


t

0 

Description 


flow 


flow at inlet 


flow lost in watercourse 


length to any point 


total length 


length of high cost improvement 

(lining)
 

length of reach 


change in loss-per unit distance 


water delivered 

water lost 


water saved 


water delivered per ft 


water lost per ft 


water saved per ft 


relative loss per unit distance 


(linear model)
 

relative loss per unit distLnce 

(exponential model)
 

initial relative loss per unit 

distance (quadratic model)
 

loss per unit
decline in 

distance (quadratic model)
 

time 


time of inflow 


Unit
 

cusecs or acre-ft/year
 

cusecs or acre-ft/year
 

cusecs or acre-ft/year
 

ft
 

ft
 

ft
 

ft
 

:acre-ft/year
 

acre-ft/year
 
acre-ft/year
 

acre-ft/year
 

acreft/year per ft of watercourse

acre ft/year per ft of watercourseI
 

acre ft/year per ft of watercourse
 

ft- I
 

ft- 1
 

ft-1
 

ft-1
 

varies - usually years/
 

year (dimensionless)
 

varies - usually years/
 
year (dimensionless)
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SYMBOLS AND UNITS USED 

Symbol Description Unit 

h weekly flow time hours/week 

h S weekly flow time at the start of a reach hours/week 

h e weekly flow time at the end of a reach hours/week 

f fraction of total loss saved by improvement dimensionless 

fh fraction saved by high cost 
(lining) 

improvement dimensionless 

ft fraction saved by low cost improvement dimensionless 

C annual cost of improvement Rs/ft per year 

Ch annual cost of high cost improvement Rs/ft per year 

(lining) 

C annual cost of low cost improvement Rs/ft per year 

(earthen) 

V value of water Rs/acre-ft 

R return Rs 

R net return Rs 
n 

dR 

dLn net return per unit length 
Rs/ft 




