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A. Project Lleszr!vtion
 

Title: 	 Water .MaInage.ent Research in Arid and Sub-


Humid Lands of the Less Developed Countries
 

Contract No: AID/csd-2162
 

Principal Investigator: Maurice L. Albertson
 

Contractor: Colorado State University
 

Mailing address: 	 C/O "aurice L. A2bertson 
Old Chemistry Building 

Fort Collins, Colorado 80521 

Contract Period: 	 28 June 1968 through 27 March 1973
 

Reporting period: 1 Ncvember 1171 through 30 October 1972
 

$1,722,649
AID total funding 	to date: 


Total expenditures and obligations through 27 March 1972: $1,241,640
 

Total expenditures and obligations for 28 ,arch 1972 through
 

27 Narch 1973: $ 481,000
 

Estir ated expenditures fcr next year: 	 $ 481,000 

B. Major accomolishnents durirn this renort Derid included:
 

Practical proccdures were dev!Icred for analyzing various well
 

.designs, patterns of insal'aticn :nd- pumping rates as these affect the
 

salinity of water puzped irom a fresh layer overlying saline groundwater.
 

Considering these factc-a a! the relative -rices of materials and labor
 

in Pakistan, s hall c. wali.eds, ;,_-7:d at 0.2 cu. ft./sec were fo-md to be
 

the least expensive fac-liries studied for retrieval of fresh water which
 

is underlain by saline water.
 

It was found tha, ir.iLatcn beyond the consu-ptive use and leaching
 

requirement (standard . 3alinitv Lab caiculaticn) did not. increase yields
 

of sorghum or berst:u., even when zalinity of the -:ater was 27.-.' pp:. This
 
save large azounts ofinformation will provide zuiaelines w-ich should hclp 


water which have previcusly been used in u:tnecessary leaching.
 

Eased on fiume studies, an e-pirical !quation was developed which
 

water 2ssing through a turncut andpredicts sedi-ent 	c:ncentration cf -.
establishes gui.;li.- liich wil e-nable watercourse managers to distribute 

w-cr to.te farm.sediment where it :il o nterr .... 

irrigation
An optimization -del was constructed weich ndicates that 

supply in 'akistan can be doubled and suppl.ied on demand at relativelywater 

cost by enl.r'inK the canal system to allow diversion c zrore
reasonable 


sunr.er river watcr, tilling the underrcund storae and pumping this water
 

when needed during the dry season.
 

Accomnlish-e!nts durirz the life of this orect: 

In additicn tc those listed above, major acconplishments include develop-

Ment of an educational .:.u training firt on land leveling. -s :il is lhelpig 

educate farmers, and cca.gressmen to the benefits of land leveling and inproved 

water management. 

Reduction of corn !eedling emergence by salinity has been partially
 

overcome, by application uf phosnhorous. This finding could help solve thu
 

su-er crops in
chronic 	 problem of low stands of corn, cotton and other 
Pakistan.
 

Land leveling for more 
uniform 	water distribution and reasonably
 

good cultural practices have increased yields of wheat, corn and cotton.
 

These yield increases, if extrapolated over the thole irrigated area,
 

could eliminate food deficits in Pakistan.
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A. General Background 

Inadequate water is the primary constraint on agricultural 

production in a large portion of the developiLg countries. The technology 

for using available water supplies most efficiently is either lacking, or 

not adapted to the resources available 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 management technology. A consortium of universities 

known as CUSUSWVASH-/ was formed to develop this fund of water 

management information and gain experience in the factors limiting 

or accelerating its adaptation in new countries. CSU was initially 

assigned the Near East - South Asia, with Pakistan selected as the 

study area 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. 

Government of Pakistan and USAID/Mission spokesmen agree 

that the major bottleneck to improving irrigation efficiency on the 

30, 000, 000 acres irrigated in Pakistan is at the on farm watercourse 

level. The overall water management problems of the farmers are: 

1. Inadequate control of amount, timing and uniformity of 

distribution of water. 

2. Inability of farmers to use modern efficient irrigation 

farming techniques due to a combination of technical, educational, 

economic and legal/ institutional constraints. 

3. Salinity of some tubewell waters. 

1/ Council of US Universities on Soil and Water development in Arid 
and Sub-Humid areas. 



The fol?.owing objectives indicate the general areas in which 

research is neEded. The specific studies'have been d.signed in cooper­

ation with USAID and GOP scientists, to gain needed guidelines for 

better water management. 

B. The General Objective of the Project is: 

To increase food production in the arid and sub-humid lands of 

the less developed countries through the improvement of water manage­

ment practices and the integration of these with other good management 

and cultural procedures. 

Specific Objectives are: 

1. The development of knowledge and data on how best to 

conserve and utilize water falling on the land as rain and the most 

efficient means of supplementing needed soil moisture by limited amount 

of irrigation water. 

2. The development of knowledge and data that can be used for 

the economic design and construction of water conveyance and delivery 

systems including structures for control and measurement of irrigation 

water, especially on the farm. 

3. The development of surface and subsurface water.removal 

to eliminate the hazards resulting from surface flooding and high water 

tables, especially on the farm. 

4. The identification of important factors to be considered in 

preparation and leveling of the various irrigated soils in the major 

climatic zones and the relationship of these factors to water management, 

erosion, water infiltration, and good land use and cropping practices. 

5. The development and adaptation of methods of water 

application, including time and amounts, which are suitable and 

efficient for different soils of varying physical properties (water-holding 

capacities, intake rates, etc. ) with major crops. 
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6. The integration of these water use factors into a productive 

cropping system coPsist(:nt with farm size and available farminq practices. 

7. Where water quality, soil salinity and exchangeable sodium
 

are problems, studies will include soil amendments, soil and water
 

management procedures and use of salt-tolerant crops.
 

8. The identification of institutional and policy factors (legal, 

social, economic, religious, manpower, credit, education, etc.) which 

influence efficient distribution and management of water on the farm level. 

C. Continued Relevance of the Obiectives 

Our research findings, preliminary surveys in Pakistan and 

consultation with USAID and GOP personnel indicate that accomplishment 

of the original objectives will benefit Pakistan and contribute to the 

fund of transferable water management technology. A survey of the 

resource position of the Pakistani farmer shows that the average favrm1, 

is unable to invest a large amount in technology. Consequently, variants 

of our water management technology package should be developed which 

will be labor intensive and within the means of the small farmer. This 

will not necessitate any change in our overall objectives, but will 

require our continuing consideration to ensure that the technology which 

we help produce can be used to increase productive work opportunities, 

as well as produce more food. 

D. Accomplishments to Date 

The report is organized according to departmental endeavors 

to correspond to last year's work plan. Th2 field party chief and three 

additional scientists who arrived in Pakistan this year have initiated 

additional studies on Water Management as opportunities for effective 

cooperation developed with GOP agencies. These new studies have been 

interdisciplinary in nature and are reported in the last section. 
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1. 	 Agricultural Ena±neerin­

a. 	 Desirns for Pumoinq Fresh Groundw.rater While 

Minimizin its Contamin?.tion b,," Saline Water from 

Lov.'er Levels of the Acuifer (contributinr to Objective #7) 

The 	first step of the research plan for the report 

year was to investigate the validity of existing theories used for "skimming 

well" design. This was accomplished through the use of a physical model. 

The 	next sten .,as to develop a mathematical model which eliminated the 

most restrictive assumptions and approximations in the existing theories. 
These first steps have been completed and are reported in detail in CSU 

Water Management Technical Report No. 18 (Sahni, B. M., Salt-Water 

Coning Beneath Fresh Water Wells). 

The most important practical conclusions derived 

from the above study are that: 

(1) The optimum penetration of skimming wells 

is the upper 10 to 20 percent of the original fresh water thickness. 

This is in contrast to the much greater penetrations recommended by 

other investigators who based their conclusions on a less realistic analysis. 

(2) The salt-water cone becomes unstable if 

allowed to rise above a certain critical elevation. The range of critical 

cone heights for various degrees of penetration is between 50 and 70 percent 

of the distance between the original fresh-salt water interface and the 

bottom of the well. 

The above findings constitute useful criteria for 

the design of skimming wells in Pakistan. 

Technical report No. 20 (McWhorter, D. B., 

Steady and Unsteady Flow of Fresh Water in Saline Aquifers) was also 
completed during this reporting period. The major accomplishments 

outlined in this report are: 

(1) The "State of the art" and the advantages and 

disadvantages of several theoretical approaches and results are surnmarized. 
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(2) Procedures for analyzing the effectiveness
 

of horizontal tile drains and collector wells as skimming facilities were
 

developed and it was found that depth of horizontal drains below the water
 

table must not Le more than about 5i of the thickness of the fresh water
 

layer if tapping of the underlying salt waters is to be avoided. Changes
 

in water-table elevation, cohesionless soils, installation expense, and
 

land ownership in Pakistan reduce the potential of horizontal tile drains
 

as practical skimming facilities.
 

(3) An approximate differential equation was derived 

which describes unsteady flow of fresh water in saline aquifers. Pro­

cedures for using this solution to analyze the rate of rise of the salt 

water cone, interference among wells, and the effect of operating schedules 

are outlined. These results are useful for ascertaining the relative merits 

of distributed pumping, large diameter wells, and different well patterns 

as skimming facilities. 

The work contained in Report No. 20 was a 

rcessary intermediate step toward the practical design of field install­

ations because the mathematical model of Sahni can not be directly used 

to provide answers to the practical questions posed above. 

A third document entitled, "Practical Skimming 

Well Design" was produced and will soon be published as a Water 

Management Technical Report (by F. A. Zuberi and D. B. McWhorter). The 

purpose of this work is to bridge the gap between the previous theoretical 

and laboratory studies and actual design of skimming facilities in Pakistan. 

It was established that the approximate solution of 

McWhorter (Report #*20) was sufficiently accurate to be useful for certain 

aspects of engineering design. This was accomplished by comparison 

with the experimental data collected from the ph:'sical mod-i1. Tlc 

solution was then used to make comparative calculations for several 

well patterns. The depth of penetration and the maximum permissible 

cone height predicted by Sahni were adopted as design constraints 

throughout the work. 



In addition to the comparison of the different well 

patterns and pumping schenes on a technical performance basis, the costs 

of alternatives were computed under Pakistan price structures (for details 

see appendix A). The most important conclusions are: 

(1) 	 A large diameter dug well penetrating the 

upper 10- 15 percent of the fresh water layer and cased with brick is the 

most economical scheme for collecting fresh water, but the cost of 

skimming this fresh water is about 50% higher than the cost of indiscrim­

inate pumping from the saline aquifer. 

(2) Under "typical" conditions in Pakistan, a 

discharge of about 0. 2 ft 3/sec (100 gpm) can be realized without salt 

water intrusion from such a well. The cost of the well and the pump 

is approximately 3200 rupees. 

Comparison of design alternatives contained in the 

Zuberi-McWhorter report was based on several factors besides technical 

performance. Cost of materials and availability in Pakistan were con­

sidered in relation to the farmer's resources. Skills available in the 

village, foreign exchange, labor intensive vs. capital intensive designs 

and tradition were other factors given consideration. The dug well is 

apparently the best alternative because: 

(1) 	 Technical performance rates are high. 

(2) 	 The ratio of labor costs to capital costs is a 

maximum. 

(3) 	 Bricks used for well lining are commonly 

available. 

(4) 	 Sk.ills required for construction of dug wells 

are commonly available and widespread. 

(5) 	 Total cost is comparable to other skimming 

systems studied. 

The next step is to field test in Pakistan the guide­

lines developed for skimming well design. Plans have been prepared 

and a field installation is anticipated in 1973. 



The findings that "skimming" to achieve water of the lowest 

salinity is best accomplished asing inexpensive, small caoacitv wells 

has the following implications. 

(1) Relatively small farmers may be able to construct 

such wells. 

(2) There is a need for irrigation methods which will 

achieve good distribution of small flows (i. e. 0. 2 cu ft/sec) of irrigation 

water. 

There are two aspects of skimming well hydraulics which remain 

less than adequately understood. These are: 

(1) The effect of low permeability in the vertical 

direction relative to that in the horizontal direction. 

(2) The effect of a transition zone between the fresh 

water and the underlying saline water. 

Both of these conditions are comnon in Pakistan and may have 

a significant effect on optimum design and pumping rates from wells. 

A numerical solution which accounts for the differences in vertical and 

horizontal permeability has been completed. Preliminary results show 

that optimum pumping rates may be 50 to 100 percent higher than calcu­

lated assuming isotropic permeability. 

Studies of the effect of a transition zone have just begin. The 

major accomplishment to date has been the preparation of a literature 

review on miscible displacement; the phenomena which determines the 

effect of the transition zone. 

b. Land Le-,eling Film 

The development of a second training film depicting 

the process of land formation has been underway throughout this reporting 

period. Filming was accomplished, principally in Pakistan, under local 

conditions. The script for this training film was completed this past 

year and is presently out for review. Photography is about 80% complete. 
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c. 	 Water Control and Land Preparation (cont:ibuting to Objective #4) 

(1) 	 Effect Df'tractor powered till1.ge on crop vields and 

soil characteristics important for improved irriation 

water manaremnient 

Some of the silty soils of Pakistan have low infil­

tration rates and the crops have shallow root systems. This study was 

designed to determine: whether mold board plowing, deep tilling or amend­

ments would allow deeper root penetration, which would give the crop a 

larger available water reservoir (reducing drought incidence) and reducing 

the amount of water which leaches past the root system without being 

used. 

Treatments were subsoiling to 20", plowing (mold 

board), and cultivation with the standard tiller now in use. Plots were 

split to receive gypsum, gypsum plus manure, manure alone and a check 

plot. Wheat yields were measured in the spring of 1972. During the 

summer the experimental area was leveled and smoothed and wheat was 

planted again in the fall. Water contents of the soil were measured 

during the growing season, but analysis of the data has not been completed. 

The major difference noted in wheat yield was substantially lower yields 

on the deep tilled plots due to severe lodging. 

(2) 	 Comparison of Water iAlanaqement Practices under 

Mechanized and bullock farming conditions 

This work is carried out with the Machinery Demon­

stration Unit, Agricultural Engineering Directorate of Lyallpur. The 

objective is to compare water use effectiveness and yield of wheat under 

mechanized border irrigation and compare it with the traditional system 

of bullocks, bunds and basins. The demonstration covers about 16 acres. 

Water is measured into 30 foot borders that range from 600 to 900 feet 

in length. Data gathered includes soil moisture before and after irrigation, 

rates of water advance and rates of water recession on the borders and 

infiltration rates on all plots. This study was initiated in the fall of 1972 

http:till1.ge


and 	preliminary results (advance and recession curves) indicate that 

border irrigation (with 0. 8 Cu ft/sec flow) results in raore uniform 

application of water than the common bullock associated system in which 

several basins are filled in succession (by allowing the first basin to 

fill, cutting the bund separating it from the second, allowing the second 

to fill, etc. ). 

2. 	 Agronomy 

a. 	 Yield of Wheat, Sorghum Fodder and Berseem as 

Affected by Water Quality and Leaching Fraction 

(contributing to Objectives #5 and #7) 

This experiment was initiated to study the effect
 

of water quality and leaching fraction on the growth of rabi and kharif
 

crops at the Punjab Agricultural Research Institute in cooperation with 

Hyatt Bhatti, Agricultural Chemist. There are four water qualities 

ranging from 175ppm soluble salts (canal water), to 2700ppm (tubewell 

water) with two mixes of 1000 and 2000ppm. Leaching fractions varied, 

depending on the water quality, from zero to 605 of the consumptive use. 

The experiment was initiated first in the fall of 

1970, but since the tubewell was not connected until 1971 the.first results 

with water quality were not obtained until the 1971-72 wheat crop. This 

was followed with sorghum fodder for 1972 kharif and with berseem for 

the 1972-73 rabi crop. 

Results for the 1971-72 wheat crop, the sorghum 

fodder and the first cutting of berseem are given in the attached table. 

There was only a small effect of water quality on 

the yield of wheat (rabi 1971-2) since the tubewell water used to establish 

a water quality variable was not applied until the first irrigation for wheat 

in December, 1971. Water quality and leaching fraction were as planned 

throughout all subsequent irrigations, however. The yield differences 

among leaching fractions for each water quality appear to be field 

variation and not treatment effects. 
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The results for the fodder and berseem crops show, 

in general, that the water quality effect his quite a marked effect on crop 

yield and that the use of an increasing amount of leaching water above 

that calculated from the Salinity Lab equation (the lowest leaching fraction 

for each water quality) is of no additional benefit. In the case of the 

2700ppm salinity water, additional leaching appears to reduce yields 

which could be due to nitrate leaching. Field variation, however, appears 

to prevent any firm conclusions on the effect of leaching fraction at this 

time. 

Table 1. Yield of wheat, sorghum and berseem as affected by water quality 
and leaching fraction, PARI, 1971-72 

Leaching Fraction (%) 
Salinity 
of water 0 10 15 20 30 45 60 Average 
ppm ------- Yield of wheat - md/A---­

175 46.1 45.0 (45.3) 45.6 45.6 
1000 42.0 (44.0) 46.0 46.2 44.7 
2000 46.6 (46.9) 47.7 49.2 47.8 
2700 50.1 46.8 45.1 47.4 

-- - - - -- Yield of sorghum - md/A--------­
175 515 483 (480) 476 491 

1000 402 (394) 386 451 413 
2000 343 (348) 358 434 378 
2700 400 370 329 366 

------- Yield of berseem - lb/A (1st cutting) - -
175 622 625 (648) 671 639 

1000 620 (592) 555 674 616 
2000 515 (445) 411 491 472 
2700 380 294 356 343 

) Calculated value by assuming linear response between leachinz f,'action.s. 



b. Physical, Chemical and Mineraiogical Characteris tics 

of Pun-.b Soils (contribtin to Objectives #4, 5, and 7) 

Transference and generalization of crop yield data 
from one location to another requires that the soil and climatic conditions 
be characterized. Since adequate characterization was not available on 
most of the soils where we were establishing cooperative work, our
 
cooperators and potential cooperators took samples in the 0 to 1, 
 1 to 2, 
2 to 3, 3 to 4, and 4 to 5 ft. intervals at eleven locations in the Punjab. 
These samples were shipped to CSU and analyzed for mineralogy, texture, 
water holding capacity at 15, 0. 33 and 0. 0 bars tension, water soluble
 
cations and anions, sodium adsorption ratio, exchangeable sodium per­
centage, 
 pH, organic matter, lime, and available phosphorous, zinc,
 

and iron.
 

Details of these analyses are given in Appendix B
 
and have been supplied to our Pakistani cooperators. Some of the general 

conclusions are: 

(1) Low N(O. M. ) and P levels are common which
 
indicates that 
crop yields will be limited by lack of these nutrients
 
as water management is 
 improved unless these nutrients are supplied
 

in large amounts.
 

(2) Available water holding capacities of these
 
soils (15 to 1/3 bar suction) ranges from about 0.11 
to 0.21 inches of 
water per inch of soil. Since crop roots in these soils appear to be 
restricted largely to the top 30 inches of soil, these data indicate that 
irrigations in excess of 3. 5 inches on the coarser textured soils and 6. 3 
inches on the finer textured soils will result in water loss and nitrate 

leaching to the groundwater. 

(3) Clay mineral types are relatively uniform over 
the area sampled. Low-swelling type clays, mica and chlorite, are 
predominant. High swelling montmorillonite and/or vermiculite are 
found in lesser amounts. A metamorphic rock origin is indicated for 
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sand and silt minerals. The calcium-bearing mineral content is low, 

indicating that little calcium release, which would ten(! to improve water 

quality, can be expected through chemical weathering. 

(4) 	 These soils are high in silt (average 54%) and 

low in organic matter (average 0. 6% in the surface soil). The surface 

soill: .ire low in available nitrogen and phosphorous. Micronutrients 

generally are sufficient. The combination of the mineralogical suite, 

the 	high silt content, and the low organic matter explains the poor structural 

properties, low infiltration rates, and the difficulties encountered in seed­

bed preparation for upland crop production. The same properties can 

also explain the excellent puddling properties for paddy rice. 

(5) 	 The mineralogy, texture, organic matter 

content and crusting, water table and salinity problems of these soils 

are similar to those of the Grand Valley in Colorado. Consequently much 

of the extensive technology developed for water and salinity management 

and associated production improving practices in the Grand Valley is 

physically compatible and should be adaptable in the Upper Indus Basin. 

c. 	 Effects of Salinity and Na on the Grow.th of Alfalfa 

and Barley at Various Levels of Available Phosphorous 

(contributing to Objective #7) 

Most of the soil samples from Pakistan that were 

analyzed in the Colorado State University Soil Testing Laboratory were 

found low in available soil phosphorous. Phosphorous deficiency among 

crop plants in Pakistan probably is second only to nitrogen deficiency. 

A crop resnonse to hc:- :i:o:'o:s would be expected on non-saline, non­

sodic soils shown to be deficient in phosphorous by the soil test. However, 

there is a strong local belief in Pakistan that fertilizers are wasted when 

applied to lands irrigated with saline and sodic water. Since 16% of the 

irrigated land is supplied with water of 1000ppm or more salt (M. Hussain, 

1970 NESA Conference, p 311), information is needed to determine if the 

results of the sodium bicarbonate soil test procedure for P, which is 
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highly successful for non-salt-affected soils, can be applied to the saline 
and sodic soils of Pakistan. Essentially, ho published results are available 

that will provide this information. An unpublished Israeli report and sonle 

indirect observations in the literature constitute the extent of information. 

The objective of this research was to determine 

the influence of soil salinity and exchangeable sodium (originating from 

irrigation water) on plant growth response to increasing levels of available 

soil phosphate. The first phases were planned as a greenhouse study 

with subsequent studies to be conducted in a field program in Pakistan 

if the results indicated need. 

Details of this study are outlined in Appendix C. 

In general it was found that 20% exchangeable sodium on these sandy, 

physically stable soils, did not reduce barley alfalfa yield and thator 

P fertilization at 20% ESP gave yield increases comparable to P fertili­

zation in non sodic soils. At ESP = 40, plant yields were -educed and 

added P gave relatively small increases in yield. 

Salinity of the soil water of 4 mmho/cm (saturation 

extract) compared to 0. 26 mmho/cm caused reductions of vegetative 

barley and alfalfa growth ranging from 0 to 35L%, and averaging about 25 . 

Extrapolation of the ESP conclusions to finer 

textured soils would not be wise since 20% ESP generally results in 

considerable dispersion, structural collapse and decreased permeability 

of fine textured soils. However, it is apparent from this study, that 

the deleterious effect of high Na levels (at least up to ESP = 20) on yields 

is not due to a direct negative effect on the nutrition (P or other nutrients) 

of the plants. Decreased growth observed in the field at ESP = 20 must 

be due to the effect of the Na on the structure, water permeability and 

possibly aeration of the soils. Low permeability and dispersion results 

in soil surfaces being sealed against air entry 4'or long peric",' f : 

during and following irrigation. This condition could lead to ec-ce.- . 

02 supply and possible denitrification of the NO 3 (2NO3___)N2 + 302) and 

other reductive processes which are deleterious to plant nutrition. 
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3. Civil 

a. 

Engineering 

Sediment Conduction of F'arm Turnout Structures 

(Contributing to objective 02) 

Sediment accumulating in watercourses reduces the 

carrying capacity of the watercourses, resulting in bank breakage, loss of 

water and eventually the necessity of cleaning the accumulated sediment from 

Data on the effect of turnouts on sediment conduction isthe watercourse. 

scarce and such data is needed to provide guidelines for optimum sediment 

distribution in canals and watercourses. 

A recirculating flume 100 feet long, 8 feet wide and 

3 feet deep, capable of velocities up to 2. 5 ft. /sec. represented a section 

a turnout with a 4. 5" square throat was constructed inof a distributary and 

the side wall to simulate the type of turnout used in Pakistan. The level of 

to represent the range of levels encounteredthe turnout was made adjustable 

in the field. Data on the amount of sediment passing into the turnout was 

the flume and in the turnout. Datacollected for wide flow conditions, both in 

were also collected on sediment transport in the flume. 

The data showed a large stochastic component of the 

related primarily to migration ofsediment conduction through the turnouts 

bed forms past the turnouts. Elaborte reoression analysis was requil-ed to 

and operatorsarrive at predictive equations that will be of value to designers 

of distribution systems. 

The scope of the study provided good understanding of 

the phenomena controlling conduction of secliment by farm turnouts, but 

emphasis of the project on-farm water management has resulted in termina­

tion of this study before all the variables in the model were completely explored. 

The study included over 130 runs including the following 

range of dependent and independent variables: 

(1) 	 Discharge of water per foot width in the flume: 

from 1. 2 to 2.4 cubic feet/sec. 

(2) 	 Discharge of water in the turnout: from 0. 25 to 

1.7 	cf/s 
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(3) 	 Concentration of sediment in the flume: from 

1 to 1050 p.m 

(4) 	 Concentration of sediment in the turnout: from 

3 to 3860 ppm 

The sediment used had a mean diameter of 0. 19 mm 

and a gradation coefficient of 1. 35 comparable to the bed material. 

In all cases the average concentration of sediment in 

the turnout was larger than the average in the flume. This was found to result 

from turnouts drawing their water selectively from the lower strata of the 

flume flow where the sediment concentration is highest. A predictive 

equation obtained by regression analysis has the form 

8 6 Z 2 . 1 Fn2.0Ct 	 26 Cf 0 

and 	was applicable to the range of data obtained in this study. In this equaition 

Ct is 	 the sediment concentration of water passing through the turnout, Cf is 

the 	concentration in the flume, and Z and Fn are the Rouse and Froude numbers 

of the flow in the flume. 

Details of these studies are outlined in the thesis titled. 
"Sediment Condaction in Farm Turnouts, " by Allah Rakha and the thesis to 

be completed in February by Ata Nazar titled, "Sediment Vithdravwal 

Characteristics of Farm Turnouts. " 

A surprising aspect of this study was that height of the 

turnout had relatively little effect on sediment conduct through the range of 

heights studied (0. 2 to 0. 5 ft. above the flume floor). 

Realizing that low velocity turnouts at the water surface 

will 	draw off water with sediment concentration lower than the average con­

centration of the flume or canal, it is apparent that to a large extent sediment 

can 	be distributed where desired in a water delivery network by proper design 

and 	placement of turnouts. 

b. 	 Optimum Conjunctive Use of Canal and Well Water 

(Contributing to objective #2) 

Two primary characteristics of the canal water supply 

to Pakistani farms are: (a) its insufficiency, approximately 48 million acre 
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feet of water per year on 33 million acres of cultivatabje land, and (b) its 

ephemeral nature. Most of the canal water is diverted directly from the 

river and there is little surface storage capacity in the system. These 

characteristics of the water supply are one of the main constraints on 

crop production in Pakistan. 

Most of the irrigated area is underlain by a deep 

sandy aquifer. Tubewells in this aquifer presently retrieve about 

10 million acre feet of water per year which is used alone, or mixed with 

canal water for irrigation. This water is available on demand, and since 

it is generally used near the well, there is little transmission loss or 

evaporation loss. A conjunctive use model has been constructed to deter­

mine the extent to which use of this aquifer as an "on farm" or "within 

watercourse" reservoir and subsequent pumping from this reservoir could 

meet the specific water nleeds of certain crop patterns. The model can be 

used to determine the economically optimum mixture of surface storage, 

aquifer storage, and canal enlargement to utilize the water most efficiently 

in meeting crop requirements. Details of the model and relation of this 

study to previous studies are outlined in the thesis by M. T. Chaudhry 

titled, "Conjunctive Use of Indus Basin Waters. " Assumptions used in 

constructing the model and in maKincl; e calculations, hich lead to the 

conclusions indicated below, are discussed in detail in this thesis. Based 

on these assumptions, the optimization model and associated calculations 

have shown that: 

(1) Unless the value of electric power goes up beyond 

reason it is more economical to enlarge the canals and divert more of the 

summer water, increase the summer rice acreage, and recharge the aquifer 

than to build surface storage sites on the river for storing irrigation water. 

For instance, water from surface storage such as Tarbela reservoir costs 

$9 to $15/acre foot delivered to the farm, whereas groundwater can cost 

as little as $2 to $3. 50 for farm water supply at the tubewell if the increased 

recharge can be achieved at negligible cost as a result of necessary canal 

enlargement and increased rice acreage on permeable soils. 
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(2) The freshwater aquifers of the Indus Basin have 

adequate storage capacity to provide water during the dry season to areas 

which lie above them, and to adjoining areas lying over saline aquifers. 

These calculations indicala the advis-hility and feasibility of concentratin rt 

recharge (rice and leaky vwatercourses) in nonsaline areas, lining water­

courses in the saline areas, and transferring pumped ,w.ater from nonsaline 

to saline areas during the dry season. 

(3) The water supply to the irrigation fields in 

Pakistan can be more than doubled by effective conjunctive use, recycling 

of water through the aquifer media, and enlarging the canal system to allow 

diversion of more of the summer river water. The conjunctive use system 

can be operated as a "supply on demand" system rather than as the "use 

when available" system for which there is now no option. 

Although the results of this conjunctive use study could 

markedly improve the on-farm water supply, the broad aspects to which this 

study has expanded are not confined to on-farm water management 'hich is 

the objective of the Water Management Research Contract. Funds for con­

tinuance of the conjunctive use studies will be sought from other sources. 

Comparison of the results to date on this study and the 

skimming well study indicates that recharge to nonsaline areas and transfer 

of pumped water to saline areas could be a less expensive method for retriev­

ing fresh water stored in the aquifer than skimming fresh water layers from 

the top of saline aquifers. Better cost estimates of recharge resulting from 

rice flooding, canal e%. twill,' be necessary to determine which of 

these methods is best for retrieving water from the aquifer for use during 

the dry season on saline areas.
 

c. Predictina Groundwater Basin Resoonse to Pumninu aind
 

Recharge Operations Using Surrogate Parameters 

(Contributing to objective #3) 

As groundwater development for irrigation reaches 

advanced stages the interaction of different wells and recharge operations 

become strongly interrelated. This study was designed to develop models 
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which are compatible with available data and give the best possible estimates 

of the interactions between recharge sources and pumping. 

A surrogate-parameter approach was used to develop 

a basin model. Various aspects of inhomogeneity, isotropism and unknowvn 

boundary conditions are incorporated into the lumped surrogate capacity (S) 

and transmission (K) parameters. The surrogate-parameters in finite areas 

associate, with available data points 4re linked by only the mass conservation 

principle. The basic assumptions of this development are: 

(1) The response of a particular well in a nonhomo­

geneous, nonisotropic aquifer, assuming (i) no interference from adjacent 

wells, and (ii) no interference from boundary effects, can be predicted with 

sufficient accuracy (for practical modeling problems) using the same basic 

flow equation (Equation 1), but replacing the highly variable, continuously 

distributed parameters S(x, y), K(x, y) with lumped surrogate-parameters 

Si, Ki associated with well i and the near-well properties of the porous media. 

(2) in order to properly consider we]l interference, 

we assume that the response at well i due to pumping at well j is primarily 

dependent upon the near-well properties Sj, Kj of well j, rather than 

those of well i. 

(3) The total response at well i due to several sources 

can be determined through linear superposition. 

The advantages of this model over the currently used 

simulation type approaches are: 

(1) Conduciveness to modeling nonhomogeneous and 

nonisotropic basins. 

(2) Less arbitrariness, since complex boundary con­

ditions and natural recharge to the basin need not be guessed. 

(3) Not requiring arbitrary division of a basin into 

homogeneous sections. 

(4) Formalization of the parameter identification 

problem as a mathematical programming problem. 



Computatirnal experience indicates that the surrogate 

parameter approach is , valid alternative to 'he curre:,t heavy emphasis 

on simulation modelling. Details of the model, its potential, limitations 

and needs for continued develop.mlent are available in a report by John 

Labadie titled, "Predicting Groundwater Basin Response to Pumping and 

Recharge Operations Using Surrogate Paramcters," copies of which may 

be obtained from the CSIJ Water Management Research office. 

Although this model could eventually provide the best 

guidelines for well and recharge area placement in watercourses, the 

scope of the study goes beyond "on-farm water management" and it will 

not be continued under the Water ianagement Research Project. 

4. 	 Economics 

In response to suggestions by AID/Vashington and USAID/ 

Pakistan, the economics research was reoriented during the year with a 

on the -ole of water law in facilitating goodmajor emphasis being placed 

water management. Considerable new research hos also been initiated in 

reported in the Pakistan interdisciplinaryPakistan by Dr. Jerry Eckert, and is 

section. 

a. 	 Vater I.nv," Leisbntion and Water tse Organization 

(Contributing to objective 78) 

George E. Radosevich, Attorney and Assistant 

Professor 	of Environmental Law and Economics, is conducting the legal 

The primary purpose of this research is to identify, analyze,research. 

and describe the legal and institutional aspects of water distribution and 

control in Pakistan in order to ascertain the role of water law on farm 

production and to identify inherent constraints that impeded effective water, 

management or may prevent the implementation of a proposed physical or 

The 	results of this research will provide the frameworkeconomic program. 


within which the proposed water management program will be affected by
 

legal and institutional factors. The study will identify:
 

(1) 	 Constraints on effective water management 
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(2) Changes in the laws and organizational arrangements 

which would promote or facilitate irrigation and imprcved "on-farm" water 

management practices. 

To achieve this objective the effort is divided into 

three phases:
 

(1) Identification Phase--all identified source material 

pertaining to iPakistan water laws and institutions are set forth in a puiblished 

bibliography. 

(2) Descriptive Phase--culminate in a report narrating 

the Pakistani water laws as they exist from legislated, customary and Islamic 

Law and the multitude of organizations administering the laws. 

(3) 	 Development Phase--designed to meet the approval 

asof the host government and the requests of the USAID Mission in Pakistan 

a prerequisite to the implementation of an improved water management pro­

gram designed by the Mission and Project personnel. This phase will yield 

a report containing the array of farmer water user organizational arrange­

ments and a portfolio of the laws under which such organizational arrangements 

can be created. Phase 1 was completed this year, the report of Phase 2 is 

in rough draft form and Phase 3 is underway and will be completed next year. 

Throughout this study, concentration has been upon the 

functional aspects of Pakistani water law, including legislative provisions 

and customary practices insuring the law will be followed. Consideration is 

given to related environmental and ecological impacts emanating from existing 

legal provisions and the identification of void areas of the law. Efforts to 

date indicate a lack of formal national water policy, weakness in the enforce­

ment provisions of existing water law, and the need for a basic framework of 

related legislation sufficient to establish necessary 	wa-er user associations. 

In conjunction with the explicit interest of USAID 

Mission in Pakistan to promote an improved water management program 

commensurate with the Nation's announced integrated rural development plan 

and recognition of water management problems, CSU has been advising the 

Mission on water laws, regulations and organizational alternatives which 
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may profoundly influence the successful implementation of the Mission 

program. Similar consulting assistance was provided the Missions in 

Afghanistan and Nigeria during 1972 (Vietnam also has expressed interest). 

In addition to conferring with a multitude of Pakistani 

and USAID personnel in Pakistan, Professor Radosevich has consulted with 

a number of water law experts in various other countries to discuss their 

water law system and to gain insight and material on the unique charac­

teristics of the water laws in those countries. In particular, numerous 

conferences have been held with Dr. Dante Caponera, Legislative Chief, 

FAO, Rome, regarding the materials on file in FAO and the extensive 

experience of Dr. Caponera and his staff in this specialized field. 

Dr. Radosevich has been invited to coauthor the revised edition of "Water 

Laws in Ioslem Countries" authored by Dr. Capunera. The successful 

obtaining of materials and information in the water law study can be 

attributed to the cooperation and linkages developed with FAO, IUCN, 

International Union for Conservation of N'ature and Natural Resources, 

Dr. Kulzenferber of Germany and other such contacts. 

In October, 1972, Drs. Radosevich and Daines (Utah 

State University) collaborated to examine the unique substantive wvater law 

and organizational arrangements for local water management in Valencia. 

Spain. Through the efforts of Dr. Vincente Giner Boira, Attorney and 

Secretary of the Tribunal of Water, the two water law specialists were 

able to investigate the evolution and status of water control in the Tu.-ia 

and Bar Rivers and the influence of the Moslem culture upon the system. 

These insights are of extreme value to the Pakistan project and the U. S. 

project in South America. Drs. Radosevich and Daines have been able to 

maximize their capabilities in providing requesting countries with additional 

alternatives through cooperation and coordination of work efforts. 

The need for comprehensive and integrated water 

resources legislation and administration to promote provincial development 

objectives has been identified and publicized by CSU and USAID. Government 

officials have responded by requests for consultation. A four day requested 
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visit with the Governor of the Province of Baluchistan by Dr. Radosevich 

resulted in a request to USAID/Pakistan to provide for a nine to ten month 

training 	program in legislation and administration of water in arid lands at 

Colorado State University under the direction of Dr. Radosevich. Special 

courses 	of study are being constructed involving training and research in 

this specific area of water law and legislative drafting as well as enrollment 

in related discipline courses in order to provide the trainee with an under­

standing and appreciation of the influencing factors and sectors of water 

planning. This program will commence in December, 1973. 

b. 	 Studies of Agricultural Credit 

Credit availability to small farmers in Pakistan and 

other countries is a major constraint on their ability to adopt improved 

water management practices. Consequently adoption of improved practices 

is often restricted primarily to the larger farmers who can generate suffi­

cient capital, or have the credit to afford the investment. Recent concern 

in AID that technology be designed which can aid the small as well as the 

large farmer focuses attention on this credit problem. 

A review was made of small farmer development 

projects around the world to evaluate their experiences with agricultural 

credit, new technology and improved water management. This review 

indicates the need for developing some water management tec-nology which 

is labor rather than capital intensive. 

5. Political Science 

Water Scheduling, Model Development and Pakistan Institutions 

In the early stages of this project, the need was felt to develop 

comprehensive bibliographies and other collections of water management 

related publications which would both focus attention on the subject and 

facilitate the orientation of U. S. personnel to Pakistan institutions, 

resources and problems. From November 1971 through October 1972, the 

Political Science component of the Water Management Research team com­

pleted the following studies which have been published as CUSUSWASH Reports: 
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(1) The Problem of Water Scheouling in West Pakistan: 

Research Studies and Needs 

(2) Monastery Model of Development: Towards a
 

Strategy of Large Scale Pl!nned Chan e
 

(3) Pakistan Government and Administration: A
 

Comprehensive Bibliography, Volume Nurm.ber Three
 

Upon request from AD/Washington, the NESA Index was com­

pleted and three thousand {3, 000) copies printed on the CSU campus. Five 

hundred (500) copies were sent to AID/Washington. 

A two volume encyclopedic/bibliographic publication titled:
 

Informational Sources Water Manarernent for Aerricultural in
on 	 Production 

West Pakistan: With Special Reference to the Institu-ional and Human Factors, 

is 	 now in typesoript form and is being sent out for review of technical content 

and 	to determine needs for this material in Pakistan and AID. 

Other publications outlined in the Work Plan have been drafted or
 

published, but work on them was supported primarily by the 211(d) Grant.
 

6. 	 Sociology 

a. 	 Water INlanagement Decision 1Making on the Farm and 

Watercourse 

A proposal was developed by sociological researchers 

at CSU and West Pakistan Agricultural University, in consultation with USAID, 

for determining the factors which lead to good. or poor water management 

decisions on the farm and watercourse. This proposal was submitted to the 

newly formed Agricultural Research Council in 1971. The war and asso­

ciated factors have slowed a decision on this project. It was considered at 

a meeting of the ARC this year, with some favorable comment, but was 

returned to WPAU with the suggestion that it be returned to ARC with a 

reduced budget request. A final decision on this proposal is expected early 

in 1973. Meanwhile, the following studies have been conducted which are of 

general value, and will facilitate the proposed WPAU-CSU study when it is 

initiated: 



(1) 	 Field Training Manual 

The six members of the field research team at 

WPAU are highly qualified and have extensive experience in gathering tightly 

structured interview data. However, they are not experienced in the open­

ended observational skills required for our water management research. 

Principles applicable to this type of research are scattered through the 

literature of the social and physical sciences and it would be impractical to 

purchase and ship over the large number of books and journals involved. 

The needed principles for guidance of data 

gathering in field settings was gathered from 97 books and articles and 

condensed into a paper by Kenneth McDonald. This paper will provide the 

basis for a training manual which will be used by personnel engaged in the 

WaLer Management Research Project. 

(2) 	 Preparatory Study Relating to On-Farm Water 

Management Decision Making 

Information concerning factors which influence 

watercourse and farm water management decisions is generally insufficient 

to provide guidelines which would facilitate better decisions. To help fill 

this need and prepare preliminary information to facilitate the larger study 

anticipated later next year Ir. Ashfaq 2lirza has reviewed studies of South 

Asian villages and has prepared three field data gathering questionnaires 

for use with informants who are: (a) Irrigation Patwaris (revenue officers), 

Irrigation Officers, and Agricultural Extension Agents, (b) Irrigation time 

keepers, (c) Village farmers. The field portions of Mirza's study will be 

conducted during the first half of 1973. 
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7. Interdisciplinz.ryy Research in Pakistan 

a. Field Part-,, Strength and Develonina Linkages 

The field party was expanded during the year to 
include Dr. Wayne Clyma from the CSU Agricultural Engi neeri ng Depai­
ment, Dr. Cornelis deMooY from the CSU Agronomy Department and Dr. 
Jerry Eckert from the CSU Economics Department, who are now working 
with Dr. Gilbert Corey, Chief of the CSU party. These additional
 
scientists in 
 Pakistan have accelerated linkage development with Pakista­
scientists and institutions as indicated in the following new research and
 
proposals.
 

The Agricultural Research Council (ARC) of the
 
Government of Pakistan is 
 beginning to play an important role in the
 
development of a sound agricultural research program in 
 Pakistan. It
 
has established 
a position of "Director for Soils, Irrigation and Engineering"
and when this position is filled the CSU team w:'ill logically work with him
 
in their efforts to assist and cooperate in the national program of water
 
management 
research. iMeanwhile, the CSU team, in cooperation with
 
the Director General of ARC, 
 has planned and will conduct a water
 
management 
research seminar. This program will be the first of an 
annual series in which water management researchers from all provinces
 
are 
brought together to discuss research results and plan future coordinated
 
programs. 
 The concept of this seminar has been well received by the 
Central Government and the seminar will be held during the last week in 
January, 1973. 

Expansion of the field party also provided the necessary
field input to start assembling a technology package which is tailored to the 
resources of the Pakistani farmer, and can increase the benefits derived 
from water use in Pakistan. 

http:Interdisciplinz.ry


b. Target Definition 

An im ortant factor'influencing the assembly of this 
technology package was the evaluation by Dr. Eckert of the resource 
position of the Pakistani farmer with particular reference to water and 
its management. Among other significant factors, this evaluation showed 

that 50% of the farmers had farms five or less acres in size and over 90% 
had farms less than 25 acres in size, although 43% of the total area is in 
farms larger than 25 acres. The significance of this and other statistics 
on farm sizes, on amount and distributica of water resources and on labor 
and capital available to the farmers showed that the lot of most of the 
farmers will not be improved unless a variant of the "technology package" 
can be developed which is compatible with bullock power and is labor 
intensive rather than highly consumptive of capital and hydrocarbon energy. 
On the basis of this information we have proceeded to assemble information 

on "package" components which will be within economic reach of the sub­
sistence farmer in addition to components which will yield optimum benefits, 
but will only be within economic reach of the large scale farmers. 

c. Preliminary Watercourse and Water Use Evaluation 
(1) A limited survey of watercourses indicates up 

to 35% of the water allotted to some farmers is used in filling the "below 
ground level" portion of the watercourse leading to his field. In these 
areas with little slope this water is lost as it stays in the ditch and seeps 
away after the flow is diverted to another le of the watercourse. While 

these high percentage losses are only the case for fields less than 0. 5 acres 
in size, at the end of rather long watercourse legs, which are not watered 
in sequence with other fields along that leg, several fields meeting these 
specifications were observed and illustrate the benefits that could be 
derived from watercourse improvement. 

(2) A limited survey of water applications :.n the 

study area showed several instances where single irrigation applications 

were up to 8 or 9 acre inches of water per acre. Soil water retention 
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characteristics of these soils (see Appendix B) and observations of rooting 

depth indicate that only about 4 or 5 incheg of this water is held by the 

soil within the root zone, indicating that some of the farmers are not 

using their water resource to the best advantage. The e:tent of this 

practice of over concentrating water will be determined. Since N03 is 

completely soluble and moves with the water, such over irrigations will 

generally result in leaching most of the nitrate out of the plant root zone, 

this leaching will be more complete when the basin method of irrigation 

is used as compared to furrow irrigfation. 

d. Water, Fertilizer and Plant Population 

Wheat production response trials were designed and 

planted in cooperation with the Punjab Agricultural Research Institute and 

Sind Agricultural College to determine response functions for water, 

nitrogen, phosphorous and their interactions. The CSU Field Team in 

cooperation with PAR1 have established one set of trials under the 

management assumption that farmers cannot vary either the timing or 

quantity of water applied. Three replications were planted in the fall of 

1972 at each of three locations selected to represent different rainfall 

regimes. 

Another set of trials at the main PARI station 

relaxes the fixed delivery assumption and allows the irrigator to irrigate 

at the critical phases of plant growth and to apply optimum amounts of 

irrigation water. These studies w,,-ill previde nc .e--res of the efficencv 

gains which may be obtained from better water management in addition 

to the general response surfaces which can be used to prescribe variants 

of the "technology package" which will gain maximum benefits from the 

water and fertilizer that farmers in various resource positions can afford. 

CSU is cooperating with the Agronomy Department 

at the Sind Agricultural College in a trial which has fertility and irrigation 

treatments similar to those at PARI, and introduces a plant population 

variable. A radial spacing design was used. Plant populations ranging 
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from 0. 14 to 2. 5 times normal are included under multiple replications 

of a 4 irrigation and 3 nutrient treatment rhatrix. Sep-rate plots were 

planted to evaluate the effects of solar orientation on yields within such 

designs. 

Data from these studies will be available in 1973. 

Further details of the research are outlined in the research plan. 

8. 	 Improvements Needed Based on Research Experience with 

our Pakistani Cooperators 

Most of the cooperative research initiated to date in 

Pakistan involves studies in addition to their ongoing programs. The 

additional analyses required aggravates a chronic tendency for long delays 

before soil and plant analyses are completed. This data is essential to 

understanding many of the cause and effect relations between water 

management and crop yields. Steps planned to improve their analytical 

capabilities include a survey of their present methods, development of 

recommendations for improved methods, and supplying essential chemicals 

and equipment which are unavailable to them in Pakistan. 

Water management research quality in Pakistan is limited 

by scarcity of dependable facilities and capabilities for measuring water 

flow and climatic factors which affect consumptive use of water. Improved 

flow and climate measuring devices will be installed at our cooperative 

studies and special training sessions will be held for our cooperators and 

others to train them in the proper use and maintenance of this equipm ent. 

Help will be requested from Utah State University on the climate measuring 

and consumptive use estimating aspects since they have extensive experience 

and expertise in such measurements. 



E. Dissemination and Utilization of Research Results 

1. Efforts to Disseminate Research Results 

Water management research in Pakistan is spread throughout 

several agencies and institutions. Lack of communication between these 

agencies and minimal dissemination of the results is a major constraint 

on the utilization of results from our cooperative studies and from other 

water management research in Pakistan. To improve the dissemination 

of our results and the coordination of future research, a water management 

research seminar was organized by the CSU field party in cooperation 

with the Pakistan Agricultural Research Council. This seminar (to be 

held the last week in January 1973) is designed to be the first of an annual 

series in which scientists engaged in water management research report 

their work, identify important problems and coordinate their research 

efforts. While the field party members will lead most of the discussions 

this year, it is planned that our cooperators and other Pakistani's will 

take the lead in presenting our data in the succeeding years. 

A bibliographic list, including abstracts, of papers and 

publications developed this year under the contract is attached as Appendix 

D. A list of statements identifying known areas of the materials provided 

by the project for seminars, translations conferences, etc., is attached 

as Appendix E. 

2. New Avenues to Expand Use of Research Results 

a. The Mona Project 

Worthwhile research results are coming from some 

of our cooperative studies. However, most of our cooperators are not 

closely linked to extension agencies and considerable time would obviously 

elapse before most of our research results would be used to increase 

production. An opportunity to accelerate this process appears to be 

possible at the Mona Reclamation Center. They have an extension component 

which works closely with their research people, and could disseminate 
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research results to a brcad area as soon as such results are verified. 

Mona and their parent agency (WAPDA) have asked for the cooperation of 

the CSU field party on water management research and means for adapting 

research to the needs of farmers, and actual field demonstration of the 

benefits of water course management. Mona personnel and our field 

party in consultation with USAID have drafted a proposal for a cooperative 

study. USAID has indicated potential support of this study to the extent 

of Rs 2, 000, 000 over a three-year period. This project has not yet 

cleared the Pakistani Government, but indications are that it will do so 

early in 1973. Additional details of this cooperation are outlined in the 

work plan. 

b. The Shadab Project 

The Punjab Department of Agriculture has requested 

that CSU assist them with the development of a land leveling water course 

improvement pilot project within one of the Integrated Rural Development 

areas of the Punjab. USAID has evaluated the potential of this project 

and has indicated support to the extent of one million Rupees, and the 

Punjab Department of Agriculture has agreed to redirect approximately 

Rs 150, 000 to it. 

The initial thrust of the project will involve land 

leveling of farmers fields and rehabilitation of their water courses. 

After these two basic needs are met on the watercourse area, other water 

management and -.gronomic practices will be introduced and their effects 

on crop yields will be determined under controlled optimized conditions 

and under the actual limitations experienced on a field scale by Pakistani 

farmers. This work would be done in close cooperation with Department 

of Agriculture Extension Agents. Promising practices would be spread 

rapidly to other Integrated Rural Development project areas of the Punjab. 

A project agreement has been written and is in process of being signed 

by the appropriate officials. 
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Both the Mlona and Shadab projects involve an exten­

sion component which is beyond the CSU Water 'ManagEmnent Research 

Project objectives. However, these opportunities to join forces with 

USAID and Pakistani agencies, which have extension and utilization 

objectives, would greatly increase the speed with which our results are 

utilized and the proportion of these findings which are applied. 

3. Involvement of LDC Personnel and Institutions 

During the early stages of this project when CSU personnel 

could not be stationed in Pakistan, Pakistani research assistants with 

considerable knowledge of Pakistan conditions were hired to help identify 

significant water management problems and conduct research on the CSU 

campus which would help solve these problems. As the emphasis on 

research has shifted to overseas studies, and these research assistants 

have completed their CSU based research, most of them are now returaing 

to Pakistan as well trained Water Management Research scientists. As 

the research emphasis has shifted to cooperative work in Pakistan, the 

planning of research has involved Pakistani scientists at several institutions, 

as full fledged cooperators in the planning of the projects. The execution 

of the field work has been done primarily by the Pakistani cooperator and 

his field assistants, with members of our field party involved in the more 

technical aspects of measurement. These technical aspects of measurement. 

and equipment maintenance are taught to the cooperators as rapidly as 

possible. Every effort is made to keep CSU field party members from 

displacing a Pakistani if he is able to do the job. Some supervision by 

CSU field party members of field work is occasionally essential because 

of the tendency by many Pakistani agencies to delegate field work to untrained 

workers who do not comprehend some of the essentials of field plot technique. 

Analysis and reporting of results on most of the studies is initiated by the 

Pakistani cooperator with the field party offering advice and direction for 

publication as warranted. 
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Cases in which findings of the research project are being
 

used in Pakistan or the U S. include the following.
 

The Agronomy Department at WPfAU used the water retention 

data to help them design irrigation studies and to estimate water contents 

from tensiometer readings. 

The Punjab Agricultural Research Institute, after reading 

the CSU report of deficiency levels of P and border line cases of Fe and Zn, 

have included more work on P in their research, and are considering 

studies on Fe and Zn sufficiency in areas which the CSU data indicates 

are near deficiency. 

The analyses of the Ca content of the sand and silt fractions 

has destroyed the growing illusion that the Na/Ca ratio of water percolating 

through these soils might be increased by Ca dissolving from these coarse 

fractions, and has encouraged salinity guideline makers in Pakistan to 

stick by the old established guidelines. 

The data on effects of salinity on crop growth is the only known 

systematic comparison data taken on a field plot size basis. While there 

is lysimeter dat,, the practical problems of tillage, surface roughness, 

uneven distribution of water, etc. , are a part of the real world and con­

sequently the field plot data taken at PARI should provide the best practical 

guidelines available to farmers in many parts of the world, including the 

U. S., for use of saline water for irrigating crops. 

While the above instances indicate some use of the project 

findings, these uses are limited and in a '::n':.ry stage due to the 

relatively short time since initiation of these studies and the fact that few. 

of the studies (particularly the field research) have had time to mature. 



F. 	 5tat,::t.nt of :::', d rtt1 !P .. L r...cr 	 c u... 

0:her -qu p-..nt i t 
re rs.ir.e I Travel and Direct (Including ies -a rchi Ceqtq 

', nleco-'i C,;!;. S Traninn, a,5:L[ . , ,,7 ,,: 

Field 01-er-t ion-:
 

h :::Co. rol and Lanfl i,, tra' i: S 9, 1 , 6,Q76 $ 3,500
 
2. 	 0- 15.i on , ",ti ier !'.-.a.. --..n, i'r .t ,re 9, 1(.p 6,976 3,50,1 

3. 	 Yield Wheat, an-! !:c .,. 3,750 -0- 4,560 -0­of Sor;hun t9-6 

(.I'tlC'art y " tr : ' h .; : , - 'iv
 

19, ;E5 8,502 
S. 	 iarI.:,,Definition 4,855 6,262 

6. 	 , , rco,;r.:e L't- .- r.. i.t LU
 
io: 3,272 6,032 3,500
 

7. .ater, 	 Fertilizer, and Planit F p:l..:±un 19,385 8,502 3,500 

Agricultura :.' 
t1. 	U..,i :..for I'uming, i'rc.h .ater $ 1.,895 $ 2,134 -0- $ 113 $ 2,150 -0­

2. 	l.an,J -0- -0­L.vellng Fil-i 	 250 


Agron,) :.y : 
1. hyq'ical, Cthe:.:4cal, -",-.d ::iueraic~lcal 

Charactf,rtstic, 	 $ 12,083 -0- -0- $ 1,600 -0­
2. Lffeets of Salinity 	 10,290 -0- -0- -0- -0- -0-


Civil Engineering:
 
1. 	Sedr't Con !,iction of Far- Turnout
 

S:ruL:urcs $ 18,792 -0- -0- -0- $ 3,000 
 -0­

2. 	(ptiiru:. t. unctIve ., of idU.,e Cand 
W.Q11' Water 	 15,137 -0- -0-
 -0- -0- -0­

3. 	 Pre.l.cting kn,;it. -e -0- -0-Gr,%idv.'ater ReSpo, 2,910 	 -0- -0- -0-

Econoric:, : 
*1. Water Law Legislation and ':,iter Use S 11,114 $ 4,136 -0- -0- $ 200 -0­

2. 	Adoptl -n of 1[,.oved Water , t
 
Pirat.tes in .l -ation to Policis and
 
Cre 	It 10,140 -0- -0- -0- 200 -0-


Political Scicnee:
 
1. War.'r :;rh.2dulinz. Model D..'elcP:ent $ 8,250 -0- -0- -0- $ 900 -0-" 

Socioloay:
 
I. 	Water Xnagenent Decision Xaking $ 10,391 
 -0- -0- -0- $ 1,800 -S-


Administration:
 
(rncludes Consultants) $ 47,189 $ 2,492 ** $23,763 
 S 8,042 $131,240
 

TOTAL 	 S233,420 $056,012 $23,763 S18,673 S17,892 $13,24'
 

* 	 This Includes p.rsonnel time spent overseas on Water Law Legislation of approximately three (3) months or $5,000. 

** 	 1Lis includes retirement contribution uf approximately S12,O00. 
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1. Chanaes in Proiect Management and Staffing Pattern 

in response to recommendations of the Jensen, IHeady, 

Anderson review team, a full time project director with background in on 

farm water management was hired for this project. Dr. W. D. Kemper 

arrived on staff on June 15, 1972. In response to the suggestion that a 

larger portion of the research effort be in the developing countries, 

opportunities for significant research in Pakistan and encouragement of 

USAID to expand the field party, Dr. J. E. Eckert, Dr. Wayne Clyma 

and Dr. C. J. del.Mooy from the CSU Economics, Agricultural Engineering 

and Agronomy Departments respectively have joined our field party chief, 

Dr. C;. L. Corey in Pakistan. 

Early in the year consultations with USAID/Pakistan and 

AID/Washington revealed the importance of laws and regulations on the 

availability of water at the watercourse level. Dr. George Radosevich 

from the CSU Economics Department was assigned to evaluate the potential 

for improving laws and regulations which would result in more equitable 

and timely distribution of the water. Radosevich, Schmehl, Franklin and 

Kemper each worked on water management problems in Pakistan for 

-:xtended TDY's at the invitation of USAID and our field party chief. 



APPENDIX A
 

Comparative Cost Anal.'.sis of Tubov,,,,!Lls, Electrically Pov.'.ered Skimminrg
 
Wells and Bullock 
Powered Skimming Wells - D. McWhorter and F. Zuberi 

Based on the equations developed for predicting salt water coning, 

several well systems were designed which would draw fresh water from 
a saline aquifer topped by 100 ft. of fresh water. These skimming 

systems were designed to represent a range of utilization of resources 
available to "e farmer in the village (generally labor intensive) as 
compared to materials and ex:pertise which would have to be purchased 

outside the village. Cost estimates were made on each of these systems 

using Pakistani prices. 

The material in this appendix is abstracted from the complete 

report by Zuberi and IcWhorter which will soon be published as a 

CUSUSWASH technical report. 



I-Well 4-Wells 

Pattern "" Pattern -2 

R- ! 

1.5 R. 1.5 R 

1...-1.5 R 
4-Wells 3-Wells 

Pattern F3 Pattern -­ 4 

*R 

I-Dug 'Iiell 
Pattern F5 

0 Point where naximun 'r-:do.n occurs. 

Figure 4A. 
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TA B1. 5A 

COST 0: A. iT EL- TYPE A 

Pattern .I 

;.No. Item Unit Qty. Rate(Rs) Cost (Rs) 

1 Boring 8" rft. 30 5.00 150.00 

2 Strainer, Coir String 6" rft.r, . 17.513 8.0016.00 1,10.00208.00 

3 Casing Pipe, :.I.S. 6" rrt. 

4 Pump.,Motor (.7511P) & Control No. 1 L.S. 1400.00 

S Installation incl. wiring 

& fitting, etc. No. 1 L.S. 100.0,0 

6 G.I. Pipe mncl. bands 2" rft. 20 3.00 60.00 

7 Discharge Box No. 1 L.S. 60.00 

8 Development of Iell No. 1 L.S. 100.00 

TOTAL COST (Puny h4use not included) 2213.00 

TABLE SB 

COST OF A SET OF FOUR SKI'.[IIMc 1,;ELLS - TYPE B 

Patterns #2 and 3 

S.No. Item Unit Qty. Rate(Rs) Cost. (Rs) 

1 Boring 8" rft. 100 5.00 500.00 

2 Strainer, Coir String 6" rft. 50 8.00 400.0) 

3 Casing Pipe, M.S. 6" rft. 52 16.00 332.00 

4 Pump)Notor (1.25 !2)& Control N:o. 1 L.S. 1300.00 

5 Inst,1lation incl. wiring 

r fit ihlg, etc. o. 1 L.S. 100.9 

6 G.I. PPe i .C'" bat'.1s rfb. 70 -.,1D10.0') 

2" rft. 10 3.0) 30.0. 

7 Discharge Box No. 1 L.S. 60.00 

S Development of Ilell No. 1 L.S. 100.00 

TOTAL COST (Pu:mp house not included) 3962.00 



TABLE SD 

COST OF A DUG I;ELL - 5 FT. I.\ERNAL DIX4.HTER 

S.No. Item Unit Qty. Rate (Rs) Cost (Rs) 

I Excavation - dry soil, up 

to 7.5' depith 1000 cft 0.31 60.00 18.60 

2 Excavation - slush, incl. 

lift 7.5' to 25' depth 1000 cft 0.62 90.00 55.SO 

3 Brickwork (2nd. Class) 

in corent rortr 100 cft 0.53 200.00 1060.00 

4 Curb No. I L.S. 30.00 

S PuMD.Motor (1.25 .!P)F,Conrtol Io.1 L.S. 1600.00 

6 Installation incl. wiring 

& fittini, etc. No. 1 L.S. 100.00 

7 G.I. Pipe incl. bands 2" rft. 20 3.00 60.00 

8 Discharge Box No. 1 L.S. 60.00 

9 Development of ",el No. 1 L.S. 100.00 

TOTAL COST (Pu. house not includCd) 3131.40 



TABLE 5E 

COST OF A PERSIAN ,iEL - FT. I:NTERNAL D!:V!ETER 

Pattern "3A 

S. N3. m .-Unit Qty. Rae~tePs) Cost (Rs) 

1 

2 

3 

Excavation - dry soil, u' 

to 7.5' depth 

Excavation - slush, incl. 

lift 7.5' to 25' depth 

Bric...ork (2nd. Class) 

in cement mortar 

1000 cft 

1o00 cf: 

100 cft 

0.62 

1.24 

7.S0 

60.00 

90.00 

200.00 

37.20 

111.60 

1560.00 

4 

S 

6 
7 

9 

10 

11 

Curb No. 

Sreel. Chain with G.I. 

sheet buckets rft. 

G.I. r'ater Collecting Pan "o. 

Steel ucket W'eel, axle, gears, 

main wheel incl. dr. arm No. 

.M3in Bean (wooden) incI. 

supporting wheel No. 

Discharge Dox No. 

Develonment of Well No. 

Bullocks to Drive No. 

TGTAL COST (cost of any 

1 

40 

I 

1 

1 

i 

1 

2 

shelter 

L.S. 

60.00 

L.S. 

L.S. 

L.S. 

L.S. 

L.S. 

L.S. 

no-, incl.) 

125.00 

2400.00 

30.00 

1000.00 

125.00 

109.00 

150.09 

2000.00 

7bS1).3 



TABLE 5F 

CO.PARISON OF COST OF VAIUCUS SKI,.,ING FACILITIES 

S.&.. Tvc of Well Diszar.e Cost Cost/c s 
(cfs) (Rs) (Rs) 

I lVAPDA Tubei:olls 3 	 4.0 45,0001 11,250 
3 
 2
2 Private Tube';el s 1.0 6,850 6,850
 

3 1 TuIIewcll (Pattern ;i) 0.126 2,218 17,600
 

4 4 Tubc'clls (Pattern #2) 0.176 3,962 22,510
 

5 4 Tubewells (Pa.ern #3) 0.174 3,962 22,770
 

6 3 Tube-.:ells (Pattern #4) 0.173 3,659 21,150
 

7 1 Dug Wel (Pattern 3) 0.174 3,133 18,020
 

8 1 Persian Wheel (Pattern -,SA) 0.186 7,6S9 41,338
 

Fro "Reyional Plan for Nzrth:-r - Indus Plain" by WADA and T & K In:. 

(1967).
 
2 	From "A Stud}y cf the Contribxtion of Private Tubew;ells in the Develop­

m n .ater Potential Pakistan"of ,t in by University o,: Engincering and 
Te:hnology, Lahore (Junc i070). 
These . are presented only for comparison purposes and are not 
part of ski..ing facilities. 



TABLE SG 

LIFE OF DIFFEfENT CO:Po';TS OF I.$!iXG FACILITIES 

Component Assxed Life 

2 

3 

Tubeel 1 

Well Construction 

Ptu .p Motor, etc. 

Dug Wells 

Well Construction 

Pump Motor, etc. 

Persian Wheel 

Bullocks 

Well Construction 

Iron Chain, Wheel, etc. 

10 years 

10 >-ears 

30 ycars 

10 years 

10 years 

30 years 

30 years 



TABLE 511
 

ANNUAL OPERATION COST OF SKI.'IING FA'CILITiES
 

S.No. ItCI Hours Operatcd Operation
 
Per Year Cost (Rs)
 

1 Tube ,el 21301
 

14302
Cost of Poe.:r 


2 Skiming Tubewell 2130
 

Cost of Po:er 180
 

3 Skimming Du- W'ell 2130
 

Cost of Power 250
 

4 Persian ;,heel 2130
 

Bullock Feed C:Rs.150/day/bullock 540
 

Pay of one boy laborr -'s.60"/month 360
 

It is assined for the annual cost calculations that the well is eera t d 
for50% of the tire for six months. 

2 Puwer cost has bc--n taken frcn Thble 6.5 of "A Study of the ContribUtioil 

of Privatc Tubc%:-Ills in the Develonprent of 'ater Potential in Pa.isirin" 
conducted I) . P. University o- Engaineering and Tcchnolcgy, Lahore 
(June 1970). 



TABLE 51
 

MNUA, COST O: E'TER 

(All figures are in Rupees)
 

It em Private SJir.-inZ 3s i;:.uin; £crs :: 
Tub .'el Tu.-.:e11 Du- '1 :;ii o 1-e 

Pat. -1 Pat. "5 Pat. -'SA 

230 920
Operation Cost 1430 130 


Replacement & Re.airs 375 120 150 201
 

Amorti:ation of Capital Cost 520 170 150 224
 

TOTAL AINUAL COST 2325 470 550 13 ;3
 

Capacity of Wells (cfs) 1.0 0.126 0.17 0.136
 

Annual l'orking !c-urs 2130 2130 2130 2130
 

Water Pumped A.nually (AF) 176 22.2 30.6 32.7
 

Cost/Acre Foot 13.2 21.2 IS.0 11.2
 



APPENDIX B 

PHYSICAL AND C'AEMICAL ANALYSES OF PUNJAB SOILS 

W. Franklin and 	W. Schmehl 
I 

The on-campus research program was initiated at Colorado State 

University at the same time advisory relationships with varicus Pakistani 

agencies and workers were being establishcd to undertake on-the-farm 

water management research in Pakistan. The general criterias used 

by the Agronomy Department in selecting specific research to be conducted 

on campus were: 

1. 	 To select areas where Pakistani researchers had little or no 

were not properly equipped to conduct the research.capability or 

research from among several alternative2. 	 To select on-campus 

Mission and by Pakistaniareas as recommended by USAID 


agency staff; these alternative research areas were:
 

a. 	 The determination of additional soil mineralogy information 

as requested by the Pakistanis. 

The analysis of soils from sites selected as possibleb. 

research areas in Pakistan (USAID request). 

c. Help in evaluating tubewell quality (Pakistan request). 

The original research proposed was approved by both the AID lission 

and Washington. 

The soil samples which were collected for mineralogical analyses also 

represented potential sites for experimental water management studies and 

were analyzed for fertility, salinity, and physical analyses. The Land 

Reclamation Directorate and WAS1D (L.hahore) both exoressed interest in 

studies 	designed to help predict the effect of irrigation wvater salinity and 

and clay mineralSAR on hydraulic conductivity of soils in relation to texture 

species. Analytical results obtained on the CSU campus were given to both 

agencies. No program agreement was made with the LRD or WASID until 

very recently. The LRD is now largely concerned with getting large lysi­

ameters into operation. WASID has expressed continuing interest in such 

study by sending 	a large number of samples for mineralogical characteri­

zation (no further 	mineralogical studies are contemplated, however). 



Results of on-campus research to characterize Pakistan soils are
 

summarized in the following sections.
 

Soil and Clay Characterization 

Basic soils data, for vhich no facilitics and skills exist in Pakistan to 

obtain this information, are being compiled at CSU. These include physical 

and chemical properties including mineralogy and fertility. This ciata will 

facilitate the designing of pertinent and meaningful experiments in Pakistan. 

Compacted slowly permeable surface soils constitute a widespread problem 

for efficient irrigation and crop growth. 

Fifty-eight soil samples representing 11 profiles from sites at Lahore, 

Lyal-pur, and in SCARP I and II were obtained from Pakistan (Fig. 1). 

The objectives for obtaining the soil samples were: 

1. To determine the sand, silt, and clay mineralogy of the Punjab soils. 

2. To determine whether sufficient dissolution of Ca-bearing (and 

Mg-bearing) minerals takes place when irrigated with high SAR 

waters (-<10) to favorably reduce the sodium ha:ard of the water. 

3. To dletermine whether the type of clay minerals in the soils influence 

the proportion of exchangeable sodium adsorbed from waters con­

taining various amounts of salts and varying proportions of Na, 

Ca, and .1g. 

4. To characterize several chemical, physical, and fertility properties 

of the samples to facilitate judicious selection of experimental sites. 

Mineraloay of Sands and Silts. The lime- and organic matter-free 

samples were fractioned into 5 sand, 3 silt, and 2 clay sizes. Light-!-ea-'y 

mineral separations were made on the sands and coarse silt with a magnetic 

separator, and total CaO, were determined"MgO, IK,)O and Na2O on the sand 

and silt fractions. Petrographic identification and grain counts were made 

on the ver- fine sandi fractions of 2 horizons from the 11 sites and the silt 

fractions were subjected :o X-ray diffraction analysis. The results are 

summarized in Tables 1, 2, and 3. 

The grains of the very fine sands examined are predominantly quartz 

and mica, together making up a total ranging between 60-83%. On the average. 



the mica content is approximately equal to the quartz content. Plagioclase 

plus potash feldspars vary from 10-20". Small percentages of chlorite, 

horneblende, pyroxene, gairnet, narnetite, kyarite, ircon, and tournalizie 

were found. The nro.,ortion of chlorite icreases in the silt fractions over 

that of the sands. The mineral suite indicates that the sediments were 

derived fromn a metamorphic provernnce. 

Calcium-bearing minerals appear to constitute only a small fraction of 

the mineral suite. Thus, it appears that soil lime and gypsum dissolution 

will be the only significant source of Ca which might alter the SAR of irri­

gation water after it has entered the soil. Dissolution of Mg-bearing 

minerals, such as chlorite, is more probable. 

Clay .Mineralo?:v. The mineral suites in the 2-. 2p and . 2,u clay 

fractions were identified by X-ray diffraction analyses of Mg- and K­

saturated clays given ethylene glycol, glycerol, humidity, and heat treat­

ments. The Punjab soils contain mica (illite), chlorite, smectite 

(montmorillinite). vermiculite, quartz, and feldspar. 

A sodium pyrosulfate dissolution treatment ,,as jiven to determine 

quartz-plus-feldspar contents of the clays. This treatment indicated less 

than 5' quarts + fekspar in the<. 2, fraction and 8-15 in the 2-. 2 u frac­

tions. Total K was determined as a quantitative estimation of mica (Table 4). 

"Mica contents in the 2-. 2j, fraction ranged from 35-42 ) and 20-38: in the 

<. 2.u fraction. The mica average of the 2 clay-sized fractions was about 

35%o for all sumples. Little variability was found to a depth of 5 feet. Caticn 

exchange capacity determinations and surface area measurements w.ere made 

for quantitative determination of the remaining suite (Table 4). 

Salinity. An.lyses. Electrical ccnductivizty of the saturated extract, 

water soluble cations (Ca, "\ig, Na, K) and anions (CO 3 + HCO 3 , Cl, SO 4 ) 

(Table 5), i.:OAc soluble Na, cation exchancge capacity, and exch,-ngeable 

Na percentages (Table 6) were determined on each sample. Only 4 of the 11 

profiles contained saline and sodic horizons. The anion and Ca-Mg ratios 

were examined for trends or unusual features. None was found. A corre­

lation of the saturated paste extract SAR was made with exchangeable sodium 



percentage because it has been noted that workers rely quite heavily theon 

SAR-ESP relationship developed by the U. S. Salinity Laboratory. The 

relation for the Punjab soils is shown in Fig. 2 and has a correlation coeffi­

cient of 0. 96 for t!e linear S-A[f-ESP reldtion. The r.'gre ssion equation 

indicates a higher average Na adsorption at low SARl value but less Na 

adsorption at low SAR. values compared ..ith the U.S. Salinity Laboratory 

SAR-ESP relation. 

Physical Analyses. One-third/ and 15-bar moisture retention and 

particle size distribution were determined for all samples (Tables 7 and 8). 

Because no standard pressure membrane apparatus has been seen in West 

Pakistan, empirical relations were sought with other soil physical proper­

ties which might give an estimate of 1/3 and 15-bar values, It would be 

expected that moisture retention would be closely related to texture. The 

relation between 15-bar moisture retention and the <5 particle percuntage 

in the samples is shown in Fig. 3. This data shows a high correlation 

(r = 0.97). However, the.< 5p shows a poor relation (r = 0.68) with the 

1/3-bar moisture retention (Fig. 4). 

It was noted that the saturation point percentage was frequently used 

in Pakistan to estimate "field capacity" and "wilting point" using the thumb­

rule of field capacity = 1/2 saturation percentage and wilting point = 1/4 

saturation percentage. These "approximate" relations for these soils using 

the 1/3-bar and 15-bar values are given in Table I as the ratio of saturation 

percentage to 1/3-bar and 15-bar percentages. The decreasing ratios as 

the texture becomes finer probably represents the more reliable relationship. 

Table 1. Saturation to 1/3 and 15-bar percentage ratios for Punjab soils. 

No. Saturation 1 /3-bar Saturation 15-bar 
Samples Texture Range Avz. Range .',%-'. 

1 LS - 3.09 - 11.0 
4 SL 1.62-1.83 1.69 3.5-6.3 4.3 

17 L 1.43-1.67 1.55 3.0-4.8 3.3 
31 S1 L 1.29-1.93 1.53 2.4-4.6 3.6 

4 SICL 1.23-1.68 1.50 1.8-2.7 2.4 
1 sic - 1.65 - 2.6 



Fertility Analyses 

The fertility analyses are summarized in Table P. The soils were all 

calcareous and the pH of some subsoils reached 9. 7. The organic matter 

content of the surface soils ranged f'orn 0. 2 to 1. On %-ithan average of 0. G7:. 

Available soil phosphorus was in the deficient range (<50 lb. P20 5 ) in all 

of the II surface soils. Available potassiunm was adequate (250 lb. per A.) 

in 10 of the 11 surface soils. The soil tests showed that zinc deficiency 

would be expected for some crops in 5 of 11 soils (.<1.0 ppm in surface soil). 

but iron availability is borderline in only one soil (LRD). 

The data confirmed the low fertility status with respect to phosphorus 

and nitrogen that has been noted in Pakistan both by laboratory analyses 

and field testing. The zinc and iron analyses are new for Pakistan because 

of the extreme difficulty of determining these micronutrients by chemical 

procedures. There is no physical instrument (atomic absorption) in any 

Pakistan agricultural laboratory which does permit accurate and rapid 

determination of available iron and zinc. 

Significance of the Analyses 

The physical and chemnical analyses provide the CSU field staff and 

Pakistan cooperators with both confirmatory and new basic soils information 

needed to explain current field observations and to aid in designing new:' 

experiments. The data emphasizes the importance of measuring and 

adjusting the nutrient status of the soil when conducting water-management 

experiments. It also points to possible causes of the poor soil structure 

and slow infiltration rates commonly noted in the Punjab. Because of the 

need to study the influence of cultural practices on soil physical properties 

and its effect on plant growth, Mr. Hyatt Bhatti has submitted a PL 480 

proposal for funding in this area of study. 
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Punjab region of Vest Pakislan.
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Table 1. Light-heavy *mineral percentages and minralogic composition of West 

Pakistan soil samples.
 

ilcawv Mlinral. Pcrcen.azes 

Sample Coarse Si!t Very Fine Sand Fine Sand Medium Sand' 

Number Deptlh .05 - .02 m .1 .03 m .23 - .1 . - .5 - .25 .r, 
1/D~ (ft.) 	 o ,(. M 

1. 0-1 26.0 31.3 	 15.2
 

2. 1-2 22.6 23.7 	 35.7
 

3. 2-3 22.4 31.4 	 34.4
 

4. 3-4 27.4 31.5 	 39.0 

5. 4-5 19.6 27.8 37.5
 
WPAU 2/
 
A 6. 0-1 23.0 24.3 21.2 23.3
 

22.4 	 ­7. 1-2 36.2 	 24.9 


2-3 35.8 39.7 	 25.5
8. 

-40.0 	 24.9
9. 3-4 ­
-

10. 4-5 29.9 35.6 	 29.0 


11. 5-6 25.3 28.1 	 23.3
 

WPAU 
23.2
B 12. 0-1 23.6 	 19.7 

27.1 	 ­13. 1-2 27.7 	 30.0 

24.3
14. 	 2-3 16.7 23.9 23.6 


- 31.8 27.0 ­
15. 3-4 

16. 4-5 31.8 28.3 	 27.8
 

-
17. 5-6 31.9 25.2 	 22.6 


WPAU
 
C 18. 0-1 14.4 19.5 23.8 27.5
 

19. 1-2 17.8 22.8 	 23.8 27.2 
23.9 	 ­

20. 2-3 19.4 	 22.9 


21. 3-4 21.0 21.8 	 23.4 26.5
 

22. 4-5 16.9 24.2 	 22.8 27.2
 

23. . 5-6 25.4 25.2 	 22.3 27.3
 
/TW149­

-
26.4 	 37.4
24. 0-1 	 ­

25. 1-2 	 20.3 38.8
 

26.8 	 39.8
26. 2-3 

27. 	 3-4 - 26.9 40.0
 

- 29.3 38.9 ­
28. 4-5 


TW161 --	 28.2 36.629. 0-1 

-	 27.3 35.7 ­

30. 1-2 

38.2 	 ­-	 33.9
31. 2-3 

42.2 	 ­-	 36.232. 3-4 

41.3 	 ­-	 33.333. 4-5 


TW14 FAO
 
23.9 	 22.7
34. 	 0-1 


- 25.2 23.1
35. 1-2 
32.7 	 24.3
36. 2-3 	 ­
23.3 	 24.4
37. 3-4 	 ­

--	 20.738. 4-5 


*Separation by magnetic separator. 
I/ LRD - Land Reclamation Directorate 

2/ WPAU - West Pakistan Agricultural University 

3/ TW Tube Well 
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Table 3. -inc:'al I/ content of very fine sand grains of Pakistani soils. 

Grain Count -
Soil! / Dopth1 Qtz. K-Fld. PI-FId. Mi ca C111. Pyr. Amph. Gar. Mag. Tr. Agg. Alt. Un. 

(ft.) 
LRD 0-1 40.0 6.9 10.1 34.0 2.6 0.4 0.4 0.2 0.6 1.2 1.0 2.4 0.2
 

4-5 26.3 7.3 4.7 49.0 3.4 1.6 1.3 0.1 1.1 0.8 0.8 2.4 1.2 

14PAU 0-.5 38.6 4.7 7.9 40.0 2.4 0.6 0.8 0.8 1.0 1.0 0.4 1.8 -
A 4-5 34.4 4.2 5.8 42.8 3.3 0.9 1.3 2.0 0.4 0.2 0.4 3.3 1.0
 

WPAU 0-.5 36.7 4.2 8.4 39.2 2.8 0.4 0.2 0.4 1.0 
 0.7 1.8 2.8 1.2
 
B 4-5 37.3 1.7 10.9 35.9 3.2 0.2 1.5 1.0 2.2 2.2 1.2 2.2 0.5 

WPAU .5-1 34.7 8.9 9.1 38.8 1.0 0.8 1.4 1.0 1.4 0.4 1.0 1.2 0.3 
C 

TW 149 0-1 33.5 8.1 7.9 36.0 2.6 1.1 1.3 0.4 
 1.5 0.4 4.5 2.1 0.6
 
4-5 35.5 5.3 8.5 37.2 3.4 0.5 0.7 0.2 0.5 0.2 3.9 3.4 0.7
 

TI 161 0-1 39.6 8.3 12.5 20.4 4.2 0.9 1.3 2.0 1.3 
 0.6 4.8 2.8 1.3
 
4-5 35.8 7.0 7.5 29.3 3.3 1.9 0.9 
 1.4 2.3 1.3 6.0 2.3 1.0
 

T'-. " 0-1 44.2 9.3 11.4 34.6 1.2 1.2 0.7 1.2 0.9 0.2 2.8 1.6 0.7 
FAO 4-5 45.6 8.6 12.5 24.2 0.8 0.8 1.6 1.0 1.0 0.7 2.4 0.6 0.2
 

TW 85 0-1 33.0 5.9 7.7 40.7 2.9 0.7 0.9 1.1 
 0.7 0.4 3.8 1.8 0.4
 
4-5 39.3 8.5 8.2 26.4 1.5 - 0.4 0.4 
 0.2 0.3 2.6 2.0 0.2 

TW 7A 0-1 35.6 5.9 8.3 33.2 4.4 1.5 1.8 1.3 0.7 1.0 2.2 3.7 0.4
 
4-5 35.2 4.2 7.3 37.4 4.0 1.3 0.8 1.5 1.3 0.8 3.1 2.5 0.6 

TW 178 0-1 36.7 5.9 4.2 44.9 2.7 0.4 0.4 0.4 0.8 0.9 1.0 1.3 0.4 
4-5 24.7 4.7 5.1 58.1 3.3 0.2 0.4 0.4 0.2 0.3 
 1.2 1.2 0.2
 

Rahwal 0-1 35.1 4.9 7.0 44.5 1.7 • - 0.4 0.2 0.4 0.7 2.1 2.6 0.4 
4-5 27.1 2.7 9.8 50.6 3.7 - 0.5 0.2 0.7 0.5 2.0 2.2 -


I/ The key to mineral abbreviations is given in table 2b. 

2/ LRD - Land Reclamation Directorate, V.TPAU - West Pakistan 

-, 

Agricultural University. TW - Tube Well
 



Table 3a. Key to mineral abbreviations. 

Qtz. - Quartz 

K-Fld. - Orthoclase -.nd microcline 

Pl-Fid. - Plagioclase feldspar (mainly oligoclase but a range from 

albite to andesine is found) 

Mica - Biotite and muscovite 

Chl. - Chlorite 

Pyr. - Hypersthene and clinopyroxene (probably diopside) 

Amph. - Metamorphis blue-green hornblende 

Gar. - Garnet 

Mag. - Magnetite 

Tr. - Trace mineral (tourmaline, calcite, zircon, kyanite, 

epidote (?) 

Agg. - Aggregates of silt-sized minerals cemented by Fe-oxide
 

and/or carbonates
 

'Highly altered feldspars apparently weathering to 
clay


Alt. -

Un. - Unidentified with petrographic microscope 



Table 4. Analyses of Pakistani soil clays.
 

CEC Total K,>0 6urfnce Area Quartz & Fuldspar 

Soill / Deoth(ft. ) 2-. 2, <.21t3 5:l~g)-, 2-.2u <.2u 2-. 2u ,.2a1177 sg-THI 7 2-.2u( 4) 

LRD 0-1 22.9 7?.5 4.1 2.6 69 2,88 10.4 
1-2 27.6 ,62.3 3.7 2.7 1 9 337 8.1 
2-3 26.0 60.6 3.9 2.8 82 339 
3-4 28.8 60.0 3.7 2.8 103 307 

4-5 24.9 "59.9 4.1 2.7 117 336 11.1 

WPAU 0-.5 35.9 55.6 3.5 3.3 117 319 8.4 
A .5-1 29.0 55.8 3.9 2.8 118 307 

1-2 31.3 59.8 4.0 3.0 138 331 
2-3 24.9 57.4 4.1 2.6 100 317 

3-4 24.7 58.2 4.1 2.8 95 325 12.5 
4-5 24.9 57.5 3.9 3.0 

WPAU 0-.5 23.5 3.6 133 9.7 
B .5-1 27.9 102 

1-2 28.5 4.1 119 
2-3 24.9 3.8 108 
3-4 24.9 3.8 112 12.6 
4-5 32.9 3.7 

WPAU 0-.5 33.9 66.7 3.9 135 347 10.6 
C .5-1 35.8 65.4 4.1 3.3 202 363 

1-2 41.9 60.0 4.2 3.2 182 372 
2-3 41.8 65.5 4.2 3.1 211 379 

3-4 43.8 67.5 4.2 2.8 208 336 
4-5 39.8 69.0 4.2 3.0 161 335 10.1 

TW 149 0-1 42.4 69.3 4.2 3.1 169 346 7.9 
1-2 46.9 74.4 3.7 2.5 170 .352 
2-3 42.8 74.4 3.6 2.0 166 344 
3-4 49.8 73.5 3.7 2.1 173 351 
4-5 42.9 76.2 3.5 2.1 202 364 7.6 

TW 161 0-1 29.9 77.7 3.7 2.4 154 343 11.0 
1-2 37.8 3.6 2.3 175 379 
2-3 75.0 2.0 286 
3-4 37.8 73.5 3.4 2.0 166 380 
4-5 32.9 73.2 3.5 2.2 97 373 8.6 

TW 14 0-1 30.2 66.1 4.2 2.7 152 371 9.0 

FAO 1-2 ' 36.8 37.4 3.7 2.2 171 239 
2-3 42.5 36.9 3.4 2.0 216 4C4 
3-4 40.7 87.2 3.6 2.0 223 414 8.3 
4-5 70.4 2.6 

TW 85 0-1 31.8 57.5 3.7 3.1 177 316 10.6 
Khadiv 1-2 28.2 64.6 4.1 3.2 129 296 

2-3 23.6 67.1 4.1 3.1 103 279 
3-4 26.9 67.7 4.1 3.2 93 299 
4-5 30.8 72.4 3.5 2.8 64 275 11.3 



Table 4. Analyses of Pakistani soil clays. 2.
 

SoilY Depth 
(ft.) 

CEC 
2 -. 2a <.2u 
(mql100~) 

Total K20 
2-.2u <.2Lu 

Surface Area 
2-.2u <. 2 
( !21 ) 21)() 

Quartz & Feidspar 
2-.2u 

14 7A 
Khadiv 

0-1 
1-2 
2-3 

3-4 
4-5 

35.6 
35.6 
36.2 

37.8 
36.3 

68.1 
66.6 
69.4 

75.9 
-72.0 

3.5 
3.6 
3.6 

3.5 

2.4 
3.2' 
2.5 

2.6 
2.5 

160 
189 
192 

201 
181 

223 
35 

353 

9.1 

8.5 

TW 178 
Khadiv 

0-1 
1-2 
2-3 
3-4 
4-5 

29.4 
22.8 
27.8 
29.8 
29.8 

69.3 
71.6 
74.8 
73.6 
71.2 

3.9 
3.9 
4.2 

3.8 

2.9 
3.3 
3.2 
3.2 
3.5 

138 
132 
104 
130 
118 

294 
327 
323 
339 

12.5 

Rahwal 
Mirja 

0-1 
1-2 
2-3 
3-4 

23.9 
24.9 
27.2 
33.7 

67.4 
64.0 
64.8 
70.6 

4.2 
4.2 
3.9 
3.8 

3.7 
3.6 
3.3 
3.0 

96 
91 
112 
130 

297 
276 
275 
287 

15.4 

4-5 30.8 70.9 3.9 2.8 116 279 11.3 

I/ LRD - Land Reclamation Directorate 
WPAU - West Pakistan Agricultural University 
TW - Tube Well 



Table 5. Water soluble cations and anions of Punjab soils. 

Soil I / Dp th Ca mg Na K CO3 11CO 3 C1 s 4 

ft. me/i 

LRD 0-1 
1-2 
2-3 

3-4 

4-5 

2 . 
2.9 
1.4 

2.1 

2.4 

'917.T 
1.3 
0.4 

0.8 

1.1 

] 
10.0 
11.0 

22.0 

24.5 

1.3 
0.1 
0.1 

0.1 

0.2 

1.7 

0.7 

0.4 

4.0 
5.7 
2.7 

4.0 

3.9 

153.8 
4.2 
1.4 

7.5 

8.5 

23.8 
6.8 
6.9 

13.1 

18.2 

PAU 
A 

0-.5 
.5-1 
1-2 

2-3 

3-4 

4-5 

34.3 
4.1 
1.6 

0.9 

3.8 

5.0 

9.3 
2.7 
1.7 

1.2 

3.9 

4.5 

155.0 
38.5 
20.0 

9.0 

7.0 

4.0 

2.0 
0.6 
O.: 
0.2 

0.5 

0.6 0.7 

4.5 
4.7 
4.0 

3.7 

4.0 

3.3 

64.8 
8.5 
3.9 

2.3 

2.1 

3.4 

130.0 
37.6 
J5.6 

4.8 

P.0 

8.5 

WPAU 

B 
0-.5 

.5-1 

1-2 
2-3 
3-4 

4-5 

11.5 

10.0 

13.7 
12.2 
6.9 

4.1 

5.6 

3.9 

8.2 
10.7 
4.5 

1.8 

-a 

42.5 

51.5 

45.0 
21.5 
7.0 

6.0 

1.3 

0.7 

0.5 
0.4 
0.4 

0.4 

4.3 

4.0 

3.0 
2.8 
4.3 

4.0 

11.3 

16.9 

14.1 
14.1 
11.3 

5.6 

42.5 

46.0 

50.0 
28.8 
9.5 

4.8 

WPAU 

C 

0-.5 

.5-1 

1-2 
2-3 

3-4 
4-5 

7.9 

11.9 

11.9 
11.9 

9.9 
8.0 

1.8 

2.4 

2.5 
2.2 

1.8 
1.1 

12.5 

7.0 

6.0 
4.5 

5.0 
4.0 

1.2 

0.6 

0.3 
0.2 

0.3 
0.3 

3.9 

3.5 

2.8 
3.1 

3.5 
3.8 

9.0 

6.8 

3.9 
2.8 

4.2 
4.2 

9.0 

9.8 

12.4 
12.0 

10.0 
6.5 

(Continued) 



Table 5 . (Contiiimed) 

soil/D 	 p th 

fL. 


T-W 149 	 0-i 

1-2 

2-3 

3-4 

4-5 


TW 161 	 0-i 

1-2 

2-3 


3-4 

4-5 


TW 14 	 0-1 

1-2 

2-3 


3-4 

4-5 


TW 85 	 0-1 

1-2 

2-3 

3-4 

4-5 


TII 7A 	 0-1 

1-2 

2-3 

3-4 

4-5 


Ca 

3.3 

1.5 

2.7 
7.1 


12.5 

4.1 
4.5 

3.2 


3.3 


3.9 


2.0 

1.3 

1.2 


1.0 

0.8 


7.0 
4.4 

3.6 

3.6 

4.1 


22.2 
51.5 
36.9 
28.4 
29.4 

0.8 

0.3 

0.7 
1.9 

3.4 

0.9 
0.9 

0.5 


0.5 

0.7 


1.8 

0.9 

0.7 


0.6 

0.6 


4.1 
2.7 

1.9 

1.7 

0.6 


7.0 
10.3 
20.3 
17.5 
16.7 

a 

8.1 

7.8 

7.0 
7.0 

7.6 

6.8 
5.3 

4.8 


5.0 

4.8 


11.0 

10.8 
9.1 


8.4 

9.6 


14.0 
8.8 

6.8 

6.6 

6.8 


32.5 
52.5 
53.5 
30.0 
29.3 

K CO3 11CO 3 


me/i
 

0.2 0.2 3.5 

0.1 	 6.0 

0.1 	 4.7 
0.1 	 3.3 

0.2 	 2.0 

0.3 0.2 5.5 
0.2 	 3.8 

0.1 	 4.0 

0.1 	 3.8 
0.1 	 3.7 


0.4 n.0 4.5 
0.3 	 4.3 

0.1 	 4.9 


0.1 0.3 5.5 

0.1 0.5 5.0 


0.4 	 5.0 
0.4 	 4.0 

0.2 	 3.7 

0.2 	 3.4 
0.2 	 2.9 

0.6 2.0 1.0 
1.1 	 3.0 
0.6 	 3.3 
0.5 	 4.0 
0.6 0.4 3.0 

C1 S04 

4.7 4.2
 
2.8 2.4
 
3.7 4.4 
4.7 8.5
 
9.5 11.6 

2.8 3.9 
4.0 3.6
 
3.7 3.1
 
3.3 2.2
 
3.7 2.2
 

4.3 5.1
 
2.8 4.4
 
2.8 4.4
 

3.5 3.8
 
2.8 3.8
 

8.4 8.5 
5.7 6.0
 
3.8 4.4
 
4.3 4.0
 
4.5 4.0
 

42.3 16.0 
83.2 32.3 
60.6 47.0 
33.8 47.5 
20.7 53.1 

(Continued)
 



Table 5. (Continued)
 

Soil I /  D pth Ca Na K CO3 CO3 	 SO4 
ft. 	 Me/l 

TW 178 	 0-1 12.0 3.7 18.2 0.8 5.0 11.3 6.3
 
1-2 5.5 1.6 8.4 0.4 3.7 5.6 
 5.0
 
2-3 5.2 1.9 7.4 0.3 3.0 4.7 3.3
 
3-4 4.7 1.4 6.8 0.3 3.0 3.7 
 3.3
 
4-5 4;7 2.1 6.4 0.3 4.0 4.2 4.0
 

Rahwali 	 0-1 6.2 3.1 14.6 
 0.4 3.4 6.2 11.8
 
Area 1-2 3.5 1.3 7.0 0.3 
 2.4 2.8 4.4
 

2-3 3.5 1.1 5.8 0.3 	 2.8 3.4 4.0 
3-4 2.9 0.9 6.8 0.2 3.2 2.8 3.5
 
4-5 3.3 1.1 5.4 0.2 3.2 3.4 3.2
 

i LVD - Land Reclamation Directorate, WPAU - West Pakistan Agricultural University, TW - Tube Well. 



Table 6. Salt and exchangeable sodium, and cation exchange capacity
 
analyses of Punjab soils. 

Soili / ra'nth 
ft. 

EC:_I03 
I=.h;ic//I(-

SAIR E'xch. !a CEC 
g. 

ESP 

LRD 0-1 
1-2 
2-3 
3-4 
4-5 

,16. 
1.6 
1.6 
2.3 
3.0 

25.0-
7.0 

11.5 
18.2 
18.5 

1.00 
0.70 
1-r12 
1.30 
1.53 

' -

8.2 
7.4 
7.2 
7.2 
7.8 

12.2 
9.5 

15.5 
18.1 
19.6 

WPAU 
A 

0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 

14.7 
4.3 
2.4 
1.2 
1.5 
1.5 

33.2 
21.0 
15.7 
9.8 
3.6 
1.8 

2.57 
1.90 
1.35 
0.70 
0.36 
0.29 ",; 

8.6 
9.4 
9.0 
8.2 
7.4 
4.8 

30.0 
20.2 
15.0 
8.5 
4.9 
6;0 

WPAU 
B 

0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 

5.5 
6.1 
5.8 
4.0 
1.9 
1.3 

14.5 
19.6 
13.6 
6.3 
2.9 
3.5 

1.11 
1.68 
1.46 
0.67 
0.37 
0.24 .-

8.6 
9.0 
9.6 
9.6 
5.0 
3.8 

12.9 
18.7 
15.2 
7.0 
7.4 
6.3 

WPAU 
C 

0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 

2.2 
2.0 
1.7 
1.7 
1.5 
1.3 

5.7 
2.6 
2.2 
1.7 
2.1 
1.9 

0.63 
0.32 
0.-. 
0.30 
0.26 
0.24 

-" 

10.4 
10.0 
10.4 
11.4 
10.4 
10.4 

6.0 
3.2 
23 
2.6 
2.5 
2.3 

TW 149 0-1 
1-2 
2-3 
3-4 
4-5 

1.3 
1.1 
1.1 
1.7 
2.4 

5.6 
8.1 
5.4 
3.3 
2.7 

0.76 
1.35 
1.15 
0.74 
0.62 

11.4 
14.6 
17.8 
16.8 
15.8 

6.7 
9.3 
6.5 
4.4 
3.9 

TW 161 0-1 
1-2 
2-3 
3-4 
4-5 

1.3 
1.1 
0.9 
0.9 
1.0 

4.3 
3.2 
3.5 
3.7 
3.2 

0.39 
0.31 
0.47 
0.50 
0.42 

6.2 
7.4 
9.6 

10.0 
9.0 

6.3 
4.2 
4.9 
5.0 
4.7 

TW 14 0-1 
1-2 
2-3 
3-4 
4-5 

1.4 
1.1 
1.1 
1.2 
1.2 

7.9 
10.5 
9.6 
9.4 

11.4 

0.54 
1.05 
1.38 
1.28 
1.21 

7.8 
14.0 
13.0 
11.0 
7.4 

6.9 
7.5 

10.6 
11.7 
16.4 

(Cont inued) 



Table 6. 	(Continued)
 

Soil-! Tth ECxIO 3 SAR Exch. Na CEC ESP
 
ft. T.,hoaS / Cm 	 me/i00 g. 

1W 85 	 0-1 2.5 6.0 0.62 7.8 8.0 
1-2 1.6 4.7 0.60 9.4 6.4 
2-3 1.3 4.1 0.95 14.6 6.5 
3-4 1.2 4.1 0.60 16.4 4.1 
4-5 1.3 4.4 0.50 9.4 5.3 

TW 7A 	 0-1 5.1 8.5 1.07 11.4 9.4 
1-2 10.4 "6;0- a .' 1.08 10.8 10.0 
2-3 9.9 10.0 0.94 11.8 8.0 
3-4 7.8 6.3 1.03 11.8 8.7 
4-5 7.3 6.1 0.91 10.8 8.4 

TW 178 	 0-1 3.6 6.5 0.69 6.2 11.1 
1-2 1.7 4.5 0.49 7.4 6.6 
2-3 1.7 3.9 0.49 7.8 6.3 
3-4 1.4 3.9 0.52 6.6 7.9 
4-5 1.4 .3.5 0.41 7.4 5.6 

Rahwali 0-1 2.3 6.8 0.82 9.4 8.7
 
Area 1-2 1.3 4.5 0.72 11.4 6.3
 

2-3 1.1 3.8 0.50 7.4 6.8
 
3-4 1.3 5.0 0.44 6.4 6.9
 
4-5 1.1 3.6 0.56 8.2 6.8
 

1/ LRD - Land Reclamation Directorate, WTAU - West Pakistan Agricultural 
University, TW - Tube Well. 



Table 7 • Moisture retention properties of Punjab soils.
 

Soi1.- Perth Sa turation 1/3-Bar 15-FThr 

ft. % 7. 

LRD 0-1 34.6 22.5 7.5 
1-2 33.7 22.4 6.3 

2-3 32.5 24.8 6.1 
3-4 35.3 26.0 7.0 
4-5 35.4 25.8 7.8 

WPAU 0-.5 30.9 20.6 10.6 

A .5-1 34.9 22.0 13.5 

1-2 38.4 25.6 12.7 
2-3 41.9 32.5 13.0 
3-4 39.4 26.7 9.8 
4-5 27.0 14.8 4.3 

WPAU 0-.5 31.2 21.3 10.0 

B .5-1 33.4 23.5 12.3 
1-2 37.1 26.0 12.0 

2-3 43.2 31.0 11.5 
3-4 32.5 22.2 6.8 
4-5 26.5 8.6 2.4 

WPAU 0-.5 29.3 20.3 9.5 

C .5-1 29.1 18.5 9.1 

1-2 30.4 17.7 9.3 
2-3 30.8 18.7 9.7 
3-4 31.0 19.1 9.8 
4-5 29.7 19.2 9.1 

TW 149 0-1 35.3 22.2 11.5 

1-2 36.7 24.3 14.7 

2-3 42.0 25.0 15.4 
3-4 42.2 29.3 16.6 
4-5 45.1 27.2 16.5 

TW 169 0-1 25.5 15.3 6.5 
1-2 23.9 14.6 6.7 

2-3 26.5 17.1 9.0 

3-4 28.7 20.0 9.4 

4-5 28.4 18.6 9.1 

TW 14 0-1 24.0 13.9 6.6 
1-2 36.4 23.4 12.2 

2-3 34.2 21.2 10.4 
3-4 28.2 18.0 8.1 
4-5 29.0 17.9 8.0 

(Continued) 



Table 7. (Continued)
 

Soil- I Dth 
ft. 


rd 85 	 0-1 

1-2 

2-3 

3-4 

4-5 


TW 7A 	 0-1 

1-2 

2-3 

3-4 

4-5 


TW 178 	 0-1 

1-2 

2-3 

3-4 

4-5 


Rahwali 0-1 

Area 1-2 


2-3 

3-4 

4-5 


Saturation 


38.2 

45.3 

42.0 

54.2 
48.2 

36.7 

33.5 

34.7 

36.9 

37.1 


25.9 

41.9 

52.9 

52.4 

47.9 


42.4 
56.5 

38.5 

41.4 

45.2 

LRD - Land Reclamation Directorate, IAPAU-

University, TW - Tube Well.
 

1/3-Bar 15-Bar 

. I. 

23.1 	 12.1 
27.1 	 15.1 
34.2 	 23.8
 
32.8 	 20.8
 
26.5 	 14.2 

23.2 	 9.0
 
20.0 	 9.5
 
20.5 	 9.8
 
21.7 	 10.5
 
22.3 	 10.3
 

23.2 	 9.1
 
29.7 	 13.0
 
28.5 	 12.7
 
35.2 	 16.7
 
37.0 	 11.1
 

27.4 	 16.7 
35.6 	 23.2
 
26.2 	 11.7
 
30.3 	 9.0
 
28.0 	 12.6 

West Pakistan Agricultural
 



Table 8. -Organic matter-and-lime-free separates of Punjab i:oils. 

1/ 
Soi--

% CIa % Silt 
.05-.1 

% Sand 
.1-.25 .25-.5 .5-1 1-2 

Total 
Tex­

and Depth <.2 p . 2 -2 p 2-511 5­ 20p 20-5011 mm n" mm mm Yrm Clay Silt Sand ture 

(ft.) 

LRD 0-1 4.9 6.5 4.4 28.2 34.0 16.3 4.3 0.6 0.6 0.2 11.4 66.6 22.0 SiL 

1-2 4.8 5.4 3.3 27.4 34.8 18.2 4.0 0.5 0.9 0.7 10.2 65.5 24.3 SiL 
2-3 4.5 5.3 1.9 29.9 35.1 18.3 2.6 0.7 1.0 0.7 9.8 66.9 23.3 SIL 

3-4 5.1 5.7 2.1 33.2 35.1 14.4 2.3 0.5 1.0 0.6 10.8 70.4 18.8 SIL 

4-5 5.1 6.3 2.4 26.9 36.6 19.4 2.1 0.3 0.5 0.4 11.4 65.9 22.7 SIL 

WTAU 0-.5- 6.3 8.9 3.5 28.4 18.0 10.8 21.2 2.3 0.4 0.1 15.2 49.9 34.9 L 

A .5-1 7.9 11.9 4.9 38.4 14.0 7.5 13.6 1.5 0.3 0.0 19.8 57.3 22.9 SIL 

1-2 7.3 11.0 5.1 45.5 16.8 5.2 7.9 0.9 0.2 0.1 18.3 67.4 14.3 SiL 

2-3 8.2 10.3 6.3 40.2 26.9 3.2 4.5 0.3 0.1 0.0 18.5 73.4 8.1 SiL 

3-4 6.0 6.8 4.1 34.5 26.6 9.0 11.9 0.5 0.5 0.1 12.8 65.2 22.0 SIL­

4-5 3.3 3.3 1.6 14.3 14.0 15.3 47.6 0.5 0.1 0.0 6.6 29.9 63.5 SL 

WPAU 0-.5 8.1 9.3 4.5 24.6 17.5 10.7 22.7 2.3 0.3 0.0 17.4 46.6 36.0 L 

B .5-1 8.0 13.3 7.5 40.6 13.8 5.6 9.7 1.3 0.2 0.0 21.3 61.9 16.8 SiL 

1-2 8.4 10.8 5.3 28.6 12.9 9.3 22.1 2.3 0.3 0.0 19.2 46.8 34.0 L 

2-3 8.0 10.8 5.7 43.3 18.5 5.6 7.4 0.6 0.1 0.0 18.8 67.5 13.7 SIL 

3-4 5.3 6.1 4.8 29.8 14.7 10.7 25.3 2.6 0.6 0.1 11.4 49.3 39.3 L 

4-5 2.2 1.9 1.5 7.6 8.0 15.3 63.0 0.4 0.1 0.0 4.1 17.1 78.8 LS 

WPAU 0-.5 5.8 9.3 4.2 18.6 23.3 15.2 21.2 2.1 0.3 0.0 15.1 46.1 38.8 L 

C .5-1 6.0 9.5 4.1 17.2 20.4 15.6 24.3 2.6 0.3 0.0 15.5 41.5 43.0 L 

1-2 7.4 10.6 4.2 17.6 20.5 16.5 21.0 1.8 0.4 0.0 18.0 42.3 39.7 L 

2-3 7.3 10.4 3.8 13.4 18.0 16.5 28.1 2.3 0.2 0.0 17.7 35.2 47.1 L 

3-4 7.1 9.3 3.5 14.6 18.4 16.6 27.5 2.7 0.3 0.0 16.4 36.5 47.1 L 

4-5 7.2 10.1 3.2 13.7 18.5 16.0 28.1 2.9 0.3 0.0 17.3 35.4 47.3 L 

(Continued) 



Table 8. Continued. 

and Doenth 
(ft.) 

Z1%Ca'v 

<.2u . 2-2u 2-51 

% Silt 

5-201_ 20-5011 

1.05-.1 

mm 

.1-.25 

mm 

% S.Ind 
.25-.5" .5-1 

mm imi 
m, 

1-2 

M 
mC 

Total 

Clay Silt 
a ­ iI 

Sand 
a d 

Tex­
ture 
t r 

TW 149 0-1 
1-2 
2-3 
3-4 
4-5 

TW 161 0-1 
1-2 
2-3 
3-4 
4-5 

TW 14 0-1 
1-2 
2-3 
3-4 
4-5 

8.5 
10.8 
13.3 
13.7 
10.7 

4.1 
5.8 
6.5 
7.3 
6.7 

3.2 
4.9 
8.9 
6.7 
6.6 

10.8 
14.2 
14.9 
16.3 
17.3 

7.1 
7.0 
9.3 
8.5 
8.6 

5.9 
11.3 
10.4 
7.5 
6.8 

7.5 
5.6 
5.8 
6.3 
5.6 

2.5 
2.5 
3.0 
3.1 
3.3 

2.7 
4.8 
4.3 
2.7 
2.1 

29.8 
32.6 
34.7 
32.2 
36.1 

15.1 
16.7 
14.3 
19.3 
19.5 

13.7 
27.2 
17.6 
13.0 
13.6 

25.3 
23.0 
21.0 
22.1 
21.7 

20.4 
15.4 
17.5 
17.9 
18.2 

15.0 
14.5 
13.7 
13.6 
14.3 

7.4 
6.4 
4.8 
5.6 
5.5 

15.3 
8.4 
8.6 
6.8 
7.9 

9.4 
7.6 
8.3 

11.1 
10.3 

6.7 
4.7 
3.7 
2.6 
2.2 

21.9 
26.1 
22.4 
19.6 
19.1 

37.9 
19.5 
26.2 
32.9 
33.5 

3.3 
2.3 
1.5 
1.0 
0.7 

12.0 
15.7 
15.8 
14.7 
14.4 

10.8 
7.3 
9.3 

11.1 
11.3 

0. , 

0.4 
0.3 
3.2 
0.2 

1.6 
2.4 
2.3 
2.4 
2.3 

1.4 
1.2 
1.3 
1.4 
1.5 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.3 
0.0 
0.0 

0.0 
1.7 
0.0 
0.0 
0.0 

19.3 
25.0 
28.2 
30.0 
28.0 

11.2 
12.8 
15.8 
16.2 
15.3 

9.1 
16.2 
19.3 
14.2 
13.2 

62.6 
61.2 
61.5 
60.6 
63.4 

38.0 
34.6 
34.8 
40.3 
41.0 

31.4 
46.5 
35.6 
29.3 
30.0 

18.1 SIL 
13.8 SiL 
10.3 SiCL 
9.4 SiCL 
8.6 SiCL 

50.8 L 
52.6 L 
49.4 L 
43.5 L 
43.7 L 

59.5 SL 
37.3 L 
45.1 L 
56.5 SL 
56.6 SL 

TW 85 0-1 
1-2 
2-3 
3-4 
4-5 

TW 7A 0-1 

1-2 
2-3 
3-4 
4-5 

6.3 
8.1 
6.6 
6.5 
7.3 

5.7 

5.7 
6.7 
7.4 
7.1 

12.0 
16.1 
24.0 
34.4 
13.5 

9.3 
10.8 
11.2 
12.3 
10.8 

6.2 
8.5 

14.3 
6.7 
7.8 

5.3 

3.6 
3.8 
3.5 
3.2 

28.4 
38.1 
37.0 
21.2 
36.3 

26.6 

22.2 
22.0 
25.8 
28.8 

26.2 
19.9 
13.0 
22.4 
19.8 

26.4 

25.5 
25.7 
22.8 
28.0 

1.4.2 
5.9 
3.3 
5.0 

11.1 

12.2 

17.4 
16.0 
16.5 
12.2 

6.1 
3.1 
1.3 
3.2 
3.6 

13.3 

13.7 
13.8 
10.9 

8.2 

0.5 
0.3 
0.2 
0.4 
0.3 

1.1 
1.0 
0.8 
0.8 
0.5 

0.1 
0.0 
0.1 
0.2 
0.1 

0.1 

0.1 
0.0 
0.0 
0.2 

0.0 
0.0 
0.0 
0.0 
0.2 

0.0 

0.0 
0.0 
0.0 
1.0 

q 18.3 
24.2 
30.6 
40.9 
20.8 

15.0 

16.5 
17.9 
19.7 
17.9 

60.8 
66.5 
64.4 
50.3 
63.9 

58.3 

51.3 
51.5 
52.1 
60.0 

20.9 SIL 
9.3 SiL 
5.0 SICL 
8.8 SiC 

15.3 SiL 

26.7 SiL 
32.2 SiM 
30.6 SIL 
28.2 SIL 
22.1 SiL 

(Continued) 



Table 8. Continued.
 

I/ % Clay % Silt 
 % Sand Total 
Soi1--
 .05-.1 .1-.25 .25-.5 .5-1 1.2 Tex­2and De pth <. 2 1 . - 2 11 2-5y 5-2 0 11 2 0-501j mm mm rrn Mm mm Clay Silt Sand ture(ft.) 

Tw 178 0-1 4.1 8.6 3.9 23.7 27.6 22.8 8.5 0.7 0.1 0.0 
 12.7 55.2 32.1 SIL
 
1-2 3.7 16.1 1.4 32.3 31.3 8.1 6.3 
 0.6 0.1 0.1 19.8 65.1 15.1 SIL
 
2-3 6.0 14.9 7.1 45.4 22.8 2.4 1.2 0.1 
 0.0 0.1 20.9 75.3 3.8 SiL
 
3-4 7.3. 15.2 9.8 42.5 19.6 3.0 2.3 0.3 0.0 0.0 22.5 71.9 5.6 SIL
 
4-5 5.0 1-0.3 5.6 43.3 31.2 3.1 1.4 
 0.1 0.0 0.0 15.3 80.1 4.6 SiL
 

Rai*ali 0-1 7.2 17.5 9.3 30.6 23.3 8.2 
 3.8 0.1 0.0 0.0 24.7 63.2 12.1 SiL
 
Area 1-2 3.2 23.3 15.8 36.6 
 14.9 2.6 3.1 0.3 0.2 
0.0 26.5 67.3 6.2 SIL
 

2-3 6.2 8.1 9.9 23.0 32.1 10.3 9.4 0.7 0.3 
0.1 14.2 65.0 20.8 SiL
 
3-4 4.8 11.2 5.2 32.7 35.4 7.6 2.5 0.6 0.0 
0.0 16.0 73.3 10.7 SiL
 
4-5 6.4 8.7 8.6 31.7 30.9 6.9 6.2 0.5 0.1 
0.0 15.1 71.2 13.7 Sil 

1/ LRD - Land Reclamation Dircctorate, WPAU - West Pakistan Agricultural University: T1 - Tube Well. 



Table 9 . Fertility analyses of Punjab soils. 

Soil- Deoth 
Tex-
ture (:5) 0.M.. Lime 

Flo 
205 

K20 
Zn Fe 

(ft.) (%) () (Lb./A) (Lbs/A) (ppm) (ppm) 

LRD 0-1 Sii 8.4 0.6 7.1 lli -.- 245 1.55 4.2 

1-2 SiL 8.9 0.2 7.8 21 100 0.54 3.9 

2-3 SiL 9.1 0.1 8.6 16 100 0.48 4.0 

3--4 SiL 9.2 0.2 9.5 11 100 0.42 4.1 

4-5 SiL 9.2 0.1 12.2 7 140 0.52 4.6 

WPAU 0-.5 L 8.5 0.5 9.8 41 ' 540 10.00+ 5.1 

.5-1 SiL 9.3 0.2 15.5 9 340 3.66 4.1 

A 1-2 SiL 9.3 0.2 14.2 7 200 2.40 3.6 

2-3 SiL 9.1 0.2 12.6 17 200 6.30 3.8 

3-4 SiL 9.7 0.1 9.2 4 195 5.30 4.1 

4-5 SL 8.8 0.2 6.2 5 125 5.80 5.8 

WPAU 0-.5 L 8.8 0.5 8.2 17 475 10.00+ 4.6 

.5-1 SiL 9.0 0.2 15.0 5 370 10.00+ 3.4 

B 1-2 L 8.8 0.1 12.3 3 210 3.30 3.4 

2-3 SiL 8.6 0.1 13.8 3 165 .55 3.5 

3-4 L 8.7 0.2 8.6 8 120 6.10 4.7 

4-5 LS 8.8 0.1 5.6 5 65 6.00 7.3 

WPAU 0-.5 L 8.6 0.8 2.0 27 725 6.00 6.4 

.5-2 L 8.4 0.3 1.0 33 455 1.47 6.1 

C 1-2 L 8.3 0.4 0.8 19 300 0.64 6.9 

2-3 L 8.3 0.1 0.7 31 290 6.90 8.8 

3-4 L 8.3 0.1 0.5 37 300 2.16 8.7 

4-5 L 8.4 0.2 0.5 30 310 4.40 8.3 

TW 149 0-1 SiL 8.7 1.0 0.9 5 330 1.06 7.7 

1-2 SiL 8.8 0.5 0.7 4 320 0.52 8.0 

2-3 SiCL 8.7 0.7 1.3 6 300 0.59 8.5 

3-4 SiCL 8.4 0.6 2.1 9 290 0.42 8.0 

4-5 SiCL 8.3 0.5 2.0 18 290 0.58 7.4 

TW 161 0-1 L 8.7 0.4 3.7 5 200 0.92 6.7 

1-2 L 8.6 0.4 2.1 4 140 0.47 5.5 

2-3 L 8.6 0.4 2.1 4 135 0.51 5.3 

3-4 L 8.6 0.4 4.4 4 140 0.52 5.9 

4-5 L 8.6 0.1 6.7 5 120 0.54 5.3 

TW 14 0-1 SL 9.0 0.6 1.3 5 275 0.65 12.-7 

1-2 L 9.1 0.1 5.9 3 350 0.39 4.6 

2-3 L 9.3 0.1 3.7 3 275 0.48 6.2 
3-4 SL 9.3 0.1 2.0 6 265 0.50 5.5 
4-5 SL 9.4 0.1 2.0 8 230 0.53 4.9 

(continued) 



Table 9. Continued.
 

1/. P 0 K°O
 
2) 20
Sol- Depth ture (1:5) O.M. Li2 

(2) (Lbs/A) (Lbs/A) (ppm) (pp's) 

TW 85 	 0-1 SiL 8.7 0.5 7.6 5 370 0.65 9.6 
1-2 SiL 8.7 0.5 0.4 4 370 0.60 8.0 
2-3 SiCL 8.5 0.5 2.0 10 495 0.7S 15.7 
3-4 SiC 8.5 0.1 2.0 3 425 0.55 14.7 
4-5 SiL 8.6 0.4 6.4 5 240 0.44 5.2 

TW 7A 	 0-1 SiL 8.3 0.2 6.9 4 275 0.55 5.6 
1-2 SiL 8.5 0.2 6.0 4 340 0.56 3.4 

2-3 SiL 8.4 0.2 5.2 5 320 0.46 3.2 
3-4 SiL 8.5 0.1 8.3 10 370 0.54 3.0 

4-5 SiL 8.5 0.1 13.8 10 300 0.55 3.2 

TW 178 	 0-1 SiL 8.6 0.3 5.0 5 290 0.68 5.6 
1-2. SiL 8.6 0.5 5.8 4 300 0.60 7.0 
2-3 SiL 8.5 0.2 7.6 2 230 0.51 6.8 
3-4 Si, 8.6 0.2 6.8 3 300 0.41 7.2 
4-5 Si1 8.6 0.1 5.4 1 IS0 0.51 7.4 

Rahwali 	0-1 SiL 8.7 0.6 4.4 12 405 0.54 28.8 

1-2 SiL 8.6 0.4 1.3 5 445 0.50 10.6Area 

2-3 SiL 8.7 0.1 3.8 3 240 0.48 4.9
 
3-4 SiL 8.7 0.1 5.8 2 165 0.53 3.6
 

4-5 SiL 8.7 0.3 6.9 2 240 0.59 4.2
 

1/ 	LRD - Land Reclanation Directorate, IPAU - West Pakistan Agricultural 

University, TW - Tube Well. 



APPENDIX C 

EFFECT Or E.:',cHA,;E.BlIl "ODILM! PERCNTAGE, SOT L ":ALINITY, 
A!.D AVAILABLE PHOSPHOROU LEVEL ON T111E CRM,".1t OF 

ALFALFA AND BARLEY IN GPJEEN11OUSE EXPERIMENTS 

W. R. Schn'ehl 

'ost of the soil samples from Pakistan that were analyzed in the 
Colorado State University Soil Testing Laboratory were found low in 
available so! 1rhopho rols... :s.('!riciencv " o.f.ncrop plants in. Iosc 
Pakistan probably is second only to nitrogen deficiency. A crop response

to phosphorous would be expected on 
non-saline, non-sodic soils shown 
to

be deficient in phosphorous by the soil test. However, there is a strong

local belief in Pakistan that fertilizers are wasted when applied to lands
irrigated with saline and sodic water. 
Since 16% of the irrigated land
 
is supplied .,ith 
water of 1000 ppm or more salt (M. Hussain, 1970 NESA
Conference, p 311), in.ormation is needed to determ:ine if the results of
the sodium bicarbonate soil test procedure for P, which is highly success­
ful for non-salt-affected soils, to
can be applied the saline and sodic
 
soils of Pakistan. Essentially, no published results are available

will provide this information. An unpublished Israeli report and 

that
 
some


indirect observations in the 
literature constitute the extent of information.
 

The objective of this research %as to determine the influence of soil
 
salinity and e.chan-'eable sodium (originating from irrigation water) on
 
plant growth response to increasing levels of available soil phosphate.

The first phases were planned as a -reenhouse study with subsequent studies 
to be conducted in a field program in Pakistan if the results indicated
 
need.
 

This is a preliminary report, ind 
as such, both descriptive material
 
and results are incomplete. Dr. &!.B. Malik is preparing a full report

for publication.
 

Experimental Procedures
 

A sandy loam soil from the San Luis Valley of Colorado was selected

for the study because it was low in available phosphorus (2 ppm) and be­
cause the sandy; soil :ould reduce the physical effect of exchangeable

sodium on plant growth. 
 Soluble salts w.:ere removed by leaching with lo'.,"
conductivity tap water, then nonocaicium phosphate iwas added at rates to
give three levels of available phosphorus (approximateiy 2, 8, and 24 p 
P). Soil at each of the available phosphorus levels was then divided into 
three equal portions and sodium bicarbonate was mixed with the soil and
aged at saturation capacity moisture to give ESP (exchangeable sodium per­
centage) levels of apnroximately 1, 20, and 140. Krilium (0.01") aas
mixed with the soils representing, nine treatments (3SISP x 3P) and each 
treatment was placed in six icecream cartons. Alfalfa and barley were
planted Larch 3 and water was to the soil fieldadded bring to capacity.
Two salinity levels were established at this time by7 adding either tap
water to three pots per treatment or salt solutions (composition varied
 
with ESP) to the other three pots. 
 This gave two soil salinity levels of
 

"
0.26 and 4 mnhos cm I.
 With barley there were 18 treatments and three
 

http:CRM,".1t


-2­

replications to give a total of 54 cartons. Because of a limited soil 
supply, tV2 alfalfn e::parir. nt had thr! snme treatmns but with only 

two replications. 

Results
 

Barley 

The barley crop was harvested after 39 days and the dry matter 
yields are summarized in Tables 1, 2, and 3 with the analysis of variance 

in Table 4. The main effects of ESP, P level, and salinity level an'd the 

P-level x ESP and P-level x salinity interactions were highly significant. 

The main effects show that the barley responded markedly to available 
phosphorus. The largest respouise was to the first level of P (3 pp-) 
with a much smaller, but significant, response to the next level (24 ppm). 

Increasing the ESP to 20 had little effect on the yield of barley but a 
further increase to 40 reduced yields about 457. Increasing the soil
 

salinity from 0.26 = hos to 4 rn.hos decreased barley yields about 12%. 
This is surprising in view of the expected tolerance of barley to low or 
even moderate levels of soil salinity. 

The P level x salinity interaction was of particular significance. 
The results show (Figure 1) that the barley crop responded only to 8 ppm 
available P at the low salinity level but responded to 24 ppm P at the 

4 mmhc level of salinity. 'lost crop plants do not respond beyond about
 

lb or 11 ppm available P when grown in non-saline soils. The results 
suggest that possibly higher levels of available phosphorus will be re­

quired for crops grown in saline soils.
 

The P-level x ESP interaction also is interesting (Figure 2). The 

yield of barley continued to increase to the highest available P level 

so long as the ESP was 20 or below, but "when the ESP was 40, there was 

no benefit from an available P level of more than 8 ppm. 

The total phosphorus content (% P) of the dry plant material also 
was determined. The results (Table 5) show chat increasing salinity de­

creased the P content of the olant whereas an increase in ESP to 20 
significantly increased the P content. There was no further effect of 

higher ESP (40) on ' P. The results sug-est that the higher salinity 
reduced the physiological availability of P since an analysis of the soil 

revealed that increasing salinity did not reduce the available soil 

phosphorus. ConverseLy, increasing ESP had no detrimental effect on 

available P as indicated by either soil test or plant analysis. 

Alfalfa
 

The dry-matter yields and the analysis of variance for the first 

cutting are surarized in Tables 6 through 9. There were highly significant 

effect both for the main treatments and for the three first order inter­

actions.
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There was a response to the second level of available P (8 ppm)
 
but not to a hi her 1ve I.(Tb!, 6i1 . This is cc:,istcnt with curre:Lt 

field recoamendations. There was no significant difference in yield 
between the control (ESP = 1) and an ESP' of 20, but the yield on the
 

40 ESP treani.ent was greatly reduced. The 4 rrho salinity treatmont 

reduced alfalfa yields below the control (0.26 rnhos).
 

The two interactions of particular interest, P-level :.-salinity 
and P-level x ESP, are shown in Figures 3 and 4. The yield response 
to the second level of available P (8 ppm) was greater on the low 
salinity soil and, in contrast to the barley experiment, there was no 

additional benefit from the higher available P level cn th2 saline soil. 
Figure 4 shows that the response to increasing available phosphorus was 
the saz,e for ESP levels of I and 20 but that there was little benefit 
from increasing available P with ESP 40.
 

Total P was determined on the plant material. Increasing available
 
soil P increased the P concentration (% P) in the plant tissue as ex­

pected. Increasing the ESP increased % P (0.01 level of significance)
 
and increasing the salinity decreased % P (0.10) level. The two sig­
nificant interactions (P-level x salinity and P-level x ESP) are shown
 

in Figures 5 and 6. Increasing available soil P did not increase % P
 
as effectively at tlie higher salinity (4 rmnhos) as with the control
 

(0.26 mmhos salinity), indicating again, as with barley, that higher
 
available soil P may be required as soil salinity increases. The ESP
 
level of 20 or below had no appreciable effect on % P in the plant, but
 
with ESP 40, 7 P in the plant was significantly higher. Since yields
 
were greatly reduced for ESP 40, the high 7.P could have resulted because
 
of reduced growth. It does not appear, hc-wever, that phosphorus avail­
ability to the plant is limited by the high ESP.
 

Sum,ary
 

Two experiments were conducted to determine the response of barley
 
and alfalfa to increasing available soil P at three levels of exchange­
able Na (1,20, 4011,) and two levels of salinity (0.26 and 4 mmhos con­

ductivity of the saturation extract).
 

For both crops an ESP of 20 had no detrimental effect on growth
 
response to increasing levels of available soil phosphorus, nor was
 
% P affected adversely. 71hen ESP was increased to 40, however, growth
 
was greatly reduced and " P increased. Thus, it appears that an ESP to
 
20 can be tolerated by these crops when grown in a light textured soil,
 
but that ESP of 40 will not maintain good plant growth. With no inter­

mediate data point the highest ESP for satisfactory plant growth can't
 
be determined.
 

The results confirmed the usual observation that alfalfa is more 
sensitive to even low levels of salinity than is barley. Of particular 
significance to the Pakistan project were the observations that: 1) 
increasing salinity decreases the plant availability of soil phosphorus 
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soil is 
2) higher rates of phosphorus fertilizer are roquired for saline soils 
than for non-salile soils, othr conditions being the same (i.e. avail­
able soil phosphorus lev1l, soi.l te.:tre, crop to be jrown, etc.). 

although aailab.le roi.l *hocr,.ti !y the test unaffected; and 

The results suggest that field research should be conducted to study
 
the phosphnte r :uir' 'nts of crops grcTrn unde-r saline-sodic soils situa­
tions in Pakistan.
 

http:hocr,.ti
http:aailab.le
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Barley Ex:pe riment
 

Table 1. Effects of Phosnhorus and salinity on the dry matter yield of
 

barley--I.
 
(grams/pot) 


".:eain
_,Saiini t, Luvel S 

P Level 1/ j ' 2 for I, 

P1 
 2.216 1.424 


6.593 5.024 	 5.809
p2 


6.397 6.940 	 6.668
 

Mean 5.069 4.463
 

1/ PI = Check = 2 ppm avail, soil P; P2 = 8 and P3 24 ppm available
 

p3 


= 
soil P; Si 	= check, and S2 4 mmhos/cm. 

Table 2. 	 The effects of E.S.P. and phosphorus on the dry matter yield
 
of barley--I.
 

/hosph2rus 	Level ean
 

E.S.P. LevelI /  	 for .S.P. 

Na1 1.942 6.358 8.318 	 5.706 

2.083 6.532 7.940 	 5.518
Na2 


1.638 4.037 3.747 	 3.074
Na3 

Mean 1.821 5.809 6.668 

l/ Na1 = Check = I E.S.P.; Na2 = 20 E.S.P.; and Na3 = 40 E.S.P. 

Table 3. 	 The effects of L.S.P. and salinity on the dry matter yield of 
barley--l. 

Sal1init: Le': (!1
 
E.S.P. Level! / i "or 

Na 5.882 5.530 5. 706 

5.759 5.278 	 5.51r
Na2 


3.567 2.581
Na3 


Mean 5.069 4.463
 

I/ See footnotes on Tables 1 and 2
 

3.074 



Tabler 4. Analysis of variance for dry lll,.ItLer yi-ld of Iarley--I. 

:i F Sii;nificznce .Source of Degrees of SuM of 
.0 .
Semares 0 Lla res 

2 2.07954 1.03977 3.48 

Variation Freedom 


R 


.01 .908 1.211)

T 17 366.74109 21.57301 72.22 


.01 .370 .4.
2 77.63498 38.81749 129.94
Na 


.01 .370 .

2 240.81948 120.40974 403.07 


.01 .303 .
1 4.96254 4.96254 16.61
S 


.;,.2

Na x P 4 29.5S561 7.39640 24.76 .01 	 .642 

.524 .7.41.69
1.00828 .50414
Na x S 2 


.7,4
 
P x S 2 10.27447 5.13724 17.20 .01 .524 


2.45573 .61393 
 2.06
Na - P x S 4 


10. 15685 .29873
Error 34 


Total 53 378.97748 , 

Table 5. T,. effects of j.S.P. and salinity on percout phos phorut o; 
barley--1. 

E.S.P. Lew'll/ ,.q l n y [,,e 	 i 

or 1.'; P. 

.151
.154 .147
Na1 


.209 .174 	 .192
Na2 


.194 .176 	 .18
Na3 


.166
,Mean .186 


I/ See footnotes on Tnmc I and 2.
 



Table 6. 	 The effects of phosphorus and salinity on th: dry matter yield 
of alfalfa 

Phosphorus Luvel 	 _.Th.it T'yS 	 'ean Yield 
(ppm 	avail, soil S7 S2 for P
 

P1 1.503 0.983, 1.243
 

P2 
 4.106' 3.190 
 3.648
 

P3 4.335 3.120 
 3.727
 

Mean 3.315 2.431
 

=
I/ 	PI Check - 2 ppm avail. soil P; P2 3 and P3 24 ppm available 

soil P; S1 . check, and S2 = 4 rrnhos/cm 

Tab.le 7. 	The effects of E.S.P. and phosphorus on the dry matter yield of
 
alfalfa.
 

Phosnnorus Le',eiIean Yield 
E.S.P. Level- PI) for '.a 

Nai 1.547 4.517 5.127 3.730 

Na2 1.630 4.885 4.927 3.814
 

Na3 0.552 1.542. 1.127' 1.074
 

Mean Yield for P 1.243 3.648 
 3.727 

I/ Na, = Check = 1 E.S.P.; Na2 = 20 E.S.P.; and Na 40 E.S.P. 



Table 8. The effects of E.S.P. and salinity -,n dry ra'ter yield of alfalfa.
 

Salinity Level MHean Yield
 
E.S.P. Level1 / c.r
 

Na1 4.090 3.371 3.730
 

Na, 4.526' 3.101 3.814
 

Na3 1.328 0.820 1.074
 

Mean 3.315 2.431K:
 

l/ See footnotes on Tables I and 2.
 

Table 9, Analysis of variance for dry matter yield of alfalfa.
 

Soyurce of Degrees of Sum of !%ean L.S. L).
Variation Freedom Squares Scuares F Si ,aificance .05 .,I 

R. 1 0.00562 0.00562 0.10
 

T 17 127.55062 7.50298 132.08 .01 .503 .691I
 

Na 2 58.28969 29.14485 313.05 .01 .205 .2F2
 

P 2 47.84551 23.92276 421.12 .01 .205 .2F2
 

S 1 7.03134 7.03134 123.78 .01 .16 8 .2>, 

Na x P 4 12.10474 3.02619 53.27 .01 .356 .49"-, 

Na x S 2 1.38376 0.69188 12.18 .01 .290 .395
 

P x S 2 0.72937 0.36469 6.42 .01 .290 .39-


Na x P x S 4 0.16621 0.04155 0.73 N.S.
 

Error 17 0.96572 0.05681
 

Total 35 128.52196
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APPENDIX D
 

Jones, 	 Garth N. The pr Dblem of water scheduling in West Pakistan: 
Research studies and needs. November 1971. Water Management 

Technical Report No. 13. 

The capacity to build and maintain the irrigation system has 

exceeded the capacity to manage the allocation of water for maximum 
agricultural production. The irrigation system was not designed to 

supply 	total crop water needs plus leaching requirements, but rather to 

provide sufficient water during the growing season to avoid complete 

crop failure and famine. In recent years the irrigation system has been 

substantially modified by ipcreasing its storage capacity and by tubewells 

which utilize the storage qapacity of the vast Indus aquifer. The irrigation 

system, in at least part of the Punjab, now has capacity to vary its water 

deliverance. Consequently, it is now possible to consider the development 

of irrigation scheduling based upon crop and soil needs. Reorganiz:Ltion 

of the irrigation system to achieve optimum delivery scheduling appears 

to be a formidable and long-term but worthwhile effort involving major 

changes in the social and physical structures. His relatively rapid 

acceptance of new seed, installations of private tubeweels etc., indicate 

Pakistan farmer is receptive to new technology. Consequently,that the 
the most rapid "water management" payoff will probably result from 

providing farmers who have access to controllable water with the 

technology which can help that control achieve maximum yields. 

Jones, 	 Garth N. Monastery model of development: Towards a strategy 

of large scale planned change. November 1971. Water :Management 
Technical Report No. 14. 

The primary purpose of this study is to advance a model which 
resourcesprovides a realistic organizational approach in utilizing scarce 

in the development process. In essence the monastery model substitutes 

strong 	organization and efficient use of labor resources for capital in 

achieving development. An essential of the successful monastic models 

has been that the individuals were converted to a "new xa, of life' and 

were in some degree isolated from forces which could degrade their 

behavior to the previous norm. 
Although the forces. of change may be largely external, the desire 

to undertake change must emanate internally within a given organizational 

system. For instance, improved water management nractices on all tie 

farms on a watercourse may be suggested by an outside chanu.e avent, !ut 

arethe individual farmers must gain faith that the changes for their benefit, 

before their efforts can be united strongly toward accomplishing that chanae. 

Uniting their efforts will require the presence (or dev'elooment) of - village 

or watercourse level organization which has recognized status and audlto-ity, 

and has leaders or consultants who can provide mechanisms for attainment 

of the desired goals. 



The monastery model can cause development assistance to be 
directly channelled to the poor rural people where it is most needed in 
the developing countries. 

Mahmood, Khalid. Sediment routing in irrigation canal systems. 
January 1973. Meeting Preprint 1905 for ASCE National Water 
Resources Ewineering MQeeting, January 29 - February 2, 1973 
in Washington, D. C. 

The routing of bed material load through a branching irrigation 
canal system in such a way as to insure sediment discharge equilibrium 
is considered. All the sediment entering the system is disposed of with 
the water. It is shown that the system equilibrium can be more easily 
achieved if smaller sediment load concentrations are allocated to irrigation 
diversions from smaller channels. Also, approximate numerical model 
for predicting the bed material load from farm turnouts is presented. 

McWhorter, D. B. Steady and unsteady flow of fresh water in saline 
aquifers. June 1972. Water Management Technical Report No. 20. 

Problems of flow involving fresh water overlying saline water in 
aquifers and methods for their analysis are reviewed. Equations amenable 
to mathematical solution generally involve the idealization of treating the 
fresh water as a distinct zone separated from the underlying saline water 
by a sharp interface. The criterion for interface stability is derived in 
this study and its practical significance is described. 

A new solution describing up-coning of saline water below horizontal 
tile drains is derived and used to calculate approximate optimum depth of 
drain placement. A procedure for estimating performance of collecting 
wells is outlined. 

A procedure proposed in the literature for handling unsteady free 
surface problems was used to derive a differential equation which 
approximately describes the behavior of the unsteady interface. Practical 
applications of this equation are discussed and example calculations are given. 

Sahni, Brij %Iohan. Salt water coning beneath fresh water wells. April 
1972. Water Management Technical Report No. 18. 

The purpose of this research is to investigate the phenomenon of 
salt water coning below a discharge well partially penetrating an aquifer in 
which fresh water is underlain by saline water. The first portion of this 
report is concerned with the evaluation of techniques presently available 
for analyzing the performance of such wells. Both theoretical considerations 
as well as experimental results have shown that some of the assumptions 
used in the anal'ytical techniques available are not valid while others are 
acceptable only under limited conditions. 



The study also presents a mathematical model which is developed 
for evaluating the performance of a skimming well under a wide range 
of field situations. The practical ttility of the results in deciding the 
optimum discharge from a skimrnin well is discussed. it is sh,.' 
that for given aquifer conditions and well geometry the maximum steady­
state production of uncontaminated fresh water is obtained at shallower 
well penetrations and closer well spacings than that predicted by the 
theory previously available. 



APPENDIX E 

List of Statements ldentifvin. Known Uses of Materiads Produced by the 
Project During the Report Year 

The following seminars based on Water Management Project studies 

were presented at the International Interdisciplinary Seminar in Water 

Resources Management conducted at CSU and attended by nationals of at 

least a dozen foreign countries. 

1. A sociological view of technology in development by D. M. 

Freeman. 

2. A program for water and soil management in irrigated regions 

by Wayne Clyma. 

3. Effects of varying levels of water availability on crop response 

by H. M. Neghassi. 

4. An improved model for optimal timing of irrigation by H. M. 

Neghassi.
 

5. Pakistan's agricultural growth - its lessons and some unanswered 

questions by J. E. Eckert. 

Other seminars, meeting presentations and writings during this 

period which were based primarily on the WMR sturies included: 

1. Effects of salinity and sodium in irrigation water on P and 

other nutrients in soils, by W. R. Schmehl and given at the Punjab Agricul­

tural Research Institute at Lyallpur, July 1972. 

2. Effects of sodium and salinity in irrigation water on the avail­

ability of P and crop growth by W. R. Schmehl, given at the Atomic Energy 

Commission Agricultural Section in Tandojam, June 1972. 

3. Relations of salinity to drainage and pumping by Gil Corey at 

the Peshawar Agricultural Institute, October 1972. 

4. Research designs for determining effects of plant population 

atid crop stands on yield by .Jerry Eckert, October 19'i2. 



5. Legal problems and solutions to surface and groundwater 

management by George Radosevich presented at the Annual Symposium 

on Arid Zone Research held at Fort Collins, July 1972. 

6. Water right changes to implement water management by 

George Radosevich, presented at the National Conference on Managing 

Irrigation Agriculture held at Grand Junction in May 1972. 

7. Findings of Radosevich's studies were also used in preparing 

the chapter titled, "Pakistani Water Law" which is in press as part of 

the revised book titled, "Muslin Water Laws" to be published by FAO. 



THE RESOURCE POSITION OF THE ,PAKISTANI FARIER 

with particular reference to water and its management. 

The purpose of "is "iriefnote is to describe the Pakistani farmer in terms 

of his productive resources and the types of constraints that influence his 

effectivema. u.e..•.., of tl.ose resources. This paper is not a final statement, it 

is intended only to open discussion. Only through such an articulation can target 

strata or groups within the farm sector be identified and the research efforts 

of the water management research contract be oriented toward finding ans,.'ers 

and techniques of specific relevance to the chosen clientele. 

Any description of the type presented here runs the risks of overgeneralization. 

There will be vari-ation around each of the characterizations discussed. The 

farmer under discussion relys to some e:.xtent on irrigation and as such is more 

typical of the Puj1b or t~ie .rrc portions of Sind Province. Farmings under 

rainfed conditions is a wholly different environment governed by differing 

constraints, a different resource mix and managed within a different relative 

value set of te n . No implications for the rainfed areas are intended 

from the fo!!ov,' 

".n..ana-ement" is defined as those decisions or actions taken to influence the 

quantities, quait:is, timing or techniques with which resources are combined in 

a producive enterprise. The phrase "on-farm water manazement" is taken to 

delineate tha subset of all water manazenent decisions or actions which can be 

in some way affected by the farm operator. 



It seerns that in this cot:.ext the goneoral goal of the research program can
 

be usefully cis-a-re..atd in'. three dimensions:
 

1. 	 To enable the Pirmer to obtain more of the resources 

traditionally uscd, 

2. 	 To enable the farmer to use his traditional resources 

more productively. 

3. 	 To enable the farmer to utilize some of the more 

productive non-traditional inputs. 

THE PAKISTANI FARM tER 

Land 

Median farm size in Pakistan is 5.1 acres, which is, on the average, 

1
broken into 3. 4 non-contiguous parcels. An inegalitarian land distribution 

results in a much. higher average, some 10 acres per farm. "Family farm" 

units have been variously approxirmated as either 3 or 12. 5 acres, sizes that 

are felt to reflect the max.im acrea -.e one .... r=erthat laily with a lited 

of dependents and a single pair of bullocks can operate effectively. The follow.-in.. 

cumulative percentages illustrate the differences betVeen the distributio 

patterns of fa.m numbers and cultivated area. 

Percent of 	 Percent of 
Farms of: Total Farms Total Area 

less than 5 acres 49. 5 9.4 
less than 7. 5 acres 61.4 16. 6 
less than 12. 5 ac:res 77.0 31. & 
less than 25 acres 92.0 57.2 

'1 ,ost of !ne cata in this e.:osition are from the 19G0 Census of A-Ari:ure, 
Vol. II, est. Pa tn, Go.ernmnt of I stan, 
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are obvious but warrar - explicit specification.The implications of these data 

Humanitarian considerations suggest research towards techniques that will be 

relevant to the largest number of farm families. More than three-quarters 

of all farms are less than 12. 5 acres in size. This group is characterized by 

the traditional resource mix and the traditional techniques of combining those 

resources such as discussed here in. Technologically, this group, or any 

less extensive group on the small end of the spectrum of farm size will be 

fairly homogeneous. Improved techniques of water use or control that are 

these small farms should be relevant to great numbers of individualapplicable to 

farm units. Any -rouping of similar size, beginning with large farmers, must 

reach down to such small farms that considerable heterogeniety would necessarily 

include half of the farm units w-ould necessitate groupingbe included. Just to 


all farmns down to and including five acres in size.
 

To summarize .his point I feel w.e must define farm groups based on 

technological homogeniety in order to establish identifiable resource environments 

within which to seek better techniques of w,'ater use. If we then wish to direct 

our efforts to.vards the largest of these groups, we will, per force, be working 

vith small farners. 

On the other hand 43 percent of the cultivated area is in farms of 25 acres 

or larger. These farms are of a size where tractor mechanization, tubewells 

and other advanced techniques become realistic possibilities. If one assumes a 

slightly inequitable distribution of the water resource because these large farmers 

through the use of their influence and position might command slightly more 

water proportiornally than they have land, then one concludes that approximately 

half of the irrigation water is used by farmers of 25 acres or more. If we 



wish to maximize the average productivity of irrigation %'.itcr without regard 

to the number of individuals involved, then we should point our efforts tovard 

the more flexible technological environment that characterizes the large f,:,.mers. 

Fortunately ve are not yet faced with a "one or the o'.er" decision and .e 

should be able to serve both groups of clients in the course of coming years. 

Emerging concep:s of developmnent which stress the hua.ian factor wvill not, hov.cve:, 

let us ignore the smaller farmer. 

Nor in a country v.here a people's government has just been established, 

can we ignore the bulk of their rural constituency; the small farmer. 

Labor 

The Punjabi land o.'ning household includes an average 6. S5 members 

disaggregated as shown be low. Tenant farmers have slightly larger houseiholds, 

and those of landless agricultural laborers are smralle r. 

Household Com- osition 

Adult Sub-Adut Adult Unnarried 5a1e TOTAL 
MIales Males Females Females Children 

(over 15) (10-13) (all a 'es) (< 10) 
Large Farmers 2.9 0.6 1.8 2.. 1.5 
Small Farmers 2.1 0.5 1. 5 1. 5 1. 0 C. 
Land Owners*: 2.17 0.51 1. 53 1. 61 1.04 . ­
TenantFar-ers 2.7 0.5 1.5 1.9 1.2 7.0 
Agricultural Labor 1. 8 0.4 1.2 1.0 0.9 

Weighted averaLe of small and large farmers. 

Household size can be converted to the number of full income earners e::­

pressed in "adult male labor equivalents" by assiqnin7 an arbitrary factor to each 

type of person 1hat.fec.s their effectiveaess ne .rati-ig for the- in gene income 

1 Jerry i5. L ul~ert, Rural Labor- in PunjIa-b, forthcoming minneogr'aphcci report 
The Ford Founda:ion, li"m". 
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household. Apli.1 such a :onversion one obtains the following estimate 

available to the household head.of the amount of family 

Adult .Male Labor 
Equi'valcnts 

Large Farmers U.5 
2. 6Small Farmers 
2.7Land Ovnoers 
3.2Tenant Farmers 
2.2Landless Laborers 

and direct control of the household
This amount cf labor is under completu 

extent that he is also the farm manager he can allocate this labor 
head and to the 

a man year within each of the above 
as he sees fit. Approximately halfresource 

whose roles are limited by
derived from females and subadult males,totals is 

limited n--unier of productive activities. In addition,totradition and traini 

a considerableaspirations and often preemptseducation rankIs hi.,-h among villa-e 

amount'of the time of male dependents. 

immediate family, it is common toIn addition to labor services from thie 


occurs
share labor o, m.ore distant relatives. This frequently for theone's 

are._i. nri, and .,heat threshing, operations whichoperations of pio,.i , 


traditional!y ,periormec by family rather than hired labor and for which extra
 

An informal but careful accounting
men or pairs bo . "re ,-.,'e" 

%Thile.an or bullock services is repaid. tere 
is maintained so ,hat each dav of 

is some gain from binr able to complete some operations on one field in a 

single day insteadcf lon,er, -,ybnefis b.. of this system seems to be 

social. Substantial benefits are rossible, hov~ever, vhen different cropping patterns 

are employed by members of thre same family. 

In summnar., the tvpical farmer has at his disposal only the labor of his 

and the limitations of females,immediate family. After adjusting for schoolin-
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he probably has one man year of assistance in addition to his own available 

each year. He can periodically a,gment his supply of labor services, either. 

human or bullock, by sharing but in doing so he forfeits some of his own time 

at a later date. 

Some harvest operations are clone almost exclusively by temporaril:,' hired 

labor for which they are compensatcd in kind. These same men are available 

for ddy labor at other times throughout the year but are not often so employced 

by the small median farmer. The number of permanently hired farim laborers 

seems to be related to farm size. The straight-line relationshio intersects 

points associating one permanent employee with farms of 20 acres, two with 

35 acres and three w!ith 50 acres. Thereafter, the labor :land ratii declines 

as capital is substituted for labor on larger, mechanizable farms. 

Tools and Implements 

The tools of production may be usefully disaggregated into those with no 

moving parts, those with moving parts and those using mechanical power sources. 

The term "modern", as distinct from "traditional", usually means the latter 

category which actually forms an important subset of the tools .ith moving parts. 

Farmers with as much as 10-12 acres of land are normally quite traditional 

with respec: to tools as ..ell as production technicues. Their com,)l.ment of 

tools will include a traditionalplow, yoke, plaiker, pitch foiks, sickles, hoes 

and shove_.3. All of these are obtained primarily in the v.ilg .Most of them 

are provided Ly village artisans, particularly the blacksmith and carpenter under 

seyp.
 



The seyp relationship is essentially that of patron-ar.-isan where the artisan 

provides his services througout the Year in return for p:.avnment in kind at each 

harvest and other minor considerations received periodically. For centuries, 

seyp has provided security of employnent to the artisan classes and a reliable 

supply of equipment inputs to farmers. The relationship has served as the 

primary integrator of various village occupational groupings. 

The tool position can be summarized as follows. Any tools made entirely 

of wood are alvays obtained locally as part of seyp. Tools which have no working 

parts, are usually obtained in the village either for cash or seyp, with seyp 

predominating. Since payment rates are fLxed by tradition,so also are the typis 

of tools the artisans will provide under seyp. And since tradition and custom 

prescribe which families of artisans serve which farmers, the element of 

competition that vould induce product innovations is missing. Hence the very 

elements of stability that contributed to income security in the pa t make the 

seyp system insufficiently flexible to meet the equipment needs of modern farming. 

Farmers are turning increasingly to the towns and market centers where they 

purchase a wider variety of materials with cash. Finall.; if a tool has moving 

parts, is largely metal or requires welding in its manufacture, it is probably 

only available from urban suppliers. 

Evaluating the above g eneralizations for effective control, farmers have 

only limited flexibility vizhin which to vary their tool mix if they rely on seyp. 

They will also have no opportunity to acquire modern or powered implements 

under this system. When they turn to non-village sources of supply their 

constraints become distance to market and cash resources. Within these con­

straints however, they are able to obtain a wider range of tools and to search 

out suitable combinations of quality and price. 



Capital 

The author's recent su.-estin-ated the cross value of major crops 

produced by small farmers :t 231 Rs. per acre. Major crops including 

food and cash crops have been shown to conipose 54 percent of the total value 

9 
of agriculturaloroduc2ion- A-¢justin - the oer acre F=-,rc above accor.in j, . 

the value of all types of agricultural produce per acre should approxiimte 

Rs. 420 annually. The median farmer with 5.1 acres produces products with 

an approximate value of Rs. 2140 per year. Saving s ratios have been variously 

estimated between 10 and 20 percent. Consequently even if a median farmer 

*ere able to save 20 percent and convert all of his saved income to cash, he 

would still only have approxinately Rs. 423 annually to reinvest. 

The equivalent figure for a 12. 5 acre family farm" %'ouldbe only Rs. 1050 

annually. Converted to dollars at Rs. 11.00: $1.00 and viewed in an American 

context,this investment potential appears inconsequential. But in the Pakistan 

context, and again assuming a 20 percent savings ratio w.;:hich is high for a 

subsistance farmer, annual savings from a 12. 5 acre farm.would permit purchase 

of a bullock draw.-n four roV. seed drill, or a moldboard plow, or a centzr-fu*a± 

pump or a small gasoline motor for the pump, or a sugar cane crusher. 

Farms of this size th" have n ,C.or.... 

within their scale of operations. It is apparent, howyever, that there 

are definite limi.s to annual inestment w.-hich could make the accumulation of 

a package of technolo-y embodying several pieces of equipment a very extended 

1 ibid Jerry Eckert, Chapter VII. 

2 Text of the "Pre-Budret Review.", a speech by Dr. M'*ubashir Hasan, Central 
Minister of Finance, "Pakistan Times", June 17, 1972, pp. 3-4. 
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process for a 12. 5 acre farr er. A nedian (5. 1 acre) farmer w:'ould obviously 

have a much more limited iovestmcnt potential particularly if one accepts 

that the savincgs ratio d'ops markedly as the household/firn approaches 

subsistance. It has boon the author"s observation that many of these farms 

are only just able to cover depreciation of the most minimal complement of 

traditional tools. 

Institutionalized credit'proceedures do not alleviate the paucity of investment 

capital among"small farmers. Commercial banks tend to minimize risk in their 

rural lending operations w-ith the result that little of their credit resources are 

made available to small farmers. The Agricultural Development Bank requires 

minimum acreaaes as colateral for zubew.ell or tractor loans. In early. 1971 

twenty-five acres were necessary to qualify for the 10-12, 000 rupee loan for 

a 1/2 cusec tubew.ell loan. 

One of the functions of the extended famil-. is in e:xpanding the geographical 

and occunational dimensions from which canital resources can be brougrht to 

bear on a per-ccived need. This source is occasionally use for investments 

in tractors, threshers or tubewells or for t:he construction of improved buildings 

by farmers whose ov.n sou'rces are inadecquate. 2.embers of the irniediate 

family who have -. itmrated from the villae to take emp!o-ment elsewhere fbrm 

another source o- capital. As lonr as farm resources are inadequate for either 

consumption or in,.-eszme:.t, the out i.i-rant is exnected to contribute to the e:.tent 

of his ability. Lftcen percent of the households farming less than 25 acres claim 

to have an outm.rant amioni their iimmediate family. IHalf of these individuals 

Were engaged in civil service, tfe remaining half equally distributed among 

skilled and uiskilled labor and military service. 
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Twice as many (30';) of the houscholds farming 25 ac-.-es or more reported 

outmigrants, reflecting the better education of this group w;'hich increases 

their off-farm access to employment. Consequently not only does the ]arge 

farm have a much lararer per capia, land base from v.hici. to .e-nerate investnt 

capital but ruch more extensive connections exist' to e::tendeA and immediate 

family with access to urban capital sources. Investment potential and hence 

resource and technological fle,:ibility increases faster than does farm size as 

one begins to exa:.mine farms larger than 12. 5 acres. 

To summarize, Pakistani farmers experience resource constraints with 

respect to most resource categories. The median farmer is particularly 

locked into traditional production methods by the inflexibilities of his resource 

position, by his limited earning and savings capacity and by the overriding 

necessity of generating at least subsistence volumes of food. Resource flexibilitY 

increases more than proportionally as one examines farms of larger sizes. 

The package of resources over vhich the farmer has fairly complete control 

includes his land, his own and his family's labor, his seed, cropping pattern 

and purchased) divisible inputs. Recent increases in competition within the 

agricultural supply industry, have brought several types of fertilizer and pesticidce 

within easy access at attractive prices for most fa'mers in the irrigated reio.n, . 

To the extent the farmer is aware of advanced techniques involving only the 

above resources, he will consider adoption if he feels that. the risks to his 

families subsistance art outweighed by the probable gains. 



TIiH WATER RESOURCE 

An'early B'ritish travclc-- described what is now part of irrigated Punjab
1 

In many districts of PunjabaS "uninhabitable desert, glistening with saltP. 


the mean exoected monthly, rainfall in winter during the wheat season is zero.
 

The difference bet.cen the uninhabitable desert observed in the early 19th
 

Century and the densely populated, highly fertile Punjab of today has been
 

brought about by irrigation. Beginning with the first inundation canals in the
 

1880's, systematic development of the water resources of the Indus -and its five
 

acres.tributaries ha.s developed an irrigation network of nearly 30 million Much 

of it was colonized from uninhabited land as canals brought water to each 

new area. The mix of economic activity and the societal structures that arose, 

especially in areas settled from scratch, were critically dependent on irrigation 

water.' Water remains today the most valuable an(! closely guarded of farmers 

resources; in much of Punjab it is the limiting factor in agricultural production. 

The table below shows the sources of irrigation water in the provinces 

of Pakistan in 1967-60. Since then there has been only a small change in the 

canal irrigated acreage. The implementation of the Indus Waters Treaty in 

1970 cut off completely the waters from the Beas and Sutlej rivers and forced 

Pakistan to rely on .AManzJa Dam instead. W.ile the command area remained 

essentially the same, the inter-seasonal distribution Ls well as total quantities 

available were undoubtedly affected. 

The one change of significance is the steady growth in tubewell numbers. 

Annual installation rates peaked at 9.-10, 000 per year in 1968-69. Since then, 

Reported in Malcolm Darling, The Puniab Peasant in Prosperity and Debt, 

Oxford University Press, Oxford, 1929. 
1 
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off to about hzlf of this number. Two reasons haveinstallations have falli 

first is the series of disturbances and uncertaintvbeen hypothetically advanced: 

that has affected business activity and the investment clLmate, and second is the 

areas for tubewell investments. At one time nationalsaturation of high payouf 

abe.'e!! to e:-:rpoit... .,.po.i IatO1-, s 

available ground water resources. Total numbers have continued to grow.- from 

50, 000 in 1907-63 to more than approxinately 75, 000 in 1970-71. A concurrent 

expansion of acreage served by tubewells N-ould be e-'pected, however, most of 

land already irrigated by canals. 

.planners invs oned r. 	 100, 000 a dccquate 

the recent installations have been to supplement 

General Statemen:. of the Problem 

as decisions or act-:oion
"managernenT" of a resource ,-as defined at the outset 

or technicucs of anDlication. It was 
taken to influence quantity, quality, 	 timnrin 

"i,. he oerall ca e.-ory of 

recognized that i-.:tinting is meeCly a subset wititM L 

it was entionerd explicit1 " bcause of' he irnaortance of
application techniques; 

these questions in Pakistan. A variant expressic' , of the a .ov" ay better serve 

SLmily stated the 
to focus efforts on solutions to farmer's water problems. 


er lacks son-e of con:r-o each of three different dimc
0-,- inPakistani far, 


of his water supply.
 

1. He has limited control over th. q1a:oi: rceived either at 

•eason one irri ation or durin t..e 

tne condit ions of receint inclucn 52. 	 He has on!y lLmited control over 

time of day and frequency throu~ioat the seasonquality, 

3. 	 Within the constraints imposed by 1 and 2, he is largely unable 

is not a.,are of themto use modern irriatod tecnicues 	because he 

social and constrain.s or if he is aw'are, other technical, 	 resource 

interfere. 



.. s shown belo,- each of these three dimensions involves many individual, 
.:elated and researchoble questions. A national strategy to enhance the produe­

tivity of -ater resources will necessarily havq to deal with questions at all 

three levels. 

The water resource is discussed below in three parts representing the 

three different levels and types of controlling mechanisms. The official 

distribution system includes the rivers, storage reservoirs, link and 

distribution canals down to the leval of the mo-han.where water enters the local 

water course. These portions are controlled by the Water and Power Distribution 

Authority (V-PDA) and the provincial Irrigation Departments. The farmer's 

control is limit.ed by his ability to influence these agencies. Within the water 

course the farmers control is a function of the type of social organizations that exist 

within the village(s) and his abilitv to interact effectivel, with those organizations. 

Finally one has the set of management questions that are solved within the 

geographic !Lairs of the farm-ers own land. Social, economic and technical 

externalities exist even at this level ".which circumscribe the manager's actions 

to a certain extent. 

The Of.fi;cia.l- Distribution Svstem 

• 1 
The entire irrigation system is constructed on the assumption of water 

scarcity. No water course has provision for closing the mocha when water is 

not needed. The assumption is that there is al.:'ays unsatisfied demand and tht 

if there is water in the canal it should be diverted in predetermined proportions 

1 A mozha is a brick and mortar turn-out structure containing a narrow vertical 
slit extend:ng the depth of the canal bank. 
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through all of the open mo~h:t structures into the recipier water courses. 

Allowin minimal lags for changes in flow to spread alonj the canal, thu 

system maintains an equilibri.!m in w,-hich partialflo.s are rcflected Uqually 

in all w;ater courses. 

The determ.inants of "he qtanititv of water delivered into the water courses 

may be summarized as follo%%vs: 

1. River flow: This is, in substantial measure, influenced by the
 

open:tion of the link canals wrere .. er is dive ted from more westerly river-s
 

to augment the f.ov.-s of eastern rivers (from the Jhelum to the Chena.b and fronn 

the Chenab to the Ravi). _'secondary variable w.ould be the losses du-ing inter-rive: 

transfers, either from seepage, evaporazion or irrigation use. Primary aut-1ority 

for these decisions is V:ADA. 

2. Diversions at c/%nal :.es: These diversions are conzro-iod i 

by the provincial I rrigation Departnent and include the regulation of diversion 

barrages on the rivers as w.-ell as the further distribution of the water among 

primary and secondary canals. The rga o arment rsto bance river 

withdrawals anmongv their rnany canals according to some criteria. It is unknown 

how flexible these criteria ar-e to reflect ch-ange crontni L p.erns or "now 

responsive these crieri.. r. to the expressions of need by farmers. 

3. Losses in the ca-.nal vs-em: These are prinmarily the function of 
seepage, siit:aion and inefficient lay-out of canals. This latter factor is more af 

a problem w.ithin the water courses than ;%ith respect to canals since most of ']-e 

canals ,ere laid out before settlement -hen ontinurm desi:n -,,,-as more nearly 

possible. Since the canals w,.ere designed to be self scouring, some specialists have 

questioned whether sedimentation is a factor. The question must be left open here, 
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jPo\wever, since in several locations villages have complained en masse to the 

author about their inability to get the Irrigation Department to clean out their. 

canal and restore normal flow. 

4. Size of inn.}'as: As pointed out, there are permanent structures 

.with fixed orifices. It is believed tlat the size of the outlet is an exclusive 

function of the acreage commanded by the water course and does not reflect the 

cropping pattern not the availability of supplemental water from other sources. 

If any procedure exists for obtaining an official evaluation of rnr ha size 

in light of :'mic chang"es the neeis of fa Mers, it is cumbersome and almost 

never used. And unauthorized alterations of the mozha are serious offenses, 

heavily punished. 

5. Canal flow-., rotations: During periods of water shortage, which occur 

during mos: of the xinter season, the Irrigation Departrment opens their canals 

at near capacity in rozation ra'..er than operate them all constantly with a 

considerabl.- reduced volurne. Substantial water savings probably result and the 

efficiency of th ri on syst.em is increased through this technique. But 

the farmer is faced with prospects of periodic, usually unannounced, canal 

closures. le has no neans of tir::- the incidence of these closures to occur 

when his croo's *.-atar recuirements are n-imal. It seems probable that the 

conflict of interest bt:.en .maxu-.z-.n quantities delivered by the irrigation 

system and .. '... e roUC..... of water applied has never been quantified 

because the crop response functions have been unknovn. 

The deter,inants of the quality of water reaching the monha include: 

1. The source river 

2. The proportion of the water that comes out of a storage reservoir 



3. The number of tubev.clis puniping into a canal and the quality 

" of w,atcr thcv trovd.

No further discussion is necessary on the subject of quality variation within 

the irrigation network. First, this v.ater Is considercd good to excellent for 

most purposes and second, there is la-nost no way an individual farmer can 

influence the variables determining quality as it arrives at the mogha. 

It is evident from the above that farmers, cither individually or as groups, 

have little influence over the decisions that allocate water among the rivers, 

or among the canals in the distribution netvorlk.. Furthermore, the size and 

design of rnoa'}a construction fixes the relative disch-arges into each water course 

and once fixed this proportionalitv is basically unalterable as far as the farmer 

is concerned. Despite peculiarities of cropping pattern, Soil type or availabiliy 

of subsurface water~the amount of water dischar:ed at each n-oLha and the 

schedule on which it is discharged are beyond the control of farmners. 

The British, taliunv in view the social, administrative and agricultural 

milieu at the time, laid out a self rezulatinz system to eliminate the necessity of 

referring these questions to farmers at regular intervals. The necessary allocati.. 

decisions were few and centralized in the responsibilities of senior governnie. 

administrators several echelons removed from direct interaction with farmers. 

In order to full, ex:.plore all means of ennancing the farmer's control over 

his resources t,'o questions must be raised. First, do review and evalation 

procedures exist and are they used %iith sufficient frequency so that the 

proportional distributions between different canals and different moThas vary 

in response to the needs of a dynamic agriculture? Second, is a participatory 

allocation system compatible with Pakistani conditions today through which 



farmers could more ncarly approach the ideal of water on deinanci? The 

answers, particularly to the second question, must b the preogative of .,,. 

raise these issues and to assisth'jvever, it is ',,ithin the role of the CST-] tean to 

in objective analysis of them if asked to do so. 

THE WATER COURSES 

The term water course refers to the distribution system between the mo:rha 

and the fari±ers fields or his personal irrigation ditches. Scarce water is 
1 

allocated on a rotation system kno.n as ",arab:urdi. The system has two 

manifestations, the p-ucca warabt, ndi or sanctioned rotation schedule and the 

or in'orna11 rotation. pucca v:-arabz:ndi the Irria,-ion"With 

Department participates in defining the rotation in terms of the duration and 

the days of the month on which each farmers turn 

k.atcha..ar..A..ndi 

interval of turns as %,.-ellas 

falls. This schedule is then re.zi-ztered with the Irrigation Department and 

becomes to all intents !aw. In the case of this formally sanctioned system the 

orfarmer's turn eiapses on schedule whether there is water in the water course 

mochanot. In the informal variation the rotation stops vhen the flow stops at the 

v.ithl the next -farmer in turn wvhenever flow is restored.for anv reason an-a ,be;. 

Both rota-tions are enforced by a trusted villager, quite often the religious 

leader, w-ho receives some small compensation for this service. He keeps the 

standard cloc": a-, s:;nals the be-inning and end of turns. There is some loanin:g 

of turns but very little sales. 

The determinants of the proportion of the rm-o-ha off take tIhat reaches the 

farmer are as follows: 

1 Warab.udi is a composite of two words, wara meaning turn and Lundi 
mearain a g or closing. 



1. ILosses in !he ,em' r This should bc a function of"::ter-

distance the water must travel, soil characteristics, the rapidity of flow, the 

cross section, layout and maintenance of the ditches, and evaporation. Frin.ers 

have more control over the physicl din.ensions and Ir.-interine of ditches 
than any other factors from this group. Individual or collective actions are 

feasible means of cloaning and reforming these channels. The Irrigation 

Department has the right to enforce proper maintenance although it is seldom 

exercised. 

2. Distance .ev'o. .- _,.. . in rrotation: This becomes an 

important factor when there is an excessive number of feet of water course 

that must be wet and filled once the next m.an's turn begins and before the water 

reaches his field. 

3. Farm..c..o... o.: The necessity of irrigating noncontiguous 

plots LerI*OuslV imedS -.he efficiency vith which -he w'ater from an irri,ation 

"turn" can be utilized. From the water course -- point, substantil losses 

are incurred due to the additional footage of di:ch that must be filled, from w-hich 

infiltration occurs and in which water is left standing. 

.. . ' 

to the acreagre farmed. No flexibilit- currently exis that would allow the 

rotation to relect varying water requiremen-s of different crops or .e..ng 

leaching re .urements or infiltration rates. 

No quality variation of Lmportance is introduced between the rncha and the 

naka unless tube,'ell supplementation is practiced and then only if there are 

4. Rotation tmt'n -. TheSe are norma]ly established in proportion 

The point at which water is turned from the ditch into the field. 1 



cualitative differences between sources. Where subsurface w'ater is more 

. " t.-aline the inc'eased salini .ha occurs ,'hen the two sources are mixed is a 

cost which must be balanced against the increased head, the reduction of the 

seepage loss fraction and the larger water quantities available for irrigation. 

The tw,.o levels of control are possible with respect to this source of quality 

variation. If the tube,.,.ell is privately owned and if water testing and evaluation 

services are available, the farm manager can effect complete control over his 

water quality. Where information on water quality is missing, control of 

the tubev.-ell does not lead to control of w%-ater quality. A second level of control 

occurs when the tubewvell is publicly installed. Farmers may interact as a 

group and with the Irrigation Department to determnine the location and size of 

the well and any additional water channels. Subsequently, however, the operation 

of the vell is the Irrigation Department's or WAPD_A's responsibility and the 

proportions in v.hich canal and tubewvell water are combined are beyond the 

farmer's control. 

Water 2.ana.ement on Farm 

(This is the section on which I need nost help, first because it is the 

area in which most of our work should concentrate and second it is a technical 

area in which I have litzle training. ) 

The tw.o sections Lnmmediately above have discussed the canal and water 

course systems, their sources of variation in quality and quantity of water and 

points of leverage at .-hich these variables mLht be influenced. The ultimate 

point for measuring v,'hatever variations might exist or be created in these two 

systems is the water received by the farmer during his irrigation turn. 



The following section discusses the dimensions of water use on the farmer's own
 

land in which variations can be important to obtaining maximnm efficiency
 

in the use of this resource.
 

Farmers are concerned with combining various types of inputs with
 

plants in order to optimally attain one or more goals. Conceptually this means
 

they can approach their desired combinations by varying the inputs to fit the
 

needs of the plant or varying the plant to 1fit input rigidities. The latter is often
 

overlooked yet is potentially important in Pakistan.
 

For example, he can either provide adequate moisture in the soils upper 

three inches to permit emergence of the short coleoptile of dwarf wheat or he can pl 

a native wheat variety with a longer coleptile at depths of six to seven inches. 

He can either provide an irrigation in the third week after planting dwarf .,heat 

or hie can adjust .isplantin date to a point three weeks in advance of wihcn his 

irrigation turn is scheduled. 

Several of the specific di.ensions of water control on farms are concerned 

with the speed with which water is handled, conducted from point to point, 

spread over a field, etc. This emphasis on time is derived from two facts; 

first the irrigation -rn under .-arabundi is temporally limited and second the 

longer water is in transit the greater is the proportion lost to seepage and surface 

evaporation. 

Among specific items farmers can control are the follov;ing: 

1. Rate of flow from point to point in the conduit ditch w-hich is a 

function of the ditch's cross section, slope and layout as well as the absence of 

impedirnentia, and the amount of water being carried. In general this rate should 

be maximized. 



2. Rate at which water can be spread over a field which is a function 

of slope, infiltration rate, pre-irrigation moisture content, plant cover, 

ptesence of water COlducfting surface forms. The rate should not necessarily 

-
be maxLim d bu1t sh.ouk be adjustcd in combination with infiltration rate and 

moisture holding capacit" so that water is dispersed throughout the root zone 

and 	no more. 

3. Infiltration rate which is a function of soil type, soil structure 

soil chemistry, height of water table and crop cover." Roughly speaking, with 

most crops it is useful to develop a rapid infiltration rate, "howvever, with rice 

as little infiltration as possible is desired. The wheat-rice-wheat rotation found 

in parts of Punjab reauires that the soil be converted from an anaerobic soil 

with almost no infiltration that is achieved by destroying soil structure through 

puddling to an aerobic soil w'ith sufficient structure to permit relatively ranid 

infiltration. The speed of this conversion determines the amount of acreage that 

can 	be completed before it. is too late to plant. 

Farmers are not oresently ab- to vary the quantity and timing of water 

applications to coincide with 'ater requirements of the various growth phases 

of the Dlanzs. In ourt this derives from the rigidities of supply already mentioned 

and in part front the farm.er's lack of understandin- of his crops water needs. 

_
Once flexib 4iity and knowledge are achieved the farmer has a choice of strategies; 

either to ma:.:Lnrnize production with a given amount of water or, in the case 

of a subsistance orientation, minimize the amount of water used to produce a 

predetermined amount of the crop. 

Mlost farmers have no reser-,;oir or mechanism that would store water from 

one season to the next except insofar as water may be carried from one time to 

another in the root zoneof the soil. There are, however, several means b- ,'hich 



farmers can enhance this carryover,, most of them relatced to infiltration rate 

and vater holding capacity of the soil as well as surface -tructures to prevent 

runoff in some areas. 

Previous research and field observations has shown that there are obvious 

interactions between water and nutrient applications yet the functional relationships 

remain unspecified. If this information were available farmer's could better 

adjust their nutrient and \water applications to achieve maximum complimcntarity 

between these two input classifications. Sources of variation within the farmer's 

control are largely in :he area of timing of irrigation and technique of feriliza-ion. 

Finally, and most important, is the range of variation made possible by 

tubewells. The contribution --' tubcwells is best considered under two classificatio.s. 

increased water quantity and increased resource flexibility. Tubewells permit 

farmers to verv closely aporoximate a siuatiofl O .'ter-on-demand.Farmers 

must evaluate the benefits from each dimension and balance them against the 

cost of poorer water quality if such is the case. He must also assess the 

alternative costs of tapping g question with many 

more possibilities than are usually considered. Finally, the externalities of 

tubewell installation are incompletely understood and sometimes subtle. Since 

little attention has been !iven to this aspect of w.ater use and control, the frameLvo.': 

of law, rules and precedents has not been develoned. 


