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Summary
 

In September 1976, the Engineering Experiment Station, Georgia Institute
 

of Technology (Georgia Tech) entered into an agreement with the Agency for
 

International Development (AID) to evaluate (1) the performance and accepta

bility of a hand-operated water pump, previously designed for AID, in com

parison with other pumps used in developing countries, and (2) the feasibility
 

of local manufacture of the AID pump. This program has involved Georgia Tech
 

in planning, installing, monitoring, and reporting upon a field test of the
 

AID pump in Costa Rica and Nicaragua, using a counterpart organization, the
 

Central American Research Institute for Industry (ICAITI, El Instituto Centro

americano de Investigacion y Tecnologia Industrial).
 

Costa Rica and Nicaragua were chosen as test countries because of size

able loans that had been made to them by AID and because of their need for
 

an expanded water-pump program. Provisions of the loan specifically included
 

installation of water pumps on a large-scale basis, and it was felt that using
 

Costa Rica and Nicaragua as test countries would enable them to get a better
 

start on their own programs. Ministry of Health and AID officials also
 

strongly felt that a locally-manufactured hand pump offered by the Georgia
 

Tech/ICAITI program had many advantages that should be included in each
 

country's respective loan program (mainly employment generation and spare
 

parts availability).
 

Active work began in Costa Rica in January 1977, when AID/Washington and
 

Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test
 

countries for the program described herein. A machine shop, subcontracting
 

to a local foundry for iron castings, was contracted with for the manufacture
 

of 20 AID pumps (eleven deep-well and nine shallow-well) which were produced
 

and delivered to a Ministry of Health warehouse for storage, prior to installa

tion, in April. Two different kinds of pumps were chosen to compare the AID
 

pump with: a Dempster model 210F and a Japanese Kawamoto Daiichi "Lucky" pump.
 

Thirty sites, representative of Costa Rica, were chosen to receive the test
 

pumps (15 AID pumps and 15 competitive pumps), all of which already had in

stalled pumps varying in condition from broken to fully operational. Wells
 

were randomly tested by chemical and bacteriological analyses prior to test

pump installation and found to contain large amounts of intestinal bacteria,
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indicating that contamination was not being sealed off from the water. Pumps
 

are now being installed, the wells are being disinfected with a chlorine

yielding compound, and the contamination sources are being sealed off (bacte

riological. testing will continue throughout the project to determine if the
 

contamination is, in actuality, being sealed off). The monitoring of pucip
 

performance for a 12-month period is now under way and will continue through
 

July 1978.
 

Program activities also began in Nicaragua in January of this year. A
 

local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and
 

nine shallow-well) which were produced and delivered to a Ministry of Health
 

warehouse for storage, prior to installation, in May. Three kinds of pumps
 

were chosen to compare the AID pump with: Dempster, a Brazilian Marumby
 

pump, and a pump developed by the International Development Research Centre
 

(IDRC) of Ottawa, Canada. Thirty sites, representative of Nicaragua, were
 

approved to receive the test pumps (15 AID pumps and 15 comparative pumps),
 

all of which required extensive preparatory work before pumps could be in

stalled. Pumps are now being installed, and the wells are being disinfected
 

with a chlorine-yielding substance. As in Costa Rica, the sites have been
 

randomly sampled for chemical and bacteriological analysis prior to installa

tion of test pumps and show intestinal bacteria, requiring further testing to
 

determine if the contamination is being sealed out by the addition of a closed
 

well and the use of a hand pump for lifting the water. The 12-month monitoring
 

period has begun and will continue through July 1978.
 

There are no indications at the present time that would discourage furt.her
 

manufacture, installation, or use of the AID pump in Costa Rica or Nicaragua.
 

The AID pump can be manufactured in a developing country at a competitive,
 

profitable price and at an acceptable level of quality if adequate facilities
 

(foundries, pattern makers, machine shops and skilled machinists, raw mate

rials, etc.) are available; however, the availability of adequate facilities
 

is a matter that must be determined for each individual developing country.
 

Public acceptance by rural villages has been good, both from an aesthetic
 

standpoint and from a standpoint of the pump being used easily by men, women,
 

and children. Lastly, the AID pump should have a positive impact in developing
 

countries on the health of rural people, on employment generation, and on in

stalling national pride within the people when it is seen that these countries
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do have local capabilities for manufacturing a complicated product rather
 

than importing it.
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INTRODUCTION
 

In September 19"76, the Engineering Experiment Station, Georgia Institute
 

an agreement with the Agency for
of Technology (Georgia Tech) entered into 


(AID) to evaluate (1) the performance and accept-
International Development 


com
ability of a hand-operated water pump, previously designed for AID, in 


in developing countries, and (2) the feasibility
parison with other pumps used 


This program has involved Georgia Tech
of local manufacture of the AID pump. 


field test of the

in planning, installing, monitoring, and reporting upon a 


AID pump in Costa Rica and Nicaragua, using a counterpart organization, 
the
 

Instituto Centro-
Central American Research Institute for Industry (ICAITI, El 


americano de Investigacion y Tecnologia Industrial).
 

had overall responsibility for the
Organizationally, Georgia Tech hias 


Members of the Engineering Experiment Station
 AID water-pump field testing. 


have been, and are currently, involved in national and international 
programs
 

of community and area development, management and technical 
assistance to
 

firms, industrial and economic development training,
business and industrial 


new manufacturing opportunities, manpower 
remarket analyses, studies of 


sources and labor productivity, stimulation of small-scale 
industry, tcch

nology assessment, development and conservation of energy 
resources, housing
 

uses of industrial wastes, adaptive
 resources, industrial economics, economic 


technology research and development, audiovisual presentations 
and multimedia
 

documentation, and professional guidance in planning 
industrial and economic
 

development programs.
 

enable efficient
 a Central American counterpart to
ICAITI, chosen as 


funds, to provide quick response to AID and to the
 utilization of travel 


to take full advantage

Ministries of Health in Costa Rica and Nicaragua, and 


its established working relationships with existing 
communities, indus

of 


tries, lending institutions, and governmental departments 
of Costa Rica and
 

For more
to the Engineering Experiment Station..
Nicaragua, is very similar 


ICAITI has made significant contributions to the industrial
 than 14 years, 


development of Central America and has also completed a considerable 
number of
 

related projects that have aided in the accomplishment of 
this program.
 

The program, more specifically, consists of participation 
by Georgia
 

Tech and ICAITI in the following activities:
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1. 	Providing technical assistance for selected foundries and machine
 

shops to locally manufacture the AID pump.
 

2. 	Purchasing the AID pump and comparative pumps available on the
 

local, open market.
 

3. 	Selecting 60 field-test -ites for installation of 30 AID pumps and
 

30 locally-available pumps (30 sites to be located in each of the
 

two test countries).
 

4. 	Determining the quality of water through chemical and bacterio

logical analysis.
 

5. 	Preparing sites (preparing new wells or rehabilitation of existing
 

wells, as necessary).
 

6. 	Installing pumps.
 

7. 	Monitoring pump performance for a 12-month period.
 

8. 	Collecting and analyzing field data.
 

In gathering and analyzing data on the AID pump, seven areas have been
 

of major concern:
 

1. 	Operational performance in the field.
 

2. 	Maintenance requirements and Pump reliability.
 

3. 	Competitive cost and analysis of the economics of in-country
 

manufacturing.
 

4. 	Manufacturing problems ericovntered.
 

5. 	Needed design changes and future utilization.
 

6. 	Public acceptance and marketability.
 

7. 	AID pump design characteristics and specifications.
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COSTA RICA
 

It is universally accepted that an adequate supply of water for drinking,
 

personal hygiene, and other domestic purposes, and an adequate means of waste
 

disposal are essential to public health and well-being. Unfortunately, vast
 

numbers of people in the developing world, most of them living in rural areas,
 

do not have access to a safe and convenient source of water. When safe and
 

convenient sources are available, sdtisfactory sewage disposal faciliites
 

1
"
 normally are still unavailable.


Costa Rica was chosen as a test country because of a sizeable loan that
 

has been made to that country by AID and because of the country's need for an
 

expanded water-pump program. Provisions of the loan specifically included
 

installation of water pumps on a large-scale basis, and it was felt that
 

using Costa Rica as a test country would enable that country to get a better
 

start on its own program. Costa Rican Ministry of Health and AID officials
 

also strongly felt that a locally-manufactured hand pump offered by the
 

Georgia Tech/ICAITI program had many advantages that should be included in
 

the Costa Rican loan program (mainly employment generation and spare parts
 

availability).
 

One aspect of this project that has been obvious from the beginning is
 

that, even though Costa Rica is a developing country, it is much more devel

oped than Nicaragua, and this shows up in the availability of potable water
 

supplies for the two countries. For instance, based on early surveys, repre

sentative test sites chosen for this project show an average usage by approx

imately 75 persons in Costa Rica and 150 persons in Nicaragua. In Costa Rica,
 

most communities of 250 inhabitants or more have some form of piped water
 

system, while in Nicaragua, the size of the community will usually exceed
 

2,000 inhabitants before piped water is found. In Costa Rica, most communities
 

will have at least one well with a pump, if not piped water, and in Nicaragua,
 

springs, rivers, and open, dug wells are the common sources of water. Costa
 

Rica has a greater degree of electrification in rural areas, allowing the in

stallation of motorized pumping systems that are not possible in many areas of
 

Nicaragua. Further, the Ministry of Health in Costa Rica has had a hand-pump
 

l/ Robert J. Saunders and Jeremy J, Warford, Village Water Supply,
 

(Baltimore, Maryland: The Johns-Hopkins University Press, 1976), p. 3.
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water program for some fifteen years, while Nicaragua is just now in the begin

ning stages of such a program.
 

This does not mean that Costa Rica is without a need for improvement in
 

its potable water delivery system. The Ministry of Heaith, for instance,
 

estimates that, at the present time, as many as 47,000 hand-operated water
 

pumps are needed to provide a suitable water supply to the country's rural
 

citizens. Further, many existing water ptunps are inoperable because of a lack
 

of maintenance and, where there are funct'ioning pumps, many of the well struc

tures are poorly designed and ineffective in sealing out contamination. There
 

is, as a result, a great need for a proper governmental infrastructure that
 

does not now exist to carry out an effective overall health plan.
 

Active work began in Costa Rica in January 1977, when AID/Washington dnd
 

Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test
 

countries for the program described herein. A machine shop, subcontracting to
 

a local foundry for iron castings, was contracted with for the manufacture of
 

20 AID pumps (eleven deep-well and nine shallow-well) which were produced and
 

delivered to a Ministry of Health warehouse for storage, prior to installation,
 

in April. Two different kinds of pumps were chosen to ccmpare the AID pump
 

with: a Dempster model 210F and a Japanese Kawamoto Daiichi "Lucky" pump.
 

Thirty sites, representative of Costa Rica, were chosen to receive the test
 

pumps (15 AID pumps and 15 competitive pumps), all of which already had in

stalled pumps varying in condition from broken to fully operational. W"lls
 

were randomly tested by chemical and bacteriological analyses prior tc test

pump installation and found to contain large amounts of intestinal bacteria,
 

indicating that contamination was not being sealed off from the water. Pumps
 

are now being installed, the wells are being disinfected with a chlorine

yielding compound, and the contamination sources are now being sealed off
 

(bacteriological teLting will continue throughout the project to determine if
 

the contamination is, in actuality, being sealed off).
 

The mcnitoring of pump performance for a 12-month period is now under way
 

and will continue through July 1978. It will consist of regular monthly in

spections by ICAITI and Ministry of Health designated personnel to obtain data
 

on overall performance of all test pumps, including maintenance requirements,
 

number of people using the pumps, pump output, daily water requirements by
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users of the pumps, ease or difficulty of pumping water, and public accep

tance of the pumps.
 

Printed report forms have been designed and given to responsible indi

viduals (for example, school directors) in each community where test pumps
 

These fcrms are to be filled out and forwarded to Ministry
are installed. 


of Health representatives if an unexpected pump failure should occur.
 

Shortly thereafter, a repair truck will be dispatched to the site for in

vestigation and repair of the failure.
 

Manufacture of AID Pumps
 

A contract was signed with Mecanizados Mofama, S.A., located near San
 

Jose, on January 28, 1977, for the manufacture of nine shallow-well type AID
 

pumps and eleven deep-well type AID pumps. The prices of the pumps were as
 

follows:
 

Shallow-Well $ 98 (each)
 

Deep-Well 128 (each)
 

Patterns 498 (one-time charge only)
 

It is expected that
These prices represent an order for only 20 pumps. 


further analysis will show economies of scale from larger quantity orders and
 

allow significant savings to both the manufacturer and the purchaser of the
 

pumps (permitting, hopefully, a retail price in the range of $60 to $70 for
 

the shallow-well pump and $70 to $80 for the deep-well pump).
 

The pumps were manufactured according to the AID-approved drawings con

tained in the appendix to this report and with the following additional in

structions:
 

1. 	The plunger rod was made from one-half inch diameter rod, rather
 

than seven-sixteenths inch, because of difficulty in locating a
 

reliable supply of seven-sixteenths inch stock. The pump rod
 

nut, the rod end, and the plunger assembly were also changed to
 

accommodate the one-half inch plunger rod.
 

2. 	The handle pivot pins were to be hardened to 40 R and steel bush

ings (60-64 Rc) inserted in the pump handle holes. By taking this
 

approach, the pins are expected to wear out before the handles,
 

allowing easier repairs at the least cost.
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3. For the shallow-well pump, the three-inch support pipe was inter

nally coated with epoxy for a smoother-surfaced cylinder finish.
 

Option A (drawing No. 2001), using the bolted pump cap, was chosen
 

in preference to a pin-mounted pump cap.
 

4. 	For the deep-well pump (drawing No. 2002), Option A was chosen,
 

using the bolted pump cap in preference to a pin-mounted pump
 

cap. The pump cap was modified, however, because of concern by
 

the manufacturer that he could not cast this particular complex
 

part. (The following pages contain working drawings of the
 

modified cap and its accompanying handle fulcrum.) The pwnp
 

cylinder was constructed from the standard PVC pipe.
 

In addition to the above, all pumps were painted with an anticorrosive
 

coating and consecutively numbered for identification purposes. Other than
 

the pump cap, no unusual manufacturing problems were encountered besides
 

those to be expected from unfamiliarity with the pump itself on the first
 

production order. If a prototype of the pump had been available for the
 

manufacturer, it is felt that he could have easily produced the proper cap.
 

It should be noted that the foundry producing the castings had no labora

tory facilities and used scrap metal as the source of raw materials. High

quality castings require a level of technology not generally expected to be
 

found in developing countries and, without this technology, quality (such as
 

degree of hardness) will vary from pump to pump and from one production order
 

to the next. The pump castings produced in Costa Rica appear to be rough in
 

texture but adequate for that which they were intended.
 

Proper machine shop facilities and skilled machinists are also necessary
 

Wile the Costa Rican AID pump manufacfor the manufacture of the AID piunp. 


turer had only a small shop (four employees) for the machining operations re

quired, it was sufficient for pump production. The machine shop contained a
 

multiple speed lathe, a vertical lathe, welding equipment, a drill press, a
 

metal cutter, and assorted hand tools. Sand blasting equipment was not
 

available but would have been useful in smoothening out the rough texture of
 

the castings. Additionally, access to an oven which the machine shop did not
 

have was necessary for hardening the steel bushing inserts and the handle
 

pivot pins.
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Comparative Pumps
 

Two pumps were chosen for comparison with the AID pumps manufactured in
 

Costa Rica, a Dempster 210F pump and a Japanese Kawamoto Daiichi "Lucky" pump.
 

The Dempster model is ccesidered one of the better hand-operated water pumps
 

in the world, has the cylinder below water level so that it can be used for
 

wells of shallow or deep depth, and costs approximately $257 in Central
 

America, delivered (the $257 includes the pump, the cylinder, and transporta

tion). The "Lucky" pump is for shallow wells only (25 feet or less, in
 

depth), appears to be of good quality, has a porcelain-lined cylinder, and
 

(Further information
costs approximately $63 in Central America, delivered. 


on these pumps follows.)
 

Field Test Sites
 

Table 1 shows those sites originally selected for the field testing in
 

Costa Rica and which were chosen primarily because of their relative high
 

usage and accessibility. All sites were existing wells, dug (rather than
 

drilled), and classified as either deep wells (as used herein, more than 25
 

feet in depth) or shallow wells (25 feet or less in depth). The average site
 

had been used by 75 persons and already had an existing pump, with the condi

tion of the pump varying from broken and inoperable to good. The general
 

areas of site concentration are in the northwestern quadrant of Costa Rica in
 

the vicinity of Nicoya, Santa Cruz, Liberia, and Las Canas, and the eastern
 

area of Limon (see Map 1).
 

Selection of the sites was made d'iring the dry season months of January,
 

February, and March so that the water column figures would indicate annual
 

low-iater levels. However, the dry scason of 1976-1977 has taken its toll
 

on the sites, and, by the middle of May, many of the sites had dried up
 

completely and must be deepened before all pumps can be installed. In some
 

cases, the wells have been dug as deeply as possible and now must either be
 

drilled deeper, or substitute sites must be found.
 

By June 1, 1977, approximately one-half of the 30 test pumps had been
 

installed without any significant problems, and the balance of the pumps has
 

been scheduled for installation during the month of June. All instilled
 

pumps are functioning properly, and there itre no obvious weaknesses that have
 

shown up in the first several months of operation. The AID pumps appear to
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_______ DATA SHEET 380-3 

CONSTRUCT:ON ISSUE DATE 1976 

CAST IRON 

Dempster hand and windmill pumps are adapted for wells of 

any depth. Neat in design and substantially built, 

equipped with a 4-bolt adjustable flanged top, extra long 

handles and heavy steel bearer pins. Tops fitted with 

for tiqnt seal on the pistonstuffing box and packing 

rod. 4-position handle adjustment for up to 10 inch 

stroke. Large capacity air chamber for smooth force 

pumping. Furnished with syphon or compression spout. 
xSyphon spout furnished unlhss otherwise ordered. 2 

1-1/4-inch suction bushin, furnished with each pump. 

MODEL 36 
Cumpression Spout 

Furnished at slight Additional Cost 

SODEL 210F MODEL 226F 

MODEL 226F is normal duty hand or winM;ili force
MODEL 21OF is a heavy - hand or windmill force 

piston pump. It has a 11/16 inch steel piston roo tilted 
pump. It has a 1-1/16-inch polished steel 

a heavy cast set screw connec
rod securely threaded to the flat bar. For wells of to the flat bar with 

extreme depth. with large cylinders or continuous tion. For wells of shallow to moderate depth at 

normal farm and ranch operation.operation. This model is avI',able with 2-1/2-inch 

tapping in the base at slight additional cost. Type ................................ Hand &Windmill 

Hand &Windm ill Suction Tapped .......... ...................... 2 in 
Type ................................ 


2in Piston Rod Threaded for,
Suction Tapped .................................
 
Rod .................................... 7/16 in
Piston Rod Threaded for. 
Pipe ...... . ............... . . ........ 3/8 ir,Rod ..................................... 7/16 in 


Tapping in Rear ............................... 1 in
Pipe ..................................... 3/8 in.
 
Approx. Weight ............................... 70 lbs
Tapping in Rear ............................... 1,in. 


Approx Weight ............................... 71 lbs. MODEL 226FICSI same as Model 226 F except equipped
 

with Model 36 Compression SpoutMODEL 210FICSI same as Model 210F except 

equipped with Model 36 Compression Spout
 

(4021 223-4026DEMPSTEn IMDUSTIIES INC., Beatrice, efisfn 68310 
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°I'he most oiuttstanding and unique feature of the 

"LUCKY" Ilan 1 'ui Is the ConVertibility in 

its tusage froim an or(inary sucti<oning to pushing 

up watfer as illustrated. 

No other hrand of hand u)mp offers this double 

usage. Thuis, it makes "LUCKY" a very economical 
buy, "TWO PUMPS FOR THE PRICE OF 

ONE" 

Special Features: 
1. Chrome Pump Rod: A special
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4. Vertical Pumping Motion: This 
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I)11 VI .N .WI: I. 1. 

The underground water is 

sucked up through a suction 

pipe that is driven directly
 

underground. 

AVAII.AIIII.ITY: 


(; id for every existing (dug well 


and fit for driven wells. 


ISl: 
General home use, sucking, pushing 

up 	 to a height, fire-preventing and 

watering. 

S'PECIIFICATION: 

Vertical size. V.
85cm high, steel-pipe 

handle of 70cm long equipped. 

-
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Art. No. 
Sort 

Well pump 
Inside am ter 
of Suction P'ipe i 

uction 
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Table 1 

SELECTED SITES FOR AID PUMP FIELD TESTS IN COSTA RICA
 

Classifi- Water Estimated Usage - Type of Condition Type of
 

Site Well Well cation Depth to Water Column No. Persons Existi'ig of Existing Pump to 3
 

No. Location Situation Tpe by Depth (mt.) (ft.) (mt.) 30-60 61-100 >100 Pump Pump Insta!l


1 Margarita (schoolhouse) Existing Dug Shallow 2.30 7 1.70 X None -- AID-S' 

2 Bristol (Square No. 1) Existing Dug Shallow 2.20 7 0.90 X None -- Japanese 
I 


3 Bristol (Square No. 2) Existing Dug Deep -- -- -- X Dempster Good Dempster 

4 Baltimor Existing Dug Shallow 3.20 10 1.00 X None -- AID-SW 
2 


5 Corina Existing Dug Shallow -- -- -- X Japanese Poor AID-SW 

6 Corina (schoolhouse) Existing Dug Deep 7.60 25 1.00 X Dempster Good Dempster 

7 Zent (Sr. Pedro Bustos) Existing Dug Shallow 2.60 8 1.60 X None -- AID-SW 

None -- Japanese8 Zent (Sr. Mariano Grijado) Existing Dug Shallow 2.95 9 1.85 X 


9 Zent (schoolhouse) Existing Dug Shallow 3.30 11 
 1.60 X None -- AID-SW 
I

Dug Deep -- -- -- X Dempster Fair AID-DW 
4

10 El Brillante 	 Existing 

Dempster Poor Japanese
11 Judas de Chomes Existing Dug Shallow 5.70 19 4.10 X 


12 La Palma de Abangares Existing Dug Deep 11.00 36 0.75 X Japanese Broken AID-DW
 

13 San Joaquin de Abangares Existing Dug Deep 10.30 34 1.40 X Dempster Poor AID-DW
 

14 Pueblo Nuevo de Abangares Existing Dug Shallow 5.20 17 1.40 X Dempster Fair Japanese
 

7.00 23 2.70 X Dempster Good Dempster
15 San Buena Ventura de Colorado Existing Dug Deep 


16 Penas Blancas de Colorado Existing Dug Shallow 5.95 19 1.55 X Dempster Good AID-SW
 
I 
 -- X Dempster Good Dempster 

4 
18 Curime de Nicoya Existing Dug Deep 
17 Nicoya (Barrio San Martin) Existinc Dug Deep -- --

30.35 99 1.00 X Dempster Poor Dempster 

Dug Deep 8.95 29 1.60 X Red Jacket Broken AID-DW19 Caimitalito de Nicoya Existing 


20 Conjunto IMAS, El Torito, Samara Existing Dug Shallow 5.43 18 .43 X 	 Dempster Good AID-SW
 
De54'.ter Poor ATD-DW
21 Terciopelo de Nicoya Existing Dug Deep 7.23 24 1.04 X 


1.10 X 	 Dempster Fair Demps5-r
22 San Francisco de Senta Cruz Existing Dug Deep 8.20 27 


2.45 8 1.85 X Dempster Good Japanese
23 Hernandez de Janta Cruz Existing Dug Shallow 

I


Deep -- -- --	 X Japanese Poor AID-DW24 Villa Real de Santa Cruz No. 1 Existing Dug 

25 Villa Real de Santa Cruz Nu. 2 Existing Dug Deep 11.00 36 -- X Dempster Poor Dempstel 
I 


-- -- --	 X Dempster Fair AID-DW26 Villa Real de Santa Cruz No. 3 Existing Dug Deep

Dempster Good Japanese


27 Los Pargos de Sante Cruz Fxisting Dug Shallow 5.85 19 0.70 X 

X Dempster Good Japanese
28 San Jose de Pinilla 	 Existing Dug Shallow 2.55 8 2.00 


4 

2.40 X 	 Dempster Good Dempster
29 Pijije de Bagaces 	 Existing Dug Deep 10.90 36 


1 

.. .. .. X 	 Dempster Poor AID-DW30 La Javilla de Canas (Puerto Canas) Existing Dug Deep


lAssumed deep: well sealed, depth unknown.
 
2

Assumed shallow: well sealed, depth unknown.
 
3

AID-DW: AID pump for deep well; AID-SW: AID pump for shallow well; Dempster: Dempster deep well type pump; Japanese: Japanese made shallow well
 

type pump.
 
4
 
pump being used for forced pumping to storage tank.
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COSTA RICA
 

Costa RcSieN.10, located at El Brillante, prior to installation
 

of field test pump. Photo taken January, 1977.
 

Costa Rica Site No. 11, located at Judas de Chomes, prior to installation
 

of field test pump. Photo taken January, 1977.
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COSTA RICA
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Costa Rica Site No. 24, located at Villa Real de Santa Cruz, prior
 
to replacement of broken Japanese pump with field test pump. Photo taken
 
January, 1977.
 

Costa Rica Site No. 15, located at San Buena Ventura de Colorado, prior
 

to installation of field test pump. Photo taken January, 1977.
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be well designed and well manufactured, but the shallow-well type 
is not
 

self-uriming, a very disturbing factor from the standpoint 
of health. (In
 

the next several months, efforts will be concentrated on designing a seal
 

that will create enough of a vacuum to make the shallow-well pump self

priming.'
 

Water Quality
 

Water samples have been taken from 13 Costa Rican locations prior to 
in

stallation of pumps to determine the level of bacteriological contamination
 

in the water being used by rural villagers. All locations, except one, con

tain Esche.ichia coli in concentration ranging from 3.6 to 1,100 per 100 
ml
 

sample:
 

Total Coliforms E. coli per
Site 

100 ml 	@ 440C
No. Location per 100 ml @ 350C 


210 150.0
11 Judas de Chomes 


460.0
12 La Palma de Aibangares 1,100 


460 21.0
13 San Joaquin de Abangares 


14 Pueblo Nuevo de Abangares 1,100 290.0
 

240.0
15 San Buena Ventura de Colorado 460 


16 Penas Blancas de Colorado 1,100 1,100.0
 

210 20.0
17 Nicoya (Barrio San Martin) 


43 	 3.6
18 Curime de Nicoya 


1,100 120.0
19 Caimitalito de Nicoya 


20 Conjunto IMAS, El Torito,
 
290 	 290.0
Samara 


0 	 0.0
21 Terciopelo de Nicoya 


29 Pijije de Bagaces 150 3.6
 

93 	 3.6
30 La Javilla de Canas 


Note: 	 All tests performed in accordance with Standard Methods for the Exam

ination of Water and Waste Water, 13th Edition APHA, 1971.
 

Inasmuch as the presence of E. coli indicates fecal contamination, ideally
 

none should be present. It is not surprising to find this existing condition,
 

however, due to the circumstances of the individual wells themselves. While
 

the wells were properly disinfected at the time of their construction, imper

fect sealing of the top, seepage of surface water, and other conditions have
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lead to subsequent contamination. Bacterial quantity is subject to consider

able variability, and frequent analysis of each site would be required to
 

provide definitive data; it is noteworthy, on the other hand, that there has
 

been only one location free of coliforms. (World Health Organization water
 

quality standards for total coliforms and for E. coli consider 10/100 ml. and
 

0/100 ml., respectively, as highest permissible levels.)
 

Water disinfection has been a routine matter in Costa Rica prior to in

stallation of pumps, but there has been no laboratory analysis to reveal the
 

extent of assumed contamination in the wells. Because many of the sites in
 

Costa Rica have been disinfected in the past and the wells were supposedly
 

sealed oif from contamination, only to result in continued contamination, 
the
 

sites will also be tested periodically after pump installation to measure 
the
 

this one now being carried out in
effectiveness of pump programs such as 


In other words, if wells with hand-operated pumps
Costa Rica and Nicaragua. 


an easier delivery system without an
installed on them have the advantage of 


improvement in the quality of the water, the expenditures for the pumps
 

hardly seem justifiable.
 

A chemical analysis is available at the present time from only one site,
 

and it is obviously not possible to draw any general conclusions from such
 

one site
limited data. Nevertheless, when comparing the results from this 


(Bristol, Square No. 2) with standards prescribed by the World Health Organi

zation (WHO), the water represented by the sample was found to be quite hard
 

(199.0 ppmn Ca CO3) and was within recommended limits on all 
items except iron
 

(1.4 ppm reported, as compared to the maximum permissible level of 1.0).
 

While the iron is not a desirable condition, it is not a source of great
 

concern other than from the standpoint of taste and, possibly, staining 
of
 

Because more data are needed on chemical quality of the water reprelaundry. 


sented by the field-test sites, further sampling of the water will be carried
 

out during the remaining time period of the project.
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MICARAGUA
 

Data from 1975 show that 56% of the total population of Nicaragua has
 

relatively easy access to piped water supplies; however, when this figure is
 

broken down into urban and rural areas, it is seen that 100% of the urban
 

population has easy access to this type of water system, while only 14% of
 

the rural population has easy access. Comparative figures for Ccsta Rica
 

are 72% (total), 100% (urban), and 56% (rural).-/
 

Nicaragua was chosen as a test country for this program also because of
 

a loan by AID to that country involving the installation of hand-operated
 

water pumps. The loan provisions included a potable water program that will
 

construct 300-340 wells by the end of 1979, which the Georgia Tech/ICAITI
 

program will complement, and will enable the Ministry of Health in Nicaragua
 

1o take advantage of locally-manufactured hand pump-.
 

Program activities also began in Nicaragua in January of this year. A
 

local foundry was chosen to manufacture 20 AID pumps (eleven deep-well and
 

nine shallow-well) which were produced and delivered to a Ministry of Health
 

warehouse for storage, prior to installation, in May. Three kinds of pumps
 

were chozn to compare the AID pump with: Dempster, a Brazilian Marumby pump,
 

and a pump developed by the International Development Research Centre (IDRC)
 

of Ottawa, Canada. Thirty sites, representative of Nicaragua, were approved
 

to receive the test pumps (15 AID pumps and 15 comparative pumps), all of
 

which required extensive preparatory work before pumps could be installed.
 

Pumps are now being installed, and the wells are being disinfected with a
 

chlorine-yielding substarce. As in Costa Rica, the sites have had chemical
 

and bacteriological testing prior to installation of test pumps and show in-o
 

testinal bacteria, requiring further testing to determine if the contamination
 

is being sealed out by the addition of a closed well and the use of a hand
 

pump for lifting the water. The 12-month monitoring period, which will con

tinue through Julv 1978, has begun and will use the same system for measuring
 

performance as in Costa Rica.
 

1/ World Health Statistics report, Water and Sanitation, Volume 29,
 

No. i0, published by the World Health Organization, Geneva, 1976.
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Manufacture of AID Pumps
 

In manufacturing the AID pumps in Nicaragua, a somewhat surprising situ

ation was encountered -- foundries were plentiful, but pattern makers, a very
 

necessary requirement for local production, were almost nonexistent. A
 

foundry was located that appeared to have the resources, including pattern
 

makers, to manufacture a quality AID pump, and a contract was signed
 

January 22, 1977, between Georgia Tech and Complejo Matalurgico Especializado,
 

S.A. (Cometales) for the manufacture of eleven deep-well pumps and nine
 

The prices of the pumps were as follows:
shallow-well pumps. 


Shallow-Well $ 69 (each 

Deep-Well 75 (each) 

Patterns 1,000 (one-time charge only) 

Cost data are still being collected and analyzed to determine if these
 

prices are sufficient to cover all expenses, including overhead, and to allow
 

a reasonable profit for the mant.factarer.
 

The AID pumps in Nicaragua were also manufactured according to the ap

proved drawings contained in the appendix to this report and with the follow

ing additional instructions:
 

The plunger rod was to be made from one-half inch diameter rod,
1. 


rather than seven-sixteenths inch, because of difficulty in lo

cating a reliable supply of seven-sixteenths inch stock. The
 

pwap rod nut, the rod end, and the plunger assembly were also
 

changed to accommodate the one-half inch plunger rod.
 

2. 	The handle pivot pins were to be hardened to 40 Rc, and steel
 

bushings (60-64 R ) were to be inserted in the pump handle holes.
 c 

3. 	For the shallow-well pump, the three-inch support pipe was in

ternally coated with epoxy for a smoother-surfaced cylinder 

finish. Option A (drawing No. 2001), using the bolted pump 

cap, was chosen in preference to i pin-mounted pump cap. 

4. 	For the deep well pump (drawing No. 2002), Option A was chosen,
 

using the bolted pump cap in preference to a pin-mounted pump
 

cap. The AID pump manufacturer in Nicaragua neither foresaw nor
 

experienced any problems with producing the deep-well pump cap
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in accordance with specifications, in contrast to the case in
 

Costa Rica.
 

All pumps were painted witl. an anticorrosive coating and were numbered
 

consecutively. No unusual internal manufacturing problems were encountered
 

other than unfamiliarity with the pump's characteristics for the first pro

duction order, and subsequent orders, if they should materialize, are not
 

expected to present any difficulties. However, Nicaragua has experienced a
 

severe drought during the 1976-1977 dry season. This drought has seriously
 

curtailed electrical power generation to a point where in some areas, elec

tricity has been rationed to as little as four hours per day. As this
 

occurrence has been present for several months, extended ',,lays in pump pro

duction have resulted.
 

It should be mentioned that the AiD pump manufacturer in Nicaragua had
 

a complete, integrated foundry and machine shop with trained metallurgists
 

in the day-to-day management of the company. The manufacturer also possessed,
 

and used, laboratory analysis facilities for the casting process, a quality
 

control ingredient that is not normally expected to be found in developing
 

countries. While it appears that the AID pump is adaptable to local manu

facture in Nicaragua, the requirment of casting facilities will most likely
 

restrict the use of the pump in developing countries.
 

Comparative Pumps
 

Three pumps were chosen for comparison with the AID pump and were locally
 

available to tne people of Nicaragua. These pumps also include the Dempster
 

210F, a Brazilian Marumby pump (for shallow wells only), and a pump developed
 

by IDRC (for shallow wells and deep wells). The Dempster 210F is designed for
 

heavy-duty use in both shallow and deep wells, has a brass-lined cylinder, is
 

made of cast iron, and has a very good worldwide reputation, as pointed out
 

earlier. The Brazilian pump is for shallow wells only, uses a one-and-one

fourth-inch drop pipe (as do the Dempster and AID pumps), has a cylinder
 

slightly over three inches (3.1") of smoothened, cast iron, and is a pitcher

type pump. The pump developed by IDRC uses a three-inch diameter drop pipe
 

(PVC) that also serves as the cylinder for the piston assembly. (Further in

formation on the Brazilian pump is enclosed. Drawings of the IDRC pump are
 

being prepared and will be included in the next progress report.)
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9 10 11 

BOMBA SIMPLES 
(BICA DE JARRO) 

Tipo EJ 

'W Para cano de 1, " corn pist5o de ferro CrS .......................................
 

Sucgdo cano de (Suction tube). 1 " 

Altura do corpo (Height of body) 280 mm. 

Di6metro interno do cilindro (ID ofcylinder) 80 mm. 

Rendimentos em 55 movimentos 
do pist6o par minuto (Flowrate/min.) 22 L. 

Suc§60o at6 (Suction depth) 7 m. 

Peso Iiquido (Weight of liquid) 13 kg. 

TIARUM3Y (3RAZILIAN) PUMP 

9 
43 

Pe;o n.0 1 - Prato (Plate) 

2 - Corpo (Body) 
4 - Alavanca (Handle) 

6 - Anel suporte alovcncc (Support ring) 

9 - Corpo do pistdo (Piston body) 

10 - Porco do pistc5o (Piston nut) 

11 - Vaivu!c do pistao (Piston valve) 

13 - Hoste do pist6o (Piston rod) 

24 - Peso dc vIvu!o (Valve weight) 

40 - Mcnga de ccjro (Leather sleeve) 

42 - Vd!vulc de couro p/ prcto 

(Leather valve for plate) 



The Dempster 210F cost approximately $257 in Central America, the
 

Brazilian Mariuby approximately $45, and the IDRC pump $70 (this estimated
 

$70 cost is for comparison only and can vary widely, depending on the mate

rials and the pricing systems used by the fabricating shop). It is inter

esting, at this point, to recap all pumps included in the field testing of
 

the 	AID pump, especially noting the difference in the cost of the AID pumps
 

in Costa Rica versus Nicaragua. For the AID pump to be considered truly
 

low 	cost in Costa Rica, it is felt that the $98 and the $128 will have to
 

be reduced in order to more closely approach the Nicaraguan figures of $69
 

and 	$75, respectively.
 

Costa
 
Rica Nicaragua
 

1. 	AID Shallow-Well (for shallow wells only) $ 98 $ 69
 

2. 	Japanese "Lucky" (for shallow wells only) 63 -

3. 	Brazilian Marumby (for shallow wells only) -- 45 

4. 	 AID Deep-Well (for deep and shallow wells) 128 75 

5. 	Dempster 210F (for deep and shallow wells 257 257
 

6. 	IDRC PVC Cylinder (for deep and shallow 

wells) 70 

Another approach to analyzing the relative costs of the field-test pumps
 

is to consider the total estimated cost of installing each pump complete with
 

drop pipe (average price @ $.70 per fot), plunger rod (average price @ $.71
 

per foot), drop pipe connectors (average price @ $.91 each), and plunger rod
 

connectors (average price @ $1.06 each) at various depths:
 

25 50 75 100 150 200 250 

ft. ft. ft. ft. ft. ft. ft. 

AID Shallow Well (C.R.)* $116 $ -- $ -- $-- $ -- -- $ --

AID Shallow Well (Nic.)* 87 .. .. .. .. .... 

Japanese "Lucky"* 81 .. .. .. .. .... 

Brazilian Marumby* 63 .. .. .. .. .. .. 

AID Deep Well (C.R.) 135 172 210 251 324 398 474 

AID Deep Well (Nic.) 106 143 181 222 295 369 445 

Dempster 210F 294 331 369 410 483 557 633 

IDRC PVC Cylinder** 123 167 212 254 355 452 537 

* Cannot be used for depths of more than 25 ft.
 

**PVC priced @ $1.20 per foot.
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The above figures indicate that the AID shallow-well pump can be com

petitive with comparative pumps. The AD deep-well pump is, in all cases,
 

relatively lower in cost than the Dempster 21OF and becomes much cheaper
 

than the IDRC pump as the depth increases because of the high cost of PVC
 

versus galvanized iron drop pipe).
 

Selection of Field Test Sites
 

Table 2 shows the sites selected for field testing in Nicaragua. Most
 

of the wells were already in existence. There was one spring, Site No. 9,
 

that was adapted to support a pump. The wells are equally divided between
 

deep and shallow. Usage is quite high for the sites, averaging 150 persons,
 

and all wells have required site work of some kind (well deepening, lining
 

applied to the well, slab and other concrete work performed, and cleaning
 

and disinfecting of the well). There are at least seven sites that pose
 

problems demanding a search for substitute wells with the problems including
 

the striking of hard rock during excavation, wells caving in, water sources
 

polluted beyond present ability to correct, and villagers deciding that they
 

would prefer an electric pump and storage tank to a hand-operated water pump
 

(even if the villagers have to pay for the electric pump and storage tank).
 

The general areas of site concentration are in the northern section of
 

Nicaragua in the vicinity of Esteli and Matagalpa (see Map 2).
 

Site Preparation
 

It was the original intent of this project to use existing wells with
 

pumps that were inoperable or in a state of disrepair and to merely replace
 

the broken pumps with the test pumps. This approach was impractical in
 

Nicaragua because there are few existing hand-pump installations and most of
 

those that do exist are privately owned, belonging to the more affluent rural
 

villagers. Therefore, it was necessary to dig five new wells, deepen 24
 

wells, provide a lining fer 12 wells, construct slabs for 24 well structures,
 

and disinfect all 30 wells to complete installation of the pumps. In addi

tion to problems previously mentioned, many others have been encountered,
 

including dissention among villagers as to where the new wells and pumps would
 

be located, failure to find water at a reasonable depth, and lack of logisti

cal resources within the country.
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Table 2 

SELECTED SITES FOR AID PUMP FIELD TESTS IN NICARAGUA
 

Estimated Usage Site Work Required 

Classifi- Water Well (No. Persons) In- Type of 

Site 
No. Location 

Well 
Situation 

Well 
Type 

cation 
by Depth 

Depth to Water 
(mt.) (ft.) 

Column 
(mt.) 

Diameter 
(mt.) 

50-
100 

101-
150 >150 

New 
Well 

Deepen 
Well Lining Slab 

Dis-
infect 

stall 
Pump 

Pump to 
Install 

1 

1 La Garita 
(schoolhouse) Existing Dug Deep 8.20 27 0.78 C.80 X X K X X Dempster 

2 

3 

Las Mesas 

Llano Grande 

New well 

required 
Existing 

Dug 
Dug 

Shallow 
Shallow 

.. 
2.20 

.. 
7 

.. 
1.77 1.20 X 

X 
X X 

X 
X 

X 
X 

Braz. 
CAN-SW 

4 Chaquite Grande Under con

struction Dug Shallow .. . .. . CAR-SW 

5 

6 
7 

El Horno 

Mechapa 
Las Lajitis 

Under con

struction 
Existing 
Existing 

Dug 
Dug 
Dug 

Deep 
Deep 
Shallow 

.. 
17.80 
5.40 

.. 
58 
18 

.. 
0.95 
0.45 

.. 
1.23 
1.45 

X 

X 
X 

X 
X 
X 

X X 

X 

X 
X 
X 

K 
X 
X 

AID-DW 
CAN-DW 
Braz. 

8 

9 
10 

Los Rastrojos 

El Naranjo 
..sidrillo 

Under con
struction 
Existing 
Existing 

Dug 
Spring 
Dug 

Deep 
Shallow 
Deep 

12.00 
2.12 
24.10 

39 
7 
79 

2.00 
1.00 
2.00 

1.20 
2.0x2.0 

1.20 

X 
X 
X 

X 
X 
X 

K X 
X 

X 
X 
X 

X 
X 
X 

Dempster 
AID-SW 
AID-DW 

11 Rio Abajo 

(Santa Teresa) Existing Dug Shallow 3.50 11 0.85 1.2xi.2 K X CAR-SW 

12 Rio Abajo 

(Los Laureles) Existing Dug Shallow 4.08 13 0.34 1.2xi.2 X XX AID-SW 

13 Quebrada New well 

14 
Arriba 
Los Rincones 

required 
Existing 

Dug 
Dug 

Shallow 
Deep 

.. 
19.20 

. 
63 

.. 
1.00 

20 
1.20 

X 
X 

K 
X 

X X 
X 

AID-SW 
AID-DW 

15 Rio Grande New well 

16 
17 

San Antonio 
El Rodeo 

required 
Existing 
Existing 

Dug 
Dug 
Dug 

Shallow 
Deep 
Deep 

.-
9.87 
15.91 

.. 
32 
52 

.. 
0.55 
0.33 

.. 
0.70 
1.20 X 

X 
X 

X 

X 

X 
X 
X 

X 

K 
X 

X 

X 
X 

X 

Eraz. 
Dempster 

AID-DW 

18 Los Calpules 

(stream) Exiting Dug Shallow 1.37 4 1.18 1.20 X X X X X AID-SW 

19 Los Calpules 

(schoolhouse) Existing Dug Deep 8.45 28 0.51 1.20 X K K X K AID-DW 

20 Motolin 

(Sr. Umanzor) Existing Dug Deep 15.56 41 0.42 1.00 X X Y K X AID-DW 

21 Ducuale Grande New well 

required Dug Shallow .. .. .. .. X X X X AID-SW 

22 La Concepcion X X X AID-SW 

(No. 1) Existing Dug Shallow -

23 Valle Santa Under con- Dempster 

Rosa struction Dug Deep .. .. .. . X X X X Aer te 

24 
25 

Sabana Grande 
San Diego 

Existing 
Existing 

Dug 
Dug 

Deep 
Shallow 

14.17 46 
........ 

0.23 0.91 X K
X 

X X K AID-OW 

26 La Lamilla Under con

struction Dug Deep 14.00 46 1.80 1.20 X X X K Dempster 

27 Valle Santa 

Lucia 

Under con

struction Dug Shallow ... X K K K AID-SW 

28 Los Curritos New well 

29 

30 

Las Mangas 

La Majadita 

required 

Existing 
Existing 

Dug 

Dug 
Dug 

Shallow 

Deep 
Shallow 

.. 

8.76 
6.15 

.. 
29 
20 

.. 
5.90 
0.80 

.. 
1.09 
1.00 K 

X 
K 

KX 

X X 
K 

K 
K 
X 

K 
K 
X 

Braz. 
AID-DW 
CAN-SW 

1
AID-DW: AID pump for deeo well; AID-SW: AID pump for shallow well: Dempster: Dempster deep well type pump; Braz.: Brazilian shallow well type. 

Canadian pump for deep well
CAN-SW: Canadian pump for shallow well; CAN-DW: 
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Sites in Nicaragua are concentrated in the northern 

part of the country, near Matagalpa and Esteli.
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NICARAGUA
 

-jA 

This spring has been
Nicaragua Site No. 2, located at La Garita. 


replaced as a source of water by a nearby dug well and a field test pump.
 

Photo taken January, 1977.
 

.On 

Nicaragua Site No. 6, located at Mechapa, prior to field test pump
 

installation. Photo taken January, 1977.
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NICARAGUA
 

Nicaragua Site No. 10, located at Isidrillo, prior to field test pump
 

.installation. Photo taken January, 1977.
 

:: .. 

Nicaragua Site No. 27, located at Valle Santa Lucia, during construction
 

of well. Photo taken January, 1977
 

29



Water Quality
 

The results of chemical analyses of 19 sites are given in Table 3. For
 

comparison, the limits established by the World Health Organization are also
 

included.-/ In general, the water sampled is quite hard, and at Los Rastrojos
 

(Site No. 8), it is extremely hard. Water at Los Rincones (Site No. 14) is
 

given as a hardness of 70, but this may be in error if the high total solids
 

content of the water (608 mg/l) is correct; therefore, this value of 70 is
 

being verified by an additional analysis. The total solids content of all
 

other samples is in an acceptable range with the notable exception of Los
 

Rastrojos (Site No. 8) where the level of 1,600 mg/l is more than three times
 

the highest desirable limit and actually above the maximum allowable limit.
 

Iron content exceeds the highest desirable concentration in two locations
 

while manganese was found to exceed the highest desirable level in six samples
 

and to exceed the maximum permissible in one additional instance.
 

Nitrate levels are low with the single exception of Isidrillo (Site
 

No. 10) where the reported nitrate level of 306.5 mg/l exceeds the 100 mg/l
 

total solids. It appears likely that a clerical error has occurred, and
 

this value is being rechecked. The levels of fluoride present may offer
 

considerable resistance to tooth decay, as the WHO-recommended concentrations
 

in the United States where water supplies are to be fluoridated are 0.6-1.7
 

mg/l, depending on the air temperature. Both chloride and sulfate are at
 

sufficiently low concentrations.
 

An examination of the bacteriological data (Table 4) shows that all
 

sites are significantly contaminated with common intestinal bacteria. Sal

monella was initially reported at Los Laureles (Site No. 12), and this point
 

has been rechecked. (A second sample was negative, but an additional analy

sis will be performed at a later date to determine if any continuing hazard
 

is present.) All sites will be analyzed further during the next 12 months
 

to provide more insight into whether or not contamination is being sealed off
 

from the water by the preparation of the wells and the installation of the
 

pumps.
 

I/ International Standards for Drinking Water, Third Edition, published
 

by the World Health Organization, Geneva, 1971.
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Table 3
 

SUMMARY OF WATER CHEMICAL ANALYSES(a) -- NICARAGUA
 

Alka-

Site Hardness linity Total 

No. Location pH as CaCOI as HCO Solids Fe Mn Ca H0 3 F C1 S O 

1 La Garita 7.0 350 26 218 0.07 0.05 70.0 3.76 0.30 22.5 2.0 

3 Llano Grande 6.4 200 120 161 0.07 0.00 30.0 9.96 0.70 12.5 3.0 

6 Mechapa 7.7 325 30 330 0.06 0.00 80.0 13.10 0.40 12.5 8.0 

7 Las Lajitas 7.5 200 190 225 0.02 0.40 50.0 4.43 0.35 5.0 2.0 

8 Los Rastrojos 7.6 840 260 1,600 0.27 0.58 292.0 0.66 1.62 20.0 67.5 

9 El Naranjo 6.9 400 420 426 0.05 0.00 100.1 3.54 0.70 15.0 3.0 

10 Isidrillo 7.6 400 180 100 0.07 0.00 90.0 306.50 0.35 62.5 10.0 

11 Santa Teresa 8.1 240 265 383 0.01 0.00 62.0 9.52 0.35 15.5 11.0 

12 Los Laureles 7.7 250 265 340 0.01 0.00 64.0 6.42 0.60 15.0 6.0 

13 Quebrada Arriba 7.5 180 280 360 0.10 0.28 44.1 1.76 0.20 15.0 8.3 

14 Los Rincones 8.1 445 608 0.01 0.00 20.0 16.60 0.25 20.0 20.0 

15 Rio Grande 8.0 190 250 336 0.25 0.28 52.1 4.80 0.20 25.0 10.5 

16 San Antonio 7.9 240 270 404 0.01 0.00 68.0 2.65 0.50 19.5 11.0 

18 Los Calpules 7.9 290 330 394 0.01 0.10 80.0 0.00 0.55 10.0 2.0 

(Stream) 

19 Los Calpules 7.9 210 200 237 0.01 0.00 50.0 5.10 0.60 12.5 4.0 

(School) 

20 Motolin 8.2 240 250 298 0.05 0.00 62.0 22.40 0.65 14.0 4.0 

22 La Concepcion 7.5 350 30 264 0.00 0.10 80.0 0.00 0.40 10.0 3.0 

25 San Diego 7.6 260 290 398 0.10 0.00 56.1 2.35 0.40 25.0 15.0 

29 Las Mangas 6.4 100 100 38 0.02 0.00 20.0 2.21 0.50 15.0 2.0 
WHO limits: 

Highest desirable 7.0-8.5 100 -- 500 0.10 0.05 75.0 (b) (c) 200.0 200.0 

Maximum permissible 6.5-9.2 500 -- 1,500 1.00 0.50 200.0 (b) (c) 603.0 400.0 

(a) All values mg/l except pH. 

(b) Values above 45 mg/i considered potentially harmful, especially to children.
 

(c) Limit depends on daily air temperature. Upper limits range from 0.8 to 1.7 mg/l.
 



Table 4
 

SUMMARY OF BACTERIOLOGICAL ANALYSIS -- NICARAGUA
 

(Los Laureles) was retested because of earlier findings of positive 
Salmonella. 


* This site 

Site 
No. Location 

Coliforms 
per 100 ml 

Salmonella 
Presence 

Shigella 
Presence Comments 

1 La Garita 2.4 Negative Negative Positive Enterobacter 

3 Llano Grande 430.0 Negative Negative Positive Enterobacter and Citrobacter 

6 Mechapa 1,100.0 Negative Negative Positive Proteus and C].trobacter 

7 Las Lajitas 150.0 Negative Negative Positive Enterobacter 

9 El Naranjo 1,100.0 Negative Negative Positive Enterobacter 

10 Isidrillo 1,100.0 Negative Negative None 

11 Rio Abajo 
(Santa Teresa) 24.0 Negative Negative Positive Enterobacter 

12* Rio Abajo 
(Los Laureles) 64.0 Positive Negative 

Positive Salmonella sp, Enterobacter, 

and Citrobacter 

12* Rio Abajo 
(Los Laureles) 350.0 Negative Negative Positive Escherichia coli 

14 Los Rincones 54.0 Negative Negative Positive Pseudomonas 

16 San Antonio 120.0 Negative Negative Positive Escherichia coli 

17 El Rodeo 540.0 Negative Negative Positive Escherichia coli 

18 Los Calpules 23.0 Negative Negative Positive Escherichia coli 

19 Los Calpules 920.0 Negative Negative None 

26 La Lamilla 
(replacing La 
Concepcion) 350.0 Negative Negative Positive Escherichia coli 

30 La Majadita 64.0 Negative Negative Positive Escherichia coli 

A third sampling 

is under way to verify the presence or absence of Salmonella. (Note: all tests performed in accordance
 

with Standard Methods for the Examination of Water and Waste Water, 
13th Edition APHA, 1971.)
 



CONCLUSIONS AND RECOMMENDATIONS
 

Monitoring of pump performance is in its early stages of the budgeted
 

12-month period, and sufficient data are not available for arriving at re

liable conclusions. However, there are no indications at the present time
 

that would discourage further manufactura, installation, or use of the AID
 

pump in Costa Rica or Nicaragua. The AID pump can be manufactured in a de

veloping country at a competitive, profitable price and at an acceptable
 

level of quality if adequate facilities (foundries, pattern makers, machine
 

shops and skilled machinists, raw materials, etc.) are available; however,
 

the availability of adequate foundry facilities is a matter that must be
 

determined for each individual developing country. Public acceptan'c by
 

rural villagers has been good, both from an aesthetic standpoint and from a
 

Lastly,
standpoint of the pump being used easily by men, women, and children. 


the AID pump should have a positive impact in developing countries on the
 

health of rural people, on employment generation, and on instilling national
 

pride within the people when it is seen that these countries do have local
 

capabilities for manufacturing a complicated product rather than importing it.
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Appendix A
 

AID-APPROVED PUMP DESIGN 
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CHAPTER IV 

COUNTRY REPORTS
 

AFGHANISTAN 

Agriculture is the backbone of the Afghan 
economy. To cultivate more land and to use the 

water resources cf the country to the fullest extent 
are main goals in order to increase over-all pro-

duction and raise the standard of living, 
To cultivate more land properly and efficient-

ly, improvement and development works are needed, 

and in most cases major operations with regard to 

these works are required. The Government of Af-
ghanistan, considering the economy and the finan-

cial capability of the country, has taken important 

steps toward such improvement and development, 
These operations have been accelerated during the 

last ten years and additional development works 

are planned and included, in the second five year 

plan of the country (1962-1966). 
In the past few years, some major irrigation 

improvement and development programs were 

completed or extended into the second five year 

plan. In the Helmand Valley, a 100-meter high 

storage dam with a capacity of 1,500,000 acre-feet 

and three major modern diversion dams on (he 

Helmand River, along with -a 50-meter high stor-

age dam of 388,000 acre-feet capacity and a 

major diversion dam on the Arghandab River, were 
constructed and are in use for irrigation and flood 

control purposes. The hydropower gencration from 

the structures is also being considered. Main canals 

of various capacities and lengths with necessary re-

g-Jative and protective structures are constructed. 
The Boghra Canal, 111 kms in length and with 

2,600 cubic feet per second capacity at the intake, 

the Shamalan Canal, 66 kms. long and with 750 
ca-cubic feet per second capacity, the Darweshan 

nal, 51 kms. long and with 1,000 cubic per second 
capacity with reinforced concrete intake structures, 

divert water from the Helmand River. The Zahir 

Shahi Canal, 43 kms. long and with 1,500 cubic 
feet per second capacity, the Tarnak Canal 14 kms 

long and ..ith 750 cubic feet per econd capacity. 
and its two branches together with some modern 
intake structures to the existing canals, take water 
from the Arghandab, the major tributary to the 

Helmand River. All of these canals are completed 
and are in use. About 600 kms. of laterals, 1,200) 

kms. of sublaterals and farm ditches with distri
butary structures, 500 kms. of deep drains, 650 

kms. of secondary drains with pertinent structures, 

and about 2,500 kms. of on.project and interproject 

roads have been constructed. The irrigation and 

drainage networks mentioned above are serving an 

irrigable area of about 200,000 acres, but the rest 

of the irrigated land in the Helmand and Arghan

dab valleys receives water from the rivers in the 

customary old existing methods. Control of the ri

ver discharge by means of the two storage dams 

is important, however, as far as the availability of 

dependable water for the total area is concerned. 

Extension of the development work in the Hel

mand Valley is planned and will be carried out 

with the cooperation and help of AID, as in the 

past. 
Throughout the country, inefficient use is 

made of water and,most often due to over-irrigat
ing, the ground water table rises. In valley lands 

with proper slope and natural drainage channels 

close by, the rise of ihe ground water table may 

not be great, but in the.desert and flat land, for 

example in the southern arid part of the country, 

the situation is of a critica Npature where natural 
drainage channels do not exist>Due to low rainfall 

and high evaporation and tempe!ature in the desert 
area, the natural leaching of solubl'e salts is limited. 

Therefore the washing of salt is done by artificial 
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CEYLON 

4. PROGRAM OF DEVELOPMENT1. INTRODUCTION 
The country report presented at the Third The Second Six-Year Plan was replaced 

1960 covered land and by a ten-year plan providing for developmentRegional Seminar in 
both long-range and short-term bases. Thewater resources, the mode of execution of ir- on 

rigation works, and the organization through short-term plan of development classified irri

which the work is carried out. These facts gation works under: (a) Large Scale Develop

are not repeated, except to report further pro- ment Works; (b) Major Irrigation Works; and 

gress. Institutional and administrative means (c) Village Irrigation Works. This is a three

adopted for irrigation works are emphasized. year plan and contemplates the provision of 
irrigation facilities to 53,000 acres in the next 

three years.2. 	 RAINFALL 
The northeast monsoon of 1959-60 de- This program has been incorporated in 

viated from the average by the incidence of the Government's Ten-Year Plan, which ex

heavy rainfall in February, causing wide- tends to 1968 and envisages the provision of 

spiead floods in the eastern sector.In thenorth- irrigation facilities to 400,000 acres of land. 

east monsoon of 1960-61, the rainfall in Oc- The acreage contemplated in the program in

tober and December was below average, while cludes the work to be done by the Irrigation 

the rainfall for November was above. There Department and the Gal Oya Board as well 

was no serious shortage of water throughout as the acreage that is to be developed for su
the country for irrigation. gar. 

5. PROGRESS ON IRRIGATION3. 	 FLOODS 
Periodic flooding of the eastern zone of DEVELOPMENT 

Ceylon was observed due to the northeast 
monsoon. 	 Some flooding was also experienced (i) CONSTRUCTION WORKS 

some of the largerin the southern and southwest zones due to 	 The following are 

the southwest monsoon. Nevertheless, after irrigation works carried out: 

the experience of the 1957 floods, irrigation (a) The Mahakanadarawa Scheme, 

authorities were on the alert and all possible in the Anuradhapura District of 
the N.C.P., involves restorationprecautions were taken. 

Several usafety measures)) have been under- of an ancient reservoir designed 

taken during the last two years for the pur- to irrigate 6,000 acres of paddy. 

pose of minimizing the danger to irrigation The spill, sluices and breach 

works from major floods. These measures, filling have been completed and 

which were based on the experience gained and channel construction is in prog

the observations made during the floods of De- gress. 

cember, 1957, consisted mainly of providing (b) The Morawewa Scheme, in Trin

additional spillway accommodation, streng- comale District, is also a restora

thening embankments and providing addition- tion of an ancient reservoir, to 

al rock filters for irrigation works which had irrigate 4,000 acres. The sluice 

either been damaged by the floods or were 	 and breach filling have been 

endangered in 1957. 	 completed and the tank is now 
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storing water. Channel works are 
in progress. 

(c) 	 The Kaudulla Scheme, in the 
Polonnaruwa District of the N. 
C.P. This is one of the largest 
of the ancient reservoirs situated 
in the Tamankaduwa District of 
Ceylon, now known as the Po-
lonnaruwa District. The reservoir 
is being restored in three stages. 

The first stage consists of 
closing the ancient breaches and 
constructing channels to serve an 
irrigable extent of 4,000 acres. 
The second stage involves the 
extension of the channel system 
to cover 10,000 acres in all. The 
third and final stage provides for 
increasing the storage capacity to 
serve an irrigable extent of 27,000 
acres. The headworks for Stage 
I have now been completed and 
channel construction is under 
way. 

(d) 	 Chandrika Wewa is a new re-
servoir and is one of the seven 
reservoirs proposed for construc- 
tion in the Walawe Gange Ba-
sin, situated in the southern re-
gion of the Island. This reservoir 
will command an extent of 5,000 
acres of paddy and construction 
of the embankment was conti-
nued. Construction of the spill 
is expected to start in the near 
future. 

(e) 	 The Hakwatuna Oya Reservoir 
Scheme is also an old reservoir 
situated in the Kurunegala Dis-
trict of the Northwestern Province 
of Ceylon and is intended to irri-
gate 4,000 acres of paddy land. 
Embankment construction was 
undertaken and a 300-ft. concrete 
clear overfill spillway is nearing 
completion. 

f) The Minipe Yoda Ela Extension 
Scheme, in the Kandy District of 

the Central Province, is an an
cient scheme for diverting the wa
ters of the Mahaweli Gange by a 
diversion weir commanding lands 
on the left bank. The scheme 
was revived to irrigate 3,345 
acres about 20 years ago, and is 
now being completely remodelled 
and extended to increase the ir
rigable command to 18,500 
acres. At the present stage of 
construction, the improvements 
to the headworks are almost 
complete, while work on improve
ments to the existing 18 miles 
of main canal, on construction of 
the extended main canal, and on 
the distribution system for the 
new lands is in progress. 

(ii) 	LAND DEVELOPMENT 
The works mentioned earlier and 
some other smaller projects deal 
with the construction aspects of irri
gation. The amount rendered irrigable 
during the past two years by Govern
ment departments was 38,000 acres. 
In addition to this, the Gal Oya De
velopment Board has now developed 
a total of 87,600 acres of the 120,000 
acres proposed under this scheme. 
The Kantalai Irrigation Scheme, 
which was originally designed to grow 
only paddy, was later modified for 
sugar. This scheme is in two stages. 
Stage I envisages the development of 
6,400 acres altogether, of which 4,800 
acres will be in sugar and 1,600 acres 
in paddy, grown in a four-year rota
tion. The second stage envisages the 
cultivation of a further 15,000 acres 
with sugar, irrigated by Kantalai 
Tank. At Kantalai 5,000 acres have 
been cleared and prepared, of which 
4,000 acres were cultivated with su
gar. The Gal Oya Sugar project is 

designed to cultivate 10,000 acres 
with cane, and this project commenc
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ed with an initial planting of 1,000 
acres, which is being extended in 

stages. 

(iii) PROGRESS AT FARM LEVEL 

Considerable progress has also been ach-
ieved in educating farmers in scienti-
fic methods of cultivation through the 
use of high-yielding disease-resistant 
varieties, fertilizers, and improved cul-
tivation practices such as transplant-
ing and row sowing, etc. These efforts 
have shown good results and the ave-
rage yields for the two seasons of 
1960 were the highest on record. The 
improved yields are best illustrated 
by the following yield figures for the 
last five years: 

Yala (April-Sept.)Maha (Oct.-March) 
YieldYear Yield Year 

1955-56 30.9 bu/acre 1956 28.4 bu/acre
1955-56 30.9 c 1956 28 
1956-57 32.7 1957 31.8 

1951-58 34.8 ~1958 35.5 
1958-60 34.0 , 1959 37.1 

36.81959-60 36.1 D1960 

in 	 Celon.reservoirs 

6. 	 IRRIGATION PLANNING AND MAJOR 
INVESTIGATIONS 

In earlier years irrigation works in Cey-
Ion were taken up in a piecemeal fashion to 

poses the construction of two large storageThe Maha season is the main cultivation seasonrervisfregltn 	 dscaead 
and 

meet the immediate needs of 
peasantry, and it was not until 
that river basin planning was 
in a systematic way. This was 

a land-hungry 
a few years ago 
embarked upon 
achieved by the 

creation of a Planning Branch of the Irrigation 
Department in charge of a Deputy Director. 
This Branch was entrusted with assessment of 
the water resources of the country and prepa-
ration of plans for their utlization. As a first 
step, eight major river basins were selected 
for development and preliminary proposals 
were framed for harnessing available water 
resources for the development of irrigation 

and 	power. The eight river basins were: 
1. 	 Mahaweli Ganga 5. Nilwala Ganga 

2. 	 Walawe Ganga 6. Kala Oya 
3. 	 Malwattu Oya 7. Yan Oya 

Oya4. 	 Kelani Ganga 8. Maduru 
Each of these is being taken up separately 

and detailed investigations have been made in 

the Mahakeli, Walawe, Malwattu Oya, Kelani 

Ganga and Nilwala Ganga basins. The prog

ress of these investigations is as follows: 
(a) 	 The Mahaweli Ganga is a river originat

ing in the central hill country and dischar
ging into the sea near Trincomalee on the 
northeastern coast of Ceylon. The total 
area of the drainage basin is 4,034 sq. 
miles, and the estimated annual yield is 

6,000,000 Ac. ft. The investigation of this 
basin is being carried out jointly by the 
Irrigation Department and USAID. The 
first phase of this investigation has re

sulted in the submission of a feasibility 

report for the diversion of 2,500 cusecs of 
water 	 from the Mahaweli Ganga nearwtrfo h aaeiGnana 
Kandy to irrigate 325,000 acres of land 

for two crops in the dry zone of Ceylon, by 
means of a diversion weir and a 124-mile 

conveyance channel. The scheme also pro

for 	 regulating discharges, 

four 	 hydropower plants, aggregating an 
installed power supply of 243 Megawatts. 
Further investigations are proceeding on 
the plan for the rest of the basin. Under 
this joint venture an opportunity is afford
ed engineers of the Irrigation Department 
to gain experience in river basin plan
ning. 

(b) 	 A comprehensive basin plan for the Wa
lawe Basin has now been evolved, which 
is being implemented in stages. The Wa
lawe Basin drains an area of 965 sq. mi
les, with an estimate yield of 1,110,000 Ac. 
ft. and the proposals envisaged at present are 
for the construction of seven reservoirs for 
the irrigation of 105,000 acres of land and 
the production of 60,000 K.W. of installed 
power. Of these, one reservoir, Chandrika 
Wewa, is under construction. World-wide 
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revenue district in Ceylon. This corn-
mittee is appointed by the Govern-
ment under the provisions of this Or-
dinance and consists of a chairman, 
who is the Government agent of the 
revenue district, representatives of 
Government departments concerned 
with irrigation and agriculture, Mem-
bers of Parliament from the areas and 
representatives of local farmers. All 
irrigation works proposed for a dist-
rict are channeled through this 
committee, which advises the Govern-
ment on all matters connected with 
irrigation and paddy cultivation with-
in the district, 

(3) 	 Meetings of Proprietor: Before an ir-
rigation work is taken up for cons-
truction, the proposals relating to it 
require ratification at a meeting of 
the proprietors. The proprietors' meet-
ing has the power to make rules for 

the encouragement, extension, regula-
tion or management of cultivation 
which is capable of being assisted by 
irrigation. 

(4) 	 Irrigation Headmen : The irrigable 
area under an irrigation scheme is 
divided into irrigation headmen's di-
visions for the control and issue of 
water. An irrigation headman is a 
farmer elected by a majority of the 
proprietors within that division. 

(5) 	 Construction and Maintenance of 
Irrigation Works: The Irrigation Or-
dinance also makes provision for the 
construction and maintenance of irri-
gation works under general provi-
sions and special provisions. General 
provisions provide for: 

(i) 	 The construction and maintenance of 
irrigation works, 

(ii) 	 Division of responsibility between 
the Government and the proprietors, 

(iii) 	 Variation in the conditions relating to 
the construction or maintenance of 
an irrigation work or the supply of 

irrigation water, or the maintenance 
of any scheme, 

(iv) 	Division of the irrigation area into 
tracts and the conditions and methods 
of distribution of water to such 
tracts, 

(v) 	 Adjustment of the expenses of main
taining of the irrigation work between 
land comprised in the original irri
gable area and the new lands rendered 
irrigable by extension of the scheme. 

(vi) 	 The abandonment of any irrigation 
scheme or work, 

(vii) 	 Any other matter which in the opinion 
of the Minister may be included 
in any scheme. 

Special provisions applicable to major ir
rigation works provide for periodical re
vion of all irrigation rates, provided that: 
(a) 	 Rates are not increased above the 

limits specified in the scheme, and 
(b) 	 The rights of the proprietors of any 

irrigable area to the continuance of 
any property rate under any scheme 
in force is not prejudiced. 

(6) 	 Protection of Irrigation Works and 
Conservation of Water: 
The ordinance provides for: 

(i) 	 Prevention of the obstruction, devia
tion or cutting of any drainage line, 
channel or watercourse in irrigation 
schemes or any damage thereto, 

(ii) 	 Prevention of any encroachment upon 
any such channel or watercourse, 

(iii) 	 Prevention of any interference with 
any sluice, dam or regulating struc
ture within a scheme, 

(iv) 	 Prevention of obstruction or damage 
to roads, 

(v) 	 Construction of field channels in ap
proved places in accordance with ap
proved alignments, 

(vi) 	 Prevention of the wastage of irriga
tion water, 

(vii) 	 Prevention of any unauthorized di
version or tapping of water from any 
channel or watercourse, 

(viii) Limitatiort of the amount of land 
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to be cultivated under an irrigation 
work for a season and the fixing of 

dates for commencement and corn-

pletion of cultivation, 

(ix) 	 The conditions under which water 
will be supplied for irrigation after 

the dates fixed for the completion of 

cultivation, and tilecharge to be paid 

for such water, 
(x) 	 Any other matters necessary for the 

protection of tile irrigation work or 

for the conservatioc of water. 

(B) 	 A second important pieceof legislationcalled 
the Paddy Lands Act is now in operation in 
Ceylon. This act has the following objectives: 

(I) To provide security of tenure to tenant 

cultivators of paddy lands, 
(2) 	 To specify the rent payable by tenant cul-

tivators to landlords, 
(3) 	 To enable the wages of agricultural labour-

ers to be fixed by cultivation committees 

and to permit agricultural labourers to be 
appointed as tena nt cuItiators and as col-
lective farmers, 

(4) 	 To provide for the consolidation of hold-

ings of paddy lands, the establishment of 

collective farms for paddy cultiation and 
the regution of the interest on loans to 
paddy cultivators and the charges made 
for the hire by paddy cultivators of im-

plements and buffaloes, 
(5) To make provision for the establishment 

of cultivation committees and to specify 
the powers and duties of such commit-
tees, 


(6) To confer and impose certain powers and 

duties on the Commissioner of Agrarian 

Services: 
(7) To abolish the liability of proprietors pay-

ing. remuneration to irrigation headmen, 
(8)To control the alienation of paddy lands 

to persons who are not citizens of Cey-
Ion. 

All regulations under this Act are 
subject to the general directions of the 

Minister in charge and regulations for 

the operation of this act are gazetted from 

time to time. The act also provides for 

the appointment of a Board of Review 

by the Minister for the purpose of deter

mining appeals that may be made under 

this Act. 
(C) 	 The Crop Insurance Act No. 13 of 1961 

is an Act to provide for compulsory 

insurance against loss of crops due to any 

specified cause and to make provision 

for the establishment of a Crop Insurance 
Advisory Board. The date of assent of 

this act was 25th April, 1961. 

(a) Administration: This generally deals 
with the nomination of the Govern
ment official who is to administer the 
Act, his functions and powers, and 

organizations such as cooperati\e ag

ricultural production and sale so

cieties and others that the Minister 
determines are to be used in admi
nistering this act. This section also 
deals with specified ciops, insurable 

acreage, and insurance units. Provi
sion is further made for insurance 
premiums, poi icies, and claims 
against policies. 

(b) 	 Crop Insurance Advisory Board: 

This section deals with tie Crop In
surance Advisory Board, consisting of 
the Commissioner, who is the Chair
man of the Board, the Director of 

Agriculture, the Director of Census 
and Statistics, the Director of Social 
Services, the Commissioner of Coope
rative Development, an officer of the 
General Treasury, an officer of the 
Central Bank of Ceylon nominated 
by the Monetary Board, and a person 

appointed to the Board by the Mi

nister to represent the paddy grower 

and selected from :1list of names 
submitted by tle cultivation com
mittees. This section also defines the 
duty of the board to advise the Corn

missioner in the administration of 
the Act. 

(c) Financial and General Provisions: 
This section deals with (he establish
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ment of an insurance fund, inspection 
of lands, powers to direct owners to 
take precautionary measures against 
loss of crop, and release of any land 
from the insurable acreage upon oc-
currence of damage to insured crops. 
This section also provides for prohi-
bition of the cultivation oF crops other 
than those specified in the insurance 
policy, and obligation of tl:e owners 
of the lands covered by :he policy 
to maintain records. 
This Act also provides for the pro-

mulgation of regulations by the Minister 
in charge for the administration of the 
Act. 

10. 	 IMPLEMENTATION OF THlE RECOM-
OF THE LAST SEMINARMENDATIONS 

(1) Education and Training: Training of 
farmers is carried out at Iwo levels; 
namely, for young farmers and adult far-
mers. Young farmers are boys just out of 
schocl who are trained in agricultural 
practices at practical farm schools run 
by the Government in different parts of 
the country. Instruction and advice is also 
imparted to embryo farmers by an orga-
nization of Young Farmers' Clubs under 
the direction of the Department of Agri-
culture. The adult farmer is given guidance 
in the field by ,gricultura! instructors 
colonization officers and food production 
overseers. Considerable improvement in 
cultivation practices has been observed in 
recent years and this is borne out by the 
increasing yields that are being obtained. 

Extension workers in Ceylon are 
trained by the Government in accordance 
with an approved scheme of training. A 
colonization officer is attached to a major 
irrigation scheme to administer the colony 
on behalf of the Government agent. He 
exercises supervision over the work of the 
farmers and directs the control and issue 
of water. No special training class is con-
ducted for this category of worker but ap-

pointments to this grade are made from 
persons with practical experience in farm
ing. Their training is carried out by at
taching them to experienced colonization 
officers in the service and training is pro
vided in the field. VillaCe culti,,ation of
ficers are trained by the Goernment to 

carry out minor irrigation works and they 
are also responsible for maintenance of 
these works after completion. Agricult':ral 
instructors and food produttion overseers 
are trained by the Department of Agri
culture, and these two cateories of offi
cers carry out the agricultural extension 

work under the direction of the district 
agricult-:ral extension officer. SpecidIle
partmental training 	 classes are held for 

them before they take tIp their appoint
ments. 

Irrigation engineering has not yet been 

taken up by the University of Ceylon as 
a main subject, but in view of the increas
ing contribution that this branch of en
gineering is making toward the economic 
development of Ceylon. the subject will no 
doubt receive the active consideration of 
the University authorities. 

The 	 national organization for irriga
tion 	 techniques in Ceylon is the Depart
ment of Irrigation, through which matters 
pertaining to the subject are channeled. lr

rigation offices have been established in 
all districts in the Island and the engineers 
in charge of these districts are responsible 
for the development 	 of irrigation in their 
respective areas. 

(2) 	 Consumptive Use and Water Require
ments: Two independent studies have 
been made, by the Department of Irriga
tion and the Department of Agriculture. 
The Irrigation Department carried out in
vestigations at several major projects in 
the dry zone to determine the working 

duty for irrigaed paddy. The data are still 
being analyzed and results have riot yet 
been published. The Department of Agri
culture carried out tests on the consump
tive use of different crops at the dry zone 
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research station, and a paper on this sub-
ject has been published in",The Tropical 
Agriculturist., Further investigations are 
proceeding. 

(3) 	 Agricultural Requirements for Irrigation 
Projects: Close cooperative between irri-
gation engineers and agriculturists is 
achieved at all levels. At the departmental 
level, there is the Planning Committee of 
the Ministry of Agriculture, Lands, Irri-
gation and Power, at which the heads of 
the departments cor.erned plan the acti-
vities of the entire Ministry. All projects 
are revised by this Committee and its 
decisions are put into effect by the divi-
sional irrigation engineers and the district 
agricultural exitension officers. At the exe-

cutive or district level, cooperation is 
achieved by means of the District Agri-
cultural Committee. There is a further 
sub-division of the District Agricultural 
Committee into seeral divisional agricul-
tural committees, at which officers of 
both Departments are represented at the 
farm level. 

With regard to drainage, the drainage 

channels on all irrigation projects in 
Ceylon are designed and constructed along 
with the irrigation channels. No major 
problems have arisen with regard to this 
aspect of irrigation. In the case of major 
projects, soil and topographical surveys 
are always undertaken before the designs 
are begun, and final proposals are made 
in accordance with the results obtained 
from these surveys. 

The irrigation system adopted ii the 
major development schemes is based on 
an individual holding of three acres per 
farmer. It is expected that this unit of al-
lotment will permit individual farmers to 
devote personal attention and care to his 
cultivation and thereby derive the max-
imum benefit from his holding at mini-
mum cost. 

The Department of Agriculture main-
tains several field research stations, 
including a special dry zone research sta-

tion, which study agricultural problems in 
general. Attention has now been focused 
on consumptive use and water require
ments of various crops. In addition, the 
Hydraulic Research Laboratory of the Ir
rigation Department in Colombo concen
trates on the hydraulic problems of irriga
tion. 

The extension services to educate far
mers are conducted by the Department of 
Agriculture at both district and farm 
levels, and these include demonstration 
plots in farmers' fields. Distribution of 
water is controlled by colonization offi
cers in major development schemes, and 
the distribution to individual fields is 
done by irrigation headmen, who are elect
ed by the cultivators in accordance with 
the Irrigation Ordinance. Thus there is ac
tive participation by the cultivators in the 
control and issue of water. 

(4) Assistance to Farmers for Improved Irri
gated Agriculture: The control and issue 
of water are handled by the Government 
through the Irrigation Department, reve
nue officers or their representatives and ir

rigation headmen. The control of head
works is done by the Irrigation Depart
meat, based on die requirements of the 
revenue officers. Distribution to the field 
channels is done by the representatives of 
the 	 revenue officer, while the issues to 
the 	fields are made by th~e irrigation head
men, who are under the administrative 
control of the revenue officer. Thus Go
vernment organizatons convey water right 
up 	 to the individual field. Darticipation 
of the cultivators in this operation is in
sured by their election of the irrigation 
headmen. 

Land preparation on colonization 
schemes is accomplished by the farmer 
under the guidance of Government exten
sion workers, but private land holdings are 
not given such assistance. Information and 
advice on improved agricultural practices 
are disseminated by the Department of 
Agriculture and assistance for purchase of 
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improved seed, implements and fertilizers 

is provided through the Cultivators' Co-

operative Societies, under the direction of 

the Cooperate Department of the 

Government. These Societies provide cre-

dit facilities to individual farmers for the 

purchase of these items and also to cover 

expenses in connection with cultivation. 
Credit facilities are also provided by these 

Societies for the hire of Government trac-

tors for ploughing operations. 
(5) 	 Drainage and Salinity Control: Drainage 

and salinity control do not constitute a 

major problem in Ceylon except for a few 

isolated areas on the southwest coast. The 

recommendations of the Seminar have 

been noted by the Government for future 

schemes of this nature. 
The Government has also recently 

carried out soil tests in va:'ious parts of 

the country to ascertain the degree of 

salinity and its adverse effects on crop 

yields. While salinity is not a major prob-

lem, yet investigations are being made in 

order to collect as much data as possible 
with a view to devising corrective measu-

res should such a problem arise. 

I1. PROBLEMS 
There are several problems connected 

with irrigation practices in Ceylon, the fore 

most of which is the lack of trained personnel 

in the engineering grades. It is becoming in-

creasingly difficult to attact engineering 

graduates from the University into the Irrigation 

Department and recruitment for the years 1959, 

1960 and 1961 has been nil. The University of 

Ceylon turns out approximately 60 engineers 

a year, all of whom are snapped up by other 

Government departments and corporations, 
which offer less arduous conditions of service, 

and by the private sector, which pays better 

salaries. To counter this, all facilities are now 

being afforded to promising youngsters in the 

technical supervisory grade, called uTechnical 

Assistants,)) to obtain study leave for the 

pvrpose of obtaining professional qua!ifica

tions. 

A major problem encountered by irriga

tion authorities is excessive use of water. This 

is a recurrent problem due to the belief on the 

part of cultiva,ors that water should constantly 
flow through the field. They believe that stag

nant water in a field will heat tip and spoil crop. 

The truth of this argument has not been estab

lished and experiments are being conducted 

on selected plots in the dry zone to check 

the optimum application of water to the field. 

A reduction in the consumption of water has, 

however, been effected by the increasing use 

of tractors for dry plo-ghing, followed by 

sowing with the rains. In traditional ploughing 

by cattle, preparation of the field commences 
only after irrigation water floods the fields, so 

that tractor ploughing saves at least a micnth 

of issue. 
The Ceylon farmer also tackles the prob

lem of weed control by flooding his fields, 

which in turn causes excessive use of water. To 
counter this, research is being carried out on 
the use of weedicides, and promising results 

have been observed so far. Problems also arise 

through late sowing, which completely upsets 

the systematic control and issue of water. While 

the Irrigation Ordinance provides for action 

against defaulting cultivators, deterrant actidn 

is now always taken so as not to financially 

embarrass the small cultivator, whose holdings 

are always under three acre;. As a result of 

late sowing, the closed season for maintenance 

of channels and structures becomes curtailed, 
and this causes further problems. 
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INDIA
 

INTRODUCTION 
Physiographically, India i. divided into four 

segments of totally dissimilar characteristics: 

(i) The Peninsula of the Deccan, 'lying in the 

south of the Vindhyan mou1ntains, which is a solid 

and stable block of the earth's crust largely corn-

posed of some of the most ancient rocks, and 

carved into a number of mountain rang's, plateaus, 

valleys and plains: (ii) the Himalayas and associated 

mountains 	 surrounding the plains in the north 
arid regionand northeast: (iii) the Thar desert, ali 

in the northwester; part of the country occupying 

a larg- part of Rajasthan and, (iO), the Indo-Gan-

alluvial plains of northern India extendinggetic 
from the Punjab to Assam. The Indo-Gangetic 

plains, which hav.e been formed by the alluvium 

brought down by the rivers, constitute one of the 

most fertile tracts of the world; and although they 

have been cultivated from times immemorial, show 

little signs of exhaustion. 

CLIMATE 

partly in the tropics and partly in
India lies 

the sub-tropics. The sub-tropical zone shows ex

while the tropicaltremes of climatic condition, 
of the country,zone is more equitable. In most 

which is from
there are three seasons: (i) summer, 

April to June, (ii) the rainy season-from July to 
October. and (iii), the winter-from November to 

March. The exact duration of each season varies 
in dfferntthecounry.Pradesh,pwo 


in different parts of the e'ountry. 


RAINFALLadesh,RATNFALLThe average annual rainfall of India is 50 
inches in

it is only of the order of five 
inches, but 

the desert in the northwest, increasing gradually 

across the plains of northern India from west to 

east until it is about 100 inches in Assam. In Cen-

tral India, the mean rainfall is of the order of 50 

inches a year, and in the Peninsula, except along 

the west coast, the mean annual rainfall is of the 

order of 30 inches. Almost the entire rainfall in the 

country is due to the southwest monsoon and is 

received during the four months June to Septem

ber, with the exception of the southeast portion of 

the Peninsula where the rainfall varies from one

half to two inches except in the northeast monsoon 

and from March till the onset of the southareas, 

west monsoon the country is almost rainless. Apart
 

from its unequal distribution in the year, the rain

fall shows considerable variation from year to year.
 

It is not uncommon in many places for rainfall in
 

a. year to be less than half of normal; even one 

fourth of normal during a critical period in crop 

rotation has been experienced. 

SOIL 
The soil of India can be classified into four 

major types: 
mao(i) types:Alluvium soils, spreading over Punjab, Ut

tar Pradesh, Bihar, Bengal, parts of Assam and 

the coastaleinareas of South India, particularly in thedli 
deltic region. 

(ii) Black cotton soils, the typical soil 	of the 

Deccan trap extending over Bombay, the western 

parts of Madhya Pradesh and Mysore and some 

parts of Madras. 
(iii) Red soils extending from Bundelkhand to 

the extreme South and embracing South Bengal,
OisaprtofMdyPaehEtrnAha 

Orissa, parts of Madhya Pradesh, Eastern Andhra 
Mysore and a major part of Madras, ard 

(iv) Laterite soils, a soil type peculiar to India, 

existing in Mysore, Kerala, parts of Madhya Pra
the coastal region of Orissa, South Bombay,Mlbradpr fAsm 

LAND RESOURCES 
The geographical area of the country is 806 

million acres, of which land utilization statistics 

are available for about 724 million acres for 1958
59. 
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Million Acres 
(i) Total geographical area 806.3 

(ii) Area under cultivation 323.6 
(iii) Cultivable lands not yet cultivated 97.4 
(iv) Fallow lands 59.4 
(v) Forests 128.1 
(vi) Land put to non-agricultural uses 33.5 

(vii) Unculturable land 82.1 
Total reported area 724.1 

It will bc seen that the cultivable area is 
about 60 per cent of the gross area, and of this 
about two-thirds is undcr cultivation. 

WATER RESOURCES 
Suiccessful agriculture in most parts of thc 

country is not possible without the use of river 

waters. The rivers of India may be broadly divid-

ed into two groups: (i) The snow-fed rivers of 

Northern India and, (ii), the rivers of Central and 
Southern India. 

A recent appraisal of the water resources of 
the country, based on an empirical formula corre-
lating the river flow in each basin with its rainfall 
and temperature, gives the total annual flow as 
equivalent to 1356 million acre feet, of which it 
is estimated that because of physiographical condi-
tions, only about 450 million acre feet can be used 
for irrigation. Up to 1951, about 76 million acre 

feet, i.s., about 17 per cent of the usable flow or 
5.6 per cent of the total annual flow, had been 
utilized. By the end of the Second Five-Year Plan, 
it is estimated that about 120 million acre feet, 
representing about 27 per cent of the usable flow, 
will be utilized. An additional 40 million acre feet 
are likely to be used during the Third Five-Year 
Plan, bringing the proportion to about 36 per cent 
of the usable flow. 

No assessment has yet been made of under
ground wate, resources but they are of considerable 
magnitude. This resource is more readily available 

in alluvial plains, where surface water resources are 

also normally plentiful. In planning irrigation in 

these areas, therefore, a balance has to be struck 

between the use of surface %sater resources and the 

underground water resource. 

AGRICULTURE 
About 70 per cent of the people are depend

ent on land for their living. Agriculture and al
lied activities account for nearly half of the 
country's national incone. India enjoys a virtual 
monopoly in lac and ranks first in the wsorld in the 
production of ground-nuts and tea. The areas of 
major crops during the six years ending 1960-61 
are given below: 

TABLE 1. AREAS OF MAJOR CROPS IN INDIA 

Crops 1955-56 1956-57 1957-58 1958-59 1959-61 196(0-61 

2 3 4 5 6 7 

R ice 78 79 79 81 83 83 

Jowar 44 40 42 43 42 42 
Bajra 28 28 27 28 27 28 
Maize 9 9 10 10 1i 11 
Ragi 6 6 6 6 6 6 
Small millets 13 12 12 12 12 12 
Wheat 31 34 29 31 33 32 

Barley 8 9 8 8 8 8 
Gram 24 24 23 25 25 23 
Tur 6 6 6 6 6 6 
Other pulses 28 28 27 29 29 28 

279Total Foodgrains 275 275 269 279 282 
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Crops 1955-56 1956-57 1957-58 1958-59 1959-60 1960-61 

74 5 6I2 3 

Other Crops
 
C.9 0.9 0.9Potatoes 0.7 0.7 0.8 
4.8 5.2 5.7Sugarcane 4.6 5.1 5.1 

Black pepper 0.2 0.2 0.2 0.2 0.2 0.2 

1.5 1.5 1.6 1.5 1.5 1.5Chillies 
1.0 1.0 0.9 0.9 0.9 1.0Tobacco 
1.04 0.04 0.04 0.04 0.04 0.04Ginger 


13 13 15 15 15 15
Groundnut 
1.4 1.4 1.2 1.2 1.2 1.1Castorseed 

5.2 5.4 4.9Seasamum 6.0 5.4 5.5 

Rape and Mustard 6.3 6.3 6.0 6.0 7.2 7.3 

4.1 3.9 4.1 4.2Linseed 4.0 3.1 
20 19 19
Cotton 20 20 20 

1.7 1.7 1.5Jute 2.0 2.0 1.8 
0.8 0.7 0.7Mesta 0.6 0.7 0.8 

0.2 0.3 N.A N.A.Coffee 0.2 0.3 
0.8 0.8 N.A. N.A.Tea 0.8 0.8 
0.2 0.3 0.3 N.A.Rubber 0.2 0.2 

1.7 1.7 N.A.Coconut 1.6 1.6 1.6 

CROP SEASONS 

There are two well-defined crop seasons, na- maize, cotton, sugarcane and seasamum, and the 

mely: (i)Kharif (summer) and (ii) Rabi (winter). main Rabi crops are wheat, barley, gram, mustard 

The major Kharif crops are rice. jowar, bajra, and linseed. 

TABLE 2. SEASON AND DURATION OF PRINCIPAL CROPS 

Crop Season Duration Crop DurationSeason 

Rice Winter 54 - 6 months Seasamum Kharit 31 - 4 months 

Autumn 4 - 41 , Rabi 5 

Summer 2 - 3 n Groundnut Kharif 4 - 41 
Kharif Early 4 - 41 

Wheat Rabi 5 - 51 ) Late 41 - 5 ) 

Jowar Kharif 41 - 5 Rape and Mustard Rabi 4 - 5 

Rabi 41 - 5 ) Linseed Rabi 5 - 51 

Bajra Kharil 4+ Castor Kharif Early 6 

Maize Kharif 4 - 41 ) Others 8 

Ragi Kharif 3- Cotton Kharif Early 6 - 7 

Barley Rabi 5 - 51 Late 7 - 8 

Gram Rabi 6 Tobacco Kharif 7 

Sugarcane Perennial 10 - 12 Jute Kharif 6 - 7 
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IRRIGATION DEVELOPMENT 
The practice of organized irrigation in India has 

been traced back r.owell before the Christian era. 
In the Deccan a large number of irrigation tanks 
have been in existeiuce for many centuries. The 
Cauvery Delta Canals date back to the Second 
Century. The Yamuna Canals were constructed ri-
ginally in the Fourteentu Century, and were later 
remodelled by the British in the Nineteenth Cen-
tury. The first major irrigation works constructed 
in India was the Ganga Canal in Uttar Pradesh, 
opened for irrigation in 1854. This was followed 
by the Upper Bari Doab canai in the Punjab and 
the Godavari Delta system and the Krishna Delta 
system in the South. Then came the Sirhind Canal 
in the Pubjab and the Lower Ganga and Agra Ca-
nals in Uttar Pradesh and the Mutha Canals in 
Bombay, the last-named being from a storage re-
servoir. Further irrigation works were constructed 
toward the end of the last and the beginning of 

the present century, a few more after the end ofthe 	 First World War and others since then. 

CLASSIFICATION OR IRRIGATION WORKS 

Irrigation projects are classified in the follow ing
thre grops:schemebthree 	 groups: 

(i) 	 Major projects - costing more than Rs. 

50,000,000 
(ii) 	 Medium projects - costing between Rs. 

50,000,000 and Rs. 1,000,000. 
(iii) Minor projects - costing less than Rs. 

1,000,000 
Minor irrigation works include open wells, tube-

wells, tanks and irrigation from small streams. 
Old scheme ,xecuted under different price indices, 
irrigating less than 4,000 acres, are classed as mi-
nor works. 

RELATIVE MERITS OF MAJOR AND 
MINOR SCHEMES 

A balance has to be struck between major and 
medium irrigation schemes on the one hand and 
minor irrigation schemes on the other. Minor 
schemes are advantageous in that: 

(i) 	 The initial outlay involved is small, 
(ii) 	 They can be executed quickly and yield 

quick results, 

(iii) 	 They generally require no special assis
tance by way of foreign exchange, and 

(iv) 	 Local resources can be easily mobilized 
for their execution.
 

The disadvantages of such schemes are:
 
(i) 	 Their high cost of maintenance, 

(ii) 	 Their relatisely short life, and 
(iii) 	 The limited water supply protection they 

gie. 
Therc has been long neglect of minor irriga

tion works, with the result that many of then are 
in disrepair. Areas irrigated by them hae been 
diminishing. 

The major schemes, on the other hand, have 
the merit of: 

(i)Utilizing surplus waters of the ri er sys
tems, which otherwise run to waste. 

(ii) 	 Giving better protection in years of scar
city when water is needed most, and 

(iii) 	 Being ofte., multpurpose in nature. 

They. however, take longer to execute and
have a higher initial cost, In regions of low rain

fall, 	however, such as part of Rajasthan and cer
tain 	 areas in Andhra Pradesh, major irrigation 
sc e 	 eare th n ly s a s t m a no f r ovid

are 	 the only satisfactory means of provid

ing 	 irrigation. 

DEVELOPMENT OF IRRIGATION 
At the beginning of the First Plan, i.e., in 

1950-51, the area irrigated from all sources was 
51.5 million acres, of which 22 million acres were 
irrigated from major and medium irrigation pro
jeets. Land utilization at the end of the First Five-
Year Plan was 56 million acres of net irrigation 
and 83 million acres of gross irrigation. At the 
end of the Second Five-Year Plan, the net area ir
rigated was 70 million acres, including major, me
dium and minor irrigation schemes. During the 
Third Plan, an additional irrigation potential of 
about 13.8 million acres is expected to be created 
from continuing schemes and 2.4 million acres 
from new schemes of the Third Plan. The total miti
lization in the Third Plan period is expected to be 
12.8 million acres (gross). Some of the projects, 
such as the Rajasthan Canal, Gandak, Ukai, Nar
mada, Nagarjunasagar, etc., will continue beyond 
the Third Plan. 
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ACHIEVEMENTS 
Major and Medium Schemes. During the First 

Plan period, 250 schemes were initiated, of which 
196 were carried over to the Second Plan period. 
In addition, 187 new schemes were included in the 
Secoi d Plan. Durin,. the Second Plan period, the 
total number of schemes completed was 99, leaving 
284 schemes to centinue during the Third Plan 
period. In addition, 162 more new schemes are 
proposed during the Third Plan period. The 
total cost of the new schemes included in the Third 
Plan will be approximately Rs. 3,500,000,000. 

Tubewell Schemes. There were about 2,500 
tubewells in India prior to 1951, about 2,300 of 
which were in Uttar Pradesh. These irrigated 
about one million acres. During the First and 
Second Five.Year Plans, 6,351 tubewelLs were dril-
led, 5,871 completed with pump sets and 5,812 

energized and put into commission by the end of 
the Second Five-Year Plan. These include 700 
completed with ,Grow More Food)) assistance fi-
nanced partly from A.I.D. funds. The area irrigated 
by tubewells is now about 3 million acres, depend-
ing on weather conditions in a given year. 

An underground w ater exploration projec.t was 
started in 1955. Out of 425 exploratory bores drilled 
in the States of Madhya Pradesh, Gujarat, Rajas-
than, Kerala, Madras, ,ihar, Andhra Pradesh, 
Punjab, Orissa. Uttar Pradesh, West Bengal and 
Assam, up to the end of January 1962, 217 have 
been successful and converted into production tu-
bewells. 

FINANCIAL OUTLAYS 
The aggregate estimated cost of major and 

medium irrigation schemes included in the First 
and Second Plans is of the order of Rs. 
14,000,000,000, and on full development they are 
expected to irrigate about 38 million acres. By the 
end of the First Plan, an outlay of Rs. 3,800,000.000 
had been incurred. The outlay in the Second Plan 
is estimated at Rs. 3,700,000,000. In the Third 
Plan, these schemes will require a total outlay of 
about Rs. 4,260,000,000, leaving a balance of 
about Rs. 2,224,000,000 for the Fourth Plan. The 
estimated cost of the new irrigation schemes includ
ed in the Third Plan is Rs. 3,500,000,000, of which 
outlay during the Third Plan period is only Rs. 
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i,700,000,C00. Thus the net outlay for irrigation du
ring the Third Plan period is Rs. 6,000,000,000. 

IRRIGATION ORGANIZATION 
Irrigation is a state responsibility. In most 

states, there is now a separate irrigation department. 
to handle both major and minor schemes. Small 
schemes costing a few thousands of rupees are 
dealt with by the state revenue, agriculture and 
community development departments. Cooridina
tion of minor schemes is by the Ministry of Food 
and Agriculture of the Central Government and of 
major and medium schemes by the Union Ministry 
of Irrigation and P.-wer. The ministry is assisted 
technically by the Central Water and Power Corn
mission. 

Assessment and realization of revenue from 
irrigation are generally handled by the Revenue 

Department in the southern states, while in North 
India assessment is made by the Irrigation Depart
ment and realized by the Revenue Department. 
The Irrigation Department consults the Agricul
tural Department on fixing the intensity of irriga
tion, duty, crop pattern, etc., for adoption in new 
projects. 

The states have Qonstituted working groups at 
various levels, starting from the state right up to 
the Block, to ensure the full use of irrigation faci
lities in relation to each project completed or ini
tiated in the First and Second Five-Year Plans 
and to review carefully and at regular intervals the 
progress of such projects. The working group at 
the state level is generally composed of the De
velopment Commissioner and officers of the agri
culture, cooperative, irrigation and community de
velopment departments. Half-yearly reviews are 
submitted to the state cabinet regarding measures 
taken and progress made, with a copy to the Plan
ning Commission of the Central Government. It has 
also been suggested that for each project there 
should be a working group of officers directly 
concerned with it, so that they could follow the 
various steps needed at each level down to the 
village. Working groups are new functioning in al
most all the states. 

IRRIGATION RESEARCH 
The Central Board of Irrigation and Power 



has been the coordinating authority for research 
work in the field of hydraulic and hydro-electri.--
engineering. The Board has established contacts 
with about 231 engineering research organizations 
throughout the world for exchange of publica-
tions. 

The following are the research stations which 
conduct research on hydraulic, hydro-electric and 
irrigation problems; 

(1) 	 Central Water and Power Research Sta-
tion, Poona. 

(2) 	 Silt and Construction Materials Directo-
rate (Flood Wing), New Delhi. 

(3) 	 River Research Institute, Gauhati, As-
sam. 

(4) 	 Hyderabad Engineering Research Labora-
tories, Hyderabad (Andhra Pradesh). 

(5) 	 Nagarjunasagar Project Research Labo-
ratory, Vijaypuri North (Andhra Pra-
desh). 

(6) 	 Bihar Institute of Hydraulic and Allied 
Research, Khagaul, Patna (Bihar). 

(7) 	 Kosi Project Research Laboratory, Bir-
pur (Bihar) 

(8) 	 Engineering Research Institute, Baroda 
(Gujerat). 

(9) 	 Kerala Engineering Research Institute, 
Peechi (Kerala). 

(10) 	 Soil and Material Testing Laboratory, 
Raipur. 

(11) 	 Maharashtra Engineering Research Ins-
titute, Nasik. 

(12) 	 *Poona Irrigation Development Division, 
Poona, Bombay. 

(13) 	 Concrete Research Laboratory, Koyna 
Project, Koyna. 

(14) 	 Irrigation Research Station, Poondi, Ma-
dras. 

(15) 	 Concrete and Soil Engineering Research 
Station, Chepauk, Madras. 

(16) 	 Indian Institute of Science, Bangalore. 
(17) 	 Mysore Engineering Research Station, 

Krishnarajasagar, 
(18) 	 Hirakud Research Station, Hirakud. 
(19) 	 Punjab Irrigation and Power Research 

Institute, Amritsar. 
(20) 	 Rihand Project Research Laboratory, Pi-

pri, Uttar Pradesh. 

(21) Uttar Pradesh Irrigation Research Insti
tute, Roorkee. 

(22) River Research Institute, West Bengal. 

AGRICULTURAL RESEARCH 
The Indian Council of Agricultural Research, 

established in 1929, sponsors and coordinates re
search in bozh agriculture and animal husbandry. 
States are represented on the governing body of 
the Council. The program of agricultural research 
has continued to be progressively strengthened. 
There are 483 agricultural research stations in the 
country. Most of these in the states carry on re
search on a number of crops but a few work ou 
particular crops, such as rice, wheat and horticul
tural crops. On the basis of crops handled, the 
state research stations and farms in the states are 
given in Table 3. Some of the important research 
includes the evolving of new strains of paddy resist
at.i to salinity, flood, blast and drought, and the 
breeding of maize and of important millets. Crea
tion of institutions for research on cotton, oil seeds, 
fruits, cashew nuts, spices and other crops is call
ed for. Research work on the application of water 
to land is being conducted in a number of agricul
tural research stations and agricultural colleges. 
Model agronomic experiments for determining the 
optimum manurial, irrigation and cultural require
ments of various crops are also in progress. To 
organize the work more effectively, research prob
lems have been considered under three main cate
gories; namely, (i) fundamental, (ii) regional, and 
(iii) local. Fundamental problems are allotted as 
far as possible to central institutes and universi
ties. 

EDUCATION AND TRAINING 
Facilities for training in irrigation and agricul

ture exist in all states. Steps have been taken to es
tablish new institutions and to expand existing ins. 
titutions in order to provide sufficient trained per
sonnel for the agricultural development programs. 

For disseminating the results of research, the 
Indian Council of Agricultural Research has con
tinued to expand facilities for training the agricul
tural and veterinary personnel required for the pro. 
duction, distribution and use of various types of 
extension teaching aids and mass communication 
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methods. Good progress has been made in distri-

buting literature pertaining to improved technique 

of agriculture, animal husbandry, etc. Arrange-

ments have also been made for producing agri-

cultural films. 
In addition to the activities of the agricultural 

departments, the Community Development Prog-

ram, initiated in 1952, aims ai, the individual and 

collective welfare of the rural population on an 

aided self-help basis. Over 3,9C0) blocks have al-

ready been set up, comprising over 463,000 villages 

with a population of about 255 million, and the 

entire country will be covered (by about 5,200 

blocks) by October, 1963. Agrict:lture receives the 

highest priority in the program among other activi-

ties such as communications, health and sanitation, 

housing, education, etc. 
In order to provide trained personnel to man 

the Community Development Blocks, the Direc-

torate of Extension (Ministry of Food and Agri-

culture) was entrusted with responsibility for orga-

nizing a suitable extension training program. A 

structure of extension training sufficient to train 

nearly 50.000 gramsevaks and 12,000 gramsevikas 

was quite a problem. The experience gained by the 

operation of the Commnunity Development Prog-

ram offered opportunities to strengthen the exten-

sion training program at various levels. So far, 100 

extension training centers have been established, 
which are engaged in two-year integrated training 

programs for village-les el workers. Also, 43 home 

science wings have been established in various 
parts of the country to provide suitable education 
and field training to the gramsevikas, who work 
for the welfare of women in the development 
b'ocks. Considering the important role of agricul-
tural implements, 25 workshop wings have also 
been set up at the campuses of extension training 

centers to provide suitable training to the gramse-
yaks and village artkans. All of this will be exten-
ded to the 100 extension training centers. The 
giamsevak has been accepted as a multi-purpose 
extension worker and will continue to remain so 
for some time to come. Accordingly, he is provided 
adequate opportunities for practical training in 
agricultural engineering, irrigation methods leading 
to soil and water conservation, horticulture, plant 
protection, animal husbandry, panchayat, coopera-

lion, extension and social education, public health. 

minor engineering programs and rural industries. 

Training centers have been equipped in all the sub

ject-matter areas. 
The usefulness of irrigation-cum-agriculture 

demonstrations is fully appreciated. Trial-cum-de

monstration farms are set up under various irriga

tion projects to evolve proper use of water, manure 

and fertilizers, and cropping patterns best suited to 

the area. In addition, demonstrations on the culti

vators" own fields are also organized by the state 

agriculture and community development agencies. 

INTENSIVE AGRICULTURAL DISTRICT 

PROGRAM 
An agricultural production team sponsored by 

the Ford Foundation, following a survey of Indian 

agricultural problems, recommended that selected 

areas in the country, with the greatest potentialities 

for rapid food grain production, be chosen for inten

sive agricultural development. Accordingly the 

Government of India, in consultation with the State 

Governments, selected one district in each of seven 

States having maximum irrigation facilities and mi

nimum natural hazards for this program, popularly 

know,n as the ((Package Program.)) 
This program inolves the application of 

scientific 'know-how, the provision of fertilizers, 

p2sticides, improved seeds, improved implements, 
etc., and composite scientific demonstrations. Cre

dit is made available on the basis of farm produc

tion plans which reflect the potential capacity for 

production. 
Stations selected include Aligarh (Uttar Pra

dess), Ludhiana (Punjab), Pali (Rajasthan), Raipur 
(Madhya Pradesh), Shahabad (Bihar), Tanjore 
(Madras), and West Godavari (Andhra Pradesh). 
Encouraged by the excellent progress in these dis

tricts, the Government of India decided to extend 
the program to the remaining States. 

The responsibility for implementing the prog
ram rests with the State Governments. The State 
Coordination Committee, representing the Deve
lopment, Cooperative and other related Depart
ments, assists the Secretary of the Agriculture De
partment of the State in coordinating all activities 
and in resolving difficulties, if any. The district 
collector, assisted by the district project officer (an 
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officer of the Agriculture Department), is helped by 
a team of agricultural specialists and an officer of 
the Cooperative Department. At the block level, 
the block development officer is responsible for 
the program. He is assisted by agricultural exten-
sion officers, specialists in agriculture and coopera- 
tion, and also by a sufficient number of village
level workers. Each district has a District Coordi-
nation Committee to solve problems at the district 
level, 

Water development and management are ac-

complished by the State departments. After the 
water is delivered at the outlet, responsibility for 
its conveyance and distribution rests with the cul-
tivators. At this stage cultivators require education 
and technical assistance in the following two as-
pects of water management: 

I. 	 Use and management of wat,:r on indi-
vidual farms and fields, 

2. 	 Inter-farm conveyance of water beyond 
the canal outlet and the disposal of excess 
water into State drains from the fields of 
individual cultivators. 

Adoption of improved water management 
practices will not only be a contribution to the 
achievement of program goals and objectives, but 

will be of tremendous benefit to Indian agricul-
ture in general. Sound and practical methods of 

solving irrigation and drainage problems will be 
demonstrated. A comprehensive water management 
scheme has been prepared. A pilot project in imp-
roved water use techniques is proposed in each of 
the program districts. This will serve as a training 
ground to the extension staff in the districts, who 
will subsequently train others in other areas. Due 

attention has been given to the staff, equipment, 
and medium and long-term credit required. The 
scheme will operate in close collaboration with local 
irrigation authorities and soil chemists. It will also 
serve as *on-the-field training' for trainees under 

the ,Minor Irrigation Training Scheme, of the Go-
vernment of India. 

Conferences and seminars on the subject are 
organized at regional as well as national levels, the 

main objectives b.ing identification of difficulties 
and problems, pooling of ideas and experiences, and 
formulation of further action programs. Recently 
a scheme of training specialists for minor projects 
has been introduced for the different regions of the 
country. 

DISCUSSION. A ,panchayati, is a sort of village 
council. Hoever, such a panchayat may serve 
more than one village. On an average, one par
chayat exists for every two villages, although some 

panchayats may co,.er three or four villages and 
others only one. The panchayat has responsibility 
for planning village-level activities. The next body 
is the Community Development Block, which is 
the unit of planning and development and contains 
about 100 vii ages. In the nation there are 5,200 
Community Development Blocks. In the past the 
district tended to function as the planning and de
velopment unit and, in some cases, the State. 

Trial-cume-demonstration farms are run mostly 
by the state goernments but may be run by a pro
ject authority. In each Commntity Development 

Block there are eight or nine subject-matter special
ists, and approximately 10 village extension work
ers or gramsevaks. Gramse'aks are selected from 

among high s:hcl graduates and then are given a 
two-sear integrated course in which, again, agricul
ture is emphasized although other ext.nsion mat
ters are covered. Since 1952 the program has been 
evaluated annually by the Program Evolution Eva
luation Organization of the Planning Commission. 
Other groups, including a United Nations team, 
have been invited to make evaluations from time 
to time. 

Approximately 3,000,000 acres in the Punjab 
are waterlogged or saline, but compared to the total 
irrigated acreage in India this is riot a relatively ex
tensive problem. Dr. Tamhane stated that lands in 
which the water table is from 0-5 feet need im
mediate reclamation; where the water table is from 
5-10 feet, the reclamation need is imminent. Even 
at ten feet some salinity effects due to the water 
table appear in the surface soils. 
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TABLE 3. CROPWISE CLASSIFICATION OF RESEARCH STATIONS AND FARMS IN THE STATES 

Anha1 4 5 2 2 5 o E E3 

Assam 
Bihar 
Bomnbay*Himachal Pradesh 

Jammu & KashmirKerala 

6 
20 
4115 

135 

7 
3 

203 

78 

3 
133 

9 

1 
36 

2 
54 

6 

6 

1 

4 

2 

26 

1 

1 
2 
62 

11 

4 
1 
1 

1 

3 

1 

4 

1 

2 

3 
3 

27 

1 

3 
1 
4 

3 

1 

3 

3 

1 

2 

1 

2 

is 
22 
6621 

1815 

Madhya Pradesh
Madras 
Manipur 
Mysore 
Orissa 
Punjab 

Rajasthan
Uttar-Pradesh 
West Bengal 

44
14 
6 

36 
41 
38 

9344 
20 

21 36
9 1 
3 4 

16 8 
2 
5 23 

51 
17 6 

15
5 

14 

10 

42 

2 
5 
2 

13 

31 
1 

2 

5 
-
-
2 

-3 
4 

8
8 

12 
2 

16 

14 
4 

12
2 
2 1 
6 
1 

10 

27 1 
3 5 

3 

1 

1 

1 
2 

15
56 

9 

8 

I2 
6 

1 

3 

1 

1 3 
5 1 
1 

3 1 

11 2 

1 
1 

2 

1 

1 

1 52
27 
7 
40 
46 
46 

1041 
24 

* Now Gujarat and Maharashtra. 



IRAN 

This statement of Iran's activities in irrigation tion has been started on 250,000 hectares 
and water resource development during the past and information had been collected on 
two years is divided into the following phases: deep and shallow wells. The Irrigation 

1. 	Investigation and Planning Bongah hopes to complete its hydrological 
2. 	 Design of Projects information during the next five years. 

3. 	 Operation and Construction of New Pro- C. Land and Water Uce Investigation and 
jects Water Economics: 

4. 	 Training Program for People Involved in During the last two years an area of 
Irrigation 	 and Technical Phases 470,000 hectares in nine irrigation regions 

has been studied and reports have been 

INVESTIGATION OF IRRIGATION submitted in six different volumes. 

PROJECTS: D. Planning: 
A. 	 Soil Survey A plan has been prepared to develop 

The general soil maps covering 165 320,000 hectares of irrigatedi area in nine 

million hectares of Iran have been pre- regions of the country. 

pared by the Irrigation Bongah's techni

cians with the help of an F.A.O. expert. 2. DESIGN OF PROJECTS: 
These maps were completed in 1961. On Projects have been designed to provide 
behalf of all Iranian engineers, thanks water 93,000 hectares in nine regions of the 
are expressed to Dr. L. M. Dawan of F. country by the Irrigation Bongah's engineers. 

A.O., who has accomplished a great job In addition, the Plan Organization, with the 
which will help to develop other phases of help of foreign consultant engineers, has 
agriculture and irrigation, prepared water resources development and hy-

During the last two years, 560,000 dro-electric projects for Guilan, Khuzes
hectares of semi-detailed land classifica- tan, Mazandaran, Gorgan, Sistan and Bluches

tion have been made and 35,000 hectares tan which are estimated to cover 1,000,000 
of detailed soil survey have been com- hectares of land. 
pleted. 

B. 	 Hydrology: 3. OPERATION AND CONSTRUCTION OF 
Records at 200 gauging stations have NEW PROJECTS: 

been continued and 20 new stations have 
been installed since two years ago. A. Water Resources Development and Cons-

Four laboratories for determining se- truction of Reservoirs: 

diment have been established with the Four dams were under construction 
help of U.S. AID in the following ostans: during the past five years. 

Azarbayejan, Esfahan, Kermanshah and The Karaj Dam was completed and 

Khozestan. operation started in October, 1961. 
The Ground Water Branch was es- Construction of Manjil Dam on Sefi

tablished in 1959 with the help of U.S. drud river has been completed and His 
AID and F.A.O. There 27 geologists, 10 Mzaesty the King will dedicate it on May 
hydrologists and 16 technicians are being 10, 1962. 
trained. 	 Seventy per cent of Shahnaz Dam in 

A grondwater hydrology investiga- Hamadan has been constructed and it is 
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expected to be in operation in three 
months. 

Construction of a storage dam on the 
Dez River in Khuzistan Province isin 

progress and this is scheduled to start ope-

ration in the year 1963. 
With the completion of the above

mentioned storage dams, the area under 
cultivation will increase by 221,000 hecta
res. 

Description of storage dams: 

Name Klaraj 

Location 21 Kin aboxe Karaj 

Height 180 m. 

Kind Arch 

Capacity in million of Ci. m. 209 

New area served or irrigated City water'of Tehran 

B. Rehabilitation of Existing Projects:
I. Maintenance of Canals for Waler Distribution: 

to pre en water loss and seepage in 
five projects and 26.000 hectares f ad 

lining has been completed and head waterwork ha~ ebeencontruted.Thu 40ed.w'orks ha~e been constructed. 

per cent of the loss throughpt 

water rights are being soled. 

In three projects a total 

hectares have been dra ined. 

works include 40 kilometers of 
sub-drains, and in.one of the 
agricultural income has been 
300'.. 

4. TRAINING PROGRAM: 

Thus 40as 

seepage is 

of 18,000 
Drainage 

main and 
projects 

raised by 

During the last two years a training program 
has been scheduled in the different branches 
of irriga:Xin ,znd hydraulics, sponsored by 
the University of Tehran, the Irrigation Cor-
poration Pongah and the Agricultural Engi-
neering Department. 

a. 

b. 

c. 

d. 

e. 

Sefidrud Shahnaz Dez 

Manjil 18 Km to Hamadan 30 to Dezful 

110 in. 53 m. 203 m. 

Gravity Storage Storage 

1700 14 3300 

76000 City water of Hamadan 145000 h. 

Activity are as follows: 

The University of Tehran and the agricultural 
college in the province have taken serious 
steps toward starting laboratory classes and 
technical courses for students who are interest-

The number of students in 1961 was twice 
m n asi 19 . 

as many as in 1959.The soil and hydraulic laboratories of the 
Agriculture College in Karaj, which are consi

dered to be among the best in the world, have 

been used by the students and they can work 

toward their higher degrees in irrigation. 

The Irrigation Vongah,with the help of 
F.A.O. and U.N.E.S.C.O., have trained 25 en

gineers in operation and maintenance. 

Twenty geologists, 15 technicians of hydrogeo
logy and 30 topographers were trained for dif
ferent branches of irrigation and groundwater 
investigation. 
During the last two years, the Department of 
Agricultural Engineering has trained 160 me
chanics for heavy machinery, 80 ditch riders 
and 15 irrigation engineers for extention ser
vices.
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Generat Information About Agriculture in Iran 

I. 	 Total Area of the Country sq. Km. 1,650,000 
2. 	 Total Area of Forest Land: 

hectares 
Area of Northern Forest 3,500,000 
Area of Zagress Forest 15,500,000 

Total: 	 19,000,000 

3. 	 Total Cultivated Area 33,000,000 
4. 	 Total Area under Cultivation 

(considering rotation system) 17,000,000 
5. 	 Area under Annual Cultivation 6,000,000 

Dry Farming Area 3,500,000 
Irrigation Land 2,500,000 

Note: Three-fifths of the agricultural land is irri-
gated by groundwater and gravity systems. 

6. 	 Area under Pastures 17,000,000 

7. 	 PoptIation 21,000,000 
8. 	 Number of Villages 50,000 
9. 	 Ghanats 40,000 

General InformationenHdralogyand MetFive-Year 
on Hdroogyieterolgy:ofnd 

3,0001. 	 Average discharge of riers per year: 

3,500 cubic meter/'sec, 

2. 	 Discharge of Karoun River. the largest river 

in lran:500c.m.s. maximum: 700c.m.s. average. 

3. 	 Overall rainfall: 
Maximum rainfall, 2,000 m.m. in Fumenat and 
Tavalesh along the southwest area the of Cas-
pian Sea. 
Minimum rainfall. 18 to 90 m.m. per year in 
Sistan and the central desert. 

4. 	 Temperature: 
Minimum, 28" C. below zero (Ardabil, Hama-

dan and Bakhtiari mountains), 
Maximum high temperature, 55" C. in the 
shade (Bampoor-Bandar Abas, and lranshahr). 

5. 	 Relative humidity: 
Minimum, 12 per cent in the dry country of 
Salty Ka',ir and Kerman. 
Maximum, 65 per cent. 

DISCUSSION: Iran does not consider economic 
factors such as development costs and plant protec
tion 	 costs in land classification, but includes them 
in soil and water use investigations. Topographic 
surveys are followed by soil sureys. Then ail agri
cultural inestigation. which includes Cconomic stu
dies, is made. These lead to delermination of tile 
size 	of the agricultural ullit. At this point, the in
vestigational group studies tile s,ater used under 

practice in order to arri,.e at the \sater require
ments. This latter information leadh to the design 
requirements for the secondary and main canals 
and the diersion. In Iran, there is both the Inde
pendent lriligalion Corporation (IBOiah ) and the 
Plan Organi;itiiori. The Plan Organiation has, 
the past ses en years, dec\lopCd a lairge irrigation 
program totalling nearly 2 billion dollars. Shahnaz 
Dam is being constructed by a I)eelopment So

ciety. The Government has about a 95 per cent 
share in thi. society and the landholders the rest. 

There is another independent society involed, the 
Sefidrud Irrigation Society Authority: however, this 
is 100 per cent owned by the Government. 

The 	law creating tile Independent Irrigation 

Corporation was passed in 1943. Under the firstPlan, tile Irrigation Bongah had charge 
irrigation development. In the Second Plan, the 

Plan Organization received autlhority to build some 
works by contract and contracted with foreign orga

nizations to do this. The Bongah has eight divi
sions: 

I. 	 Administration 
2. 	 Soil Institute 
3. 	 Investigation and Planning 
4. 	 Hydrology Institute 
5. 	 Design 
6. 	 Construction 
7. 	 Operations and Maintenance 

8. 	 River Control 
Among the divisions there are the many branches 

commonly characteristic of a water resources 
development group. A new branch is th Village 

Construction Branch which works with the Mi
nistry of Agriculture, Agricultural Engineering 
Department. 

Stream gauging was started in 1954. and until 
1959 there were only about 80 stations. With the 
help of U.S.A.I.D., these have been increased to 
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220 and the number is expected to reach 400 in the 

next five years. There are one or two F.A.O. and 

one A.I.D. advisor, the former for groundwater, 

The A.I.D. advisor, Mr. Pendleton, is the only ad-

visor for surfac.- water. A yearbook for all the ri-

vers is distributed annually. 
With regard to the use of land classification 

in the land reform program, each village 'has a 

cooperative society in which each farmer owns one 

share. The village owns the farm land jointly and 

land classification is used in planning. Pointing out 

the advantages of individual ownership in further

ing individual initiative, Dr. Asgkar asked if this 

wouldn't be better than the communal syste:n. Mr. 

Arzarnia stated that although the farmers knew 

where their lands were after they were distributed 

by the village landlord, the lack of cadastral 

maps prevented giving the farmers title officially. 

JORDAN
 

Jordan has a total area of 100,000 square ki-

lometers. More than 86 per cent of the area re-

ceives an average annual rainfall of less than 

200 mm (7.9 inches). The total area irrigated from 

all sources is 1,000 square kilometers, and the dry-

farmed area is 7,000 square kilometers. 
The country is divided into five well-defined 

regions. The first constitutes the western uplands 

(west of the Jordan River), which are compara-

tively well-watered, receiving more than 400 mm 

of rainfall. This region grows most of the olives 

and grapes. 
The other major agricultural region is the 

eastern uplands (east of the Jordan Rivet). Rainfall 
is variable and the areas suitable for dry farming 

received from 400 to 600 mm. This regior is the 
major cereal-producing area. 

The third region is the Jordan Valley, which 
lies between the two upland regions. The Jordan 
and the Yarmouk rivers flow through this valley, 

The length of the valley is approximately 100 kilo-
meters and its width varies from 5 to 15 kilometers. 
Its distance below sea level is betwee,' 220 meters 

in the north to 392 meters at the Dead Sea in the 
south. This region depen entirely on irrigation, 

as the rainfall is not sufficient ti suppo-t a crop. 
The Ministry of Agriculture, recognizing that 

the the Jordan Valley is of great economic impor-
tance has established a number of research sta-

tions at Deir Alla, Fara'a and Jericho to obtain in-

formation on the major agricultural problems of 
the area. The information obtained is published 

and made known to farmers through the Extension 

Service. 
The major problem of this region is water, 

which is needed, not during the winter when the 

area is not planted, but during the summer when 

the crops transpire heavily. 
A study of some weather data of this region 

(Table 1)shows the amount of water that theore

tically should be supplied through irrigation during 

the growing season. August has the highest average 

temperature of about 30"C., and January is the 

coldest month, with a temperature of about 15"C. 

Rainfall is highest during January and February. 

There is hardly any rain from April until the end 

of November. Although August has the highest 

average temperature, July is the critical month of 
the year, having an average maximum of 37.3 and 

total daylight hours of 395 (11.65 per cent), an f 

value of 10.25 for consumptive use. (Table 2), 
which has been calculated by the Blaney-Criddle 

formula, gives the water requirements of the major 

irrigated crops of the area. One experiment on the 
water requirement of Stavium and Alfalfa in the 

Deir Alla Station, using irrometers, showcd that 
Stavium required during July to the end of Octo

ber 451 M/dunum supplied at intervals of 10 

days (25 M" per irrigation), while Alfafa required 

from July to the end of September a total of 61 
M'/dunum supplied in 10 M' per irrigation at in

tervals of 10 days. More studies are needed in this 

field and the Department of Research has a good 
program for this type of study. 
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QUALITY OF IRRIGATION WATERS: 
The quality of irrigation water is a limiting 

factor in irrigation agriculture. Table 3 shows the 

water quality of major rivers, streams and some 
wells used for irrigation. The electrical conductivity 

of the River Jordan varies, reaching a maximum of 
2,590 micromohs/cm in summer, when irrigation is 

maximum and evaporation is high. The sodium 
percentage is also high, reaching 57 per cent at 

times. Therefore this water presents a salinity and 
alkali hazard if improperly used, especially on fine 

textured soils with restricted drainage. 
The Yarmouk River water (which supplies 

most of the water to the East Ghor Canal) has an 

electrical conductivity ranging from 725 to 760 

micromohs/cm and a sodium percentage of 43 per 
cent, putting it on the border line between C.S, and 
C,Si. It is good-quality water and can be used if 

moderate leaching occurs, which usually is the case 
during winter. Generally speaking, the quality of 

most irrigation waters lies in the C..S, class range. 
The river water varies but other streams have a 
mor'e constant and better quality. The sodium ha-
zard is not present in most irrigation water. 

THE FIVE-YEAR PLAN FOR WATER 
DEVELOPMENT: 

Jordan's water program for the coming five 

years will give major emphasis to: 
1. 	 The development of surface waters; 
2. 	 The location -f new sources of ground 

waters; 
3. 	 The preservation and restoration of existing 

cisterns, wells, dams, irrigation channels, 
etc.; 

4. 	 The develcpment of more rational distri-
bution, conservation and treatment sys-

tem; 
5. 	 The irrigation of the Jordan Valley. 

Two agencies now bear primary responsibility 
for water development in Jordan. They are: (1) 
The East Ghor Authority, for the development of 
irrigation from waters available from the Yarmouk 
River or from other sources in the area irrigated 
thereby; and (2) the Central Water Authority 
(CWA), for the development of all other sources 

and areas. 
The 	 East Ghor Authority was established by 

law 	 in 1960 and is solely responsible for the plan

ning 	and construction of the East-Ghor Canal. 
The 	first stage of the canal, which includes an in

take on the Yarmouk River, 23 kilometers of main 
conveyance canal and 99 kilometers of distribution 

canals serving 956 farms totaling 37,000 dunums 
of irrigable land, is now in use. The capacity of 

the 	main canal is 10 cubic meters per second with 
provisions for future increase to double this capa
city. 	 The distribution canals have a capacity rang
ing 	 from one-eighth to one cubic meter per se
cond. 

For 	 the 37,000 dunums served by the first 
stage, approximately 15 kilometers of drains have 
been excavated for draining run-off waters. 

To 	insure controlled water distribution, a Wa

ter 	 Office was established within the Authority. 
Fhe 	 Office plans to follow a rotational system of 
water delivery during periods of low and a de
mand system of delivery during periods of relati

vely 	 high flow. The cost of water to farmers at 
the 	delivery boxes will be one Fils (0.26 U.S. cent) 
per 	 cubic meter per dunum per year and two Fils 
per 	 cubic meter for anything over 1,500. 

Through the Agricultural Credit Corporation 

farmers can obtain long term loans for the develop

ment of their land, whether irrigated or not. The 
Corporation has already advanced credit toward 

putting 64,000 dunums under irrigation, and for 
terracing and leveling 152,000 dunums of dry farm

ing lands. 
The second stage will includc the Adasiya di

version dam, the Wadi Khalid storage dam of 50 

million cubic meters which will regulate the Yar
mouk River flow, and 43 kilometers of main canal 

extending from the Zerqa River to the Dead Sea 
and serving 10,000 additional dunums. The dam is 

designed to be raised in the future so as to store a 
maximum of 500 million cubic meters. There is 

also provision for a hydro-electric plant producing 
1,000 kilowatts. 

The Central Water Authority was established 
by law in 1959. This Authority was created for the 
purpose of, (,Investigating, planning, establishing, 
promoting, implementing, constructing, and to the 
extent necessary man3ging and operating a com
prehensive program for development, conservation 
and control of the water resources of the Kingdom 
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of Jordan for maximum feasible use for domestic, ed, of which one is completed and two are under
 

municipal, livestock, industrial, irrigation. hydro- consideration.
 

electric power and other beneficial purposes.,, All
 
elements of water resources development therefore
 
come under this Authority with the exception of The Research Department in cooperation with
 
the East Ghor Canal Scheme. It is hoped that dur- the East Ghor Authority is coitducting research on
 
ing five years. 120 small irrigation projects will be the most pressing problems of the Ghor Area. The
 
completed, affecting 60.000 dunums, through the program is outlined as follows:
 
assistance of this Authority to small farmers to de- 1. Investigating plant-water-soil relationships
 
velop their water resotrces. It is also hoped that for the whole Jordan Valley. This will include:
 
during the same period 46 dams will be construct- a. Permanent wilting per cent
 

TABLE I. TEMPERATURE, HUMIDITY AND RAINFALL AT DEIR ALLA, 1939 

Weeks and Readings Jan Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

First Week: 
Temperature 

Maximum 24.9 19.5 16.2 33.4 36.2 43.0 37.5 40.2 38.4 34.7 36.0 25.5 
Minimum 9.5 4.1 4.6 10.7 12.1 17.6 19.6 21.2 21.3 16.7 16.6 8.4 
Average 17.0 12.6 10.3 19.6 24.6 27.8 28.5 30.4 30.0 25.3 25.4 17.2 

Humidity 60 68 79 73 62 52 59 59 65 63 55 57 
Rainfall 2.4 15.0 21.4 1.6 - - - - - - - 4.3 

Second Week: 
Temperature 

Maximum 22.4 21.9 29.0 34.6 40.0 45.6 38.0 40.7 39.8 35.7 31.5 26.6 
Minimum 8.3 4.5 6.9 10.6 10.6 17.7 20.5 21.6 18.5 15.5 13.5 9.3 
Average 15.3 12.9 18.1 22.6 25.5 30.6 28.8 30.7 28.1 25.4 22.0 17.9 

Humidity 69 63 63 61 57 49 58 63 58 61 62 54 
Rainfall 16.9 30.4 - - - -. .. . 

Third Week 
Temperature 

Maximum 23.4 16.4 29.4 36.7 39.4 40.9 40.3 38.0 35.5 32.7 27.6 25.6 
Minimum 8.4 3.5 10.1 12.1 16.2 17.9 20.4 21.0 19.1 16.4 13.4 9.9 
Average 14.7 10.3 17..7 22.3 26.0 29.2 29.8 29.6 27.0 24.5 20.7 16.8 

Humidity 72 86 79 60 57 61 61 67 64 64 57 47 
Rainfal 39.4 30.1 7.8 - 1.3 - - - - - 0.3 -

Fourth Week: 
Temperature 

Maximum 21.9 19.1 24.9 40.8 41.6 38.5 40.5 39.5 37.5 31.7 26.5 24.4 
Minimum 8.5 3.3 10.1 11.9 17.9 18.5 21.5 20.6 18.0 14.3 7.2 8.5 
Average 15.0 10.7 16.8 24.4 29.4 27.7 30.5 30.0 27.4 23.2 16.8 16.6 

Humidity 70 74 74 59 -47 61 61 65 61 64 56 58 
Rainfall 9.0 25.9 1.7 - - - - - - - 8.5 8.3 

Temnperaure In "C. Humidity % and Rainfall in m.m. 
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TABLE 2. WATER USE BY TRANSLATION AND EVAPORATION OF IRRIGATED CROPS,
 

DIER ALLA, CUBIC METERS PER DUNUM BY MONTHS.
 

Crop Jan. Feb. Mar. Apr. May J-nL Jt ly Aug. Sept. Oct. Nov. Dec. 

Alfalfa 71.63 54.!0 91.69 133.10 180.34 198.63 221.23 2i0.82 151.38 !44.53 106.68 85.09 

Beans (lima) 54.86 41.40 70.10 1G1.60 137.92 151.89 169.16 161.04 115.82 110.49 81.53 65.02 

Beans(Castor) 54.86 41.40 70.10 101.60 137.92 151.89 169.16 161.04 115.82 110.49 81.53 65.02 

Berseem 71.63 54.10 91.69 133.10 180.34 198.63 221.23 210.82 151.38 144.53 10868 85.09 

Carrots 54.86 41.40 70.10 101.60 137.92 151.89 169.16 161.04 115.82 110.49 81.53 65.02 

Citrus 46.23 35.05 59.44 86.11 116.84 128.52 143.26 136.40 97.80 93.47 69.09 54.86 

Corn 63.25 47.75 81.03 117.35 159.25 175.26 195.33 185.93 133.60 127.51 94.23 74.93 

Cabbage 63.25 47.75 81.03 117.35 159.26 175.26 195.33 185.93 133.60 127.51 94.23 74.93 

Cauliflower 63.25 47.75 81.03 117.35 159.26 175.26 195.33 185.9., 133.60 127.51 94.23 74.93 

Grain sorgh. 58.93 44.45 75.44 109.47 148.59 163.58 182.37 1-3.48 124.71 119.13 87.88 70.10 

Grain & hay 63.25 47.75 81.03 117.35 159.26 175.25 195.33 185.93 133.60 127.51 94.23 74.93 

Onions 46.23 35.05 59.44 86.11 116.84 128.52 143.26, 136.40 97.80 93.47 69.09 54.86 
Pasture 46.23 35.05 59.44 86.11 i116.84 128.52 143.;6 136.40 97.80 93.47 69.09 54.86 

Potatoes 54.86 41.40 70.10 161.60 137.92 151.89 !69.16 16l.,4 115.82 110.49 81.53 65.02 
Rice 84.33 63.50 107.95 156.46 212.34 233.08 260.35 247.90 178.05 170.18 125.73 100.08 

Sudan grass 58.93 44.45 75.44 109.47 148.59 163.58 182.37 173.48 124.71 119.13 87.88 70.10 

Suger beets 71.63 54.10 91.69 133.10 180.34 198.63 221.23 210.82 151.38 144.53 106.68 85.09 
Sunflower 63.25 47.75 81.03 117.35 159.26 175.26 195.33 185.93 133.60 127.51 94.23 74.93 

Tomatoes 67.56 50.80 86.36 125.22 169.93 186.94 208.28 198.37 142.49 136.14 100.58 80.01 
Watermelons 46.23 35.05 59.44 81.11 116.84 128.52 143.26 136.40 97.80 93.47 69.09 54.86 

b. 	 Field capacity deeper one drills, the saltier the water gets. To 

c. 	 Bulk density what extent the aquifer has been depleted, how 

d. 	 Permeability much decrease in its volume has taken place due 

2. 	 Determining, the consumptive use of water to the depletion and whether it can be recharged 

for the major irrigated crops: this will are questions to be answered. The C.W.A. now 

include: has responsibility for solving this problem 
a. 	 Amoutt 
b. 	 Frequency DISCUSSION: The sources of the water on the 

c. 	 Appropriate practice small projects was springs and Wadis and these 

3. 	 Large scale experiments on irrometers developments are felt to be economically justi

and Bouyoucos Blocks fiable. 
4. 	 Survey of soil fertility The U.S. Salinity Laboratory's classification is 

5. 	 Land reclamation being used in connection with water quality. In 

6. 	 Soil conservation some cases it has been observed that agriculture 

It is our hope that our findings will be present- flourishes even though the water does not meet 

ed in future meetings. these standards. Studies will be made of these cases 

During the past two years the water level in in order to ascertain the reasons for this condition. 

the Jericho Area has dropped extensively. The It was pointed out that an inferior quality of water 
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Over that, he pays two fils per cubic meter. This 
is a cash payment. 

Mr. Nimri pointed out that the Seminar had 
overlooked a very important point in connection 
with the use of irrigation water, namely, the spread 
of parasitic diseases such as bilharzia. Mr. Atallah 
said that this would be beyond the scope of the 

Seminar and urged that the scope be limited in or-
der to have effective discussion. Mr. Nimri, how-

ever, stressed the imp:rtance of bilharzia and stated 
that the spread was through irrigation and thus the 

attack on the problem might well be made through 
instruction in connection with irrigation practice. 
Mr. Hamid stated that although there are large 
areas of rice in both wings of Pakistan, bilharzia is 
unheard of in that country. Mr. Jones mentioned 
the Widespread prevalence of the disease in Egypt, 
the Sudan and other areas of Africa, stating that it 

is carried by a host snail. There is increased danger 
that the host snail may be transported to other 
countries due to increasing travel and commerce 
among them, especially by air. 

LEBANON
 

Lebanon is a small country, having an area 
of about 10,000 square kilometers. The population 
of over 1,500,000 is crowded into this mountainous 
area, of which about 30 per cent is currently cul-

tivated. The density of population is more than 375 
per square mile and over 1,200 per square mile of 

cultivated land. 
Lebanon has two mountain ranges: The Le-

banon, paralleling the coast line and rising to ele-
vations exceeding 2,250 meters, and the Anti-Le-
banon, paralleling the Lebanon mountains along 

the eastern side of Lebanon at a distance of about 
40 kilometers and rising to about the same eleva-
tion. Between these two ranges is the Valley of Be-

kaa, which is the northern end of a geological fault 
which extends south through the Jordan Valley, the 
Dead Sea and the Gulf of Aqaba. The soil in the 
Bekaa is generally fertile. 

Thecoastal plains lie along the Mediterranean 

shore with widths varying from a few hundred me-
ters to fifteen kilometers in the north, where the 
plain is called the Akkar Plain. 

The climate is of the Mediterranean type, 
moderately cold, windy and wet in winter and 

dry in summer. The coastal plain is semi-tropical 
but the mountain slopes and interior valleys are 
cooler, with snow occurring in winter. The average 
annual precipitation varies from 500 to 1,600 mms, 
practically all of which falls between November 
and April. 

The agricultural products are varied, ranging 
from citrus, bananas and vegetables on the coastal 
plains to olives, grapes, apples and cereals in the 
mountainous slopes and interior valleys. 

Irrigation practices have been carried on in Le
banon since Biblical days by primitive means and 
subject to limitations of land and water. At present 
every available source of water is used to some 

extent for irrigation. The springs from which the 
water can be easily brought to the lanu are utilized 
to the fullest during the summer. During the last 

few years, many power pumps have been installed 
for pumping wate-r for irrigation and domestic sup
ply. This is most extensive in the northern and 

middle Bekaa, where the pumps installed on the 
Litani River and its tributaries pump the Litani 
dry before it reaches the southern Bekaa. Fur
thermore, a great number of wells have been drilled 
since 1952 to provide water for new areas 

being put under irrigation. These wells have over

pumped the underground water resources, as is in
dicated by the drying up of a number of springs 
and a considerable lowering of the water table. 

Presently the cultivable land in Lebanon is 
estimated at 310,000 hectares and the land under 
full or part irrigation at 65,000 hectares. It is es
timated that 5,000 hectares were put under irriga
tion during the last three years by private landown
ers who are either rich landowners or merchants. 

Due to a shortage of water for irrigation, a 
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great number of villagers and small landowners 
abandoned or sold their land and went abroad or 
came to the capital, leirut. in search of work. 

Recently the Govcrnment of Lebanon decided 
to carry out a plan of development for improving 
the status of all the %illacers in Lebanon. During 
the year 1961 the (;overnment nominated a board 
of Lebanese experts. (The Authority of Large Pro-
jects),, to carry out a development plan in a period 
of fike years (1962-67). [he total estimated cost of 
this plan is 450 million Lebanese pounds (150 mil-
lion United States dollars) and it covers the fol-
lowing aspects of development: 

1. 	 Highways: A program for a network of 
highways to connect practically all 
,illages in Lebanon. The greater part of 
these roads will be for the north and 
south, where they are most needed. Ac-
tual work was started in the beginning of 
1962 and it is expected that by the end of 
1967 the program will be fully executed 
and terminated. 

2. 	 Electrical Power: A program for genera-
tion. transmission and distribution of elec-
trical power is underway to supply all the 
villages in Lebanon with electrical power. 
The main power supply will be from the 
Litani Project. All steps for the fulfill-
ment of this program are now in hand 
and this program again is expected to be 
fully executed and termined by the end of 
1967. 

3. 	 Irrigation: Water is of great importance 
to Lebanon. where practically all avai-
lable water during the summer (the period 
of irrigation) is used for irrigation and 
domestic s:pply: hence the emphasis plac-
ed on its conservation and efficient utiliza-
lion in order to increase agricultural out-
put. The available new water that can 
be used for irrigation and domestic sup-
ply should be either from storage of run-
off water during winter or from the under-
ground water resources. The Govern-
ment made arrangements with the United 
States Bureau of Reclamation to investi-
gate. The report has been completed and, 

as a result, the Litani River Authority 
and 	the Authority of Large Projects were 
formed to design and execute the storage 
reservoirs and irrigation projects. The de
tailed designs and execution have been 
started, and by the end of 1965 the newly 
irrigated area will amount to 25.600 hec
tares by the end of 1967, to 60,000 hec
tares. The irrigable area in Lebanon will 
be 	 double the present area, i.e., 120,000 
hectares. 

4. 	 Underground Water Investigations: There 
is great enthusiasm on the part of rich 
private landowners for drilling wells to 

obtain water for irrigation. This, as pre
viously mentioned, has resulted in the 
drying LIp of some springs and a consi
derable drop in the Water table levels. 
The new wells are being sunk deeper and 
pumping has caused earlier, shallower 
wells to become dry. The Government 
consulted some American experts and as 
a result rc(Luested the assistance of the 
Special Fund of the United Nations to 
send a group of specialists to investigate 
and report on: 
a. 	 The existing groundwater resources 

of the country and the estimated eco
nornic and physical limits of annual 
etraction; 

b. 	 Steps to be taken to increase natural 
inflitration by various methods. 

Furthermore, a new water law is being drawn 
tIp prohibiting the drilling of wells without prior 
permission from the Government. The law will put 
the Government in full control of surface and 
underground water resources.The present law, which 
is based on Moslem laws. mentions that all surface 
and underground water resources are public pro
perty and individuals have the right of use without 
prior authorized perimssion. In the case of wells, 
the law mentions that all wells are to be drilled 
not more than 120 meters deep and that no pump
ing over 100 cubic meters per hour may be done 
without prior Governmental permission. This is no 
longer adequate under present conditions and in 
view of future plans. The new law will be strictly 
enforced by the different local authorities in order 
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to safeguard the irrigation projects and the interests 
of the irrigators, 

The Government also made arrangements with 
the F.A.O. to have soil experts sent to Lebanon to 
work with the (Lebanese Agricultural Research 
Institute)) in preparing a complete and detailed soil 
analysis of all the cultivable area of Lebanon. 

Future prospects in Lebanon are very encou-
raging, due to the Government projects and the 
enthusiasm and interest of Lebanese farmers, who 
are always eager to learn new techniques. Generally 
speaking, Lebanese farmers are the most adxanced 
in the Middle East. 

DISCUSSION: Present power pumps are diesel 
and are privately owned and pump from both 
wells and streams. There will be joint use of sur-
face and pumped water. There is no concern about 
water quality from wells; drainage is no problem. 

Underground water must be controlled because it 
is being rapidly depleted and springs, for example, 
are drying up. Unless there is a balance between 
in.put and output, the Bekaa will become a desert. 
The water table has receeded 60 meters in the 
last two years. The U.N. Special Fund project is 
seeking a way to increase input. The water running 
out of the country is to be conserved by storage. 
Mr. Sawaya stated that the Litani project will dou
ble hydropower production by 1972 and will fur
nish 90 per cent of all the power in Lebanon. 

Cropping patterns are suggested by the Exten
sion Service. Soil classification started as recon
naissance. It is now being detailed and will be 
completed in a few years. 

Economic patterns have caused widespread sel
ling of lands by small farmers to large holders. 
This has caused a problem of displacement of vil
lagers to Beirut. 

PAKISTAN
 

INTRODUCTION 

Information on the geography, climate, irriga- 
tion systems and water supply available was given 
in the country report for Pakistan in the last se-
minar. The problems of irrigation practices in the 
country were stated. In East Pakistan irrigated agri-
culture is not yet fully known except for the Gan-
ges-Kobadak scheme, which has come into opera-
tion very recently. This is so because the province 
receives a heavy precipitation and most of the 
crops are rainfed. In the winter season when rain 
is very uncertain and also inadequate, it is neces-
sary to provide irrigation facilities in case a major 
crop is to be raised. This province is intersected by 
a large number of rivers and tributaries. In 1956 a 
pilot project was taken up to raise water from 
these rivers and supply irrigation water to adjoin-

ing areas along the banks in the winter season for 
growing Boro rice. 

The pumping sets tpsed consist of a diesel en

gine coupled with a centrifugal pump and were 
generally mounted on a steel trolley and supplied 
with about 50'-60' of pipes. The sets are installed 
along the banks of rivers and water is lifted and 
delivered directly to the fields. No elaborate canals 
or distributaries are, therefore, required. The 
pumps are operated throughout the growing season 
(December-April) of the crop. The entire cost of 
operation and maintenance is borne by the Govern
ment and the cultivators are charged at a fixed 
rate per acre per crop season. When the sets are 
used for supplemental irrigation to rainfed crops, 
the charges are realized on an hourly basis. 

Encouraging results were achieved and the 
program has steadily expanded. The table below 
indicates the tiend of this development during the 
course of the last few years. 
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Power pumps 
Year used 

1955 40 

1956 135 

1957 554 

1958 848 
1959 1,150 

1960 1,367 

Until now the work has been concentrated 

mostly on irrigation of Boro rice in the winter 
season. This method of irrigation is now being ex-
panded to provide supplementary irrigation to 
rainfed crops in periods of drought. 

The province is very densely populated and 
85% of its population is engaged in agriculture, 

The individual holdings of the cultivators are 
therefore very small and they are required to form 
cooperatives to take power pumps on a hire basis, 
The cooperative movement in this province has 
been a great success in the field of power-pump 
irrigation. 

In order to produce technicians in large num

ber both for operation and maintenance of these 
power pumps, training courses are arranged by the 
Government in collaboration with companies deal-
ing with machinery inI various departmental work-
shops. On an average, 1000 pump operators are 
trained annually. Cultivators who purchase such 
pumping sets themselves also get facilities in these 
workshops for training their operators and mecha-
nics free of cost. 

The project areas are mostly the low-lying 
tracts of the province, which remain under water 
for about six months of the year and are available 
for cultivation only i.i winter months. By providing 
irrigation through power pumps it has been pos-
sible to get a major rice crop with an average yield 
of 25 maunds (2050 lbs). Cost of production, in-

cluding irrigation charges, comes to approximately 
Rs. 125/-per acre, which gives a cost benefit ratio 
of 1:2,4 say 1:2. 

This low lift pump irrigation project has so 
far been financed and executed entirely through 
Government agencies and will shortly be passed 

Area irrigated Production of clean 
(in acres) rice in tons 

2,658 1,329
 

10,000 5,000
 

29,000 14,500
 

32,793 16,396
 

47,370 23,685
 

62,143 31,071
 

over to the Agricultural Development Corporation, 

a semi-autonomous body. This Corporation will 
have more freedom for work than Government de
partments and the project will be rapidly expanded 
in the coming years. The target fixed by the Cor
poration for the next three years will indicate the 
trend of future development of this project. 

Year Area in acres to be Tons of food grains 
irrigated by power to be proJuced. 

pumps. 
1962 292,000 146,000 
1963 456.000 224,000 
1964 630,000 315,000 

West Pakistan is in the arid and semi-arid 
zone and agriculture is dependent almost entirely 
on irrigation. The Indus river and its tributaries 
have been harnessed for providing water for irri
gation and the lnduis basin canal system is one of 
the biggest irrigation systems of the world. There 
are 20 headwc,,ks across its rivers. The main canals 
and the distributing systems have a length of 
about 40,000 miles with a total irrigated area of 
33 million acres, of which 25 million acres are 
cropped annually. In addition, there are 4600 miles 
of drains for disposing of storm water and for low
ering the watertable in waterlogged areas. 

Problem No. I of West Pakistan is the salinity 
and rising watertable. The flat topography of the 
Indus plains, a progressive decline in the porosity 

of the soil towards the sea, and non-provision of 
efficient artificial drainage simultaneously the 
canal system are contributary causes of a rapid 
rise of the sub-soil watertable and also salinity. 
Although the salinity problem arises even when the 
watertable is not yet high, it is accentuated with a 
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rising or high watertable. Currently the emphasis 
is on providing tubewells for drainage as well as a 

supplemental water-supply for irrigation. The irri-
gation practices adopted were evolved with the ob-

jective of cropping the maximum area with the 
minimum water supply. The consequences are the 

salinity problem and dependence on an irrigation 

water supply less than the consumptive use re
quirements of crops. 

The problems of irrigation in tracts of sandy 

soils are soil stabilization, crop protection from 

sandstorms, conveyance losses of water, frequency 

and depth of irrigation. The microtopography of 

the Indus plains puts the fields at higher contour 

level at a disadvantage and attention is required 

to land grading and terracing. 
Some of the irrigation systems are non-peren-

nial; i.e., these are run only in summer. Evapora-

tion at the soil surface is quicker if it is uncovered, 
With non-perennial irrigation there is no crop co-

ver in winter and the higher rate of evaporation 

leads to movements of salts upward at a higher 

rate. Also the period in which irrigation supply is 

available falls short of the growing period of cash 

crops of cotton and sugarcane. It leads to a single 

crop economy, generally dependent on rice. 

In the last decade West Pakistan, particularly 

the Upper Indus basin, has experienced heavy 

floods caused by river spills and storm waters 

brought down by streams having their origin in the 

upper catchments in India. What made things 

worse was the unprecedented heavy precipitation in 

this tract, which syncihronized with heavy rainfall 

across the border. Extensive damage was caused to 

agriculture crops, canal systems, rail and road coin-

munications and other public and private utilities 

and for months on end the entire economic life 

of the vast region was paralysed. Over a greater 

part of the flood-affected area the land has a very 

flat slope and no d2fined natural drainalge. Arti-

ficial drainage existing in the area proved totally 

inadequate for timely disposal of the accumulated 

spill and storm water. This delayed disposal of ac-

cumulated water, apart from the initial misery it 

brought in its wake, also resulted in damage of a 

more permanent and drastic character by adding 

to the already serious situation of waterlogging of 

agricultural land. To tackle this serious problem, 

the Government of West Pakistan has constituted 
a Flood Commission which is engaged on plan

ning and approval of schemes to cope with the 
floods. 

ACCOMPLISIMENTS ON FARM 
IRRIGATION 

(i) Training and demonstrations 
Two important developments have taken place 

in the country since the last seminar. One is the 

establishment of the Universities of Agriculture in 

East and West Pakistan on the recommendation of 

the Education Commission. Colleges of Agriculture 

had existed for education in agricultural sciences up 

to the graduate leel. The turn-out of personnel 

trained in various fields of agriculture was, how

ever, very much below the requirements for the 

development of scientific agriculture in the count

ry. None of these colleges had been able to pro

vide facilities for advanced education and research 

on soils and rrigation. 
The other development is the creation of the 

Agricultural Development Corporations in East 

and West Pakistan on the recommendation of the 

Food and Agricultural Commission, which was at 

the stage of panel discussions at the time the last 

seminar was in session at Lahore. The members 

of fhe Commission also attended one of the meet

ings of the seminar. The commission observed 

,Ill-equipped as are the present departments to 

handle even the 'five firsts', there is no machinery 

at all for tackling the no~el problems of changes 

in farming patterns. Little has been done yet to find 

out by experiment and pilot schemes what to ad

vise the farmer to do. The chief project needs of 

the country after the 'five firsts' are guidance on 

irrigated and mixed farming in East Pakistan, eli

mination of salinity in West Pahistan, fully orga

nised agriculture in new colonies through testing 

and mechanisation, harnessing of hill streams, con

servation of catchments, exploitation of productive 

regions like 'hoor' in the Chittagong Hills. All 

these needs remain totally unsatisfied by such 

small adjustments in the departmental machinery 

as are currently suggested. Potentialities for inc

reasing agricultural production in the country are 

very great and unless they are properly exploited 
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higher incomes and viability are not possible. Each 

individual farmer is like an industrialist and the 

job of increasing prcduction has to be done by 

him and not by Government, but he is not in a po-

sition to do it unless the necessary tools are placed 

in his hands. The Government, therefore, have an 

urgent and immediate responsibility for providing 

these means.-) It arrived at the conclusion that a 

new organisation should be set up which ,should 
be free from the handicaps of the existing Govern-

ment departments, be effective, comprehensive 
enough to make an impression on the farmer, big 

enough to be a force in the highest counsels of the 
nation, should have resources which permit the de- 
velopment of a programme matching the immensity 
of the problem and flexible enough to meet the 

variation inherent in tile panorama of Pakis-
tan's agriculture.,, It recommended that to under-
take the task of increasing the agi;cjltural pro-

duction and income of the farmer, an Agricultural 
Development Corporation should be established in 
each province. Tile Corporation will ,ave two 

wings - a supply wing and a field wing. The 
supply wing produce or procure, transport and dis-

tribute seeds, fertilizers, plant protection material 
and farm implements !hroughout the country. The 

field wing will operate in selected project areas. Its 

task 	 will be: 
(i) 	 To ensure the intensive and coordinated 

use of the ,five firsts.,, including super-

vised credit. 
(ii) 	 Solution of the special and more compli-

cated problems of land reclamation, range 

management, soil conservation, irrigation 
management, organisation of agriculture 
in new colonies, harnessing of hill streams, 
conservation of catchment and exploita-
tion of potential areas. 

(iii) 	 To introduce planned agriculture through 
suitable crop rotation and mixed farming. 

(iv) 	 Organization of marketing and processing 
and the creation of cooperatives. 

(v) 	 To organise small farms through coopera-
tives or through large blocks for joint 
planning. In non-project areas the existing 

departments will continue their activities. 
The Agricultural Universities and the Agri-

cultural Development Corporations will be in full 

operation soon. It is hoped that these will change 

the picture of agriculture in the country in years 

to come. 
iii) Land Classification and soil surveys 

The Ground Water Development Organization 

of the Irrigation Department became part of the 

West Pakistan WAPDA in 1960 as its Water and 

Soil Investigations Division. The soil and water 

surveys in the Rechna, Chaj and Thai Doabs have 

covered about 16 million acres out of the total area 
of 18 million acres. The work is now being extend
ed to the Lower Bari Doab. 

The soil survey in the Taunsa project area 
was taken up by the Irrigation Department and 
remained with it. Out of the total area of 1,3 mil
lion acres, about 1.0 million acres have been co

vered. 
For the SukkuriGuddu/Ghulam Muhammad 

Drainagc and Salinity Control Project of WAPDA, 
Hunting Technical Services. Limited, of London 
were entrusted with investigations which included 
soils, agricultural and drainage investigations and 

engineering studies. They have completed phase 
I of these investigations. The soil investigations 

were carried out by making a reconnaissance soil 
survey of the areas. 

A very important step in land development in 

the country is the soil survey project for the whole 
of Pakistan to be undertaken jointly by the Food 

and Agriculture Organization of the United Na

tions and the Government of Pakistan. The pro

ject is about to commence and when it is in opera

tion it may be possible to integrate the work of 

the agencies mentioned above with the over-all 

project. 
(iii) 	 Land Reclamation Re-,.arch 

Land reclamation research has continued dur
ing the last two years. A set-back to the work was 

received with the Soil and Water Testing Wing of 
the Ground Water Development Organization, 

which was part of the Directorate of Land Recla
mation, going over to WAPDA. Investigation and 
research must go together in the interest of either 
of the two. Research work completed during these 
two years deals with the following subjects:

(1) 	 Water quality. 
(2) 	 Salt tolerance of crops. 

(3) 	 Consumptive use of crops. 
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(4) 	 Re-appearance of salts after reclamation, 
(5) 	 Lysimeter studies - crop planning for 

salinity control. 
(6) 	 Economics of land reclamation, 
(7) 	 Feasibility of cropping patterns, 
(8) 	 Agronomic practices. 
(9) 	 Salinity statistics-Sample salinity survey, 

(10) Drainage studies, 
The 	 results of these studies are being reported 

in one of the technical papers. The studies in the 
economics of land reclamation and on the feasi-
bility of cropping patterns for soil protection and 
reclamation have a great bearing on the application 
of research in the field and returns to the cultiva-
tor. The former study was a detailed investigation 
into the cost of production of crops for share-crop- 
ping tenants at two reclamation farms-one with 
perennial irrigation and the other with non-peren-
nial irrigation and a single crop economy. It brings 
out the difference in returns from the un-reclaimed, 
partially reclaimed and reclaimed land. An impor-
tant observation is that an adult male worked for 
only 700 to 900 hours during the year, which is 
about 1/4th to 1/3rd of full employment. A pair of 
bullocks on the aveiage worked for 400 to 500 
hours during the year. This shows the huge wast-
age of agricultural labour in a country with back-
ward farming and also shows that the low wages 
of agricultura! labour can be very considerably in-
creased without raising ihC cost of agricultural pro-
duction. 

The study into the feasibility of the recom-
mended cropping patterns deals with labour -re
quirements, the farmer's income, cash investment and 
water requirements. It shows that these cropping 
patterns are all within the cultivators' resources : 
however, the Government has to provide the water 
resources and easy credit facilities. 
(iv) 	 Progrcs Made on Land Reclamation 

Temporary relief to lands affected by salinity 
has been provided by the Irrigation Department 
on a limited scale for the last 20 years. This relief 
consists of providing additional water supply from 
the canal during the summer months when the ri-
vers have a surplus. This extra supply is provided 
for three years to leach down the salts in the soil, 
and thereafter the land reverts to itsnormal al-
lowance of water, which is generally 3 cts/1000 

acres. This relief is temporary, as with such a low 
permanent water allowaice the salts rise and ac
cumulate again after a fNw years and also because 
it does not include any drainage relief for lowering 
the watertable and maintaining it below the crop 
root zone. The total art.a which has received such 
relief is less than half a million acres, while the 
area affected is more Lhan 10 million acres. 

Projects for permanent relief were undertaken 
by the Soil Reclamation Board which has at this 
staLe 14 projects under operation covering an 
area of one million acres. It also has some nine 
projects in different stages of planning. These 
projects are now expected to be taken up by the 
Agricultural Development Corporation, whose func
tions will incl:de those of the Soil Reclamation 
[3o',d. These projects involve the installation of 
tubewells for lowering the watertable and supple
menting the irrigation water supply from the ca
nals, and other means of drainage like open drains 
or tile drains. All these engineering works are en
trusted to WAPDA. As more than 50% of the 22 
million acres of canal-irrigated area in West Pa
kistan is already in different stages of deterioration 
and the rest of the area is passing into these stages 
at a very rapid rate, the problem has assumed such 
immensity that unless it can be effectively dealt 
with, the national economy will suffer. The Plan
ning Commission of Pakistan has estimated that 
the entire programme will cost a sum of Rs. 55,000 
million made up as follows: 

Item Million Rs. 

Storage 13,500 
Revamping of canals 500 
Drainage 40,000 
Sea water barrier 100 
River channel rectification work 1,000 

Total: 55,100 

The Second Five-Year Plan has a provision 
of only Rs. 103.2 million for drainage of irrigated 
areas. This is intended to cover only the cost of 
completing tubewells in the Rechna Doab at an 
estimated cost of Rs. 68 million, the cost of drilling 
similar tubewells in other suitable areas and the 
cost of improvement or provision of a limited num
ber of storm water drains. The West Pakistan 
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WAPDA has also prepared a master plan which 
will require a capital outlay of Rs. 3400 million 
drainage plus a sumof Rs. 2500 million for provi-
sion of necessary electrification facilities. 

The Planning Commission visualized an expen-
diture of Rs. i500 million during the Second Plan 
period oser and above the amount provided in 
the Plan. To cover all the affected areas in 
about 25 years, an annual expenditure of Rs. 
800 million is required. During this period the 
major portion of the cultivated ar:a not yet af-
fected will hase deteriorated. It is, therefore, con-
sidered that the m',imum period for completing 
the whole program of reclamation and drainage 
should not be more than 16 years. The capital and 
foreign exchange resources required for the works 
are beyond the country's means. The help of U.N. 
and friendly countries is being negotiated. The 
capital required to be invested has either to come 
from foreign aid or ways have to be found for pro-
viding cheaper remedies. It may be that the major 
item of Rs. 40,000 million can be reduced if deep 
pumping to the depth of 200 feet and more proves 
unnecessary, and if we do not aim at lowering the 
watertable ultimately to that depth. Shallower 
pumping, if feasible, may provide the required re-
lief and cost much less. 

While planning in terms of such colossal ca-
pital costs, the importance of protecting the soil 
from deterioration cannot be over-emphasized. The 
Government appointed a committee to suggest such 
measures. The committee made a number of sugges-
tions. The folowiing are some of the steps which 
can be taken by Government departments or by 
the farmer: 

(i) In areas where sweet water from open 
drains and shallow acquifer is available, and 
which are not likely to be taken up under the 
projects for permanent reclamation, farmers should 
be encouraged to supplement the available canal 
supply with available groundwater for raising the 
water allowance; 

(ii) In order to encourage use of groundwater 
by farmers, facilities should be provided for free-
of-cost drilling through the Agriculture Depart-
ment and other Gwernment organizations; 

(iii) Every effort should be made by the Ir-
rigation Department to provide the maximum ad-
ditional water supply for temporary relief during 
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the Kharif season; 
(iv) More efficient distribution of the existing 

water supply for which the union councils and of
ficers of the Revenue and Agriculture Departments 
can help to draw the attention of the irrigation en
gineers to complaints of shortage at the tail ends of 
irrigation channels; 

(v) The cultivator can raise the intensity of 
cultivation by restricting water use to a smaller 
area within his holding. For small holdings it may 
not be possible to follow this procedure, but on big 
holdings a part of the area will have to be exclud
ed front cropping. Such an area can be used for 
arfforestation for some time until an increased wa
ter supply becomes available. Restriction of culti
sated area raises a dangerous social problem in 
old areas. In new areas the measures can be easily 
adopted. In the old canal colonies, cultivation can 
and should be decreased at least to the authorized 
intensity. 

(vi) As fallowing causes movement of salines 
from deeper layers upward, it is necessary to give 
maximum crop cover to soil throughout the year. 
In high water table areas this is even more neces
sary. Perhaps legislation at the proper stage can 
supplement the results of persuasion and demons
tration. 

Accurate demarcation of high and low water
table areas is necessary for planning for scientific 
crop patterns. 

(vii) For the preparation of soil and seed
bed, heavy presowing irrigation of 6 to 8 inches 
instead of the 3 to 4 inches generally given by the 
farmer should be applied to push down the 
salts. 

(viii) Proper layout of fields for uniform ap
plication or irrigation water is very necessary for 
depressing salinity. The irrigation basin should 
not be bigger than 1/4th of an acre. More than 
one inlet should be used for irrigating the basin. 

(ix) In non-perennial areas cotton or sugar
cane is grown but does not give good yields. Ac
tually, however, these cash crops can be developed 
properly with a schedule of irrigation including 
heavier application of water during the months of 
the Kharif season. By this method the salines are 
washed down, last and enough moisture is 
stored in the soil so that the cash crops can ma
ture after the water supply is withdrawn. Proper 



layout for irrigation and salinity control may also 
need legislation in addition to extension. 

(x) More efficient and effective use of water 
delivered to tCe farmer is necessary. The provision 
for maintenance of water courses existing in the 
Canal Act should be strictly enforced and availa-
bility of water supply at the outlet head can be 
made conditional on proper water-course mainte-
nance. 

(xi) The use of mulches for storage of mois-
ture in the soil and checking of capillary move-
ment should be popularized. 

(xii) Although cultivation of salt-tolerant 

crops is not an anti-salinity measure, it affects the 
economics of the cultivator. Stress should be laid 
on research on seed treatment for better germina-
tion in saline soil, on crop patterns, including rota-
tions inducing salt tolerance, and on the evolution 
of salt-tolerant varieties by selection frnd breed-
ing. 

(xiii) Chemical fertilizer should definitely not 
be used un sodium soil. 

(xiv) In connection with anti-waterlogging 
and anti-salinity measures, importance should be 
give to green manuring for increasing the humus 
content of the soil. Added stress should be laid by 
the Extension Service on this practice while propa-
gating scientific cropping patterns in all areas in 
general and in areas like Thai in particular. Rabi 
green manuring should be encouraged by remission 
of water rate and land revenue charges. 

(xv) In non-project areas, the Government 
should concentrate attention on providing proper 
drainage. Adequate funds should be made avai-
lable for maintenance of the drainage system. 
Drainage should be given priority over other pro-
jects. In areas at the foot of the Salt Range, the 
disposal of salt-charged rainfall run-off through a 
main drain should be providcd for. 

(xvi) The banning of rice cultivation as an 
anti-waterlogging measure without taking intio coi-
sideration the soil conditions is not justified except 
for urban areas from a sanitation point of view. 
For agricultural land, provision of a well-main-
tained drainage system is the only anti-waterlogging 
and anti-salinity measure to take. 

(xvii) In high watertable areas, mechanical 
cultivation may cause a tight soil layer problem. 
Mechanical cultivation with tractor and heavy ma-

tchinery should no be allowed in areas where the 
watertable is within 5'. 

(xviii) The Cooperative Department should 
provide readier facilities to the farmer for his drain
age and cropping liabilities. If adequate funds are 
not forthcoming from the cooperative societies, the 
Government should provide credit facilities from 
other sources. 

(v) 	Progress Made on the Recommendation of the 
Previous Seminar. 

1. Education and Training. Before the soil 
problems of salinity and waterlogging gained im
portance, ery little attention was paid to training 
the farmer in those irrigation practices best adapted 
to his conditions. The Agriculture Department has 
facilities for training. village extension workers at 
the Agriculture Colicges. Matriculates are given a 
general agricultual education for one year. The 
teachers for this course are college graduates. The 
strength of these village workers employed by the 
Agriculture Department is one worker in a tehsil 
(or thana in East Pakistan), which is very much be
low the requirements for any intensive work. These 
extension workers confine their activities to better 
seeds and fertilizers and no not interest themselves 
in irrigation practices. 

The Soil Reclamation Board is the only orga
nization which has extension workers in the project 
areas to train cultivators in improved irrigation 
practices. These workers do not, however, have a 
background of general agricultural training. The 
Board is now establishing a training centre for ex
tension workers to give them a good background in 
agriculture and irrigation. It is also reorganizing 
its Extension Service on a bigger scale which will 
include soil protection measures in non-project 
areas. The Agricultural Development Corporation, 
when it takes over the project areas, will now be 
the agency flhit will provide the full strength of 
the right type of extension workers. 

The Universities of Agriculture recently set up 
are expected to establish majors in irrigation science 
and irrigation engineering. Facilities for research 
in irrigation problems will be available in these 
Universities. 

The establishment of a national organisation 
for the development of improved irrigation tech
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niques and practices and the dissemination of such 
knowledge has not yet reached the stage of plan-
ning. 

2. Consumptive use and water requirements. 
The progress of research on this subject is being re-
ported in one of the technical papers. The subject 
is receiving increasing attention in the country. 

3. 	 Agricultural requirements cor irrigation 
projctsUs Th ii te reommndaionpo aisd 

made by the Seminar are receiving increasing at-

tention for new irrigation projects. Soil and topo-
and drainage plannig ar

graphical Surveys aaround 
considered pre-requisites. Mention of the soil and 
topographical surseys being carried on Las ilready 
been made. In the project areas that are being taken 
up by the Agricultu-ral Development Corporation. 
experiment stations will be established for research 
work on irrigation problems. The water distribution 
system will be worked out with the participation of 
the farmers. Extension services will be provided to 
educate farmers on scientific irrigation farming. 
Demonstration plots in farmers' fields will be 
part of the Extension Service. 

4. Assistance to farmers for improved irriga-
tion agriculture. The functions of the Agricultural 
Developttent Corporation will cover the recom-
mendations made by the last sem inar. 

5. 	 IDrainage and salinity control. The work on 
dtsupplies

drainage 	 and salinity control carried onl since the 
last serinor is described in 	 the technical paperslastsemnorisescibe in he echica paers 

by the Pakistan delegation. Thiscontributed 
seminar provides a very good opportunity for in-
terchange of experience amiong the NESA region 

countries. However, it is felt that the Fourth Se-
minor should make specific recommendations formi~lrmae soulseciic ecori ilerid t onsfor 
exchange of scientific information among these 
countries and with other of the world on irriga'ion 
problems as a continuous process. 

6. Organisation for operation and manage-
ment of irigation projects. The stage for legally 
constructed organisations, like water users' asso-
ciations, for encouraging cultivators to assume cer-
tain responsibilities in the operation and manage-
ment of minor irrigation and drainage sections of 
projects has not yet arrived in this country, due to 
the general lack of educafion among the peasantry. 
However, the distribution of water from an off-

take is effected by an order of turns sanctioned 
by the Divisional Canal Officer under the Canal 
and Drainage Act, which is 	implemented by the 
farmers Linder their own supervision. In the course 
of time, the functioning of the Agricultural Deve
lopment Corporation is expected to lead to deve
lopments 	 in this direction. 

The importance of encouraging cultivators , 
take an active interest in the 	operation and main
tenance programme of the over-all project is being 
realie mor e n more Te ojectis of ith 

r icultmr a m e. T o bjecti o f the 
Deelopment Corporation centre 

respecting and taking full cognizance of the
existing status of the cultivator and of the prac
tices he is following so that he willingly cooperates 
in the programme of development of scientific land 
and water use. 

DISCUSSION: Regarding water delivery in West 
Pakistan, the entire stream delivered to a field 
channel is rotated among the several farmers under 
that field channel. Excess use of water is not a 
Problem in Pakstan. Only about 50 per cent of 
water requirements are delivered. 

Mr. Hamid explained that a (,Tehsil, is an 
administrative subdivision of a district. 

High sodium soils exist, but the use of che
mical fertilizer, which is limited, should be on soils 
which are non-saline. For the present, the limited 

of fertilizer should be used on good soils. 

Certain kinds of fertilizers used on certain soilstend to increase the soil dispersion. 

Regarding the reasons for developing small 
pumps in 	 East Pakistan rather than gravity diver

sions, there was no irrigation, in East Pakistan prior
to 1947. From 60 to 100 inches of rain feed three 
rivers carrying as Much as 2,000,060 c.f.s, each. At 
r ai di theseas fl Amaximuim dischargeng mch b,000e abecome flooded and 
inundate the land. This condition leads to a crop 

pattern based on rice. If rice is sufficiently estab
lished before the floods come, it will survi,,e them, 
but it is damaged by droughts if floods are late. 
Rice cropping is thus very hazardous. These con
ditions, over the last ten years, have resulted in a 
shortage of 1,000,000 tons of rice in one year and at 
least half a million tons in every year. Hence a 
stable food crop must be developed during the dry 
season. In this climate, this crop can be rice, but 
irrigation is needed for that purpose. 
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The quickest way to start the project was to 

pump directly from the river to those areas lying 

adjacent to the river. In order to acquire gravity 

command of large areas during the non-flood 

season, a fairly high diversion is required. Cons-

truction of this in a river whose flood stage is 

2,000,0G0 sec. ft. presents something of a problem. 

The pump irrigation scheme provides some relief 

and makes people familiar with irrigation. A bar-

rage is being planned for the Ganges which corn-

mands a fairly large area. However, there are high 

areas within the ,:ommand which will still need to 

be supplied by pump. Gravity irrigation develop-

ment using barrages in the northern part of the 

province is still under consideration. Construction 

of the required barrages is very expensive and un-

less there are large areas which can be commanded, 

the expense would not be justifiLd. individual areas 

in the northern part may be too scattered and 

may have to be served by individual pumping. 

Tubewells are being tried in the northern part of 

the province, where the sub-soils are coarser. Far-

ther down, they are too fine, and near the sea, the 

groundwater is saline 
In West Pakistan drains are classified as 

main drains, secondary drains and field drains, 

Only manual labor is used in maintaining the se-

condary drains. Large drains are cleaned by ma-

chinery every year or two. Field drains are the 
farmer's responsibility and are maintained by hand. 

Chemical control of weeds has not been used in 

drainage systems in Pakistan. Tile drains require 
slope and machinery to install. Cost estimates range 

in the order of Rs. 400-500 per acre. Use of tile 
drains would require electrical pumping machinery 
and its maintenance. Skillrd labor to install tile 
drains is not available Capital costs of open drains 
is Rs. 20 per acre, with about Rs. 15 for mainte-
nance. The value of land and productivity is not 

sufficiently high to justify tile drainage. In East 

Pakistan flood-ways through levees with one-way 
gates are being developed to protect the tidal lands. 

These also permit rain flood-waters to drain out 
on the ebbing tide. Pumps will be provided where 
the water level in the river is insufficiently low to 

provide drainage. During the periods of low rain-
fall, fresh water may also be added by gravity and 

pumped or drained on the ebb tides to assure lea-

ching of the salts. 

Fertilizer is not generally now used in rice cul

ture. However, this will be done in the future and 

research stations have been established to study 

the use of fertilizer under conditions of irrigation. 

In one instance, rice production was increased 

from 12 maunds per acre to 50 maunds per acre by 

the use of fertilizer with irrigation, although a fairly 

large amount of fertilizer, more than may be prac

tical under cultivation, was used. General drainage 

is good in East Pakistan- however, there are many 

saucer-like depressions which will need to be pump

ed out. Salinity is not a problem except as it re

lates to tidal floodiig. The production estimates in 

the report are based on average experience not 

using fertilizer, and while there is a fertilizer plant 

being constructed in East Pakistan, the present fi

gure was used because so much of agriculture is 

only under development and would not use fer

tilizer at first. The ,five firsts)) referred to in the 

paper are feed, fertilizer, plant protection, credit 

and improved cultural practices. 

Wells in West Pakistan are a minimum of 200 

feet deep. They are drilled until coarse sand strata 

at least 40 feet thick are encountered. This may 

be between 200 and 350 feet. Above this, water

bearing strata are of limited thickness. Some of the 

wells are sweet, some may need to be mixed with 

river water. The salts arise from the soils, which 

are inherently salty, not from the water itself. The 

well installation must be large enough to control 

the water table in order to provide drainage. The 

spacing of one 3 to 5 c.f.s. well per square mile is 

justified on hydrological considerations. Pakistan 
plans to lower the groundwater by at least 15 feet 

in order to accommodate reclamation operations. 

The soil profile indicates water table cuzjl.nr, 
with the deep aquifer and trial schemes have shown 

the water table to be lowered five feet in two years. 

It is planned to pump tubewells 22 hours out of 

each 24 hours, on an average, 300 days per year. 
The well water is needed for reducing the duty of 
irrigation to one second foot per 150 acres. Wells 

will furnish 1.2 second feet for each second foot 
from the surface system. Ghanat systems are not 

prevalent in the area affected by the wells. In India 
the capacity of the tubewells is I! second-feet on 
an average. 
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TURKEY
 

2. 	 CENTRAL ANATOLIAN PLATEAUINTRODUCTION 
This is a high plateau located in the cen-The total area of the Republic of Turkey is 


a 
 tral 	part of the country and it is divided into many77,698,000 hectares. Of this total area, section 
irregular areas by rivers. This region also has var

of 2,350,000 hectares is in the European portion. 

The breakdown of the land areas of Turkey is as ious landscapes, such as mountains, bench lands, 

closed basins and some narrow alluvial plains. E'efollows (1959): 
Total Area 77,698,000 Ha. vation varies between 900 and 1,50 meters. The 

greatest part of this plateau is suited for agricul-Wastelands 
use, especially for grain production.(mountains, lakes, etc.) 13,132,000 Ha. tural 

Forests 10,584,000 Ha. 

Pastures 28,658,000 Ha. 3. MOUNTAINOUS LANDS 

Agricultural Lands 	 25,324,000 Ha. The Taurus mountain range in the south, 

The foregoing figures show that the majority the Black Sea Mountains in the north and the Is

of the land (approx. 70 per cent) is not physically trance Mountains in the northwest are the main 

suited for agricultural use. These lands consist of landforms in this group, with elevations between 

mountains, lakes, deserts, lands with steep slopes, 1,500 and 4,000 meters in general. These lands 

barren rock, etc. Considering that population inc- show very rough relief and steep slopes, having 

reases at the high rate of 3 per cent annually and hundreds of meters of difference in elevation within 

that cultivable lands are limited, it becjmes neces- very short distances. Vegetal cover changes from 

sary to increase the yields per unit area in order weedy, mostly barren rocky surface to dence fo

to provide food for the population and to raise rests. A maioi part of these lands are covered 

living standards. In this aspect irrigation practices with snow for several months each year. 

gain importance in agriculturai activities in Tur
key.
 

4. 	 LOW BASIN OF TRAKYA 

These lands consist of the whole ETuropeanLAND FEATURES 
into portion of the country except the Istranca Moun-Physiographically, Turkey can be divided 

four segments having dissimilar characteristics: tain Ranges. It is an open and divided pla.n having 

undulated topography in the center. Soils are clay 

1. 	 COASTAL LANDS in texture over!yin,_ clay and gravel strata. The 

Lands lying along the coasts are included largest part of these lands is suitable for agricul

in this segment. In the north and in the south, high ture. 

mountain ranges stretch parallel, to the coasts, form

ing small terrace and bottom lands, with the ex- CLIMATE 

ception of some big alluvial deltas formed by ri- Turkey has several types of climate. However, 

sea level and 150 it may be considered to be in the subtropical zonevers. Elevations vary between 

meters. Soils are formed of clay and lime materials of the world. As a whole, in the country four sea

underlaid by deep sand, silt and clay strata. Sali- sons are distinguished. Along the coast winter is 

nity and drainage constitute the main problems on mild and rainy, while it is cold in the central and 

these lands. 	 eastern regions where snow remains a long time. 
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RAINFALL 
The main characteristics of the rainfall in 

Turkey are its nonuniform distributior during the 
year and its variation from region t(, region with 
respect to q',antity, incidence and duration. In 
some parts of Central Analotia, the annual mean 
rainfall is as low as 300 millimeters, while it is as 
much as 3,000 millimeters in the eastern Black 
Sea Region. 

According to the monthly variation of rain-
fall, Turkey is divided into two parts. As a result 
of a typical Mediterranean climate, in western and 
south Turkey it rains in winter whereas the sLIm-
mer is extremely dry. In the Black Sea Region the 
greatest amount of rainfall occurs in winter, with 

considerable amounts also in the summer. The 
eastern and central parts of the country receive a 
lower amount of rainfall in comparison with the 
other parts. 

FLOODS 
Floods in Turkey constitute a problem for 

human life and property and agricultural activities, 
Because of ihe physical features and the concentra-
tion of mountains in the country, practically L ery 
river basin has a flood problem. Investigations of 
flood damages were started in 1955. The results 
of these investigations may be summarized as fol-

lows for the five-year period 1955-1959: 
Floods hae occurred on 40,000 ha. in this 

period. Average annual damage was 30 million 
Turkish liras. However, the real amount of the an-
nual damages from floods is much higher than 
this figure because there are other damages which 
are impossible to measure, 

Damages have been recorded on 60 per cent 
of the 40,000 Ha. Fifty-seven per cent of the total 
damages occurred on agricultural lands. February 
is the month having the heaviest floods and is fol-
lowed by September, March and June, which are 
given in their order of importance. The western 
part of the country is most liable to flood damages. 

WATER RESOURCES 
When considering water supply for irrigation, 

rainfall must be eliminated as a source because it 
is too small or Unevenly distributed for good crop 
production. The remaining sources are: 

1. Rivers and streams 
2. Underground waters 
Turkey is divided into 26 basins. At present, 

reconnaissance investigations have been completed 
on 15 of these basins. The total annual mean dis
charge from rivers and streams is 193 billion cubic 
meters in these 26 basins. In II basins, which have 
a total of 62 billion cubic meters of annual mean 
discharge, 32 b'!1ion cubic meters of water will be 
stored to irrigate 1,148,772 Ha. For this purpose 91 
dams w'il be required. 

2. Underground waters 
In order to provide water for drinking, 

domestic use, and irrigation, resources and reserves 
of underground water have been investigated since 

1956. Wells drilled tIp to March, 1961, total 1,469. 
Of these wells, 295 were dry and 167 were arte
sian. The total yield of these wells reaches 14.5 
cubic meter/sec. 

EXISTING IRRIGATION IN TURKEY 
Government Irrigation Projects: At present 

there are 28 irrigation projects. These projects 
were planned to irrigate 190,000 hectares of land. 
During 1961, assistance was provided in irrigating 
104,110 hectares. The whole area was not irrigated 
during the period because the irrigation systems 
were not completed. 

In many of the existing projects, efficient use 
of water is limited because of the following fac
tons, which were also mentioned in the Third Se
minar: 

a. Insufficient land levelling 
b. Inadequately developed farm irrigation 

systems 

c. Inadequate or no provision for main and 

farm drainage 
d. Poor methods of irrigation 
e. Large water losses from primary and 

distribution systems 
f. Insufficient control structures in water 

supply and distribution systems 

g. Need for proper rotation schedules for 
water application 

h. Lack of weed control and decreasing ca

pacity of ditches due to siling 
Crop distribution in the existing projects dur

ing 1961 was as follows: 
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56.79 per cent, industrial crops (cotton, sugar-

beets, etc.) 
25.13 per cent, cereals (wheat, barley, etc.) 

14.35 per cent, orchard and truck crops 

3.73 per cent, forage crops 

Irrigation Projects Under Construction: At present 

there are I I projects under construction to provide 

water for 48,395 Ha. of land. 

The network construction of two projects has 

already been completed. These two projects will be 

in operation in the irrigation season of 1962, pro-

viding water for 11,850 hectares. 

PROPOSED IRRIGATION PROJECTS 
In Turkey the main occupation, of the people 

is agriculture. The Government has been giving 

full attention to this development, with emphasis 

on irrigation. For this purpose tile following prog-

ram is proposed. In tile next six years (1963-1968), 

83 major irrigation projects will be completed 

whereby 2,215,650 Ha. of ;and will be served. In 

addition, 476,000 Ha. will be protected from floods 

and 55,000 Ha. of swamps will be reclaimed, 

Private Irrigation Projects: Turkey has two kinds 

of private irrigation projects: 
1. 	 Projects which are built by the Govern-

ment and operated by farmers. 

2. 	 Projects which are built and operated by 

farmers. 
The first group covers a total area of 68,000 

Ha. 
For the second group exact figures are not 

yet available. 
Studies were completed for 15 provinces and 

they are continuing for the remainder. The total 

area covered by this group is estimated to be 

400,000 Ha. 

PROBLEMS IN IRRIGATION PRACTICES 

Salinity. The most serious problem in exibting 

and proposed projects is salinity. Most of the ir-

rigation projects are located on bottom land. These 

lands consist of alluvial soils with fine texture and 

soluble salts are distributed both in the profile 

and on the surface. On some of these lands salinity 

is increasing each year. 
Deficiency of Drainage. Much of the land ir-

rigated or to be irrigated has a high water table 

74 

with very poor quality. The electrical conductivity 

of these waters is in the range of from 5,000 to 

over 30,000 micromhos/cm. Mostly because more 

evaporation than rainfall occurs during the year, 

is always present. This situationcapillary rise 
causes or increases the salinity hazard. Every year 

is carried out in various irrigatedreclamation work 
areas. 

Irrigation Practices. This is another serious 

problem of irrigation in Turkey. Many irrigators 

do not know the answers to questions such as how 

much water should be applied, what method be 

used, when to irrigate, etc. Farmers are usually 

very conservative and they insist on labor-saving 

practices of wild flooding without giving considera

tion to whether they have row crops or steep slopes 

on their lands. Knowing this fact, the Government 

emphasizes training them in several ways and is 

placing increased emphasis on this program every 

year. 
Irrigation of Organic Soils. Draining of 

swamps which have peat and muck soils is creating 

new 	 problems such as selection of the proper irri

gation, fire protection and management practices. 

Exact information about these soils is not avail

able 	 but the total area is estimated to be around 

100,OCO Ha. Three of these swamps are already 

drained, an., the water table is lowered. This cre

tes 	 a fire problem in these lands because the far

mers are not familiar with the management of 

this 	 kind of soil and are careless. In 1961 work 

and 	 experiments on these lands were started. 

Other Problems. In addition to the problems 

described above, the following problems still main

tain 	their importance: 
1. 	 Insufficrint land leveling 

2. 	 Inadequate farm irrigation systems 
3. 	 The land ownership pattern, which pre

vents efficient layout of farm irrigation 
systems 

4. 	 The use of suitable implements 

IRRIGATION ORGANIZATIONS IN TURKEY 

Irrigation is a state responsibilty and either 

majoi or minor irrigation schemes are financed and 
handled by state organizations. The responsibilities 

for irrigation are carried out by the General Direc

torate of State Hydraulic Works (DSI) under the 



Ministry of Public Works, and the General Direc-	 The DSI has the following organizational 

torate of Soil Conservation and Farm Irrigation set-up: 

(Topraksu) under the Ministry of Agriculture. 1. Central Office 
and his staffThe responsibilities and the organization of (1) Director General, 


follows: (2) Divisions
these two departments are as 
a. 	 Investigations and Planning Divi

sionDIRECTORATE GENERAL OF STATE 
c. 	 Grcundwater DivisionHYDRAULIC WORKS (DSI) 
d. 	 Water Supply DivisionA. 	 The responsibilities of DSI 
e. 	 Machinery and Supply DivisionIn accordance with Law No. 6200, the 

Divisionresponsibilities of DSI can be summarized f. 	 Research 
g. 	 Operation and Maintenance Divias follows: 

1. 	 To build protective works against sion 
h. 	 Administration Divisonfloods, 

2. 	 To build irrigation works, i. Dams and Hydro-Electric Power 

Plants Division3. 	 To drain swamps, 
4. 	 To gener.ate hydro-power provided 2. Regional Offices 

that it is related to the above activi- Regional Directorates in 13 Sections and 

ties, and from other sources when their district offices. Regional directorates 

necessary, have, with some variations, the same units 

5. 	 To review, approve, and control the as the central office but on a smaller 

water supply and sewage disposal scale. 

plans for cities and towns and to car

ry out the planning and construction DIRECTORATE GENERAL OF SOIL 

of village water supply works, CONSERVATION AND FARM IRRIGATION 

6. 	 To improve streams and make navig- (TOPRAKSU) 

able 	 those which are deemed neces- A. The responsibilities of Topraksu 

This organization (which is a part of the Misary, 
7. 	 To provide for the functioning of the nistry of Agriculture) was established on Feb. 

projects referred to in the above ar- ruary 28, 1960, by Law No. 7457. 

ticles ,including operation, maintenance The duties of this organization are men

tioned in Article 2 of Law No. 7457 as being:and repair. 
to 1. To stop the erosion of lands suitable for

8. 	 For the projects referred to above, 

make gaugings, conduct experiments, agriculture, to prevent the accumulation 

of flood waters, to conserve the water in
compile statistics, conduct research 

the soil, and to secure the continuity of
and 	make various kinds of surveys to 

establish the type and charactei of the 	soil yields. 

improve, restore and develop the
soils and the kinds of crops to be 	 2. To 

with wild olives, carobs,raised, to evaluate the agricultural areas covered 

to be derived mastics, brushlands, maquilands, and na
and economic benefits 

and the degree of productivity to be tive pastures, owned by the state or pri

obtained, and, when demed vatenecessa-	 parties. 
to prepare basin development 3. To render suitable for agriculture alkali, 

plans, acid, stony or turfy lands which are own

make or have made all kinds of 	 ed by the state or private parties.
9. 	 To 

4. 	 To level lands suitable for agriculture,surveys and plans for the projects 
to arrange field irrigation turnouts, to

mentioned above, 
secure any agricultural irrigation work

B. 	 The organization of DSI 
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and all other important works for the pur-
pose of realization of land irrigation by 
profiting from existing irrigation networks 
owned by the state or private parties. 

5. 	 To install and operate irrigation in ins-
tallations with a re.-quirement of up to 500 
lit/sec of irrigation water. 

6. 	 To perform all kinds of studies and ana-
lyze and prepare soil maps in order to 
classify and group the soils from yield, ir-
rigation, drivinage and reclamation points 
of view. 

7. 	 To determine the procedure and stan-
dards to be followed in soil classification 
and soil studies. 

8. 	 To perform experimental and research 
work, to train qualified personnel and to 
provide technical assistance related to 
conservation of soils and soil yields, land 
reclamation, and irrigation, 

9. 	 In order to carry out activities such as 
irrigated agriculture, and soil conserva-
tion, Topraksu is empowered to enter into 
joint ventures with operational organiza-
tions that have rotating capital, to arrange 
partnerships among the operational orga-
nizations and corporations, to provide lea-
dership in ventures dealing with irrigation 
and conservation, and to sign contracts 
with construction organizations or contrac-
tors. 

10. 	 Upon the suggestion of the Ministry of 

Agriculture and with the approval of the 
Council of Ministers, to provide land 
groupings in accordance with existing re-
gulations, so that restrictions in land use 
may be imposed fc, good soil conserva-
tion and agricultural practices. 

B. 	 The Organization of the General Directorate of 
Topraksu 

1. 	 Central Offices 
1. 	 Director General apd his staff (work 

units and Advisory Committee) 
2. 	 SectionsIRRIGATION 

a. 	 Small water development section 
b. 	 Farm irrigation section 
c. 	 Drainage and reclamation section 
d. 	 Soil conservation secti,-' 

e. 	 State land improvement section 
f. 	 Soil survey and land classification 

section 
g. 	 Cartography section 
h. 	 Machinery section 
i. 	 Research works section 
j. 	 Education information and for

eign relatioas section 
k. 	 Administration section 
1. 	 Accounts section 

II. 	 Regional Offices 
Regional Directorates, Soil and Fertilizer 
Research Institutes, Irrigation Research 
Institutes and Stations, Experimental 
Farms for Irrigated Agriculture, Soil Con
servation Centers, Training Centers, Equip
ment Supply Department and Field Divi
sion. 

At present, the General Directorate 
has the followinm active organizations: 
Main office, seven Regional Directorates, 
twenty-two works units, Soil and Fertiliz
ers Research Institute, six Regional Soil, 
Laboratories, two Irrigation Experiment 
Stations, an irrigation Research Institute 
for Irrigated Agriculture, one Soil Con
servation Center, one Equipment Supply 
Department, one Training Center, and nine 
Operational Organizations with Rotating 
Capital. 

There are also the South Regional 
Directorate, the Adana District Develop

ment Section, the Tarsus Irrigated Agri
cultural Research Institute, the Topqu 
Land Conservation Station, the Alifaki Sa
line Soil Reclamation Substation, the 
Tarsus Training Center and two organi
zations having rotating capital which car
ry out construction contracts for the far
mers. Organization and staffing of work 
units is also in progress. 

ACCOMPLISHMENTS ON FARM 

Training. During 1961, the Tarsus Training 
Center trained 102 professionals (agricultural engi
ners) on different subjects and 32 sub-professionals 
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(surveyors) on land survey, 
Presently training is being held at three dif-

ferend levels. 
At Bornova-lzmir an additional Topraksu 

Training Center has been established this year. 
Demonstrations. Some demonstrations have 

been decreased as farmers learned how to do them 
by themselves, and some new demonstrations have 
been held in the northwest, west, central and 
southern parts of the country. 

Land Leveling. During 1961, 3,485 Ha. of 
land were leveled with equipment provided by Top-
raksu and payment of the costs by the farmers un-
der the suervision of Topraksu. 

CREDITS FOR FARM PLANNING 
In accordance with the Article 21 of Law 

No. 7457 (which describes the responsibilities and 
organization of Topraksu), work was started on 
the design and construction of irrigation projects 
for farmers by providing necessary credits from 
the Agricultural Bank. These credits are given fol
lowing a joint protocol between Topraksu and the 
Agricultural Bank, with interest of 5 per cent for 
the 	 term of 29 years.In 1961 it was not possible to provide credit 
to meet all deands. The total amount of credit 

extended was 6,112,290 Turkish liras, which were 
distributed among 447 farmers to provide water 
for 3,227 Ha. of land. These credits will be increa-sed n th comng
yars.74 

sed 	 in the coming years. 

DRAINAGE, LAND CLASSIFICATION 
w AND SOIL SURVEY FOR IRRIGATION 

PROJECTS: 

Investigations on soils and drainage problems 

are in progress, with an increasing effort being 

made by DSI and Topraksu. The land classifica-

is carried out to determine the extenttion work 
and degree of suitability of lands for sustained ir-
rigation of proposed irrigation projects. 

These investigations are of two types: 
I. 	 Land classification for planning purposes. 

This is between reconnaissance and semi-
detailed types. 

2. 	 Detailed land classification, which is car-
ried out for definite planning. 

From 1954 to 1960 the planning type of land 

classification was carried out on 2,186,385 Ha. 
In the period 1960-1961 the following soil 

investigations were completed: 
1. 	Land Classification 

a. 	 Planning land classification on 
600,800 Ha. 

b. 	 Detailed land classificatiun on 16,500 
Ha. 

2. 	 Basic Soil Surveys on 42,500 Ha. 
3. 	 Survey for Soil Conservation on 787,300 

Ha. 
Drainage investigations have been made since 

1958. From 1958 to 1960, 663,500 Ha., and in 1961, 
410,000 	 Ha. of lands were covered by drainage 
investigations. 

CONTROL OF IRRIGATION PRACTICES 
In 	 order to prevent water loss and to train 

irrigators in irrigation methods, irrigation practices 

were demonstrated on land areas of 20,000 Ha. 
under the supervision of an irrigation engineer. 

Famoirations 
D 	 ortiosFor 	 the purpose of showing good use of irri

gation water and of getting high irrigation effi
ciency, a demonstration was carried out on 131 ha.
of lands within the 'umra Irrigation System near 

In Village in wony9fd eng
 
7 n this areaitere tre 9ieldblongi o
farmers. Considering the distribution of owner

ship, the number of fields was reduced from 90 to 

74 by consolidation. After installing a new farm 

irrigation and drainage system, irrigation has 

been under control. 

Another demonstration has been held on 364 

ha. of lands belonging to 132 farmers for the de

velopment of unit Y-4 in the Tarsus-Berdan Irriga
tion System. 

PROGRESS MADE ON RECOMMENDA-
TIONS 	 OF THE PREVIOUS SEMINAR 
All of the recommendations of the last semi

nar are being carried out. 
The 	 progress made is summarized as follows: 
1.Administration. As we mentioned above, 

the General Directorate of Conservation 
and Farm Irrigation, Topraksu, has been 
established. 
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Organization of this department is 

underway. 	 Two new Conservation and 

Farm Irrigation Training Centers have 

been opened. 


A joint committee of DSI and Top-

raksu staff members has been formed to 

discuss problems and programs, to estab-

lish pr!.Jrities for mutual activities and to 

make the necessary decisions on every 

point for the irrigation development of 

the country and for better coordination 

between the two departments. 

2. 	 Research and Experiments. Two new sub-

stations have been established to find out 

the possibilities of reclamation in saline 

areas. 

At 	 Izmir a joint drainage office has 

started to 	 make a drainage design of the 

Menemen 	 Irrigation System, and for this 

purpose an experiment has been held on 

300 ha. of land in the system. 

3. 	 Operations. On the various aspects of ope-

ration, 	maintenance and rehabilitation, ac

being carried out :uccessfully.ti,ities are 
land levelling, TopraksuDISCUSSION: Regarding 
use of equipment. The

instructs the farmer in the 

farmers disposed of animals when power equipment 

came in. Large equipment is favored because of 

the efficiency of technical supervision. Farmers are 

if they wantencouraged 	 to use small equipment 

to. 


There are 	 perched water tables in Turkey. 

more favorable conditions areAreas with the 

being developed first. In the Adana region some 

soils are underlain by impermeable material. 

Topraksu develops plans for land 

The farmer repays the revolving fund on 

tion. This is about a 50 per cent subsidy. 

sent there is no way to use the subsidy 

done by private contractors, although this 

levelling. 
comple-
At pre
on jobs 
is being 

studied. In addition to its revolving funds, the Agri

cultural Bank may loan money for levelling under 

a plan approved by Topraksu. Repayment terms 

are 	based on the crop. 
Demonstrations are at first single-purpose. 

Multiple-operation demonstrations are now carried 

out in the larger areas. 

Most projects are initiated under the demand 

system, but this is switched to rotation as the pro
ject develops. Penman or Blaney Criddle methods 

are used to estimate requirements. A common al
lowance is one liter per second per hectare. 

Pan 	 formation by heavy equipment has not 

Plow pans 	 at 15 cm.been considered a problem. 


depth have been broken by deep plowing to 35
 

cm. 	 in the lzmir region. 

Spiinkler equipment has not been used exten

sively in Turkey. Since it is not manufactured in 

tloe country, other means of irrigation will be sought 

for areas where sprinkling might otherwise be desir

able. 

YEMEN
 

Yemen is a small country in Southwest Arabia, 

en the Red Sea between Saudi Arabia and the 

Aden Protectorate. It is the garden area of Arabia. 

With approximately 500 mm rainfall in the central 

mountainous area, and a considerable extent of 

arable land, its agricultural production supporting 

a population of 4,000.000 is perhaps greater than in 

all the rest of Arabia. 
Yemen is now emerging from a long period of 

self-imposed isolation, has recently established dip

lomatic relations with several nations and is begin

ning to enjoy the advantages of these contracts. 

Agriculture is the whole economy of the Ye

men. There is no manufacturing, no extraction of 

minerals, 
exporting 
principal 
and hides 

no invisible exports such as tourism. The 

of agricultural products has long been the 

source of foreign exchange. Coffee, qat 

have earned the exchange by means of 
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which the country has imported the basic necessi-
ties-cloth, sugar, tea and manufactured goods. 

In Yemen agriculture, irrigation plays a vital 
role. Lacking official statistics, it may be estimated 
that perhaps as much as one-fourth of all agricul-
tural production comes from land that is irrigated 
to some extent. 

The Yemen farmer is a very good farmer, di-
ligent and industrious in the use of his land and 
the care of his crops. Most of the cultivated land in 
the hill and mountain country has been re-shaped 
into essentially level fields surrounded by dikes 
that retain rainstorm run-off water brought in by 
ditches from adjacent uncultivated areas. This sup-
plemental irrigation, added to the rainfall, results 
in an important increase in hill-country production. 
Here, the Yenieni farmer is so careful in the 
management of his land that throughout the moun-
tain region there is almost no raintorm run-off 
from farmed fields and almost no soil erosion. 

There are numerous small mountain streams 
with perennial flow extending from source areas 
high in the mountains to the point where the 
heights end abruptly on the flat, sandy coastal 
plain bordering the Red Sea. On the plain, the 
streambeds become so wide and sandy that the 
small perennial flow quickly disappears in the 
sands. Even 'he largest of the many streams 
reaches no more than two or three kilometers beyond 
the base of the mountains. 

Generally, the mountain valleys are steep and 
narrow. Wherever small tracts of valley benchland 
occur, these are cultivated ind irrigated. Water is 
diverted from the stream and applied to the land. 
Where ample amounts of animal manures are 
frequently used, crop yields are generally fairly 
good, The sum total of all these small irrigat-
ed valley benchlands is not large, however, 

Intense rainstorms in the summer rainy sea-
son usually produce two or three short but intense 
floods. These floods, with high peak discharge rates, 
come rushing out of the mountains and flow out 
on to the flat coastal plain. On each of the major 
streams, the flat land adjacent io the stream chan-
nel is extensively developed for flood irrigation, 
Actually, the total plains area irrigated periodical-
ly, but usually inadequately, by flood irrigation 
is much greater than the sum of the better-irrigated 

valley benchlands alongside perennial streams in 
the mountains. 

The flood flow is diverted from the stream 
channel onto the fields of the coastal plain through 
many diversion structures serving many irrigation 
canals. Thus, the stream ends in a true delta, with 
the flood flow divided into numerous small com
ponents, each of which is completely used up for 
irrigating adjacent land. Further, ev'ch of these 
deltas is completely land-locked, completely sur
rounded by desert land. The deltas themselves, 
however, benefiting by the centuries-long accumu
lation of fertile sediment brought down from the 
mountains in the floodwNaters, prodtuce good crops 
wherever sufficient floodwaters are available. 

These deltas are all over-developed in the 
sense that a greater area is (liked and prepared for 
cultivation than can adequately be watered by the 
normal seasonal floods. The reason for over-deve
lopment is that large floods destroy the diversion 
dams at the upper part of the delta, and the flood
water continues on down the stream channel, its 
volume progressively diminished by infiltration into 
the sandy stream bed, until the flow becomes small 
enough to be diverted into the canals at the lower 
end of the delta. These lower-delta fields receive 
limited irrigation only once every two or three 
years-not frequently enough to produce very much. 
The failure of the Lipper delta diversions results in 
much water wasted by percolation in the stream 
channel and infiequent, ineffective irrigation of 
lower-delta fields. 

The Government of Yemen has become in
terested in a program of water resource develop
ment, with the objective of accomplishing more 
adequ:ate irrigation on land that is now under-ir
rigated. The U.S.A.I.D. has been requested to under
take some work that will augment the supply of 
available irrigation water. 

The job to be done is that of taming the 
floods, controlling them so that flood peak dis
charge rates will be materially reduced and the 
period of floodflow extended in time. This calls for 
regulating reservoirs that will hold back a sizeable 
portion of the flood volume until some time after 
the flood peak has passed, subsequently releasing it 
at a controlled rate that the downstream irrigation 
diversion structures can withstand. 
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When streamflow regulation-that is, flood 

control-has been achieved to the extent that the 

diversion structures remain intact and keep their 

canals flowing throughout the floodflow event, there 

will have been accomplished a very significant in-

crease in the amount of water placed on the fields; 

and, further, the upper-delta and central-delta 
fields will receive irrigations more frequently and 

more adequately. One suitable drainage basin has 

been selected for the first development project. 

Construction of the first flood-regulating dam is 

scheduled to commence shortly. 
Other works will be needed in order to con-

serve the limited water supply as demand becomes 

more intense in the future. Following the accom-

plishment of streamflow regulation by regulating re-

servoirs, the next step is the construction of pernaa-

nent diversion structures and lining of the canals 

which they ser- e. All the normal steps or processes 

of preparing lateral canals and field water control 

devices and reshaping the fields into a modern sys-

tem can become the ultimate goal. For the present 

only the first step can be definitely anticipated and 

programmed. 
There are other water resources that can be 

developed for irrigation. There is apparently a very 

large potential for development of groundwater. 
There is a cosiderable amount of irrigation from 

wells in two areas: (I) a mountain plateau area 

around the city of Sanaa, and (2) a long strip of the 

coastal plain adjacent to the mountains. It appears 

probable that the present extent of irrigation from 

wells can be expanded as much as ten times 

without an overdraft on the groundwater reservoir. 

Especially on the coastal plain, there is a nearly 

continuous strip of land more than 200 kilometers 

long by 10 to 20 kilometers wide, most of which is 

beie,,ed to be underlaid with groundwater at a 

depth that usually ranges, at different localities, 

between 10 and 30 meters below the surface of the 

land. Here there are large areas of good land, not 

now productive because rainfall is on the order of 

100-150 mm annually, but suitable for irrigation. 

Any significant national program in the develop

ment of well irrigation will require time, skills and 

capital such that the program cannot be commenc

ed at the present time, however. 

DISCUSSION: Durum, or grain sorghum, is the 

principal irrigated crop. This crop can withstand 

droughts or intermittent rainfall and still produce 

better than any other crop. It is the principal food 

of the Yemeni. The second most important crop 

is maize or corn. This can be produced only where 

irrigation water is available essentially on demand. 

In the mountains where there are small perennial 

streams, maize is preferred. 
The rain begins in March and tapers off in 

June, starting again in September and ending in 

November. There is some rainfall in every month; 

however, the November to February amount ranges 

from 50 mtn. in the north to 100 mm. in the south. 

The Yemeni farmer keeps his ditches clean and 

allows no erosion. He permits no run-off from his 

cultivated land, and indeed captures run-off from 

adjacent rocky areas. Modern techniques such as 

plant breeding, pest control and commercial ferti

lizer are unknown. 
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CHAPTER V 

EDUCATION AND ON-THE-JOB TRAINING
 

AFGHANISTAN 

Education is needed, especially in techniques 

and in farmer education. Good production of 

agricultural materials is handicapped because there 

are not educated farmers. A number of educational 

projects hae been undertaken in the past few 

years. Groups of extension workers exist to help 

farmers by giving them advice on the use of water 

and on irrigation practices. The program is handi

capped because of the lack of experienced people 

who can train farmers. In the future, a great num-
ber of technicians at the farm level are proposed. 

At the end of five years these technicians might take 

care of at most 20 per cent of the farmer popu-
lation. 90 per cent of the farmers are not traii;ed 

and everything is done the customary old way. 

Irrigation practices are deficient. Modern machinery 

is not applied to any great extent and then 

only in modern projects. Use of modern machinery 

is prevented in many cases by the topography of 

the country, but where the topography permits, 

we are trying to utilize modern machinery. 

The greatest problem so far is how to operate 

and maintain and get the most out of those pro-

jects which have been constructed by modern ma-

chinery. Training is the solution, but the expected 

capacity is not sufficient, and will not be sufficient 

for at least ten years. The low rural literacy in the 

country is the biggest and most important handi-

cap. The Government administrative organiza

tions, including the Ministry of Agriculture and 

the Helmand Valley Authority, have joined efforts 

with the farmer for on-the-job training programs. 

For the Helmand Valley. extension workers 

and village improxement workers are also being 

traned. About 80 have been trained so far by a 

one-year program. There a limited number of far

mers who can be tiained. In the last year or so. 

sone water masters and ditchriders have received 
training-mostly practical training in the operation 
of canals. A Course to train those who are training 

water masters has been started. These trainees 
are mostly college graduates: these are in short 

supply. 

DISCUSSION: Extension workers on new projects 

range from high school graduates to a limited 

number of college graduates. The standard of liter

acy among farmers is now only 5 per cent. 

However, their sons are 90 per cent literate and 

can be used to convey information to their fathers. 

An agricultural school was established eight years 

ago and graduates about 80 per year, an agri

cultural college was established six years ago and 

graduates about 30 per year. These numbers are not 

adequate, however. 
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CEYLON
 

The establishment and maintenance of an irri- (5) Operational staff for water resources in

gation project may be subdivided into the following vestigation 

stages, each stage requirin the services of techni- (6) Soil testers and analysts 
staff for construction workcal officers trained to execute the specialized work (7) Supervising 
staff for maintenance ofin every case: (a) Investigation, (b) Planning and (8) Supervising 

Design, (c) Construction, (d) Maintenance of Corn- completed works 

pleted Work, (e) Water Distribution, and (f) Culti- (9) Labor supervisors 

vation Administration. (10) Cultivation officers 

Although the basic principles of irrigation (11) Land development officers 

a-e the same, the amount of data that need to be (12) Operational staff for mechanical 

collected for the execution of work undertaken equipment and machinery 

will depend oil the magnitude of the project envi- (13) Staff for maintenance and repair of me

saged: and the technical personnel that will be re- chanical equipment 

quired for this full investigation will likewise be re

lative. The restoration or new construction of a 1. ENGINEERS: 
of Of late, there have been no direct recruitssmall village irrigation reservoir for the benefit 

to this grade. Most of them are promoteda small rural community whose wants are few and 

limited will require less investigation and planning from the assistant engineer grade after they 

than a large project committed to rehabilitate a have had sufficient training and experience 

and gain their chartered membership. Directlarge interracial community and to provide all the 

necessary social and economic amenities. entrants to the assistant engineer grade are 

Execution of the construction program and recruited from engineering graduates, invari

the from the University of Ceylon, incompleting it in all respects will also require ably 
subject is not established.servik:es of technicians trained in their own branches which irrigation as a 

their experienceof specialty. The strength and types required de- They have therefore to gain 

pend, as before, on the magnitude of the work in the field. With the introduction of new 

concepts and theories in design and modernundertaken. 
Maintenance of completed work, water distri- methods of construction, the training of the 

bution, and cultivation administration will be more assistant engineer on the job has to be well

uniform and will therefore be independent of the organized. Departments concerned with irri

magnitude of the scheme. The types of personnel gation and its practices made every effort to 

with this aspect of the work will make the young trainee follow an intensiverequired to deal 
not be so varied as in the two categories afore- four-year course in irrigation practices before 

he is deemed fit to undertake responsiblementioned. 
The types of technical personnel required and work o, be given charge of field work. 

trained in Ceylon can be categorized into the fol- The four-year course consists of one to 

one-and-one-half years of training in fieldlowing: 
(I) Engineers construction. During 	this period, the trainee is 

(2) Technical assistants 	 invariably attached to one of the major con

(3) Civil engineering draughtsmen 	 struction projects wherein lie is trained in the 

(4) 	 Operational staff for foundation investi- method of constructing earthen bunds and 
earth moving equipment,gations-drilling crew 	 channels using heavy 
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its operation and 
specifications in the 
purtenant structures, 
the execution or its 

cost, the testing of its 
field, construction of ap-

labor organization in 
work, costing and comple-

tion. The training also includes site investiga-
tions and setting out and construction of the 
distributary system and structures. This in-
volves surveying, foundation investigation, 

modifying or re-designing of working plans, and 
perhaps re-blocking-out of already alienated 
lands to suit the modified system. During the 
next year of training, he is attached to an 
office wherein he is trained in office administra-

tion and departmental procedure. During the 
next two years of training, he is attached to 
a central designs office wherein he is trained 
in design woik, in coordinating and computing 
the data gathered in field investigations for 
such design work, and in estimating and cost-
ing. The trainee is not given one particular 

job during his period of training, but is made 
to shift from one type of work to another so 
that he gets technical experience in every 
branch of the work. During this period, he 
works under the guidance of an experienced 
engineer, 

2. 	 TECHNICAL ASSISTANTS: 
There are three main established Techni-

cal Training Institutes that train junior techni-
cal officers. In addition to this, the Irrigation 
Department of Ceylon has established its own 
training center. The minimum qualification for 
a trainee entrant to this grade is a Senior 
School Certificate with mathematics and me-
chanics or physics as oftered subjects. To 
execute the country's development program, 
technicians are absorbed into many branches 
of engineering. The technical trainee has to 
follow a two-year academic course in any 
of the technical training institutes, during 
which period practical surveying and leveling 
are taught. Lectures are conducted on the 
following subjects: 
(a) 	 Higher mathematics 
(b) 	 Irrigation 
(c) 	 Hydraulics 
(d) 	 Surveying and leveling 

(e) 	 Elementary strength of materials and 
theory of structures 

(f) 	 Simple designs 
(g) 	 Mensuration and quantities 
(h) 	 Building construction 

The training center established by the Ir
rigation Department place:; greater stress on 
practical work during the two-year course, 

wherein practice in surveying and leveling is 
given in the course of site investigations, full 
investigations into the restoration work of ruin
ed irrigation reservoirs, road tracing and de
siens, and investigations into the proposed in
provement to the existing work. 

At 	the end of tl~e two-year period, depon
ding on the results of the final examination, 
the trainee is appointed to the field as a pro
bationary assistant. In the field his training is 
in greater detail and is more varied. He is 
made to assist a senior technical officer at

tached to a worksite, and may be stationed 
there for a considerable period. During the 
course of field training, he may be attached to 
the Water Resources Investigation Division, 
the Soil Investigation Division, construction 
projects small and large, and to a division en
gaged in the m~aintenance of completed work. 

At the end of ten years, he gathers sufficient 
experience in all branches of irrigation practice 
and is eligible for promotion to a higher class 
in the same grade on showing merit in a 
qualifying, examination conducted by the De
partment. 

3. 	 CIVIL ENGINEERING DRAUGIITSMEN: 
All three technical schools on the Island 

train officers for this grade. The minimum 
qualification for a trainee entrant is the same 
as that for a technical assistant, but this train
ing course is limited to one year, during which 
time he is taught the rudiments of applied 
mathematics and mechanics, practical survey
ing and leveling. This training is limited to 
the translation of details from the surveyors' 
field books and level books for detail drawing, 
although sanitary engineering and the art of 
draftsmanship are introduced. His first ap
pointment to a Government department is as 
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an apprentice and he gains his experience in 

the various drawing offices attached to the 

field. Success in the final examination con-

ducted by the department qualifies him to be 

confirmed in the post. During his apprentice-

ship period, he is made to assist in the prepa-

ration of plans from design notes given by 

the engineer, modify working drawings, pre-

pare plans for minor stiuctures and distribu

tion sy:;tems from design data given, or trans-

late the field survey book data into working 

drawings. Periodic transfers to various work-

sites give him an opportunity to acquaint him-

self with every possible type of drawing work. 

After a given period of years, depending on 

the department to which the trainee is attach-

ed. he must be successful in the senior quali-

fying exam to gain promotion to the higher 

class, 

4. 	 OPERATIONAL STAFF FOR 

FOUNDATION INVESTIGATIONS: 

Drilling crews, soil testers and analysts 

can be in,iuded in this category. 
A trainee at this grade is recruited from 

the junior technical officers, who have to fol-

low a two-year course at the technical training 

institute. His training consists of one year in 

the central laboratory, where he is Irained to 

carry out laboratory tests on specimens sent 
from field. He is also given instruction in the 

theory, so far as is necessary to carry out 

these tests. After this period, he is attached to 

the field, working under the guidance of an 

experienced technician engaged in collecting 

specimens in the fieid, carrying out tests on 

them to collect relevant data, and carrying out 

specification tests during construction. 

5. 	 LABOR SUPERVISORS: 
At worksites where large gangs of un-

skilled labor are employed, the services of labor 

supervisors are necessary. They are required 

to control the labor employed on outine work 

such as clearing of bunds and channels, road 

maintenance, etc. The only qualification neces-

sary for entering this grade is the ability to 

read and write and competence to control la

bor. The more able officers are attached to 

worksites where skii!cd work is executed, but 

in the same capacity. This affords them an op

portunity to gain experience in setting out and 

executing skilled work and the control and 

distribution of labor. 

6. 	 STAFF FOR SUPERVISION OF 

CONSTRUC'!ON WORK: 

Except in the case of very important work

sites where specialized superintendence is re

quired by a higher grade of technical officer, 

the execution of routine work on small work

sites and the labor mamngement on larger ones 

is entrusted to this officer. This grade of offi

cer earns his promotioo from the previous one 

and his admission depends entirely on the merit 

shown and the experience gained as a labor 

are maintainsupervisor, the records of which 

ed in his personal file. During his early stages 

of training, when he is attached to a work site 

under the control of the senior technical of

ficer, he is instructed in methods of setting 

out, specifications for different types of work, 

the rudiments of surveying and leveling, the 
maintenance of cost records and the proper 

distribution of labor. 

7. 	 SUPERVISORY STAFF FOR 
MAINTENANCE OF COMPLETED WORK: 

These officers are promoted from the 
grade mentioned above, i.e., (6). In the early 

part of training, these officers are instructed 

in thtcontrol and issue of water and its proper 
distribution and consumptive rates. As they 

are a more independent class of officer, they 

are trained to be competent in the setting out 
of work, the estimating and carrying out of 

minor repairs to the distributary system, and 

in taking measurements of such works. 

8. 	 CULTIVATION OFFICERS: 
The land alienated for development under 

an irrigation project is under the control of 

the Revenue Officer of the area, who also 
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controls the type of cultivation to be done, 
the extent of such cultivation to be undertaken 

for the season, and the cultivation period. 
The direct control of this program and the 
superintending of its specifications is done by 
the Village Cultivation Officer, who also acts 
as liaison between the cultivator and the Re-
venue Officer. Recruitement to this grade is 
from the junior technical officers who have 
undergone a two-year course at a technical 
institute. The trainee gets his training entirely 
in the field while working under the guidance 
of the cultivation superintendent. During his 
period of training, he is instructed in sur-
veying and leveling, the consumptive rates of 
water, estimating and executing minor repairs, 
measurements of completed work and routine 
administration. After a period of two years, 
he is eligible for promotion to a higher class 
if successful in the senior qualifying exam 
conducted by the Irrigation Department. 

9. LAND DEVELOPMENT OFFICERS: 

On completion of an irrigation project, 
the land under it is alienated for develop-
ment. The land development officer is in char
ge of the amenities necessary for the rehabili-
tation of the cultivator in his new surroudings. 
The trainee is a junior technical officer from 
one of the technical institutes and gets Ilis early 
period of field training under the guidance of 
an experienced field officer. He is instructed 
in practical building construction and jungle 
clearing, leveling and ridging of the area to be 
cultivated and generally in making the land 
alienated to the cultivator ready for cultiva-
tion. 

10. OPERATIONAL STAFF FOR 
MECHANICAL EQUIPMENT AND
 
MACHINERY:
 

There is a training program for all grades 
of mechanical engineers and technicians with
in the department. Although these officials 
help operate and maintain the many mechani
cal pieces of equipment and appliances ne
cessary for the field execLtion of irrigation 
programs, their work has no relation to irriga
tion practices, and, as such, no details of their 
trainng program will be given here. 
In the execution of construction and the 

maintenance of irrigation wo*rks and the practices 
of irrigation, many technicians of different grades 
and skills are required. A country that has under
taken a heavy program of development work must 
have within its organization an organized scheme 
of training for its personnel. 

Countries whose economy is dependent on 
agricultural development might consider it prudent 
to establish irrigation as a subject in at least some 

of their universities, and request these universities 
to pursue research into new and more efficient 
methods that may, in time, turn out to be es
tablished practices. 

DISCUSSION: Considerable discussion arose re
garding the role of the revenue officer. The ques
tion was raised of whether the revenue officer 
would give the best cropping pattern from the point 
of view of the farm because of his interest in 
tariffs. It was pointed out that the revenue officer is 
responsible to a farmcrs committee. However, he 
is the chairman. This system may not be the best, 
but is the law. The problem is mitigated some
what, however, since only one crop, rice, is ordi
narily grown. 
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INDIA
 

The India Country Report covered also edu-
cation and on-the-job training. Furthter discussior, 
by Mr. Mital amplified these subject., as summa-
rized below. 

In order to provide practical training to en-
gineers and cultivators and to give them more in-
tensive training in irrigation practices, varicus semi-
nars and conferences are provided. These are 

organized not only by the departments but by other 
agencies as well. The village-level worker or gram-
seval is expected to provide training for the farmer 
in the field. Schools for village people wherein the 
use of modern agricultural equipment will be 
taught haxe been started. Demonstrations are held 

IRAN
 

The training of farmers is under the Exten-
sion Service. There are about 700 extension wor-
kers and 200 to 250 agricultural engineers. There 

are about 200 home economics agents, who work 
with the women. Specialists are available in the va-
rious technical field:;. Every year there is a training 
course and there are regional seminars for training 
extension people. During the two years, two new 
agricultural colleges were established, which brings 
the numbei to six in the country. These are in Karaj, 
Dabriz, Shiraz, Ab~is, Isafan and Meshed. Karaj 
College has eight divisions, one of which is irriga-
tion. It is a four-year course leading to a degree in 
engineering. Students work on the farm; there is 
one 100-hectare farm at Karaj and another one of 
500 hectares. Now the agricultural colleges can 
accept 250 students each year. Under the five-

both on demonstration farms and in the cultiva
tors' fields. Water-saving methods are demonstrat
ed to the farmers oil these farms. Under the ,.pack
age program,,, there will alsc ne facilitiL.- for demon
stration at the seven chosen sites. We are now 
using village workers who are farmers trained by 
the gramsaveks and who can persuade other far
mers to follow the advice of the viiiagL extension 
worker. Even so, extension of the work directly to 

the farmers is the most immediate problem. Setting 
up farmers' schools and irrigation extension 
services in all of the states is under consideration. 
To train those responsible for the training of ex
tension workers, schools are being set up. The first 
of these will be held in south India next month. 

year plan, this will be increased to 1,000 students 
in three years. The irrigation curriculum includes 
hydraulics and structures. The Karaj faculty is all 

Iranian. Faculties in Shiraz and Dabriz contain a 
small percentage of French, German or American 
teachers. 

There are i-ore than 100 agricultural high 
schools. Towns of more than 1,000 population also 
have primary schools where agriculture is taught 
the fifth and sixth years. Like the 4-H in the Unit
ed States, and the 4-K in Turkey, Iran also has the 
4-T for young farmers. There are two civil en
gineering schools in Iran in addition to the one at 
Abadan, which is in connection with the oil indus
try. There are six science faculties in Iran. Also 
there is a Polytechnic Institute which has about 18 
branches in technical subjects. 
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There are about 
which students go 
school. Students from 
one of approximately 

400 secondary schools to 
after they finish primary 

primary schools may enter 

100 agricultural high schools. 
Karaj College has been accepting about 250 students 
per year, the other colleges only about 25. 

However, Shiraz and Tabriz have increased this to 

about 100 this year. About 400 graduates are pro

duced each year, most of whom go to work for 

the Government, although some go to work for 
private societies or for farms. Some go on for ad

vaiced education overseas. The six universities of 
Iran accept from 4,000 to 6,000 students each 
year. Approximately 14,000 are graduated from 

high school. 

JORDAN
 

The Jordanian Government realizes the need 

for training in irrigation. Considerable agricultural 

and irrigation development work has been done 

recently by both the Central Water Authority and 

the East Ghor Canal Authority. It has not been 

possible to start training in irrigation in a formal 

manner. The new Agricultural College has been in 

existence for one year and is planning to offer 

courses in soils, irrigation, drainagc !id surveying. 

This would be the start. The East Ghor Canal 

Authority therefore had to plan a special program 

of its own to train its extension agents in irriga-
tion. This program served the purpose of training 

both Authority employees and Ministry of Agri-

culture employees. This paper will report on this 

special program. It is hoped that it will be expand-
ed in the future to serve as a training program in 

other parts of Jordan. 

SITUATION 
A. 	 The East Ghor Canal Project is an irrigation 

project designed to irrigate upon its comple-

tion about a half million dunums. The first sec-

tion of the first stage, 34,500 dunums (8,500 

acres), was brought under irrigation about nine 

months ago. Roughly 8,500 dunims never had 

received irrigation water before. Eighty per 

cent of the land slopes from I to 5 per cent, 

the remaining less than I per cent. The supply 

of irrigation water for lands of a I to 5 per 

cent slope greatly e. ceeds the farmers' de

mand. However, in the future they will have 

more available land than water for irrigation. 

Thus irrigation water will become very scarce 

and each drop of waste will count. 

B. 	 Farmers background and experience in irriga

tion ftrming: 
In the first section we have 750 farmers: farms 

vary in size from 
40 per cent of tl-
ting for some time, 
irrigating for the f 

30 to 150I dunums. About 
farmers have been irriga
about 30 per cent are 
it time and experienced in 

farming on dry land, while the remaining 

have had little experience. 

C. 	 Agents' background and experience: There are 

eight extension agents, all graduates of agricul
tural schools. These have worked an average 
of five years as agricultural agents in other 

areas of the country before joining the project. 

However, none of them has had the experience 
of working in an irrigated area. 

For the reasons mentioned and many others, 
it is necessary to train our extension agents on the 

job. Courses so organized are designed to teach 

these extension agents to do the foliowing things : 

1. 	 To read and interpret contour and soils 

maps 
2. 	 To handle simple survey instruments 
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3. 	 To survey and construct farm ditches. 

4. 	 To assist farmers in designing and cons-

tructing 	 suitable irrigation systems. 
water control.5. 	 To understand methods of 

6. 	 To operate simple land levelling equip-

ment. 
7. 	 To know tile water requirements for dif-

ferent crops and their reltionships to in-

creased production, 

A field committee drafts the training program 

and conducts the training course. In the *draft the 

following are taken into consideration: 
1. 	 The type of job or jobs for which agents 

will be trained 
2. 	 Delegation of responsibilities 
3. 	 Time, duration and location of training 

ground 
4. Needed equipment and 	 materials 
In training, the ,clinic,, method has proved 

very successful. Usually one day will be classroom 

work, then two to three days will be work in the 

field, 
During the past 14 months, four training 

courses and one seminar were held in the field, 

The latest training course took place a month 

ago. Those trained in the early courses took an 

active part in planning and conducting this course. 

The course was attended by eight extension agents 

for a period of four days. In accordance with the 

course plan, the division's civil engineer, with the 

help of extension agents and a surveyor, made a 

grid map for a farm unit (30 dunums). In the first 

day of the course, in the classroom with the grid 

map at hand, agents and subject-matter specialists 

discussed and agreed upon the following: 
I. 	 The soil type of the farm 
2. 	 The amount of fill and cut needed fox le-

veiling the land 
3. 	 The most efficient equipment needed for 

doing the levelling 
4. 	 The irrigation system to be constructed 
5. 	 The location of head and tail dilches 

6. 	 The best method for controlling water 
In the three days that fo!lowed, agents and 

specialists worked in the field, levelled the land, 

built head and tail ditches, constructed furrows and 

irrigated the farm unit, using siphon tubes. 

THE FOLLOW-UP 

For building self-confidence, each extension 

agent will choose a farm unit, and with the owner's 

assistance and the subject-matter specialist's 

supervision, will carry out what he learned in the 
in other extraining course. Unlike other Eet-ups 

tension service agencies, subject-matter specialists 

in the East Ghor Project are readily available in 

the field to train and advise agents in their every

day work with the farmer. 
Because of the scarcity of trained personnel in 

the field of irrigation and the lack of training insti

tutions in the country of Jordan, on-the-job train

ning is the only way available to equip extension 

agents with the skill and know-how that are vital

ly important for carrying out their assigned duties. 

However, the Government is planning to send 

extension agents to training courses outside Jordan 
where similar projects exist. 

DISCUSSION: Two additional training programs 

were mentioned. Fifteen farmers will go to the 

United States for three or four months, where they 

will work on farms in that country. They will then 

return home, place this new knowleucge into action 

on their farms, and demonstrate it to their neigh

bors. They are not hired by any Government 

agency. 
Several months ago, a farmer who is paid by 

the agency was brought in. 	He will accompany the 

Extension Agent in his rounds. He will be paid 

about 38 piastres a day: that is, abcut 7.50 TL 

per 	day. The duration of this training has not been 

set. It will depend on how 	 much the farmer learns 

and 	 on his int rest. An improvement in thiL farm

er's fields has already been 	 noted. 
About 5 per cent of the farmers in the East 

Ghor ProjeOt use siphon tubes, whose use was 

started oily two mor.ths ago. The average size of 

a farm is 30 dunums in the 	East Ghor (one dunum 

equals 1,000 square meters). Approximately 50 

per 	cent of the levelling is done by the Authority. 

However, the farmer is charged for it. The re

maining easier part of the 	 levelling is left to the 

farmer to do. 
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LEBANON
 

Most of the problems of irrigation faced by ject, new land will be brought into production. The 

the other countries in the region are not faced by Litani Authority is considering setting up a separate 

Lebanon. The Lebanese farmer has had much extension service. Several stations are contemplat

agents at each station: one generalmore intensive self-development, so that the prob- ed, with two 

lems with which he needs help are different. There agricultural agent, one irrigation agent. Under 

is no on-the-job training program in Lebanon. How- this arrangement, the extension agent will go di

ever, there are extension programs belonging to rectly to the farmers where new land is being 

several different instituions. The best-developed ex- brought in. 

tension service is that of the Ministry of Agri- There are some training programs for extension 

culture, which has several extension farms through- workers coining from other countries, particu

the country, each with several extension agents.out 	
with larly at the American University, where there isAgents are required to be college graduates 

a one-year training program having about 50 gradu
degrees from universities in Lebanon, the United ates annually. This program presents a general 

States, or Europe. The extension agent does not go
Out orthete frme: ome course in agriculture on the elective 

out to the farmer-, rather the farmer comes to him subjects in which the student may be interested. 
thefarer tohim 	 with emphasis 

and asks for help when he needs it. Tile budget of This course has been going for several years and 

the Extension Service is about $2,000,000 annually. it is hoped that it may continue. 

The extension worker is required to live near the 

station or in the vicinity and is given extra salary 
Extension assistance is renderedfor hardship conditions. The American University DISCUSSION: 

of Beirut has a pilot extension program in the Be- primarily on technical points such as disease, va

kaa serving about II villages, these villages having rieties, etc., and there is a considerable amount of 

The soil testing. A question was raised regarding thepopulations of 1,000 to 2,000 	 people each. 
University farm in relati,e merits of having the extension agent go outextension worker resides at the 

the valley. Again, this agent responds only when to the farmer or having the farmer come to the 

help. office with his problems. It was suggested that this a farmer requests his 
Many of the more well-to-do landowners hire depends quite definitely oo the nature of the pro

private consultants to assist them with their agri- blems to be solved. Extension workers need to go 

cultural programs. Most are not full-time consultants out to the farmer, especially where new land is 

but are connected with equipment distributors, being brought under irrigation. There are inter-

Most of the land now under cultivation has mediaries who transmit informationwho do not have 

been irrigated since time immemorial. With the de- college degrees; however, the answers in specialized 

the Litani Pro- areas are furnished by college graduates.velopment of new projects, such as 
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PAKISTAN
 

The two main agents of agricultural produc-

tion are soils and water. Agricultural rotations are 

the most important factors on which results will 

depend. Pakistan has been trying for a number of 

years to help the farmer on all three of these 

points. I-or water, their agents are known as over-

seers. These have a three-year diploma from an 

engineering course beyvnd high school and are 

trained for a few months in the Irrigation Depart-

ment. Their responsibility is to make a certain 

amount of water available at the gate, based on 

a fixed schedule already decided upon. In case of 

rain, the gates are closed and thi, fact is transmit-
ted through channels to !.eadquarters. The overseer 

is stationed in the field, not at headquart,'rs. 

Fo r so ils , th ere a re two d epa r tm en ts : one, th e 
AgriultralDeprtmnt- tie oher th Irigaion 

Agricultural Department the other, the Irrigation 
Depisofartment eweronanel are em ed o the s 

of the soils under experienced officers in these 
two departments. The Irrigation Department special-
ist is concerned primarily with soils. The Agriist srimailywithsois.cncered Te Ari-
cultural Department specialist is a general extension 

workr adande ica man s-:b-ML~t a 
worker nuding must handrlerlzeatcmRevenue 

jects, including pest control, fertilizer, etc. 

Recently agricultural development corporations 

were formed in both provinces. The extension work 
has been earmarked for these new agencies. Never-

theless there will still be some work in the anti-
salinity and anti-waterlogging project areas under 
the Soil Reclamation Board, which gives three 

months of training at headquarters dealing with 
various subjects connected with the use of water 

and soils. As an example, a 100,000 acres project will 

provide a graduate extension agent at headquarters. 

This man will be trained in agriculture, es-

pecially in soil and water. Under this man there 
will be extension workers responsible for areas of 
from 10,000 to 20,000 acres. If an extension wor-
ker meets a problem he cannot solve, he discusses 

this with the other extension workers in the area. 

If this fails, it is referred to the project extension 

agent and, if necessary, to general headquarters. 

The Soil Reclamation Board has worked out a 

schedule of reclamation procedures which is given 

in detail to the extension agents. 

The :ituation in West Pakistan will be com

plicated by the introduction of well water into the 

supply. In case water delivery schedules are not 

met, extension workers have been trained to assist 

farmers in using the best practices during this time. 

More than half of the water supply will be ground

water and it will have a variable quantity differ

cnt from that of surface water. 

An effort is made to arouse the interest of 
the cultivators by discussing the program with 
the andti v iting citi c is min d sug gs io s iro 
them and inviting cirticism and Suggestions from 
them. Competitions in certain types of crop yields 
leading to prize awards are established. A leader

ship program whereby certain leading farmers are 

invited to work with the extension staff has given 
good results. Extension people must visit the farms 
and try to interest the farmers in following improv
e rcie.Etninwr sas oeb h 
ed practices. Extension work is also done by the 

Department, because of the personal rela

tion between the tax collector and the farmer. The 

projects are good; the question is whether the 

blueprints are being carried out on the land or not. 
The progress of extension is measured by the 

bushels of wheat produced. The extension worker is 

the link between the technician and the farmer. 
We have only created this link in the last 10 or 

15 years. This link can be successful if we can pro
duce confidence in the extensionist and if the ex

tensionist can produce confidence in the farmers. 

The number of farmers served by a single agent is 

about 166, on an average. One function of the 

extension worker is to prevail on farmers to pro

duce crops which might result in foreign exchange, 
even though these may be less profitable than other 
crops. 
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TURKEY 

One of the most important factors for increas- If. Administration
 
ing agricultural production is irrigation. 
 Only In th. three courses held in 1960. 
wise and technical irrigation will pay. This requires 1962, 102 technicians were trained.
 
qualified personnel. This paper will report de
velopments in the past two years for professional 11. Special Courses:
 
and sub-professional personnel.-_ 
 After taking the general courses, pro

fessional technicians will go to their own
Training Activities within the Soil Conservation working places and undertake practicai 
and Farm Irrigation Gereral Directorate (Toprak- work under the direction of qualified 

su), Ministry of Agriculture technicians. Later they wili be trained in 

TRAINING CENTERS the special subject-matter on which they'll
be working. Special courses are held n the

Two training centers have been established to fo ing theiai subjes: 

train professional and sub-professional personnel following three main subjects: 

who are already employed and those who will be 1. Soil 

coming into Topraksu General Directorate. One is 2. Engineering 

at Tarsus (1961) and the other is at Izmir (1962). 3. Farm planning 

TRAINING OF PROFESSIONAL A. Special Course in Soil: 

TECHNICIANS The technicians to be employed
in soil surveying are trained in this 

I. General Courses: course. The course term is 2.5 months. 
For technicians employed in Toprak- The program outlined below is 

su Genera! Directorate, a general course followed: 
that will take 2.5 months is given to intro- a. Function of soils in growing 
duce the subject matter and duties of the plants 
organization and at the same time to give b. Soil formation
 
Topraksu an idea of the branch 
 in which c. Soil classification 
each person will be besL qualified. d. Soil maps 

In these general courses, the tech- e. Soil, water and air inter-relation
nicians receive brief instruction in the ships 
following subjects: f. Organic matter and soil fertility 
1. Engineering surveying g. Characteristics that affect the 
2. Mathematics lime requirement of soils 
3. Project planning and design h. Development of the soil 
4. Geology i. Introductions to soil groups 
5. Soils j. Duties and responsibilities in 
6. Cartography national soil survey cooperative 
7. Farm irrigation works 
8. Land reclamation and drainage k. Land use capability ratings 
9. Agricultural economics Ten technicians have been trained in a 

10. Soil and water conservation recently-held special soil course. 
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B. 	 Special Course in Engineering: 

Technicians to be employed in 

are trained in theseengineering work 
is 4.5 months. Thiscourses. The term 

on project studies.course is largely based 

The subjects within the training prog-

ram are as follows: 
a. 	 Mathematics 
b. 	 Hydrology 
c. 	 Hydraulics or fluid mechanics 
d. 	 Mechanics 
e. 	 Soil foundation mechanics 
f. 	 Dams 
g. 	 Soil conservation and irrigation struc-

tures 


h. 	 Construction materials and techniques 

i. 	 Engineering drawing 

j. 	 Irrigation 
1. 	 Irrigation and its importance 

2. 	 Factors to be considered before 

irrigation 
3. 	 Climate-soil-water and plant re

lationships 
4. 	 Time of irrigation and quantity 

of irrigation water to be applied 

5. 	 Irrigation water 
6. 	 Pumping for irrigation 

7. 	 Irrigation methods 

8. 	 Preparing the land for irrigation 

9. 	 Application of irrigation 

10. 	 Irrigation layout 
II. 	 Planning and d,-signing farm ir-

rigation projects 

k. Land reclamation and drainage 

i. 	 Importance and function of 

drainage in agriculture 

2. 	 Soil factor,. related to reclama

tion and drainage 
3. 	 Climate and drainage relation-

ship 
4. 	 Types of drainage systems 

5. 	 Depth and spacing of drains 

6. 	 Types of drainage structures 
(installations) 

7. 	 Outlet for drainage systems 

8. 	 Drainage investigations 

9. 	 Drainage theories and solving 

special problems 

10. 	 Planning and designing of farm 

drainage projects 

1. Soil and water conservation 

1. 	 Piinciples of soil erosion 

2. 	 Control of wind erosion 
3. 	 Contour farming 

4. 	 Vegetative outlets and waterways 

5. 	 Terracing 
6. 	 Bench terraces 

7. 	 Contour trenches 
8. 	 Gully control 
9. 	 Earth embankments and re

servoirs 
10. 	 Flood control in small water

sheds
 

A 	 special course in engineering has 

not been possible up to this time, but one 

is planned for this year. At present, the 

course instructors are preparing lecture 

notes. 

C. 	 Farm Planning 
The course program for the training 

of agricultural engineers in the field of 

farm planning isn't ready yet. For the time 

being, studies are in progress. 

D. 	 Training Sub-Professional Technicians 

Technicians who will work as helpers 

to the engineers are trained in the courses 

established in taining centers. Graduates 

from high school or the equivalent par

ticipate in these courses. In a topography 

course (surveying) established in 1961, 32 

technicians were trained. 

E. 	 Instructors for the Courses 

There are no specified instructors at 

the training centers. The instructors giv

ing the lectures during the courses are 

those qualified people in the Topraksu 

Organization who have the ability to 

teach. 
Training of the Research People 

Agricultural engineers employed in Irrigation 

Research Institutes or Stations and in the Soil Re
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search Institute are trained in short-term courses 
in research methods and techniques and recent 
improvements, 

Training Technicians in the Extension Service 
The training of agricultural technicians em-

ployed in the Extension Service is among the pro-
grams prepared by Topraksu regional offices. They 
are trained in such a way that they can give techni-
cal help to farmers. These practical courses are 
short-term (one to two weeks). 

Training of Farmers 
The training of farmers is done through de-

monstrations, farmer publications, and radio 
broadcasting. In 1961 training camps were es-
tab'ished for young farmers who had completed their 
military service. During the camping period,young farmers were thegiven on-the-job and classroom 

youn gvenon-te-jb ad cassoomwee famer 
training in soil conservation and were also paid for 
their work. Such camps will also be established 
for the purpose of giving farm irrigation training,Training Activities in the State Hydraulic Works 

General Directorate. (DSI), Ministry of 
Public Works 

The qualified sub-professional technicians re-
quired by the DSI General Directorate, who can't 
be secured from abroad, are trained in the DSI 
training center as topographers, welldrillers, sur-
veyors etc. According to the subject matter of the 
courses held, graduates of high school or the equiva-

lent and of secondary or primary schools are 
employed to be trained. Those people who come 
into DSI are selected according to their education, 
military service and age. Each of these groups is 
trained in differelL, courses. Those people who are 
working in the organization are trained in courses 
outlining recent improvements. The term of the 
courses is generally one to eight months. The ins
tructors are engineers, geologists or administrators 
within the DSI organization. 

During 1960-1961, of the 780 sub-professional 
technicians trained, 726 were successful in these 
courses. In 1962, 206 technicians are being trained 
in various courses. 

DISCUSSION: One or two-week courses for ex
tension training are repeated each year. As people
tnin trinn are repeat e y A ople 
gain experience these repeat courses may contain 
some new people or they may be the same ones.The Topraksu course for technicians lasting twoand a half months cannot cover all of the field in 
one session. It was indicated that these also are re
peated as personnel gain experience. In reply to a 
question about the reaction of farmers to the ex
tension workers, Mr. Yegin stated that although 
the extension service is quite old, it has encounter
ed difficulties because most of the farmers did not 
have the resources to do what the workers sug
gested. 

YEMEN
 

Yemen is looking forward to the establish-
ment of an operating program in agricultural de-
velopment. Up to now, the Ministry of Agriculture 
has not been sufficiently staffed or provided with 
facilities and funds. There are no educated and train-
ed agriculturists in the Government. 

The Government is keenly aware of the ne-
cessity of acquiring skills through on-the-job 
ir,;. On the currently operating program of 
construction being carried out by U.S.A.I.D.. 
equipment operator, mechanic or technician 

train-
road 

each 
has a 

young Yemeni trainee beside him on full-time 
employment, for the purpose of training this man 
in doing this particular job. This On-the-Job Trai
ning Program is already showing results: in less 
than one year's time, some of these trainees have 
become qualified operators, craftsmen or techni
clans. 

The program in water resource development 
will likewise carry on a program of on-the-job 
training. 
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SCHEME FOR TRAINING SPECIALISTS
 

FOR MINOR PROJECTS AND WATER USE IN INDIA
 

by
 

Mr. Jagat Kishore Jain'
 

The total irrigated area in India at present is 

of the order of 65 million acres. This area is the 

highest in the world after China. More than 50 

per cent of this irrigation is contributed by minor 

projects like dug wells, drilled wells, small tanks 

(storage works) and diversion schemes. These 

minor projects are scattered in large number all 

ovei the country. They have many advantages 
over irrigation projects of bigger sizes. They re-

quire comparatively smaller outlays, take less time 

in construction, yield quicker results and aim at 

maximum utilization of local resources of man 

and material. Considerable importance and priority 
are, therefore, being given to these projects in In-

dia's five-year development plans. 
Although minor projects are small, they also 

involve certain special types of problems, in cons-
truction and maintenance as well as operation, 
which require special knowledge. For instance, a 

dug well is a small structure which is fairly easy 
to construct under normal conditions. However, to 

decide where the well should be located, what its 

size should be, which particular layers of water-

bearing strata it should tap, at which particular 

sub-strata the straining walls of the well should be 

left, and what particu!ar water lifting appliances 
should be installed for raising water from this well, 

specialized technical knowledge is required. When 

construction of such works is undertaken in large 
numbers, timely adoption of such measures as may 

prevent undue over-draft of ground-water supplies 

and other similar hazards becomes very important. 

I Deputy Irrigation Advisor, Ministry of Food and 
Agriculture. 

These again pose problems of a technical nature. 

Similarly, design and construction of other 

minor projects, such as tanks and diversion works, 

introduce new problems. If the same design crite

ria and construction techniques usually adopted on 

major works are made applicable to these smaller 

works also, it is likely that their cost would be un

necessarily high. In the case of minor works, cal

culated a risk to a somewhat greater extent can be 
taken without leading to untoward damage or loss. 

It therefore becomes important to evolve a new set 

of design criteria and construction techniques for 

these works. All these works require trained person

nel who have been specially oriented for the 
purpose 

The engineering dep,,rtments in the various 

States of India are well-equipped with fully-quali
fied and experienced engineering graduates and 
diploma-holders. They have, no doubt, adequate 

experience and competence to handle all the prob
lems that arise in the execution of minor irrigation 

works. However, most of the minor projects come 

in the category of private works owned and main
tained by individual cultivators or groups of culti

vators, outside the State departments. The State 

Engineering Departments, moreover, are fully oc
cupied with the construction and maintenance of 

bigger irrigation projects and have neither the time 

nor the staff to look after all the categories of minor 
projects which are scattered throughout the country. 

There is considerable opportunity for improve

ment in India of the distribution and application 

of water. The irrigation engineers usually finish 
their role after construction of the works that de

liver the irrigation supplies to the outlets. Water 
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management beyond the outlets has not so far re-
ceived the attention that it deserves. The culti-
vators usually adopt age-old methods and practices, 
which are wasteful of irrigation water. They do 
not possess sufficient technical competence to align 
and maintain the field channels properly and to 
prepare and level their fields in a scientific manner. 
A substantial portion of the water delivered at 
the source or at the canal outlets is lost in the dis-
tribution system and in the fields. Even that part 
of water that is used for meeting the consumptive 
requirement does not always yield optimum pro-
duction, as the time and quantity of irrigation appli-
cation is not scientifically adapted to the crop 
requirements. There is a general shortage of know- 
ledge and personnel trained in the subject. Even the 
staff engaged in the community development blocks 
is not always fully conversant with these prob-
lems. The need for proper technical hands, who 
may 	function as effective extension workers in this 
direction, has become urgently pressirg now, when 
new 	 irrigation possibilities are being created at an 
unprecedentedly fast rate. 

The above considerations lead to the conclusion 
that 	extension and other technical staff who come 
in 	 intimate and direct contact with the culti-
vators and are concerned directly or indirectly 
with implementation of minor projects and promo-
tion 	of the optimum use of irrigation water, should 
be 	 properly oriented to deal with and advise on 
all 	 problems that arise in the field on these sub-
jects. To fulfil this need, the Government of India 
has 	sponsored a scheme for training on minor pro-
jects and water use during the Third Plan. 

OBJECTIVES AND SCOPE OF THE SCHEME: 
It is proposed to provide practical training to 

agricultural inspectors, engineering overseers and 
other staff of equivalent status engaged in the ex-
tension blocks and other departments, on works 
connected with minor irrigation and agricultural 
development. Among the trainees will be included: 
(a) the instructors who are in charge of the pre-
service training of the village-level workers at the 
training centers; (b) the instructors in charge of the 
in-service training of village-level workers (which 
is a sort of refresher course for existing village-
level workers likely to be taken up in the Third 

Five-Year Plan). These instructors will then be 
expected to give due attention to the important 
problems of minor irrigation and water use while 
they impart training to village-level workers. The 
benefits of the scheme would, thus, be extended to 
village-level workers. 

PERIOD OF COURSE; NUMBER OF 
TRAINEES; SYLLABUS AND CURRICULUM 

With due consideration of the objective and 
scope of the training program and the calibre of 
the proposed trainees, the scheme provides that 
each individual course may have a duration of 
three months or so. and that there may be three 
courses in a year at one training center. Each 
course would have about 30 trainees. Although, 
the curriculum will include lectures on theory, em
phasis will be on practical training under field 
conditions. It is reckoned that a course lasting three 
months will roughly include about 150 hours of 
theoretical lectures and about 210 hours of practi
cal training. !n the delivery of lectures, liberal use 
will be made of visual aids, such as the showing 
of technical films and slides especially prepared for 
the purpose and the display of charts, diagrams, 
maps, etc. It is also proposed to distribute to the 
trainees, in addition to the notes taken by them, 
copies of papers carefully prepared for the 1.,irpose 
on various subjects pertaining to the course. These 
papers will contain useful material to which the 
trainees may freely refer in discharge of their 
duties after they have returned to their jobs. 

The syllabus will broadly include the following 
subjects: 

1. 	 Minor irrigation schemes-scope, objectives 
and salient technical features of different 
types of schemes. 

2. 	 Open wells, their design, construction, 
boring and deepening. 

3. 	 Water lift appliances-different types of 
manpowered, animal-powered and mecha
nical-powered appliances in vogue, their 
design, construction, comparative per
formance and water output ; scope for 
further improvements in their design. 

4. 	 Design criteria and standards for con
struction and restoration of tanks, storage 
works and diversion schemes. 
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5. 	 Surveys, levelling and investigations for 
minor irrigation works and preparation of 
fields. 

6. 	 Operation and maintenance of irr;gation 
works, regulation of supplies and restor-
ing of channels, concepts of duty, depth, 
water allowance, outlet factors, etc., crop 
planning for maximum production with 
available supplies in the irrigation system. 

7. 	 Plant-soil-water relations, the physical and 
chemical properties of soil, the suitability 
of soils for irrigated farming, the need for 
and advantages of scienlic crop patterns; 
suitable crop rotations; the water 
requirements of different crops under va-
rying conditions of soils and climate; crop 
evaluation in the field. 

8. 	 Irrigation methods and field preparation-
selection of irrigation methods for cultiva-
tion of different crops under varying con-
ditions of terrain and soils; levelling and 
preparation of fields with improved im-
plements and in a scientific manner; fix-
ation of field size and slope according to 
soils intake-rate and discharge of the wa-
ter course, 

9. 	 Irrigation farm structures include water 
distribution, regulation and measurelnent-
alignment, construction and lining of field 
channels; cheap designs for and construc-
tion of field channels, crossings and falls. 
The parshal flumes, wooden regulating 
boxes, canvas dams and syphon tubes, 
gated pipes and other devices for measur-
ing water supply to fields are used. 

10. 	 Soil and water conservation practices-con-
tour bunding; terracing; gully plugginig, 
etc. 

I. 	 Drainage for water-logging; quality of 
groundwater; salinity and alkalinity pro-
blkms and their cure; the taking of soil 

samples for salinity and alkalinity exami-
nations; the taking of water samples, their 

collection and despatch; the taking of 
leaf samples, their collection and des-
patch; recognition in the field of saline 
soil and alkaline soil and deficiency 
symptoms to accompany the leaf samples 
are important parts of the syllabus. 

LOCATION AND ORGANIZATION 
OF 	TRAINING CENTER 

The scheme is being organized on a regional 
basis and each State is likely to have one training 
center in its territory. The syllabus at each center 
will 	be slightly modified and adapted to meet the 
special requirements of each region according to its 
local 	conditions and problems. 

Responsibility for implementing the scheme 
will 	rest with the State Governments. The training 
center will be located at one of the existing agri
cultural colleges or research institutes considered 
most 	suitable for the purpose by the State Govern. 
ment. The principal head of the college institute 

will 	be in over-all charge of conducting the training 
course. 

STAFF FOR THE TRAINING COURSE 
The scheme envisages that at each training 

center some extra staff, including two specialists, 
one of whom may be an engineer with an ade
quate background in irrigation and the other an 
agronomist with a necessary background in soils 
and land management practices, will be provided. 
The authorities of the college/institute may appoint 
the specialists eith,.r from their existing staff, on 
deputation from other departments or by fresh re
cruitment. The work of these specialits may be 
supplemented by frequent lectures by the permanent 
staff of the institute, for which the latter may be 
paid some honorarium, as provided under the 
scheme. The scheme also provides for other essential 
staff, such as demonstrators, field superinten
dents, mechanics for up-keep of the implements, 
chain-men, field-men, laboratory attendents, etc., 
that may be considered necessary by the college/ 
institute for effectively conducting the course in a 
proper manner. 

EQUIPMENT - INSTRUMENTS, 
IMPLEMENTS, TOOLS AND MODELS 
REQUIRED FOR TRAINING PURPOSES: 

The scheme provides for purchase of special 

equipment, such as instruments, implements, tools, 
models, etc., that may be required to fulfil the pre
scribed curriculum of the training course. Provision 

for recurring expenditures for the operation of 
models, the maintenance and repair of equipment 
and the regular display of such experiments and de
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monstrations in the fields and laboratories as 
may be required under the prescribed curriculum, 
has also been made under the scheme. 

ARRANGEMENT FOR THE TRAINEES: 
The State Government will make arrangements 

for deputations of 30 trainees in each successive 
course. The trainees will be entitled under the 
scheme to a training allowance, not exceeding 20 
per cent of their basic pay, during the period of 
training, but the travelling allowance to and from 
the place of training will be borne by the State 
Government from sources outside the provisions 
made tnder this scheme. 

PRELIMINARY ORIENTATION 
OF THE INSTRUCTORS: 

As the proposed training is of a specialized 
nature, with particular emphasis on the practical 
aspects of irrigation problems in the field, it is 
considered necessary that the instructors and other 
staff of the institute/colleges who are selected for 
conducting the training program at each center, 
should themselves undergo in the first instance a 
sort of preliminary orientation training. For this 
purpose, training sessions are being arranged at suit-
able locations in the country. The main objective 

of this course will be to impress upon the instructors 
the real purpose and scope of the training they 
will be required to impart at their centers under 

the training scheme. Specialists working on the sub
ject of irrigation in various departments of the 
State Government, the Government of India, the 
universities and the colleges, and the foreign spe
cialists working in this country under the A.I.D. or 
the Ford Foundation, have been invited to give 
lectures to the trainees under this course. 

PROGRESS OF THE SCHEME: 
It is likely that training centers in about ten 

States will start functioning during the year 1962

63. The scheme may acquire full tempo by the end 
of the year. 

DISCUSSION: In the beginning, the level of edu
cation for those accepted in the training program 
will be engineer overseers or agricultural inspectors. 
The function of the trainees will be to both con
struct and operate small, minor projects. The 
specialists trained may be employed on either Go
vernment or privately owned projects. If a private 
cultivator wants to take up a minor project, these 
personnel will render assistance to him. 
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IN 	 IMPROVED IRRIGATION PRACTICESTRAINING 

IN MYSORE STATE, SOUTH INDIA 

by 

C. Ramaiah and George C. Knierim" 

has been given increasedTraining in water use 

emphasis in Mysore State, South India, during the 

past three years. Mysore is an area of low-income 

farmers; therefore, all levelling on the demonstra-

tions was done with bullock-drawn implements. 

Fourteen Irrigation Workshops of seven to ten 

days in duration have been held, with 400 Soil 

Conservation, Agricultural Extension, and Com-

munity Development staff members in attendance. 

Demonstration fields have been laid out znd levelled 

on 40 farms. More than 4,000 farmers have attend-

ed Irrigation Field Days. Progress has been slow, 

much remains to be done, but farmers are interested 

and the future is bright, 

India is rapidly developing new irrigation fa-
numbercilities. Fourteen large dams and a great 

of small projects will give India 120 million acre 

feet of irrigation water annually by 1966. This 

development brings problems. Farmers -must be 

taught water use and drainage. Land is being ruin-

ed by water logging. In scnme new areas, 60 per 

cent or more of the water is wasted after it reaches 

the 	fields, 
In Mysore State, experience thus far leads to 

recommendation of contour border strip irrigation 

as 	 the method most acceptable to the Indian 

farmer's condition and suitable for all crops. Where 

row 	crops are grown, furrows must be made between 

the 	 rows within the border strip. While there 

is no one method best for all farms, the contour 

border strip m.thod has proved best with the low 

1 Agricultural Officer, Irrigation Development, Mysore 

State 
2 Advisor, Water Use, United States Agency for Inter-

national Development, Mysore State, India. 
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standards of farming practiced. Crops include: rice, 

sorghums, cotton, millets, sugar cane, maize, 

groundnuts, and vegetables. 

The Mysore method of contour border strip ir

has been levelledrigation is very low in cost. Land 

in strips 33 feet wide on smooth slopes of a 2 per 

cent gradient at a cost of Rupees 30 to 50 per acre 

($6.00 to $10.00). This is in contrast with Rupees 

200 to 300 ($42.00 to $63.00) or more required by 

the conventional, small basin method normally 

practiced. 
Furrow irrigation and contour ditch irrigation 

have also been demonstrated. These methods both 

have merit, but border strips are recommended. 

Also, with high intensity monsoon rains, border 

ridges will stop erosion on the cross slopes and pro

vide uniform surface drainage. The Indian farmer 

needs permanent markers in his field to keep his 

rows in proper gradient. 
In contour border irrigation, advantage is taken 

of 	 the natural topography of the land to mini

mize levelling. Sometimes compromises on gra

dient must be made and strips of irregular 

length are unavoidable. Where cost is a primary 

consideration, this method has merit. 

In preparing land for contour border strip ir

rigation by the Mysore method, procedure is as 

follows: 

1. 	 LAND PREPARATION 
A. 	 Land is plowed thoroughly and clods 

are broken. 

areasB. Preliminary scraping of high 

and 	filling of low spots is done, using 

wooden buck scrapers. 

C. 	 Fields are floated crosswise and 
lengthwise for maximum smoothing. 



II. LAYOUT OF FIELD 	 the slope the entire width of the field. 

A. 	 Survey and map elevations at 50 feet Ridges will be made going up hill and 

intervals (cross sections). Draw map the strip levelled going down. 

showing I-ft. contours. 1. In scraping down hill, soil is cut 

B. 	 Study map to decide proposed irriga- from the upper half of the strip. 

tion layout. carried across the mid-point and 

C. 	 Stake out a base (or key) line, in slowly smoothed out within the 

middle of field at 50 ft. intervals, giv- lower half of the strip. No soil 

ing suitable gradient for soil type. is deposited on lower border 

(About 0.2 per cent or 0.1 ft. per 50 ridge. 

ft. is the average gradient.)Refer to 2. On the return trip up the slope, 

Table 1. pass two-thirds of the distance 

D. 	 Smooth out curves in the base line to across each strip and start load

facilitate farming operations. It is best ing 10 ft. below each border 

to move several stakes a short distance ridge. Load scraper heavily and 

rather than move one stake a long dump it exactly on the border 

distance. As a general rule, a maxi- ridge. 

mum 3-ft. change of alignment is al- 3. Loose soil will be removed by 

lowed. levelling. Only the upper half of 

border strip should be plowedE. 	 Decide width of strips and mark paral-
again as the work progresses.lel lines above for two strips and a 

remov.like number below, thus laying out 4. When side fall has been 

the first four strips. A good strip ed, check levels again through
' out the length of the strips. Itwidth is 33 ft . 

may be necessary to do some level-F. 	 Check and record levels at 50-ft. inter-
vals down the middle of each strip. ling up and down the length 

If 	 the gradient is fairly consistent, of the strip to insure a con

gradient for irrigationcontinue to draw parallel strips until 	 tinuous 

the entire field is laid out. If alignment and surface drainage. 

does not have proper gradient, 5. A border strip may be dead level 
lay out a new base line, insert some for 100 ft., provided there is a 

short strips to fill the gap, and make gradient below to allow water to 
parallels to the new base line. flow. 

G. 	 After all lines are marked with fur- 6. Occasionally, much levelling can 

rows, border ridges are made with a be saved by taking advantage of 

wooden A-frame border ridger in pre- a gully in the middle of a field 

paration for levelling. for natural drainage. Each half 

of the field is laid out separately 
III. 	 LEVELLING AND REMOVING and irrigated from opposite sides 

CROSS-rZOPE BY MYSORE METHOD with the flow toward the natural 
A. 	 A bullock-drawn scraper is worked drain. 

back and forth across the entire field 7. Each border strip should be 

at right angles to the border strips, floated lengthwise for final 

Bullocks will be walking up and down smoothing before irrigation. 

8. Irrigation water is applied to 

1 Refer to Table I for border strip width, gradient, each strip. Two laborers can easi

and 	 length, ly scrape the high spots with 
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shovels, thus completing the 
leveling operation, 

9. 	 Strips should be plowed again be-
fore crop is planted. 

IV. 	 HEAD DITCH AND DRAINAGE 
DITCH 

A. 	 Construct head ditch along upper 
side of field. Use V-ditcher after 
plowing a furrow. 

B. 	 Fill ditch with water and cut off 
flow. This allows ditch to settle be-
fore use. 

C. 	 Install drops in ditch at I-ft. vertical 
intervals on steep slopes to avoid e-
rosion of channel. Drops may be made 
of thin stone slabs, old oil drums, orscrap 	lumber. 

D. 	 Use canvas dam, turn-out gates. and 
bamboo spiles for water control. 

E. 	 Make drainage ditch at lower end of 
field to carry off excess irrigation 
water and monsoon run-off. Bamboo 
spiles or clay pipes are useful to bring 
water from border strips to drainage 
ditch. 

V. 	 WIDTH AND LENGTH OF BORDER 
STRIP 
A. 	 In Mysore State, border sjrips 33 ft. 

wide, or 20 ft. on steep slopes, are 
recommended. This width has the 
following advantages: 
1. 	 Acreage may be calculated easi-

ly. It is half a chain wide. Multi-
ply the length of the strip in 
feet by 0.00076 to get the area in 
acres. 

2. 	 Farmers usually ask for wide 

strips, 50 ft. or more; so this is a 
good compromise. 

3. 	 Levelling costs are about one
half as much for 33-ft. strips as 

for 50-ft. strips. For information 
concerning gradient see Table 1. 

Usually a I-inch depth of water will wet 
sandy soil 12 inches or more deep; loam soil, 
6 to 10 inches deep; and clay soil, 4 to 5 inches 
deep. 

TABLE 1. BORDER LENGTHS IN RELATION 
-0 SOIL TYPES 

Nature of Gradient: Length of 
Soil: r Border Strip: 
Sand .5 to . 7 percent 300 ft. or less 

Mixed soils .2 to .4 per cent 300 to 600 feet 
or loam 

HeavyHeavy .1t.2pret 6 0 o 20+ft 
clay soils to .2 per cent 600to 1200+ feet 

Skilled operators are not needed. Experience 
has shown that an illiterate bullock driver may be 
trained in one-half day. The soil on the upper half 
of each strip is plow,-] to loosen it. It has been 
foun'd advantageous simply to lay out the parallels 
for the terrace boundaries with a plow furrow rather 
than staking. Head ditches are run at the desired 
location and drors are placed as required. These 
drops are on- foot high. A good drop may be made 
from a rusted-out petrol barrel. The slope of the 
. ad ditch between drops is dead level. Of 40 fields 
which have been levelled, 32 have been laid out by 
trainees, who have also conducted 14 training 
sessions. After ore month of training, trainees may 

lay 	out fields for their farmers. 
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CHAPTER VI 

NATIONAL ACTION 

FOR IMPROVED -12RGATION PRACTICE 

LOCAL IRRIGATION DEVELOPMENT METHODS 

AND CUSTOMS IN TURKEY 

by 

Mr. Yilmaz 

INTRODUCTION 
The irrigation systems discussed in the follow-

ing text are those small in size but great in 
number scattered throughout Turkey. Today these 
are administered and run by completely local organ-
izations. 

Because of their large number and mostly 
inaccessible locations, the statistical data related 
to such things as the quantities and qualities of 
their water and soil resources, tie kinds and yields 
of crops produced, etc., could not be accumulated 
as complete and definite figures. 

Another difficulty encountered in determining 
the area covered by this type oi irrigation was the 
large-scale annual change in the tota, quantity of 
applied water because of uncontrolled sources, 
and the consequent variations in water quantity 
used per decare and in area irrigated. 

However, a survey, which was started in 1959 
and completed in 1960 by General Directorate of 
State Hydraulic Works, showed that there were 
828 local irrigation enterpriscs and that approxi-
mately 4,200,000 decares of iand were being irri-
gated by such operations. The total discharge of 
water applied to these lands was 450 cubic meters 

I Head, Operation and Maintenance Department, General 

Directorate of State Hydraulic Works, Ministry of Public 

Works. 

'Karataban

per second. Since the lands irrigated by local irri
gation enterprises comprise an important total 
next to the lands irrigated by State operations, a 
three-year program was prepared and studies under 
this program started in order to accumulate more 
detailed data. The result of initial studies gave the 
impression that the above figures would increase. 

HISTORY 
In Anatolia, where great civilizations were 

founded :ind developed, the history of irrigation 
goes back to ancient times. Although the irrigation 
operations in Anatolia do not cover vast pieces of 
land as do those in Mesopotamia, their character
istics, from the standpoint of project planning 
and construction, may still be interesting to modern 
hydraulic engineers. 

For instance, the Geyre-Eymir tunnel, trans
ferring the waters of the Akqay (Akchay) Valley 
to the Karacvsu Piain, and the old water tunnel 
transferring the waters of Golcuk, Isparta, to the 
Ispa~ta Plain, may constif e typical examples of 
the problems of modein hydraulic engineering in 
transferring water from basin to basin. Also the 
Sihke Doni and Faruk dikes may be examples of 

dam construction and the Malatya-Besni-Kaysun 
irrigation system an example of groundwater irri
gation through gravity. 

Although there are more ancient ones, most 
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of these works were constructed, preserved and de-
veloped during the day of the Romans and later 
on by the Seljuks and Ottomans. During the study 
of these old irrigation operations, it was noticed 
that various cuIstoms and methods of our time had 
been inherited from those days. 

Even though there is tunusnal difficulty in fin-
ding written documents concerning tile older ways,
the Royal Registers containing the principles for 

the operation and administration of the irrigation
systems inherited from the Ottomlan Empire aresysemsinhritdfom il Woan mpie .ar e 
still preserved in the State Archives. These princi-
pies had legal authority, since they were approved 
by the Ottoman Emperors. The Regkitcrs average 
400 t) 500 years old. The su,'viial of these irri-
gation operations has been achieved through the 
significant at tention paid to them and io some o' 
the principles applied it) their operations both by 
SeIjuks and Ottomans. In those days. tile inspec-
tion of irrigation operations by state authorities 
from time to time, the prohibition of i iLustices 
and/or wrong applications of irrigation princif,;.s, 
and the conseqtent placing into effect of new and 
more upright principles by registering them in *he 
above-mentioned Royal Books and ater submitting 

them for the Emporer's approval, were customary 
procedures. 

As an example of this type of code, which to
day may be called ,Instructions fer an Irrigation 
Operation)) an irrigation statute which goes back 
700 years to the Seljuk time and which has been 
cQpied from a 450-year old official book is pre
sented below. The language employed has been 
simplified: 

Water trenches of the town of Erzincan, De
talled Register, Province of Erzurum, No. 40, 
taled RPo. 
Page: 108. 

(<Some village lands and farms in the above
mentioned province execute an irrigation on the 
basis of 14 turns since tie very old days and, in 
the meantime, though the village Perman had two 
day and two night-time turns, upon the villagers' 
application stating that the amount of water they 
received was not elough for tile increased popula
tion of the illaue, the situation has been investi
gated locally, and their reason has been found to 
be correct and 3 day and 3 night-time turns have 
been determined for the said village and the fact 
has been recorded in the Royal Register." 

Qakirrnan (Chakirman) Trench 

Vil:age Cakirman Village Konigar* Village lslami** Village e~ne*** 

Day Night Day Night Day Night Day Night 
3 3 I 1 3 3 1 1 

(Turn) (Turn) (Turn) (Turn) (Turn) (Turn) (Turn) (Turn) 

1 2 3 4 5 6 7 8 

e~ne Farm Kalenderhane Area. Village Perman 

Day Night Day Night Day Night 
1 1 1 1 3 3 

(Turn) (Turn) (Turn) (Turn) (Turn) (Turn) 

9 10 it 12 13 14 

* Keushnigar 
*' Islyami 

*** Sheshne 
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The basic principle in today's modern under-
standing that water resources are public property, 
and that they are in the possession and under the 
authority of the state, was a point adhered to with 
great care by the Ottomans five or six hundred 
years ago. Likewise, there are numerous judgments 
in the above-mentioned books stating that , some 
years, because of a water shortage, the villagers re-
siding in the upper section of tile stream violated 
the rights of lower-section residents and that in-
fluential and wealthy individuals oppressed the
others by taking the day-time turns and even sell-

ing 	 the -water to them, and, further, that such ac-
tions were in violation of laws and had to be pro-
hibited. 

Thus, the following definite provision has 
been included in the chapter dealing with the water 
rights of the Royal Register No. 14, dated 1583: 
((Water is not the property of anyone. Selling it is 
a violation of the law. Administrators must pro-
hibit and eliminate suLCh actions.)) 

LOCAL ORGANIZATIONS ADMINIISTERING 
IRRIGATION 

It has been noticed that local irrigation sys-
tems 	are run by different types of local organiza-
tions. Those listed belov. are considered to be in-
teresting: 

a. 	 Village eldermen's committees 
b. 	 Municipalities 
c. 	 Land-owners' cooperatives, although there 

is no official partnership statute among 
the cooperators 

d. 	 Water-users' unions headed by village 
mayors 

e. 	 Unions, including village mayors who are 
water-user:s too 

f. 	 Rice committees 
g. 	 Capital investing companies acting in ac-

cordance with their partnership contracts 
with the villagers 

A majority of the administrative organizations 
are village eldermen's committees. This result is 
quite natural for Turkey, because in the villages, 
which constitute the smallest administrative units, 
the village eldermen's committes, next to the elect-
ed mayor of village, are equippad with vast au
thority . Such authority may even cover the es-

tablishment of obligatory service in order to provide 
the 	common necessities and solve the common pro
blems of the village. Municipalities occur in places 
where the population is larger and which have pro
gressed so as to require other municipal services. In 
their administration there is an elected mayor and 
a municipal committee, as in the case oi a village 
eldermen's committee. 

IRRIGATION FEES AND THEIR 
COLLECTION 

In practice, the irriation fees !ollected meet 

only operation and maintenance co .s. If mainten
ane activities are handled by tle villagers co
operatively without any charges, rno fees are col
lected. Some. typical forms of frtes and their col
lection methods are indicated bt'ow: 

a. 	 In pumping irrigation, the cost of motor
pump fuel only 

b. 	 A charge equal to I to 2 per cent, or in 
some places 12 per cent, of the product 

c. 	 A charge per hoi," of irrigation (This 
charge varies fron, 10 to 60 kurus) 

d. 	 One hundred aild eighty kilograms of 
cereal crops for a 24-hour irrigation 

e. 	 Various monetvry amounts as aids to a 
village fund 

f. 	 One grat* , i wheat or two grats of 
corn per dccare in return foi the labor of 
water carriers 

g. 	 A charge per decare according to the 
kinds of products 

HANDLING OF OPERATION AND 
MAINTENANCE 

In most cases, the maintenance of irrigation 
canals is carried out by villagers cooperatively. Es
pecially in the irrigation systems administered by 
the village eldermen's committees, maintenance ac
tivities are also handled by these committees. In 
larger-sized systems, the General Directorate of 
Hydraulic Works helps them. If the maintenance 
work is paid for by the Government, this cost is 
reflected in the irrigation fees. Some typical main
t2nance organizations are indicated below: 

a. 	 Together with the village eldermen's corn
mittees and the villagers 

* Grat: An Ottoman measure. 
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b. By municipalities in distribution of water. Hourly, half-daily or daily 
c. By a contractor turns are applied. The distribution principles are 

d. By the irrigation union determined by the administrative authority and 

e. By the farmers cooperatively the services of waterworks laborers are utilized. In 

f. By the mill-owner localities where the amount of water is insufficient 
compared to the amount of land, restrictions are 

METHODS OF WATER DISTRIBUTION put on the size of the land to be irrigated; thus, 
AND APPLICATION for instance, irrigation of only 30 decares of land 

In most cases the rotation system is applied is permitted. 

The appication of water to the land changes according to the kinds of crops, and mostly flooding 

and furrow irrigation methods are utilized. In irrigation of rice fields, the method of borderstrip 

flooding is applied and, in order to avoid malaria, the field is irrigated periodically. 

The distribution of local irrigation enterprises to the provinces is given in the following table, 

which also shows the to.al irrigation area in each province: 

Number of Amount of Area 
Local Irrigation Irrigation Irrigated 

Provinces Enterprises Water Lt/sn Decares 

Adana 14 14585 61708 

Adiyaman 12 4370 67450 
Afyon 21 11185 81574 

Agri 10 4400 58600 

Amasya 9 4800 40680 
Ankara 1 80 1500 

Antalya 14 8065 96250 

Aydin 14 593 8400 
Balikesir 3 375 4000 
Bilecik 4 3650 6500 

Bingol 8 7575 15765 

Bitlis 15 5953 30240 

Bolu 1 300 1100 

Bursa 4 1877 21400 
C(anakkale 3 650 4700 

1Cankiri 9 1305 16300 

Corum 15 19575 47000 
Denizli 21 7740 67250 

Diyarbakir 12 3820 14500 

Edirne 20 20765 109794 

Elazig 11 1010 14905 

Erzincan 7 6650 105000 
Erzurum 128 37795 603650 

Eskiyehir 5 2250 32000 
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Number of 
Local Irrigation 

Provinces Enterprises 

Gaziantep 3 

Gbimu~hane 55 


Hakkari !I 


Hatay N 


lqel 16 


isparta 4 

izmir 7 

Kars 3 

Kastamonu 20 


Kayseri 5 

Kirklareli 7 

Konya 4 

Kutahya 1 

Malatya 47 

Manisa 5 

Mara 26 

Mardin 9 

Mugla 12 


Mu 5 

Nigde 14 


Ordu 2 

Sakarya 12 


Samsun- 7 

Siirt 6 

Sivas 14 


Tek irdag 1 

Tokat 53 

Tunceli 2 


Urfa 11 

Uak 4 

Van 86 

Yozgat 1 


T o t a I ... 828 


DISCUSSION: Existing rights cannot be abrogated 

and these stem from the Ottoman Empire. In many 

cases, farmers ask for recommendations; however, 

they cannot be forced to accept them under present 

law. Legislation pending may make it possible for 

Amount of Area 
Irrigation Irrigated 
Water Lt/sn Decares 

440 3400
 
23075 193300
 
1325 6730
 

2780 245874
 
22575 186672
 

780 13500
 
827" 66750
 

25450 107150
 
33700 38800
 

850 12500
 

1645 42950
 
12506 482207
 

100 1500
 
31135 390500
 

1750 26800
 
22035 113700
 
4580 22200
 
9322 116000
 

7500 7460
 
3270 72000
 

550 1100
 
860 48000
 

1400 6500
 
12650 3925
 
5150 114900
 

3500
 
10505 114250
 

260 6600
 
7625 26450
 

760 6425
 
19023 164670
 

40 10000
 

441293 4166380
 

the Turkish Government to purchase these rights. 

There was considerable discussion about 

whether or not water could be transferred separate 

from the land. This was not clear, and apparently 

varies from place to place. Non-irrigation use 
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rights may be purchased for irrigation. The price is 

set by a five or six-man committee. Mr. Ozal 
stated that he had been involved in studies relating 
to water rights and that there are many variations, 
About 90 por cent of the water is somewhat re-

lated to the land, but not strictly so, in that it 
may be severed. For example, if a canal is built 
serving a certain piece ef land, the owner is entitled 
to use that palticular flow as he wishes by extend-
ing the area to be irrigated, for example, or by 
wastirng it if he desires. The Government has the 
legal right to buy land for canal and drainage 
channel rights-of-way. 

Rice irrigation is scheduled by committees and 
there is considerable concern regarding malaria, 
Public health authorities may require occasional 
drainage of rice paddies to kill mosquito larvae, 
The 450 cubic meters per second referred to in the 
paper is the sum of the canal capacities, not the 

p
 

average flow. Mr. Ozal stated that the water di
version is of the order of 4 to 5 feet. 

If water is insufficient in the villages, the elder

men's committee can give an order restricting 
its use or the use of the lands to be irrigated. The 
eldermen's committee has the legal authority to 

enforce this decision. The rotatio!i system applies 
to the local village systems whereas the demand 
system applies to the State-constructed systems. 
Local water users in Turkey may form an organiza
tion, procure financing and issue contracts for 
construction. This organization has to acquire the 
water rights, and is supervised by th . country. In 

some cases, the more wealthy people may install 
pumps in the rivers and sell water to o.!-'.rs for 
the production of crops. The law of 158 mentioned 
on page 4 is not now ii, force. The right o. the 
village eldermen's committee to enforce its deci
sions stems from the laws of the Republic of 
Turkey. 
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NATIONAL PROGRAM 

FOR IMPROVED IRRIGATION PRODUCTION 

by 

Mr. M. Mortezavil 

This program will be discussed under the fol- good degree of uniform slope where the depth 

lowing four headings: of the topsoil and the character of the subsoil 

1. 	 Land Levelling and the Development of permitted. Where low fertility was encountered 

Modern Irrigation Systems, and raw subsoil materials were exposed. The 

2. 	 Canal Lining, soil was treated with large quantities of farm 

3. 	 Drainage and Land Reclamation, and manure and fertilizers to raise the content of 

organic matter and plant nutrients. The ease4. 	 Irrigation Research 
and efficiency of irrigation are increased about 

LAND LEVELLING AND DEVELOPMENT double on such levelled lands. Heavy equip-

OF MODERN IRRIGATION SYSTEMS ment such as bulldozers and carryalls were 

Old 	 systems of irrigation, because of uneven used to move large quantities of soil. The 

by land-plane.lands, unstraight 	ditches, and small irrigation plots, finishing job was done 

w,,'er and need too much work. From the point where water is available waste 'no much 
Plans for bringing about the correction of some on the farm, a good system of distribution is 

of these difficulties are discussed below, provided to convey 	tie irrigation water to vari

ous fields. The system is designed to carry 

Establishing Experiment and Demonstration enough water to meet tile demands of the 

Farms crops on each field without erosion. To prevent 

To 	 show farmers better methods of irri- erosion in steep earth canals, concrete, wooden, 

gation and water delivery, in addition to im- and stone drops and checks are installed at 

proved use of farm machinery, one experi- necessary intervals. Gates, water measurement 

mental and demonstration farm is planned for equipment, and control structures such as di

establishment in each ostan within the next vision boxes are installed in open ditches 

five years. Three experimental and demonstra- where necessary. 

tion farms are already established, at Kanaj, In one part of the farm, underground con-

Ahwaz and Miandoab. -crete pipe is installed to carry the water from 

The Karaj farm, located near Tehran, is the deep-well pump station to a point about 

the oldest and the best-equipped. Border, 600 meters away to be used for irrigation. 

branch of about 200 meters withsprinkling, and special furrow irrigation Another 

methods are used in this farm. To establish stand pipes conveys the water to irrigation fur

these methods, soil characteristics such as rows. 

texture; direction, degree and uniformity of Two other experimental and demonstra

tion farms are located in Miandoab andthe slope: and rate of infiltration of water into 
to a Ahwaz, in the northwest and southwest,the soil are studied. Land was leveled re

spectively. On these farms the groundwater 

of table is too high, and the soil contains tooI Agricultural Engineering Department, Ministry 

Agriculture, Iran. many soluble salts. The first step in reclaim
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ing these farms is to install a drainage sys-
tem and then leach the soil to move the ex-
cessive salts. These activities will be discussed 
under a separate paragraph. 

TECHNICAL AND PRACTICAL HELP TO 
FARMERS 

Technical designs for land levelling, ca-
nal installwtions, and irrigation systems are pre-
pared on the requisition of the farm owners 
for a small charge. At present some engineer-
ing teams are ready to do such a job in any 
part of the country. It is planned to train more 
teams as the need for them increases. 

IVITES 
SERVICE 

partsofthee retrine tion mvinll aare 
parts of the country who go to villages and, 

by all available means, tell and show the far

mers the advantages of modern agriculture, 
including irrigation 

IMPROVEMENT OF THE SYSTEM OF 
IRRIGATION ON GOVERNMENT FARMS 

Though the systems of irrigation on most 
Government farms, such as those of the Live-
stock Bongah and the Seed and Plant Improve-
ment Institute, are not as old as the system 
on the average private farm, engineering de-
signs for land levelling, water application and 
delivery systems are being prepared to gradu-
ally -replace the old systems. In the Iranian 
year 1340 (March 21, 1961 to March 21. 
1962), necessary designs were prepared for the 
following farms: 

a. A Seed and Plant Improvement Institute 
Farm in Varamin (40 kilometers south of 
Tehran). Here engineering designs for 
levelling, water application and a delivery 
system have been prepared and executed 
for 20 hectares. 

b. For a farm of the same Institute the same 
designs were prepared for 25 hectares in 
Karaj. 

c. For the Livestock Bongah's 40 hectares 
of land in Karaj, canal installation and 

land levelling designs have been prepared 
and executed. 

d. 	 About 1,000 hectares of irrigated land at 
the Karkeh Dam Organization Farm havw 
been brought under cultivation within the 
last two years. A water delivery system, 
including a main canal about 14 kilo
meters long with a capacity of 15 cubic 
meters per second, has been completed. 
Many large and small concrete division 
boxes, gates, drops and other water-control 
structures have been installed. 

PUBLICATIONS 
The advantages of land levelling and 

modern water application methods are explain
ed and published in simple language to be 
utilized by ordinary people. These publications 

freely distributed among farmers by the 
Extension Service Organization. 

CANAL LINING 
To prevent excess water losses through seep

age from earth canals in permeable and porous 
soils, canal lining should receive careful considera
tion. Studies on the technical and economic 
feasibility of canal lining with different materials 
is at the top of the program of the Irrigation Re
search Biaiich of the Ministry of Agriculture. Ka
raj Agricultural College has also conducted some 
studies on the subject. In addition to genera! studies 
and research, individual designs are prepared 
and 	 executed on different projects, some of which 
are 	 briefly mentioned here as follows: 

1. 	 Hableh Rud Project in Garnisar. Garm
sar is an important agricultural area 
located 100 kilometers southwest of Tehran. 
There are about 44,000 hectares of flat 
lands in this area, which are classified as 
follows: 

Class 1 2,794 hectares 
Class 2 18,748 hectares 
Class 3 4,094 hectares 
Class 4 4,581 hectares 
Class 5 and 6 3,737 hectares 

which are not suitable for agriculture 
The irrigation water is provided from the 

Hableh Rud River, with an average an
nual discharge of about 7.8 cubic meters 
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per second, and from ghanats and some tion of the project would be about 

deep wells. The area is divided into two years and the cost would be 

four districts: Gheshlagh, Rikan, Yatry, 105,000,000 rials. 

and Aradan, which all together include 2. Jajerud Project 

126 villages. One hundred and four of Preliminary studies have been made 

these villages have water rights to the river on improvement of the water delivery sys

and the rest either buy the water tern of the Jajerud River basin. This river 

from the others or use ghanat or deep- irrigates the Varamin area, located 40 ki

well waters. Eighty-three almost parallel lometers south of Tehran. This area con

canals carry the water from the river to sists of four districts with a total area of 

the villages. These canals, for a distance 50,000 hectares, 20,000 hectares of which 

of about IS kilometers, pass- through per- are irriga,ted each year. The study shows 

meable sandy and gravelly land and lose, that by limiting the number of canals, lin

as measured last summer, about 60 per ing them and fixing the river bed, forty 

cent of their waters. per cent of the water can be saved. With 
To prevent such great losses of irri- this water, 10,000 more hectares can be 

gation water, a design including a diver- irrigated. The annual income of these 

sion dam, two main canals, and 39 late- lands would be about 100,000,000 rials. 

rals has been prepared during the last The income would easily cover the neces

year. The dam is about 800 meters long sary costs of carrying out the project 

and has two gates for the two main canals. within a few years. 

One of the two main canals i; divid

ed into three canals to convey the water 

to the four districts. The total length of 

the main canals is about 22 kilometers 

and, because of the high permeability of 

the soil, they will be lined with concrete. 

Since the natural slope of the land in 

which the canals are built is 1.0 to 1.4 

per cent, there will be 33 chutes along 

the canals. 

To prepare this design, the following 

3. Kordan Project 
Kordan is located 75 kilometers 

northwest of Tehran. This area consists 

of three districts and receives its irrigation 

water from the Kordan River and some 

ghanats. This river has two branche-s. Che

lengeh Dar and Aghasht. A concrete flume 

30 meters long carries a flow of 

about I cubic meter per second from 

Aghast to the Chelengeh Dar branch. A 
small division dam 1.6 meters high has 

been built on the Chalengeh Dar branch to 

a. A topographic map of 58,000 hec- turn the water into the main concrete canal. 

tares on a scale of 1:10,000 has been The canal, with a capacity of 4 cubic me

prepared from aerial photographs. ters per second and a length of 4.5 kilo

b. A semi-detailed soil survey of 44,000 meters, carries the water to the districts. 

hectares has been made. From the division box on the main canal, 

c. Water economy and agricultural a small concrete canal 10 kilometers long 

studies of 44,000 hectares have been with a capacity of 700 liters per second 

completed. conveys the water to one of the districts. 

d. The course of the main canals has Three earth dams have been built to store 

been laid out. groundwater by winter flooding to increase 

e. The topographic map of the dam site ghanat supplies. The cost of the project 

has been prepared on a scale of was about 12,400,000 rials. A thirty to 

1:2,000. forty per cent water saving would easily 

The time necessary for the execu- cover the cost. 
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4. 	 Maragheh Project 
In the Maragheh area, located in the 

northwest of the country, a canal lining 
project has been partially executed and is 
scheduled to be finished in six months. 
As the temperature sometimes goes below 
25"C, the canal is lined with reinforced 
concrete. The length of the canal is about 
8 kilometers and its capacity is 4 cubic 
meters per second. Two chutes have been 
built to control the water and these pro-
duce 200 kilowatts of electric power. The 
cost of the project will be about 
16,000,000 rials. 

DarANge aNDas RC A OLNlandsinIf. 
Large areas of flat lands in Iran have a high 

water table and a high content of soluble salts in 
the soil plant root zone during long periods of 
time. The large salt deserts named Kavir-i-Namak, 
Kavir-i-Markazi, and Kavir-i-Lut have covered 
thousands of square kilometers of the flat lands in 
the central part of the country. In addition to 
salt deserts, there are many small and large areas 
of different degrees of salted soils ail over the 

country. In many villages with normal soils and a 
good quality of irrigation waters there are places 
of low productivity because of .ialt accumtlations 
in the soil. 

The Government is devoting considerable ac-
tivity at the present time to raising the produc-
tivity of the soil or to reclaiming new lands. In pre-
vious seminars the Karkheh, Shabankarch, and Sha-
voor projects have been discussed. 

In the future, in addition to continuing present 
projects, it is planned to concentrate drainage and 
land reclamation studies on three different experi-
mental and demonstration farms. These farms are 
(a) 	 Garmsar, which is located on the margin of a 
salt desert, because many people try to reclaim simi-
lar lands in different places; (b) Ghezelhessar, 
which is a typical sample of the low-lying areas 
which receive the surface and groundwater drain-
age of adjacent lands; and (c) Sistan, where the 
problem is insufficient slope of the land to permit 
the surface and groundwaters to flow off. Each of 
these stations has an area of 100 hectares. In Garm-
sar, a main open drain, two tile drains, and irri-

gation canals are already installed. In Ghezelhes
sar, main drains, four laterals and irrigation ditches 
are ready to be utilized. On both farms irri
gation water is provided by means of ghanats. On 
each farm the following "tems are planned for 
study: 

a. 	 The best system of drainage to fit the 
economic and technical conditions of the 
country. 

b. 	 The best way to install and cover under. 
ground drains to meet local conditions. 

c. 	 The best spacing for the laterals. 
d. 	 Pumping out the water of the drainage 

system. 

e. 	 Leaching the soil with different waters.
The depth of water needed to leach differ
rent soils. 

g. 	 Treatment of alkali soils with chemical 
amendments. 

h. 	 The effect of different treatments on soil 

i.Thepee effectty.of planting on leaching. 
j. 	The time necessary to reclaim different 

kinds of salted soils. 
k. 	 The cost per unit area for drainage and 

land reclamation. 

IRRIGATION RESEARCH 
To find the consumptive use of different 

plants, three stations have been established, in 
Karaj, Vararnin, and Lahijan. Reports of these sta
tions will be given in a separate paper. In the 
future it is planned to establish one station in each 
ostan to study the water needs o" different plants 

and to use the results to save water and develop 
irrigated lands. Irrigation research on rice has al
ready indicated that the farmers use much more 
water than is needed. The application of 9,000 cu
bic meters per hectares for rice has no advantages 
over the application of 4,000 cubic meters. The 

experiment is conti-ming in order to find the bes't 
amount of water to apply to rice. Research on 

sugar beets and cotton has given similar results. 

DISCUSSION 
Land levelling with crawler tractors and 

scrapers costs about 4 rials per cubic meter. Water 
rights were originally obtained as villages grew and 
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pzople appropriated water. While printed material 
is used to disseminate information to the farmer, 
this is done through extension people and others 
who can read and write. Much of the dissemination 
at the farmer level is by word-ofmouih. While 

there is much research information available, in 
order to get farmers to accept known principles,
research demonstration farms are necessary. For 
example, it has been demonstrated that the amount 
of water used to raise rice might weil be very drasti-
cally reduced. It was pointed out that the use of 
modern equipment in demonstration work is mean-
ingless unless farmers can acquire such equip-
ment or services, and an inquiry was made regard-
ing the availability of credit. Mr. Mortezavi report-
ed that credit is available, but not well-developed. 
Designs for land levelling are available to the 
farmers, 

Sprinkler irrigation is not developed. There is 
a ten-acre sprinkler demonstration farm in opera-

tion. Lining experiments at Karaj College include 
clay, concrete, nylon and brick materials. 

The U.S. Bureau of Reclamation standard of 
land classification is used. The ost of land levelling 
may be included in the project plan. Cotton andrice are grown on Class 4 land. 

In reply to a question as to why plans are de
veloped for land levelling when the country is not 
in a position to execute them, it %,as stated that 
some farmers can afford to go ahead with these 
plans. In other areas, the levelling has been done 
by hand over a long period of time. Where level
ling is done by the Government, farmers pay 50 
per cent of the cost to the Department of Agricul
ture Engineering Office. 

In order that the use of high-quality leaching 
water on salty soils will not result in their disper
sion, fairly salty water is used at first and a higher 
quality later for leaching. 
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A SUGGESTED PROGRAM 

FOR IMPROVED IRRIGATION PRODUCTION 

by 

Turkey
 

FOREWORD 

The existing irrigation projects in Turkey do 

not provide the expected maximum benefits from 

the water and soil resources. The main causes of 

this are: Irrigation projects are not completely 

constructed, farming operation has not come up to 

the level required for intensive agriculture, far-

mers do not know the techniques of irrigated agri-

culture, there is lack of supplies and equipment, 

and there is a shortage of credits. 
Upon consideration of all these factors integ-

ral plans are being prepared for the intended de-

velopment of existing and new irrigation projects. 

The program herein discussed, for the Tarsus-

Berdan area, is the first of these plans. While this 

reports a single project, it illustrates the responsi-
bilities that governments must face if they are to 

improve irrigated agriculture. The application of 

the plan was started in 1961 and will end in 1968. 

1. 	 GENERAL 
A. 	 Introducing the Project Area 
The Tarsus-Berdan Project is located in 

southern Turkey and includes 2,500 hectares on the 

left bank and 25,200 hectares on the right bank of 

the Berdan River. The total plan covers 27,700 

hectares, and includes the watershed of the rivers 
flowing through the Berdan Plain. 

This plain was formed by the alluvial deposits 
of the Berdan River and its tributaries. In this 

plain only the Berdan River is regular: the others 
are tributaries of irregular course. The slope of 
the ,rea runs from north to south, the. average 

slope being 0.5 per cent. Undulating lands are 

limited, 

Population 
The population of the project area is 144,000. 

Twenty-five thousand people are farmers and live 
in villages, 119,000 people live in urban centers 
(Mersin 68,000, Tarsus 51,000). The annual rate of 

population increase is 4.5 per cent, this being 1.8 

per cent greater than the average rate of 2.7 per 

cent for Turkey. 
Climate 

The prevailing climate is Continental Mediter

ranean. Summers are warm and dry, winters are 

rainy and mild. The mean annual precipitation for 

27 years has been 653 mm. according to the ob

servations taken by the Tarsus Meteorological Sta

tion. Precipitation during the growing season is 

103 mm., the mean annual temperature is 18.6"C., 

and the mean annual humidity is 64 per cent. The 

lowest temperature in January is 9"C. and the high

est temperature in August is 28.1"C. The tempe

rature falls below zero 9.7 days during a year, but 

never stays below zero more than 24 hours con

tinuously. Precipitation is mostly in the form of 

rain, hail is lure; but snow never falls. 

Transportation and Communication 
The project area is connected with railway 

lines to the east and west and by highways to 

the east, west and north. Through Adana airport 

air transportation is possible with the interior and 

exterior of the country. The exports and imports 

of the region are handled through Mersin Harbor, 
which has a daily loading and unloading capacity 

of 5,000 tons. Telephone, telegraph and mail com
munications are possible in the cities of Mersin 
and Tarsus. 

Economy 
a. 	 Agriculture. In the presently unirrigated 

area of the project, 65 per cent cotton 

and 35 per cent cereals are cultivated by 
dry farming. After the irrigation system 
entered into service, the growing of truck 

crops developed, especially around the ci
ties of Mersin and Tarsus. Where the cli

mate is suitable, great importance is given 
to citrus gardens. When the pumping sys
tem for irrigation is completed at uYa

kakoy), there will bi. many citrus gardens 
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in this area. In recent years great atten- Fruits 5 
tion has been given to irrigation of the Others Crops 5 
cotton fields. Rice is the second most im- Total : 100 per cent 
portant crop in the area. b. Trade and Industry. The important trade 

No feed crops are raised. In this area and industrial centers are Mersin and 
livestock raising has decreased due to the Tarsus. Cotton textile, cotton-ginning, ve
importance of industrial and commercial getable oil and rice decorticating industries 
types of crops. In fixing the projected crop have developed, especially the cotton t' ,
pattern in areas where water and soil tile industry. After meeting the needs of 
resources developmcnt will be provided, the textile fi-ctories, the remaining cotton 
it is necessary to take into consideration production is exported at Mersin harbor. 
market conditions, prices, and the willing- Mersin also has a modern packing house 
ness of farmers, besides the factors of for citrus fruits. 
the water and soil resources available. c. Mining. There are many mines 

CROP PATTERN AFTER THE around Mersin and Tarsus. At present, 
PROJECT IS COMPLETED chromium is the main exportable mineral 

Cotton 30 per cent and it is exported through Mersin Harbor. 

Truck Crops 15 , B. THE BENEFIT-COST RATIO 
Citrus Fruits 15 The benefit-cost ratio and time-cost schedule 
Grain 10 for complete irrigation development for the 
Feed Crops 10 a Tarsus-Berdan project area are given in Tble 
Rice 10 ) 1. 

Table 1. Time - cost schedule and benefit - cost ratio. 

a) Costs of Water Resources Development T'urkish Liras 
1937--1938
 

4,500,000
 
Yakakoy Pumping station (under construction) 6,300,000 
Left Bank Irrigation System (under construction) 5,650,000 

16,450,000 

Cost for Completing the Project 40,300,000 

Total State Investment 56,750,CuO 
Investment by Private Parties for Irrigation Pumping 10,000,000 

TOTAL 66,750,000
 

b) Costs of Soil Resources Development
 
State Investment 19,665,000
 
Private Investment 11,970,000
 

TOTAL 31,635,000
 
c) Tractors and Farm Equipment 15,411,000
 
d) Training of Farmers 520,000
 

Total Investment 114,316,000 
Annual Cost of the Existing Installations 8,000,000 
Annual Costs for Operation, Rent, Fertilizer, Seeds, 

Insecticides, Plant diseases, etc. 21,546,000 

Total Annual Cost (8,000,000 + 21,546,000) = 29,546,000
 
Annual Gross Income Increase 580 TL/dec. X171,000=99.180,000
 
Benefit-Cost Ratio = 3.36
 

113 



C. 	 FACTORS IN DEVELOPMENT PLAN 
Consideration of the problem of obtair ig 

the maximum agricultural income from an ir-
rigated area requires that all phases and stages 
of development be carefully planned, coordina-
ted, and interwoven. 
The factors involved are: 

I. 	 Water, considered from the standpoint of 

its source and quantity on to its ultimate 

use on crops and the removal by drainage 
of the surplus salty water. 

2. 	 Land, from its evaluation for irrigation 

purposes to its levelling and use for grow-

ing adapted crops. 

3. 	 Crops, from their seed selection to u final 
standardized package of quality product 
for market. 

4. 	 Markets, from local pricing to what is 
saleable in foreign trade. 

5. 	 Farmers, fron what they think and how 
to do without irrigation to the develop-
ment of highly skilled irrigation-farm 
operators. 
These factors in existing water-land re-
sources development projects have not 
been considered to a degree paralleling 
their importance in production. This is 
attemnited on the Tarsus-l3erdan Project. 

0. 	 STEPS NECESSARY IN PROJECT 
DEVELOPMENT 

Technically trained personnel from those 
agencies of the Government of Turkey most 
concerned have served as a team in preparing 
this plan.The team has created a program for 
projects development in the stages necessary 
for maximum io,-ome to the farmers con-
cerned and to the nation. These steps are as 
follows: 

I. Construction of the water resource facilities 
Completion of the water resource 

facilities will include necessary investiga-
tion, planning, and construction of prima-
ry and secondary distribution, pickup and 
drainage systems; and the operation and 
maintenaa-:e of the water supply system. 

2. 	 Bringing the Iand and water resources 
together 

This includes first of all the deve
lopment of a subdvision or far:n boun
dary plan according to the ((lay of the 
land.)) Secondly, the tertiary delivery, 
pickup and drainage systems must be 

constructed at the same time as necessary 

land 	grading and levelling are done. 

3. 	 Bringing together the land-water resources 

and the people who ire to use it so that 

the combination results in high crop 
yields 

This is primarily a step in educating 
the farmer so he can make the most ef
fective use of his car,:fully planned and 
developed land-water resource. This is a 
step 	which, of necessity, will start in the 
first meetings held to explain the advan
tages of changing landholders' boun
daries. 

4. 	 Providing a plan of financing and making 
accessible to farmers the supplies and. 
equipment necessary for timely and effec
tive operations 

Nothing short of fully adequate sup
plies and equipment for production of 
high-yield crop-producing quality products 
will be considered. 

5. 	 Providing satisfactory marketing facilities 
for a maximum of high value crops which 
can be produced from the area. 

This means evaluation of potential 
markets and the development of necessary 
facilities for assembling and processing the 
crops to take advantage of the best mar
kets at the right time. It is probable that 
additional packing and coUling facilities 
will be required to handle the big volume 
of crops which can be produced inthe 

Tarsus-B3erdan area. Implemention of the 
program plan requires that the various 
parts be considered and carried out in a 
well-coordinated manner. There are several 
agencies of the Turkish Government con
cerned which will be involved in carying 
forward these operations. 
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E. WATER RESOURCES 	 After development of the project area, the 

The Berdai River is the main source of natural discharge of the river will not be 
water supply fo: the project area. The Berdan enough to provide the water needed to meet 
River has a watershed of 2,000 sq. kim. on the discharges required according to the irri

the Taurus Mountains: its length is 83 kilo- cation and industrial water rights of Tarsus. 
meters. It reaches the Mediterranean Sea about Because of this, surveys are continUin , on the 
20 	 kilometers east of Merin. Berdan Ris r of the possibility of providing 

made over 22 storage.According t,.) obsersations 

years, the minimum discharges of the Berdan WATER REQUIREMENTS 

are as follows during the months indicated: The duty of water at the diversion point 
for the existing and proposed crop pattern is 

June 35.11 m/sec. August 14.10 m'/sec. given below: 
July 20.50 m'/sec. Sept. 12.20 m/sec. Average water duty (liters/second, hectare) 

MONTHS 

April May June July Aug. Sept. Oct. 

Existing 0.36 1.10 1.22 1.20 0.85 0.76 0.50 
Proposed 0.40 0.70 1.17 1.11 0.77 0.60 0.41 

Water Distribution Scheme After Full Development
 

(for the month of July)
 
Right Bank
 

Municipality 1.50 m'/sec. 
Rehabilitation system 7.15 m'/,ec. 

Pumping area 4.45 m'/sec. 

New Areas 4.90 m'/sec. 
18.00 m/sec. 

Left Bank 2.50 m'/sec. 

Total 20.50 m'/sec. 

F. 	 SOILS b. Hydromorphic saline alluvial soils are 
The soils of the project area can be group- located at the south and south-east parts 

ed into three general divisions: (I) Al- of the project. They are also deep and cha

luvial, (2) colluvial, (3) residual. Alluvial soil racterized by heavy soils and are not suit

can be divided into: (a) Alluvial, and (b) hy- ed to irrigation. These soils were formed 

dromorphic saline alluvial soils. over the marine alluviunm within the saline 

I. 	 a. Alluvial soils are located at the cent- water table. Surface and subsoils tend to 

ral and east part of the project area. They have strong concentrations of soluble salts 

are deep with no root restrictions in the and exchangeable sodium, with very low 
profile generally characterized by heavy or no permeability. 
soils. They are formed by alluvial mate- Soils of this group are heavily con
rials which were carried in and spread by centrated with lime and organic matter. 

the Berdan and Deliqay Rivers. 2. Coluvial soils are located north of the 
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Tarsus-Mersin highway, especially at the 

foothills. They are generally heavy in tex-

ture and calcareous, and both surface and 

subsoils are gravelly. 

3. 	 Residual ::oils are formed over the lime-
stones and are located at the north-east and 

north-west edges of the project area. These 

soils are categorized as the terrarossa soils 

of the Mediterranean. They are heavy in 

texture and calcareous. A large propor-

tion of these solls is \ery restricted in pro-

file by limestone (30 cm. or less). Due to 
the climate and tile high value of the 

crops growing, they are classified as irrig-

able. 
The project land breakdown is as fol-

lows: 
1. 	 Right bank of the Berdan River 

decares 

a. 	 Tarsus municipal service area 13,000 

b. 	 Karabucal forest area 8,500 

c. 	 Class 1, 2, 3, below main canal 103,000 

d. 	 Refinery area 2,000 

e. 	 Port area (ful! development) 4,000 

f. 	 Class 5 land below main canal 53,000 

g. 	 Class 6 land below main canal 24,500 

h. 	 Class I, 2 and 3 within pumping rrea 44,000 

Right bail otal 252,000 

2. 	 Left Bank 25,000 

Total 	 277,000 

G. 	 DRAINAGE 
Surface and subsoil drainage is an impor-

tant factor in the south and southeast parts of 

the project area. Because of the existence of 

permeable cobble and gravel material under 

all the northern part of the project area, satis-

factory drainage is anticipated. The Berdan 

River and the Deliqay are the natural drainage 

ways, but they are not sufficient to drain the 

project area because of the very 	 low gradient 

at 	 the lower part of the project and the shal-
low 	depth. At the areas where restricted drain

age occurs, the soils are of heavy texture and 

the permeability is very low or none. 

A high water table exists in the southern 

part of the project area at depths of from 30 

to 150 cm. According to laboratory results, the 

majority of these waters contain highly soluble 

salt and exchangeable sodium. The reasons 

for the high water table condition at the south 

part of the project area are: 

(1) Insufficient natural drainage 	 way, 
(2) 	 Excess waste watet from the surrounding 

stream and irrigation canals and also pe

riodic overflow from the Aynaz Swamp, 
(3) 	 Insufficient drains in the existing irriga

tion system, 
(4) 	 The heavy soil witi an excessive a'mount 

of exchangeable sodium, which causes a 

very low permeability, 
(5) 	 Insufficient surface drainage, 

(6) The poor knowledge on the 	 part of far

mers of irrigation 
Correction requires 

(1) 	 Development of natnial drainage ways, 

(2) Lining the existing irrigation 	 canals, 
(3) 	 Establishing a good artificial drainage 

system, 
(4) 	 Preventing the overflow from the Aynaz 

Swamp. 

H. SALINITY AND ALKALINITY 
Salinity and alkalinity are important prob

lems in the project area. File saline and alka

line areas are located at the southern and 

south-eastern part of the Tarsus-Berdan Plain. 

The causes .f the salinity and alkalinity 

in the project area are: 

(1) 	 The saline marine deposits at the lower 
horizons, 

(2) 	 The high water table, 

(3) 	 Salt crystals carried by winds from the 
sea. 
The problem area covers about 7,000 hec

tares of land. 

At the central and northern section of the 

project area, the soils are free of salt and will 

not develop any salinity problems under ex

tensive irrigation. 

II. 	 DEVELOPMENT OF WATER RESOURCES 
With the water of the Berdan River, 

182,000 decares of land will be irrigated. The 
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irrigation project contains a diversion dam, le-

vees, left and right bank conveyance canals, 
and irrigation and main drainage systems for 
the right bank (64,500 Dec.); an irrigation sys-
tem for the left bank (22,500 Dec.) and the 
right-bank Yakakoy pumping station (40,000 

Dec.), which is under construction and will be 
completed in 1963. 

New irrigation and drainage system cons

truction for 40,000 Dec. and rehabilitation of 

the existing system on 64,500 Dec. on the 

right bank will start in 1963 and be corn-

pleted in 1967. 

BERDAN DIVERSION DIAM 

This was constructed in 1937-1940 at a 
FL 	 at a site 5 kilometers 

cost of 903,000 

north of Tarsus, on the Berdan River. The 

crest length is 150 in and the spill-way capa-
city 00 m'sec.Procedures 

BERDAN LEVEES 

The 	 right-bank levee has a length of 18 

kilometers, and starts south from the state high-

way 	bridge. The left-bank levee has a length of 

19 kilometers. These continue as far as the 

dunes. The levee has an average height 

of 2.5 m and the floodway capacity is 750 

m/sec. These were constructed during 1947-

1948 with an expenditure of 989,000 TL. 

RIGHT-BANK SYSTEM 

The conveyance canal on the right bank 

is 30 kilometers long and its capacity is 

7.9 m3/sec. It was buil during 1939-1953 at 

a cost of 2,250,000 TL. 

LEFT CONVEYANCE CANAL 

This canal has a capacity of 2.5 m'/sec., 

its length is 13 kilometers and it was cons-

tructed at the same time as the right-bank sys-

tern at a cost of 300,000 TL. Rehabilitation of 

the existing canal and irrigation system of the 

service area is underway. 

AREAS AFTER DEVELOPMENT (NET)
 

Right bank Decares 
Present gravity system 64,500 
Pumping area 40,000 
New area 44,000 

148,500 
Left bank 22,500 

Total net project area 171,000 

Tarsus municipality 11,000 
Area receiving water 

from the Berdan River 182,000 

III. LAND DEVVLOPMENT 

A. 	 Implementation 
Land des elop~ment carried out at the same 

time canals, drains and roads are built has 

not 	been fully attempted previously in Turkey.Poeue n tnad utb eeoe 
mutst de~eloped 

and personnel trained before operations of 
aInd 	 standards be 

this 	 kind can be satisfactorily undertaken by 

contractors and properly suprC ised and di

rected by the Government. It is recommended, 

therefore, that the first block of land pioposed 

herein for tertiary development, be develop

ed by the Government with its own forces. 

Regardless of how he work is done, all 

development below secondary laterals should 

be carried out as a separate contract or iteml 

of work in the over-all project construction. 

Main project feattures such as main canals, 

drains, distribution laterals, and necessary con

trol structures can be constructcd under types 

of contracts well known and understood by 

engineers and contractors. This is not true of 

the work that will be performed under ter

tiary de,elopment. The embankment required 

for the tertiary canals arid roads will be cons., 

tructed with earth excavated during land level

ing and drain construction. A roadway will 

geneially be provided on every other tertiary 

canal bank. Often, the earth ,borrowed), from 

the fields will be removed in extremely thin 

depths.Thus com putations of earthwork volumes 

for light land levelling will be impractic

able using generally accepted engineering me
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thods. Allocation of construction costs to the fleet of earth-moving equipment. The equip

satisfaction of the contractor and farmer ment described in this section is typical of 

would be extremely difficult. that used in land development and minor and 

Until standard procedures understood and drain canal construction on large Govern

accepted by engineers, contractors and far- ment projects in the United States. 

mers have been established, it is recommended On an average, the equipment listed, work

that all e irth-nioing work for land levelling ing two eight-hour shifts a day for 150 days, 

and tertiary canal, drmin and road construction will complete the road, levelling, ditch and 

be done Under contract. Payment would be surface drain construction for 30,000 Dec. of 

based on hourly rates for operating equipment. land (developed according to standard de-

B. 	 Estimate Of PeroonEli and sign) at the same time as tertiary canals are 

Equipment Need constructed. 

The work connected with land develop- In installing irrigation structures, prefabri

ment and tertiary canal construction can be cated or precast types could most efficiently 

accomplished most efficiently with a balanced be used. 

Table 2 Equipment needs to complete 30.000 decares annually. 

Earth Moving Equipment 

No Description Cest 

4 Crawler Tractor-Scraper Unit $ 180 000 

(120 hp with 10-ft. cutting blades) 

2 Crawler Tractor (120 hp) with bowl type dozer 64 000 

I Crawler Tractor (120 hp) with bottom-less 
scraper (18 ft) 35 000 

I Crawler Tractor (65 lip) with angle dozer 25 000 

,1 Crawler Tractor (65 hp) with angle dozer 
and tool bar attachment 28 000 

I Motor Gradei (Heavy Duty) 23 000 

I Crane (rubber tired, self-propelled with 
3/4 yard dragline attachment and bucket) 70 000 

I Weel Tractor (Heavy Duty) 5 000 

1 Wheel Tractor (Heavy Duty) with tool bar attachment 5 000 

I Land Plane (BG Model No: 55 or equiv.) 15 000 

1 Ditcher (large) 5 000 

I Land-Leveler-(Largest Eversman or equivalent) 10 000 

2 Ditcher (small) 1 000 

2 Disc Plow (Heavy Duty) 10 000 

1 Fuel and Lubricating Machine (Truck mounted, 
4-wheel drive) 11 000 

Spare parts (supply for five years) 93 000 
$ 580 000 
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Transportation Equipment 

I 
3 

4 
3 

2 
2 

Trailer-Tractor (30 ton) 
Passenger Carryalls 

Pickup 3/4 ton (4 wheel drive) 
Pickup 3/4 ton 

Trucks 1 1/2 ton flatbed (4 wheel drive) 
Truck Dump (4 cubic motor) 

Spare parts (supply for five years) 
Total - Transportation equipment 

$ 35 000 
12 000 

16 000 
9 000 

10 000 
12 000 

6 000 
100 000 

Miscellaneous Equipment (Shop and Field) 

1 Electric Aelder (300 amperes) 4 wheel trailer mounted 

I Concrete Mixer (10 S) 
1 Concret- Mixer (6 S) 
1 Concrete Mixer (3 1/2 S) 
2 Sets surveying instruments 
I Set drafting equipment 
1 Reproduction Machine (Ozlid) 

Hand tools 
Office Supplies and equipment 

Office Supplies and equipment 
Total-Miscellaneaous Equipment 

Estimated residual %alue at the end of five years is 
approximately 20 % of purchase price. 

5 000 
4 000 
2 500 

1 500 
2 000 
1 000 
4 000 

5 000 
5 000 

5 000 
30 000 

Table 3. Personnel required to complete 30.000 decares annually 

No Title 
Personnel Table 3 

Annual Salary 

I 
I 
1 
I 
2 
2 
6 
1 
2 
1 
I 
1 
20 
10 
20 

Supervising Engineer 
Office Engineer 
Draftsman 
Computor 

Survey Chief 
in;trumentman 
Rodman 
Construction Engineer 

Equipment Foreman 
Labour Foreman 
Field Mechanic 
Field Mechanic Assistant 
Equipment Operator 
Skilled Workers (oilers, asst. operators) 
Common Laborers 

36 000 T.L. 
30 000 
20 000 

8 000 
30 000 
20 000 
24 000 
30 000 
20 000 
11 000 
9 000 
5 000 

160 000 
50 000 
72 000 

525 000 T.L. 
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TABLE 4. COST OF LAND 


Private 
TL/Da. 

Investigation 
for farm plan 
Land leveling 
Engineering 
Implementation 40.00 
Farm irrigation and 
drainage system 
Engineering 
Implementation 20.00 
Checks 
Engineering 
Construction 10.00 
Irrigation canals 

from tertiary to 
farm ditch 
Engineering 
Implementation 
Roads between farms 
Engineering 
Construction 

TOTAL 70 TL/Da 

IV. TRAINING FARMERS FOR HIGH CROP 
PRODUCTION UNDER IRRIGATION 

Providing farmers with irrigation water is 
not enough if the full benefits of irrigated 
farming are t- be realized. Farmers must be 
informed concerning the economic returns 

which can be realized by full use of irrigation 
water and by improved farming methods. 
Presenting this information in such a manner 

that they will be eager and willing to learn 
the techniques io realize maximum returns is 

necessary. Thus a training job, enlisting the 
cooperation of all agencies concerned, must be 
accomplished, 

The types of training necessary may be 
broken down into several categories. First, 

DEVELOPMENT PER DECARES 

Government Total 
TL/Da. TL/Da. 

6.00 6.00 

8.00 8.00 
40.00 

6.00 6.00 

10.00 

5.00 5.00 
60.00 60.00 

3.00 3.00 

25.00 25.00 

115.00 TL/Da 185. TL/Da 

however, it is helpful to have some idea of the 
size and complexity of the problem. In the to
tal Mersin-Tarsus area (260,(;00 decares) there 

are approximately 2,640 farmers with holding 
ranging from I decare to over 1,000 decares. 
The model group ranges from I to 50 decares 
in the Mersin area (1,286 farmers out of a 

total of 1,671) and II to 250 decares in the 
Tarsus area (851 farmers out of 972). (See 
Table 5). It is expected that the larger far

mers, i.e., those with 500 or more decares (61 
farmers), will hire a manager who will ac

tually operate the farm. Smaller farmers pro
bably will either do all their own work or 
join together to hire a manager. The manager, 

as a larger operator, will benefit materially 
from high-level training. 
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TABLE 5 FARM SIZE DISTRIBUTION 

Mersin 

Size 1-5 6-10 11-50 51-100 101-150 151-300 301-500 501-1000 Over 1000 

Category Dk. Dk. Dk. Dk. Dk. Dk. Dk. Dk. Dk. 

Number 599 271 416 148 99 78 30 22 8 

Tarsus 

Size 5-10 11-25 26-50 51-100 101-250 251-50 Over 501 
Category Dk. Dk. Dk. Dk. Dk. Dk. Dk. 

Number 13 186 282 200 183 71 37 

Obtaining the Farmer's Coopt-ration can probably best he done by uwiliing a care-
The first phase of training will be to fully-prepared set of visual aids showing the 

--sell)) the benefits of full irrigation farming. contrasts between the present situation and the 
It is extremely important to show the econo- production potential under full de,,elopment. 

mic benefits which will accrue to tht farmers The entire process of irrigation de'velopment 

from realignment of farm boundaries. This must be shown graphically in steps. Wnere 
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possible, examples of the following should be 

shown: 
a. 	 Realignment of land boundaries according 

to the lay of the land, 

b. 	 Land levelling and preparation, 

c. 	 Crop varieties and rotations, 
d. 	 Irrigation water management, 

e. 	 Fertilizer and pesticide use, 

f. 	 Harvesting methods and, 

g. 	 Marketing. 
File necessity for realignment of farm 

boundaries musL be understood and accepted 

by all farmers inol, ed. Each landowner 

should 	be made to understand that he will re-

as ie previous-ceive the same amount of land 

ly owkned except for the small percentage ne-

cessary for canals and access roads. Visual aids 

should be prepared sho,. ing the landholdings 

of an act'ja! farmer in tile area both before 

and after realignment. It should show his pre-

sent setup with its limited income potential vs. 

tbe prospectie setup showing water delivery, 

pickup, drainage facilities, access roads and 

increased income, 
Costs and financing of the project (Table 

I) must be pointed out to all farmers. This 

aspect of training can probably be covered :n 

a series of meetings, field observations and de-

monstrations held in varioi; villages By the 

present staffs of the Extension Service. Top-

raksu and DSI. It seems desirable to hold 

these meetings as soon as possible. However, 

probably not more than three teams should be 

used because tile presentation should be as 

uniform as possible. Three teams each con-

ducting 13 meetings should be able to cover 

the entire area in one month or less with four 
to six hours of orientation, 
Short-Course Training 

A second type of training will be neces-

sary to teach farmers and operators improved 

methods of irrigation farming. This training 

may be broken into two phases, depending 

upon the amount of land owned. 

I. In one group would be farmers who 

have holdings large enough to hire managers, 

either individually or cooperatively. These ma-

nagers (estimated at one manager per 1,000 

could be given a sedecares or a total of 120) 
in all phasesries 	of intensive training sessior 

of good irrigation farm management. It is es

timated that this training will require apr-oxi

mutely three months. 

2. -ne training of tile second group, thai s the 

owners who are small farmers, can be accom

plished in a shorter training session of about 

14 days. This short course should be designed 

with the same generalto acquaint farmers 
principles of irrigation as are covered in the 

longer course for managers and large owoers. 

The training could be given by a team 

composed of an agricultural engineer, a soil 

technician, and a leading farm operator. The 

team would require transportation (probably a 

pickup truck) a drier, and training aids. One 

team working for three years would be suffi

cient to train all of the small farmers of the 

area. Ilowever, it seems desirable to train se

veral teams (possibly fi\ e or tell) to give these 

short courses. Such a policy would upgrade the 

technical skills of a large portion of the ex

tension staff of tile area, both in knowledge 

and in teaching ability. This would also make 

the schedule for training the farmers more flex

ible. It also seems desirable to give irriga

tion training to all of the extension workers, 
even though they may not be involved in the 

actual training job: they will then be better 

able to assist farmers in implementing what 
they learn. 

The short-course training for both 

the large and smaller landholders would 

be same except for duration and detail. It 

would cover the various inter-related as

pects of irrigation, such as soil, water, 
crops, livestock, fertilizer, equipment, pes

ticides and seed. 
The workshop method of instruction, 

making use of visits ,) demonstration 

areas, should be used insofar as possible. 

Each session should utilize illustrated 

lectures, slides and other visual aids. Each 

farmer should make a plan for his size of 

operation, utilizing the information given 

in the lectures and receiving the aid of the 

team members. 
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V. 	 CREDIT 
In any country, regardless of the stage of 

its development, a dependable source of credit 
for agriculture is one of the essential factors 
contributing to increased agricultural produc-
tion and to a better living for farmers. Of the 
three economic elements of production-land, 
labor and capital, agriculture is usua!ly in 
greatest need of capital. In Turkey there is 
an abundance of land and labor, but there is 
great need for capital to facilitate agricultural 
development. 

It is slow and difficult, if not impossible 
for the agricultural sector of the economy of 
any country to generate within itself sufficient 
capital for its own development. This is par-
ticularly true during the early stages of eco-
nomic development, when farmers are at a 
disadvantage in the market place, both for the 
sale of their products and for the purchase 
of their supplies. Thus the government of a 
country must take positive steps to set up the 
necessary institutions to open the channels of 
capital to agriculture. 

Position of the Agricultural Bank 
and Recommendations 
(1) 	 The Agricultural Bank has the legal structure, 

organization and physical facilities throughout 
Turkey to provide credit service to farmers and 
to agricultural cooperatives if rehabilitated and 
reoriented toward agriculture. 

(2) 	 The financial resources of the Bank are very 
limited for future credit service, and ways and 
means need to be found to bolster these re-
sources. This is primarily a problem that needs 
to be solved by the Government of Turkey. 

(3) 	 The Agricultural Bank needs to have its staff 
trained and oriented toward agriculture. The 
Bank is very anxious to improve this situation 
and has already taken steps, with the coopera-
tion of A.I.D., to carry out an expanded par-
ticipant training program. 

(4) 	 The objectives of any agricultural credit sys
tem should be: 
(a) to extend credit to farmers for productive 
and helpful purposes, and (b) to help farmers 
improve their incomes and their financial po-

sition. If a loan is made to a farmer which 
will only prolong a hopeless debt situation, it 
will be contrary to the objectives of the system. 
Such loans are not helpful to the farmer. They 
drain the resources of the Bank and reduce 
the funds asailable for other credit-worthy far
mers. They also have an inflationary influence 
on the general economy. 

(5) 	 It is important that there be a friendly rela
tionship between the farmer and the credit 
institution, based on mutual confidence. To 
accomplish this, it is necessary that the far
farmer be given an opportunity to understand, 
when the loan is being negotiated, what he 
can expect from the Bank and what the Bank 
expects from him. Knowledge and complete 
understanding of all the important factors in
volved in this relationship are necessary to the 
establishment of mutual confidence. To accom
plish this kind of relationship between the 
farmer on tie one hand and the Agricultural 
Bank on the other necessitates an educational 
program in the villages. 

(6) 	 It is always desirable for the farmer to use 
his own money, to the extent possible, to ac
complish his purpose, and to request a loan 
only to supplement his own money in order 
to complete the financing of his farm. This 
gives the farmer an equity in his farming ope
rations which he will work harder to protect 
than if the Bank or the credit cooperative as
sumes the entire risk. 

(7) 	 In extending credit to a farmer, it is better to 
make him a loan large enough to pay off his 
other debts, if it is an amount that is within his 
repayment ability, rather than to make him 
a small loan and merely become another cre

ditor. This involves a careful determination of 
the farmers's credit requirements, including 
enough money to pay other debts. For a far
mer to owe a debt to more than one creditor 
is not considered good practice either for the 
creditor or the farmer. 

Credit Needed for the Project 
Credit needed for the project area of 

182,000 decares is discussed in four parts, ac
cording to development phases. 
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(I) 	 IUO,000,000 TL. are needed to purchase 
pumps and equipment. These will be used for 
pump irrigation systems by private parties and 
organizations for the development of water 
resources. 

(2) 	 11,970,000 TL. are needed for farming servi-
ces such as land levelling, farm irrigaiio,, and 
drainage and water control systems in connec-
tion with land resources development. 

(3) 	 15,411,600 TI_. are needed for tractors and 
farm equipment. 

(4) 	 11,286,000 TL are needed for fertilizer, seed 
and insecticides. The cost of providing water 
outside the four items mentioned above and 
also of the installations for the distribution of 
water will be borne by DSI and Topraksu as 
a Government investment, 

(5) 	 It is estimated that 3,000,000 TL. are needed 
for marketing and transportation. 

Procedure for Credit 
Farmers in the Tarsus-Berdan Project area or 

other project areas concerned with soil and water 
resources development as is the Tarsus-Berdan pro-
ject, can receie credit as outlined below: 
i. 	 The farmer applies to the local Soil and Water 

Organization (Topraksu). If this organization 
is not a',ailahle, Ile applies to the Extension 
Service. Priority %%ill be given to the requisi-
tions of farmers who are in the project area, 

but requisition0s outside of the project area 
shall also be taken into consideration. 

2. 	 The local [opraksu Organization will investi-
gate the repayment capacity of farmers who 
request credit from the Agricultural Bank and, 
if this is satisfactory, prepare farm layout and 
credit plans. These plans shall also include re-
payment conditions. Farm credit plans thus 
prepared will be approved by the General Di-
rectorate of Topraksu. 

3. 	 Under the control of the Topraksu Organiza-
tion, payments will be given to farmers ac-

cording to approved credit plans in order to 
cover the expense of the work. Only 60 per 
cent of the necessary investment for full farm 
development can be given as a credit: the re-
mainder of 40 per cent should be covered by 
the farmer. 

Necessary funds for the farmer's credit can be 
obtained from two sources. The first is by agree
ment of Topraksu and the Agricultural Bank. The 
second is from released counterpart money by 
agreement of the Turkish Government and U.S. 
A.I.D. The protocol prepared between the Turkish 
Governmeit and A.I.D. is not included in detail, 
but may be obtained from the authors. 

VI. 	 MARKETING AND TRANSPORTATION 
It is suggested that 3,000.600 Turkish lira 

for the total project area per year be allocated 
to the project area as loan funds for the deve-
Iopment of marketing, thiouh such means as 
packing, grading, and ccoling or storage faci
lities. In addition, both the Ministry of Agri
culture and the Ministry of Commerce must 
continure and extend their efforts in develop
ing stronger local and export markets for the 

winter vegetables and fruits of the area. 
This would be for Turkey an ideal area 

in which to take active leadership in encourag
mig private or cooperatise business enterprises 
to demonstrate the advantages of good mar
keting and transportation practices. To be 
successful, such demonstrationi must be care
fully planned and activated from the planting 
of quality crop varieties through careful cul
ture, harvesting, grading, packing, and quick 
transportation. Both air tansport and refrige

iated trailer trucks roiled onto ships should 
be part of the demols ration. 

DISCUSSION 
Labor costs for production have been included 

in calculating the benefit-cost ratios. Spare parts 
for equipment are based on estimates and this cost 
may be low. It is a relatively minor part of the 
total and increasing it would not greatly change 
the benefit-cost ratio. 

In computing the water requirements, Blaney-
Criddle and Penman's methods were used, plus 
experimental data from the Tarsus Research Ins

titute. The values of k were those used for Arizona 
and California. The minimum flows given ft the 
Berdan are indeed minimum flows, not means or 
averages. Repayment costs are based on 50 years. 
The pumping at Yakakoy is in two stages, with a 
total lift of 35 meters. Only part of the water is 
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lifted through the second stage, so that there are him, especially as this applies to the meeting of 
two delivery canals. Extensive studies of canal see- emergency costs. Since all costs must eventually be 
page have not been made. recovered from the land, organizational. costs 

A summary of remarks made by discussers fol- shou'd be kept as low as possible. Some of the 
lows: It is hoped that the pay scales of the tech- activities, such as the construction or field ditches, 
nicians may compare favorably with those paid may be left to Jhe farmers themselves. In reply, Mr. 
to the administrators. Cropping patterns should be Yegin felt that the farmer himself must be taken 
expressed in terms of the land, not in terms of into account in planning th, rotation. It may take 
the owners, because land holdings may be too approximately a year for farmers to realize their 
small to reflect the cropping patterns. Pakistan has loan requests based on a complete farm plan. Or
been successful in discussing crop rotation plans ganization costs should, of course, be kept as low 
with the farmers and working out plans with them. as possible: however, not so low that the job can-
This is more desirable than imposing crop rotations not be done. With regard to construction of field 
by decree. The importance of training for those drains and ditches by the -farmer, the farmer is 
who are working with the farmers was stressed. capable of doing this and no loan is contemplated 
The trainer should understand the social customs for this purpose. While our Extension Service has 
of the farmers also. There should not be too much been impossible for the farmers to carry out these 
elapsed time between the time that a farmer needs recommendations because they did not have ne
credit and the time that it is made available to cessary tools or sources of capital. 
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CHAPTER VII 

DRAINAGE AND SALINITY CONTROL
 

MANAVGAT PROJECT DRAINAGE AND RECLAMATION 

by 

Mr. Suha S. Eren 

INTRODUCTION 	 proper irrigation and drainage installations are 

The Manavgat Project is a relatively small built and the necessary reclamation is made. 

project. Here, however, are encountered most The project was approved by the General Di

phases of drainage engineering. The drainage prob- rectorate of State Hydraulic Works and the cons

lems include high water table, salinity, alkalinity truction work commenced on April 1st, 1962. 

artesion pressure, canal seepage, heavy-textured This presentation is a brief summary of aThe 

soils, and outlet by pumping. 	 Detailed Land Clasification and Drainage Investi-

The soil, drainage and economic studies for gation Report of Manavgat Project.)) 

this area were made during 1961. They showed 

that the project area will be highly productive if General Project Location 
The Manavgat Plain is a small coastal plain 

I Civil Engineer, General Directorate of State Hydraulic located about 80 kilometers east of the town of 
Works, Ministry of Public Works, Turkey. Antalya. The project area is a portion of the Ma-

TABLE 7. M'ONTHLY 	 .VERAGE VALUES- PRECIPITATION, TEMPERATURE, 

EVAPORATION AND HUIMIDIRTY 

Observation 
Stations 1 '2 3 4 

MONTHLY 
5 6 

AVE RAGES 
7 8 9 10 11 12 

Annual 
Average 

Precipitation 
mm. Managat 
(inches) 

407.3 
(16.04) 

222.6 
(9.47) 

179.2 
(7.06) 

44.1 
(1.741) 

24.1 
(0.94) 

11.3 
(0.45) 

0.4 
(0.01) 

0.4 
(0.01) 

22.8 
(0.90) 

91.0 
(3.54) 

161.6 
(6.30) 

430.3 
(16.93) 

1595.1 
(62.80) 

Temperature 
oC Antalya 10.6 10.6 12.6 16.2 20.5 25.0 28.2 28.1 24.9 20.3 15.5 11.6 18.1 

(of) (50) (51.1) (54.7) (61.2) (68.9) (77.0) (82.7) (82.6) (76.8) (68.5) (59.9) (52.8) (64.6) 

Pan Evaporation 
91.4 133.9 243.8 299.2 283.5 213.4 102.4 61.0 31.5 1604.4mm. Antalya 31.5 49.8. 63.0 

(Class A pan ) 

(inches) (1.22) (1.97) (2.87) (3.58) (5.28) (9.60) (11.77) (11.14) (8.38) (3.92) (2.40) (1.24) (63.15) 

Humidity-% 69 68 65 68 68 63 58 60 58 62 67 70 65 

Antalya 
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navgat Plain and is bounded by the main irrigation 
canal on the north and east, by the Manavgat Ri-
ver on the west, and by sand dunes and the Me-
diterranean Sea on the south. It covers an area of 
1441.0 hectares. 

CLIMATIC CONDITIONS 
The project area has a continental Mediterra-

nean climate. Summers are dry and hot, winters are 
mild and rainy. The average annual rainfall is 
1595 mm. (61.7 in.); '400 mm. (55.1 in.) of this 
total falls between November and March. There 
is practically no rainfall during the summer months. 
The annual evaporation is 1604 mm. (64.6 in.). 
The average monthly temperature varies between 
28.2"C (82.7"F) in July and 10.0"C (50"F) in De-
cember, with an average annual temperature of 
18.1"C (64.6"F). The average humidity in the area 
is 65 per cent. The climatic conditions demand that 
irrigation be used to grow summer crops. Detailed 
information is pre;.nted in Table 1. 

1+ 

Soils Physical Charac..,is 
Soil Texture. The soils in the project area were 
formed from alluvial deposits of the Manavgat Ri
ver and surounding creeks. The origins of the soils 
are limestone, sandstone and mart. 

Soil texture varies over the plain from clay to 
sandy-loam. The soils at the slopes are clay-loam 
and loamy sand. At the center and the southern 
part of the plain, where the slopes are between zero 
and one per cent, the texture of the soil is heavy 
clay. The distribution of soil texture in the area is 
given in Fig. I. 

A sand layer about three to five meters thick 
(10 to 16 ft.) covers the whole area at about sea 
level. The sand layer is underlaid by an imper
meable blue clay formation. 
Soil Structure. The structure of the light textured 
soils is friable granular. There is no structure in the 
heavy clay soils. 
Soil Depth. The soils in general are deep enough 
to permit good root development. Toward the south

'C , i I I 
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ern part of the area, the sand layer comes close 


to the surface. 

Infiltration Rates. Soil infiltration rates ar, given 


in Table 2. 


'TABLE 2. INFILTRATION RATES 

Texture of Soil Average Infiltration. 
Fine (SiC, C) 3 inm/hr. (0.18 in/hr.) 

Medium (SiCI, CL) 8 mm/hr. (0.32 in/hr.) 
Coarse (L) 17 mm/hr. (0.67 in/hr.) 

The infiltration rates of ,he medium and coarse 

textured soils are adequate for good irrigation prac

tices and reclamation. The infiltration rate in the 

fine textured soils is somewhat low and measures 

to im-prove soil structure are needed. 

Hydraulic Conductivity 
The hydraulic conduct;vity of the soils, as 

measued by the auger-hole method and Kirkham 
permeameters in the field and by laboratory tests 

on disturbed soil samples, varies from very rapid 
to very slow. Hydraulic conductivity in alkaline 

areas is practically zero. The hydraulic conducti-
vity of the sand layer is very rapid, Table 3. 

Field Capacity. 
tion among the 
moisture values 
given in Table 

Field capacity studies show varia
different soils. Readily available 

for the different soil textures are 
4. 

TABLE 4. READILY AVAILABLE MOISTURE 

Soil Texture R.A.M. cm/30 cm. of Soil 

Clay, Silty-Clay 5.4 (2.12 in/ft) 

Silty Clay-Loam 4.4 (1.73 in/ft) 
Sandy-Clay-Loam 3.5 (1.38 in/fl) 

Loam, Silty-Loam 2.9 (1.14 in/ft) 

Sandy-Loam 2.5 (0.99 in/ft) 

Chemical Characteristics 
Lime Content. Since a major source of the soil 
parent material in the project area is limestone, the 

lime content of the soils is very high (average, 30 

per cent). This will be a fa ,rable factor in recla

mation of the alkaline areas. In some profiles, the 

lime is leached and deposited at depths of 90 

to 120 cm. (3 to 4 ft.). 
Salinity. Salinity is one of the main problems in 

the project area. Over part of the area it is combi
ned with alkalinity (Fig. 2). 

TABLE 3. HYDRAULIC CONDUCTIVITY -
(AUGER-HOLE METHOD) 

M/DAY, (IN/HR.) 

Soil Texture Numberof tests Minimum Maximum Average 

Clay 65 0.05 
(0.09) 

4.40 
(7.2) 

0.67 
(1.1) 

Sandy-loam I - - 4.2 

Loamy-sand 3 4.50 
(7.4) 

12.60 
(20.7) 

7.6 
(12.5) 

Sand 50 1.00 
(1.64) 

27.20 
(44.5) 

5.2 
(8.5) 
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There are several source of the salinity: 	 poration, the salts accumulate on the sur
face. 

1. 	 The soils originally contain salt. Salt accumulation is leached out by winter 

2. 	 The artesian water is saline, rains and accumulates again during the plant grow
3. 	 Due to lack of surface drainage, the run- ing season. An example of this is given in Ta

off collects in low areas and, through eva- ble 5. 

TABLE 5. LEACHING BY WINTER RAINFALLS 

percent Total Salt 

Hole No. Soil Layer April 1961 October 1961 

212 0-30 cm. (0-1 ft) 0.17 2.57 
30,60 cm. (1-2 ft) 0.06 0.55 
60-90 cm. (2-3 ft) 1.66 2.18 

90-120 cm. (3-4 ft) 1.66 2.57 

215 0-30 cm. (0-1 ft) 0.36 0.75 
30-60 cm. (1-2 ft) 0.44 0.71 
60-90 cm. (2-3 ft) 0.21 2.18 

90-120 cm. (3-4 ft) 0.43 2.57 
120-150 cm. (4-5 ft) 0.03 2.57 
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Indications are that an efficient subsurface 
drainage system, aided by winter rainfall, can ac-
complish considerable salt removal, 
Alkali. Alkali is also a problem in the area, 187 
hectares of land in the project area being Alkali. 
There the exchaneeable sodium is found in the 
complete profile and varies between 1.7 and 16.6 
per cent. Generally, the top 30 cm. (1 ft.) of the 
soil are not alkaline. The highest concentration of 
exchangeable sodium is found between 60 ans 90 
cms, (2 to 3 ft.). 

Gypsum and Organic Matter. The soil in the 
project area contains no gypsum, and the organic 
matter content is very lo, 

AGRICULTURAL CONDITIONS 

Crop Pattern. The main crop in this area is cot-
ton. Citrus orchards and truck gardens are 
located near the Manavgat River banks, where 

,ANAVA 


I MG0(a wc 

adequate natural drainage exists. 
Cotton is being grown continuously year 

after year and the yields are going down. Pre
sent yields average 150 to 200 kilograms per 
decare (1320 to 1960 !./acre), where ten years 
ago the yield was 350 kilograms per decare 
(3080 lb/acre). Cotton yields on unirrigated 
fields are about 50 kilograms per decare (440 
lb/acre). 
Existing Irrigation. The main irrigation canal 
and a main surface drainage canal are com
pl'etrd. The secondary canals and tertiaries are 
not completed. Irrigation in the project area 
is accomplished by pumping from the river, 
the main irrigation canal and also from the 
drainage canal. The farmers irrigate by wild 
flooding only. In winter they keep .he land 
under water in order to leach the salts. Since 
there is no effective farm drainage, conditions 
do not improve permanently. 

C 

Vig 

eelomb MANAVGAT PROJECT 

EXISTING CANALS 
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TABLE 6. RAINFALL CHARACTERISTICS
 

FREQUENCY 

INTENSITY 5 10 

24 hour rain-
fall mim. 

(in.) 

131 

(5.20) 

155 

(6.10) 

1 hour rain-
fall mm. 

(in.) 

43 

(1.69) 

50 

(1.97) 

Crop Adaptation. File ecological conditions 
indicate that any kind of crop can be grown 
in the project area. File major crops should 
be cotton, vegetables, citrus, sesame, corn and 
legumes. Cotton should be grown in rotation 
with sesame or soybean and Vetch, sunflower 
or corn. A new crop that can be introduced to 
the area is peanuts. 

DRAINACE 
The proijt area, bounded by hills at the north 

and east and by sand dunes at the south, is a 

closed basin without a natural outlet. Surface run-

off collects in the central part of the plain. The 
factors contributing to drainage problems in the 
area are elaborated below. 

Rainfall. The rains during winter and spring 
are very intensive and very quickly inundate 
the area. Surface ponding should be removed 
in 48 hours from the cultivated areas, and 
in two to four hours from the truck crop 
fields. 

Rainfall characteristics for the project area 
are given in Table 6. 

Rainfai! records show that hourly rainfall 

intensities are approximately one-third of the 
24-hour rainfall for a given frequency. 

It has been found that water-table fluctua-
tions are directly related to rainfall distribu-
tion over the year. 
Creek Run-off. The main irrigation canal 

also acts as an interception ditch. Therefore, 

YEARS 

25 50 100 

185 207 230 

(7.30) (8.15) (9.06) 

61 69 77 

(2.40) (2.72) (3.03) 

run-off from the creeks does not reach the 
project area. 
Floods. The Manavgat River channel is deep 
and wide enough to confine large floods. Up 
to the present, there has not been a large flood 

that caused damage to the project area. 
Canal Seepage. The main irrigation canal has 
not been lined. Piezometric studies made on 
the canal show that seepage is very high and 

is one of the factors contributing to the high 
water table. Measurements of flow in the ca
nal also support this conclusion. The total see

page in a seven-kilometer (4.35 miles reach of 

the canal was found to be 200 liters/sec. (7 
cfs). 
Irrigation. Irrigation of the cotton crop in the 
project area is by wild flooding. Basic prepa
rations for irrigated agriculture are used. Win
ter flooding for leaching purposes also raises 
the watertable and delays early planting. 
Artesian Pre .sure. The piezometric studies 
made in the project area show the existence of 
artesian pressure. The acquifer is 3 to 5 m 
thick (10 to 16 ft) and underlies the whole 
area. At the northern part of the plain, piezo

meters flowed at a depth of four meters. 
Existing Water Table and Groundwater Quality. 
The iso-piestic lines and iso-baths for the 
water-table are given in Fig. 4. 

The movement of the groundwater is ge
nerally toward the center of the plain. The 
water-table is very close to the surface. In 
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about 80 per cent of the area, the watertable Irrigation Water. 
is between the surface and 1.5 meters (5 ft). The source of irrigation water is the Manav-
Along the Manavgat River, is below 2.0 me- gat River. The water quality is very good. The 
ters (6.5 ft), as the river acts as a natural electrical conductivity is 235 to 400 microm
drain. hos/cm. The calcium and magnesium content 

The groundwater is very saline, especially is higher than the carbonates. There is nc pro
at the central part, (Fig. 5). Salinity is as high blem of residual carbonate or boron. 
as 39,000 micromhos/cm. 

runs al- DESIGN CRITERIASea Intrusion. The Manavgat River 

most parallel to the plain on the south side of Reclamation Posibilities. At present 498 hec

into the tares (1,230 acres) of land in the project areathe sand dunes before discharging 

sea. This prevents the salt water from intrud- need reclamation because of salinity, alkalinity 

ing into the plain. The tide has been measured and the high watei-table. Reclamation possi

and found to be about 20 cm. (8 in). The bilities and potential problems are given be

tide also has no effect on the groundwater. low: 
1. 	 The drainability of the land is good. The 

high watertable can be lowered with out 
LAND CLASSIFICATION any difficulty. 

A detailed land classification map (Fig No 6) 2. Outlet conditions are poor. Pumping of 
has been prepared for the project area showing the drainage water is necessary. 

different classes and subclasses. Tho land classes 3. The irrigation water is of good quality. 

and their hectaragts are given in Table 7 and 8. However, it is not very desirable for lea-

Table 7. Irrigable Land Classes 

Class I Class II 	 Class III Total 
- __ Irrigable 

2S 2D 2sd 2std Total 3S 3d 3sd 3std Total area Ha. 

Area 153.8 74.8 67.6 67.8 41.1 251.3 4.3 26.6 844.2 146.7 1021.8 1426.9 
Ha. (acre) (379.9) (184.8) (167.0) (167.5) (101.5) (620.8) (10.6) (65.7) (2085.2) (362.3) (2523.8) (3524.5) 

Percent 107% 5.2 4.j 47 2.9 17.5 0.3 1.9 59.2 10.2 71.8 100 % 

Table 8. Non-Irrigable Area 

Hill 	 Roads Canals 

1.5 ha. 6.5 ha. 6.1 ha. 
(37 acres) (16.1 acres) (15.1 acres) 
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ching purposes. The water may cause de-
flocculation and reduce the permeability of 
the soils. 

4. 	 Approximately 80 to 100 cm. (30 to 40 
inches) of water must pass through the 
root zone to provide adequate leaching. 

5. 	 One ton of gypsum for each decare is re-
quired to reclain alkali and saline-alkali 
lands. 

6. 	 Cotton, rice and alfalfa can be grown 
during reclamation activities. 

Irrigation and D'rainage System. The irriga-
tion and drainage system of the project area 
is given in Fig. 7. A total of 478 hectares 
(1,181 acres) of land will be drained by gra-
vity. The rest of the area will be drained by 
pumping. A total of 1,400 hectares (3,458 
acres) of Iaid will be irrigated. 

Puiping stations have been proposed. 
The capacities of these stations are 0.9 and 
1.1 m'isec. (32 and 39 cfs). They are designed 
to take care of Maximun rainfall with 10-year 
frequencies, 
Deep Drainage. A total of 498 hectares (1,230 

acres) of land in the project area requires 
deep drainage. The type of crop, the salinity 
of the groundwater and the climatic condi-
tions require that the normal watertable should 
be kept at a depth of a least 150 cni (5 ft 
from the surface. Deep drainage will be ac-
complished with closed tile drains. Tiles will 
be placed at a depth of approximately 180 to 
200 ni (6 to 7 ft). The drain spacings were 
calculated for different areas by the HoUghoudt 
and Kirkhan formulas and found to be bet-
ween 50 m. and 150 reefers (164 to 490 ft). A 
drainage coefficient of 7 rum/day (0.276 in-
ches/day) has been accepted for the project 
area. 
Drainage Canals. Proposed drainage canals 
are between 150 to 220 cm deep. The slopes 
vary between 0.0002 to 0.00078. The dischar-

ges are calculated by the McMath formula. 
Artesian Water. Most of the drainage canals 
will intercept the sand layer and thus the azte-
sian pressure will continuously be relieved by 
the canals. Since the pumping stations are de-
signed for 10-year rainfall intensity, no addi-
tional pumping will be required for this addi-
tional discharge. 

RECOMMENDATIONS 
In order to hae good crop production after 

the irrigation and drainage system is corn
pleted the following practices are reLOM
mended: 

I. 	 The scientific use of water in %cry im
portant for the project area. 

2. 	 The furrow irrigation system should be 
used in the area: wild flooding should be 
abandoned. 

3. 	 Crop rotation, especially where cotton is 
grown, should be encouraged. 

4. 	 The lands should be fortified by artificial 
fertilizers and or farmi mainure. 

5. 	 The land should flcer remain idle dur

ing the first ten years of reclamation. Rice 
planting should not be encouraged except 
for reclaniation purposes. 

7 The farmers should be taught more effi
cient techniques of irrigated agriculture. 

8. 	 Extensise reclamation experiments should 
be made to establish economical methods 
before project reclamation is started. 

DISCUSSION. 'Fhe sand dunes are compact and 
set rather than alise. Water needs to be used eco
nomically because excess v.ater has to be pumped. 
Furrow irrigation is used because of low infiltra
lion. Crops are planted on the edge of the furrows 
in order to give some aeration to the root zone. The 
leaching will be taken care of by the winter rain. 

An objection was made to having the drain
age ditches transecting the canals. It was stated 
that the drainage system was designed willi adja
cent areas in mind. The irrigation designers chang
ed some of the design and also made some over
passes for the drainages based on topographical 
considerations. The canal lies near the edge of 
the project in the sandy soils: therefore canal losses 
are high. The soils to be reclaimed are in the 
center of the area and are heavy. The clay frac
tions are not expandable clays, so extreme crack
ing is not anticipated. Preliminary leaching trials 
indicate the feasibility of leaching. 

The discussion brought out that continued cul
ture of cotton on a single plot often results in a 
disease. There are sonic cotton diseases in Turkey 
which those concerned with plant protection are 
working on. 
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TILE DRAINAGE FOR LAND RECLAMATION 

IN THE MENEMEN PLAIN 

by
 

Mr. Kaya Bozkurt 

INTRODUCTION 
The tile drainage project described herein oc-

cupies an area along one of 29 tertiary canals in-

stalled by the State Hydraulic Works for th, 

Izmir-Menemen irrigation system. Drainage prob-

lems in the area include a high water table which 

contributes to salinity arid alkali development. Na-

tural drainage has not been developed and deep 

artificial drainage depends on pumping for an out-

let. 
The drainage investigations, plans and cost 

estimates were made in 1961 by a Joint Drainage 

Group of the State Hydraulic Works (hereafter cal-
led DSI) and the Soil Conservation and Irrigation 

Service (hereafter c:illed Topraksu). At the same 
time, a detailed soil study was made by the Ankara 
ILand Classification Section of DSI. These studies 
indicated that production could be restored on 
abandoned lands arid the general crop yields im-
proved inthe project area if drainage installations 
were built and necessary reclamation measures un-
dertaken. These include land shaping arid a better 

farm irrigation system, and improved soil and wa-
ter management. 

Drainage construction started in September 

1961 and was completed at the end of December 
1961. The system has been working successfully 

since its inception, 

GENERAL PROJECT INFORMATION 
Location. The Gediz River Delta, on the Ae-
gean Coast, contains the Menemen irrigation 

I Agricultural Engineer and Project Leader: Topraksu 

General Directorate, Izmir, Turkey. 

system. The drainage project located within 

this system is the area served by one of the 

tertiary irrigation canals. It is bounded by the 

Sasalli P-2 and P-3 and the Seyrekkoy main 
drain. The distances from the project area to 

the cities of Menemen and Izmir are 25 and 

30 kilometers, respectively. The distance from 

the project area to the Aegean Sea is six kilo

meters. The total drainage project area is 358 

hectares. It is approximately rectlmgular, 2,500 

meters in length and l,100 in width. The road 

connecting Tuzcuilu and Kaklic vil!agi passes 
through the area. 
Topography. The project area is nearly level, 
as call be seen on the map, Fig. I. The general 
slope is from east to west and ranges between 
zero and 0.0005. The highest elevation in the 
area is 3.86 nieters and the lowest is 2.90 me
ters above mean sea level. 
Climatic Conditions. The project area is in the 
sub-humid region, the winters are mild and the 
summers are hot. The highest precipitation oc

curs in the winter, with lesser amounts in the 
spring and the fall. The 30-year averages for 
precipitation, temperature, and ,elative humi
dity are shown in Table 1. 
Soils. Soil parent material has been developed 
from the alluvial deposition of the Gediz Ri
ver. The texture becomes lighter with increas

ing soil depth. Generally speaking, from the 
surface to a depth of 90 cm. the texture is silty 
clay. Below 90 cm. in depth the texture be
comes very fine sandy loam. This profile is 
dominant throughout the drainage project 
area. 
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GRAPHICAL SOLUTION OF DRAIN SPACING 
FORMULA WHEN THE iMPERMEABLE LAYER IS 
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Soils pioblems in the project area include sa-
line, saline-alkali and nonsaline-alkali conditions, 
The sodium salts are dominent. The immediate ori-
gin of these salis has been through the rise of heighly 
saline groundwater (3 per cent saluble salt) that 
developed after the beginning of project irrigation. 
Roughly 90 per cent of the land in the project is 
designated Class 3, with salinity and drainage de-
ficiencies predominating. The remaining 10 per 
cent of the area is Class 6. 

Crop Pattern. The major crops in the area 
are those having high and medium salt tole-
rance. Cotton and barley predominate. Cotton 
production currently averages 100 kilograms 
per decaie under irrigation and it is reported 
that it has yielded as high as 250 kilogram 
per decare. Barley averages 90 kilogram per 
decare under non-irrigated conditions and is 
restricted to a few small areas. Since the in-
ception of irrigation in 1950, yields have been 
steadily decreasing; simultaneously salinity and 
alkalinity became a noticeable problem. Al-
most 20 per cent of the area is now abandoned 
and used for grazing because of the high sa-

Table I. Climatic 

linity and alkalinity, which made farming un
profitable. In addition, a crop survey, corn
pleted in the spring of 1961, showed that on 
the average. 25 per cent of each cropped fie!d 
had been salted out and was barren area. 
Groundwater. The water table measured dur
ing the period of drainage investications was 
continually high. The monthly readings are 
as follows: 

Month Jan. Feb. March April May June July 
Depth to w.t. 

(cm.) 50 50 60 70 90 110 120 
By late September. evaporation and trans

piration had lowered the water table to 220 cm. 
Observed sources of groundwater replenish
ment are rainfall, irrigation and canal seepage. 
Limitations of time and the complexities of 
the system precluded quantitative measure
ments of either irrigation influence or canal 
seepage. 

The groundwater near the surface is high
ly salinized with sodium sulfate and sodium 
chloride. Since the drainage by pumping be
gan,the electrical conductivity of the drainage 

Data, lzmir, Turkcy 

STATION (Izz.r) 

Months 
Monthly 

Procipitation 

(mm) 
Relative Humidity 

% 

Me= 
Temperature 

0C 

Jan. 

Feb. 
Mar. 
Apr. 
May. 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 

Dec. 

140.9 
102.1 
72.3 
40.9 
40.6 

8.6 
3.1 
2.6 

12.5 
53.5 
89.0 

135.4 

72 

69 

65 
62 
60 
52 
49 
49 
55 
64 
70 
72 

8.5 

9.2 

11.1 
15.4 
20.2 
24.8 
27.6 
27.3 
23.2 
18.4 
14.0 

10.2 

Annual 
Average 701.5 61.5 17.5 
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40,000 microm- tem is not sufficient for adequate deep draindischarge has averaged about 
age. Near the project area, present drainagehos/cm. and the total soluble salts about 3 per 
canal depth averages 1.3 meters. Therefore,cent. 

In April, 1961, the average water level in pumping is required for the outlet of deep tile 

and open drains. The drainage water is pumthe project was 70 cm. from ground level. On 
water ped from the main canal and discharged bythe basis of present information, the 

1.50 m. means of a short surface canal to the 	Seyrektable in April of this year was about 
table outside koy Drainage Canal, which is one of the mainbelow ground surface. The water 

drains of the original irrigation system. Twothe drainage area is at a depth of about of 1.00 
to m. 	The farmers inside the drainage area start- 50-liter-per-second pumps are installed 

handle the jeep drainage water. This coming
ed spring work earlier than those outside the 

summer the Regional DSI Office plansproject area, in spite of heavy rains in late to 

deepen the Seyrekkoy Drain and thereby makeMarch. 
Artesian Pressure. In the area, at two dif- gravity drainage possible for the Joint Drain

age Project and the other tertiary canal areasferent locations, sets of piezometers were ins-

tailed at depths of 2, 4 and 8 meters. Obser- that it serves. 

vations of the piezometers indicated no verti- Hydraulic Conductivities. Hydraulic conduc

cal flow. However, a well 78 meters deep, tivity measurements were made by the auger-

In most of the areas, cavingopened in the project area by DSI for the bar- hole method. 
of the fine sandy subsoilrier survey, has continued artesian flow under and poor stability 

of about two meters above made it difficult to maintain an open augera static head 
hole below the water table. To overcome thisground elevation, 

The drillers' log explains the difference problem, a filter pipe was designed and used 

between deep and shallow observations. A bar- as a casing during the measurements. 

rier, composed largely of heavy sticky clay, be- Drainag,- Coefficient. In the absence of rainfall 

gins at 12 meters and continues to a depth of intensity records, the drainage coefficient was de

76 meters. The artesian acquifer is found below trmined by taking I per cent of the average an

76 meters. Unfortunately, the artesian water is nual rainfall (a method mentioned in Engineering 

of low quality (electrical conductivity, 2.5 mil- for Agricultural Drainage, by Roe and Ayres). This 

limhos; sodium absorption ratio, 21) and not gives a drainage coefficient of 7 mm/day. Assuming 

is Class 4 water that 45 per cent of the rain will pass through thesuitable for irrigation. This 
with a very high level of exchangeable sodium soils to the tiles because of the combination of high 

present. infiltration capacity and nearly level land, this 

Outlet Conditions. The depth of the main gives approximately 3 mm/day of 0.003 meters per 

drainage canals in the Menemen irrigation sys- day. This is equivalent to 0.35 It/sec./ha. Total 

TABLE 2. REPRESENTATIVE VALUES OF
 

HYDRAULIC CONDUCTIVITY
 

Hole No. Permeability (k) m/d Value 

1 1.7 	 Moderately rapid 

2 3.3 	 Rapid 

3 7.8 	 Very rapid 

4 1.8 	 Moderately rapid 

5 8.2 	 Very rapid 

6 2.4 	 Moderately rapid 

7 1.6 	 Moderate 
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expected discharge for the area is then 0.35 x 358 the area. The depth of al.' tiles ranges from 1.80 

or 115.5 It/sccond. meters Lip to 2,00 meters. The spacing was checked 

Barrier. The depth of the barrier from the by three formulas: 

ground Surface ranges between 10 and 15 meters.1. D r a ' fo m l 
An average depth of 12 meters was used for the 

" -
S= 2 tHl-Z,1.
Roughness Coefficient (n). Manning's roughness 1 3 1- = 

coefficient of n= 0.012 for the tiles and n= 0.030 
for the open main drain was used. S = 229 meters spacing 

Run-off. The drainage project area is Surround- 2. Houghout formula 
ed by canals; therefore only the run-off originating 
from rainfall within the project area was consider- H =L 2.3 Lo S -0197 
ed. Surface drainage was not furnished for the =K Pt o 2 r 
first year. Where ponding of the surface water 
occurs, it should provide better leaching. 0.60 =0.003 X 2.3- x30Lo 330 017-0.0 

Floods. The Menemen irrigation system is 3.5 FT• 

protected from floods by the Gediz river through a 
large dike constructed On the north side of the S = 330 meters spacing 
Menemen plain paralled to the river. In addition 3. The Sadik Teksoz and Don Kirkham for

the'Seyrekkoy Drainage Canal immediately north mula as taken from the graphical solution; 

of the project area carries the surface water from see Fig. 2: 
higher Elevations within the irrigation system. 25 =--200 meters spacing. 

Tile Depth and Spacing. Deep drainage is A 200-meter spacing was used for all the 

necessary because of the salinity and alkalinity in project area. 
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Filter Material. The gradation curves of the 
base material, its limits, and the rLradation curve of 
the filter material are shown in Fig. 3. 

A 10-centimeter-thick filter of sandy material 
(which is not entirely within the limits of the curve 
for filter material) appears to be working fairly 
well. Ben though the gradation curve of this filter 
material is finer than optimum, its conductivity is 
very rapid. Laboratory niLasurements gave a valie 
of 13 cm hr. hydholic conductivity. 

The drainage System. In the system the collec-
tor was designed and constructed as an open drain 
and the laterals as tile drains in parallel layout: 
see Fig. I. general map. 

Collector. The collector, open-type drain, is 
1.905 meters long and has gradient of 0.0002: the 
side slopes are 1.2. The average depth is 2.50 me-
ters: see Fig. 4. 

Laterals There are are eleven laterals in the 
project. Their average length is 1.200 meters. The 
tile diameters are 25 cm. for 0+000 to 0+400 sta-
tions. 26 cm. for 0+4)0-0+800 and 16 cm. for 
0+800 to 1+200. The tile slope is 0.0006 and silt 
basins were constructed on each tile line at 400-
meter intervals. Design flow in the tiles is 0.6 full[: 
a'erage discharge is 10 It sec. for each lateral. 

Cost Analysis. Table 3 shows the cost analysis 
for the tile drainage project. Excavation is tile most 
expensi,e item compared to the other items of cons-
truction cost. 

Table 3 shows that the cost of excavation plus 
back filling for lateral ditches is as much as twice 
a.s high as each of tile other items. If trenching 
machines are employed, this cost should be loer
ed appreciably. 

RESULTS 
Salt Removed by Pumped Drainage. The 

amount of salt renmioed from the project area by 
pumping is shom, in Fig. 5. A.eragc punmp1 dis
charge was measured at the time of installation, 

the time of pumin piniig is cotinuallv recorded, and 
periodically samples are taken from the drainage 
water being discharged. These samples are analy/ed 
for their total soluble salt contents. Volume of 
pump discharge, hours of operation alld per cent 
of salt were used to compute the amn1 tLI1 of salt 
removed. Up to March. 1962. 6.4() tons of salt 
had been remo'ed. This is almost t%%o to ls per 
decare of area. Based on DSI Laboratory reports, 
this is about one-third of the quantity of saIt that 
must be removed to reduce the saliniv to 4 mil
limhos,;ci throulghout the 0-150 cm profile. 

Reclamation. Detailed resanmpliig of tie soils 
in the area by tlie DSI l.and Classification Group 
is scheduled for April, 1962. l-ioweer, indicatiotms 
from four samples analyzed in March. 1902, al
though far from conclusive, are that the electrical 
cotiducti\ity has decreased without a i appreciable 
increase iii either readings of PH paste or 1:5 di-

TABLE 3. Til I)RAINAGE COST ANAI.YSIS 

Work Item 

Excavation and back filling 
by land and by machine 

Filter material and 
its transportation 

Cost of tiles and 
transportation 

Labor and 
Construction 

Total 

Iotal Engineer Estimate Engineer Estimate (on tractors Bid 
cost Per [)ecare Per Meters Per Meters L.englh 

Dollars Dollars Dollars Dollars 

32,800.00 9.18 2.68 1.48 

13,600.00 3.89 1.07 0.64 

9,575.00 2.67 0.75 0.45 

18,100.00 4.95 1.39 0.83 

74.075.00 19.79 5.89 3.40 
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______DphtWte'abe(mlution. Disturbed permeability readings shiow a 

slight increase in rate of flow. January February March April 

Control of the Water Table. The effectiveiiess 

of the drainage system in controlling the water 16 05 0 7 
1962 128 134 128 128 

lowing: Rainfall (mm) 

1961 127.2 87.6 12.2 100.5 
1962 55.3 147.9 159.1 

f 
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CONCLUSION 
In conclusion, tile drainage for the irrigated 

lands in the Menemen irrigation system looks very 
promising. The cost is within the ability of the in-
crease in crops to pay, and the results of the first 
year show that the system has been effective in re-
moving salt. 

Discussion. The tiles are of clay with square 
ends. The ends are simply butted together. lrregu]Jla-
rities at the ends permit entrance of the water. There 
has been no experience regarding the penetration 
of drains by roots because of the short time since 
installation. The plank shown in the cross section 
in Fig. 4 temporarily holds the filter material in 
place during construction and is removed before 

back-filling. It is expected that at least four years 
will be required for the salt balance to come into 
equilibrium. The cost shown in the report of about 
$9.00 an acre is the contract co.! and covers all 
construction except for design and supervision, 
which are computed at 20 per cent. 

The depth to which tile could be placed was 
limited by the water table. Bell joints were not 
tried. Originally tiles were shipped from Adana. 
but because of the high cost of freight and break
age, arrangements were made with a roofing tile 
manufacturer in Izmir to make them locally. This 
was the first experience that this manufacturer had 
had with farm drain tiles. The tiles were made by 
extruding the clay through a die and the ends of 

7000-T1 
TONS OF SALT REMOVED 

-1- I 

6000- -

kU 

0 

5000 

4000

/ 

0 3000

2000- -

1000.-- - - - - - -.. 

Sep Oct Nov Dec Jan Feb March 

145 



tested at Incirclik Air
wire cut. The manufacturer could not make a bell 	 Samples of the tile were 

Base and its crushing strength was found to be su
tile. Considerable training of labor and a number 

This parti- perior to that of American tiles, although thereof labor difficulties were encountered. 
to was considerable fault in the tiles, due to overburncular project is a pilot project in an attempt 

ing and underburning especially.solve a problem which is common in Turkey. 

The Outfall 

U .,,,-" 

~0 

NO~" 

Tile Line Placemnent 
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THE PROBLEM OF IRRIGATION
 

IN THE BLACK COTTON 


Dr. R. 

'Regur' or the black cotton soils of India co-

ver an area of nearly 200,000 s.q miles. These 
soils are found throughout the southern half of the 
peninsula ol tileDeccan Plateau. Roughly, 
these soils are found between 73 degrees to 
80 degrees of longitude and 15 degrees to 25 

degrees of latitude. The Deccan plateau receives 
rainfall of between 20' and 25" during the mon-
soon period, namely between June and Septem-

ber, and has often been frequented by famine and 
the failure of crops. In order to relieve the situation 
and encourage intensive cultivation, the Govern-
ment constructed a number of dams at suitable 
sites to provide an assured supply of water under 
the canal system and a storage reservoir. There 
are five major canal systems, viz.: Krishna Canal, 
Mutha Canal, Nira Right and Left Canals, Goda-
vari Canal, and Pravara Right and Left Canals, 
with a commanded area of approximately 1.5 mil-

lion acres. In addition to these, further south of the 
Deccan Plateau is the well-known canal of the 
Tungabhadra River. 

SOILS OF THE REGION 

Black soils occurring within the Deccan Pla-

teau zone have a large number of physiographic 

regions, each having its own combination of soils. 

For example, tileblack soils found in river valleys 

like Narmada, Krishna and Godavari belong to a 

deeper member while those on the Deccan Plateau 

are invariably shallow members. Although the 

I Dr. R. V. Tarnhane, Soil Conservation Advisor, Mi-
nistry of Food and Agridture, New Delhi (India). 

SOILS OR 'REGUS' OF INDIA 

by 

V. Tamhane 

well-drained members of these two groups have 

much in common, there may be some distinctive 
differences due to the parent material. Black soil 

occurring on alluvial deposits in riker valleys differ 
from tileblack soils developed on disintegrated 
rock or 'murun' of basalt. Thus, a wide range of 

variation results in the same zone. 
Black soils occurring in India vary from a 

shallow depth of 12" to 18" to deeper soils 

360" to 480" deep. These soils have been divided 
into three groups: (I) Black soils deep and heavy; 
(2) black soils medium and light and (3) black soils 
in the valleys of rivers flowing through the ,regur) 
area. Irrespective of depth, black soils are invariably 
heavy in texture. The clay content varies from 
30 to 60 per cent. Soils on ridges are shallow and 
contain about 30 to 35 per cent clay, while those 
in valley bottoms and low-lying areas are deep and 
contain nearly 40 to 55 per cent clay. 

The clay content increases from 40 per cent 
in the surface to about 55 per cent in the lower 
depth. These soils have low permeability which 

decreases with depth. At about the second or 

fourth foot, there is generally an accumulation of 
salts, consisting largely of chlorides and sulphates 

of sodium, magnesium and calcium. These soils 

contain calcium carbonate. Under low rainfall, car

bonates are found in small nodules distributed 

throughout the profile, but mostly in the surface 

horizon. while under high rainfall these lime nodules 

are found to have accumulated in the lower ho

rizon either in the form of large nodules or in the 
form of a 'caliche' layer. Soils are invariably neut

ral to slightly alkaline in nature; pH varies bet

ween 7.5 to 8.5. The clay is mostly of the montmo
rillonite type with high cation exchange capacity 
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and, with appreciable Na-saturation, is highly plas-

tic. The organic matter content is very low. These 

soils swell considerably when wet and become 

highly plastic but when dry they shrink heavily, re-

suiting in deep cracks and fissures, and become very 

hard. i'issures one foot wide and 3' deep are not 

uncommon. These have very high water-holding ca-

pacity. A water-holding capacity of 35 to 40 per 

cent is noted in many cases. However, they are 

quite productive and are reckoned to be among 

the fertile soils of India. Vast stretches of them 

cover the Deccan Plateau, but due to the scarcity 

of water, the maximum benefits have not been de

rived. However, with the introduction of a large

scale canal system, the demand for water supply 

has been met. 

CANAL SYSTEM OF DECCAN 

The canal system mentioned above was developed between 1876 and 1929. The table below gives 

the year and area undes the command of each individual canal: 

Canal and 
of opening 

date Krishna 
1875 

Mutha 
"1880 

Nira Lcft 
1885 

Godawari 
1911-12 

Pravara 
1923 

Nira Right 
1929 

ACRES 

Gross commanded area 18,327 94,087 274,447 232,590 228,720 557,659 

Culturable area 

Approximate area commanded 

26,453 

25,000 

49,800 

35.000 

227,670 

150,000 

219,390 

150,000 

182,976 

160,000 

447,726 

350,000 

During the last 40 years, quite extensive areas have been damaged due either to water-logging or 

salt development. Nearly 100,600 acres have been rendered unfit for cultivation. Of the total area, 

nearly one-third has been damaged by water-logging and the remaining area by the development 

of salt. 

PROBLEMS OF CANAL IRRIGATION 

The introduction of a canal system of irriga-

tion, although it opens a new and bright to the 

farmers in a dry tract, always brings a potent dan-

ger of damaging lands by over-use of water. 
New problems are introduced, especially in 

areas hitherto dry-farmed, where holdings are ex-

tensive and farming is poorly done. The only ex-

perience farmers in this type of tract have had 

with irrigation farming is in using the surface wells 

where is at command and supply is always limited, 
This experience is much too limited for large scale 

irrigation under a canal system. 

PERCOLATION FOR CANAL 
DISTRIBUTORIES 

Deccan rock is generally vertically imprevious 

but is fissured horizontally, and so transmits water 

under horizontal pressure. 
through the previous strata 
'murrum' and canal seepage 
source of percolation in the 

The canals are cut 
such as soft rock and 
is the most important 
Deccan Plateau. The 

effect of such percolation is carried far into low

lying lands. Initial damage always occurs on lands 

in the vicinity of the canals, but diminishes later as 

a result of the reduction of percolation due to the 

formation of colloidal, vegetative and bacterial silt 
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film on the beds and sides to water's being impri-
soned be!ow non-porous soils. 

PERCOLATION FROM IRRIGATED AREASP A TO FROM IRriulATEal AREASopmtostudiedAs the agricultural development on a canal 
tract proceeds, a more important cause of damage 
to low-lying lands becomes apparent. This is due to 
seepage from the heavy irrigation to the fands si-
tuated on the ridges. 

THE EFFECT OF IRRIGATION ON SOILS 
When the canals were opened, water was 

available in excessive quantities and there was large 
wastgey ndpecoltionlss Atlate stgeswastage and loss by percolation. At later stages 


of development, when cultivators found that they 

could not get water as early as they wou'd like it
becase f te otaion n te1-to- 2-ay cnalbecause of tile 10-to-12-day rotation in tile canal 
system of distributing of water, they began to fill 
their fields to overflowing at every irrigation. A 

large amount of damage is also caused by the per-

colation of water from shallow fields on ridges. 

PROBLEMS BEYOND THE OUTLET 
Under the canal system innumerable problems 

confront the cultivator beyond the water outlet. 
These problems are not taken care of by the irri-
gation engineers or by the Agricultural Department 
in a coordinated manner. In the black cotton soil 
zone, the suitability of these heavy textured soils 
with low permeability for perennial irrigation is 
itself a problem. Under high temperature and low 
rainfall, they are always impregnated with salts 
which cause damage under heavy irrigation, and 
if proper subsoil drainage is not maintained, they 
are likely to be permanently damaged. When these 
soils are irrigated, water penetrates down to the 
.murrum' layer but cannot pass through it. The 
drainage thereafter is lateral. The salt-laden water, 
moving laterally, emerges at the lower level of to-
pography, depositing salt as the moisture evapo-
rates. Capillary action takes place if free water is 
within four feet of the surface, 

Of all the problems that confront an irrigation 
engineer and the Agricultural Department, the 
one least studied in a systematic manner is crop 
planning for a particular soil-climatic area. The 
water requirements of crops or the consumptive use 

of water by various crops have not yet been coor
dinated; thus, better and proper utilization of irri
gation water has not resulted. The best method of 
irrigation suitable to the type of soil is also not

in detail. The slowly permeable black cot
ton soils underlain with impervious material need 
to beipsovided withaeuerviurfaeraneet 

prevent waterlogging and th accumulation of un
desirable salts. A drainage way :whould be planned 
to carry away drained water from the end of every 
independent field. 

These problems beyond the canal outlet need 
to be carefully studied and soltions demonstrated 
to te culvat fre a Sos that notronly
to the Cultivator before he irrigates, so that not only
the maximum benefit will be drived from canal ir
rigation but the danae caused to lands by over
rigation b utt hdm cansirrigation and faulty methods will be minimized. 

DISCUSSION: During the three-month wet sea
son, the soil swells and closes the large cracks in 
it so that leaching from rains can occur. The Go
vernment has restricted canal irrigation for shal
low-depth soils. Tile drains were not very useful in 

the black soils. Cotton, ground nuts and sugarcane 
are included in the rotation. 

GENERAL DISCUSSION 
Led by Pakistan 

Mr. Hamid stressed the importance in reducing 
drainage problems of flood prevention measures. 
More information is needed on the cost of tile 
drains. In West Pakistan, tube-wells are receiving 
the highest priority, with deep open drains next. 
Tile drains have been assigned the third priority. 
Dr. Asgnar pointed out that drainage and reclama
tion programs involve soil programs as well, in
cluding the nature of the soil, the amount of water 
to be utilized, and the cropping pattern. The eco
nomics of the cropping pattern and the ability of 
the farmer to carry it out must be taken into ac
count in solving the drainage problem. He stressed 
the importance of the capability of the cultivator 
and also the importance of experimental work, 
and mentioned that Pakistan must begin experi
mentation on tile drainage. He requested that more 
specific information on drainage be included in 
papers in the future. 
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Mr. Raza emphasized the importance of drain-

age work to Afghanistan, and mentioned that cost 

studies relating to alternate methods of drainage 

are very important. 'lhe cost of open drains 1.5 

was higcher than for con-meters deep dug by hand 

crete tile placed by machine. Howeer, open ditches 

were selected because of tileproblem of the clog-

ging of tiles by camel-thon roots. Cloged tiles 

found to be completely chokedwere dug up and 

with roots hich could not be broken out even 

with a hammer. Afghanistan is interested in clay 

tiles, but has had no experience with them and 

would like to have information regarding them. 

Cost studies show that a 1.5-meter deep trench in 

clay loam soil can be dug by hand for 20 Afghanis 

per meter (approximately 50 cents), which is only 

about one-third the cost of machine excavattion. 

I-or drains deeper than two meters, the advantage 
of human labor over the machine may not be so 

great. Mr. Morteavi reported that Iran has only 

begun to lay some tile drains. Tiles are made by 

hand and are expensive. Iran badly needs informa-

tion on how to matIufacture tiles and how to in-

stall them in drainage systems. 
Mr. Abou-Khalid mentioned that porous con-

crete tile is on the market. This tile solves the root 

problem. It has a porous area of about 80 per cent. 

These tiles are now manufactured in Lebanon. Mr. 

Abou-Khalid mentioned that he would be able to 

furnish information on them. It is planned to ex-

port the Lebanese-manufactured tile to Egypt. In 

calcium soils, the pores of the pipes may tend to 

clog after a period of ten years or so. 
Dr. Asghar mentioned that Pakistan had ex-

perimented with these tiles, but found the-m quite 

easily clogged and quite expensive. Mr. Abou-Ka-

lid stated that they were only testing these pipes. 

In reply to a request for more detail by Mr. Raza, 

Dr. Asghar stated that the pipe used in Pakistan 

was manufactured in the Indian Punjab, 80 miles 

east of Lahore, and was installed in a heavy soil 

25 to 30 per cent clay with a water table at two 

feet during the summer and five feet during the 

winter. Drains worked well at first, but the dis

charge slowly decreased. Drains were spaced at 

220 feet, field drains at 31-foot depths, collector 

drains at 4-foot depths, secondary drains at 6 to 

and main drains at 8 to 9-foot7-foot depths 
capital cost of the field drainage sysdepths. The 

about 25 rupees per acre. The maintenanten was 
ce cost is 15 rupees anunually. The cost of the main 

drainage system is 100 rupees per acre. 

[)r. Ta ihane pointed out that the manufac

ture of the porous concrete was an experiment and 

if the demand became sufficient so that the tile 

could be manufactured on a mass-produced basis, 
the cost wo1Id Comie down. 

Mr. Rinnan pointed out that concrete files are 

useful for sha low drains in mature soils which do 

not produce m1uch salt, but urged that their use in 

immature desert soils should include the use of a 

Mr. Asifi pointed out that the root problem 

mav be avoided in tile drains if the urowth of ca

mel-thorns and trees is controlled near the drain

age line. He also stated that roots may be cleaned 

from tiles by using certain types of machinery and 

mentioned that large open drains are quite difficult 

to maintain. Dr. Asghar mentioned that in their 

experiments about 10 per cent of the land was used 

up by the open drain ditches and that tile drainage 

systems can be afforded only when the value of 

the land is quite high. Mr. Eren mentioned that 

Type II cement should be used for concrete tiles 

where sulfates are present, and also stated that 

studies have showed that in Turkey clay tiles cost 

about one-third as much as concrete tiles. Mecha

nical excavation costs 1.0 to 1.2 TL per cubic me

ter. Hand excavation costs about 2.0 TL. There is 

also the cost of pumping for hand excavation. In 

the Adana area there has been no problem of clog

ging of tiles over a period of three years. There is 

no tile trenching machineary in Turkey at present. 

Trenches are first excavated by ditching machinery 

and the deeper excavation is then done by hand. 
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CHAPTER VII
 

DEVELOPMENT AND MANAGEMENT 

OF SMALLIRR GATION PROJECTS 

IRRIGATION IIEVIAi)i)MENT 

BY T11E (:ENTR 1, WA\VTEIR AUTHIOR ITY 

Jordan 

The Hashemite Kingdom of Jordan is not sim-

ply a desert country of sand and rocks but is sus-

ceptible to considerable irrigation expansion in or-

der to correct the agricultural imbalance now pre-

sent in the country. Jordan has an area of 100,000 

sq. ki., of which 10.I00 sq. km. are considered fit 

for agriculture and only 1,000 sq. km. are being 

irrigated at present. While Jordan actually ranks 

ahead of Egypt. Iraq. Lebanon and Saudi-Arabia 
in dunums of cultivation per inhabitant, it proba-

bly ranks below them on irrigated dunums per in-

habitant. For this reason, extensive droughts or 

other agricultural calamities affect the agricultural 

economy of the country to a considerable degree. 

Jordan has the Mediterranean climatic cycle, 

with dry summers and winter rains of considerable 

proportions. In the desert in the south and east the 

average rainfall is only 50 mm but in the hills 
300 mm per year.of Karak-Shoubak it increases to 

It averages 400 mm in Amman and reaches 500 

to 600 mm in the Salt-Ailoun mountains. As one 

moves west it decreases to 100 to 300 mm in the 

Jordan Valley and then increases to 600 mm in 

the Ramallah-Nablus Mountains of Palestine. 
To build a broad agriculture base, it has been 

decided to effect as much irrigation in the King-

dom as can be accomplished with the water avai-

lable. The biggest project under way at present is 

the East Ghor Canal Project, where ultimately it 

is hoped 400,OGO dunUms will be placed under Yar-

mouk River water. All other water resource deve

lopment in the country is controlled by the Central 

Water Authority, which is an autonomous agency 

separate from the regular Government ministries 

and reports directly to the Prime Minister. 

The mission of the Central Water Authority is 

well-stated in its enabling law. which says that the 

CWA was created for the purpose of inmestigating, 

planning, establishing, promoting, implementing, 
constructing, and, to the extent necessary, nlanaging 

and operating a comprehensive program for the 

development, conservation, protection and control 

of the k.tter resources of the Kingdom of 

Jordat' for maximum feasible use for domestic, 

municipal, livestock, industrial, irrigation, hydro

electiic power and other beneficial purposes. The 

Authority interprets this as a mandate to see that 

all possible water is used for the maximum benefit 

of the country. Domestic and stock water take first 

priority but irrigation water as high a priority as 

possible. 
The irrigation facet of the Authority's work 

does not presently appear to be as large or as im

portant as that of the East Ghor Canal Authority. 
hut it is felt that its possibilities are considerably 

greater if present ideas can be worked out. The 

first attack on the problem has been to increase 

the water available-to present irrigated lands and 

to make sure that what water there is actually gets 

to the land. This means rehabilitating present pro
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some have been in use since ancient timesjects; 
and have largely fallen into disrepair. These uti-

lize both spring and perennial stream flow. After 
contact issprings are cleaned out, the maximum 

exposed and quite often the outlet lowered to make 

sure no back pressure is exerted on the spring 

source. The spring is covered in such a manner 

that it cannot be contaminated or choked with 

debris and flood flows. The water is generally then 

covered canal or pipe to a locationled through a 

with enough head room for a domestic fountain or 

faucets. After this, the water is led in an open 

channel to an animal through and then to a night 

for 12 hours of springstorage pool large enough 

flow and with sufficient head provided for efficient 

irrigation use. Fle last factor consists of small 

concrete-lined canals to assure that maximum water 

gets to the land. Six of these projects, serving a 

total of 6(X) dunums of land, are now completed; 

another 10 projects are under way affecting 6,000 

dunums, with all 16 projects having an effective 

water flow of 1,500 in1/hr. In one of the projects the 

spring flow was increased nine times by extensive 

development. The Authority will look at all 1,350 

accessible springs in the Kingdom for complete ex-

ploitaiion along similar lines, 
The use of perennial streams (often spring-fed) 

is also being started. Most of these locations are 

on the east shores of the Dead Sea and development 

will follow the pattern set by the predecessor agency 

when they constructed the nine wadi irrigation pro-

jects on the east side of the Jordan Valley. These 

consist of a diversion weir across the wadi and con-

crete-lined canals to command the irrigable land. 

In this manner all flow is intercepted and conveyed 

to the land with minimum loss. These systems are 

simple, operate completely by gravity and usually 

contain many drop structures and chutes as the 

water reaches the lower levels. Because of a basic 

lack of water, drainage has not been a problem, 

but as more water becomes available through the 

new works, the CWA will keep a close check to 

see that this difficulty does not occur. Work is 

now under way on two of these projects compris-

ing 7,000 dunums and a flow of 1,700 m3 /hr. 

The conservation and use of winter surface 

run-off in Jordan is quite a problem. There are 

few if any large reservoir sites, and the economics 
prec-and hydrology of those which exist largely 

lude their use. However, CWA has started one 

phase of such conservation and that is the building 

wadi dams. These are reliativelyof low, earth-fill 
and stop theinexpensive, have natural spillways 
in the Deadinfrequent runoff from being wasted 

Sea. One called Sultani, some 130 km. south of 

Amman, has just been completed. It filled to its 

finished. The1,200,000 m, capacity as it was 

dam itself is 5 m high and one kilometer long. 

There are approximately 500 dunums downstream 

from that can use the water, and the large reser

voir area can be used for grasses arnd similar crops 

as the water recedes. Two more of these are now 

under construction and sites for several more are 

being investigated. 
No modern country can consider its water re

sources fully exploited without full use of the 

groundwater potential. CWA is strongly pursuing 

this phase of water development. Eleven percussion 

drill rigs are being used for exploratory holes as 

fast as the geologists can come up with their de

tailled surveys. In all of Jordan there are at pre

sent approximately 500 tubewells, with some 300 

of these in the Jordan Valley. Explorations are 

starting to pay off, as has been found in two in 

the cases of two desert areas never before thought 

to have water. There appear to be some 50,000 

dunims suitable for possible irrigation at Hassa, 

160 km south of Amman, and at least 100,000 du

nums at EI-Jafer, some 230 km southeast of Am

man. 
There are good water and land in Jordan and 

the CWA is entering a development stage that may 

eventually meanr the end of agricultural imports 

into the country. There are already cases of 

groundwater overdraft, and steps are being taken to 

prevent and correct them. We have established re

gulations which control drilling by requiring per

mits, set up licensing requirements for drilling con

tractors, and have on the books a law under which 

CWA can control actual water withdrawal when 

required. 
With the accomplished fact of the East Ghor 

Canal, the full use of springs and wadi flow and 

the extensive discovery of underground waters, 

Jordan is entering into the stage of extensive irriga

tion agriculture. No matter how much water is 

found, real success now rests with the farmer. He 

must be aided with all the knowledge that has 
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been developed over the years. He must be shown can, and no doubt will, do the job. but at least the 

that proper irrigation practices are necessary. Central Water Authority knows that while finding 

There must be proper operational procedures in and delivering water is the first thing to be done, 
the projects, with water discipline enforced and unless the farmer is fully backed up bv knowledge 
proper operation and maintenance practices adher- of proper irrigation practices, sjch efforts are use
ed to. An agricultural extension program must be less. 
set up to advise regarding these practices as well The plans attached to this report illustrate the 
as on fertilizers, insecticides, crop rotation, draina- Ghor Project, a typical small spring development 
ge, credit, markets, etc. The Ministry of Agricul- project carried out by the Central Water Authority 
ture has many competent and qualified people who in the southern district of Jordan. 

SPRING AND WADI DEVELOPMENT PROJECI-S 
UNDER CONSTRUCTION BY CENTRAL WATER AUTHORITY 

1 March 1962 

Water Water 
flow before flow after Dunums Canal lined Cost 

Name of Project dev. mi/hr. dev. in /hr. served in m. JD. 

I. Dirbas * 0.8 2.4 35 500 2300 

2. Basta * 6.8 6.9 230 1800 6900 

3. 'Uneiq * 2.6 5.3 40 600 3410 

4. Sadaka * 0.8 1.3 70 550 3000 

5. Um 'Ullieqa 8.6 - 90 500 650 

6. Ain Sidr 11.0 - 10 1400 2700 * 

7. Shammakh 3.0 - 50 750 1600 * 

8. Abu Makhtoub 6.4 - 100 1300 2500 *** 

9. Ain El Onsor 8.6 - 100 900 1750 *** 

10. El-Lajjoun 40.0 - 440 4750 6000 *** 

11. Dana 19.6 - 500 1800 2000 *** 

12. 'Ainah 85.0 - 3000 8200 11000 *** 

13. Abu 'Idham * 1.4 2.2 80 1400 2500 * 

14. Fardhakh * 1.2 9.0 140 2300 3300 *** 

15. Lhour 2.6 7.1 200 2800 3800 *** 

16. Wadi Mousa 68.7 - 1560 12360 22000 *** 

17. Dhira' ** 184.0 - 4000 2700 3000 

18. Hadeethah 1530.0 - 3000 6000 17000 

• Completed ** Wadi works *** Estimated 

recedes from the reservoir, the area inthe reseivoir 

DISCUSSION. The discussion brought out that will be cultivated. The normal maximum tempe

while cleaning of springs results in increased flow rature is 38°C., with a normal minimum of 70 to 
immediately, the flow decreases over a period of 80 C. When hot desert winds blow, however, the 
time. There will not be high evaporation losses maximum may go up to 47 to 480 C. The mini
behind the small earth dams. This water will be mum temperature ever recorded was -240 C. The 
stored as short a time as possible and used down- silt content of the streems is very heavy and silting 
stream to give only one irrigation. As the water will continue to be a problem in the future. 
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REHABILITATION OF OLD IRRIGATION SYSTEMS
 

IN AFGHANISTAN
 

by
 

Mr. M. Akbar Raza
 

Afghanistan, with a series of mountain ranges 
in the northern and central portions and deserts 
and flat areas in its southern part, is of a variable 
nature as far as topography, climate, water resour-
ces and other natural characteristics are concerned. 
It is predominately an agricultural country, where 
various methods of irrigation are in practice. In 
general, natural rainfall is inadequate, hence ir-
rigation is an essential method of providing water 
for crop growth. Average annual rainfall ranges 
from 15 to 20 inches in the northern to 2 to 5 in-
ches in the southern half of the country. Due to 
heat and high velocity wind in the southern parts, 
the rate of evaporation is generally high, which 
leads to greater loss of water. Loss of water by 
evaporation in the northern areas is not so great. 
In the southern regions, the maximum temperature 
during the months of May, June, July, and August 
ranges from 40" to 47" Centigrade, and the high 
winds of 20 to 30 miles per hour velocity during 
the same months aggravate the situation as far as 
the deficiency of water for irrigation is concerned. 

The existence of varying types of geological 
and soil formations, the topography, the climate 
(with freezing and snow in a majority of the north-
ern regions), the hot and dry nature of the south, 
with the varied timing of crop growth and types, 
precludes a single fixed method of irrigation. The 
most common methods of irrigation practiced by 

Afghan farmers are by flcoding, furrows and bor-
ders, where the application of these methods is de-
pendent on the factors stated above, 

1 - Hydraulic Engineer, M.S.C.E., Ministry of Agri-
rulture. 

The flooding method is used extensively in the 
mountainous area where large volumes of water are 
available. The surface flooding of grain, hay and 
pasture land is accomplished from contour ditches. 
In order to level the land, terraces are usually built 
where a great deal of earth movement is performed 
on the rough, steep localities. Using this method, 
the flow of water is not controlled properly by the 
farmers, and as a result erosion and soil washing 
take place, with great loss of irrigation water. 

Furrow irrigation is also generally practiced 
in Afghanistan for row crops such as potatoes, 
corn, fruit and vegetables. Wide, dep furrows are 
made by hand shovels. Due to lack of technical 
Knowledge, a proper bottom slope is not given to 
the fuirows and means for reduction of velocity 
and erosion do not exist. Irrigation water is turned 
into the furrows and the crop planted just above 
the water line along the berms of the furrows. 
Commonly the furrows are excavated in short 
lengths and water is turned into the head of each 
furrow until it is filled and then turned off. Most 
often this practice results in poor lateral penetra
tion of water with deep percolation only in the 
furrows . Plant roots are therefore not able to grow 
beyond the moisture zones between furrows. 

Border irrigation is practiced in areas which 
are well levelled for irrigation of field crops such 
as wheat, alfalfa, barley and legumes. Water turned 

into the tipper end of each border moves down the 
slope in a thin sheet, guided by the borders. In 
some places this method is used inefficiently, where 
the irrigated land is of a steep or rolling nature. 
In such instances soil washing occurs: the high 
patches in the field remain dry and water does not 
penetrate to the roots of the crop. 
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Sprinkler irrigation is not used in Afghanis-

tan due to the great initial investment required 

for purchase of the system and the nonavailability 

of the needed power. 
Excluding the land and water development 

projects undertaken recently, which are carried on 

according to modern standards of construction and 

development, most of the work needed for deve-
lopment is performed by technically unskille-I ]a-

bour, using primitive and customary methods 

which they have inherited. Construction of main 

canals, laterals, and field ditches, and soil moving, 

are accomplished in a crude and laborious manner 

by hand shovels and picks and available animal 
help. The use of mechanized equipment is scarcely 
known. 

Diversion structures are built in a primitive 
way for lifting and diverting water into the main 

canals. These structuies are mostly made of brush, 
logs, stones and mud, most often without any sort 
of foundation treatment, after the spring floods 
have passed each year. Due to their temporary na-

ture, they are subject to frequent failures during 
the irrigation season. The diversion structures ex-

tend partly across the rivers, in order to turn part 
of the river flow, and occasionally extend fully 
across to raise the water level. Normally, no 

intake structure is built at the head of the canals 
and control of flow into the canals is not possible. 
The cost of maintenance and rebuilding the di-
version structure up to two or three times a year 
is very high and large groups of laba,'crs spend 

months to remedy the situation, 

On most rivers of the country, erosion of 
stream bed is excessive and many channel shifts 
occur, leaving the intake of the ,anal high above 
the water surface in the river or dry due to the 
shift of stream channel. Proper bed stabilization 
practice is not common. In order to receive water 

in the canals, the intakes are usually moved ups-
tream to join the river at points of high bed eleva- 
tion and this way gain head, and year by year 

the canals become longer, which requi es more 
expenditure and labor. Under the above--nentioned 

circumstances, supplying the firm and dependable 
amounts of water needed during critical periods is 
difficult. Practically every year the diversion struc-
tures are washed out, and canal intakes are eroded 

in many localities during the flood period, or the 

intake section becomes blocked and filled by an 

accumulation of silt carried by flood water or by 

the movement of the river bed material. Due to 
lack of silting basins and control structures, this 

occurrence and the resulting damages cannot be 

prevented. The existence of brush like salt cedar 

and reed grass close to the diversion sites some
what facilitates construction, where this brush is 

used as reinforcement. But due to constant and ex

tensive use and cutting of this brush, its availabi

lity becomes more limited each year. Obtaining 
brush in recent years has become very critical and 

as a result it has to be transported long distances; 
or use of other trees has been made, and losses due 
to cutting of productive trees have become great. 

In places typical cribs are made of wires, filled with 
rock and mud and placed in rows to form diver

sion structures. 
Usually canals are not built with sufficient ca

pacity and because of overloading the canal banks 

fail at many points. Proper slope is not given to 

the canal bed: excessive slope causes erosion of 
banks and canal bottom and not enough slope re
duces the amount of flow in the canal. Location of 
alignment of canals is based on trial and error, 
but usually the contours are followed. This way 

many bends and curves exist along a majority of 
the canals. Loss of head in the canals due to sharp 
curves and friction is excessive and these improper 
curves also result in irrcaular irrigation systems, 
agricultural fields and block arrangements. In large 

canals excessive erosion and filling up on the outer 

bank and inside bank, respectively, take place. Li
ning of canals ordinarily is not practiced, except 
on new projects. Leakage and percolation losses of 
water are great. Weed growth along the banks of 
the canal is one of the major problems of mainte
nance and a cause of the restriction of canals and 

reduction in capacity. In comparison to other 
enormous losses, natural evaporation loss is not 
extraordinary, except in hot regions with high

velocity wind. Losses by leakage from canals is 
of a critical nature and large volumes of water are 

wasted in this manner. 
It has been a practice and habit both past and 

present that landlords or farmers try to own a 
canal taking water from the rivers or karezes or 
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wells for irrigation of the plot of land belonging to 
them in order to reduce the problems with regard 
to distribution among them, and to obtain water 
for irrigation whenever they desire. Thus the num-
ber of canals exceeds the number required for effi-
cient irrigation purposes. There are a great number 
of canals excavated parallel to one another with 
very close spacing: in some places the spacing is 
of the order of one or two meters. Looking at this 
condition from the point of view of the over-all 
efficiency of an irrigation system, there is an ex-
treme miscse of water, loss of effort and expen-
diture in excavating the manifold unnecessary 
lengths of duplicating canal system3 and in their 
maintenance, and also loss of a large acreage of 
agricultural land occupied by these extra canals, 
where one main canal could replace a series of 
canals and serve properly. 

Generally, no proper structures such as drops, 
wasteways, checks, .urnouts and intake gates, or 
storm drainage inlets are built. Canal banks are 
excavated with practically no side slope and slou-
ghing occuts constantly. As explained before, sound 
engineering practice has not been applied in the 
construction of irrigation systems. 

With the general idea existing among farmers 
that there will be more growth of crop with ap-
plication of more water and small or non-existent 
charges for the use of water, waste is great on the 
one hand and on tileother hand the groundwater 
level rises and waterlogging problems increase. The 
soil fertility becomes lower, the soil structure is 
spoiled and the soil aeration is reduced. The far-
mers located upstream usually receive the most 
water and a shortage of irrigation water in down-
stream regions is typical. 

Generally in all the regions of the country a 
great deal of canal water is diverted, at numerous 
points along the canals where drops can be found, 
to operate water wheels for flour mills and rice 
hullers. In some places the waste water from the 
milles is channeled back to the river or original 
stream, but mostly the waste water is utilized for 
irrigation downstream of the mills, wihere there is 
less water available than upstream. In this way 
conflicts exist between agricultural demands and 
mill operations. 

As a result of the factors stated above, irriga-

tion efficiency is very low throughout the country 
and losses become as high as 70% of the volume 
diverted for irrigation. Water diversion for irriga
tion in most places in the country ranges as high 
as 7 to 14 acre feet per acre, where normally the 
application of 5 to 7 acre feet per acre could be
come a practical figure with some control and cau
tion, accepting conveyance losses of 30 to 50%. 

The high water table caused by excessive wa
ter application and retardation of groundwater 
movement through tight, heavy-textured soils and 
conglomerate substrata close to tileland surface 
has often resulted in complete waterlogging and 
many communities have abandoned the land. 

In an area where enough surface run-off is 
not available, use is made for irrigation of wells 
and karazes (guanats). Water is drawn from wells 
by means of buckets attached to large-diameter 
water wheels or to a series 0f buckets linked in a 
loop of chains or ropes. This operation is perfor
ined by the help of animals or by manual labor, 
depending on the depth of the wells and the 
amount of water available. Irrigation of large 
farms is not practicable by this method and the 
operation is time-consuming and expensive. Much 
use of karaze water for irrigation is made in the 
dry zones of Afghanistan. Karazes consist of a se
ries of wells in a line tappin,, the groundwater, 
and connected to one another by underground gal
leries or tunnels. In this manner the discharge of 
a number of wells is accumulated and flows to the 
surface by gravity. The larger the number of 
wells, the greater is the discharge under constant 
hydrological conditions. Initial cost of excavation 
of the karazes is very high and all are excavated 
by hand labor. Filling of wells and caving in of 
the karaze tunnel occurs quite often because no 
reinforcement work is performed during the cons
truction. Maintenance of the karazes is most ex
pensive, with great expenditure of human labor 
and time. Selecting the site for karaze wells, the 
alignment and the slope of the tunnels and the 
surface channels is by trial and error and quite 
often duplication of effort and expense results. It 
is hoped and anticipated that in due course the 
application of pumps for use of underground water 
for irrigation will replace this tedious and difficult 

method. 
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It is obvious that the success of any irrigation 

system in a project is mainly dependent on the 
ofwater-users of that project. The Government 

Afghanistan, through its various agencies. has 

tried, by means of ,arious programs, to raise the 
agricuItural standards of the country. and the in-

portaice and application of technical and scientific 

methods are emphasized. Obtaining basic data for 

development and improvement of irrigation systems 

is necessary, and Aw the help of A.I.D,recently, ith 

FAO and a German hydrological miission, networks 

for hydrological investigations were developed for 

the purpose of measuring daily. monthly and an-

nual discharges of the riers and main streams. It 

is also anticipated that a more detailed and exten-

si'e study of the hydrological characteristics of the 

rivers. including sedimentation and silt transport 

analysis. will be performed. Within a period of 

about ten years some 50 stations for hydrological 

investigation of major rivers ha%e been installed by 

the Ministry of Agriculture. the Ministry ol Mines 

and Industries and tile Helmand Valley Authority. 

On the recently-developed projects, discharge mea-

surenient on the canals is also practiced. Through 

tile Ministry of Agriculture. \ariotis extension 

works, such as the training of farmers in better ir-

rigation and cultivation practices, and in crop rota-

lion methods and tile obtaining! of farm statistics 

are in operation and similar prograis are Liiderta-

ken by the Helmand Valley Authority, sith the 

cooperation of A.I.1).. FAO and other agencies. 

Surveys for improvement of existing irrigation 

with the help of the United Nationssystems, made 
Special Fund, are currently in operation in the 

Farah and Hari Rud valleys in the southwestern 

part of the country, where, naving considered the 

general irrigation deficiencies in those areas, a 

practical and technically sound irrigation layout 

will be superimposed. Aims for unification of many 

intakes and canals into one and developing an ef-

ficient secondary network with a regular pattern 

and proper alignment and capacity, as well as the 

introduction of modern controlled intake structures, 

are in mind. Present and future problems in regard 

to high water table, water logging and the drainage 

networks to be undertaken are also being consi-

dered. 
In the northern parts of Afghanistan, cultiva-

tion of commercial crops such as cotton and sugar 

beets is of great importance and this area could 

be considered the major source of cotton prod ucts 

in the country. In order to increase production of 

cotton and other commercial crops, the (ocrnnint 
has undertaken various development programs. 

es

pecially the %,ater shortage during critical irriga

tion periods, causes severe crop losses. The jade

quacies of two existing canals, the Archi and Adj

mir in Kataghan Pro,.ince in the north, require ina

provement schemes. The Archi Canal. in use for a 

long time. takes its water from the Kokcha River. 
extends westward for a distance of 18 kins. and 

bifurcates into two branches, one of 23 Ki. and 

the other of 36 ki. in length. The area to be ir

rigated under this canal is about 50.000 acres. The 

canal is, as is the general case. without perma

nent diversion, intake, spillway or any regulatiye 

or protective structuires. At the intake the Kokcha 

Riker has several streams beds which are very lia

ble to change during floods. The temporary intake 

of the Archi Canal consists mainly of a partial di

version made of willow branches and tile gravel 

and cobles available in tile Kokcha River bed. This 

temporary diversion structure is constantly subject 

.to being washed out durinig floods, and it may be 

washed out several times a year. When this hap

pens. it usually takes Much effort and time to res

tore the diversion. With the help of FAO engi

neers. various plans were put forward to remedy 

the situation. Reconmlendations to constrcCt a 

concrete diversion dani with ample spillway. and an 

Inefficiency of irrigation systems in this area, 

alternate design using gabions filled with rocks. 

have been made. Considering tile expense of the 

structture and future plans oil tile Kokcha River. it 

was thought better to combine the diversion and 

intake structure of the Archi Canal with tile pro

posed Kokcha River project, where the construe

tion of a dam in the upstream vicinity of tile canal 

intake is also anticipated. Kokcha Canal. taking 

water from the dam, will supply the Archi Canal 

with enough water. 

About two Kis. downstream from the intake. 

there is a stretch of 400 to 500 metres of canal 

which runs very close to the Kokcha. Due to the 

high velocity of flow in the river excessive erosion 

occurs and caving of the banks takes place, so 
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that at the narrowest place the river is only about 
five metres from the canal bed and about six 
metres above the river water. Any break iii the 
canal bank would create a great shortage cof irri-
gation water in tilewhole area. Protective measures 
are undertaken by means of strengthening the 
banks of the river at the critical sections with 
gabions filled with cobbles and with masonary 
walls. Proper foundation preparation is performed 
in order that undermining of the protectise wall 
and gabions does not occur. The primitive canal 
crossing strctures over the storm drainage chan-
nels, which were made of logs and lined with mud 
and were subject to washout, with great leakage 
and small capacity, were replaced by concrete si-
phons, proper wasteway structures and control 
gates. 

The design and construction of a permanent 
bifurcation structure 18 kms. downstream of the 
Archi intake are being undertaken. Steel-fabricated 
gates and concrete structures for passing flood wa-
ter under the canal, enlargement of sections of the 
canal, installation of turnout structures and other 
dekelopment works for the secondary irrigation 
network are performed conitinIously by the Mi-
nistry of Agriculture with the cooperation of FAO 
experts. At the completion of the improvement 
measures, the original capacity of the canal of 
about 300 cubic feet per second will be increased 
to about 760 cubic feet per second, and the supply 
of dependable water will be ensured, 

The difficulties with the Adjmir Canal are 
somewhat similar. It takes its water from the Kun-
duz River, and with its length of 63 Kms. is sub-
ject to severe flood damages throughout. A stable 
intake structure is needed, but an arrangement 
was made that the tail wate," from the hydropower 
plant at Pul-i-Khumri be diverted to supply water 
to the canal. A stretch of 3 Km. of canal is pro-
posed to connect the end of the power channel 
to the Adjmir Canal, which results in reduced ex-
penses and saving of time. The irrigable area corn-
manded by this canal is about 30,000 to 40,000 
acres. In sections the canal had steep slopes and 
the high velocity of flow caused enormous erosion 
and at many points the banks were subject to cut-
ting and washing out. By constructing concrete 
drop structures along the canal, the velocity was 

reduced. Bank stabilization and, in sections, realign
ment of the canal were performed. Flood water 
accumulated from the adjoining drainage basins in 
the upper reaches of the canal was channeliied into 
one major wasteway crossing the canal by means 
of a concrete channel with a capacity of 150 cubic 
feet per second, and directed to the existing waste
way which is excavated for surplus power plant 
discharge. Because of the steep slope of the was
teway, a concrete drop is also being constructed. 
A second wasteway has been exca ,ated and struc
tures similar to the first wasterssay wsill be built. 
Halfway from the intake, the priiritive ,ooden 
channel lined with mud which was constructed to 
convey canal water across a deep wide flood chan
nel and was subject to flood haards two or three 
times a year, was rep!aced by a 74-metre, 60" cir
cular concrete siphon with gated wasteway. It the 
meantime, the canal capacity at this section was 
increased from 40 to 140 cubic feet per second by 
constructing this siphon. A third siphon, a ma
sonary structure at the downstream section of the 
canal with a capacity of 90 cfs., 90 metres in 
length, was constructed. A controlled wasteway is 
also attached to the structure. About 150 to 200 
pipe turnouts are to be installed on various lateral 
intakes with control gates installed on them. Ad
ditional protective measures, wasteway structures 
and channels as needed will be completed as plan
ned. With the completion of the recommended 
plans o" improvement, the capacity of the Adjrnir 
Canal will increase from the initial 300 cubic feet 
per second to about 500 cubic feet per second. 

The major costs of these improvements are 
paid by the Government , some charges will be 
borne by the farmer. Of course, the financial con
dition of the inhabitant farmers is considered. Re
payment is accomplished in installments of long 
duration. The cost of local improvement of indivi
dual canals, performed by the farmers where the 
Government is not doing any work, is borne by the 
landowners themselves. The Agricultural Bank, in 
accordance with specific rules, makes development 
loans to the farmers with low interest charges on 
long duration installment plans. 
Discussion. While the efficiency of old irrigation 
system is estimated at 30 per cent, it may be 40 
to 50 per cent in the Helmand Valley. The effi
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ciency figures do not apply to irrigation from ka-
razes, which are very efficient. Although sprinklers 

are not presently practical in places where they are 

needed, they would be used if they could be affor-
ded and if power was available to operate them. 
Old systems are being improved as much as possi-
ble- on new projects, an attempt is made to meet 
Western standards, and U.S. standards are very 
commonly accepted. 

Mr. Ozel of Turkey suggested that, in Turkey, 
some karazes are being lined, and inquired about 
this in Afghanistan. Mr. Raza replied that karazes 
are privately owned and the owners do not have 
the financial resources to line them. Mr. Asifi point-

ed out that baked clay reinforcing lining rings are 

sometimes used. A question was raised regarding 
the interference of new water developments with 

karazes and it was stated that this is related to 

groundwater, which is not presently being develop
ed. At the time groundwater is developed, consi
deration will have to be given to protecting or 
replacing the rights of karazes. 

Pre-sowing irrigation is practiced in certain 
areas. The widths of borders vary locally, being 
from 8 to 10 meters around Kabul to 50 to 60 me
ters in the South. Rehabilitation programs are 
generally started at the request of the farmers them
selves. That work which they can do is left to 
them, and the Government does the reminder. 
Costs are repaid over a 10-year period. 
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IRAN'S PROGRAM OF SMALL IRRIGATION PROJECT 

DEVELOPMENT
 

by
 

Mr. F. F. Raji
 

HISTORY 
Iran is a land of low and ineffective precipita-

tion with the exception of the Caspian region. It 
is a land, therefore, that has a tradition in irriga-
tion. The ancient people realized the defficiency 
of irrigation water, so they established irrigation 
dams, ganats and other structures. The main pur-
pose was to divert the water from the rivers for ir-
rigation and to drain the groundwater for irrigation 
and domestic use. In this paper, it is unecessary to 
expain about the old dams and other irrigation 
structures, but it should be mentioned that many 
of them are not in use at present, because of poor 
maintenance. 

During the past year the National Plan Or-
ganization of Iran (an organization for national 
planning in all sectors of the national economy) 
turned to a new irrigation policy of (small irriga-
tion projects)) as the key to agricultural develop-

1 - Engineer, Independent Irrigation Corporation, Iran. 

ment in preparing the Third Plan which begins 
this fall. A very high proportion of the water deve
lopment expenditures in the two previous plans 
were spent for the construction of dams. 

The irrigation program of the Government of 
Iran through the second period of the Plan Orga
nization (started about seven years ago) had four 
parts: 

1. Irrigation and dam construction 
2. Irrigation surveys 
3. Ganat and deep well program 
4. Irrigation societies 

The table below shows the distribution of ex
penditures for the above programs up to the end of 
1337 (20th March 1959) and projected to the end 
of the second seven-year plan period. It is interes
ting to note that the dam construction program 
accounts for nearly 90 per cent of the Plan Orga
nization allocation to irrigation for the plan pe
riod. 

Three-fourths of all expenditures for ,irriga-

Irrigation Expenditures for Second Plan 
(Millions of Rials: 80 RIs. equals $ 1.00). 

Half period Total period 
1334-1337 1334-1341 

(1955-1958) (1955-1962) 

Exp.: per cent Exp.: per cent 

Dam construction 
Irrigation surveys 
Ganat and deep well loans 
Irrigation societies 

4,557 
443 
352 
130 

83 
8 
6 
3 

12,237 
970 
352 
150 

89 
7 
3 
1 

TOTAL: 5,482 100 13.709 100 
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tion), have gone for the construction of two big 

dams - Karaj and Sefidrud. These are expected 

to use about 84 per cent of the Plan Organization 

allocation to ,irrigation,, by tie end of the plan. 

This leaves only 16 per cent of the irrigation funds 

for all other small irrigation and dam construction 
projects, ganats, deep well loans, irrigation surveys 

and water societies. 
The Karaj Dam, which will use about 38 per 

cent of the irrigation allotment, is not an irriga-

lion project: it provides municipal water and elec-
tricity for Tehran. Expenditures on the Karaj Dam 

can be readily defended on the grounds of Tehran's 
needs for electricity and a more adequate supply of 

municipal water. From the standpoint of irrigation, 
large multipurpose projects should not be given a 
high priority without very careful consideration of 
alternate methods of achieving equal irrigation 
production through small projects. The Sefidrud 
Dam is a multipuirpose project whose main pur-
poses are power, irrigation and some flood control. 
Large projects should generally be undertaken at 
a later stage of the coutry's growth. This was first 
pointed ott ill tile report submitted by Overseas 
Consultants. Incoorporated, in 1949, Their argu-
ment was mainly based on the following: 

Large multipurpose projects are associated 
with the economics of scale and are most economi-
cal when they are large. Such projects require a 
close market for large blocks of power and a very 
substantial degree of industrial development. At 
present Tehran is the only place in Iran that has 
sufficient industry to demand large blocks of po-

wer. The large distances between tile principal ci-
ties of Iran make electric power transmission 
costly. 

Sefidrud Dam illustrates the difficulty. The 
closest market for its power is the Guilan area, 
which can use only 20,000 k.w. of the 90,000 k. w. 
of capacity at the plant. Although not accepted, a 
proposal was made that a transmission line, costing 
about 500 million rials, deliver the electricity to 
Tehran, 240 kilometers away. 

The advisibility of large multipurpose projects 
in Iran is questionable not only because of the 
above points, but also because an examination of 
existing hydroelectric projects reveals other signifi-
cant weaknesses: 

1. 	 Of the irrigation projects started in the first 

two plans, none made adequate provision for 

the management and sale of water, for water 

rights, for maintenance costs of tilecanal net

work, or for land use and tenure problems. 

There are some who believe that progress can
not wait for the completion of all the requisite 

details of planning, and that problems will be 
solved when they arise. 

2. 	 The estimated cost of large irrigation projects 
has increased enormously in Iran. The Karaj 
Dam cost estimates increased from 1.5 to over 
6 billion RIs. 

During tileSecond Plan period, the Go
vernment of Iran came to realize that big irri
gation projects are not necessarily the most 
profitable projects, while small irrigation pro
jects are more effective in solving Iran's irri
gation problems. The people of Iran are most 
interested in small irrigation schemes. Some of 
these small projects can be done by the people 
themselves, with only technical assistance and 
loans from the Government. The Govern
ment, therefore, has allocated capital to the 
Agricultural Bank of Iran for groundwater de
velopment, such as the drilling of deep and 
shallow wells and ganat renovation. On the 
other hand, irrigated lands are more widely 
distributed in the various regions of the count
ry when a number of small projects are built 
rather than one large one. This shows the so
cial advantages of the small projects over the 
large projects. In the Third Plan, which will 
start in October, 1962, more stress is placed 
on small irrigation projects, as is outlined in 
the following. 

SURFACE WATER DEVELOPMENT 
BY SMALL PROJECTS 

It is estimated that during the Third Plan sur
face water development projects could be carried 
out on about 75,000 hectares, of which 45,000 hec
tares would be irrigated annualy for the first time 
and irrigation would be improved on 30,000 hec
tares. 

A brief description of the proposed develop
ment by small surface projects during the Third 
Plan program follows: 
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(I) Jahrom Project. The building of several 
small dams in order to replenish underground wa-
ter resources and prevent the drying tip of the avai-
lable wells used for the irrigation of 4,000 hectares 
of palm and citrus. The surveying is already fini-
shed: construction will start in the near future and 
will take about two years. 

(2) Shavour Project. The construction of a 
network in the Shavour area to use the water of 
the Shavour diversion dam properly and to assist 
in land reclamation by establishing a drainage sys-
tem. The surveying is almost finished and the net-
work's construction will start in the near future 
and will take two years. It will add 5,000 hectares 
of irrigated land, which will be used for sugarcane 
and cotton. 

(3) Golpayegan Project. Thic project is already 
approved and the job of constructing a network 
will be done during the next two years. The pur-
pose is to use the water of the Akhtegan reservoir, 
which has already been constructed. This project 
will improve irrigation on a total of 5,000 hec-
tares. 

(4) Parishan Lake Project. The purpose of 
this project is to use the water of Parishan Lake 
for irrigation by pumping. The surveying is almost 
finished. The execution of the work will be started 
after the completion of the surveying, which will 
take two years. This project will improve irrigated 
lands totalling 5,000 hectares. 

(5) Bampour Network and Canal Lining. The 
surveying will be finished after a few months and 
the construction will take two years. The purpose 
is to the water of the Bainpour River by means of 
the diversion darn which is already built. This pro-
ject will newly irrigate about 2.000 hectares and im-
prove irrigation on an additional 2,000 hectares. 

(6) Garmsar Network Project. This project is 
a network and canal construction job in order to 
prevent water losses and to change tie old distri-
bution system to a new one. The investigation and 
planning are already done. Construction will start 
after the design is completed and will take about 
three years. This project will improve irrigation on 
a total of about 12,000 hectares of land. 

(7) Jajerud Project. This project is a network 
job in order to provide a better distribution system. 
The surveying will be finished during the next 

year, but construction will take about three years. 
The purpose is to use the additional water to be 
saved from loss and to improve irrigation on the 
available land by a new distribution system. 

(8) Abadeh Project, including the use of Kaf
tar Lake water for irrigation, drainage of the Shad
kani plain and effective use of Eglid springs water. 

Surseying and construction will be completed with 
the next three years. 

(9) Karkheh Project. Within the last two yeats, 
drainage and land reclamation have been accomp
lished on about 5,00(0 hectares, and these lands irn
proved from Class 5 to ('lass 3. The main purpose 
is to provide a water distribution system from the 
Karkheh diversion dam, has already been cons
tructed. It is expected that 1,500 hectares of lands 
will b: newly irrigated annually by establishing the 
irrigation and drainage distribution system. 

(10) Shabankareh Project. This project involves 
an irrigation anid drainage distribution system 
which is improving esery year. About 4,000 hec
tares have been irrigated and improved tip to now. 
It is expected that a total of 8,000 hectares of ir
proved and irrigated lands will be obtained by 
continuation of this project in the future. 

(II) Nahavand Project. This is a water loss 
prevention and water distribution development 
which will improve irrigation on 4,000 hectares of 
lands and will add 2.,G0 hectares of newly irrigated 
lands. Losses can be decreased by lining and re
pairing the canals arid improving the distribution 
networks. 

(12) Kordan Project. This project consists of 
the foilowing stages: 

a. 	 Construction of a storage dam in or
der to control flood flow and use it 
for irrigation. 

b. 	 Construction of the inlets and canals 
for a new distribution system. The 
main result will be that 30 per cent 
more land will be irrigated. 

GROUNDWATER DEVELOPMENT 
Two major programs will be undertaken dur

ing the Plan period to develop groundwater re
sources: 

1. Deep and Shallow Wells. A program for 
Government-sponsored loans administered by the 

163 



Agricultural Bank with the technical assistance of 

the Irrigation Bongah which will make it possible 

for landowners to drill up to 2,000 deep and shal-

low wells during the Plan peiiod. On the assump-

tion that each well will provide irrigation water 

for 25 hectares, this program would provide water 

for 50,000 hectares. It is estimated that some 30,000 

hectares of this total will be irrigated annually for 

the first time, and the remaining 20,060 hectares 
will be land now reg::larly irrigated but for which 
water supplies will be improved, 

In 1959 the Irrigation l3ongah began develop-

ing a groundwater staff and making the investiga-
tions necessary to obtain scientific information on 
groundwater. The geologists of the Irrigation Bon-

gah are investigating the groundwater conditions 
in several regions of iran. These studies will form 

the basis for providing technical assistance to the 

Agricultural Bank and to farmers in drawing Up 
groundwater development plans for the additional 
use of groundwater on small irrigation projects. 

2. Ganat Renovation. Ganats represent a sub-
stantial national investment and provide irrigation 

water for perhaps as much as 80 per cent of the 
irrigated area south of the Elborz mountains bor-
dering the Caspian Sea. During the Plan, the pre-
sent program making credit available to ganat ow-

ners to enable them to undertake major renova-

tions and thus increase viater flow will be conti-
nued and expanded. To this end, a reserved cre-

it fund of Rls. 500,000,000 (equivalent to 
$6,300,060) has been established, to be administer-
ed by the Agricultural Bank. This amount will be 
in addition to the capital already available for this 
purpose in the Bank. This program is expected to 
bring under annual irrigation for the first time 
10,000 hectares and to improve irrigation on an 
additional 40,000 hectares. 

During the Plan period, the Irrigation Bongah 
will have primary responsibility for small surface 

systems and the technical aspects of the well prog-
ram. Responsibility for the loan programs will be 
vested in the Agricultural Bank. Educational acti-
vities to improve the use of irrigation water by 
cultivators will be the responsibility of the Agri-
cultural Extension Service, with technical support 
provided by the Irrigation Bongah. 

The Irrigation Bongah is now in the process 

of reorganizing in order to meet the increasing de

mand, for technical services that will result from 

the emphasis on small irrigation projects in the 

Third Plan. The increased magnitude of irrigation 

activities will permit the Bongah to implement its 

work through more specialized branches, thus 

permitting lianian technicians to achieve higher 

degrees of proficiency and to turn out a higher qua

lity of work. Iran looking forward to doing more 
comprehensive planning and designing with Iranian 
engineers in the future. 
Discussion. Irrigation societies are formed under 

their own boards of directors. However, the Govern

ment owns most of the capital used by the societies. 

Since Government funds revert each year, grants 
may be made to irrigation societies, which may 

impound the funds and spend them as they are 

needed without annual budgetary restrictions. The 
share of private funds in these societies as com

pared to Government funds is relatively minor. 
The reasons for the great increase in construe

tion costs over estimates for the Karaj Dam are 
not entirely clear, but it appears primarily that 
the work turned out to be much more difficult than 
was originally anticipated. 

With regard to the lining of canals, Item 
No. II, the canals were lined with concrete and 
the alignment was changed. 

Iran feels that they were beginning to over
obligate their resources for large multiple-purpose 
projects and that the effects of such projects are 
limited to localized areas. Smaller projects spread 
their benefits over a much wider area. Both Iran 
and U.S,AI.D.lavor shifting to small project deve
lopment until the capital can be built up to con
tinue large scale ones, Mr. Ozal felt that small 
project development might not be the best policy 
for all countries, because a large multiple-purpose 
development brings in new resources, which the 
countries need. Mr. Raji pointed out that the land 

to be brought under irrigation in five years under 
the small projects program in Iran totaled 50,000 
hectares from surface irrigation, 50,000 hectares 
from deep well irrigation, and 10,000 hectares from 
ganats. The development of electricity from mul
tiple purpose projects would be very useful for 
small pumping projects. Iran's small project plans 
apply to their Third Plan period. Mr. Blok thought 
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that the larger projects paid higher dividends in 
the long run. However, the smaller projects built 
in Ceylon are referred to the project agency and 
integrated with plans for the larger projects which 
will eventtaliy be built. One of the advantages of 
the small projects is that they can be handled by 
Iranian engineers. 

Mr. Harnlid stated that while Pakistan has the 
potential for large projects and a dire need for 
food, they also are giving attention to their smaller 
projects. They have a small-darn organization 
which has the authority to build darns costing less 
than $200,000. Pakistan has a policy of emphasiz-

ing development of the west side of the Indus, so 
projects there, regardless of their small size, are ini
tiated because the villagers in that area have no ir
rigation and providing even a few hundred acres 
for them is important. Even small projects lead to 
other developments in the area. 

The Independent Iriigation Corporation has 
district offices only for hydrology and for river 
control. However, they plan to expand so that 
they will have general district offices. They are 
sending parties to the field and these parties can 
refer the problems they cannot handle to the cent
ral office. 

165 



WATER RESOURCESDEVELOPMENT OF THE LAND AND 

OF THE TAMANKADUWA DISTRICT OF CEYLON 

by 

Mr. M. A. Blok, A. M. I. C. E., M. I. E. C. 

INTRODUCTION 
The Tamankaduwa District of Ceylon covers 

1,250 square miles and forms part of the 4,034 

square-mile drainage basin of the Mahaweli Gan-

ga. It is situated in the north eastern part of the 

island and has a history dating back to the early 
was at one timeChristian Era. The district, which 

the most flourishing area in Ceylon, fell into decay 

and ruin through var;'-s causes. This paper ecords 

the various stages by which the district was rec-

laimed from the jungle, making it today one of the 

foremost paddy producing areas of the island. 

I-- rrigation l)epartent. Ceylon. 

TOPOGRAPHY AND HYDROLOGY 

The district consists largely of flat undulating 

land interspersed by isolated hillocks and is bisec

ted by the Sudukanda range of hills. This range, 

which runs approximately north-south, was used by 
stoancient irrigation engineers for dams and for 

rage reservoirs. The district receives between 50 to 

75 inches of rainfall a year, of which the greater 

portion falls during the northeast monsoon, which 

lasts from October to February. The pattern of 

rainfall is best illustrated by the following table, 

which lists the mean monthly rainfall for the three 

stations of Minneriya. Polonaruwa, and Elahera, 

western, eastern, and southernwhich represent the 
boundaries of the district. 

TABLE 1. EXAMPLES OF RAINFALL.
 

Mean Rainfall in Inches 

Month Minneriya 

October 9.04 
November 13.42 

December 15.30 
January 12.53 

February 3.23 

March 3.63 
April 6.33 
May 3.40 

June 0.44 
July 0.90 
August 2.32 

September 3.60 

Total 74.14 

Topawewa
 

(Polonnaruwa) 

8.04 
12.06 
14.31 
12.10 
3.59 
3.49 
4.89 
3.30 
0.37 
1.08 
2.36 
2.92 

68.51 

Naula 

6.60 
19.96 
15.09 
4.59 
2.27 
2.10 
1.69 
1.60 
1.62 
0.74 
0.00 
0.00 

56.26 
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THE HYDROGRAPHY OF TAMANKADUWA 

THE ANCIENT IRRIGATION SCHEMES 

scale 4 miles to an inch 

REFERENCE 

dams across major rivers .......... ......... + 
bund s ................ ...... .............. ................................ 0 
c hann e ls ...................... ....................................................-

The Mahaweli Ganga is the main drainage THE ANCIENT PATTERN OF IRRIGATION 
line of the district and its largest tributary, the The most striking feature of Tamankaduwa is 
Ambanganga, is the lifeblood of the people of Ta- the large number of major irrigation works left by 
mankaduwa, being one of the chief sources of the ancient kings of Ceylon. Probably the oldest 
irrigation water. The drainage basin of the Am- major irrigation work in the Tamankaduwa Dis
banganga is 520 square miles. The average annual trict is the Minneriya Tank, which has a drainage 
runoff of the Mahaweli has been estimated to be area of 92.5 square miles. The construction of this 
6,000,000 ac. ft., while that of the Ambanganga is great reservoir is attributed to King Mahasena and 
nearly 1,000,600 ac. ft. The ancient engineers of is believed to have been completed 17 centuries 
Ceylon were quick to grasp the opportunities of- ago. The reservoir is formed by closing a gap in 
fered by these two perennial rivers, and executed the Sudukanda range of hills with an artificial em
magnificent feats of engineering in order to pro- bankment one mile long. The irrigable area under 
vide an assured supply of water for irrigated agri- this tank is 14,000 acres and consists of gently 
culture. sloping undulating lands, well drained and ideal 
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for irrigation. A further work attributed to King 

Mahasena is the Kaudulla reservoir, which has a 

catchment area of 140 sq. miles. This tank was 

also formed by closing the gap in the same range 

of hills and commanded tile some acreage as Min-

neriya, or even more. The supply to Kaudulla was 

augmented by the spill water of the Minneriya tank 

which flows directly into Kaudulla, while the spill 

water from the second spill of Minneriya was led 

along an artificial canal to the Kantalai tank, 

which lies outside the district, nearly 20 miles 

away. 
The next tank to be constructed in ancient 

Tamankaduwa was Topawewa, which now forms a 

part of the great tank Parakrama Samudra or Sea 

of Paradrama, at Polonnaruwa. The construction 

of Topavewa was carried out by King Upatissa Ii 

in 368 A.D. It is believed that Topawewa at full 

supply level submerged an ares of 1,000 acres or 

so, and irrigated a large extent Gf paddy lands. 

Up to this time the Mahaweliganga had not 

been exploited as a source of irrigation water, per-

haps owing to lack of sufficient technical knowledge 

and construction know-how, but during the fifth 

century A.D., this task was accomplished by thro-

wing a massive stone darn across this mighty river, 

This dam consisted of massive square and rectan-

gular stone blocks, each of which weighed about 

two or three tons. The diversion of water from 

this dam was accomplished by means of left bank 

and right bank canals, the remains of which are 

visible today, and appear on the one-inch to a 

mile topographical maps. The origin of this work 

is obscure but the left bank canal is attributed to 

King Dhatusena, who ruled during the period A. 

D. 463-479. This left bank canal is today known 

as the Kalinga Ela. 

It is presumed that about this time, and after 
the experience gained by the construction of the 
Kalinga Ela, a water shortage was experienced at 
Minneriya tank. This difficulty was resolved by the 
construction of a diversion dam across the Amban-
ganga at Elahera and a 23-mile-long conveyance 
canal to lead water into the Minneriya tank. This 
canal, known as the Elahera Minneriya canal, also 
provided irrigation to about 5,000 acres of paddy 

lands comprising what is known as the Elahera 

Schema of today. 
At the point where the canal enters the feeder 

stream to Minneriya was constructed a bifurcation 

structure also consisting of large stone blocks by 

which a branch canal was led into Giritale wewa, 

a small storage reservoir lying to the East of Min

neriya tank. The ingenuity of the ancient engineers 

is to be marvelled at because the 9 sp. mile catch

ment of Gritale wewa would hae been quite ina

dequate to irrigate the 4,600 acres of paddy fields 

which are served by this tank without such an 

augmentation scheme. The Giritale tank is believed 

to have been constructed by King Agrabodi in 

650 A.D. 
The last and greatest work of the Tamankaduwa 

District was the Parakrama Samudra or Sea of 

Parakrama constructed by the greatest irrigation 

engineer in Ceylon history, King Parakrama Bahu 

(1153-1186 A. D.). This reservoir was formed by 

incorporating the earlier Topawewa of King Upa

tissa into a very much larger reservoir by extending 

the dam to take in the catchment of two large tri

butaries of the Ambanganga. The total length of 

the embankment is nearly nine miles and it is 40 

to 50 ft. high in places. The total catchment area 

of Parakrama Sam-dra is only 28 sq. miles and 

in order to ensure a regular supply of water, the 

perennial Ambanganga was dammed by the fami

liar stone weir 600 ft. long and led into the tank 

by an artificial canal. The total area submerged by 

the reservoir is 5,500 acres and the irrigated extent 

is 18,200 acres. In addition to this masterpiece of 

irrigation engineering, history records that King 
ir-Parakrama Bahu restoied and improved 1,395 

rigation works which had fallen into disrepair and 

consequent disuFe. 
All these works gradually deteriorated after the 

twelfth century A.D. owing to various causes such 
as war, disease, drought, and floods, and it was 
not until the late 19th century that attention was 
focused on the possibility of restoring some of 
these works. From that time onwards no effort has 
been spared toward this end. The restoration of 
these works was taken uip systematically, and the 
progress achieved on each of these works will now 
be outlined. 
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MINNERIYA SCHEME 
(a) Early Development 
Minneriya tank, the oldest of the major irri-

gation works in the Tamankaduwa District, and 

also one of the few surviving v,,cient works, was 

appropriately selected as ;iie first improvement 
scheme to be undertaken in this area. Ever since 

the British occupation of Ceylon in 1815, periodic 
reports on improvements to Minneriya tank had 

been prepared, but in 1890 a definite scheme was 

drawn up. 
The catchment area of the tank is 92.5 sq. 

miles and the average annual rainfall is 80 inches, 

providing a northeastern monsoon yield of some 

78.000 ac. ft. The actual work of improvement 

commenced in 1897 and was completed in 1905; 

it was intended primarily to ensure a regular sup-

ply of water for 170 acres of ancient fields lying 
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MINNERIYA SCHEME 

ENGINEERING PROJECTS & CONSTRUCTION 

close to the tank and also to bring under cultiva

tion at least 9000 acres of new land. The engineer
ing work consisted of removing the sluice gate of 

the ancient sluice and the construction of two new 

sluices, one a low level sluice and the other a igh 

level one. Improvements were also carried out on 
the two natural spills, one of which was connected 

to Kaudulla tank while the other discharged into 
the ancient Yoda Ela or channel linking Minneriya 

with Kantalai tank. In addition to this, a nine-mile 
conveyance canal was cut to irrigate the existing 

ancient fields and also to command 9,000 acres of 

land proposed for development. 
Land utilization unfortunately did not keep 

pace with the engineering work, chiefly due to the 

high incidence of malaria which seriously hampered 

land development operations, and it is recorded 

that up to the year 1920 the only lands directly ir
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jigated by the tank were the 170 acres of ancient 

paddy fields, 
In 1920, however, 9,000 acres of land were 

leased to a public company which proposed to co-

Ionize the area by the cultivation of paddy in 

blocks of 250 acres each. The concession offered 

by the Government at the time was a tax-free lease 

for the first 10 years, after which the land was to 

be taxed at Rs. 3.00 per acre. 
The northeast monsoon rains of that year, how-

ever, brought with them an outbreak of malaria and 
by the end of the year the labor force had decam-
ped. Thus ended the first attempt at large-scale co-
Ionization at Minneriva tank. This was followed 
by two further attempts which also ended in fai-
lure, and it was not until the year 1932 that the 
real colonization of Minnariva began. 

(b) Modern Development 
(i) Plan of Development. The Minneriya 

development scheme was formulated by the 

Ministry of Agriculture and Lands 1932. Cons-

cious of the reasons for past failuresit was soon 

realized by the Ministry that colonization of 

vast tracts of inaccessible jungle had to be a 

joint venture among the Irrigation, Survey, 

Land Development, Agriculture and Medical 
Departments of the Government. and accor-

dingly a committee composed of the heads of 

these departments was appointed to draw up 

a scheme of development. The main proposals 

drawn up by this committee were for the co-

Ionization of the area by three categories of 

cultivators: namely, peasants, middle class co-
lonists and capitalists. The units of ailotment 
recommended were 5 ac. for peasants, up to 

50 ac. for middle class colonists, and larger 
areas for capitalists, after the needs of the 

other two categories had been reet. Details 
were quickly worked Out and preliminary work 
commenced the same year. 

(ii) Engineering Su,'eys. The engineering 
surveys for this new venture were carried out 

by the Survey Department, which commenced 
work in 1932. At first 1800 acres were se-

lected for survey, including the ancient lands 

already developed under the tank. The folio-
wing year, the extent was increased to 10.000 
acres and by the end of that year maps were 

made available to the Irrigation Department 

for the preparation of plans indicating the ca

nal system, paddy allotments, highlands allot

ments, townships, etc. Five years later it was 

decided to take up the survey of , further 

1,000 acres and also to survey the bed of Mi

neriya tank with a view of increasing its ca

pacity. This work was completed in 1940. 

(iii) Constructed Work. For the purposes 
of construction and development, this scheme 
was divided into three stages, each of which 
was taken up in a coordinated program of 
development. No major improvements were 
carried out to the Minneriya tank itself in the 
1932 scheme, as the earlier work had already 
put the tank into working order. The length 
of embankment was 1,160 yards with a maxi

mum height of 44 ft., and at full supply level 

the tank had a water spread of 4,670 acres 

and an impounding capacity of 65,700 ac. ft. 

The construction work included provision of 

irrigation, drainage and access facilities to the 

new development scheme. The main canal 

from the sluice which followed the trace of the 

ancient canal was reconditioned for a distance 

of 10 miles to carry a discharge of 183 cusecs 

of water. Branch and distributary canals were 

also construCted along with all appurtenant 
structures, access roads, and drainage channels. 
A right bank channel which took off from the 

main canal just downstreen of the sluice was 

also reconditioned to serve the 170 Ac. of an

cient paddy fields, anJ this was later extended 
to serve 772 Ac. in all. About 900 acres were 
omiHed due to poor soil conditions. These were 

later reclaimed'-by squatters using rainwater, 
after which the Government extended the ir

rigation channels to serve them. This brought 

the total area served by irrigation, drainage 
and access facilities to 0,(XC', Ac. of paddy. 

About the time stage 3 was being comp

leted, it was decided to increase the capacity 

of Minneriya tank to impound 110,000 ac. ft. 
by raising the spill level by 8 ft.. the area 
inundated at full supply being 6,500 acres. 

Two new sluices were constructed, one to serve 
the left bank area and the other the right 
bank. The main canal was also improved up 
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to 10 miles to carry a discharge of 300 cusecs 
to serve total of 14,000 acres in all. Along 
with this, an additional area of 2,500 Ac. cal-
led Stage 4 was taken up for construction in 
1959 and :his is now in progress. 

In 1961 it was proposed to develop about 
600 K. W. of hydro power from the new low 
level sluice, to serve the towns and villages in 
and around Minneriya. Construction work has 
already begun on this scheme, which is plan- 
ned for completion within two years. 

(iv) Soil Survey! -nd L-.nd Development. 
This scheme, being the first of its kind under-
taken in modern Ceylon, was necessarily a 
training ground for the Government as well 
as its officials. Consequently, a soil survey was 
carried out only after preliminary work was 
well along. As a result certain areas originally 
earmarked for declopment had to be tempo-
rarily abandoned on the recommendation of 
the soil chemist. A direct consequence of this 
was a Government decision made in 1935 that 
soil surveys should precede engineering sur-
veys. 

Land development commenced on a plan 
drawn up by an official committee, which de-
cided to alienate 5 ac. of paddy land and 3 ac. 
of highland and a house per peasant. Simul-
taneously, a township, highland roads, schools 
and medical facilities were provided. Colonists 
were settled in temporary huts until perma-
nent buildings were constructed, and it is 
recorded with pride that in spite of the tre-
mendous hardships they had to encounter, the 
first settlers who braved the vicissitudes of this 
virgin forest today comprise one of the most 
prosperous colonies in Ceylon. 

While the early colonists were moving in, 
the used for marketing their produce at rea-
sonable prices, for financial assistance, for ini-
tial cultivation, for provision of seed paddy. 
and for instruction in improved agricultural 
practices was keenly felt. As a result, coope-
rative agricultural sales societies were set up 
to ensure economic prices for agricultural pro-
duce, while credit societies provided loans for 
the purchase of implements, buffaloes, etc. In 
addition, a large Government farm was estab-

lished to carry out demonstrations, and supply 
adequate planting materials to the farmers. 

Many lessons were learned in this pioneer 
colonization scheme and the mistakes made 
at the outset have been corrected in the new 
development schemes now being undertaken. 
Elahera Scheme 

The Elahera scheme was devised in an
cient times to divert the waters of the Am
banganga into the Minnariya and Giritale 
tanks by means of diversion weirs and a 
left-bank coveyance channel. This scheme too 
lay in ruins for several centuries, until the 
British occupation of Ceylon. 
(a) Early Development. 

The first scientific investigation of this 
scheme was undertaken about the year 1855 by 
three Englishmen. Having explored the area, 
which was completely overgrown by thick jun
gle, they recommended an engineering su~rvey 
to assess the irrigation potential of what ap
peared to be a major diversion project. It was 
not until 30 years later, however, that an en
gineering survey was actually commenced; af
ter a few years' work, with only a few imp
rovements carried out to the head works, the 
scheme was abandoned. 
(b) Modern Development. 

(i) Engineering surveys. In 1935, engineer
ing surveys of the Elahera scheme were com
inenced with a view to improving the diver
sion weir at the headworks and reconstructing 
the 23-mile conveyance channel to augment 
Minneriya and Giritale tanks. It was also pro
posed to contour survey the land that could 
be irrigated by direct issues from the canal. 
This was completed in 1940 and the plans 
were made available to the Irrigation Depart
ment for design and construction of the pro
ject. 

(ii) Construction works. In 1937 prop,sals 
for the reconstruction of the Elahera scheme 
were made by the Director of Irrigation and 
accepted by the Government. The proposals 
envisaged improvements t9- the diversion weirs 
at the headworks and the construction of a 
new concrete head sluice. The scheme also 
provided for the construction of the channel 
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and road system required to serve an extent 
of 4,750 acres of paddy lands by direct irri-
gation. The total length of canal to be restored 
was 23 miles and the conveyance capacity was 
fixed at 250 cusecs. The engineering work 
was rendered extremely difficult because of the 
large number of cross drainages intercepting 
the channel trace. These were crossed by means 
of reinforced concrete flumes carried on piers. 
In addition, at the end of the conveyance chan-
nel, a modern concrete bifurcation structure 
was constructed to distribute the water 
between Minneriya and Giritale tanks and an 
ancient link channel three miles long restored 
to convey water from the bifurcation structure 
up to Giritale tank. The feeder stream to 
Minneriya tank begins just downstream of the 
bifurcation, hence no artificial channel was 
required. 

With the increased development under 
Minneriya tank, and the augmentationof this 
capacity, steps were taken to increase the 
conveyance capacity of the Elahera canal so 
as to ensure two-season cultivation. This was 
further necessitated by a decision to augment 
the capacity of Giritale tank in order to step 
up its irrigable extent from 600 Ac. to 4,500 
Ac. Proposals were framed for increasing the 
conveyance capacity to 1,000 cusecs. The 
crest level of the diversion weir was raised 
and a new concrete head sluice constructed. 
This proposal also did away with the concrete 
flumes at the cross drainage and provided for 
taking in a part of their catchment so that 
the tail end of the channel had a flood 
capacity of 3,500 cusecs. Thus flash floods 
were impounded to augment Minneriya tank. 
This work was completed in 1957 and its 
wisdom proved beyond doubt by the regular 
two-season cultivation enjoyed by the cultiv-
ators of Minneriya. 

(iii) Soil surveys and land development. 
Soil surveys of the lands proposed to be 
irrigated by the canal were commenced in 
1939 and investigations revealed that prac-
tically the entire extent consisted of good 
primary paddy soil. The area was found to 
be well-drained, with little or no evidence 

of hard pan below the surface. 
After several attempts to colonize this area 

in the early 20th century had failed, the entire 
scheme was abandoned until 1934. In that year, 
the Government decided to take up the 
Elahera Scheme, both for large scale coloni
zation and for aulgmenting the water supply to 
Minneriya tank. 

The blocking out plans prepared for Ela
hera provided for 5-Ac. paddy allotments and 
3-Ac. highland allotments on the same pattern 
as for the Minneriya scheme, but the civic 
amenities such as schools, hospitals, and sites 
for civic centers were more carefully planned 
than for the earlier scheme. Here again the 
Government set up cooperative agricultural 
sales societies and credit societies for the be
nefit of the farmers, and the colony today has 
an air of great prosperity. 
PARAKRANA SAMUDRA SCHEME 

The catchment area of Parakrama Samu
dra is 28 sq. miles and the catchment receives 
an annual rainfall of 72 inches, of which 57 
inches are precipitated during the northeast 
monsoon. The yield from the catchment 
alone amounts to only 27,000 ac. ft., hence 
augmemation from river diversion is essential. 
This reservoir consists of three separate tanks 
- Topawewa, Eramuduwewa and Dumbutu
luwewa - and these had been combined into 
one large reservoir called Parakrama Samudra 
or the Sea of Parakrama by King Parakrama 
Bahu the Great, as previously mentioned. 

(i) Engineering Survey. Surveys began in 
1934 and were at first interded for the restora
tion only of Topowewa and the inlet channel 
from the Ambanganga, but in 1937 it was de
cided to restore the entire scheme. This was 
found to be more feasible, as the closing of a 
single breach in the Eramudu wewa provided a 
very much larger storage capacity and also eli
minated eight miles of the inlet channel of the 
12 miles required to feed Topawewa only. The 
survey was completed in 1939. 

(ii) Construction work. The restoration 
work involved the construction of two diver
sion weirs across the Axibanganga to replace 
the ancient stone weirs which had collapsed, 
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and the recoristruction of four miles of the an-
cient feeder channel. The single breach in Era-
muduwewa, 600 ft. wide and 60 ft. deep, was 
also closed and a new 100-ft. concrete spillway 
constructed. For issues to the fields, three slui-
ces were constructed; the left bank sluice to 
irrigate 16,000 acres, the (,enter to irrigate 
4,000 acres, and the right bank sluice to ir-
rigate 1,500 acres. The capacity of the tank 
is 98,000 ac. ft. and the water spread inunda-
tes an area of 5,940 ac. at full supply level, 
The total length of embankment is 8 1/2 miles. 
The closing of this branch in this embank-
ment was a landmark in the history of the Ir-
rigation Department, in that crawler tractors 
were used for the first time for jungle clearing 
and earthwork. 

The restoration of the tank was followed 
by the construction of channels, beginning with 
those under the right bank sluice. This work 

A 13000 ,1934.35 

S 13000 193 

was spread out over sevk Il years and was 
completed in 1952. 

(iii) Soil Surveys and Land Development. 
Soil surveys were carried out by the Agricul
tural Department and they revealed that the 
major portion of the area to be developed con
sisted of secondary paddy soil. They were fol
lowed by the preparation of blocking out plans 
and the construction of the channel system. To 
begin with, the Government started a large cat
tie farm within the scheme in order to popu
larize and develop animal husbandry, and also 
to supply cattle and buffaloes to colonists for 
plowing. While the farm itself was a success, 
it cannot be said that animal husbandry has 
developed to any great extent among the co
lonists. 

With regard to the settlement of colonists, 
important decisions were made by the Govern
ment in 1939 to provide every assistance to the 
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new settlers. In the Minneriya scheme, the first 

colonists had to face a grave struggle for exis-

tence, and in order to avoid repetition of this, 

a special committee drew tip proposals and 

programs for aiding colonization. The unit of 

paddy was kept at 5 Ac., while the highlander 

was to be provided with a house. The Govern-

ment also undertook to clear the land and pay 

each family subsistence for the first six months 

until they established themselves. In the earlier 

scheme, the allottee was asked to clear the 

land and was paid for it afterwards but it was 

felt that this placed too great a strain on the 
almost destituteresources of families who were 

at the time of their selection as colonists. Ar-

rangements were also made for marketing pro-

duce and for medical aid and schools, and de-

velopment was considerably accelerated. Those 

who saw Polonnaruwa in the early 1930's can-
not help being astounded by the rapid prog-

ress made by these settlers. Improved agricul-

tural practices and the guaranteed price of 

paddy have placed many colonists economical-
ly far above the average white collar worker. 

GIRITALE SCHEME 
(i) Early Development. Giritale tank is a 

comparatively small reservoir with a catch-

ment area of nine square miles. It was disco-

vered during the British period and was found 
to be in working order except that the sluice 

was blocked. Early attempts made in 1897 

and 1900 to clear the blocked sluice ended in 

failure, but in 1904 the tank was restored to 
working order, 

(ii) Modern Development. The early 

work to restore this scheme was intended to 

benefit the 10() acres of ancient fields served 
by the tank at the time, and it was not until 
1948 that proposals were framed for increasing 
the irrigable area to 600 Ac. by constructing a 
left-bank channel and distribution system. This 
scheme was one of the newer ones, so the con-
struction proceeded with fewer problems. Here 
again the scheme was a colonization scheme 
with paddy and highland allotments for pea-

sants. 
About 1954, it was decided to'alter radi-

status of Giritale tank by increasingcally the 
to 17,500 Ac. ft., with a waterits capacity 

spread of 760 Ac. at full supply level. The 

maximum depth of water at the sill of the 

sluice was 40.69 ft. and the irrigable command 
Since the catchmentwas fixed at 4,500 Ac. 

of the tank was only 9 sq. miles, augarea 
mentation was proposed from the Elahera ca

nal, which was to bring in a maximum flood 

flow of 200 cusecs from the bifurcation struc

ture. The impro'ements to the tank also in

volved the construction of a new right bank 

sluice to irrigate the new extent of 3700 Ac. 

of paddy, and the building of a new concrete 

fall spillway. These works were completed in 

1956, and a program for development of the 

3,800 Ac. of new lands was evolved. 

The entire area proposed for development 

had been contour-surveyed a few years pre

viously with the intention of setting tip a su

garcane project, but by this time the legend of 

the prosperity of Tamankaduwa had spread 

far and wide, and the Government was faced 
with the prospect of settling hundreds of land
less families who took tip residence in the ir

rigable area earmarked for the scheme. These 
families felled jungle and started rain-fed crops 

to sustain themselves, and in view of the per

sistent demand for land, it was decided to 
make this too a colonization scheme for paddy 
cultivation. The construction of channels was 

accordingly undertaken in 1956 and it is of 

interest to observe that the main canal from 

the new right-bank sluice followed the trace 
of the ancient channel for almost its entire 

length. 
The allotments at Giritale were made 3 

Ac. for paddy and 2 Ac. for highland, as the 

demand for land was on the increase. This 
scheme was well planned and provision was 
made for schools, several dispensaries, and 
roads in the highland area. Community cen
ters and townships were also planned and are 
gradually taking shape. The work on irrigation 
facilities was completed in 1961 and the entire 
4.500 Ac. are now under cultivation. 

In the past it had been observed that du

ring the closed seasons for irrigation a number 
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of wells ran dry, causing severe hardship to 
the people. In the design of the canal system 
for Giritale, the alignments were adjusted to 
make use of the several abandoned village 
tanks which dot the area. The canals were 
made to flow into and out of these tanks so 
that during closed seasons, the dead storage 
of these small reservoirs provide adequate wa-
ter for domestic needs. The system is work-
ing very well, and has been used in several of 
the newer colonizations schemes elsewhere in 
the country. 

GAL AMUNA SCHEME 
At the end of the Minneriya scheme the 

main diainage line Minneriya Oya wends its 
way to join the Kahambiliya Oya, which is a 
tributary of the Mahaweli Ganga. On the left 
bank of the Minneriya Oya is flat, gently slo
ping country covered by jungle. The astound
ing success of the Minneriya scheme attracted 
many people to the area and some of these 
families settled down on the left bank of Min-
neriya Oya and commenced cultivation of 
paddy by divertii.g the drainage water of the 
Minneriya fields. By 1956, practically the en-
tire extent of some 3300 acres was under paddy 
cultivation, and in response to requests from 
these cultivators a proper scheme of irrigation 
and drainage was designed to meet their 
needs. 

(i) Co. struction. To begin with. the entire 
area was contour-surveyed and a blocking out 
plan prepared demarcating the paddy and high-
lands and also the traces of the irrigation and 
drainage channels. A diversion weir radial 
gate control was constructed at the point where 
the ancient Kalinga Ela crosses the Minneriya 
Oya and a left bank canal four miles long was 
constructed, from which several branch channels 
took off to irrigate the paddy lands. The cons-
truction of the channel system is still in prog-
ress and up to the end of 1961 irrigation fa-
cilities had been provided to 1,500 acres of 
the 3,300 acres proposed. It is expected to 
complete all irrigation work by the end of 
the year. So far the scheme has proved suc-
cessful except for sporadic flash floods in the 

irrigable area, and after observing the func
tioning of the scheme for a few years it is 
hoped to apply the principle of re-use of irri
gation water to bring further areas under cul
tivation. 

(ii) Land development. The land deve
lopment aspect of this project was greatly fa
cilitated by the fact that the settlers had clear
ed their paddy lands long before the scheme 
commenced. Nevertheless, considerable activity 
by the Government was required, for the cons
truction of cottages and roads in the highland 
area. The unit of paddy was fixed at 4 Ac. 
while the unit of highland was I Ac. owing to 
the non-availability of sufficient highland. The 
usual assistance and amenities provided to co
lonists are being given to these cultivators 
also. 

KAUDULLA SCHEME 
Kaudulla tank was the last of the ancient 

irrigation works of the Tamankaduwa District 
to be taken tip for restoration. The total catch
ment area of the land is 140 sq. miles and 
consists of steep, heavily wooded country. The 
tank itself was formed by closing the gaps in 
the Sudukande range of hills and the total 
length of embankment is seven miles, includ
ing the intervening high ground. Periodic ins
pections of this tank had Oeen made for seve
ral years followed by reports, but it was not 
until 1956 that the restoration was decided 
upon and begun. 

(i) Engineering Survey. The original en
gineering surveys of the tank bed were car
ried out by the Irrigation Department to as
certain the capacity of the tank, and were fol
lowed by an engineering survey 1,500 acres of 
paddy land proposed to be irrigated. Three 
years later, when the possibility of augmenting 
this tank by the Mahaweli Diversion scheme 
was found feasible, the Minister of Lands de
cided to alter radically the scope of the scheme 
to serve a very much larger area. Consequently, 
engineering surveys of 10,000 Ac. of paddy 
land were undertaken and this work is still 
proceeding. 
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(ii) Construction Work. The tank was 

breached at two points, through which two 

rivers, the Gal Oya and the Alut Oya, had pur-
sued their courses. These rivers met just down-

stream of the bund to form the Kaudulu Oya, 

which is a tributary of the Mahaweli Ganga. 
The original proposals for this scheme envisa-

ged restoraticn of the tank to impound 17,000 
Ac. ft. of water with a full supply depth of 

13 ft. and an irrigable command of 31,500 

A. ., with the possible irrigation of a further 

,500 Ac. at a later stage. The low impound-
ing capacity was decided upon after conside-

ration of the fact that half the catchment was 

intercepted by the second half of the ancient 

Minneriya Kantalai channel, which had been 

restored some years ago to augment the Kan-

talai tank in the Trincornalee District. Soon 
after preliminary construction work commenc-

ed, however, Ceylon experienced unprecedent-

ed floods in Decrmber, 1957, as a result of 

which Kaudulla tank filled up and breached 
in spite of .he two major breaches ziready 

existing. 
At this stage a complete rearpraisal of the 

scheme was made after which it was decided 
to restore the tank to have an eventual capa-

city of 170,000 Ac. ft. to irrigate 27,000 Ac. 
of paddy land. This decision was influenced 
by the fact t it the Mahaweli diversion scheme 
would be able to supply sufficient water for 
such an ambitious project, and also by the 
fact that the greater portion of the sever mile 
embankment consisted of natural high ground 
well above the eventual embankment top level. 

It was further decided that the breach closures 
should be dc 'gned for the eventual bund top 
level but that the earthwork should stop at the 

level quired for the present. The schem,-
wU, tobe taken up in three stages.The first 

stage was the restoraion of the tank to in-
pound 49.000 Ac. ft. of water and the cons-
truction of canals for 4,000 Ao. of paddy, while 
the second stage contemplated was the exten-
son of irrigation facilities to a further 6.000 

Ac. making 10,000 Ac. in all. The final stage, 
which will be undertaken after the Mahaweli 
diversion project is comhpleted, contemplates 
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the increase of impounding capacity to 170,000 

Ac. ft. to irrigate 27,000 Ac. of paddy in all. 

Construction work on Stage I of the 

scheme commenced in 1959 and the tank res

toration was completed in 1960. The spillway 

used was the ancient natural spill, widened 

and improved by the construction of the con

crete causeway-type spill in accordance with 
hydrological calculations. The ancient sluices 

were removed and the gaps closed, and in their 

place a new reinforced concrete sluice was 

constructed to serve the 4,000 Ac. to be de

veloped in Stage 1. An additional sluice to 

serve the balance of the area will be under

taken in Stage 2 of the project. The northeast 

monsoon rpins of December 1960 were sligh

tly above normal and as Kantalai tank was 

al3 full at the time, all the water from the 

catchment was permitted to enter Kaudulla 

tank through the control structures provided in 

the Minneriya Kantalai Yoda Ela. As a re

suit, the tank filled up by the middle of Feb

ruary and began to spill. 
In the ancient system of irrigation under 

this tank, the sluice discharged direct into the 
main drainage line and was picked up by a 
stone weir about two miles downstream. After 

ex'. nining engineering survey plans and work
ing out alternative proposals, it was decided 

to follow the same practice and construct L 
concrete diversion weir with 10 radial gates 
20ft. by 10 ft. high. Th. main canal takes off 
on the left bank of this weir and the ancient 
trace was adopted for a distance of nearly a 
mile, after which no ancient trace is visible. 

Construction of the weir and canals for 
4,000 Ac. of paddy is now in progress and is 
scheduled to be completed next year. 
Conclusion: 

Time does not permit a fuller account 

of all the details concerning the development 
of the land and water resources of the Taman
kaduwa District, but it is hoped that this ne
cessarily brief report conveys some indication 
of the problems arising and the results achiev
ed so far. 

It will be observed that 1932 marked the 
inauguration of several major irrigation sche



mes. This was no coincidence but was a direct 
consequence of the grant of internal self-govern-
ment to Ceylon in 1931. Up to 1932 the total 
extent of paddy land under major schemes in 
Tamankaduwa District was hardly 1,000 Ac., 
and it is recorded with pride that in spite of 
tremendous difficulties, there are at present 
nearly 4G,000 Ac. of land under irrigated agri-
culture in the district, 

Irrigation in Ceylon is as old as the re-
corded history of the island and restoration of 
its ancient irrigation works merely carries on 
the work. Completing the restoration of the 
ancient works of Tamankaduwa is by no 
means the end of development work in this 
district. Plans are now in hand for further ex-
ploitation, of the land and water resources of 
the area and it is hoped that the application 
of modern scientific methods, combined with 
the knowledge gained from the ancient system 
of irrigation, will bring to Tamankaduwa a 
prosperity it has never experienced even in the 
magnificent era of Parakrama Bahu. 

Discussion. The question of wind protection arose. 
Dr. Asghar stated that in the Thai Project the wind 
was sufficiently bad that the growing of cotton 
became almost impossible. To combat this, the 
Sesbania Aculete fields are laid out in strips with 
sugarcane and cotton. The crops are grown in such 
a rotation that when the cotton is coming up, the 
wind belts are ready for its protection. In one 

month there were 45 sand storms. The wind-break 
spacing in Ceylon is the same as the canals, 200 
or 300 feet. Canals are not lined. No estimate has 
been made of the water losses to these plants. Ac
tually, they are considered to be small, the canals 
silt up quite readily after a couple of years and 
canal losses are small. Mr. Ahmed reported that 
Saudi Arabia tamarix has been used to stabilize 
sand dunes. These are planted in rows 1,000 feet 
apart and are watered for the first two or three 
years, after which they grow without waterling. 

Irrigation is Ceylon occurs only in the dry 
zone for the purpose of growing rice during the 
dry season. There is no rotation crop with the rice, 
which is grown every year. in order to reduce the 
demands on foreign exchange. About 300,000,000 
rupees a year are spent to import rice. The yields 
of rice in this district are about 40 busLels per 
acre per crop. In Pakistan, only heavy or medium 
soils are used to grow rice. Continued growing of 
rice over the years results in some stratification and 
deterioration of soils. Although no systematic mea
surements have been made of the water table in 
Ceylon, it is not particularly high in the rice-gro
wing areas. Rice prices in Ceylon are guaranteed 
at 200 per cent of the world price. Two crops of 
rice are grown each year and chemical fertilizers 
are used. The average price for rice is 10 rupees 
per bushel. Leaching of nitrogen fertilizer to paddy 
soils in not a problem. However, it is very signifi
cant in upland soils. 
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OF WATER BEYONDDISTRIBUTION AND MANAGEMENT 

GOVERNMENT OUTLETS OF INDIA 

by 

Mr. J. P. Mital 

Agriculture occupies a position of pivotal im-

portance in the economy of India and provision of 

irrigation facilities is, perhaps, the most important 

iingle requirement for promoting agriculture. Large 

sums have, therefore, been spent on providing ma-

jor, medium and minor irrigation works during the 

First and Second Plans. For the Third Plan also, 

of the total proposed outlay of Rs. 75 billion in 

the public sector, about Rs. 6.5 billion have been 

allocated for major and medium irrigation projects 

and about RS 2,5 billion for minor irrigation works, 

in the Agriculture and Community Development 

sectors. 
Not all the irrigation facilities made available 

are, however, being utilized on the field. Only about 

half of the irrigation potential available at the 

channel outlets from major and medium irrigation 

projects was actually being utilized at the begin-

ning of the Second Plan and although the percen-

tage of utilization has been progressively increasing 

during the Second Plan period, the estimated per-

centage utilized at the end of the Plan was only 

76. Even under minor i rigation there is some de-

gree of delay or under-utilization, particularly for 

private tubewells, wells and pump sets. Thus, the 

need and scope for increased efforts that may en-

sure full utilization of the irrigation potential im-

mediately after it is made available cannot be over-

emphasized. Even the quantity of water actually 

used is not being properly utilized and there is also 

ample scope for arranging more economic use or 

irrigation water by following improved practices 

of water distribution and application. It is, in fact, 

I -	 J.P. Mital Advisor on Irrigation, Ministry of Com-

munity Development and Cooperation, india. 
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the context of this background that the problem 

of distribution and management of irrigation water 

beyond Government outlets needs careful examina

tion. 
The problem broadly resolves itself into two 

aspects: (i) conveyance of water from the Govern

ment outlets to the cultivators' fields, and (ii) ap

plication of the right quantity c-f water at the right 

type of field. 

(i) 	 Conveyance. The first requisite for conveyance 

of water from the Government outlet to the 

cultivators' fields is obviously a suitable chan

nel. This is generally called the water-course 

or the field channel. Field channels are expec

ted to be constructed and maintained by the 

beneficiaries of the area which the outlet ser

ves, but this is not generally done. The main 

difficulties are agreement among all concer

ned on the alignment to be adopted and abi

lity to obtain the land required. It is consi

dered that the village panchayats would be in 

the best position to resolve these difficulties 

and thus ensure timely completion. The pro

cedure suggested for construction of field 

channels on new projects by the Planning 

Commission, and also incorporated in their 

report on the Third Five Year Plan, is that 

((Their alignment should be marked out by 

the project authorities on village maps, and 

these maps should be supplied to the district 

and block authorities for getting the field 

channels excavated by the beneficiaries in good 

time. It is necessary to ensure that at the same 
time as the canal system is ready, the excava
tion of field channels by the beneficiaries is 

also completed. Acting as agents of Govern



ment, panchayats and panchayat samitis should 

be empowered to carry out the works and re-

cover the costs in case of default.) 
Timely clearance and proper maintenance 

of these channels are as important as their 

initial construction, and the obligation to car-
ry out these operations at the correct time 

must also rest on the beneficiaries, to be en-
forced by the panchayat and panchayat sami-
tis; the legislation proposed for construction 
should also include maintenance, 

The field channels are mostly 'kacha' and 

there is considerable loss of water during tran-

sit; for instance as much as 22 per cent is 
estimated to be lost during transit in. the field 

channels on the Ganga Canal system in Uttar 

Pradesh. Thc lining ,f iese channels would 

be the proper answer to this problem, parti-

cularly in sandy areas. It is, however, diffi-

cult to persuade cultivators to invest in lining 

their channels by conventional methods. Re-
search is therefore required on cheaper me-

thods of lining using locally available mate-
rials. One such process uses what is known 
as 'water-proof mud plaster', which is made 

by mixing some bituminous compound witl 

ordinary mud plaster. Experiments with this 

have recently been initiated and the results 

will be watched with interest. 

The construction and proper maintenance 

of drainage and road crossing on field chan-

nels are equally important and are also the 

responsibility of the beneficiaries. This should, 

in fact, be treated as part of the construction 

and maintenance program for field channels 

and be included in the legislation referred to 

above. Absence or disrepair of these crossings 

results in considerable wastage of irrigation 

water. The canal acts in some states already 

provide for construction and maintenance of 

these crossings by the beneficiaries or, in case 

of default, by the State irrigation Department 

at the cost of the beneficiaries, 
In addition to providing necessary techni-

cal assistance to the beneficiary panchayats at 

all stages, credit on !iberal terms will also 

have to be arranged for construction of field 

channels, and the possibilities of setting up a 

revolving fund for this purpose with the pan

chayats may be considered. 

(ii) Application. The area which receives 
water from a Government outlet generally be

longs to a number of cultivators and, as every 

cultivator is anxious to obtain the maximum 

quantity of water available at the earliest pos

sible opportunity, it becomes necessary to fix a 
schedule for distribution of available supplies 

between the various share-holders, indicating 
their turn and the time. This turn system is 
called 'Osrabandi,' or 'warabandi' in Northern 

India, and is governed by rules framed under 
the canal acts. The turn, system for each out

let may either be agreed to mutually among 
the shareholders themselves or the Divisional 
Canal Officer (Executive Engineer) may frame 

the schedule for them according to rules and 

procedures prescribed under the canal act. The 

turn generally begins with the first holding at 

the head of the water course and ends with 
the one at the tail end. The time of each far

mer's turn is proportionate to his area in the 
command of the outlet. It becomes difficult in 

practice for the co-sharers to agree on the 

turn and quantity of water, and framing of 
formal 'osrahandi' thus becomes a necessity. It 

is felt, however, that with the establishment 

panchayati raj, the distribution and manage

ment of water from Government outlets should 

progressively be taken over by local institu

tions, e.g., panchayats or cooperatives of bene

ficiaries, as they should be in a much better 

position to resolve local difficulties and dis

putes amicably and expeditiously. 

For the proper management of irrigation 

supplies, it is important that the cultivator 

should also know when to irrigate and how 

much to irrigate. Cultivators know very well 

that a shortage of water stunts plant growth 

and reduces crop yield. However, it needs to 

be effectively demonstrated to them that too 

much water is as harmful to a crop as too lit

tle. It leaches away plant food materials, im

pairs air supply to the plants through the roots 

and causes waterlogging of the land. It is the

refore important to know when irrigation 

should be stopped. 
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From a purely theoretical angle, it is well 
known that the proper time for applying ir-
rigation water comes when the moisture in the 
root zone of the soil has been depleted to a 
particular stage beyond the wilting point which 
stage varies from crop to crop and according 
to the soil composition. Any depletion beyond 
this stage would cause damage to plant 
growth. On the other hand, irrigation has to 
be stopped when water starts percolating below 
the bottom of the root zone. Any moisture in 
the soil below the root zone cannot be drawn 
by the roots and is lost to the plant. The 
amount of water required in each watering is. 
thus, determined by the moisture content of 
the soil between the two stages mentioned 
above. Large scale research-cum-demonstration 
farms are required to be set up, followed by 
actual demonstrations on the cultivators' fields 
for different areas and crops in order to edU-
cate and convince the farmer on this aspect 
of irrigation. In addition, he should be made 
conversant with simples methods of determin- 
ing the moisture content, root zone and aciual 
depth of water percolation on the field at the 
time of irrigation. 

It is doubtful if enough data and informa-
tion can yet be supplied to cultivators on these 
matters on the basis of actual experiments and 
other research work conducted by scientists 
and experts in the field. An extensive program 
of research and training on water use seems to 
be indicated to achieve this end. Two schemes, 
one of research on minor projects and water 
use and the other in training on the same sub-
ject, have been undertaken during the Third 
Five Year Plan. These schemes have a direct 
bearing on the subject, and its implementation 
in the Third Plan will go a long way toward 
providing the correct type of guidance to the 
cuItivators. 

Just as it is necessary to ensure the right 
quantity of water at the right time on the 
field, so preparation of the field to receive 
the water is required. If the field is uneven, 
the water will not be applied uniformly to full 
capacity in all parts of the ficld. In some por-
tions the water will percolate below the root 

zones, while in others only a little depth may 
become saturated. The process of preparing the 
field involves not only proper levelling, but 
may also require terracing, 'mendhbundi' (even 
contour bunding in some areas), division of 
the field into small segments (kiaries), provi
sion of drains, furrowing and corrugating, etc., 
dep.nding upon the topography, local condi
tions and types of crops cultivated. While pre
paring the fields, it is also imparrant to have 
a correct correlation among other factors, such 
as rate of flow of the water, size and grading 
of the field and infilteration rate of the soil. A 
slight maladjustment between these factors 
may lead to non-uniform wetting of the soil 
and wastage of water. Proper technical gui
dance has to be made available to the culti
vators in all these matters in order to enable 
them to carry out these processes. 
This work also entails considerable expendi

ture and it is, therefore, necessary to provide the 
cultivator with the requisite financing in the form 
of loans on liberal terms and at proper times in 
order to enable him to carry out the necessary ope
rations. This point again has been discussed at ra
rious conferences and seminars, and the most satis
factory source for the purpose appears to be co
operative agencies. Providing the panchayats with 
some working capital in the form of a loan, to H: 
used as a revolving fund, should also be very help
ful. 

The need for educating the farmer on proper 
water use and control cannot be over-emphasized, 
and it is considered that, in addition to the large 
scale research-cum-demonstration suggested above, 
the setting up of farmers' training schools and an 
Irrigation Extension Service is every state would 
be very helpful. 
Discusion. It was brought out that a panchayat 
is assuming some of the powers formerly held by 
the irrigation officer. Mr. Mital felt that this acce
lerates the carrying out of decisions because it is 
more direct and because the villagers have more 
confidence in the panchayat. The whole new sys
tem is designed to decentralize authority and po
wer. If the farmers do not assume this responsibi
lity, field channels are constructed by the Govern
ment. About 1,600 miles of field channels have al
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ready been constructed in the Rajastan Project. 
The rice land colonization in Ceylon opens a 

new p.-riod of social and land reform. Here, the 
village cultivation committee is empowered by law 
to enforce its decisions regarding the timc of deli-
very of water, the maintenance of field channels, the 
maintenance of perimeter fences and all the inci-
dentals connected with the cultivation of the land 
or the operation of the irrigation works. Mr. Mital 
stated that this authority exists in India. However, 
it varies among the states. Some of the states have 
passed laws granting this authority; others have 

not yet done so. This authority was first given in 
India in the Rajastan Project in 1958. 

Dr. Tamhane stated so far no work has been 
done on the cultivators' fields outside of the work 
done by Mr. Knierim in Mysore. Mr. Mital stated 
that the cultivators show a real interest in saving 
water. Otherwise, utilization would not have been 
raised from 50 per cent to 76 per cent in a period 
of five years. Every state in India has one or more 
extension stations where crop requirements are 
worked out. 
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CHAPTER IX 

RESEARCH
 

EFFICIENCY IN IRANCONSUMPTIVE USE AND IRRIGATION 

by 

Mr. A. 

INTRODUCTION 
Water is the main limiting factor in the expan-

sion of irrigated agriculture in Iran. Thus, in ir-

rigation planning, it is essential that consumptive 

use and irrigation water requirements be known. 

This is true for large irrigation projects or for 

individual farms. 
New irrigation development is rapidly taking 

place throughout Iran. New lands are being 

brought inder irrigation. Older irrigation lands are 

being revised to accommodate improved irrigation 

practices for better conserving soil, water and 

labor. So, in Iran there is urgent need for sound 
waterinformation on the amount of irrigation 

required for profitable crop production. 

Considering ihe above-mentioned points, the 

Agricultural Engineering Department of the Mi-

nistry of Agriculture has been establishing irriga-

tion research stations since 1955. At the present
time, experimental work is being conductcd at 

Karadj for sugar beets; at Varamin, for cotton; and 

at Lahidjan, for rice. This research has the fol-

lowing objectives: 
1. 	 To determine the optimum amount of 

irrigation water required for the crops. 

2. 	 To determine the proper distribution of 

irrigation water during the growing season 

(time between irrigations), 

3. 	 To determine the amount of water nioeded 

for each irrigation, 

1 -	 Engineer, Agricultural Engineering Department, 

Ministry of Agriculture, Iran. 

Inavani1 

Reference to the data from experiments made 

in 1960 on cotton and sugar beets, which are simi

lar, and the results obtained from experiments on 

rice, will indicate the nature of these experiments 

and the factors being investigated. 

Definitions. Definitions of some of the terms 

used in this report are as follows: 

1. 	 Consumptive Use (evaporation-transpira
tion 
The sum of the volume of water used 

by the vegetative growth of a given area 

in transpiration or building of plant tis

sue and that evaporated from adjacent 

soil, snow or intercepted precipitation on 

the area in any specified time, divided by 

the given area. 

2. 	 Irrigation Requirement 
The quantity of water, exclusive of preci
pitatioi, that is required for crop produc

tion. This includes surface evaporation 

and other economically unavoidable was
tes; Usually expressed in depth for a 

given time. 

3. 	 Water Requirement 
The quantity of water, regardless of its 

source, required by a crop in a given 

period of time for its normal growth un

der field conditions. It includes surface 

evaporation and other economically una

voidable wastes; usually expressed as 

depth for a given time. 
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4. 	 Field Capacity 
The amount of water held in a soil against 
the force of gravity under unrestricted 
drainage at a specified time after flooding, 

5. 	 Permanent Wilting Percentage 
The moisture percentage in the soil at 
which plants wilt and do not recover un-
less water ;s added to the soil. It is 
expressed in percentage of moisture based 
on the over-dry weight of soil. 

6. 	 Water Applicatlon Efficiency 
The ratio of the amount of water that is 
stored in the soil root zone to the amount 
of water delivered to the farm. 

LOCATION OF EXPERIMENTAL PLOTS AND 
METHODS OF PROCEDURE FOR COTTON 
AND SUGAR BEETS 

In starting the investigation reported herein, it 
was decided that more information of value could 
be obtained by an intensive study of the effects of 
variable irrigation treatments given to plots of 
limited area than by less complete studies in com-
mercial fields The advantages of the smaller field 
plots are that they may be selected for uniformity 
in depth and type of soil; that they may be more 
evenly leveled; that water may be more evenly ap-
plied to them than to larger areas; and, finally, 
that they permit a more accurate record of season
al soilmoisture conditions and fluctuations. 

SIZE AND DESIGN OF PLOTS 
Cotton. Recognized good practices such as 

plowing, disking, harrowing, distributing of fertfli-
zers, etc., were used in preparing the seed bed and 
seeding. Selected seed was used. Seeding in all 
plots was in rows and distances were as follows: 

Length of Width of 
plot in plot in 
meters meters 

Cotton 24 5 
Sugar Beets 25 10 

To determine the available field capacity, a 
close estimation of field capacity and the perma
nent wilting point was used. The field capacity and 
wilting point of the soil at the location were not 
previously determined, and therefore it was neces
sary to make this estimation. By use of a soil 
moisture determination of samples taken with a 
king soil tube, the average moisture equivalent for 
the upper three feet at 60 to 72 hours after irriga
tion was determined. After several trials, the field 
capacity for the upper three feet was determined 
as 20.54 per cent for the cotton field and 18.95 
per cent for the sugar beet field. Using the rela
tion W.P. = F. C./1.84, for cotton, W. P. = 11.14 
per cent, giving 9.36 per cent available field capa
city ; for sugar beets, W.P. = 10.3 per cent, giving 
8.65 per cent available field capacity. Two levels 
of irrigation were used: (I) the plots were irrigated 
when the test moisture showed 50 per cent of 
available field capacity (TI); and (2) the plots 
were irrigated when the test moisture showed 25 
per cent of available fie!d capacity (T2 ). For cot
ton, TI = 15.82 per cent and T2 = 13.48 per 
cent; for rice, T1 = 14.62 per cent and T2 = 
12.46 per cent. To study the effect of fertilizer on 
the consumption of water, fertilizer was used on 
half of the sugar beet plots, applied at the fol
lowing levels: 

Nitrogen 	 80 kg./hectare 

Potash 	 100 kg./hectare 

Phosphate 	 75 kg./hectare 
Four replications were used for each phase. 
The land for cotton was divided into eight plots 
and for sugar beets into 16 plots. 

Spacing Spacing 
between between 
two 	rows plants in 
in meters row, in meters 

0.8 ,0.25 
0.50 0.25 
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WATER MEASUREMENT 
Throughout the experiment, irrigation water 

was obtainable on demand in any desired quan-
tity. During the entire period of the experiment, 
the inflow and outflow water for each plot was 
catefully measured, using the mean of a number 
of measurements taken with partial flumes. The 
tota! amount of inflow and outflow to each plot 
and the amount of water infiltrated to the land 
were calculated. An attempt was n,'cae to make 
the interval between the consecutive measurements 
as short and precise as possible; 'on the other hand, 
uniform inflow was maintained as closeiy as was 
practical. 

METHOD OF IRRIGATION 
Shallow furrow irrigation was used and in 

order to distribute the amount of water equally 
among furrows, concrete pipes 20 centimeters long 
and 5 centimeters in inside diameter were p!accd 
at the same level in the entrance of furrows for 
each plot. Plot runoff was disposed of into a 
drainage system. 

SOIL SAMPLING AND COMPUTATION 
To determine accurately the moisture applied 

to the soil, samples were taken every day but some-
times beginning 48 hours after irrigation because 
of high moisture :n the soil. Soil samples were 
taken on each plot to the depth of the root zone; 
say, the upper three feet. To determine the mois-
ture from different depths, samples from each were 

TABLE 1. RESULTS OF 

dealt with scparately. The samples were taken to 
the laboratory immediately. They were dried in an 
oven for 24 hours at 1050 C. The amount of 
water to be applied for each irrigation was calcu
lated from the formula d = PwAsD/100, where Pw 
is the field capacity minus the field moisture per
centage. Water was applied when the field mois
ture percentage reached the value T1 or T2 . 

A soil moisture determination was made after 
each irrigation in order to check the soail moisture 
application. 

YIELD 
For the best determination of the yield and to 

eliminate the border effect of other plots, the mid
die rows were selected; the yield of one meter at 
the two ends of each row was discarded. The area 
thus left was measured carefully and used to 
compute the yield per hectare. 

To determine the sugar content, 20 root sam
ples were taken from each plot at the end of the 
irrigation season and at harvesting time, and im
mediately sent to the laboratory for sugar content 
determination. 

Tables I and 2 show the results obtained from 
the experiments in 1960. In ihe cotton experiment, 
the best results were given Ly irrigation when the 
test moisture was reduced to 25% of available 
field moisture capacity. For sugar beets, the best 
crops were given by the plots which had fertilizer 
and irrigation when the moisture was reduced to 
50% of available field moisture ca.acity. 

EXPERIMENTS, ON COTTON 

Water Applied in Inches 

Plots 
First 

Replic. 

Seconi 

Replic. 
Third 

Replic. 
Fourth 

Replic. Average 

T, 

T2 

31.90 
35.00 

31.89 
35.19 

31.72 
35.59 

31.84 

Sl5.93 
31.83 
35.42 

Yield of Cotton (Ton per Hectare) 

Plots 
First 
Ra.plic. 

Second 
Replic. 

Third 
Replic. 

Fourth 
Replic. Average 

1.855 
2.252 

2.309 
2.684 

2.508 
2.991 

2.664 
3.303 

2.334 
2.808 
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TABLE 2. RESULTS OF EXPERIMENTS ON SUGAR BEETS 
WATER At. LIED IN INCHES 

Water applied in inches 

First Second 
Plots Replic. Replic. 

Ti F 47.85 49.64 
Ti 0 44.51 44.84 
T, F 41.50 43.05 
T2 0 41.11 40.95 

Yield of Sugar Beets 

First Second 
Plots Replic. Replic. 

T, F 35.884 36.405 

T, 0 25.188 22.304 

T, F 30.797 27.724 

T. 0 12.884 15.652 

Third Fourth 
Replic. Replic. Average 

58.04 51.56 51.77 
49.80 45.20 46.08, 
41.19 42.90 42.16 
44.04 40.14 41.56 

(Tons per Hectare) 

Third Fourth 
Replic. Replic. Aerae. 

39.391 33.608 36.322) 
)31 

25.666 29.144 25.576) 

28.217 38.130 31.217) 
)26.4 

25.869 31.884 21.572) 

Percentage of Sugar Content 

Plots 
First 

Replic. 
Second 
Replic. 

Third 
Replic. 

Fourth 
Replic. Average 

Ti F 

T.O 

20.4 

17.2 

18 

18.4 

18 

19.6 

19 

19 

18.85) 
)18.7 

18.55) 

T., F 

T. 0 

18.2 

16.2 

18.8 

18.2 

19 

19.4 

18.8 

19.6 

18.70) 
)18.5 

18.35) 

F = Fertilized Crops 0 = Unfertilized Crops 

TABLE 3. NUMBER OF IRRIGATIONS. 

Plots Treatment Number of Irrigations 

T, 10 

Cotton 
T,- 8
 

T,I25
 

Sugar Beets Tz 20 
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DESIGN OF IRRIGATION RESEARCH 
ON RICE IN LAHIDJAN 

Design No. I 
Design: Split plot 

Number of repetitions: 4 

Number of operations: 4 

Varieties of rice: early season, 
late season, 
average 

Area of each kart: 35 square meters 
Irrigation unit area: 165 meters 
Total number of plots: 48 plots 
Procedure. After transplanting, all the plots were 
flooded continuously for ten days: then the fol-
lowing schedule was adopted. 

1. 	 The plots were irrigated with an alterna-
tion of three days, two inches in the be-
ginning and two inches after three days, 
and so on until the time of harvesting. 

2. 	 The plots were irrigated with an alterna
tion of six days, two inches in the begin-
ning and two inches after three days, and 

so on, until the time of harvesting. 
3. 	 The plots were irrigated with an alterna

tion of nine (lays, two inches first, two 
inches after nine days and so on, untilthe 	 time of harvesting.

th 	 tmeofhavetig.Total 

4. 	 The plots were irrigated with an alterna

tion of 12 days, two inches at first, two 

inches after 12 days and so on, until the 
time of harvesting, 

Design No. 2 
Design: Split Plot 
Number of repetitions: 4 
Number of operations: 5 
Varieties of rice: early season, 

late season, 
average 

Area of each kart: 45 square meters 
Irrigation unit area: 135 meters 
Total number of p!ots: 60 
Procedure. After transplanting, the plots were ir-

rigated continuously for ten days. Then the water 

was cut off until the land started to crack, after 
which the following irrigation alternations were 

accomplished: 
I. 	 The plots were irrigated consecutively for 

three days. Then the water was cut off 

until the soil became dry. As soon as the 

first cracks appeared, the plots were ir

rigated frequently for three days. 

2. 	 The plots were irrigated consecutively for 

six days, the water was cut off until the 

soil dried and then the irrigation was re

peated for six days. 
3. 	 The plots were irrigated for nine days, 

the water was cut off until the soil be
came dry and then it was irrigated cos
tantly for nine days. 

4. 	 The plots were irrigated consecuti\'cly 

during the growing season but the water 
was cut off. once only, at the time of 
the appearance of the cluster. 

5. 	 Irrigation was done by the local method. 
The water was cut off in all plots five 
days before harvesting. 

Design No. 3 
Design: Randomized blockNumber of repititions: 4 
Number of operations 3 
Varieties of rice: I early season 
Area of each kart: 30 square meters 
Areao each ar: 3 square meters
Irrigation unit area: 3 square meters 

numnber of plots: 12 

Procedure. After transplanting, all plots were ir

rigated consecutively for ten days. After drying 
until the soil split, the following actions were taken 

until the cluster appeared: 
1. 	 The plots were irrigated consecutively for 

thr(e days. The water was cut off until 
the land dried, then irrigated for three 
days constantly. 

2. 	 The plots were irrigated consecutively for 

six days, the water was cut until the land 
dried and then irrigated for six days cons

tantly. 
3. 	 The plots were irrigated continuously for 

nine days, the water was cut off until the 
soil became dried and then irrigated con

tinuously for nine days. 
After the ,ppearance of the cluster, until the 

grain begat, to become hard, the plots were irri

gated once eery three days; after that the ir

rigation was done as in the beginning. 
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RESULTS 
The 	results obtained follow: 
(a) 	 The Proper Time of Irrigation. It is advi-

sable to begin the irrigation when the pre-
vious water has been drained by evapora-
tion, infiltration or use of the plant and 
the soil surface is moist, rather than when 
the plants are standing in it. In this 
manner the necessary air can reach the 
plant much easier and less water will be 
used. 
By the above-mentioned method and 
taking into consideration the quality of 
the soil, climate and slope, the interval 
between two irrigations will be seven to 
ten days. 

(b) 	 The Procedure of Irrigation. In the La
hidjan area, the number of irrigations 
were between five and seven and if water 
losses and extra use were avoided, the 
amount of water needed for each hectare 
would be 4,000 cubic meters. At presentthe farmers are u~sing more than 9,000
the farmetrs arer hetare obtaininhan 
cubic meters per hiectare and obtaining
the same yields. 

The following points should have a great ef-
fect in reducing the use of water and in raising 
the efficiency of irrigation and the yield: 

(i) Leveled plots endure an alternation of 12 
days in irrigation, whereas plots with a 
high slope do not endure even a six-day 
alternation, 

Location 

Seed Improvement Farm (Karaj) 
Djahan Chit Farm (Dardj) 
Isphahan 


Fars 
Garmsar 
Irrigation Research Farm (Karaj) 

AJ1958 
X 

(Varamin) 

(ii) 	 Before tie appearance of the cluster, 
the water must be cut from the field en
tirely. In this way the cluster will have 
more grains. 

(iii) 	 The rice needs plenty of water from the 
time it starts to floriate up to the time of 
sweetening. 

In this period, which lasts 10 to 15 days, 
it is advisable to irrigate the plant so that 
the depth of water on the soil surface is 
constantly 3.6 centimeters. After that it 
needs less water, and 10-15 days before 
harvesting no water is needed at all, so it 
must be cut off to get a more satisfactory 
yield. 

IRRIGATION EFFICIENCY 

need As water becomes more scarce andbecomes more pressing for maximum as theecono
mic returns, proper handling of irrigation watermcrtrs rprhnln firgto ae 
and increasing irrigation efficiency become more 
iprat
important. 

The Agricultural Engineering Department has 
established stations to study water application ef
ficiency in different provinces of the country. The 
procedures for water measurement, soil sampling 
and computations are similar to those mentioned 
for determining consumptive use of water. The 
results obtained are as follows: 

Water application 

Year efficiency, per cent 

1959 31.66
 
1959 18.57
 
1960 38.7
 
1960 33.46
 
1960 39.13
 
1957 64.25
 

68.00
 
1959 63.00
 
1958 58.40
 
1959 57.05
 
1960 48.20
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RESEARCH ON WATER REQUIREMENTS
 

DETERMINING TIlE WATER USE OF
 

SUGARBEETS AND CORN IN THE BEKA'A, LEBANON
 

by 

Mr. Nicholas 

Summary 
Evapotranspiration data for sugarbeets and 

corn were obtained intermittently in 1960 and 1961 
by direct soil sampling. Soil moisture content de-
termination was made after and before irrigation 

termi depletion C foe. ianywas afte ad 

and moiturecdepletion w,,as calculated. 

Measured Ceapotranspiratioi was compared 

with estimated e'apotranspiratio as determined by 

two empirical methods, viz., the d aney-Criddle 

method and the Penman method, 
R snlts show that average total evapotranspi-

ration during w96and8 196! for sugarbeets in the 

f eka'a, Lebanon was 886 millimeters of water and 

for corn. 998 millimeters. 
it was so shown that the use of empirical 

methods in determining the consumptive use oThe 
crops is justifiable if proper crop coefficients are 


known. 


Introduction 
As used in this paper, the terms ,water requi-

rement.,, ,irrigation requirement, and ,,consumpti-

ve use,, correspond with A.S.A.E. definitions. The 

water requirement is the quantity of water, regard-

less of its source, required by a crop in a given 

period of time for its normal growth under field 

conditions. It includes surface evaporation and 

other economically unavoidable wastes. The ir-

rigation requirement is the quantity of water, ex-

elusive of precipitation, that is required for crop 
production. It includes surface evaporation and 

other economically unavoidable wastes. Con-
sumptive use or evapotranspiration is the sum of 

I - Instructo, of irrigation, Facully of Agricultural Sci-

ence,. American University of Beirut. 

Atallah 

the volume of water used by the vegetative growth 

of a given area in transpiration or the building of 

plant tissue and that evaporated from adjacent soil, 
snot or intercepted precipitation on the area in 

specified time, divided by the given area. 

Direct measurement of water use remains the 

most acLurate procedure for determining evapo

transpiration. However, direct measurement is a 

time-consuming procedure. This has led to the de

velopment of empirical and theoretical methods 
using climatic data and energy balance as bases 

for the estimation. When correlated with measured 

evapotranspiration, these empirical methods be

come useful in predicting water use by crops for 

planning and developing irrigation projects. 

purpose of this paper is to analyse water 
use data as measured during two growing seasons 
on the American University Farm in the Beka'a, 

Lebanon, to expos.: the problems involved in such 

determination L.d to discuss the applicability of 

two commonly used empirical equations. 

In general, the lleka'a soil is an undeveloped 
alluvium. Climatic conditions vary from season 

to season, cold and humid in winter to warm and 

dry in summer. Rainfall, averagitg 10 to i2 inches 

annually, occurs only between th( months of 

November and April and is concentrated during 

December, January and February. Practically all 

summer crops depend on irrigation and conse
quently a knowledge of the water use of crops is 

useful in irrigation planning for the area. 
The two empirical cquationF used io this paper 

to estimate evapotranspiration are the Blaney-

Criddle formula and Penman's equation for eva

poration from a free water surface. 
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The Blaney-Criddle Formula. This formula, In a genarl form Pen,:an'b equation is expres. 

developed by H. F. Blaney and W. D. Criddle for sed as A H + Ea , 

the estimation of water requirements of crops, has Eo + 
been used in many parts of the world with consi

derable success. where Eo is the estimated evaporation from a free 

Mathematically, the formula is expressed as water surface, A is the slope of the saturation 

U = KF = Z kf, vapor pressure curve at any temperature Ta, H is 

where U is the evapotranspiration of a crop in in- the heat budget, V' is the constant in the west 

ches of water for any period; f is the monthly con- and dry bulb hygrometer equatior and Ea, a de

suptive use factor and is equal to (txp)/100 where rived parameter, is a function of wind velocily 

t is the mean monthly air temperature in degrees and the vapor pressure deficit at any temperature 

Fahrenheit, and p is the monthly per cent of day- Ta. The psychrometer constant r , for 'F and 

time hours of the year; F is the sum of the mm of mercury = 0.27. 

monthly consumptive use factors 'or the period In the original work of Penman, the value of 

considered; and K is an empirical consumptive use H is given as 

coefficient generally assumed to be equal to k, the H = Ra (1-r) (0.18 + 0.55 n/N) Ta' 
monthly coefficimt, though there is some evidence (0.56-0.092 V ed) (0.1 + 0.9 n/N) 
that they may be different. k values for irrigated 

crops in the Western United States. as recom- where Ra is the mean monthly extraterrestrial ra

mended by Blaney, Criddle and their co-workers diation in mm/day' , r is the radiation reflection 

are given below: coefficient, n/N is the ratio of actual to possible 

Crop K hours of sunshine, C. is the Stefan Boltzman cons-

Alfalfa 0.85 tant (2.01 x 10-9 mm/day'), Ta is the mean monthly 

Beans 9.65 air temperature (degrees absolute) and &d is the 

Corn 0.75 actual vapor pressure of the air in rm. of mer-

Cotton 0.70 cury. 

Citrus Orchard 0.55 Goss (1956) revised the expression for back 

Deciduous Orchard 0.65 radiation to suit conditions in the Sacramento Val-

Pasture, grass, hay 0.75 ley, Califo.'nia. These conditions are comparable 

Potatoes 0.70 to those existing in the Beka'a, Lebanon. The ri-

Rice 1.00 vised expression is
 
Small grains 0.75

Soargm 0.70 H = Ra (-r) (0.18 + 0.55 n/N) - 6 Ta' 
Sugarbeets 0.70 (0.36-0.50 V ed) (0.1 + 0.9 n/N). 

The derived parameter Ea is expressed as, 
inhas been usedformulaBlaney-Criddle's 

many areas. Due to its simplicity, it enjoys wide Ea = 0.35 (0.5 + U2 /100) (ea - ed), where 

recognition, although it does not take into consi- U2 is the wind velocity at a height of two meters 
satuderation the effects of incident radiation, wind ve- above ground in miles per day and ea is the 

locity and relative humidity on evapotranspira- ration vapor pressure at air temperature Ta. 

Penman's Equation, though less known andtion. 
Penman's Equation. H. L. Penman (1948) de- used on a world-wide basis, has shown higher cor

veloped an equation for estimating evaporation relation with actual water use of crops in many 

from a free water surface. The method was de- experiments (Pruitt, 1960). This is partly due to 

veloped on a theoretical basis by combining the 

theories of energy balance and diffusion of vapor. I - Assuming 590 cal/m of water evaporated are requl-

By introducing a crop factor to Penman's equa- red, llenergy expressions have been converted into 

tion, evapotranspiration is readily estimated. equivalent mm. of evaporation per day. 
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the fact that it recognizes, besides temperature, in-
cident solar radiation, wind velocity and relative 
humidity as important factors in the evaporation 
process. 

The term upotential 
used in this paper refers 
mated evaporation from 
Penman's Equation and to 

evapotranspiration v as 
to values of Eo or esti-
a f:ee water surface in 

values of (t x p) or the 
monthly consumptive use factor in Blaney-Criddle's 
formula. 

INOCEUET I Acontent 
PROCDUREand 

Instrumentation. Tile climatic data for cal-
ulaingestimtcof Theclapoticnspiataor cal-t 

clatngetimtesn Peaptrthnsreobythnedf 
anthey-CaherseaionPenma oethoswe obiedy

at the weather station located on the UniversityBukdniywsetrndfoeahfte 

ment of soil samples taken at two different depths 
from the root zone of sugarbeets and corn was 

made. Samples were taken after and before irriga
tion with a 3-inch Soil Conservation bucket auger 
at 8-inch and 16-inch depths on the ridge between 
two adjacent plants. Samples were taken from three 

different suies in one-quarter of a dunom2 plot, 
and pla ed immediately in weight-standardized tin 
boxes and weighed within an hour on a torsion 
balance. Soil samples were dried in an oven at 
105 0C. for 48 hours and then weighed. Moisture 

on a dry weight basis was then computeu
recorded in percentage. Moisture depletion

ad*rcre npretg.Mitr 	 elto 
during the time lapse was determined in millimeters 

of water by multiplying the depth of soil by the 
product of percentage depletion and bulk density. 

Farm. 
Mean daily temperatures were obtained from 

maximum-minimum thermometers located in asardmushelter and thrad d es 80 .lycated h sta nd a rd she lte r a n d rea d d a ily a t 18 :0 0 ho urs. 
kelative humidity was obtained by a whirl psychro-

mete, rad dilyat ofoon.Percen unsinemeter, read d a ily a t n o o n . Per cen t o f su n sh ine
hours, n/N, and wind velocity, were measured by 

a sunshine recorder and a 3-cup anemometer res
pectively, both placed at a 2-meter height above 
grou id 	 surface. Salor radiation data Ra, for the 

location latitude', were calculated from ((Physical 
and Dynamical Meteorology,))by Brunt (1944).

EnperineLt .l Procedure. During the summers
of1960an161, ravcetric mosure 	 esur-of 1960 	 and 196 1, gravim etric moisture m easure-

' 1 - The 	 UniVersity Fr.n is located on 33,55.50 N,)rth 

Latitude. 

Bulk density was determined for each of the 
plots by displacement of soil with a measured vo
lume of water. A hole was made in the field 
with a scoop and all the soil thus removed wass v d i o t i e . T l o t m a d s d s o h 
save in a co er Thebott a si ote
hole were then covered closely with a thin polye

h l n s e t a d w t r w s O e o t f athylene 	 sheet and water was poured out of a 
1000-ml. 	 cylinder to fill the hole to the edge. The 

determined by reading from the graduated cylinderdermndbraigfomterdaedcldr
the volume of water used. After stones had been 
removed, the soil was dried and weighed. The 
soil bulk de sity (less stones) was calculated by 

dividing 	 the mass of 	dry soil by the total volumeof s i pl s nc u e st e .
of soil plus included stones. 

2 - A dunom is 1,000 square meters. 

TABLE 	 3. CORRECTED BULK DENSITIES' FROM SIX SITES IN TWO 
PLOTS. UNIVERSITY FARM, BEXA'A, LEBANON 1961. 

Site Weight of stone-free dry soil Volume Bulk Density 

gins. 	 (c.c.) (gms/cc.) 

1 527.8 455.0 1.16 
2 471.2 462.0 1.02 
3 485.4 468.5 1.04 
4 522.7 458.5 1.14 
5 484.0 457.0 1.06 
6 539.1 453.0 1.17 

1 - Bulk density of soil as calculatcd by mass of dry soil (without stones) divided by 
total volume of soil plus included stones. 
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From Table I it may be observed that mois-
ture depletion did not vary to a great extent bet-
ween the top and the lower 30 centimeters of 
soil. About 26 per cent more depletion occurred in 
the lower 30 centimeters. This reflects on the dis-
tribution of sugarbeet roots actis e in water uptake 
in the root zone. Table 2 shows, for corn, that 
moisture depletion occurred to a larger extent in 
the top 30 centimeters as compared with the 
lower 30 centimeters. Approximately 93 per cent 
more depletion occurred in the top 30 centimeters 
emphasizing the shallow distribution of corn 
roots. Though limited. the data indicate that 
peak water use occurred in July and August. di-
minishing in late August and September. 

In order to assess the applicability of empiri-
cal equations based on climatic data. the latter 
were compiled for 1960 and 1961 from the first 
of April to the 13th of October and are presented
in Tables 4 and 5 on a weekly mean basis. Tables 

4 and 5 also show estimates of potential evapo
transpiration calculated from Penman's Equation 
and the lilaney-Criddle formula, respectively. The 

estimates w'ere expressed on a daily basis for each 
period, 

Results in general show a greater value for 
estimates based on Penman's Equation than for the 
values obtained by thie Ilaney-Criddle formula. 
Little variation throughout the season is evident in 

the results obtained by the Blaney-Criddle method 
Penmancompared to the variation obtained by the 

Equation. 
The average coefficient of variation for two 

years calculated from the results of the former 
is 13 per cent. compared to 23 per cent for the 
latter. This may be explained by the fact that mean 
temperatures during summer in the Beka'a do not 
vary a great deal. Daytime temperatures increase 
toward midsummer and subsequently decrease to-

ward its end. Night temperatures. iowever. stay 
on a rather constant low les cl. *[his results in mean 
temperatures of lo~s fluctuation. Results obtained 
by using the Penman Equation vary to a larger 
extent because seeral climatic phenomena are in
'ol "ed in this method. [he majority of these pie
nomlena show a eradual increase toward the end 
in the season. 

The last two colunins of Table 4 and 5 show 
cumulatis'e potential evapotranspiranion figures as 
calculated by the llaney-Criddle and Penman 
methods. 

Ratios of measured evapotranspiration to cal. 
culated potential evapotranspiration, for the 
months during which field data were obtained. are 
shown in Table 6. These were determined by di
viding the measured evapotranspiration shown ill 
Tables I and 2 by the calculated potential e"apo
transpiration shossn in Tables 4 and 5. 
Discussion. Irrigation is applied e ery seven (ays. 

Tbis is a common practice in the lieka'a Valley. 
The King soil tube cannot be used because of the 
rocky nature of the soil. The soil below 60 cii. 
is rocky and has little holding capacity. The pos
sibility of using a calibrated sand to refill the hole 
and determine its s lUme Was suggested. Since 
the weight of the stones is not included in tie de
termination of bulk density, the bo 1k dleisity ref
tectson th sol thath a s e ni ca
pecty 
pacity. 

RESULTS AND I)ISCUSSION 
Actual evapotranspiration data for sugarbeets 

and corn were obtained intermittently in 1960 and 
1961 during the months of June, July, August and 
September: Tables I and 2. 

Tables I and 2 show data obtained in both 
years for the two crops respectively. 
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TABLE 1.SOIL MOISTURE DEPLETION AND COMPUTED EVAPOTRANSPIRATION. FOR
 

SUGARBEETS DURING MEASURED PERIODS. UNIVERSITY FARM, BEKA'A, ON,
 

1960, 1961. 

Date 
of 

Irrigation 

Date of 
Soil 

Sampling 
Time of 

Depletion 

Percentage 
Depletion 

in Top 
30 cms. 
of Soil 

Percentage 

Depletion 
in Lower 

30 cms. 
of Soil 

Average 
Percentage 
Depletion 
in 60 cm. 
Root Zone 

GEvapo
\transpiration 

\N 
Totl Rate 

(days) 
(Average of 

3 Samples) 
(Average of 

3 Samples) (mm.) (mrLay) 

1960 

June 28 

July 5 

July 26 

Aug. 23 

Sept. 13 

Sept. 27 

June 30 

July 5 
July 7 
July 12 
July 28 
Aug. 2 
Aug. 25 
Aug. 30 
Sept. 15 
Sept. 20 
Sept. 29 
Oct. 4 

5 

5 

5 

5 

5 

5 

3.7 

2.7 

4.9 

5.6 

2.2 

1.5 

5.4 

3.6 

3.8 

3.3 

3.4 

2.9 

4.55 

3.15 

4.35 

4.45 

2.80 

2.20 

30.0 

20.6 

28.7 

29.4 

18.5 

14.5 

6.0 

4.1 

5.7 

5.9 

3.7 

2.9 

1961 

July II 

July 18 

Aug. I 

Aug. 8 

Aug. 15 

Aug. 22 

Aug. 29 

Sept. 5 

July 13 

July 17 
July 20 
July 24 
Aug. 3 

Aug. 7 
Aug. 10 

Aug. 14 
Aug. 17 

Aug. 21 
Aug. 24 

Aug. 28 
Aug. 31 
Sept. 4 
Sept. 7 
Sept. 11 

4 

4 

4 

4 

4 

4 

4 

4 

1.7 

2.2 

2.4 

2.8 

2.3 

1.8 

2.4 

2.0 

6.0 

3.5 

3.7 

2.0 

2.0 

3.9 

1.8 

2.9 

3.35 

2.85 

3.05 

2.40 

2.15 

2.85 

2.10 

2.45 

22.1 

18.8 

20.1 

15.9 

14.2 

1&8 

13.9 

16.2 

5.5 

4.7 

5.0 

4.0 

3.5 

4.7 

3.5 

4.0 
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TABLE 2. SOIL MOISTURE DEPLETION AND COMPUTED EVAPOTRANSPIRATION FOR
 

CORN DURING MEASURED PERIODS. UNIVERSITY FARM. BEKA'A, LEBANON. 1960, 1961. 

Percentage Percentage Average Evapo-

Depletion Depletion Percentage transpiration 

Date Date of in Top in Lower Depletion 

of Soil Time of 30 cms. 30 cms. in 60 cm. 

Irrigation Sampling Depletion of Soil of Soil Root Zonie Total Rate 

(Average of (Average of 
(days) 3 Samples) 3 Samples) (mm.) (mm/day) 

1960 

June 24 June 28 

June 30 2 1.7 2.2 1.95 12.9 6.4 

July I July 5 
July 7 2 1.2 2.3 1.75 11.6 5.8 

July 29 Aug. 2 
Aug. 4 2 1.8 1.0 1.40 9.1 4.5 

Aug. 19 Aug. 23 
Aug. 25 2 0.8 1.8 1.30 8.4 4.2 

1961 

July I I July 13 
July 17 4 5.3 2.3 3.80 25.0 6.3 

July 18 July 20 
July 24 4 7.5 3.2 5.35 35.3 8.8 

July 25 July 27 
July 31 4 3.4 3.4 3.40 22.4 5.6 

Aug. I Aug. 3 
Aug. 7 4 4.9 4.2 4.55 30.0 7.5 

Aug. 8 Aug. 10 
Aug. 14 4 7.3 2.2 4.75 31.3 7.8 

Aug. 15 Aug. 17 
Aug. 21 4 4.1 2.7 3.40 22.4 5.6 

Aug. 22 Aug. 24 
Aug. 28 4 4.6 4.8 4.70 31.0 7.7 

Aug. 29 Aug. 31 
Sept. 4 4 4.9 5.6 5.25 34.6 8.7 

Sept. 5 Sept. 7 
Sept. 11 4 3.6 3.6 3.60 23.7 5.9 
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TABLE 4. WEEKLY MEAN CLIMATIC DATA AND CORRESPONDING ESTIMATES OF POTENTIAL
 

EVAPOTRANSPIRATION. UNIVERSITY FARM. BEKA'A, LEBANON. 1960 

Week ly 

Weekly Weekly Weekly Mean Blaney Cumulative 

Mean Mean Weekly Mean Wind Penman's Criddle's Penman's Iflaney 

Temp. Relative Mean Ra*" Velocity Eo*'. (TXP) Eo*** ('riddle's 

Weekly Period 1F Humidityt n N* mnm day Milesday um day mm day flm. 1nMm. 

13.7 185 4.8 3.9 33.6 27.3April I - 7 .52 48 .74 
8 - 14 49 56 .63 14.3 124 3.9 3.6 60.9 52.5 

15 - 21 59 41 .63 14.8 158 5.3 4.4 98.0 83.3 

22 - 28 57 46 .59 15,0 188 5.3 4.3 135.1 113.4 

April 29-May 5 62 28 .9(1 15.2 107 6.2 4.9 178.5 147.7 

May 6 - 12 69 43 .62 15.4 131 5.5 5.5 217.0 186.2 

13 - 19 58 32 .90 15.6 114 4.2 4.6 246.4 218.4 

20 - 26 70 24 .83 15.9 109 6.9 5.6 294.7 257.6 

May 27-June 2 66 39 .87 16.1 202 7.7 5.2 348.6 294.0 

June 3 - 9 65 36 .88 16.4 149 7.2 5.3 399.0 331.1 

10- 16 68 34 .91 16.6 160 7.9 5.6 454.3 370.3 

23 67 39 .88 16.6 181 7.8 5.5 508.9 408.817 

71 30 .89 16.4 126 7.5 5.8 561.4 449.424 - 30 
74 29 .87 16.2 134 7.7 6.0 615.3 491.4July I - 7 

30 .90 15.9 142 7.8 6.0 669.9 533.48- 14 74 
15 - 21 72 36 .90 15.6 168 8.0 5.8 725.9 574.0 

22 - 28 75 35 .92 15.4 143 7.9 6.1 781.2 616.7 

July 29-Aug. 4 73 34 .92 15.1 94 6.9 5.6 829.5 655.9 

August 5 - II 75 35 .93 14.8 159 7.6 5.7 882.7 695.8 

12 -18 78 33 .93 14.5 142 7.5 5.9 935.2 737.1 

19 - 25 75 32 .91 14.2 162 7.3 5.7 986.3 777.0 

Aug. 26-Sept. 1 71 35 .93 13.8 113 6.2 5.4 1029.7 814.8 

Sept. 2 - 8 75 18 .85 13.5 107 6.1 5.3 1072.4 851.9 

9 - 15 75 28 .94 13.1 130 6.6 5.3 1118.6 889.0 

16 - 22 66 44 .92 12.5 121 4.3 4.7 1148.7 921.9 

23 - 29 64 43 .91 11.8 137 4.9 4.5 1183.0 953.4 

Sept. 36-Oct. 6 66 27 .94 11.2 96 4.0 4.3 1211.0 983.5 

Oct. 7 - 13 64 31 .92 10.5 119 4.4 4.1 1241.8 1(12.2 

* n/N is the weekly mean ratio of actual to possible daily sunshine hours. 

Ra is the weekly mean extraterrestrial radiation.
 

Eo is the estimated evaporation from a free water surface per day, according to the Penman
 

Equation.
 
K (TxP) is the weekly 1l3aney - Criddle's consumptive use factor (where K is 25.4 m.m./"F)
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TABLE 5. WEEKLY MEAN CLIMATIC DATA AND CORRESPONDING ESTIMATES OF POTENTIAL
 

EVAPOTRANSPIRATION. UNIVERSITY FARM, BEKA'A, LEBANON. 1961 

Weekly 
Weekly Weekly Weekly Mean Blaney Cumulative 
Mean Mean Weekly Mean Wind Penman's Criddle's Pemnan's Ilaney 

Temp. Relatike Mean Ra** Velocity Eo (FxP) Eo ('riddle's 
Weekly Period 'F Humidity n/N Immday Miles day amday mm day m1m. m1m. 

April I - 7 53 68 .55 13.7 119 3.4 3.9 23.8 27.3 
8- 14 54 68 .45 14.3 138 3.5 4.0 48.3 55.3 

15 - 21 56 4(; .86 14.8 92 3.9 4.2 75.6 84.7 
22 - 28 59 38 .66 15.0 149 5.4 4.4 113.4 115.5 

April 29-May 5 60 51 .74 15.2 147 5.5 4.8 151.9 149.1 
May 6 - 12 59 55 .54 15.4 143 4.7 4.7 184.8 182.0 

13 - 19 66 34 .75 15.6 122 6.3 5.2 228.9 218.4 
20 - 26 67 30 .86 15.9 149 7.2 5.3 279.3 255.5 

May 27-June 2 69 31 .79 16.1 261 7.8 5.5 333.9 294.0 
June 3 - 9 73 28 .84 16.4 .155 8.0 6.0 389.9 336.0 

10 - 16 69 44 .85 16.6 164 7.5 5.7 442.4 375.9 
17 - 23 70 30 87 16.6 148 7.8 5.7 497.0 415.8 
24 - 30 71 44 .86 16.4 147 7.5 5.8 549.5 456.4 

.uly I - 7 74 37 .87 16.2 151 7.8 6.0 604.1 498.4 
8 - 14 72 39 .86 15.9 154 7.4 5.8 655.9 539.0 

15 - 21 74 27 .87 15.6 133 7.5 6.0 708.4 581.0 
22 - 28 76 2, .89 15.4 144 7.7 6.2 762.3 624.4 

July 29-Aug. 4 75 32 .88 15.1 138 7.3 5.7 813.4 664.3 
Aug. 5 - II 75 41 .87 14.8 148 7.2 5.7 863.8 704.2 

12 - 18 79 28 .87 14.5 141 7.5 6.0 916.3 746.2 
19 - 25 73 35 .91 14.2 140 6.9 5.6 964.6 785.4 

Aug. 26-Sept. I 73 30 .92 13.8 131 6.7 5.6 1011.5 824.6 
Sept. 2 - 8 67 37 .93 13.5 110 5.7 4.8 1051.4 858.2 

9- 15 68 42 .86 13.1 156 5.9 4.8 1092.7 891.8 
16 - 22 66 64 .88 12.5 148 5.0 4.7 1127.7 924.7 
23 - 29 62 64 .84 11.8 127 4.2 4.4 1157.1 955.5 

Sept. 30-Oct. 6 65 60 .92 11.2 92 4.1 4.2 1185.8 984.9 
Oct. 7 - 13 65 61 .92 10.5 OO 2.7 4.2 1204.7 1014.3 
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TABLE 6. RATIOS OF MEASURED EVAPOTRANSPIRATION TO
 

CALCULATED POTENTIAL EVAPOTRANSPIRATION. TWO YEAR
 

AVERAGES. UNIVERSITY FARM, BEKA'A, LEBANON, 1960, 1961.
 

Sugarbeets Corn 

E-T' E-,** E-T* E-T** 

July 
August 
September 

0.68 
0.72 
0.66 

0.87 
0.88 
0.73 

0.82 
0.80 

-

0.98 
0.98 
-

Ratio of measured evapotranspiration to * Ratio of measured evapotranspiration to 

estimated evaporation from a free water monthly consumptive use factor as determi

surface as determined by Penman's Equa- ned by the lBlaney-Criddle formula. 

tion. 

The ratios shown above may be used to esti- total evapotranspiration. This procedure obviously 

mate consumptive use from the empirically 	 deter- overestimates total evapotranspiration but certain

ratios ly provides safe requirement figures.mined potential evapotranspiration. Specific 

for different crops should be determined for each 
estimated total evapotranspiramonth for which consumptive use data are 	 requi- Table 7 gives 

red. When limited data are available, the 	 maxi- tion of sugarbeets and corn during 1960 and 1961 

may be utilized to estimate obtained by using the above mentioned ratios.mum monthly ratio 

TABLE 7. ESTIMATED EVAPOTRANSPIRATION BY PENMAN'S AND BLANEY-CRIDDLE'S 

METHODS FOR CORN AND SUGARBEETS.UNIVERSITY FARM, BEK?.'A,LEBANON,1960,1961. 

Penman's Method 

TotalTotal 

Crop and Year 	 potential E-T/Eo* estimated 

evapotrans- evapotrans

piiation piration 

(mm.) (mm.) 
0.72 894.1Sugarbeets 	 1960 1241.8 

Corn 	 1960 1241.8 0.82 1018.3 
0.72 867.4Sugarbeets 1961 1204.7 

Corn 1961 1234.7 0.82 987.8 

Blaney-Criddle's Method 

E-T/B-C* 

(mm.) (mm.) 

Sugarbeets 1960 1012.2 0.88 890.7 

Corn 1960 1012.2 0.98 992.0 
0.88 	 892.6Sugarbeets 1961 1014.3 

Corn 1961 1 1014.3 0.98 994.0 

'Ratio of measured evapotranspiration to potential evapotranspiration as calculated by empirical method. 
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The above results obtained from data on the 
University Farm show that in the specific condi-
tions of the location, small differences between 
either of the two methods were evident. Estimates 
of total evapotranspiration given in the above ta-
bles show differences ranging from 0.3 per cent to 
2.6 per cent. This is an indication that either 
method could be used since they both yield similar 
results. 

PROBLEMS INVOLVED IN "THESTUDY 

The problems encountered in this study were 
numerous and of different degrees of seriousness. 

Soil sampling was difficult in most instance!. 
due to the common occurrence of rocks in the 
profile. The rocks in many cases interfered with 
the penetration of the auger to the desired samp-
ling depth. This is believed to be a problem in 
any soil sampling by auger procedure in Lebanon, 
since the majority of arable lands have a high per-
centage of stones. 

The smaller stones in the soil presented 
another problem. The bucket auger used in this 
study very often picked up stones with the soil. 
The stones had to be removed from the sample 
before the sample could be weighed. This proce-
dure introduced a certain margin of error in the 
results. 
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RESEARCH ON SOIL RECLAMATION AND
 

CONSUMPTIVE USE IN TURKEY 

by
 

Mr. Ozdemir Beyce and Mr. Ragip Boyaci
 

Part I
 

SOIL RECLAMATION R ESEARCH
 

!. INTROI)UCTION T( SAI.INITY AND 
ALKALINITY PROBLIAS IN URIKEY 

A. 	 Ex\ter.t and Importance 
According to the 1reliminary soils map 

of Turkey prepared by Mr. Harey Oakes in 
1954. h'droniorph ic saline alluvia (halomor-
phic) soils cover 650.200 hectares and solon
chak soils 69.700 hectares. These figures refer 
only to lands that are basically accepted as 
non-arable. It is also recognized that 25 per 
cent. or 820.400 hectares, of the young al-

luvial soils in lurkev 681.2810 hectares of the 
hydronmorphic allhial soils an1d 89.800 hec-
tares of beach. saud dunes and marsh complex 
exhibit salinity and drainage problems. Their 
total area approximates 2,311,380 hectares, 
about 14 per cent of the arable land of Tur-
key. 

Except for salty marshes and old salty 
lake beds. the saline and alkali soils of Tur-
key are mainly located on inland and coastal 
plains which are fertile and climatically fa-
vourable for good crop growth. TOPRAKSU 
data indicate an annual loss of 3.7N{).000,000 
TL of agricultural production from 2,181,340 
hectares of non-arable problem soils, plus a 
1,150,000,000 TL annual loss from 1,151,960 

I - Agricultural Engineer%. TOPl1AKSLI General Direc-

torate. Ministry of Agriculture. Turkey. 
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hectares of land having problems but never
theless being used for production. The total 
annual loss amounts from to 4,350.000,000 TL 
agricultural lands with problems. 

It is also estimated that 6,500,000,000 TL 
%kould be required to convert these problem 
soils into arable lands. 

B. 	 CHARACTERISTICS 
Available data indicate that the first sur

vey of the saline and al ali soils of Turkey 
was made by Kerim Omer Caglar (later Pro
fessor in the Soils Department, Faculty of 
Agriculture. Ankara) in 1934. This survey was 
limited to extremely saline loca!ions and did 
not designate the size of the problem areas. 
The second survey was made by Harvey Oakes 
ih .,54 during the preparation of a soils map 
of Turkey. He classified the saline and alkali 
soils of Turkey as hydromorphic sal' ,calluvial 
and solonchak soils, the former ma :,!Ni~cated 
on azonal soils and the latter oiz iitrazonal 

soils. 
I. 	 Hydromorphic Saline Alluvial Soils occur 

in all parts of Turkey: in stream valleys, 
deltas and basins in association with other 
alluvial soils. Many occur is small de
pressed or low-lying parts of flood plains, 
but many exist in large areas such as the 
Konya Basin. These soils are ext'cmely 
variable in physical as well as chemical 
characteristics. 



2. 	 Solonchak Soils are defined as soils that 
have high a content of salts, are receiving 
salts or have had at a previous time an 
excess of salts. The principal areas of 
these soils are fairly large tracts in old 
lake basins and in valleys where ground-
water rises to or near the surface, tern-
porarily or for long periods. The solon-
chaks, as recognized here, aie of three 
general types: 
(a) 	 Where the salts were introduced by 

flooding, as in old lake beds: 
(b) 	 Where the salts cait. upss,,ad by ca-

pillary action from a shallow ground-
water table; 

(c) 	 A combination of the two types. 
On the other hand, hydromorphic saline 
alluvial soils as mapped occur mainly in 
'.ituations sibject to frequent overflow or 
in poorly drained areas thit remain wet 
continuously )r for long periods. 
As was al;o discussed by Harvey Oakes, 
the distinction between the two kinds of 
saline soils vas based on practical recla-
mation potential rather than scientific 
significance. Ti.us, hydroiorphic saline 
alluvial toils rnainly refers to azonal al-
luvial soils that were salt affected by 
floods, seepage or uncontrolled irrigation; 
and solonchalns to in]trazonal soils mainly 
formed on parent material or a base high 
in salts. The cause of accumulation for 
both is poor surface and subsurface drai-
nage. Both may have saline, alkali -id 
saline-alkali classes, as will be seen in 
the laboratory analysis of the soil samples 
from reclamation plots. 

II. 	EXPERIMENTAL rESULTS CONCERNING 
RECLAIMADILITY AND CROP CROWTH 

The first expeiments on reclaimability and 
crop growth on saline and alkali soils in Tur-
key were initiated by the Tarsus Irrigation and 
Research Institute at Alifaki (later Alifaki 
Salinity Reclamation Station), in 1952. 

In 	 1957, the Akazra Soil and Fertilizer 
Research Institute initiated field experiments 
in cooperation with a sugar company at An-

kara; at Eskisehir with the Eskisehir Irrigation 
Experiment Station; at Izmir with the Mene
men Irrigation Research lnstitutc; at Konya 
with the C'umra Irrigation Experiment Station; 
and at M -rsin with th Tarsus Irrigation Re
search Institute on laboratory and grecnhoLuse 
experiments. 

In this paper, the experimental results ob
tained by the Ankara Soil and F,1tliizCr Re
search Institute and the Tarsus Irriation Re
sear,:h ln,;titute will be summarized. The tIe
tailed information will be gisen in tables and 
figures. 

The experiments made so far can be 
grouped as laboratory and greenhouse Studies 
and 	 field experiments. 

A. LABORATORY AND GREENIIOUSE 
STUDIES 

These studies were coaducted by the An
kara Soil and Fertilizer Research Institute from 
1957 to 1961. 
i. 	 pi Studies 

(a) 	 Effect of soil-water ratio on pll rea
dings of saline-alkali soils. R eadings 
with pH-meters equipped with glass 
and cakbnel electrodes were made on 
Tarsus and Menemen saline-alkali 
soils at I/I, 1I5, 1/10 and 1/20. The 
statistia l analysis of the readings 
showed significant increases in pH by 
dilution. Dilutions above 1/10 did 
not give significant increases and a 
1/10 ratio is good enough for estima
tion of an alkaline condition provided 
the pH of the soil paste is about 
8.00. 

(b) 	 Effect of varying absolute veights of 
soils and wzter at 1/10 ratio on the 
pll readings of salinc-alkali soils. 
Readings were made at a fixed 1/10 
soil-water ratio varying the absolute 
weights as follows: 3 gr. soil: 30 cc 
water; 5 gr soil: 50 c,: water; 10 gr 
soil: 100 cc water, 20 gr soil: 200 cc 
water. The results indicated that at 
least ten grams of soil were re
quired. 
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(c) 	 Effect of length of standing time of 

soil paste on the pil r4ading of sa-

line-alkali soils. The soil pastes 

were allowed to stand two, four and 

24 hours before tht- readings were 

made. There was an insignificant 

difference from two to four hours; 

significant, from four to 24 hours-

highly significant, f orn two lo 24 

hours. The pH readins should be 

made by allowing the pastes to stand 

for 24 hours. 
2. 	 A Study of the Water Quality of the 

KizilinnaL River. The Kizilirrnak is the 

longest rive: in Turkey with its course 

1,100 kilometers, entirely within the natio-

nal borders. In that distance throughout 

the year water quality is affected 

by a number of factors. The average salt 

content of the river is about 1,500 mic-

romhos/cm during the year, but increases 

tip to 3,534 micromhoscm during May 

and June. A study of the river's course 

and a laboiatiry analysis lead to the con-

clusion that the following reasons explain 

the change in salt content: 
(a) 	 Addition of drainage water at ('an-

kiri. 
(b) 	 Early spring runoffs carrying dissol-

ved salt from the surrounding moun-

tains. 
(c) 	 Evaporation contributes to the con-

centration of salts within this long 

run. 
3. 	 Growth mid Yields of Vaniou Crops Un-

der Different Osmotic Prer7sures. In the 

greenhouse, sand cultures with various 
osmotic pressures adjusted with sodium 

chloride were used to determine the 
growth and yield of various crops under 
varying salt concentrations. The treat-

ments, crops and their relative growth or 
yields are summarized in Table I. 

B. 	 FIELD EXPERIMENTS 
The field experiments conducted in various 

parts of Turkey have been grouped according 
to whether they were conducted by the Ankara 

Soil and Fertilizer Research Institute (at An

kara, Eskisehir, Menemen, (umra, Tarsus and 

Kayseri) or by the Tarsus Irrigation Research 

Institute (at the Alifaki Salinity Reclamation 

Station). 
Those conducted by the Ankara Soil and 

Fertilizer Research Institute will be summa

rized first, followed by the rcsults obtained by 

the Tarsus Irrigation Research Institute. The 

general physical and cherical characteristics 

of the experimental locations arc given in Ta

ble 2. 

1. Field Experiments Conducted !y the An

kara Soil and Fertilizer - Reearchi Ins

tute. 
(a) 	 Ankara-E!imesgoit: The experimental 

plots were located abodt 17 kin. 

southwest of Ankara oii flat, alluvial 

saline-alkali soils representative of 

130 hectares. The sugar company 

which owned tLe land cooperated. 

The genera; character of the soils is 

given it' Table 2. Briefly, this is: 

saturation percentage, 72.76-155.40, 
electrical conductivity, 2.71-14.99 

millimhos/cin; ESP, 12.20-97.91 with
in 150 cm. of soil profile. The plots 
were located within open drains.The 

effect of leaching with 651 Kg/dk 
gypsum and rice crop on soil salinity 

and alkalinity is given in Table 3. 

Because of unfavorable conditions, 
about 80 per cent o)f the rice crop 

did not survive, but the leaching con
tinued. This scarce vegetation had 

no beneficial effect on the soil; the

refore these rice plots were only 
leaching treatments. Even then it was 

possible to lower ECcx 10' to 2.81
6.00 and ESP to 33.07-78.61 in rice 
plots and to 1.98-4.59 and 42.79

77.02 in gypsum plots, respectively. 
(b) 	 Menemen: the plots were located at 

Kesikkoy, 7 km. southwest of the 

Menemen Irrigation Research lnstitu
te, and were representative of 30,000 

hectares. The general character of 
the soils is given in Fable 2. Briefly, 
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TABLE 1. PER CENT OF GROWTH OR YIELD OF VARIOUS CROPS IN
 
RELATION TO DIFFERENT OSMOTIC PRESSURES.
 

(SOIL AND FERTILIZER RESEARCH INSTITUTE-ANKARA).
 

OsmostIc P:esFures - Atmospheres 

Ye of 	 Crop Per cc -t of Yield cr GroAth 

periment 	 Check 1.5 2.0 2.5 3.- 3.5 4.0 4.5 5.0 5.5 6.0 8.0 

1958 Eggplant USA, early long purple 100 89.7 81.0 65.5 50.0 39.6 

1958 Tomatoes, native, pole 100 81.3 67.o 50.9 42.1 21.5 

1958 Pepper, native, long 100 67.3 65.2 63.0 43.4 43.4 

1958 Soybean, native 100 77.1 70.1 63.1 57.8 38.5 

1958 Radish, native, red 100 77.7 55.5 44.4 33.3 26.6 

1958 Cabbage, native, top 100 83.6 76.3 69.0 63.6 57.7 

1958 Rice, native, Misir 100 91.5 52.5 28.8 27.1 
1959 Soybean USA, Adams 100 89.8 82.9 72.- 59.6 56.1 46.5 

1959 Beans 100 36.2 32.7 24.8 22.7 20.0 

1959 Sugarbeets Klinwanzleben 100 66.0 64.0 16052.0 19.0 

1960 Rape seed, Hembkes Koolzood 100 81.0 61.5 59.6 44.9 

TABLE 3. EFFETS OF LEACHING WITH GYPSUM AND RICE CROP ON 

THE SALINITY AND ALKALINITY OF ANKARA ETIN1ESGUI" SOIL. 
(SOIL AND FERTILIZER RESEARCH INSTI'I'UTE-ANKARA). 

Treatments 	 Date of ECex 10' ESP
 
Sampling
 

Depth of Sampling (cm) 	 [)ep:h of Sampling (cm) 

0-30 10-60 60-90 90120 0.30 30-6) 6 0-q6 90-120 

Gypsum 1 13.08 6.84 6.45 2.71 97.91 ,0.36 87.59 61.49 

(651 Kg/Dk) 2 4.59 2.87 2.59 1.1)8 45.013 7 7.0 2 76.39 42.79 

Rice 	 i 
2 2.81 3.08 6.00 5.87 67.56 1 78.61 70.41 33.07 

Date of Sampling: (1) Before leaching; (2) After leaching. 



OF SOILSCHARAC7ERISTICSTABLE 2. PHYSICAL AND CHEMICAL 

pH Soluble Cations m.e It., 

Depth . 

Of -.
 

I.(CATION Samplinge 
acm) I, Extract Ca Mg Na K TotalPaste u 

9.97 923 13.08 1.51 0.20 134.0t 0.25 135.96 
Ainkara Etimesgut 0-30 72.7.) 

0.22 74.00 0.17 75.40 
30-50 174.90 9.65 8.74 8.84 1.01 

6.45 2.02 1.11 62.50 0.15 6:.78
50-70 93.64 9.55 8.35 

1.61 0.23 29.00 0.02 30.26 
70-12t) 155.40 9.29 7.72 2.71 

2.56 13.75 0.27 18.108.05 14.99 1.52120-150 57.07 8.60 

7.69 7.47 82.11 45.59 144.60 82Il.o 4.10 416.09 
lImir - Menemnen 0-30 46.4 

68.47 32.28 100.80 708.30 3.05 844.43
30-60 44.9 7.79 7.39 

75.49 33.25 119.89 768.00 3.80 864.94 
60-90 45.4 7.77 7.36 

10.00 2505.800-2 74.00 8.30 8.15 181.25 83.30 2412.5Eskischir-Kuzuld. 
770.34154.84 605.0 10.502-30 52.50 8.40 7.30 51.04 

8.70 7.21 28.20 111.72 254.0 1.80 367.5230-60 67.50 
79.0 0.40 92.148.12 8.72 12.7460-90 69.60 8.38 

1.12 272.4390-120 72.30 8.62 7.22 22.11 73.31 198.0 
12.15 76.5 0.40 89.05120-150 69.00 8.37 7.93 8.47 

59.0 0.30 73.31150-180 57.00 8.20 7.81) 6.67 14.01 

8.01 8.69 5.52 11.00 6.54 12.70 2.93 33.17
(tumra-Uqhoyiik 0-30 45.13 

8.04 2.52 9.40 8.59 7.18 1.98 27.1530-60 43.41 7.96 
3.67 13.341.40 2.96 3.01 5.7660-90 46.69 8.01 8.05 

8.05 8.05 30.15 11.22 24.31 260.00 13.00 308.52
Kayseri-Karasaz 0-30 77.43 

39.57 23.66 136.00 81.00 1.90 236.6436-60 79.29 7.92 8.15 
3.57 15.35 74.00 1.83 94.7460-80 94.75 8.12 8.30 9.24 

11.83 38.50 1.20 57.6480-110 98.49 7.99 8.29 4.98 6.!2 

7.73 14.38 26.30 35.03 101.62 0.43 163.380-30 76.94 7.78Tarsus-Alifaki 
28.37 62.98 91.59 174.71 0.64 329.9230-60 88.47 7.72 7.48 

98.33 7.76 7.39 36.07 72.19 115.20 210.00 6.77 398.1660-90 

0-20 97 7.8 12.84 5.23 6.76Tarsus-Alifaki 

106 7.8 32.65 13.87 16.40
20-70 

70-100 11I 7.9 30.26 15.80 19.83 
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WHERE FIELDS LEACHING EXPERIMENTS ARE CONDUCTED.
 

Soluble Anions m.e. It., Exchangeable Cations . 

Cl 

- 1)A PPM OM 
CO' HCO' CL SO, Total . + ESP EPP E 0 E Boron K 

11.11 12.52 33.50 64.73 121.86 31.10 97.91 3.04 

1.01 5.15 19.5(, 38.20 63.go 32.51 80.36 1.47 

1.01 4.0q 21.30 ?6.64 62.99 21.20 V7.59 2.07 
- 3.63 15.50 10.38 29.51 28.49 61.49 3.05 
- 2.83 4.00 11.1(1 17.48 29.49 12.20 0.51 

- 2.28 1013.10 2.63 1018.01 14.38 64.64 4.46 
- 1.87 839.86 2.96 841.67 11.15 68.33 4.17 
- 2.27 913.20 7.05 922.52 12.52 59.74 3.96 

- 13.15 120.2 2421.0 2554.9 
- 3.15 225.8 521.0 750.0 49 
- 1.58 129.2 245.5 376.3 33 
- 2.34 43.8 - 46.8 31 
- 1.26 93.5 193.4 282.2 32 
- 3.15 43.5 - 46.7 31 
- 4.20 30.0 - 34.2 24 

- 3.45 19.6 23.05 21.3 13.8 
- 2.80 16.0 18.80 19.5 6.2 
- 3.20 10.5 13.70 21.8 3.4 

Tr. 1.65 325.0 - 326.65 32.62 48.69 8.61 7.80 11.14 

Tr. 3.74 574.2 0.70 578.60 33.18 78.42 6.20 6.45 10.49 

0.87 1.47 84.2 1.70 88.30 33.95 34.45 3.29 11.35 6.29 

0.87 1.47 35.7 7.70 45.80 33.95 10.02 3.92 10.65 10.03 

- 6.03 143.00 16.61 165.64 32.93 26.60 3.05 

- 9.71 283.25 56.05 349.01 32.39 30.46 2.39 

- 17.04 351.01 54.15 423.20 33.87 26.97 2.21 

050 0.321 10.287 1.26 40.84 8.16 0.66 57.3 1.00 

0.028 6.278 24.00(0 5.90 36.90 8.35 25.62 468.7 1.04 

0.000 0.340 28.746 4.42 35.40 12.23 72.90 485.8 1.00 
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TABLE 4. EFFECT OF CHEMICAL AMENDMENTS, LEACHING WATER TREATMENTS AND
 
(SOIL AND FERT ILIZER
 

HEAVY LEACHING (1000 nm.) 

' 
ECe X 10 ESP . 

C*-

V 0-30 30-60 60-90 90-120 0-30 30-60 60-90 90-120 2 "o 

1 71.84 74.23 83.52 59.42 78.34 55.70 
2 
3 1.03 1.21 1.18 7.19 19.52 28.26 
4 2.06 4.56 3.45 11.04 23.18 30.67 418.2 

5 2.94 3.21 4.02 3.59 33.37 45.49 44.11 54.14 
6 1.86 2.29 3.86 4.71 16.50 36.53 55.87 791.5 

1 60.15 28.80 55.70 
2 2.19 2.82 2.82 27.98 45.03 51.49 

Gypsum 3 1.09 1.62 1.35 15.52 33.31 42.21 
1500 Kg/Dk , 2.78 3.15 1.87 18.75 15.86 28.82 827.8 

5 4.75 8.43 8.83 22.49 14.74 30.79 30.47 
4.48 9.71 10.51 16.41 17.29 14.07 1125.1 

1 59.59 75.14 52.15 

Manure 2 4.28 6.78 19.91 39.49 52.06 57.85 

6.01 45.16 60.91 60.43
4500 Kg/Dk 3 2.14 2.75 

4 3.97 8.75 10.16 17.43 39.91 66.24 769.6 
5 2.93 4.89 6.01 5.22 22.06 59.77 62.97 
6 1.69 3.78 5.39 20.15 49.37 56.21 925.1 

1 72.61 49.12 72.62 59.63 18.25 51.89 
2S 5.53 3.64 2.80 21.07 36.84 52.01ulu 3 1.66 1.95 2.07 33.60 50-23 56.94 
4 3.84 3.81 3.21 18.26 44.16 48.27 602.8 

5 2.81 4.68 3.13 5.43 15.63 43.13 48.01 
6 5.61 3.47 7.49 7.02 30.66 43.22 47.55 43.98 1007.8 

1 92.79 66.81 63.03 70.66 75.94 57.07 

Sulphuric 2 2.82 4.37 3.14 10.03 19.60 

Acid 3 6.11 17.76 30.06 35.21 46.41 37.96 
150 Kg/Dk 4 7.41 11.85 22.36 34.92 46.90 21.18 424.5 

5 4.33 7.62 11.84 13.14 29.59 51.52 57.01 
6 1 .57 4.71 3.44 3.09 12.27 15.10 28.76 778.6 

DATE OF SAMPLING: (I) 2/5/1958 (before leaching), (2) 2/12/1958 (after leaching with 1000 mm. in 
(4) 24/10/1959 (after alfalfa seeding in !2/5/1959 and applying 548 mm. irrigation water); (5) 5/8/1960 
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ALFALFA ON SOIL SALINITY AND ALKALINITY - MENEMEN, IZMIR 
INSTITUTE-ANKARA) 

HEAVY LEACHING (600 rum.) 

ECe X 10' 	 ESP 

0-30 30-60 60-90 90-120 0-30 30-60 60-90 90-120 

75'07 70.71 74.77 65.15 69.76 75.13 
4.79 23.33 59.26 52.30 53.29 67.82 
2.44 13.02 37.94 	 56.40 35.37 
8.30 11.40 31.24 40.82 53.62 55.33 
3.86 	 5.37 21.21 38.61 35.58 50.79 16.61 11.85 
.42A2 3.36 4.94 11.51 27.45 49.66 49.04 46.86 

69.12 70.14 72.12 

1.06 1.08 2.20 22.61 47.13 49.10 
3.22 3.64 4.42 25.96 46.41 55.97 
3.27 11.97 17.03 22.49 12.81 44.48 45.94 
9.80 13.31 18.66 35.67 41.44 36.03 

63.61 49.13 52.62 

4.22 10.54 4.55 33.99 54.56 33.56 
3.02 4.23 10.22 18.82 14.79 21.13 18.70 
2.44 6.82 18.51 25.81 46.72 52.99 

57.11 63.13 72.12 

2.69 2.05 1.80 39.39 55.61 53.34 
3.44 10.88 10.16 33.16 57.75 23.25 
2.84 4.13 4.76 4.93 32.83 57.75 62.26 
1.59 4.05 3.47 17.96 44.34 61.59 

98.25 81.47 83.51 68.35 69.36 58.94 
2.83 13.85 45.31 	 57.13 
1.87 1.86 1.97 37.63 52.60 51.14 
3.56 3.48 12.82 22.99 23.58 32.40 
4.33 7.62 11.84 13.40 13.32 38.65 48.34 
1.64 1.75 2.73 28.19 54.22 50.80 

heavy leaching and 600 mm. in light leaching; (3) 12/4/1959 (after leaching with 
fter leaching with winter rainfall); (6) 8/11/1960 (after leaching with alfalfa). 

30.9 

251.7 

513.0 

1030.4 

514.2 

754.2 

248.3 

840.6 

189.4 

583.3
 

453 mm.
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this is: the saturation percentage, 
44.9-46.4: electrical conductivity, 
68.47-82.11 millimhos cm: ESP 59.74-
68.33 ,sithin a 90-cm. soil profile, 
Experimental plots were located on a 
tract of land surrounded by opetn 
drains 1.5 m. d_ep. The size of the 
plots as 7x50 = 350 st. in. The 

treatments and their effects on soil 
salinity and alkalinity are suninirized 
in Table 4. In 1960. the foregoing va-
lues 	of 1957 %%cre loered to E('exI0', 

,1.57-18.51. FSP 12 27-01.5 within a 
90-cm. soil profile. 
The 	 results are promising and encotL-
raging. In :.imost ekery treatment. 
both the ECex 10' and ESP ,alItes, 
especially of the upner layers, were 
lowered to safe levels for the germi-
nation and groith of a wide range of 

plant species. 
(c) Eskisehir-Kizildiken: Gypsum applica-

tions at 350. 460. 450 and 500 Kg.'Dk. 
rates Aere given to experimental plots 

at Eskisehir-Kizildiken representative 
of 12.500 hectares. 
The 	general character of these soils is 

given in Table 2: Saturation percen-

tage. 52.50-74.00: ECex 10', 8.72-
181.25 and ESP 31-49 within a 120-

cm. coil profile. Following 400 mm 

of leaching. the ECex 10' and ESP 
values of the gypsum plots were sig-
nificantly lowered compared to the 

control plots. Gypsum at the rate of 
350 KgDk gave satisfactory results 
and lowered salinity and alkalinity to 
safe levels, especially at the Ltpper 
60 cr. of the profile. TFhe results are 
given in Table 5. 

(d)Cumra-U hoyuk: Leaching plots we-
re located at Uhoyuk and were rep-

resentatixe soil samples is given in 
Table 2. Briefly, the saturation per-
centages were 43.41-46.69: ECex 10'. 
1.40-5.52: and ESP 3.4-13.8. Though 
not highly saline or alkali at the pre-
sent time. deep borings indicated the 

presence of an old lake bed rich 
in salts below: these are likely to rise 
with groundwater under impeded sub

surface drainage. 
The treatments were 410 Ke Dk gyp
sum, 85 Kg'Dk sulphur. 134.5 and 
124 KgDk sulphuric acid and 2900 
Kg/Dk manure under heavy leaching 

(750 rm) and light leaching 
(600 m) conditions. 
The effect of these treatments on ESP 
Ltnder heavy leaching is given in i
gure I. A second leaching experi
ment was started in 195') on soils 
having higher ECex I0 and ESP va
lues than the first ones. L.eaching 
with rice crop was practiced in a 
land tract surrounded with open 

drains spaced at 62.5 m. and 1.5 m. 
deep. Native and maratelli rice va

rieties were used. An unexpected low 
temperature at the flowering stage 
caused the death of 80 1.r cent of 

the maratelli and 50 per cent of the 

native rice seedlings. The effect of 

one rice crop can be observed in 

Table 6. Both salinity aid alkalinity 
were lowered to safe lesels. (ECe x 
10" from 26.61-73.04 to 4.86-8.50: 
ESP from 18.00-33.60 to 0.20-5.50 
within a 125-cmn. soil profile). 

(e) 	Kayseri-Karasaz: The experimental 
plots, representative of 3,060 hectares, 
were located on saline-alkali soils of 

organic origin near Kayseri. The 
general character of the soils is rep
resented in Table 2. Briefly. this is: 
saturation percentage. 77.43-98.49: 
ECe'x 10'. 4.98-39.57: ESP, 10.92
78.42: Boron 6.45-11.35 ppm within 
a I 10-cm. soil profile. The experi
mental plots were surrounded with 
open drains 1.4 m. deep. Various ra
tes of gypsum applications 80. 160. 
240 -and 320 Kg'Dk were made oil 
September 26, 1959. and left to the 
leaching effect of the winter rains 
(average annual precipitation, 364.5 
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TABLE 5. EFFECT OF VARIOUS RATES OF GYPSUM APPLICATIONS AND 400 MM LEA-

CHING ON SOIL SALINITY AND ALKALINITY, KIZILDIKEN-ESKISEHIR. (SOIL AND FER-


TILIZER RESEARCH INSTIVUTE-ANKARA).
 

ECex 10' ESP 

Treatment Depth of Sampling (cm) Depth of Sampling (cm) 

'n 0-30 30-60 60-90 90-120 0-30 30-60 60-90 90-120 

A I 38.50 46.20 41.74 37.37 75.56 46.10 51.83 69.82 
(Check) 2 10.98 20.07 29.22 29.02 39.04 29.59 40.49 60.48 

B 
(350 Kg/Dk) I 12.23 19.08 26.40 30.90 30.50 27.82 20.25 58.12 
(Gypsum) 2 4.25 4.86 7.34 11.75 6.05 9.64 14.35 29.10 

C 
(400 Kg/Dk) I 26.60 49.80 52.00 43.38 34.42 31.34 28.90 16.48 
(Gypsum) 2 9.11 6.72 10.69 21.95 15.58 24.30 7.31 3.47 

D 
(450 Kg/Dk) I 38.50 46.20 41.74 37.37 75.56 46.10 51.83 69.82 
(Gypsum) 2 10.73 20.92 38.84 40.75 25.24 35.65 24.52 30.35 

E 
(500 Kg/Dk) i 4.92 8.58 10.73 14.61 34.36 26.34 25.02 46.06 
(Gypsum) 2 4.70 7.27 11.03 29.20 27.98 35.30 46.11 25.59 
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TABLE 6 EFFECT OF LEACHING WITH RICE ON SOIL SALINITY, ALKALINITY AND PROPERTIES AT CUMRA-UCHOYUK 

Soil Character Before Lleaching with Rice After Leaching with Rice Crop 

Sampling Depth (cm) Sampling Depth (cm) 

0-10 10-20 20-40 40-60 60-90 90-120s 0-15 15-25 25-50 50-80 80-125 
Saturation % 40.00 40.00 41.00 50.00 55.01 55.00 47.00 55.00 58.00 61.00 43.00 
pH (Saturated paste) 8.05 7.95 8.06 8.15 8.12 8.03 7.55 7.60 7.95 7.70 7.60 
pH (Saturation extract) 7.40 7.35 7.32 6.65 7.25 7.12 7.92 7.90 7.81 7.70 7.45 
CFC 20.9 22.7 24.2 25.5 12.5 
ESP 29.30 33.60 28.90 24.50 18.00 20.00 1.30 5.50 0.20 4.20 5.20 
EPP 5.30 3.40 2.50 2.00 1.60 
ECe x I0' 56.00 73.04 51.69 38.11 26.61 27.00 4.86 6.80 8.50 6.54 6.30 
Soluble cations (me/It) Na 450 625 460 325 195 220 15.00 27.50 37.50 35.00 30.00 
K 19.00 15.50 7.60 4.20 1.70 1.70 0.60 0.35 0.35 0.17 0.15 
Ca 49.80 34.30 33.30 31.40 29.40 30.20 29.60 28.80 34.40 28.50 34,80 
Mg 433.20 600.40 489.80 373.20 307.70 274.40 28.10 41.00 42.50 27.70 20.30 

Soluble arions (melt) CO" .......... .
 

HCO 3 25.00 15.00 12.50 12.59 12.50 12.50 2.80 3.70 4.00 2.70 2.30 
CL 562.50 725.00 487.50 287.50 150.00 162.50 62.50 42.50 62.50 50.00 62.50 
S04 
 -
 - - 13.10 53.60 50.83 39.98 21.10 



mm) for 45 to 60 days, followed ment and crop establishment treatments 
by leaching. Salinity and exchangeable were tried. Lack of a laboratory at the 
sodium status following the winter time prevented the evaluation of these 
rains plus 200 mm of leaching are treatments from the standpoint of soil 
given in Table 7. analysis. Therefore, the relative yields

and 	 growths of various c~rops were used 
(f) 	Tarsus-Alifaki: Experimental plots andicatos to c r e f rec 

were established at the Alifaki Sali- as ator
lamation. 

nity Reclamation Station inl 1958 re- (a) Leaching Trials: Leaching trials were 
presentative of 4,000 hectares in the made on large-scale plots. On these 
Tarsus Plain and of about 85,000 artificially drained heavy soils, lea
hectares in the (ukurova Plain. The ching with rice crop fzlowed by irri
general character of the soils is given gated pasture gave the best results 
in Table 2: Saturation percentage, (Table 9.) 
76.94-98.33; ECe x 10' 14.38-36.07; 
ESP, 26.60-30.46 within a 90-cm soil snthese trials, 0.3-0.55 per cent of 
profile. The effects of winter rains, salt w l er o 0ice p erligh(40 lechinhavy ea-cent by two years of rice crop andmm. 
cig (6achi5gmm, an eaf ean to 0.09-0.16 per cent within a 120-cmwih 4605 min), sudaalr an soil 	 profile by the following irrigatedKgDk manure on soil salinity and pasture. ESP 	 values to indicate thealkalinity are summarized ini table 8. changes of soil alkalinity are notavailable, but 	 the appreciable lower

2. 	 Field Experiments Conducted by the Tar- ing of soil paste pH, especially with
sus Irrigation Research Institute at the in the first foot of the soil under ir-
Alifaki Salinity Recmiation rigated pasture (Table 10), may be 
Station. Field experiments at Alifaki were an indication of the Na+ removal. 
started in 1953. Various leaching, amend- The effects of rice and irrigated pas-

TABLE 7. EFFECT OF VARIOUS RATES OF GYPSUM APPLICATIONS AND 200 MM OF LEA-
CHING WATER ON SALINEALKALI SOILS OF ORGANIC ORIGIN, KARASAZ-KAYSERI. 

(SOIL AND FERTILIZER RESEARCHI INSTITUTE-ANKARA). 

Treatment ECe x 10' 	 ESP 

E Depth of Sampling (cm) Depth of Sampling (cm) 

0-30 30-50 50-80 80-110 0-30 30-50 50-80 80-110 

Check 1 8.31 21.06 21.06 4.99 16.65 8.95 8.90 4.62 
2 4.31 4.71 3.34 3.75 1.29 5.00 7.66 1.79 

Gypsum 1 
(80 Kg/Dk) 2 7.74 9.46 8.11 7.01 1.79 4.57 1.62 3.59 

Gypsum I 
(320 Kg/Dk) 2 3.50 6.38 6.17 6.18 1.83 3.61 2.36 2.10 

Date of Sampling: (1) 26/9/1959 (Before leaching); 
(2) After the leaching of winter rainfall plus 200 mm. water). 
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TABLE 8. EFFECT OF CHEMICAL AMENDMENT, LEACHING WATER TREATMENTS AND
 
ALFALFA ON HELVACI CLAY-ALIFAKA, TARSUS (SOIL AND FERTILIZER RESEARCH
 

INSTITUTE-ANKARA).
 

Date ECe X 10' ESP Alfalfa 
of yield

of sampling (Cm.) dryweight
Treatments of Depth of sampling (Cm.) Depth 

Sampl- rwih 
ing 0-30 30-60 60-90 90-120 0-30 30-60 60-90 90-120 kg/dk) 

Heavy Leaching (615 mm.) 

1 23.97 36.66 35.02 - 23.23 28.27 43.17 -


Check 2 2.61 18.66 29.32 23.89 24.21 24.81 28.49 28.59
 
3 4.46 26.04 27.11 25.34 13.14 14.44 25.65 24.77 21.80 

34.85 38.85 - 24.85 32.87 
Gypsum 1 26.18 32.45 


(460 kg/dk) 2 2.49 16.59 16.99 17.47 20.29 32.79 31.68 27.54
 
3 5.32 16.36 15.22 13.29 5.98 21.79 25.40 29.44 23.10 

i 36.28 44.18 413.92 - 29.40 37.07 47.00 -
Manur 2 2.26 19.50 28.29 22.56 10.57 26.28 32.59 21.17 

(2800 kg/dk) 3 3.61 22.19 27.04 24.74 18.40 17.40 23.80 24.41 20.50 

32.35 - 23.50 34.25 33.50 -
Sulphur 1 51.83 38.59 

22.85 16.02
(64 kg/dk) 2 2.68 17.77 18.41 18.32 18.42 23.29 

3 4.68 19.79 18.04 21.64 11.22 19.40 21.05 25.34 20.00 

LIGHT LEACHING (400 mm.) 

1 23.97 36.66 35.02 - 23.23 38.27 43.17 -


Check 2 5.33 18.85 23.43 23.29 23.66 32.37 28.95 36.43
 
3 5.43 17.92 23.12 23.59 17.63 25.60 27.13 24.15 39.00 

1 26.18 38.45 38.85 - 24.85 32.87 34.85 -
Gypsum 2' 3.29 25.56 27.01 22.01 11.10 31.69 34.76 24.42 

3 5.79 25.40 27.68 27.04 19.01 26.73 34.56 31.46 25.00 

37.07 47.00 -
Manure 1 36.28 44.18 43.92 - 29.4C 

2 5.08 24.49 28.95 27.49 25.51 34.87 42.68 34.41 
2800 kg/dk) 3 4.39 23.64 26.59 25.92 12.79 23.22 33.86 26.93 25.00 

23.50 34.25 33.50 -
Sulphur 1 51.83 38.69 32.35 

5.10 25.70 22.11 20.40 21.86 34.00 33.08 36.07(64 kg/dk) 2 
( 3 4.48 20.16 20.60 17.78 8.96 14.15 20.59 15.04 29.00 

D. Date of Sampling : (1) 20/1/1959 (before leaching); (2) 6/11/1959 (After leaching with 333mm. 
rainfall plus 615 mm. water in heavy leaching and 400 mm. in light leaching); (3) 17/10/1960 (490.3.mm 
rainfall plus irrigation water for alfalfa that was seeded in 15/4/1960). 

Leaching Water: Water used for heavy leaching contained 15% and light leaching 30% drainage 

water to maintain the soil permeability. 
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Figure 2. Distribution *of soil salinity in a 
transverse field cross section through open drains 1.5 Figure 3. Distribution of soil salinity in a trans
meters deep spaced at 150 meters following two verse field cross section through open drains 1.5 me
years leaching with rice followed by two years ir- ters deep spaced at 60 meters following three years 
rigated pasture. Alifaki, Tarsus. leaching of rice. Alafaki, Tarsus. 

(Irrigation Research Institute, Tarsus). (Irrigation Research Institute. Tarsus) 
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TABLE 9. EFFECT OF TWO YEARS OF LEACHING WITH RICE FOLLOWING IRRIGATED 
PASTURE ON SOIL SALINITY (LHELVACI CLAY), ALIFAKI-TARSUS. (IRRIGATION 

RESEARCH INSTITUTE-TARSUS). 

j Treatment and Dates of Sam pling 0o30 
0-30 

30l60 
30-60 

-
60-90 

90r120 

90-1!20 

Before leaching (April 12, 1957) 
After first rice Crop (Nov. 11, 1957) 
After second rice Crop (Nov. 5, 1958) 
Before pasture (April 8, 1958) 
After one year pasture (Nov. 5, 1958) 
After two year pasture (Mar. 17, 1959) 

0.36 
0.26 
0.13 
0.16 
0.12 
0.09 

0.44 
0.32 
0.19 
0.23 
0.17 
0.14 

0.50 
0.46 
0.25 
0.26 
0.16 
0.16 

0.55 
0.51 
0.25 
0.28 
0.17 
0.15 
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6,1957, FOLLTABLE 10. EFFECT OF IRRIGATED PASTURE EET " ISHED ON NOVEMBER 

OWING TWO YEARS OF LEACHING WITH RICE' 1 SOIL PH AS A CRITERIA OF ALKALI 

NITY (FtELVACI CLAY). (IRRIGATION RESEARCH INSTITUTE - TARSUS). 

Depth of Sampling Dates of Sampling 

(cm.) Ap. 8. 1958 Nov. 5,1958 Mar. 7, 1959 Oct. 6,1959 Ap. 28, 1960 

8.0 7.3 7.00-30 7.J 7.7 
7.830-60 7.9 7.9 7.7 7.8 

7.7 7.7 7.7 7.7 7.860-90 
7.8 7.8 7.8 7.8 7.890-120 

TABLE II. GROUNOWATER AND SALINITY INDICATOR PLANTS IN TIlE ALIFAKI AREA 

(SALINE-ALKAII WET AND HEAVY SOILS - HELVACI CLAY - ALIFAKI) (IRRIGATION 
RESEARCH INSTITUTE- TARSUS). 

Drainaue and Salinity 
Relation of the Indicator

CharacteristicsPlant 1a tPlants with Soil Salinity 
Salinity Depth to Water- and Watertable 
EC x 10) table cm. 

Typha Latifolia
 
(Cattail) 5-8 0-20 Waterlogging
 

Tamarix Gallical 30-35 50-60 High water table and wet profile
 
(Tamarisk)
 

Prosopis 7Low water table and salinity where 
Stephaniwna (Mesquito) 7 100-150 it is vigorous 

Statice Limonium 7-10 25-75 High water table or wet profile and 
(March Rosemary) low salt 

Salicornia 30-50 25-90 High water table or wet profile highly 

Herbacea (Samphires) saline 

Cressa Cretica
 
(Cressa) 10-30 50-00 High salinity
 

TABLE 12. EFFECT OF WINTER RAINFALL ON SOIL SALINITY AT FIELDS LEACHED
 
WITH RICE IN 1957 AND 195Q, TARSUS-ALIFAKI
 
(IRRIGATION RESERCH INSTITUTE-TARSUS)
 

Rainfall Total Soluble Salts-Per centDate of 
Sampling (mm) 6-30 cm. 30-60 cm 60-90 cm 90-120 cm 

Nov. II. 1957 0.26 0.32 0.46 C.51
 

May 12, 1958 502.9 0.68 0.16 0.30 (1.22
 

Mar. 20, 1959 433.9 G.06 0.09 0.12 0.12
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TABLE 13. EFFECT OF WINTER RAINFALL ON SOIL SALINITY UNDFR VARIOUS AMEND
 
MENT TREATMENTS, TARSUS-ALIFAKI. (IRRIGATION RESEARCH INSTITUTE-TARSUS).
 

Treatment 

Before being leached 
rain ECex 10' 

with After being leach,-d with 333 
rainfall ECex 10' 

mm 

0-30 30-60 60-90 0-30 30-60 06-69 

Check 
Gypsum (460Kg/Dk) 
Sulphur (64Kg/Dk) 
Manure (2800Kg/Dk) 

23.97 
26.18 
51.83 
36.28 

36.66 
32.45 
38.59 
44.18 

35.02 
38.85 
32.35 
43.92 

2.61 
2.49 
2.68 
2.26 

18.66 
16.59 
17.77 
19.50 

29.32 
18.99 
18.41 
28.29 

TABLE 14. EFFECT OF WINTER RAINFALL (522.6MM) ON SOIL SALINITY (ECex10) UNDER
 

ARTIFICIAL DRAINAGE W1'iIHOUT ANY LEACHING AND AMENDMENT APPLICATION,
 
TAnSUS-ALIFAId. (IRRIGATION RESEARCH INSTITUTE-TAtsUS). 

Depth of Sampling Dates 

Sampling Nov. 8, 1960 F May 30, 1961 Nov. 19, 1961 

0-30 16.85 6.36 7.66 
30-60 20.29 19.13 15.56 
60-90 23.37 24.34 18.95 

90-120 22.19 23.43 18.60 

TABLE 15. EFFECT OF WINTER RAINFALL ON EC X 10 OF THE AMENDMENT APPLIED 
AND LEACHED PILOTS, MENEMEN-r ESIHKOY. (SOIL AND FERTILIZER RESEARCH 

INSTI TUTE-ANNAIKA). 

After artificial leaching After 453 mm winter 
Treatments but before winter rainfall rainfall 

0-30 cm 30-60 cm 60-90 cm 0-30 cm 30-60 cm 60-90 cm 

Light leaching check 4.79 23.33 59.26 2.44 13.02 37.94 

Sulphur 4.30 7.26 2.41 2.69 2.05 1.79 
H-12SO4 2.83 13.85 45.31 1.87 1.86 1.96 

Ca S04 3.70 3.71 8.40 1.06 1.79 2.20 
Heavy leaching check 2.50 2.51 1.54 1.03 1.21 1.18 

Sulphur 5.53 3.64 2.80 1.66 1.93 2.07 
Ca S04 2.19 2.82 2.82 1.09 1.62 1.35 
Manure 4.28 6.78 19.91 2.14 2.75 6.01 

ture on soil salinity on large field advantage for reclamation procedures. 

plots encircled by open drains can Except for the first 20 cm, the soil 

also be observed in figures 2 and 3. profile down to one meter in depth 
The natural gypsum content of these indicates negative SCR values, ac
heavy saline-alkali soils is of great cording to SCR = Exc. Na + 
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CaSO4.2H20, where all values are 

,,r.e/100 gr. soil, units. 

(b) Groundwater and Salinity Indicator 

Plants: The survey to determine the 

groundwater and salinity indicator 

plants in Alifaki was initiated by 

Prof. Hikmet Birand and Muzaffer 

Alap in 1952. and later extended and 

developed by Muzaffer Alap and Oz-

demir Beyce in 1959; it was published 

in 1960. Table II lists the grounwater 

and salinity indicator plants of the 

Alifaki area. 

1I1. 	 CONCLUSIONS 
A. 	 Survey and experimental results indicate 

that the cause of salt accumulation in 

Turkey is the lack of sufficient surface 

and subsurface drainage rather than-with 

a few exceptions-parent material and cli

mate. At all experimental plots, winter 

rains leached remarkable amotnts of 

salts following artificial drainage, as is 

shown in Tables 12. 13, I' md 15. 

B. 	 Arplication of chemical it ilents has-

tens the removal of salt and alkali. Sig-

nificant lowerings were also obtained in 

check plots and leaching with a crop 

treatment. At Tarsus. 250-300 Kg/Dk of 

rice crop could be obtained along with 

the leaching of salts in the first year. Ac-

cording to these reliable experimental re-

suits, the cures for Turkey's salt-affected 

soils may be listed as follows: 

I. 	 Artificial subsurface drainage is es-

sential for reclamation. 
2. 	 Fortunately, Turkey's alkali soils are 

rich in Ca salts. Established rice, 

pasture or green manure crops or the 

application of organic matter will 

correct the undesirable physical and 

chemical properties through their 

effects on natural Ca salts. 

3. 	 To maintain soil permeability and 

increase the solubility of less-soluble 

Ca salts, drainage water or saline wa-

ters mixed with leaching water on ar-

tificially drained saline-alkali soils 

are 	beneficial during the initial phases 

of leaching. 
C. 	 The two research institutes mentioned here 

will direct their future studies to determi

nation of the reclamation potentials of sa

line and alkali soils located in other parts 

of Turkey, along with plant-soil-and-cli

mate relationships in problem areas. 

D. 	 The Topraksu General Directorate, re

lying on the results given have and on 

future Studics, will tho clamau..dcrta-. . 

tion of abandoned ,oils for the welfare of 

Turkish farm people in such a way as to 

food 	 and livingprovide them with better 

standards. 
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Part II 

CONSUMPTIVE USE RESEARCH
 

I. INTRODUCTION consuming. The results of such research and 
The consumptive use of water involves measurements, along with meteorological ob

problems of water supply, both surface and servations, provide basic data for computing 
underground, and watershed management as water requirements for irrigated lands where 
well as those relating to the management and few or no data exce-t climatological ones are 
economics of multiple-purpose water projects available. 
such as those for irrigation, power, flood cont- A number of formulas - namely, Bla
rol and municipal use. ney-Criddle, Hargreaves, Penman, Thorwaite, 

The results of monthly determinations of Turc, etc. have been developed to compute 
evapotranspiration (consumptive-I :Se) for irri- consumptive use values using meteorological 
gated crops may be employed to plan irriga- data for similar areas. 1 he one most widely 
tion schedules and to estimate irrigation water used is the Blaney-Criddle formula. 
requirements for each crop for maximnum pro- In Turkey research work on this subject 
duction. Data on the monthly Use of water by started with the establishment of irrig:Ition re
vegetation are essential in planning irrigation search institutes or irrigation experiment sta
systems in arid and semi-arid regions. tions in 1948. There are now two working re-

The term ,consumLptive use)) or ,,evapo- search institutes (at Tarsus and Menemen) 
transpiration)) includes all transpiration and and two experiment stations (at Eskisehir and 
evaporation losses from land on which there 'umra) and their substations. During tt;eir 
is vegetative growth of any kind, plus evapo- early yeais these experiment stations lacked 
ration from free !and and water surface, necessary laboratories and equipment. There. 

Consumptive use is the best index of ir- fore their experiments were concentrated on 
rigation water requiremnents. The term (irriga- the amount of irrigation water, needed irriga
tion water requirements,)) refers to the amount tion frequency, irrigation time, and number of 
of water, exclusive of precipitation, that is irrigations. The Tarsus Irrigation Research 
needed for the production of crops. It.includes Institute initiated consumptive use studies in 
plant transpiration, evaporation, deep percola- 1957, having completed the required labora
tion, and other economically unavoidable was- tory. 
tes. 

A large part of the irrigation water ap- II. STUDIES OF THE TARSUS IRRIGATION 
plied to farm land is consumed through eva- RESEARCH INSTITUTE 
poration and transpiration. In field measure- A. The Irrigation Water Requirement of Cot
ments it is hard to separate evaporation from ton Plants 
transpiration and the two processes are usually 1. Purpose 
considered as one and called evapotranspira- a. To find the proper irrigation time 
tion or consumptive Use, and frequency for cotton. 

Actual measurements of consumptive use b. To determine the consumptive 
for each of the physical and climatic condi- use and irrigation water require
tions of any large area are expensive and time- ment of cotton. 
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2. 

3. 

4. 

Location. 360.55" north latitude, ele-

vation 11 meters. Soils: deep alluvial 

clay-loam soils of medium permeabi-

lity. Water table below two meters. 

Methods. A 5 X 5 Latin square de-

sign is applied with 18.34 X 9.35 = 

171.5 square-meter plots. Side effect 

is eliminated during the harvest by 

taking a 125-sq.m. plot size. 

Treatments. 
a. Check (non-irrigated). 
b. Soil roisturc near field capacity 

up to boll stage. From boll stage 

to boli-opening stage irrigated 

when soil moisture drops to wil-

ting point. 

c. Irrigated when the available 

moisture of the 0 - 60 cm. soil 

Time of irrigation was decided ac

cording to the moisture content at a 

0-60 cm soil depth, where the plant 

roots are most dense. 

The amount of water applied 

was estimated as sufficient to bring a 

0-90 cm soil depth to field capacity, 
and water was measured by using re

cording water gage. while irrigating. 

Twelve faucets were installed on an 

iron pipe, with each faucet opening 

to a furrow. Water passing through 

the water gage and the pipe was de

livered to the furrows, with these fau

cets using a portable motor-pump. 

Soil moisture before seeding and 

after harvest, and amount of precipi

tation during the growing period, were 

d. 

e. 

depth drops to 50 per cent. 

Irrigated when available moisture 

drops to the wilting point up to 

boll stage. Following the boll 

stage, soil moisture near field ca-

pacity. 
Irrigated when the plant leaves 

show indications of wilting at 8 

9. 

10. 

measured and recorded. 

Cultial Prnctices. The experimen

tal plots were handled with tht far

ming methods usual in the region, 
such as listing, hoeing, furrowing, 

spraying and dusting. No fertilizer 

was used for three years. 

Conclusion. Statistical analyses were 

5. 
6. 

o'clock in the morning, 

Duration. Three years (1957.1959). 

Seeding. Cotton seeds are drilled 

with 85-cm row spacings. Tinned to 

made each year of seed cotton yields 

for each treatment. The highest yields 

were obtained from Treatment C for 

the three years, followed by Treat

25-30 cm. on the rows ment B. The same results were true 

7. Cotton Variety. The variety seeded 

was Acala 130/292. It was the selec-

tion of the Adana Cotton Breeding 

for all three years. Degrees of varia

tion were even significant at the one 

per cent level. The conclusions rea-

Institute and was seeded widely in ched are: 

8. 

(;ukurova. Now Coker 100 is taking 

its place. 
Soil Moisture Control and Irrigation. 

a. 

b. 

There is a significant variation 

among the treatments. 
Cotton yields are increased by ir-

Soil moisture samples were taken rigation in Qukurova. The highest 

weekly from one plot of each treat-

ment from the time of seeding to the 

yields are obtained by 

ing the availfble soil 
maintin
moisture 

time of harvest. Soil moisture sam- above 50 per cent. From four 

pies are taken down to a 90cm soil 

depth with 30 cm intervals. Three 

samples representing each depth were 

taken to the laboratory for measure-

ment of moisture content. Tensiome-

c. 

to five irrigations are required 

to keep the moisture at this desi
red level. 

The consumptive use of cotton 

within a growing period under ir

ters were also installed in the plots. rigated conditions varies from 
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480 to 692 mm, and is approxi-	 Table 17. 
mately 554 mm. The highest con- 12. Monthly Consumptive Use Coeffi
sumption is in luly and August, cients. Monthly consImpive use 

this is the flowering and boll pe- coefficients for cotton are estimated 
riod of the cotton. Within that by the Blaney-Criddlo formuk, using 
period daily consumptive use is meteorological records. This formulIa 
about 8 mm. in metric units is: 

Three-year results of the ex- U is k.f. 
periment are summarized in Ta- f is P (1.8 t + 32) 25.4 
ble 16. The influence of the 100 
groundwater is probably for the U is seasonal consumptive use 
first year. (mm) 

II. 	 Monthly Consumptive Use. The va- u is monthly consumptive use 
lues for Treatment C, which provided (mm) 
the highest yields, are used to estimate f is monthly consumptive use 
the monthly consumptive use. The factor 

estimates are based on soil moisture t is monthly mean temperature 
contents, amount of irrigation water (C") 
applied and precipitation within the k is monthly consumptive use 
seeding-harvest period. coefficient 

The values obtained by using p is the monthly per cent daytime 
1958 and 1951) records are given in hours of the year 

TABLE 16. TIlE MEASURED MONTHLY CONSUMPTIVE USE OF CONTROL. 

Treatments Yields (Seed Cotton) Seasonal Seasonal Number 
kg/Decare Consumptive Irrigation of 

Use, mm. Water, mm, Irrig. 

A 87 166 - -

B 141 443 295 3-4 

C 153 585 432 5 
D 109 434 304 3 
E 90 164 - -

TABLE 17. MONTHLY CONSUMPTIVE USE OF COTTON IN 1958-1959 

Month 	 1958 1959 Remarks 

mm 

April 	 42 20 Consumptive use for 22 days 
May 	 100 60 

June 	 136 78
 

July 	 180 151 

August 	 188 149 

September 	 46 48 Consumptive use for 25 days 

October 	 - 6 Consumptive use for 6 days 
Total for growing period 692 511 Growing period 170 days in 1958, 180 days in 1959 
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TABLE 18. MONTHLY CONSUMPTIVE USE COEFFICIENTS, K. FOR COTTON IN 1958.
 

Months 	 t p 

April 16.9 8.85 

May 21.4 9.8! 
9.83June 24.2 

July 26.5 9.99 

August 	 27.7 9.40 

September 	 23.7 8.36 

Total Seasonal 	 - -

TABLE 19. MONTHLY CONSUMPTIVE USE 

Months 	 t p 

April 17.6 8.85 

May 21.3 9.81 

June 23.9 9.83 

July 26.5 9.99 

August 26.7 9.40 

September 23.0 8.36 

October 18.2 7.85 

Total Seasonal 	 - -

B. 	 Irrigation Water Requirement of Peanuts 
This experiment was conducted to termi-
nate an experiment made in 1954.1956. 

This pre-testing indi :ated that highest 

yields are obtained with four 100-mm ap-
plications. The purpose of the following 

one-year experiment was to determine the 

irrigation frequency and consumptive use 
of peanut plants. The experimental plots 
were located on deep alluvial clay-loam 

soil with medium permeability and a wa-
ter table below 120 cm. A 4 X 4 Latin 
square design was used. The treatments 
were: 
1. 	 Four 100-mm water applications. 
2. 	 Irrigated when the available moisture 

of the 0-60 cm. soil depth dropped to 
50 per cent of field capacity. 

f u k uf Remarks 

100 42 0.40 22 days 

176 100 0.60 

190 136 0.70 

229 180 0.80 

197 188 0.95 

135 46 0.35 25 days 

1027 692 0.67 170 days 

COEFFICIENTS, K, FOR COTTON IN 1959. 

f u k Remarks 

105 20 0.20 22 days 

175 60 0.35 
187 78 0.45 
202 151 0.75 
191 149 0.80 
156 48 0.30 
25 6 0.25 6 days 

1041 511 0.50 181 days 

3. 	 Irrigated to keep the available mois
ture of the 0-60 cm. soil depth near 
field capacity up to the formation of 

gynophores. From the formation of 

gynophores to harvest, irrigated when 
available moisture drops to wilting 

point. 
4. 	 Irrigated when the available moisture 

of the 0-60 cm. soil depth dropped to 
wiiing point up to the formation of 

gynophores. From the formation of 
gynophores to harvest, irrigated to 
keep the available moisture near field 
capacity. 

Plot 	 sizes were 7 X 18 = 126 
sq.m. during the seeding and 5 X 
16 = 80 sq.m. at harvest. Moisture 
controls, irrigations, records and sta
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tistical analyses were similar to those the irrigation frequency and irrigation 
for 	cotton. water requirements of tomato plants. 

Statistical analysis indicated that Experimental plots were loca t e d 
Treatment B provided the highest on deep, alluvial clay - loaan soils 
yields and was significant at the i-per with medium permeability and a water 
cent level. table below 2 m. A 5 X 5 Latin square 

The experimental results are design was used. The treatments were 
summarized in Table 20. as follows: 

Soil moisture, irrigation, precipi- 1. Irrigated when the available moisture 
tation and meteorological records for of the 0-60 cm soil depth dropped to 
Treatment B were used to estimate 50 per cent all through the growing 
the monthly consumptive use and period. 
coefficients, using the Blaney-Criddle 2. Irrigated when the available moisture 
formula. The results are given in of the 0-60 cm soil depth dropped to 
Table 21. 50 per cent up to the formation of 

C. 	 Irrigation Water tequirement of Tomato fruit. From the formation of fruit to 
Plants harvest, irrigated at 25 per cent of 

This experiment was conducted at the available moisture. 
the Tarsus Irrigation Research Institute in 3. Irrigated when the available moisture 
1958-1960. The purpose was to determine of the 0-60 cm soil depth dropped to 

TABLE 20. RESULTS OF CONSUMPTIVE USE EXPERIMENTS FOR PEANUTS. 

Treatments Yields Seasonal Seasonal Number 
KIg/Decare Consumptive Irrigation of 

Use, mm. Water, mm. Irrigations 

A 203 563 400 4 
B 222 475 330 8 
C 150 384 236 5 
D 196 462 328 7 

TABLE 21. MONTHLY CCNSUMPTIVE USE COEFFICIENTS, K, FOR PEANUTS IN 1957. 

Months 	 t p f u k u Remarks
f 

April 20.5 8.8S 105 43 0.30 22 days 
May 20.5 9.81 171 68 0.40 
June 	 25.6 9.83 195 79 0.40 
July 	 27.4 9.99 206 97 0.50 
August 	 27.6 9.40 195 100 0.50 
September 	 25.4 8.36 165 62 0.35 
October 	 22.1 7.85 72 26 0.35 15 days 

Total Seasonal -	 1109 475 0.45 190 days 
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Months 

April 
May 
June 
July 
August 

Total Seasonal 

TABLE 22. CONSUMPTIVE USE COEFFICIENTS FOR TOMATOES. 

1958 	 1959 1960 

uu 
u f f u f k u f 

30 (a) 42 0.70 .. 
207 176 1.20 135 (c) 141 0.95 75 (c) 120 
255 190 1.34 178 187 0.95 180 190 
228 229 1.00 203 202 1.00 195 -06 
85 (b) 96 0.90 113 (d) 146 0.80 - 

8905 733 1.10 629 677 0.95 450 516 

(a) Consumptive use for 10 days in April - 1958 
(b) Consumptive use for 15 days in August - 1958 
(c) Consumptive use for 25 days in May - 1959 
(d) Consumptive use for 24 days in August - 1959 
(e) Consumptive use for 20 days in May - 1960 
(g) Expected mean consumptive use maximum 5 mont growing period. 
(h) Mean consumptive use for 103-day growing period. 

Average 
for three 

years 
u 
f U k 

- 90 0.70 
065 139 0.95 
0.95 204 1.10 
0.95 209 1.00 
-	 141 0.85 

783 (g) 0.95 
0.87 	 628 (h) 1.00 



25 per cent up to the formation of E. Present and Future Studies 
fruit. From the formation of fruit to In addition to those experiments dis
harvest, irrigated at 50 per cent of cussed above, the Tarsus. Irrigation Re. 
the available moisture, search Institute is conducting the experi

4. 	 Irrigated when the available moisture ments listed below which will make some 
of the 0-60 cm soil depth dropped to consumptive use data available: 
25 per cent all through the growing 1. Experiments with three factors: va
period. 	 riety, fertilizer and water, in one sin

5. 	 Check. Irrigated only once for trans- gle design on cotton and tomatoes. 
planting. The Redcloud variety (ori- 2. Experiments with two factors, ferti
gin U.S.A.) was used because it has lizer and water, in one single design 
given high yields and good qualily in 	 on beans and strawberries. 
the region. Moisture control and irri- 3. Determining the consumptive use of 
gation records and statistical analyses mandarines and oranges. 
were similar to those for cotton. The 4. Determining the consumptive uses of 
statistical analysis was based on the other crops of the region by the 
yields. Highest yields were obtained soil moisture depletion method. 
from Treatment 2. The yields varied Discussion: The average soil mosture in the 
from kcg/dl,. Six to eight2.000-4.0002.000-4.000 re Sixo beit cm. used 

irrigations were required for best re
frriom s d 	 upper 60 was as a criterion for de

sults. The consumptive use for Treat- termining time of irrigation. Where amend
ments are required, the cost of reclamation is

ench 2er,fro trnslan aravest difficult to estimate because gypsum is noteach year, thle three year averages for 
now available on a mass-produced basis. One 

monthly and seasonal consumptive alkali area is in Western Turkey, as reported 
use, and the consumptive coeffi- by Bozkurt, on the Menemen Plain. Further 

reclamation appears feasible by simple lea-
D. 	 Consumptive Uce of T,'ean Plants ching by the winter rains. For the organic 

In 1960, the consumptive use of soy- soils in Southern Turkey, successful reclama
beans (origin: Germany) was determined tion resulted from using gypsum. As to time of 
by the soil moisture depletion method. reclamation at Menemen, they were successful 
Two irrigations were made within the in two years. A topographic map shows that 
two-month growing period. Bean plants all of the problem locations have poor drain
used 204 mm water. age. Most involve surface and sub-surface drai-

Monthly and seasonal consumptive nage. It is difficult to find drainage outlets. 
use and consumptive use coefficients are High priority must be given to reclaiming and 
summarized in Table 23. preventing salinity in fertile soils. The farmers 

TABLE 23. CONSUMPTIVE USE OF SOYBEANS, 1960. 

k = UMonths u f 

May 	 108 184 0.60 
June 	 98 190 0.50 

Total Seasonal 206 374 0.55 
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are very mi'ch interested in reclaiming ,)1eir 
soils. However, the first step is to provide 
trunk drainage outlets so that this will b- pos-
sible. 

Boron is found in many places, especially 
near volcanic areas or areas of volcanic 
springs. The level to which boron must be 
lowered depends on the crop. For citrus it 
must be very low. The greenhouse is studying 

ii 

i! ....
 

the boron tolerance of various crops and it is 
hoped that these results will be published this 
year. The literature shows that more water is 
required to lower boron than for salinity. Good 
results have been obtained in lk .... ing boron. 
Dr. Asghar feels that green manure has no 
effect on lowering exchangeable sodium and 
it is also difficult to grow green manure on 
sodium soils. 

.. dl....
 

Soil and FortilizerResearch Institute - ANKARA 
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PROGRESS OF LAND RECLAMATION IN WEST PAKISTAN
 

by
 

Dr. A. G. Asghar
 

Land reclamation research in West Pakistan 

since the last Seminar continued on the following 
subjects: 

(1) Water quality. 
(2) 	 Salt tolerance of crops. 
(3) Consumptive use. 
(4) 	Re-appearance of salts after reclamation, 
(5) 	 Lysimeter studies - crop planning for sa-

linity control. 

(6) 	 Economics of land reclamation, 
(7) 	 Feasibility of cropping patterns, 
(8) Agronomic practices. 
(9) 	 Salinity statistics-sample salinity survey, 

(10) 	 Drainage studies. 
A brief statement of the results of these studies 

is given below. Detailed discussions on the subjects 
are given in the various research publications. 
(1) 	Water Quality 

(i) Saline characteristics of waters in old ca-
nal colonies of West Pakistan.' 

Chemical quality of waters from surface sour-
ces, shallow and deeper aquifers in old canal colo-
nies of West Pakistan has been described. The 
saline characteristics of waters in different areas 
manifesting distinct properties have also been tra-
ced and their geochemical origin studied. The ri-
ver waters are of very good quality and the wa-

ters available in high water-table areas are such 
that these can either be used for irrigation directly 
or by mixing with cana! water in 1:1 ratio. The 
areas near the rivers where over-spills often take 
place,, have good quality water. Seepage from ca-
nal also effects the water quality favourably. The 
saline characteristics of concentrated waters in 
Rechna Doab are different from those of Chaj 
Doab. In Chaj Doab the highly mineralised waters 
bear direct relation with sea waters while those in 
Rechna Doabs reveal that they are the result of so-

lution of a saline residue and waters from surface 
sources. 

(ii) An exhaustive note was submitted to the 
West Pakistan Flood Commission containing detail 

of the amount of soluble salts drained by the In
dus and is tributaries during the snow melt period. 
during monsoon rain when land wash predomina
tes into the river flow and during the six winter 
months when some contribution takes place from 
the valley storage and salts of the alluvium depo
sited in soils are also drained into the water. 2 

(iii) A brief note giving the salt content of 
the Indus and its tributaries up to Kurrum was 
published in the Indus.' 

(iv) It is generally believed that working of 
deep tube-wells will deteriorate the aquifer and con
vert its water into saline. Data of the 1500 tube
wells of Rasul Project were collected. A compa
rison of conductivity of their waters observed in 
1946 or 1954 with that existing in 1961 showed that 
except in areas with highly saline ground water, 
where the conductivity has increased by 30 to 60 
per cent, in all other areas the increase in conduc
tivity was within 10% and in some cases improve
ment in conductivity up to 30% was noted.' 

The 	 conception that generally the water qua
lity of acquifer improves by pumping has been con
firmed from tube-wells working in highly saline 
water of Gaja areas which has exhibited improve
ment in water quality aite. ".,k;,ig for about 11 
mo.ths5 

(2) 	Salt Tolerance of Crops 
Information in respect of the salt tolerance of 

food and fibre crops of West Pakistan is meagre. 
Studies were carried out to get information on the 
salt tolerance of Egyptian clover (Berseem), gram 
and barley.' 

Berseem, gram and barley were sown in non

224 



salinized plots at the usual sowing time. Saliniza-
tion of the soil was achieved by applying saline wa-
ter of 19 different qualities prepared by the addi-

tion of sodium chloride, sodium sulphate, sodium 
bicarbonate, calcium chloride and magnesium sul-
phate in different proportions. Three replications 
were provided for each treatment, including the 
control. In all, 6G plots were used for each crop. 
In the control plots groundwater was used. 

Egyptian Clover (Berseem). The yield of the 

crop under different saline irrigations indicates that 
there is a decrease in yield with the increase in the 
conductivity of the irrigation water. At 1500 con-
ductivity there is about 4% decrease. The yield 
decreases by 52% at a conductivity of 8000. 

Berseem like sugarcane is a high delta crop. 
It is significant that in both these crops the yields 
fall by about 50% at 8000 conductivity. 

Gram. The yield of the crop decreases with 

increase in the conductivity of the irrigation water. 
At 1500 conductivity a decrease of 5% has been 
observed and at the highest conductivity of 10.000 
the yield is reduced by 55%. 

Barley. The decrease in yield of the crop is 
similar to that of gram. Like gram this is also a 
low delta crop. 

The curves of berseem, gram and barley inter-

set each other at a conductivity of 8000. Before 
and beyond this point of intersection all the three 
curves follow an independent path. This is signi-
ficant as it indicates that at 8000 conductivity the 
crops are effected to a similar degree. For the sake 
of comparison, the results for wheat, cotton and 
sugarcane are also reproduced.7 

Accumulation z' salines. The drainage 
provided in each case was 6.3%. 5.9% 
19.35% and 26.37% in case of berseem, wheat, cot-
ton and sugarcane respectively, of the consumptive 

use of water required for the growth of crops. 
Even with this excess delta the accumulation of sa-
lines has been observed, for the of different crops 
as under: 
1. Berseem = .08% at conductivity of 2000 
2. Wheat = .01% 
3. Cotton = .03% 
4. Sugarcane = .02% 1 
5. Barley = .075% 3500 
6. Gram = .025% 3500 

According to the formula for determining the 
leaching requirement given by U.S. Salinity Labo
ratory, assuming the permissible conductivity of 

drainage water as 8000 the leaching requirement 
with conductivity of 2000 works out to 25%. In 
the present study it has been observed that even 
up to a drainage of 26.37% for sugarcane water 
of conductivity of 2G00 causes accumulation of sa
lines in the soil. The computation does not take 
the salt content of the soil into consideration for 

which the leaching requirement would be addi
tional. 
(3) Consumptive Use and Application 

(i) Knowledge of optimum water require
merts for different crops under variable soil and 
meteorological conditions is essential to grow suc
cessful crops. In order to supply these require
ments it is also essential to use efficient irrigation 
practices so that there nay be minimum wastage 

of irrigation water. The water requirements for 
crop production are generally considered to consist 
only of the moisture requirements for growth of 
the plant. The soil problems that arise in arid re
giorn:. have beyond doubt shown that for sustained 
crop production the water requirements consist also 
of the requirements of the soil. However, informa
tion on the first mentioned requirement which goes 

under the name of consumptive use has got to be 
obtained to supply the soil its full requirements. 

Work to determine the consumptive use of 
water by different crops and the efficiency of dif
ferent irrigation practices has been taken up at 
some of the experimental farms of the Land Rec
lamation Directorate. The results obtained for cot
ton crop at the Jagattan Farm in Lyallpur District 
are reported.' 

Consumptive use of moisture by the crop was 
studied using three irrigation practices, viz, furrow 

with syphon, furrow without syphon and flooding 
with results of 19.93", 20.24" and 21.09" respectively. 
The con-,umptive use was 76, 80 and 77 per cent of the 
moisture supplied by irrigation and precipitation. 
This shows that the moisture holding capacity of 
the soil in the plots under different irrigation prac
tices as well as the consumptive use was more or 
less equal. 

The efficiency of irrigation by the different 
methods was 75 per cent, 67 per cent and 53 per 
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cent respectively for the three irrigation methods. 
The difference between moisture applied and mois-
ture stored in the root-zone represents the conve-
yance losses at the farm, surface evaporation los-
ses and deep percolation which is desired for lea-
ching down salts in the soil profile. Basing calcula-
tions on the work of Blench, about 27 per cent 
of the water-course supply may be the absorption 
loss.' Another 10 per cent may be lost by evapo-
ration. Deep percolation from the irrigation plot 
would, therefore, be nil in the first two methods 
and about 10% in the case of flooding. Even this 
10%. may not serve the leaching objective if the 
application is not uniform and the moisture distri-
bution even. The yilds of seed cotton obtained 
were 1014 lbs., 979 lbs. and 868 lbs. per acre for 
furrow with syphon, furrow without syphon and 
flooding, respectively, and :his indicates more uni
form moisture distribution and intake of water 
with the first method. 

Calculations of the consumptive use of water 
by crops have been made by application of tht. 
Blaney-Criddle formula.' The values of temperatu-
res obtained from different stations are averages 
of the last ten years. The percentages of actual 
day time hours have been calculated from the data 
available for different stations, 

In order to get the value of coefficient K., 
consumptive use figure-s of the last 15 years obtai-
ned from the lysimeter experiments of the Direc-
tora.te of Land Reclamation, Lahore, were employ-
ed. Soil moisture studies were also conducted at 
Lahore, Lyallp-ir and Montgomery to get the va
lues of K., As a result of these and lysimeter stu-
dies it was observed that there is a fairly consistent 
value for K for each crop. The coefficient values 
so developed have been used to estimate the con
sumptive use requirements in other areas of West 
Pakistan. 

By the application of the values of t, p and k 
consumptive use of water has been calculated for 
the following crops and stations of West. Pakis-
tan. 

Crops 

Wheat, Cotton, Sugarcane, Maize, Toria, 
Gram and Lentil, Berseem, Senji, Shaftal, 
Chari and Guara. 

Stations 
Lahore, Lyallpur, Montgomery, Multan, 
Bahawalpur, Khanpur, Khushab, D. 1. 
Khan, Peshawar, Rawalpindi and Sialkot. 

Values of consumptive use, net irrigation requi
rements, irrigation requirements, water equirements 
have been obtained. The net irrigation require. 
ment has been calculated by subtracting rainfall 
from the consumptive use. The net rrigation re
quirements divided by the irrigation efficiency gi
yes the irrigation requirements of tbh: crop. Asgha: 
et n1r have shown that irrigation water applied
with different irrigation practices gives a mean 
farm irrigation efficiency of 65%. Accordingly cal
culations of irrigation requirements have been made 

on 65% irrigation efficiency. This amount of wateris required at the Outlet headgate. A, least 15% 

more water must be applied to keep the salts de
pres-z& In the crop and soil requiremnts this ad
ditional 15%1. of water has been inclu, .d. 

In order to arrive a the water , juirements, 
total precipitation during ti(e crop period has also 
been included. It has been assumed that I the 
precipitation during the crop period has been 
consumptively used. In these estimates it has also 
been assumed that the ground water is beyond the 
root-zo-e of the crop and does not make any 
coiltribution to the root-zone moisture. For high 
water-table areas, careful consideration should be 
given to the amount of moisture supplied to the 
crop by the ground water reservoir. 

The crop and soil requirement data arrived at 
on the basis explained above for each crop for dif
ferent stations range between the following values: 

Wheat 13.50" to 24.26" 
Cotton 30.37" to 49.21" 
Sugarcane 51.48" to 84.19" 
Maize 19.32" to 28.32" 
Rice 52.29" to 70.42" 
Toria 13.50" to 22.68" 

Gram & Lentil 15.20" to 26.48" 
Berseem 42.71" to 58.56" 
Senji 30.64" to 44.39" 
Shaftal 35.57" to 50.94" 
Chari & Guara 36.44" to 41.36" 
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(ii) Soil Evaporation. An estimation of the (4) Reappearance of Salts after Reclamation of 
order of evaporation from different soils, when Saline Soils by Leaching 
water-table is maintained at different depths, is im- Taylor had come to tie conclusion that un
portant not only to know the quantity of water lost der excessive irrigation or during rice ctivation 
from soil, but to obtain information on the rise of if the salts are Once %ashd dmwn L vond 1 
moisture through a soil column and the accumula- with %ater-table beyond 0, th0 SAl iwould not 
tion of salts within the root-zones, close to the sur

move towards the surface and there is no chanceface. About two years of experimental investiga- of tile area going saline afterwards. I e thought that 
tions conducted in nine tanks, each ha ing 25 sq. a field capacity zone exists heen the capillary 
ft. surface areas and depths of 5. 10 and 15 ft. and and pelliclar zoes ich act as a buffer and 
filled with three type of soils, Punjab typical soil, moisture would not move from the \ater-table to
silty soil and fine sand, havc so wn that theic is wards the surface. Any salt carrying moisture once 
sharp decrease in soil evaporation with depths of having moved fr)I top t) (he ,ater-table ha!; no 

" water-table. At depth of ten feet below Surface chance to come back towards the surface. He 
the rate of evaporation from soils or fine sand is based his views on the observations of Keen that 
hardly 2 to 5 per cent of tie surface evaporation, the pellicular zone in ;tsoil column cannot go be-
A 50% reduction of evaporation as comparcd to yond 6' depth. Asghar" found that the pellicular 
that from a free surface takes place when the wa- zone can be formed to a depth of II from the na
tor-table is at 0.9, 1.2 and 2.0 ft. depths in the fine tural surface indirect contact with the capillary 
sand, silty arid clay soils. The evaporation is ie- zone and under the capillary forces acting at the 
duced to 25% of tile surface evapoi ition when the surface under the Punjab conditions of tempera
water-table is 2.3, 2.8 and 3.5 ft. b, low surface in tire and humidity. Oii tie basis of this work he 
the above stated three soils. had stated that the reclamation of saline areas may 

If soil or fine sand is saturated to top and never be permanent. Recently Gardner arid Fire

then evaporation is allowed to take place, the wa- man" have shown tiat movement and evaporationof wat.'r is possible with water-table as dleep as 
ter-table falls briskly within the capillary zone so 

that in case of fine sand a fall of 2.0 ft. was 25, 30 feet or more and although the rate is slow 

registered in 3 days, 2.4 ft. in silty soil arid the accumulation of dissolved salts is possible. It is, 

the same order of fall was noted in clay soil. II therefore, clear that areas once reclaimed can notremain free of salts for a very long period. The 
case of fine sand, the brisk fall of water-table was salts which have once been washed down below 
soon reduced and it became steady. The brisk fall 

continued for about 3.5 ft. in silty soil after which 10' depdi appear again near the surface under the 

it became steady. In case of clay soil the brisk fall action of evaporating forces. 

continued to about 5 ft. followed by steady slow To examine the validity of either of these two 
fall. This study gives an insight into the rate of observations specific sites in various parts of ex
fall and rise of water-table with seasons. It also Punjab where land had been reclaimed from sali
proved that wherever, in waterlogged soils, water- nity by leaching were put under observation."; The 
table exists at a few feet below surface the pores results of these observations show that in the pre
contain considerable amount of moisture. sence of a large number of s(,il variables affecting 

salt movement a precise correlation on a field scale 
Along with these studies recording of soil tem- is difficult to obtain but observations and results 

perature from surface down to a depth of six ft. show that land once reclaimed can remain free 
was carried out under variation of season and po- of salts for 6 to 7 years or even for longer periods 
sition of water-table. The data on moisture con- in some cases but thereafter salts must re-appear 
tent was also collected. Analysis of both these on the surface. Experiments on lysimeters have 
items is yet to be performed. shown that rice, sugarcane and berseem add to 

the water-tab'e while cotton, wheat, gram and maize 
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respect to the removal of Observing that the exact quantitative amountare exhaustive crops with 
in water-table during anymoisture from water-table during their growth." of accretion or depletion 

From uncovered soil, at a mean temperature of crop cannot be accurately ascertained because the 

average evaporation of 18.6" results are susceptible to interference by a number75'F, theie is an 

which can cause migration of 650 tons of salt per of factors, some estimations were made to arrive 

acre per year to the soil surface. If crops are inclu- at the drainage under the commonly grown crops 

ded which provide some measure of drainage to of the province. The estima!ions are based on the 

depres- lysimeter data obtained with water-table at 10.5the sub-soil it 	is possib!e to keep the salts 

ed for all time and under all conditions. Depres- feet depth. 

sing the salts beyond 10' may be considered just The crop-, when arranged in ascending order 

as a safe limit beyond which the salts should be of magnitude of their drainages, occupy the folio

washed dos, n but it must not be .-egarded as the wing sequence: 

depth from where the salts cannot re- Gram - Toria - Chari (Fodder) - Wheat - Cot

(matured) - Sugarcame - Rice (unappear at the surface. As a matter of fact to save ton - Maize 

the labour and money on reclamation it is very paddled). 

take proper care in soil manage- On account of low available irrigation supplynecessary to 
ment and take suitable measures to prevent re-de- the crops falling in the end of above-mentioned 

terioration of soil resulting frcm upward movement series are raised on more extensive scale than those 

of salts. Only when the means and water resources in the beginning with the result that more subsoil 

for permanent reclamation are not available tern- moisture is depleted than the additions made to 

porary relief may be considered necessary. water-takie. This favours movemem of salts towards 

(5) 	 Studies in Lysiimeters the surface. 

Crop plannintg for saliniy control '. This As a solution it is suggested that the irriga

study in lysinieters shows the influence of low crop- tion delta should be enhanced at least to meet the 

ping intensity and smaller irrigation delta etnplo- water requirements of crops. The factors affecting 

yed for the principal cash crops on the rise of salts the water requirements have been discussed. 

in the soil profils and the conisequent deterioration Raising tile depth of irrigation from 3" to 4" 

of lands in the canal colonies of the former Pun- is recommended. The deltas proposed for various 

jab. 	 crops are given below: 

TABLE 1. PROPOSED WATER DELTAS FOR VARIOUS CROPS. 

Growing season Water delta
 
Name of in inches
 

__________________________________________________Remark 

crop. Average 

Sowing time Harvest time growth Prac- Pro
period tised posed 

41 months 7" 8"
Toria September Mid January 


Wheat Mid October to
 
Mid November April-May 6 months 13" 16"
 

Gram 	 September 
October April 6 months 4" 8" 4" after rice. 

Lentil 	 October
 
November April 6 months 4" 8" -do
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Name of 
Growing seison 

crop 

Sowing time Harvest time 

Barleys October 
November April 

Oats October 
December April-May 

Senji October March 

Berseem October May 

Shaftal October April 

Turnips September 
October December 

Lucern October 
November April-May 

Maize April 
July 

July 
October 

Rice June 
iuly 

October 
November 

Chari June-July September 
October 

Bajra Junc-July September 
October 

Guara June-July September 
October 

Cotton May-June Decembei 

June 

Sugarcane Marchi January 

Mong] 
Moth ' 

Mash J 
June-July October 

November 

Water delta 
in inches 

Average Remark 

growth Prac- Pro
period tised posed 

6 months 13" 16"
 

6 months 13" 16"
 

6 months 25" 32"
 

8 months 43" 56" 

7 months 37" 48" 

3 months 19" 24" 

8 months 49" 64" 

4 months 16" 20" 

34 months 60" 60" 

3 months 13" 16" 

3 months 10" 13" 

3 months 13" 16" 

8 months 22" 26" 

10 months 64" 84" 

3 months 19" 24" 
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Rotations are prescribed for high and low wa- after three to five years. The possible drainage un
ter-table areas to keep land covered for the maxi- der various rotations and water duties needed to 
mum period in a year. [he suggested rotations cater these are shown in the table below: 
for high water-table areas contain Rice coming 

TABLE 2. WATER REQUIREMENTS FOR VARIOUS CROPPING PATTERNS. 

Rotation Water- Water Per year 

Cropping duty table Drainage Surface Add: to 
intensity. (acre per for the appli- Total water

(cusec) rotation cation delta table 
1 2 3 4 5 6 7 8 

Inches Inches Ft. Ft. Ft. 
1. Chari + Guara-Wheat-Maize-Gram 200 292.0 104.02 27 4.3 2.5 1.1 
2. Maize-Guara (Green Manured) 

Wheat-Chari + Guara-Toria 302.1 58 2.4 

3. Chari+Guara-Guara (green manured) 
Wheat-Maize-Berseem-Cotton 200 177.6 148 4.1 

4. Chari + Guara-Wheat-Cottn/Berseem 200 156.4 156.0 44 6.5 4.7 1.8 
5. Guara (green manured)-Wheat-Maize 166 164.3 226.0 81 6.3 4.4 2.3 
6. Sugarcane-Sugarcane 100 104.3 212.0 101 8.8 7.0 4.2 
7. Maize-Guara (green manured)-Wheat

Cottoni/Berseem-Sugarcane 200 136.9 258.01 83 7.2 5.3 2.3 
8. Maize-Wheat-Chari-Guara-Gram-Cotton 

Berseem 200 187.7 206.0 62 5.7 3.9 1.7 
9. Cotton-Maize-Senji-Sugarcane 133 168.5 222.0 80 6.2 4.3 2.2 

10. Ma ize-Toria-Cotton!Berseem 200 186.4 138.0 44 5.8 4.0 1.8 
11. Chari-Guara-Toria-Cotton'!Berseem 200 194.7 134.0 35 5.6 3.8 1.5 
12. Mash or Moong-Wheat 200 219.0 3.3 
13. Chari+Guara-Gram-Cotton/Sugarcane 200 182.5 140.0 39 5.8 4.0 1.6 
14. Chari+Guara-Gram-Cotton/Sugarcane 133 191.8 202.0 67 5.6 3.8 1.9 
15. Rice- Berseem-Chari-Guara-Wheat-

Maize-Senji 200 138.3 256.0 87 7.1 5.3 2.4 
16. R ice-Lentils-Chari-G uara-Wheat

Wheat-Maize/Senji-Sugarcane 175 159.3 308.02 107 6.4 4.6 2.2 
17. Rice/ShaftaI-Chari-Moong-Oats-Guara. 

Wheat 200 164.3 227.03 61 6.3 4.5 1.7 
18. Rice/Berseem-Sugarcane-Sugarcane 133 104.3 318.0 142 8.8 7.0 3.9 
19. Rice/Grarn-Chari +Guara-Toria

Sugarcane-Maize-Senji 175 155.0 314.01 117 6.6 4.7 2.4 
20. R ice/Berseem-Chari + Guara-Wheat-

Cotton 166 158.3 232.01 68 6.4 4.6 1.9 
21. Rice-Wheat + Gram-Cotton/Berseem

Maise/Senji-Sugarcane 175 130.7 356.0 125 7.4 5.6 2.6 
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Crop patterns are proposed for a cultivator's 
holding of 12.5 acres in tracts having deep water-
table and ureffected by salinity, as well as in high 
water-table regions. The average duty of water has 
been worked out to be 150 acres/cusec. 


It is estimated that to increase 
 the 	 present 
water allowance from 3 cases/1000 acres to the cal-
culamed duty of 150 acres/cusec, the quMtum of 
water required will be about double of that sup-
plied at present. This works to about 31 M.A.F. 
for the area already receiving irrigation in Rechna 
and Chaj Doabs and if C.C.A. of two doubs is also 
considered the figures would rise to 34 M.A.F. 

Owing to adoption of high intensily rotations 
and increased irrigation delta, the nutritional stress 
on the -and will be intensified. For sustained high 
yields, more fertilization of lands will be necessary. 
Also drainage facilities will have to be improved 
to cope with the rise in water-table due to greater 
percolation from the fields as a result of more wa-
ter application, 

(6) 	 A Study in the Econonics of Land and Water 
use in Land Reclaanition 

(i) A study in the economics of reclamation of 
deteriorated soils was undertaken at the Ballehwala 

tnd Chakanwali Reclamation arms. It sets forth 
the methods of investigation and first statement of 
the results obtained at the Ballehwala Reclamation 
Farm which represents Bara type of soil iin the 
Lower Bari Doab Colony. " The 'Bara' soil is 
highly compact and intractable alkali soil. 

The study brings out data on the economics of 
crop growing on un-reclaimed, partially reclaimed 
and reclaimed land for the agricultural year 1957-
58 and covers an area of 265.5 acres cultivated by 
16 share cropping (Batni) tenants with an average 
holding of 16.5 acres. 

About 2/3rd of the acreage under crops is on 
reclaimed while about 1/3rd is on partially reclai-
med land. The un-reclaimed area under crop is 
only 5% of the total cropped area. 

The basis of deriving the various items of 
land, labour and capital input have been laid down 
and the method of recording the data explained. 

The gross yields obtained from reclaimed, par-
tially reclaimed and un-reclaimed land show that 
un-reclaimed land is an impossible proposition. 

Partially reclaimed soils show much improvement 
but are still very low in productivity. The yields 
in reclaimed soils are considerably higher and are 
more than double in the two most important crops 
of wheat and cotton. 

Costs and return per unit of output reveal that 
the cost per unit of outpu~t is seseral time higher 
than the return per unit from un-reclaimed and 
partially reclaimed soils. The 	 picture is Much bet
ter in case of reclaimed soil though commercial 
agriculture is not shown to be ,cry profitable even 
on this land at tile present levels of productivity. 
Even on lands unaffected by salinity, agriculture 
does not pay as a commercial proposition beca use 
of very low yields in the country. [he most profi
table crop is bL."seem in cottoll fotllbmcd by cotton, 
gram, rice, berseem and sugarcanie. Wheat in spite 
of not being very profitable occupies a %ery large 
area as it is almost ind ispensable as the staple food 
crop. Of course profitability in agriculture depends 
upon the prevalent farm prices. 

As irrigation water is the most serious liimiting 
factor in agriculture in West Pakistan. the farmeradapts his cropping patterns to the asailability of 
water. The returns per acre-inch of water were 
highest for gram which of course was due to its 
abnormally high prices, and low water require
ments. At normal price level it would be compara
ble with wheat. Lcaving grain apart wheat is the 
most economical user of water of all Rabi and 
Kharif crops which is one reasoo for the high 
acreage under wheat. Sugarcane, cotton and wheat
grain are other economical users of water. Rice, 
berseem, mash and kharif fodder are uneconomic 
users of water. On partially reclaimed soils and un
reclaimed soil (for wheat) the returns per unit of
 
water are much lower than in case of reclaimed
 
soils. Generally speaking the returns 
 tend to be 
the lowest in heavy irriated crops. This accounts 
for the tendency of the peasants to sow light irri
gated crops on partially reclaimed and un-reclaimed 
soils. This is how the short term interests of the 
present clash with the requirements for 3oil impro
vement. 

Detailed cost anajysis of crop production re
veals that in the reclaimed area the land input 
generally accounts for 30 to 50 per cent, labour 
input for 15 to 25 pet cent and capital input for 28 
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to 47 per cent of the total input. This shows that 

agriculture is not labour intensive but land and ca-
pital intensive. For partially reclaimed area the 
pattern of land, labour and capital inputs is the 
same as for reclaimed land. 

The details of oost of production of individual 
crops show that in all crops the most important 
single item of imput is rent. The rents cannot be 
lowered unless pressuie of popula'ion on land is 
reduced by the transfer of population from agricul-
ture to other sectors of economy. Expenditure on 
bullocks acccumnts for !/4th to 2/5th of the total 
cost of growing a crop. A pair of bullocks on an 
average worked only for about 415 hours through 
the year wlicli is a very low figure indicating a 
whole lot or wastage of bullock labour. Expenditure 
on manual labour ranges between 10 to 20% of 
the total cost of production which is low due to 
the low wages of labour on accounts of the high 
degree of unemployment and under-emiployment 
among the rural population. 

An adult male worked for 675 hours during 
the year which is only 27% of the time considered 
necessary for full employment. It is here that the 
main scope lies for increasing the low wages of 
agricultural labour without raising cost of agricul-
tural production. 

The expenditure on fertilizer is negligible 
which explains to a great extent the low produc-
tivity of agriculture in Pakistan. 

The analysis carried out is from the point of 
view of a businessman. Except for cash crops like 
cotton, sugarcane and a few other crops there are 
not not net returns per acre worth the name. 
However, farming pays for the peasant proprietor 
who does not have to pay exorbitant rents. He 
will save about 30 to 50% of the cost on rent and 
another 15 to 20% on the hiring of labour and look-
ing after the bullocks. About 1/3 to 1/2 of the 
total cost would represent the actual expenditure 
and the rest would be his gross income. A tenant 
who has to pay rent only saves 15 to 20% of the 
total cost by supplying his own domestic labour. 
The peasant proprietor and the tenant are more 
interested in gross than in net returns, 

(ii) The results of the study of the cost of 
production of crops during the year 1957-58 at the 
Chakanwali Reclamation Farm in high water-table 

area with non-pzrennial irrigation are reported. 20 

Sixteen tenant holdings comprising an area of 
205.60 acres were included in the study. The area 
represents an agricultural economy which depends 
on a single crop viz, rice. The depth of water-table 
is maintained below the crop root-zone by an open 
drainage system consisting of main drains, collector 
drains and field drains. While the provision and 
maintenance of main drains is the responsibility of 
government, the collectcr drains and field drains 
have to be provided and maintained by the land
lord and the tenant. 

A little more than 1/4 of the acreage cropped 
is on reclaimed, about 1/2 on partially reclaimed 
and ab,-,t 1/5 on un-reclaimed land. The cost per 
unit of output is higher than the rCturn per unit 
reclaimed, partially reclaimed as well as un-rec
laimed land for almost all crops but the deficit is 
minimum in the case of the major crop of rice. 
For this crop land input is about 30// labour 
input about 34% and capital input 36% of the 
total input. For other Kharif crops and unirrigated 
Rabi crops, due to the low out-turns, the land 
input goes down to 10 to 15, capital input rises 
to 50 to 60% while labour input remains at 30 
to 40%. This pattern of input is markedly different 
from that with perennial irrigation, but still agri
culture is capital intensive and not land or labour 
intensive. 

In the case of rice crop the over-all cost of 
maintenance of bullocks is the most important item 
which accounts for about 40") of the total cost. 
With non-perennial irrigation the intensity of cul
tivation is low while the bullocks have to be main
tained the year round. In many cases the size of 
holding is smaller than a pair of bullocks can cul
tivate. A pair of bullocks on the average worked 
for about 500 hours during the ye-ir which shows 
high wastage of bullock labour. N" nual labour 
accounts for about 20-25% of the total cost of pro
duction. An adult male worked for about 900 hours 
during the year which is about 36% of full employ
ment, which indicates a high degree of under-emp
loyment and scope for raising the wages of agri
cultural labour without increasing the cost of pro
duction. 

While the net income from all the crops includ
ing rice is negative from the business point of view, 
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a peasant proprietor and a tenant make their living makes it necessary to include high water delta crops 

on agriculture as the former does not make out of like rice, sugarcane and berseem in rotations or to 
pocket investment on rent and manual labour and apply noore than generally practised delta to the 

the latter on manual labour. The net income per common low delta crops. It is also necessary to 

acre depends on the action and interaction of a keep the intensity of cropping as near 200% as 

number of factors. The combinations of factors possible so that the land does not remain uncovered 
which resulted in high and low income are indi- which promotes quick salt rise to the soil surface. 

cated. These requirements cannot be met with the water 

(7) 	 Feasibility of Cropping Patterns for Perma- allowance of I cusec for 300 acres or more existing 

nent Reclamation aidd Soil Protection from on most of tileIndus Valley canal'.. An over-all 

Salinity in the Indus Valley2 . water allowance of I cusec for 150 acres has been 

In the choice of cropping patterns for any area, suggested for a niumber of projects of the Soil Rec

the requirements of the soil for sustained crop pro- lamation Board. ActLally the duty per cusec under 

duction have to je considered. The type of soil and arid conditions in countries like the U.S.A. is only 

sub-soil, the depth of the sub-soil water-table and 100 acres per cusec or even less. 

the salinity and alkalinity status of the soil deter- Economic and social factors have a great bea

mine these requirements. ring on adoption of particular cropping patterns. 

Drainage should be considered the starting Scientifically, a cropping pattern may be sound but 

point of all development projects. Control of rising it may not be feasible in one area due to limitations 

water-table and dewatering of waterlogged area is other than those of water, soil or fertilizer. It is es

a basic requirement for sustained crop production. sential that while making recommendations for
 

Surface drainage is necessary to cope with the pre- crop rotations and cropping patterns these other
 

cipitation which sometimes is very heavy. Lowering factors should also be considered for their impact
 

of the sub-soil water level can be achieved by deep on the agricultural economy. This is true for all
 

seepage drains or tubewell pumping. The choice of countries and more so far Pakistan.
 

the drainage system rests on the type profile, ge- For determining the cropping patterns an area
 

neral slope and other hydrologic features of an can be divided into categories like th7t following:
 

area. (a) Heavy soils with less than 20% salt pat-


As salinity is the foremost problem of the ches. 

Indus Valley soils the water requirements for crop- (b) Heavy soils with more than 20% salt pat

ping have to include the quantity of water required ches. 

to check the concentration of harmful salts in the (c) Light soils with less than 20% salt pat

root-zone of the soil. In order to maintain an over- ches. 

all downward movement of moisture and dissolved (d) Light soils with more than 20% salt 

salts, the cropping pattern should be such that it patches. 

gives about 20% downward drainage of water The following cropping patterns are suggested 

delta applied in high sub-soil water-table areas and for these main types of soil for a unit holding of 

about 10% drainage in deep water-table areas. This 1.25 acres. 

TABLE 3. CROPPING PAYfERNS FOR VARIOUS SOIL CONDITIONS. 

Cropping pattern for Type (a) 

Kharif Rabi 

Rice 4.0 acres Wheat 5.0 acres 

Cotton 2.0 , Gram 2.0 * 

Sugarcane 1.0 Oil seed crop 1.0 1 

Maize 1.0 Senji in cotton 2.0 a 

Fodder 2.0 a Berseem 1.0 X 
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Khari[ 
Cropping pattern for Type (b) 

Rabi 

Rice 6.0 acres Wheat 4.0 acres 

Fodder 1.5 , Gram 2.0 

Maize 1.0 , Bersen 2.0 

Sugarcane 1.0 Senji in cotton 1.0 J 

Cotton 2.0 , Oil seed crop 1.0 , 

Cropping pattern for Type (c) 

Mash 4.0 acres Wheat 6.0 acres 
Cotton 2.0 
Bajra 3.0 , Gram 3.0 3 
Jowar 1.0 , Berseem 2.0 * 
Fodder 2.0 , Oil seed crops 1.0 i 

Cropping pattern for Type (d) 

Same as for Type (c) with 

The rotations and cropping patterns suggested 
are not the final word. Soil conditions differ greatly 
from field to field and it is for the agronomist to 

work out details and make changes where necessary. 
The cropping patterns, however, must not only 

be based on the available knowledge of soil science 
but also be practicable with the labour and econo-
mic resources of the cultivator and with the %%ater-
supply available, 

Labour requirements. The cultivator's family 
may be assunied to consist of two adult nale mere-
bers, une wife and two minor children. Although 
his wife and two minor children also give a helping 
land we xIll consider the labour hours of the two 
adult male members only. The available labour 

hours (at 8 hours per (lay) would be 480 or 496 in 
months of 30 days or 31 days. 

For the cropping patterns type (a) the manual 
labour requirements (including the manual labour 
for maintenance of bullock;) range between 70 

man-hours in December and 373 hours in the 
month of Octobe!r. The labour intensive months are 
April (239 man-hours) May (260), June (349) and 
October (373). Although the actual man-hours of 
family labour available with the cultivator are more 
than the maximum man-hours required in any 
month, operations like harvesting of rabi crops and 
the sowing of cotton have to be completed within a 

preliminary leaching. 

limited number of days and there is pressure of 
work in April, May and June. Simidarly at the time 
of harvest of paddy in October sowing of wheat 

and other rabi crops has also to be completed. 
Thcrefore, to complete the work within the limited 
number of days additional labour may be required 
in the labour intensive months. It is estimated that 
the labour that a cultivator of soil type (a) will 
have to hire in the months of April, June and 
October would not be more than: 

April 
June 
October 
Total 
For the cropping 

intensive months are 

40 man-hours. 
80 man-hours. 
80 man-hours. 

200 man-hours. 
pattern type (b) the labour 

June (290 man-hours), July 
(385 man-hours) and October (371 man-hours). The 
labour that the cultivator will have to hire is: 

June 40 man-hours. 
July 80 man-hours. 
October 80 man-hours. 
Total 200 man-hours. 
The cropping pattern type (c) has the highest 

labour requirement in May (281 man-hours), June 
(269 man-hours) and October (367 man-hours). The 
same are the labour intensive months for type (d) 
- June (306 man-hours), July (283 man-hours) 
and October (302 man-hours). Both these patterns 
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would require 56, 48 and 56, man-hours of hired 
labour in the months of June, July and October 
respectively. 

The cost of the hire labour required for types 
(a) 	 and (b) in a year will be Rs. 37.50 and for type 
(c) and (d) Rs. 30. The amount of the investment 
involved is moderate and probably within the culti-
vator's means in each case. 

The bullock hours available with the cultiva-
tor per month are 240 or 248. The bullock-hour 
requirements of the four cropping patterns in each 
month range between the following: 

Type 	 (a) Between nil in December and 
January and 137 in May. 

(b) 	 Between 0.8 in December and 155 
June. 

(c) 	 Between nil in January and 128 in 
June. 

(d) 	 Between 0.6 in February and March 

and 183 in June. 
It is obvious that he will have to hire to bul-

lock labour for any of the cropping patterns. 
The working hours per adult male for the 

whole year 	for each pattern will be the following: 
Type (a) 1115 hours. 
Type (b) 1263 hours, 
Type (c) 1183 hours, 
Type (d) 1166 hours, 
Taking 2506 man-hours in the year as full 

employment for an adult male he will be employed 
for not more than 50% of the time. Under-emp
loyment and waste of labour is about double this 
with the prevalent cropping patterns of low crop
ping intensity. It shows that esen with the high 
cropping intensities of 168, 172, 176 and 176 un
der-employment would still he high which can only 
be put to productive use if the farming methods 
can be improved and industrial employment (irclu
ding cottage industries) become available for the 
under-employed labour. 

The 	bullock labour.hours for the year will be: 
Type (a) 597 hours. 
Type (b) 695 hours. 
Type (c) 764 hours. 
Type (d) 783 hours. 

These again are very low figures which point 
to the backward farming methods in the country. 

Farmer's Income. To see the economic feasi
bility of the changed cropping patterns one may 
work out the expenditure and income for each of 
these. The land, labour and capital input required 
in each month by a share-cropping tenant for the 
different cropping patterns as well as the gross in
come and net incomne in each case is shown. The 
gross income is based on the following crop out
turns: 

TABLE 4. ESTIMATED CROP YIELDS. 

Name of crop 

Yield 

Reclaimed 

per acre 

Partially 
Reclaimed 

Rice 
Cotton 
Sugarcane 
Maize 
Jowar 
Bajra 
Mash 
Wheat 
Gram 
Kharif Fodder 
Berseem 

Rs. 

In maunds 
25 

8 
40 (Gur) 
20 
10 
10 
12 
16 
10 

120 per acre 
250 per acre 

In maunds 
16 
6 

32 (Gur) 
15 
7 
7 
9 

12 
7 

Rs. 100 per acre 
200 per acre 
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A net income of Rs. 1,975 can be obtained higher than this by the value of rent in kind and 

from an area of 12.5 acres put under cropping pat- will be: 
tern type (a). The net income in case of type (b) Rs. 
will be Rs, 1,163, for type (c) Rs. 644 and for type Type (a) 4,710 
(d) Rs. 766. (b) 3,455 

However, as the cultivator does not consider (C) 3,770 
the wages of his domestic labour as expenditure he (d) 2,590 
is more interested in the gross rather than in the 
net income. The income including wages of domes- Cash Investment. As the figure for gross in

tic labour for the 4 cropping patterns would be: come and net income show, the financial resources 

Rs. of the cultivator are not likely to be the limiting 

Type (a) 2,415 factor for following these crop patterns. Water rates 
(b) 1,620 and land revenue, seed, manure and fertilizers and 

(c) 1,070 hired labour are the items which the farmer has to 
(d) 1,185 meet in cash. The expenditure for the year on each 

For the peasant proprietor who will not have of these items for each of the patterns is given 
to pay rent on land the figure of income will be below: 

TABLE 5. COST IN RUPEES OF VARIOUS FARM EXPENSES. 

Crop Land Water Manures Hired 

Pattern Revenue rates Seed & Fertilizer Labour Total 

(a) 79 146 253 168 37 683
 

(b) 81 159 254 168 37 699
 

(c) 83 108 135 72 30 428 
(d) 83 108 135 72 30 428
 

As depreciation on buiiocks an]I implements is the attention of Government. 
accounted for, capital expenses on the purchase of a 
new bullock or implement cannot be included. Al- Water Allowance. A water allowance of I 
though the net income for each of the crop patterns cusec for 15G acres was suggested and has been 
is hand-some the cultivator's expenditure on main- adopted for the projects of the Soil Reclamation 

tenance of the family and incidental charges on ce- Board in the Rechna Doab. It is necessary to see 
re-onies like marriage, births and deaths and on .,hether the cropping patterns discussed here can 
purchase of a new bullock or implements can ex- be practised with this water allowance. The table 
ceed the net income. The necessity for easy credit fa- below gives the irrigation delta required by diffe
cilities cannot, therefore, be overlooked. This needs rent crops in each month. 

TABLE 6. NUMBER OF IRRGATIONS IN EACH MONTH AND TOTAL DELTA REQUIRED 

FOR DIFFERENT CROPS. 

Crop/Month Jan, Feb, Mar, Apr. May. June Jul. Aug. Sep. Oct. Nov. 

Depth 

Dec. of 
Irr. 

Total 

Rice 
CottonCotton 1 

2 4 
1 

4 
2 

1 
2 

1 
1 

4" 
4" 

60 
28 

Sugarcane 1 2 3 4 4 3 2 1 1 3" 63 
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Depth 
Crop/Month Jan. Feb. Mar. Apr. May. June Jul. Aug. Sep. Oct. Nov. Dec. of Total 

Irr. 
Maize 1 2 3 1 3" 21 
Kh. Fodder crops* 1 2 2 2 2 3" 18 
Mash 1 4 4 3 2 1 4" 66 
Eajra 2 2 2 3" 18 
Jowar 2 2 2 3" 18 
Wheat 1 1 1 1 3" 12 
Gram 1 1 1 3" 12 
Oil seed crop 1 1 1 3" 9 
Senji in cotton 2 3 2 1 2 2 2 3" 42 
Berseem 3 3 3 1 1 2 3 3" 48 
Preliminary Leaching 2 3 4" 20 

*Sown at intervals. 

The table below shows the total acre inches of in each month on the basis of the irrigation 
water required for each of the 4 crop patterns schedule given in the preceding table. 

TABE 7. ACRE INCHES OF WATER REQUIRED IN EACH MONTH FOR DIFuERENT CROP-
PING PATI'ERN FOR A 12.5 ACRE HOLDING. 

Crop 
pattern/ Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 
month 

(a) 27 42 45 12 21 50 91 97 103 61 24 36 
(b) 30 39 45 14 20 65 122 27 131 63 24 36
 

(c) 27 36 45 9 28 70 72 78 62 49 15 36 
(d) 27 36 45 41 76 70 72 78 62 49 15 36
 

With a water allowance of I cusec/150 acres Reclamation Board Projects in Rechna Doab inc

the quantity of water available for a 12.5 acres luded in the Salinity Control Project No. I of 

12.5 WAPDA shows the percentage of area falling in 
ho!ding will be -- x 2 x 12=2 acre inches a different soil series as follows: 

150
 

day, 60 or 62 acre inches in a month of 30 or 31 Soil series Area in acres Percentage 

days. Jhang 164,400 12.03 
In the months of October to April the total Farida 599,200 43.84 

water requirements for any of the 4 cropping pat- Buchiana 537,000 39.30 
terns are within the available quantum. But in the Chuharkana 64,800 4.75 
months of May to September the requirements of Nokhar 1,100 .08 
one or more of the crop patterns are more than 
this. However, these are different for the four dif- Jhang and Farida are the light soils, Chuhar
ferent categories of soil catered. kana and Nokhar are the heavy soils, while Buchia-

The soil survey data for the area of the Soil na may be equally divided between the light and 

237 



that 75% of the areaheavy phases. This shows 

will be in the light soil category and 25% in the 

heavy soil category. The proportion of area with 

more than 200/, salt patches is in most cases 20 to 

the safe side it may be assumed30% but to be on 

to be 33%. The proportion of area in each of the 

four categories will, therefore, be: 

(a) 	 Heavy soil with less than 20% salt 
. . 16.66patches 


soil with more than 20% salt(b)Heavy 
8.33patches 


(c) 	 Light soil with less than 20% salt 
. . 50.00patches 


(d)Light soil with more than 20% salt 
25.00patches 


Taking the proportion of holdings in each ca-

tegory as above average water requirements for a 

12.5 acres holding for the month of May to Sep-

tember come to the following: 

May = 38 Acre inches 

June = 66 

July - 79 

August - 90 

September = 75 

In May the overall requirement will only be 

38 acre inches against 62 acre inches available. The 

shortage in the months of June, July, August and 

September will be 6, 7, 8 and 15 acre inches - 66 

acre inches in all. The average monsoon precipita-

tion of 10 inches during the months of July, Au-

gust and September will account for about 100 acre 

inches. The only shortage will be 6 acre inches in 

June before the monsoon season sets in. This means 

one irrigation to two acrci which can be off-set 

against the surplus in the preceding month of May. 

This can also be left to a chance shower during the 

month. 
It must be emphasized that the water allowan-

ce has to be determined according to the soil con-

ditions which can vary from one holding to anoth-

er and from one irrigation chak to another. It 

will also be different with any changes in the crop 

have to be adopted in future.patterns that may 
The over-all water allowance for a project may 

also have to be more or less than I cusec per 150 

acres where necessary. It is evident, therefore, that 

acres is by nothe water allowance of 1 cusec/150 
on the subject but keepingmeans the last word 

in view is a sound recomthe available resources 
stage of demendation for adoption in the initial 

velopment and reclamation projects. 

(8) 	 Agronomic Practices 
- In the(i) Effect of pasture on crop yields22 

United States high yields of crop are obtained after 

giowing a leguminous crop for pasture. The addi

tion of faecal matter by pasturing animals and also 

the nitrogen fixation by the leguminous crop enrich 

the soil and raise the crop yields. An experiment 

carried out at Chakanwali Reclamation Farmwas 

to establish the benefit of this practice. Berseem
 

used as index crop after
was grown; cotton was 


pasture and no pasture. The yield of cotton obtain

ed for the two treatments was as follows:
 

Yield of cotton.Treatment 

Berseem pastured 4 maunds per acre.
 

Berseem riot pastured 3 maunds per acre.
 

The practice of pasture gave higher yield of 

the following crop. 

(ii) 	 Japanese Method vs. Local Method of 

. - The yield of rice in Pakistanrice cultivation2 2 

is very low as compared with other rice growing 
is only 1i maundscountries. The average yield 

per acre as compared with 40 maunds per acre ob

tained in Egypt and 33 maunds per acre in Japan. 

The method of sowing practised in Japan is repor

ted to be different from the method practised in 

this country. There a number of seedling are 

each point 	 as against atransplanted in bunch at 

single seedling uLaialy transplanted at each point 

in Pakistan. Trials were, therefore, made at the 

Chakanwali Reclamation Farm with the Japanese 
outturn can bemetho-i to see how far the crop 

raised by the use of that method. These trials were 

made in 1951, 1956 and 1957. The 1955 crop was 

d.stroyed by rice borer attack and the results lost 

their experimental value. 

The second experzment was in two sets. In 

set A there were two variables - the number of 

and the dose of ammonium sulphate.seedlings 
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The 	number of seedlings was I to 6. Manurial treat-
ments were ammonium sulphate (100 lbs. per acre) 
and 	no ammonium sulphate. 

With 	addition of ammonium sulphate 4 seed-
ling 	 in one year and 5 seedlings in the other gave 
the 	 highest yield. Without addition of ammonium 
sulphate 5 seedlings in one year and 2 seedlings in 
the other gave the highest yield. In 1957 the crop 
was damaged to some extent by rice borer and there-
fore, 	 the results obtained in 1956 are more relia-
ble. 	Four and five seedlings per hole appear to get 
the 	 maximum yield. 

Set B. In this set four seedlings were planted 
in each hole. The variable were varieties, dates of 
sowing and manurial treatments. 

Varieties -Jhona, Hansraj, Begmi. 
Dates of sowing-Jhona-20th June,lst of July. 

Hansraj-lst July, 15 th July. 
Begmi-st July, 15th July. 

Manurial -

I. 	 Farm yard manure 12 cart loads per acre. 
2. 	 Farm yard manure 12 cart loads per acre 

plus ammonium sulphate and superphos-
phate 100 lbs per acre. 

3. 	 No manure. 

2. 	 Yields increase with application of farm 
yard manure and increased further 
with addition of mixed nitrogcn and 
phosphorus fertilizer. 

3. 	 The coarser Jhona variety gave higher 

outturn. 

The results in 1957 were not so consistent due 
to damage by rice borer but the trends are gene-
rally in support of the above findings, 

(ii) Skip over cultivation of cotton. To de-
termine whether skip over cultivation of cotton in-
creases the yield and if it is practicable a trial was 
made at the Bhallewala Reclamation Farm near 
Montgomeiy and Haveli Reclamation Farm Shor-
kot for three years."' The crop was grown on dou-
ble row ridges. In 1958 there was 5 rows planted 

and 5 skipped and in the two years following it 
was 6 rows planted and 6 skipped. With five rows 
the increase in yield with skip over was 7,,. at 
Bhallewala and 7.4% at Haveli Farm. With six rows 
the increase was 5.8 and 5% in 1959 and 14.5 and 
6.8% respectively in 1960. If more water can be 
spared for applyi ig to the skipped over rows the 
increase in yield will be higher than this. The yield 
of wheat obtained in the skipped over strips at 
Bhallewala was 12 maunds, 16 maunds and 16.5 
maunds per acre during the 3 years. At Haveli 
Farm it was sown only in 1960 and the yield was 
18.44 maunds per acre. This shows that the prac
tice of skip over cultivation of cotton can be re
commended for raising the crop out-turn. 

(9) 	 Sample Salinity Survey on the Indus Valley
Canals". 
Soil 	salinity has been taking a rapidly increas

ing 	 toll of the canal irrigated areas of the Indus 
Valley. The former Punjab Province served by the 

older canals was the first to be affected and there
fore, the first to take notice of the menace. The 
need for assesing the extent of damage became 
pressing in the late thirties. A.i annual survey of 
damage caused by salinity and waterlogging in se

lected villa,es was initiated in 1927 by the Water
logging Enquiry Committee through its revenue 
member, the Waterlogging Assistant to the Finan

cial Commissioners. This survey carried out by the 
Civil Partwari has continued to date. It started 
with covering selected estates in selected districts 
but in time it was extended to the whole area of 
the canal irrigated districts of the former Puniab. 
The definition of affected area to be recorded has 
been modified from time to time. 

When the Irrigation Department undertook re

lief work for affected areas by providing additional 
water supply for leaching down the salts, priority 
was given to land in the initial stages of appearance 
of salt as it could be treated more expeditiously 
and water resources could be used more econo
mically. The information furnished by the Civil 
Thur and Sem Girdawari (Salinity and Waterlog
ging Survey) was not helpful as it did not record 
damage until it reached the stage when the field 
becomes unfit for crop production. The Irrigation 
Department therefore, undertook through its own 
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survey of affectedRevenue field staff an annual 

area within the canal irrigation boundary, which 

records the area damaged to the extent of 20% 

and above per acre unit, into six different classes, 

three of which represent area gone out of cultiva-

tion due to salinity and three affected area under 

cultivation. The basis of this classification is a 

rough schedule of period which each class would 

require if subjected to leaching operations. This sur-

vey has been carried on since 1944 and although it 

has not achieved a high standard of accuracy for a 

number of reasons it has provided useful basic data 

on the extent and rate of increase in incidence of 

salinity. 
This type of a province-wide survey involves 

labour and expense and difficulties of organization. 

The question, therefore, is very pertinent whether 

a sample survey could be a safe substitute for such 

a field to field survey and provide reasonably de-

pendab!e data for gauging the extent and progres-

sive increase of incidence of the menace. If such a 

procedure could produce information to a reaso-

nably dependable extent it could be much more 

efficiently organized and managed than a complete 

field to field survey, 
The annual salinity survey by the Irrigation 

Department on three randomly selected irrigation 

channels in each of three canal circles was subject-

ed to per cent check. Statistical analysis of data for 

the total area affected, area gone out of cultiva-

tion, and affected area under cultivation shows that 

with one exception the population mean is within 

99% confidence limits of the sample mean. It is, 

therefore, concluded that dependable information 

about the incidence of salinity in a canal can be 

obtained by a sample survey. For greater accuracy 

a sample survey can even be arranged by canal 

Divisions or Sub-Divisions rather than by canal 

circles, 

(10) Drainage Studies. 

(i) Control of waterlogging. All the ills of 

waterlogging and salinity are due to lack of drain-

age. The country has suffered considerably on this 

account. Of all the drainage measures, tubewell 

pumping seems to be most suitable for this country 

as these can give extra water to improve the crops 

yields and reclaim the land and reduce the high 

order of salinity of the top soil .A tubewell also 

water which is fillingquickly lowers the ground 

all the pores of the soil. A large number of tube

wells are installed in the country and several stu

dies have been conducted on their hydraulics on de

sign, reduction in cost of installation, durability and 

yield etc. In the recent CENTO Symposium held 

at Lahore a Note on the Exploitation of Ground 

Water dealing with the rising cost of the tube

wells and their short life was presented. Detailed 

results of performance of the existing 1500 tube

wells are put forth in a recent revieWs2 on the tu

bewells. Earlier a similar note was submitted to 

the West Pakistan Engineering Congress. 7 Some 

suggestions to install an inexpensive tubewell are 

given in another contribution." 
It has been put forth that for conditions as 

occurring in the alluvium plains of the Punjab, a 

coir string type strainer is most lasting and cheap 
' 

even when installed in highly saline water. Anot

her device is to use multiple strainers connected to 

the same pumping set, so as to increase the yield, 

quickly lower the water-table and have a durable 

long life tubewell. 
It has been put forth that the recently develop

ed tubewell technique is superior to even the pre

sently proposed measure of having link canals as 

drainage channels flowing in deep cuts in the land 

with full supply close to the natural surface. Such 

links will be a cause of quick rise in water-table 

around the land and will do more harm than 

serving as effective drain channels. 
(ii) The major cause of rapid rise in the sub

soil water-table in the Indus Basin is considered 

to be the canal system, one of the biggest in the 

world. However, no detailed experiments have 

been carried out to estimate seepage losses and 

accretion to water-table from the system. Various 

attempts made to estimate seepage losses were not 

based on direct scientific observations. The absorp

tion losses can be very different from what is ac

tually added to the sub-soil water reservoir, because 

a part of the loss will be due to evaporation, trans

piration and leakage from the banks, which may 

never be added to the water-table. The need for 

measurement of seepage losses by more modern 

methods was felt to a great extent and it was de
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cided to use lysimeters for this study, where ac-
tually physical measurements of not only losses at 
surface could be made but also the actual addition 
to the sub-soil water measured with considerable 
accuracy." 

A group of three tanks (A.B & C) measuring 
80' X 20' X 12', 60' x 20' 12' and 2tJ" 20' 
12' respectively was constructed. Tanks A was pro-
vided with a half section of a distributary and tank 
B with a water course. Tank C was kept as con-
trol. 

To facilitate the filling of the distributary and 
the water course, a tuibewell was installed and ar-
rangements made to pump measured quantity of 
water in the distributary and the water course. Any 
rise in water-table, which was kept at first at 11.0' 
and then raised to 9.5' gradually, was noticed in the 
manometers provided in a manhole constructed in 
the middle for this purpose. An evaporation tank 
and Skelly's rain-gauge wkre also installed nearby. 
An air lock was also provided in the water course 
to study its effects on the rate of seepage. 

From the data computed for 10 years (1950-
60) the following observations were recorded. 

(I) Seenage losses calculated from other me-
thods, do not indicate the actual amount added to 
the water-table. 

(2) Evaporations not only from water surface 
but also from soil surface plays an important role 
in determining the water added to the sub-soil re-
servoir. 

(3) Seepage losses from a water course are 
higher on a percentage basis than those from a dis-
tributary, 

(4) Introduction of an air locking layer in the 
canal bed has a reducing effect on the seepage 
showing that major portion is lost by downward 
movement through bed. However, this effect is only 
temporary. 

(5) The atmospheri temperature has a direct 
effect on the seepage losses as well as accretion to 
the water-table. 

(a) Lining of new canals. Canal lining 

can be a safe-guard against waterlogging and in-
crease in salinity and at the same time effects a sav-
ing in the quantity of water. A note on the canal 
lining as practised in West Pakistan was published 
in 1960. 

The latest technique is that of double tile lin
ing with a layer of bitumen as constructed in the 
lead race channel of Chichoki and Shadiwal Hydel. 
It was subjected to a field study and encouraging 
results were obtained.' 

(b) Lining of existing earthen canals. The 
existing operating earthen canals h. e always 
been a problem as regards their lining. Their sandy 
beds are a source of cohsiderable seepage. Besides 
many other reasons for the difficulty, a few are: 

(i) High ground water table above the bed 
of the canal. 

(ii) Difficulty of long closure. 
(iii) Wide section. 
It seems that a type of lining which may be 

semi-pervious such as 2 to 5 feet. chick soil, and 
could be laid while the canal is operating and can 
resist the scouring action of the canal, will be a 
suitable measure. Recent investigations have been 
conducted with these points in view by using bi
tumenous water emulsion called the cationic" as
phalt emulsion. This material seems to have hope
fUl possibilities as it forms a sand mastic under 
running condition of the canal, penetrates a few 
inches into the sandy bed and reduces the perco
lation by 70 to 90 per cent. 

Some other such materials under the trade 
names of S.S. 13 and Chevron are now also being 
brought into the field and perhaps one may pzove 
suitable for lining existing earthen canals. 
Discussion. Soil samples are taken in connection 
with the soil reclamation process, but not for gross 
classification. Dr. Asghar feels that salts kept be
low six to eight feet in depth do not affect crops. 
The intensity of ground cover by crops needs to be 
increased. Since field efficiency is such a large fac
tor in determining the actual water used, more em
phasis should be placed on this point. While field 
efficiencies of 65% are quoted, there are also cases 
of 35/,,. The data on water requi.'ements in the pa
per give the total for each crop, regardless of the 
length of the growing season. Thus, one rice crop 
growing for five months may require approxima

tely the same water as one sugarcane crop growing 
for ten months. Precipitation is taken into account. 
It averages about 15 inches; in the hills, 40 inches, 
lower down, four inches. The local precipitation 
must be added to the figures given in the paper. 

241 



BIBLIOGRAPHY
 

I. Asghar, A.G. & Abdul Hamid (1960) 

2. Ahmad Nazir 	 (1961) 

3. 	 (1961) 

(1961)4. 

5. 	 (1961) 

6. Asghar, A.G. & Nur-ud-Din Ahmad 	 (1962) 

7. Asghar, A. G. 	 (1960) 

8. Asghar, A. G. & Nur-ud-Din Ahmad 	 (1961) 

9. Majid, S. A. & A. G. Asghar 	 (1957) 

10. Asghar. A.G. & Nur-ud-Din Ahmad 	 (1962) 

11. Ahmad Nazir & Others 	 (1961) 

12. Taylor, E. M. 	 (1937) 

13. Keen. B. A., Crowther, 
E. M. and Cauttor, 
J. C.H. 	 (1926) 

14. Asghar, A. G. 	 (1947) 

15. Gardner, W. R. and Milton Fireman (1958) 

Saline characteristics of waters in old canal colonies
 

of West Pakistan. Proc. West Pak. Eng. Cong.
 
Vol. 44 Part I.
 

,,Dissolved contents of the water of river of North

ern regions of West Pakistan,: Special Report
 

No. 215-Ph Dissolve-46'61.
 
(A new approach to Soil Salinity in West Pakis

tan,: Indus, August 1961.
 
(A few remarls oil the effects of developinents of
 

deep aquifer on ground water quality)): Special Re

port No. 227-Ph'Seep-446I.
 
,Performance of ttubCWcl! of Gaja Area in 	 G. M. 

I3arrage and the effect of their pumping drainage 

of land): Tech. Report No. 209-Phil. W. -46/61. 

Salt tolerance of crops-under publication-Pak. 

Jour. of Sic. Res. 
Tolerance of plants to minerals in solution in Ir

rigation water and in soil. Fourth Congress of the 

Internation Commission Irri: and Drainage, Mad

rid. 
Consumptive use and application efficiency under 

different irrigation practices. Pakistan Journal of 

Scientific Research Vol. XIII. No. 3. 

.,Some aspects of Irrigation practices in the Punjab 
Research Publication (Pakistan) Vol. I1.No. 3. 

Irrigation Requirements and Consumptive use of 

water by crops in West Pakistan. Under Publica

tion Pak. Jour. of Sci. Res.
 
Studies on Soil Evaporation with water-table at
 

different depths in different kinds of soils. Special
 
Report No. 235-PH/Soil-Phy-l.
 
Reclamation of Thur lands. Departmental Publica

tion (Public Works Department) on Land Reclama
tion and Protection. Appendix 11.
 

The evaporation of water from soils (II1)-A criti
cal study of the technique: Jour. Agr. Sci. I, 16.
 
105. 122. 

Movement of moisture in soil. Paper No. 285, Proc.
 
Punjab Engineering Congress.
 

Laboratory studies of evaporation from soil co
lumns in the presence of a water-table. Soil Science 
Vol. 85, No. 5. 

242 



16. Asghar, A. G. & M. A. Hafeez 

17. Asghar, A G & Others 

18. Asghar, A.G. & Others 

19. -- & Others 

20. & M. A. Hafeez Khan 

21. 

22. 


23.... & Others 


24. --- & M. A. Hafeez Khan 

25. Ahmad Nazir 

26. Ahmad, Nazir 

27. Ahmad, Sarfraz & Nazir Ahmad 

28. Ahmad Nazir 

29. 

30. 

31. Asghar, A. G. & Other 

32. 

33. 
34. 

Khan 	(1961) 

(1952) 

(1962) 

(1960) 

(1962) 

(1961) 

(1961) 

(1961) 

(1961) 

(1962) 

(1961) 

(1961) 

(1960) 

(1960) 

(1961) 

(1962) 

(1960) 

(1961) 
(1961) 

Reappearance of salts after Reclamation of saline 
soils by leaching D.L.R. Res. Pub. Vol. 11.No. 5. 
Studies in lysirneters Part (I111): proceedings of the 
Punjab Engineering Congress, Paper 290. 
Studies in lysimeter (Part IV) Crop planning for 
salinity control: l)ir. I and Recl. Re,,. vub. Vol. 2 
No. 7. 
A study into the economics of land and water use 
in Land Reclamation. Land and water utili/ation 
Monograph No. I: Pak. Assoc. tor Adman. of 
Science. 

A study into the economics of land and water use 
in Land Reclamatien (Part II):. Proc. 14th Pak. Sci. 
Conf.
 

Feasibility of cropping patterns for soil protection
 
Land Rec. Res. Pub. Vol. II, No. 6.
 
Experiments at Chakanvali Reclamation Farm:
 
Land Reel. Res. Pub. Vol. 11. No. 33.
 
Skip over cultivation of cotton: Jour. of Natural
 
Sciences and Mathematics Govt. College. Lahore
 
Vol. I, No. 2.
 

Sample salinity survey in the Indus Valley Pro.
 
Pak. Statistics Conf.
 
,,Exploitation of Ground water, a review of the
 
Technique developed in Pakistan),: CENTO Scien

tific Symposium, Laho c.
 
((Control of waterlogging and salinity by the Tube
well pumping, A critical review)): Pakistan Journal
 

of Science Rec.
 

A review on their performance: Proc. West Pak.
 
Eng. 	 Cong.
 

An inexpensive method of Pumping Ground water:
 
Indus, Dec. 1960.
 
((Comparative performance of Shallow Munj and
 
Brass Strainers,: Special Report No. 188-Ph/T.W.
40/.
 
((A few observation on the proposed links as drai
nage channels,, Special report No. 228-PhISeep
45/.
 
Seepage from channel and water course - A Lysi
meter study. Proc. 14th Pak. Science Conf.
 
(A stable and impervious lining for canal of West
 
Pakistan. Proc. West Pak Engn. Cong.
 
(Canal lining investigation,. Indus. Oct. 1961.
 
,Cationic Asphalt Emulsion as salient pervious
 
b.d. 	 Special Report No. 229-Ph/L.C.-3/61. 

243 



RESEARCH PROGRAM CARRIED OUT
 

IN TIlE FIELD OF IRRIGATION, LEBANON
 

by
 

Mr. Antoine 

INTRODUCTION 
The justification for large expenditures by 

more wealthy countries like the United States in 

irrigation research is ob,,ious. Why Lebanon should 

do such research may not be quite as obvious. Ho-

wever, because of efforts to double iii rrigated 

acreage in 10 years (from 50.06)0 Ha to I10,000 

Ha), the reason becomes apparent. Th purpose 

of this introduction is to bring out the orient,.flri 

of the research and to suggest what research cal 
be conducted without being a charge oii the nation-

al budget and wit) thle means and persons avai-

lable. The objectie is to solve within a reasonable 
time the problems that arise with official organiza-

tions such as the Directorate of Waters, the Litani 
Bureau and the Ministry of Agriculture, and with 

the farmers themselves, in order to achieve the 
maximum benefit from this important factor in 

wealth, which is water. Perhaps such efforts can 

contribute also to science by verifying theories and 

formulas or adapting them to local conditions. 

A. First Experiments
The Irrigation Section has recently been 
se upriganhetiueonha5s .recentleyfB.
s e t u p in t ie In s t i t u t e . I l l 19 57. t ie f i r s t 
irrigation experiments were conducted on
irgaon cropimnt cetral c e rin 
at two different locations (Tel Arara and 

Torbol). 
the yield variation withThe purpose was to study xpei-r~sectto he rriatin.ateandtiingofrspect to the rate and timing of irrigation. Experi-

ments were on simple split plots of five blocks 

I - Head of Machinery and Irrigation Section. Agricul-

tural Research Institute, Tel Amara, Lebanon. 
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and five replicates, each block being subdivided 

into four sub-blocks. Seven different treatments 

were studied: 

I. 300 m/ 7 days 5. 900 m'/15 days 

2. 600 m'/ 7 days 6. 600 m1/21 days 

3. 300 m1/1 5 days 7. 900 m'/2 1 days 

4. 600 m1/15 days 

The plots treated at the rate of 300 m'/15 
days and 600 m'/2I days showed rolling of leaves 

and other symptoms of thirst due to distinct water 

deficiency. The evaluation of results. being based 
on the number of ears per plant, the average veight 

of ears and the weight per plot, indicated that 

weekly irrigation at the rate of 300 to 450 m'/ha 

seemed to be the best. 

The examination and statistical analysis of the 

results of these first experiments disclosed a lack 

of regularity in distribution, a factor given attention 

in recent experiments. 

Scientific Basis of Extension of the Signif c n e o i i a x e i e t 
iac fSmia xeiet 

These first experiments had practical signifi
cance and the extension of their results could rough

ly satisfy the farmers, bt they have limited va
lure because they treated particular cases. It would 

b C tee t ri t theuara mes t hat 
b_I iteresting to bring out the parameters that 
allow the extr apolation arid generalization of such 

fscalwteetaoainadgnrlzto 
moisture evolutionresults. A parallel study of soil 

in the root zone and the hydrodynamic characteris

tics of the soil (field capacity, wilting point) is now 

available. 



Moisture curves established during all the ve-
getative cycle of the plant will reflect the presence 
of the available water in the root zone and its im
portance or unimportance during the peak periods. 
These curves will be printed on a time graph show-
ing expected soil moisture status and available 
water, with wilting zone and margin of security le
vels indicated. A comparison of these curves with 
the different yields obtained gives an idea of the 
best moment to apply water in relation to the avail-
able water left in the root zone, specially during 
the plant's peak requirement period, 

Moreover, it is hoped to be able to continue 
the study on soil moisure even beyond the root ac-
tivity zone and to establish two profiles, the first 
revealing the humidity of the soil before irrigation 
and the second the humidity 18 hours after irri-
gation, up to depths of 90 or 120 cris. Below the 
root zone the difference between the two curves is 
the loss by deep percolation. Information ol this 
loss is necessary in calculating evapotranspiration 
and irrigation efficiencies. 

Some studies are planned on evaporation, using 
pans of different heights filled with the same soil 
under known amounts of water and embedded in 
an irrigated perimeter. These boxes will be weighed 
soon after one irrigation and shortly before the fol-
lowing irrigation to measure the losses of water 
from the soil surface through evaporation which 
take p:ace between irrigations. Climatolo-
gical data will be recorded at meteorological parks 
close by and pitch Evaporometer indications will 
be used as reference. Knowing the water used, the 
evapotranspiration (Foliar plus soil evaporation) 
may be computed by the following equation: Water 
used = constitution water + Foliar evaporation + 

soil evaporation + losses through run-off and deep 
percolation. 

By determining constituent moisture, all fac-
tors may be evaluated and it is believed a close ap-
proximation of transpiration can be calculated, as 
well as daily consumption and evapotranspiration. 
From both theoretical and practical points of view, 
it would be interesting to know these figures for 
different parts of the world. The use of large auto-
matic lysimeters is not now contemplated, as their 
cost would surpass our material means. 

C. 	 Conception of Experiments and Actual 
Research 

Pat waer epeuirementildurin
 
vegetative life, depend essentially on:
 

1. The type of crop 

2. The climatic conditions 

Thus, it is planned to determine the water re
quirements of one or several crops grown on 	 a 
given site in a given climate through pertinent ex
perimental tests. doing meanwhile the maximum 
number of analyses of the natural and experimen
tal 	 conditions affecting these experiments. More
over, our experimentation is conducted according to 
well-defined standards, using statistical repetitions. 
Since water needs for the same crop depend on the 
density or population per hectare, a tandard plot 
size 	is used, and for experimental purposes, normal 
plant spacing, lant population, and cropping pro
cedure are adopted. Field experimental plots show, 
among other things, the best use of the water 

through irrigation to obtain maxinmunl or optimum 
yield (because maximum yield is not necessarily al
ways the best from the economic point of view). 
Maximum yield per unit of area and maximum 
yield per unit of volume of used water would be 
interesting to compare. 

In a general, manner, it is known that the yield 
of crops increases up to a certain point with increas
ing rates of water used; then it stays constant or 
increases very slowly, or even retrogrades. This 
(break in the curve,, is to be determined for the 
most common irrigated crops. It is advisable to 
find out what amount of water and irrigation spac
ing give best results in every particular case. Being 
essentially a function of the hydrodynamic charac
teristics of soil, the irrigation dose is theoretical
ly constant, while, on the other hand, the frequency 
of irrigation should vary in respect to the needs of 
crops. It should be remembered that plants grow 
by surges or pushes, and that at certain moments 
of their vegetative life during the (formation of 
new organs or the constitution of vegetable re
reserves) their instantaneous water needs may great
ly vary. This would mean that it is necessary to 
see that the plant does not lack available water at 
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one of these critical moments. A security margin 
having been planned, a concise study of the evolu-
tion of soil moisture status in the zone explored by 
the roots would permit farmers to be sure that 
such moisture exists. 

Since the amount of real evapotranspiration is 
not known, reference is made to the potential eva-
potranspiration found, starting with the empiric for-
mula of Blaney and Criddle. The reference dose re-
presents a monthly dose equal to the highest month-
ly ETP (that of July, for example). Individual doses 
approach the maximum theoretic dose calculated 
from the soil characteristics and the depth of the 
soil root zone. 

The point in question would be whether in 
practise rates that exceed theoretical evapotrans-
piration %,ould permit increase of yield, and wheth-
er smaller doses would effectively cause important 
decreases of yield. B3ecause of preyions research 
in other countries, the series of irrigation rates and 
intervals to be tried is luckly limited. Already, the 
first experiments with irrigation on small plots car-
ried out in 1957 at Tel Amara and Turbol have 
shown the uselessness of increasing the spread of 
treatments (the doses of 300 m,'15 days and of 
600 rn i21 days will be eliminated, as well as the 
excessive doses that have not caused significant inc-
reases of yield). The experiments being carried out 
in 1962 cover rates between 3UG)to 600 in ,/ha., 

with periods of six to 12 days for potatoes, onions 
and sugar beets. 

The results of the experiments will be referred 
to potential evapotranspiration so they can be corn-
pared during different years or in different re-
gions. 

D. 	 Present Irrigation Experiments at the Va-
rious Stations of (lie Lebanese Agricultural 
Institute 

I. 	 Studies and experiments on potato 
water requirements under different 
conditions of soil and climate, 

a. 	 Comparative experiments on dif-
ferential irrigation are being con-
ducted at Torbol. the Kfardane 
Experimental Station in the Be-
kaa Valley, and at Abde Expe-
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rimental Station. Three different 
rates of water are used: 
300, 	400, and 500 m'/ha. with six 
days, eight days, and 12 days, 
respectively. Combinations would 
be 	 300 m'/6 days, 300/8 days, 
400/8 days, 500/8 days and 
500/12 days. Tile number of re
plicates is six, experiments or 
randomized plots. The area of 
the 	 parcel unit is: 
5m 	x 4m.9 = 24 in2 . 50. 

Of the seven rows of potatoes, only the three 
medium rows on the three-eter lenth will be 
considered, in order to avoid the border effect. 
Twenty physical and hydrodynamic analyses of the 
soil have been made previously by the Tel Amara 
Soils Laboratory up to a depth of 60 cms., as well 
as of two holes that go as far as 120 cnis., with 
samples taken by layrs and observations and no
tations on tij ptofile recorded. The results of these 
analyses for the Torbol experimental field were: 

Average moisture equivalent up to 60 cms: 
28.5% (average of 20 samples by centrifugation for 
30 minutes in a field of 1000 g ). 

Physical analyses: (20 - 60 cmns. average of 
20 sp .cimens); coarse sand (0.2 to 2.0 mam), 2.43%; 
fine sand (0.02 to 0.2 mm), 18.77%; loam (0.002 to 
0.02 	 mm), 18.66% clay, 59.64%. 

The maximum dose for 50 centimeters of soil 
.is 45 x 0 m 50 x 28.5 x 1.2 770 m/ha; and a 

practical dose is 770 x 2/3 513 m'/ha (500 
m'/ha is the reference dose in the comparative ex
periments). 

Using the Blaney-Criddle formula, the poten
tial evaportranspiration has been calculated, using 

the average of the last ten years of records. 
In addition, the corrected scale of evapotrans

piration which considers the maximum dose and 
which has been established by the engineers of the 

Vergieres Station (France), has been used. In this 
manner a probable calendar of waterings has been 
set up. 

With respect to the beginning of water appli
cation, study of the soil moisture in the root zone 



is emphasized. Emphasis is given to a study of hu-
midity variations, since it seems that the study of 
soil moisture reflects the qualities or defects of 
irrigation. Care should be taken that errors do not 
accumulate. These can arise anywhere, from the 
soil analyses and humidity determinations to the 
estimation of results, especially in1using routine cal-
culations. Tile precise application of required 
amounts of water, idential for the parcels, is im-
portant. Certain stations are using water meters or 
Parhsall flumes for this purpose; however, the Ins- 
titute uses volumetric tanks which give exactly the 
correct volumes to the plots. These reservoirs are 
within one per cent of accuracy and will be helpful 
in exactly repeating the experiments or conducting 
similar ones at other locations, 

The irrigation program of the Agricultural Re-
search Institute for the year 1962 covers: 

1. Experimental fields for irrigation 

Three fields comprising 36 plots each are lo-
cated in regions specializing in the production of 
potatoes, two in the Bekaa and one along the coast 
of North Lebanon. The total area is 2700 im. 

2. 	 Investigation in cooperation with the most 
advanced potato producers with regard to 
the creation of local documentation on the 
traditional manner of irrigation, 

It is planned to mount water meters on the 

pumps that insure the irrigation of a given peri-

meter to collect water-use information which will 
be reported onla standard form we have deve-
loped. 

These investigations and detailed records and 
observations of the traditional methods of irrigation 
will be compared with our various experiments with 
the intention of drawing from them the necessary 

conclusions. 

3. 	Sprinkler irrigation experiments (potatoes, 

onions and sugarbeets). 

Four different water applications with six re-
plications will be used. These are: 

400 	 m'/ha/7 days 
400 	 m'/ha/9 days 
500 	 m'/ha/7 days 
500 	 m'/ha/9 days 

This experiment includes a study of the sprin
kler method, from both the technical point of view 
(efficiency, wind problem) and the economic point 
of v,ew (investment, labor, supplemental power 
expenses). 

4. Mulch experiment 
Irrigation will be non-variable. 400 m'iha/8 

days. A chenical cover (Esso mulch) was spread 
over six plots (six replicates) having a total area of 
300 In-. 

This black by-product of oil is supposed to 
shorten the vegetable cycle by increased absorption 
of heat, reduce evaporation by tilecreation of a 
superficial film, and, finally, reduce the total 
amount of water to be given to the plant. These 
experiments are simultaneously carried out on the 
same homogeneous field of Torbol Station, thus 
permitting direct comparisons of water losses by 

evaporation and of irrigation efficiencies with those 
in a similar experiment not using mulch. 

5. Orchard irrigation study and control 
Research on the irrigation of orchards being 

long. aiid the estimation of results being often deli
cate if not difficult, Lebanon is satisfied with ra

tionalizing the irrigation of two orchards of the Tel 
Amnara Station. This is effected by planning to 
control the water application and follow the va
riations of soil moisture in the root zone, and by 

referring to the probable calendar of waterings 
which has been established and is based on analy
sis 	 of climatological data, root depths and soil 

characteristics. Trenches have been dug at the foot 
of trees and the distribution of the roots carefully 
noted, and samples of the soil at different levels
 
nted an smle Te Soil difrtovl 
Through the analysis of soil moisture the root 

zone, it can be seen under which measure this ca
lendar may be adopted and in which measure it 

approaches reality. This would mean finding out 

the difference between tilecalculated evapotrans

piration balances and the real evapotranspiration. 
All empirical methods have some weak points. 

No matter what the method of evaluating plant 
water requirements (lysimeters, cropping under ex
perimental conditions or application of hydrody
namic equations), the results should be controlled 
by direct observations and experiments made under 
normal conditions. 
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CONCLUSIONS 
In brief, the studies and experiments on irri-

gation carried out at the Lebanese Institute, without 
pretending to rival world research, possess the 
merit of having, on the one hand, a practical ap-
plitation for extension use and, on the other hand, 
an attachment to basic research, since they consti-
tute direct verifications of theories and formulas. 
Moreoser, this work is at a level appropriate to 
the country and tile means and personnel available, 
Well-conducted, it will lead to establishing the eva-

potranspiration values approached for every large 
perimeter and the relative water requirements of 
various crops, with tile ultimate aim of better use 
of irrigation water, canals, systems and projects. 
With this intent, tile Ministry of Agriculture, 

together with tile Institute, is actually studying 
three perimeters to be irrigated (total area: 6,000 
ha). 

Finally, problems corollary to irrigation such 
as the underground inrush of sea water at certain 
points on the coast of Lebanon (pumping of saline 
water), and tile fertility decrease of certain irrigated 
lands, will probably necessitate parallel research 
and widen Lebanon's field of activity in the years 
to come. 

In conclusion, the Lebanese AgricultUral Re-
search Institute Irrigation Section is carrying out 
this year: 

I. 	 Field experiments in different regions of 
Lebanon. mainly on potato crops (Torbol. 
Kfardane, Abde). 

2. 	 Soil moisture studies corollary to these ex-
periments. 

3. 	 Measurements and analyses of climatologi-

cal data in different regions and the es-
tablishment of various calculated evapo-

transpiration balances. 
4. 	 Measurements of evaporation by soil sur-

face and losses by deep percolation beyond 
the root activity zone in order to estimate 

the real evaptranspiration and the irriga-
tion efficiences. 

5. 	 Investigations with the most advanced po-
tato producers on their traditional me-
thods of irrigation and measurement of the 
given quantities of water, 

6. 	Experiments on the use of the sprinkler ir-
rigation method on potatoes, onions and 
sugarbeets. 

7. 	 An experiment on the rationalization of 
orchard irrigation for pear trees and cher
ry trees. 

8. 	 An experiment on underground irrigation 
of orchards, at the request of a German 
company that is providing porous concrete 
pipes. 

It is hoped the results will compare with those 
obtained in other countries so that they can be 
extrapolated to give them a more than local or 
regional significance. This is one of the objectives of 

the Ankara Seminar, which provides an opportu
nity to meet, to exchange views and ideas and, fi
nally, to collaborate in a common effort to pro
mote the welfare of the developing countries. 

Samples of the calendar for irrigating, the forms 
for recording the experimental data and the charts 
showing the experimental plot layout included in 
tile origioal presentation may be obtained from the 
author. 

DISCUSSION 
Although the International Conference of Soil 

Scientists recommends not more than four replica
tions, the Institute uses six in order to obtain more 

statistical significance. Ordinary lead toothpaste 
tubes, used by Pakistan, are very good for bringing 
the moisture samples from tile field to the labora

tory. There is no loss of moisture even for periods 
as long as four weeks. Tile large tubes with a dia
meter of about 1 1/4 inches should be used. 

Mr. Atallah stated that he thought it was 
more practical to have a defi-ite time schedule on 
irrigation and deliver the proper amounts of water, 

rather than to wait until the moisture is at a cer
tain predetermined level before irrigating. Mr. Na

tour pointed out that yield may not be a valid mea
sure of irrigation effectiveness if there are other 

factors which influence production, such as fertility. 
Mr. 	Attalah stated that the research is carried out 

using normal conditions of fertilizer and other fac
tors, 	 and only the water is modified. Mr. Beyce 
mentioned that the nitrogen requirement would be 
different at different times of the irrigation rota
tion. 	 Mr. Atallah stated that this is true, but they 
did 	not vary this because they are trying to place 

themselves in the position of the farmer. In the 
future, some correlations will be made between fer
tilizer and water. 
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GENERAL DISCUSSION
 
In his general discussion of the research work should be made available. It wouldpresented, Dr. Tamhane complimented the various techniques 

be helpful if 
could be worked out which could becountries presenting papers the detailed paperson commonly used. In water requirementgiven. He expressed the interest of the region in 

studies, in
formation on the weather is xery important. Thereresearch on water requirements and reclama- appears to be a great needon for increased weathertion. He pointed out that while the results obtained observations. The NESA Rtegion Should be clasin the various countries tend to substantiate each sified into various soil and climatic zones. The acother, there someare differences - perhaps tualdue conditions under which the research applieslargely to the varying techniques used. He sugges- need to be stated, so that their applicability to otherted that more detailed information on techniques regions be judged.can 
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CHAPTER X
 

OPERATION AND MANAGEMENT
 

COORDINATION OF OPERATION AND MAINTENANCE
 

WITII AGRICULTURAL PRACTICES,
 

HELMAND VALLEY PROJECT, AFGHANISTAN
 

by
 

Mr. A. Tawab Asifi'
 

LOCATION AND TOPOGRAPHY 
The Helmand Valley covers over 260,000 

square kilometers in the southwest of Afghanistan, 
between 29" to 33" latitude and 61" to 69" longi-
tude. 

Spreading in the southern exposure of the 
Kohi Baba ParapamisUs and the Hindu Kush 
mountains are the Helmand River basin and a few 
smaller watersheds. The lower extremity of the 
basin ends in the Chakhansur-Siestan sinks. Ap-
proximately one half of the watershed areas lie 

above 1,000 meters in altitude. The principal moun-
tain ranges rise oxer 7,000 meters in the east and 
from 3,000 to 4,000 meters in the west. The foot-
hills follow a %kesterly course and great outwash 

fans and plateaus extend in a southwesterly direc-
tion from the foothills. These vast outwashes are 
predominantly desert, with occasional flats and 
swales covered with more heavily vegetated silts 
of varying depths. The topography of these desert 
plains is gently rolling to hilly. It is broken near 
stream courses with occasional isolated uplifts of 
basalts. limestones, granites and schists breaking 
the vast sweep of the desert plains. The main rivers 
in this area are the Hehlnand, Arghandab, Farah-
rod, Khashrod, Musa Qala, Tarnak, Arghistan and 
Dori. 

Director General. Operations and Maintenance, Helmand 
Valley Authority, Lashkar Gau. Afghanistan. 

CLIMATE 
Temperature: The temperature is cooler in the 

higher mountain valleys and 
deserts. The lowest recorded 
and the highest, 121" F. The 
rature is 69' F.., the mean 

hotter in the lower 
temperature is 12" F. 
mean annual tempe-

July temperature is 
91" F., and 46" F. is the mean for the coldest 
month, January. These temperature ranges compare 
with continental desert climates in similar latitudes 
and situations in other countries. 

Rainfall: The rainy season is from December 
to April, with occasional showers in November 
and May. Generally, 75 to 80 per cent of the rains 
fall in January through March and about 15 to 
20 per cent in December and April. Rains produ
cing high runoff have been observed. The range 
of mean annual rainfall varies from 2.8 inches for 
the areas lower than 490 meters in altitude to 
13.4 inches for the areas higher than 1,790 meters 
in altitude. For ftle area under discussion, it is 
from 4.8 inches to 7.3 inches. 

Evaporation: Average annual humidity ranges 
about 44 per cent. Mean monthly evaporation is 
three inches for January, the lowest month, and 18 
inches for June. Mean annual evaporation is in the 
range of III inches. 

SOILS 
The soils of most of the potentially arable 

lands have developed from alluvial and aeolian 
I 
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materials. The original bedrock sources are the up-
lifts of the Hindu Kush range and its westward ex-
tensions. Extreme tilting, folding and warping are 
evidence of great pressures exerted during the 
uplift. Glacial and post-glacial movement of mate-
rials from these uplifts covers a large area to the 
south and southwest of the mountains and foot-
hills. Approximately 80 per cent of the presently 
irrigable lands in the Helmand River Valley is 
formed of river bottom soils and the remainder are 
shallow or bench type soils. 

In general, the river-bottoni or valley-fiI soils 
represent the gradual accumulation of alluvial se-
diments together with the wind-laid materials at 
the lower extremities of long outwash slopes and 
fans, and above the more recent stream terraces. 
These soils are deep, m6derately light brown to 
very pale brown silt loams and fine sandy loais, 
with silt loam to silty clay loam sub-soils. Where 
soils are stratified with lenses of compact, massive, 
silty clays, the permeability is low. The more uni
form profiles are more permeable and better drain-
ed. Underlying materials vary from red desert soils 
and outwash gravels to more recent alluvial gra-
vels and sands. The more recent series of terraces 
and benches along the various rivers are important 
agricultural areas. Dominantly, the soils are deep, 
light-colored silt loams, loams and very fine sandy 
loams. Along the Helmand River, considerable 
areas of uniformly sandy soils and sandy loams to 
loamy fine sands also occur. Some parts of the 
terrace benches along the Arghandab and Helmand 
are heavy silty clay loams and silty clays se-
venal feet in thickness, and do not drain well. Ge-
nerally, however, the stream terraces are modera-
tely to well drained and well-adapted to irrigation 
development. 

Desert Plains Sois: Desert plains soils consist, 
for the most part, of very thin, reddish to gray, de-
sert soils highly impregnated with lime over out-
wash gravels. Gypsum beds occur a few inches be-
low the surface in many places. In some places 
in this vast desert, a thick mantle of soil that af-
fords promise of agricultural use has accumulated. 
The deeper desert soils have in many places a 
very compact, reddish brown, sandy clay loam lo-
wer sub-soil which is slowly permeable. Over-
irrigation of the more permeable tipper horizons 

has resulted in perched water takes and salinization 
of these lands by capillary upward movement of 
saline waters to the surface. Compaction and ce
mentation in all degrees are found in these desert 
soils. Cementing agents appear to be calcium car
bonates, silicates and, in a few places, iron oxides. 
Cemented layers vary widely in thickness, texture 
and density. Caliches, lime-cemented sandstones, 
shales and a layer of conglomerate are conmmon 
at depths of one to fi',e meters under the surface. 
These relatively impervious rocks pose a serious 
drainage problem for most desert soils. 

Considerable agricultural use is heing made 
of these soils, with sarying degrees of success. Ihe 
Marja. Nad-i-Ali and parts of the Seraj, North 
Arghandab. and Tarnak projects are in areas of 
desert soils on outwash plain materials which are 
underlain at varying depths by hardpans or con
glomerate. Most of the ahoe soils are low in nit
rogen and asailahle phosphate. 

HISTORY OF IRRIGATION 
The earliest irrigation and agriculture of the 

Helmand Valley and Chakhansur-Siestan area tin
doubtedly preceded written history. Although ar
chaeological research has given indication of this, 
only a fraction of this vast area has been examined. 
Some archaeological studies hase revealed the 
earliest phases of the bronze age and ruins have 
been found dating back to about 3,000 B.C. Qala 
Bist is mentioned in ancient history, along with the 
ancient cities of Mineveh and Ur. 

All along the Helnand River and its tributa
ries, the ruins of old cities and villages are scatter
ed, reflecting a period which apparently had more 
prosperous and extensive irrigation and agriculture 
than now exist. Remains of large canals and dit
ches and extensive ruins indicate that the Helmand 
Valley once supported and fed large populations 
for centuries on irrigated farming. The extensive 
canal, irrigation and river diversion systems were 
undoubtedly hand-dug and maintained by the use 
of manpower . Extremely high floods in the spring 
months, and very low flows in the winter 
months must have required great numbers of 
men, with strong organization and leadership. But, 
alas, recurrent invasion of these agricultural lands 
by historic conquerors, the slaughter and extermina
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of bankment, with a capacity of 1,495.000 acre feet
tion of large populations, and the destruction 

of and a possible increase in capacity by installation
cities and towns must have left a limited group 

people who were unable to maintain and operate of gates of 800,000 acre feet. 

A Arghandab Storage Dam on the Arghandabthe vast dixersion, canal and irrigation systems. 

vicious circle ensued which wvas aggravated by ina- River. Earth dam 50 meters high, 526 meters long

base width, 226 meters: 2,490,000 cubic metersdequate drainage, poor land use methods and ever- of 
acrerising problems of water logging and salinity, resul- embankment: storage capacity about 388,000 

ting in lower production, further chaos and aban- feet. 
Boghra Diversion Dam on the Helmand River.donment. 

Rockfill. with concrete wier 180 meters long, 3.70 

HELMAND VALLEY DEVELOPMENT meters high. 
Boghra Canal. Seventy-five kilometers long,PROJECT 

The Helmand Valley Projects were undertaken 2,600 cfs. capacity. 
Shamalan Canal. Sixty-six kilometers long,not only for the development of new lands but also 

756 cfs. capacity.for the rehabilitation of old lands. It is probable 
East Marja Canal. Twenty kilometers long,that only a small fraction of the total land watered 

by the various development schemes may be virgin 450 cfs. capacity. 

The vast acreage of barren or scantily vege- Darweshan Diversion. Helmand River.soil. 

tated lands which is affected to varying degrees by i)arweshan Canal. Fifty-one kilometers long,
 

salts, alkali, ground water and erosion is a graphic 1.000 cfs. capacity.
 
Zahir Shali )iversion Dam on the Arghandabrecord of past happenings and ways of land use. 


It also indicates that in order to farm and resettle River. Rockfill, 800 meters long, 7 meters high

these areas successfully, projects such as the Hel- rock spillway.
 

mand Va'ley Development, designed and construc- Zahir Shahi Canal. Forty-three kilometers
 

ted by modern technological methods, operated and long, 1,500 cfs. capacity.
 

maintained under a sound program of proper irri- Nad-i-Ali Area. About 20,000 acres: Boghra
 

gation and agricultural land-use methods, must be Canal water: settlement, 1,200 families.
 
Marja Area. About 27,600 acres: Boghra Caset up. 

The present irrigation development program nal water: settlement, 605 families for the present 

began in 1939. By 1950, the Boghra Diversion time. 
About 42,000 acres; ShamalanDam, 6G kilometers of the Boghra Canal, canal Shamalan Area. 


and old farms.
structures and major inter-project roads were com- Canal water: settlement 


pleted. From 1950 to 1954, the Boghra, Shamalan Darweshan Area. About 45,000 acres: Dar

and Marja Canal systems, zs well as the Kajakai weshan Canal water- old farms.
 

and Arghandab storage dams and the Nad-i-Ali Central Arghandab. About 80,000 acres: Zahir
 

area irrigation system, were completed. Since 1954. Shahi Canal water: old farms.
 

the development has included the construction of North Arghandab. About 40,006 acres, North
 

the Marja irrigation system, the Arghandab Zahir Arghandab intake stRuctures: old farms.
 
Zahir ShahiShahi Canal Diversion Dam, the Zahir Shahi Canal Tarnak Area. About 64,000 acres-


the South Arghandab and rarnak Branches. Dar- Canal water: old farms.
 

weshan [iersion on the Helnand River and a
 

portion of the Darweshan Canal, and certain other OPERATION, MAINTENANCE AND
 

drainage outlet systems. The major works of the IRRIGATION 

Helmand Valley Development Project are briefly S ice the Boghra Canal was not lined, leakage 
affecting the adjacent areas appeared in manysummarized as follows: 

Kajakai Storage Dam on the Helmand River. places. Therefore. sections of heavy seepage were 

Earth dam, 94 meters high, 273 meters long: base lined with compacted impervious earth linings: 
of the canals as awidth. 410 meters: 3,225,000 cubic meters of em- however, the necessary lining 
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whole is not yet completed. and farm-ditches is built by HVA before settie-
For the purpose of proper and easy operation, ment. The land is leveled and put in blocks and 

wasteways and check and drop structures, some of sub-blocks, following the general topography of 
which are gated, as well as gated branch canal the area. Strips of about 50 acres are laid down, 
and lateral structures and turnouts, were construc- and these are served by farm ditches which are 
ted. Since there are many washes crossing the align- spaced 200 meters apart and are about 1,0(60 me
ment of the canals, protection from the damage of ters long. 
floods and heavy runoff is afforded by passing Border irrigation, in most parts, is encouraged. 
through concrete siphons and flumes. Inlets andtn- although basin irrigation is widely used. Borders 
derdrains are also provided at necessary stretches, are usually about 20 meters wide by 200 meters 
The project lands are served from canals and long. Roads are constructed along the sides of all 
branch canals through laterals, sub-laterals and canals, main collector drains, laterals and most sub
farm ditches. All diversions and turnouts are laterals. Bridges are built at roads and necessary 
controlled by gated concrete structures. The gates farm crossings. Because of low delivery efficiencies, 
are either prefabricated-metal, screw-type slide gates about 30 , the Nad-i-Ali and Marja areas were ' '' 

or wooden stop logs. designed on the basis of 40 acres per cfs., and 50 
Mainly, canal operations are based on farm to 60 acres per cfs. were used for the tighter soils 

irrigation requirements. In order to reduce main- of the Tarnak Area. 
tenance costs resulting from washout;. thu erosion 
of banks and sloughing, excessive canal flows, high 
canal water velocities and sudden drns of canal DRAINAGE 
water surface are avoided. The canals and ditches It is generally accepted the world over that, 
are patrolled by watermasters and ditchriders. A to practice successful irrigated agriculture, drainage 
watermaster is responsible for a certain area, and must be part of the program. Without drainage, ir
sees to it that the canal delivery schedules are pre- rigated agriculture can be practiced with some 
pared and carried out He also supervises the re- degree of success for only a limited period. 
gular maintenance of the irrigation system, and Prior to irrigation, the ground water table was 
prepares a list of all the necessary repairs to the about 22 feet below the surface in a Nad-i-Ali 
canals and structures before the end of a water well. After irrigation started, the ground water rose 
year. The ditchriders are responsible for regula- to damaging levels and salinity concentrations be
ting laterals and sub-laterals to the farm-ditch came progressively more severe. After two years 
level according to farm irrigation water require- of irrigation, the ground water level in the same 
ments and preparcd schedules, well was about five feet below the surface. 

Every year, during winter, from December 10 Following inspections and expert recommenda
to January 20, the water is shut off 40 days. Dur- tions, intensive construction of sub-surface drains 
ing tiis time all repairs and improvements, such as and improvement of the Boghra Canal were under
cleaning, desilting, demossing, and the laying of taken. These improved conditions to a certain de
riprap and filter blankets at high-velocity or gree- additional open farm drains were constructed 
sloughing sections, are made. Where hand labor is later on. 
impractical or costly, heavy machines like drag- The Nud-i-Ali drainage system presently is 
chains, draglines, ditchers, etc., are used. composed of about 163 kilometers of open, ma-

The farmer-developed lands of the Helmand chine and hand-dug drains and 91 kilometers of 
and Arghandab Valley Projects are served from tile drains. One proposed drainage system plan for 
the main or branch canals through farmer-owned Nad-i-Ali would require an additional 622 kilo
ditches. Main collector drains are d~ig by the Hel- meters of tile drains and 205 kilometers of open 
mand Valley Authority (RVA). drains. This system is based on a combination of 

In some other areas, such as Nad-i-Ali and three-foot and four-foot water-free, aerated root 
Marja, the entire system of laterals, sub-laterals zones in the project area. Drain spacings are rela
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tively close because of low permeabilities and the 
shallow depth of the drainage barrier, comprised 
of compacted clays, caliche or conglomerate under 
the 	agricultural areas.. 

The 	 special conditions and problems encoun-
tered when dealing with sub-soil water tables are 
innumerable. but they all follow the same basic 
laws. If the slowly permeable barrier is close to 
the 	 surface, there will be relatively little storage 
for 	 percolated waters. Unless the soils above are 
quite permeable, permitting free movement of wa-
ter 	 vertically, and unless the lands have an ample 
gradient to permit good lateral movement, the wa-
ter 	 table will encroach rapidly on the root zone. 
Water-logging, upward movement of water by capil-
larity and subsequent evaporation and accretion of 
salt 	deposits near the surface will occur. 

Generally, it is desirable to keep the water at 
least four feet below the ground surface. In arid 
climates and in finer-textured soils, this may not 
be 	 deep enough unless proper irrigation and drai-
nage techniques are used. The important thing is 
to keep sufficient water moving down through the 
soils and out of the area to prevent accumulation 
of salines and to destroy the capillary effect in the 
soil 	profile. 

Drainage cannot be economically justified tin-
der any condition unless adequate control of see-
page losses from canals, laterals and irrigation 
ditches, and proper water application, can be exer-
cised in conjunction with the drainage program. 
Studies of farm irrigation in the Nad-i-Ali area in 
the past have revealed an average efficiency of 20 
to 30 per cent. Not much of this waste ,-ater ran 
off the surface, so that 60 to 70 per cent of all 
the water used by the farmers was entering the 
ground water. Since settlement and agricultural 
production are the primary goals of land develop-
ment, the construction of dams, canals, irrigation 
systems arid drains, and land leveling, uo not have 
meaning unless the lands are put to full use and 
agricultural production. The facilities of a land 
development project should be maintained in the 
best operable condition. The excess waters stored 
underground that cause water-logging arid choking 
of the lands arid the toxic salts that prevent normal 
plant growth and kill plants, should regularly be 
removed through the drainage system. 

Salts: Salts are common in gravelly desert 
soils, the concentration varying from 0.5 to 3.0 
per 	 cent in the first foot of the areas examined. 
They are chiefly chlorides, sulphates and bicar
bonates. 

Salt 	 Balance: More salts must move out of an 
area than are added by surface irrigation in order 
to leach the land successfully. Measurements of 
Nad-i-Ali drain water show two to twelve tons of 
salts per acre foot, while the entering irrigation 
water carries about 0.39 tons per acre foot: this is 
favorable. For best leaching efficiencies, the drains 
that were built to remove surface and underground 
waters from agricultural lands should be cleaned 
and the gradient maintained for lower water surface 
and higher carrying capacities. 

CONCLUSIONS: 
As discussed in the previous paragraphs, coor

dination of operations, maintenance arid irrigation 
with agricultural practices tinder the limited condi
tions of low irrigation and drainage tolerances is 
of utmost importance. Without it, agricultural pro
duction may be impossibie. 

I. 	 Leakage. Leakage from canals and irriga
tion systems should be minimized by: 
(a) 	 Lining of canals and the irrigation 

delivery system as much as is econo
mically feasible. 

(b) 	 Regulation arid scheduling of water 
deliveries ., the farms must be con
sistent with crop needs. Farmers have 
a tendency to have small heads of 
water running all the time in their 
farm ditches. The required amount 
of irrigation water should be applied 
in shorter periods by running high 
heads of water through the ditches 
and shutting off the water when it is 
not needed for irrigation. Rotation 
of water should be practiced and farm 
deliveries scheduled through farmer 
representatives (Mirabs) and ditchri
ders. The lateral and canal flows 
should be based on these require
ments. 

(c) The canal and irrigation systems 
should be shut off for a period of 40 
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days to two months during the winter 
when farmers do not need any irriga-
tion water. 

(d) 	 In order to prevent choking and pon-
ding, canals and ditches should be 
maintained and cleaned by farmers 
in their free time and by maintenance 
crews and machinery during shut-off 
periods, 

2. 	 Drainage. Adequate drainage of the land 
requires open and closed collector and 
farm drains and regular maintenance of 
these drains to keep them in the best ope-
rating condition. Farm-labor maintenance 
crews and heavy machinery will be requi-
red to accomplish this. 

3. 	 Proper Irrigation Practices. Proper irriga-
tion practices require the following steps: 
(a) 	 The farmers must apply reasonable 

amounts of water at the right inter-
vals, consistent with crop needs, the 
water-holding capacity of the soil and 
the requirements for removing and 
preventing!salinity accretions in the 
soil profile. 

(b) 	 Deeper plowing than is now practiced 
by the farmers is also necessary for 
more rapid infiltration of irrigation 
water. 

(c) Border irrigation is best suited to the 
area.The borders should not be check-
ed in the middle. A full head of 
water for the required application 
should be used, starting from the 
upper end and filling to the lower end 
as quickly as possible. This will pre-
vent over-irrigation of the upper rea-
ches 	and under-irrigation of the lower 
reaches. 


4. 	 Proper Land Use, Crop Rotation, Land 
Cover. Even with adequate drainage, lands 

that are not irrigated and lie fallow after 
wheat and other grain irrigations for about 
four of (he hottest months, with conse-
quent high evaporations and a great up-
ward movement of water and salines from 
the ground water table, will continue to 
deteriorate. This makes it imperative for 

the lands to be cropped with perennial 
plants such as grasses, clovers or alfalfa, 
or double-cropped with berseem, green 
manures, legumes, feed grains, cereals, me-
Ions or vegetables. These crops would 
shade the ground most of the time to re
duce evaporation rates and would require 
irrigation often enough to reverse the up
ward movement of the salines. These prac
tices not only help to reclaim and protect 
the lands, but are also more practical an(' 
economic from the standpoint of the pro
ject operations, and much more profitable 
for the farmer. 

5. 	 Cultural Practices. Proper farming and 
soil fertility practices should include the 
use of fertilizers if economically ftasible. 

6. 	 Research. Research is needed in the above 
fields. 

7. 	 Training of Operation, Maintenance and 
Irrigation Personnel and Crews. Education 
of farmers in the above fields by the use 
of demonstration farms and other me
thods should be increased. 

Through coordination of operations, mainte
nance and irrigation activities with agricultural 
practices, it is hoped that a higher degree of agri
cultural production, and a higher staidards of liv
ing for the settlers and farmers can be achieved. 
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DISCUSSION 
Afghanistan cannot now afford concrete linings. 

The earth linings mentioned are about 80 cm. 
thick. The earth used for lining is tested and is 
quite impervious. Old sections are over-excavated, 
and the earth is placed at optimum moisture and 
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density. Sheepsfoot rollers are used for compacting 

it. The side slopes are 2:1 or 3:1 and are placed in 

such that a tractor can worklayers with a width 

them. There is only a short period when existing 

of operation so that construction cancanals arc out 
be carried on. Such canals may be handled by using 

a bypass. 
Where canals transect existing ditches based on 

old water rights, the required water is simply di-

verted from the canal to the existing ditches. Means 

for improving this situation are under study. 

The Authrity has completed construction at 

the expense of the Government with some help 

from A.I.D. It is hoped to recover these costs by 

taxation. Farmers are exempt from tax for the 

first five years, for development purposes. In ad

dition to the property tax, a lump sum tax is levied 

on all water users. A payment based on the land 

under cultivation and the amount of water used 

would be preferable. 
Tile spacing is one kilometer. It needs to be 

reduced by about one-third. The depths of drains 

are only one and one-half to two meters, due to the 

shallow soils. 
Canal capacity design is based on 40 acres 

per cfs., except that in some places it may be 50 

or 60 acres per cfs. where the soils are tighter. The 

system was originally designed as a rotation system. 

However, diing the early settlement period there 

has been an excess of water, since all the land is 

not settled. 
There are special crews for the operation and 

havemaintenance of large structures. [hese crews 

heavy equipment and are trained for this type of 

heavy work. Operators, ditchriders and farmers are 

used for maintaining the sub-lateral drains, etc. If 

sub-laterals are sufficiently silted up, power dit-

chers may be used and the heavy maintenance 

crew may be called in to do the work. Irrigation 

crews prepare an inventory of the maintenance 

work needed each year and the responsibility for 

the various parts is assigned at a staff meeting. 

There is a systematic inspection of the whole sys.. 

tern prior to closing the canals. Minor repairs are 

made currently by ditchriders and farmers. 

The system was designed using borders, one 

factor in the decision being mechanical cultivation. 

Since the borders are about 200 meters long, con

verting to basins would require that the water pass 

through the upper basins in order to irrigate the 

lower basins. It was pointed out that handling sur

face drainage is not provided for in the small basin 

systems. 

Water is not measured out to individual far

iners but is measured at the turnouts to the laterals 

a whole group of farmers. For newwhich serve 
lands, it is possible to measure the water to each 

farmer. Usually, however, the sub-laterals are mea

sured and there is installed a type of farm turnout 

that could be used for measuring. 

A machine has recently been acquired to bore 

tiles. This machine isout the roots which clog the 

just now being placed in operation. Mr. Raza ex

pressed pessimism about tile drains where manho

les were not provided sufficiently close together 

so that inspection is adequate. 

No information is available regarding the size 

of tile stream used by on individual irrigator, al

though Mr. Asifi reported measuring 2.5 cfs. in a 

of actual consumptionsublateral.No measurements 
on small plots have been made. 

Mr. Hamid suggested that the papers dealing 
meanwith projects shall include a chart showing 

temperature: rainfall- crop growth, maturing and 

harvesting, and canal demand for each month. 
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CHAPTER XI 

SPECIAL PAPERS 

IRRIGATION PROGRAM 

UNDER THE LITANI PROJECT , LEBANON 

by 

Mr. Jamil H. Sawaya' 

INTRODUCTION 
The intention was to offer to this Seminar an 

accurate and detailed summary of the program 
for irrigation distribution and practice which the 
Litani River Authority plans to fulfill under the 
Litani project. Unfortunately, due to construction 
delays caused by unforseen technical difficulties in 
the construction of the Karaoun Dam and the 
Awali tunnel, and to lack of an adequate water 
law, the final decisions on the detailed irrigation 
program and the commencement of its execution 
.have been delayed. At present, the technical dif-
ficulties related to the dam and tunnels have been 
resolved and a new water law, which is expected to 
be published and enforced by the end of this year, 
is presently under consideration by a special corn-
mittee. Meanwhile, the Litani River Authority is 
considering expansion of the irrigation program far 
beyond that originally planned because of the great 
recent interest on the part of both the Government 
and the people in increasing the irrigable area in 
Lebanon. 

Before discussing the irrigation program that 
is under consideration at present, a brief description 
of the general Litani project and the necessity for 
economical use of the water is necessary. 

I Chief Irrigation Engineer, LitanI River Authority, Uc-
banon, 

The Litani River basin covers an qrea of 
about 2,170 square kms. The upper six-tenths of 
the 	river course (80 kms) flows through the Bekaa 
Valley between the Lebanon and Anti-Lebanon 
mountains. The run-off from these mountain ranges 
collects in the Litani River basin an average an
nual flow of 640 million cubic meters of water. 
The runoff feeding the lower four-tenths of the 
river collects an average annual flow of 100 mil
lion cubic meter of water. Lacking reservoirs in 
the Litani watershed to store the runoff water for 
irrigation, all the run-off drained away to the sea.The 
need to conserve and store the waters for irrigation 
and generation of electric power led to the forma
tion of the (Development Plan for the Litani Ba
sin.)) This plan called for retaining and utilizing 
the supply of water for irrigation and the genera
tion of electric power and balancing these two uses 
to provide the greatest economic value to the 
country. The over-all program, briefly summarized. 
includes: 

A. 	 The Karaoun Dam at the end of the Be
kaa Valley, where the mountains close in 
on the Litani to form a gorge. The storage 
capacity will be 200 million cubic meters 
of water at a surface elevation of 860 me
ters. (Height of dam, 60 m., and length, 
1,050 m.). 

B. The Markabi tunnel, (6.5 kms. long) 
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the 	east of the Litani River. This system is designedand Awali tunnel (18 kms. long), both 3.5 
and having capacities of to furnish the full water requirement to a maximeters in dia. 


23 and 25 cubic meters per second. mum area of 6,600 hectares. A proportionate
 
each villageC. 	 The Markabi and Awali power houses, share of the water is to be given to 

generating 	an annual output of 1.050 Inil- irrigation cooperati\e. The cooperative receives 

the water in its different distributaries and distrilion 	kilowatt hours. 
D. 	 The Khardale Dam. 15 kms. downstream butes it among its members according to a detailed 

from tile Karaoun Dam. 60 meters high schedule previously laid out and agreed upon bet

and 350 meters long. The reservoir capacity ween the villagers and the Irrigation Department 

is 70 million cubic meters at a surface of the Litani River Authority. 
' 

elevation of 295 meters. 	 The discharge of the springs, 2.8 to 3.5 m 

E. 	 The Zrariye tunnel and power house, ge- per second during the irrigation period from April 

nerating 	 an annual output of 75 million to mid-September. was considered sufficient to ir

area if tile main canals, secondary cakilowatt hours. 	 rigate the 

F. 	 The following irrigation schemes: nals and laterals were properly constructed and 

i. South Bekaa Gravity 	 concreted. This scheme was completely designed 

2. South Bekaa Pumping 	 and prepared for execution. Unfortunately. pre

3. Zone (A)) 	 vious water rights for irrigation by putmping outside 

4. Zone ,B,)) 	 the parimeter and the great drop in the discharge 

5. Zone aC), 	 of these springs (1.5-2.5 ml per second) due to 

G. 	 A supply of water for domestic use for over-pumrping from the water table, delayed exe

villages within the perimeter of the irriga- cution of the plan and obliged the Litani Authority 

tion schemes. to reconsider it while awaiting the new water law. 

It is now planned to couple its execution, after 

IRRIGATION PLAN modification, with the for pumping scheme from 

The irrigation plan that is presently under the Karaoun reservoir. 

consideration by the Litani River Authority is as 
2. 	 SOUTH BEKAA PUMPING SCHEMEfollows: 

Part of the water stored in the Karaoun Re-

I. 	 SOUTH BEKAA GRAVITY servoir will be used to irrigate the part of South 

SCHEME Bekaa, for which tile natural summer flow and 

The source of water for this scheme is the the pumping permitted from underground water 

Anjar, Chamsine. Beida and Faour springs situated resources are not sufficient. A pumping plant is 

at the foot of the Anti-Lebanon mountains. Three to be installed on the left back of tile Litani at 

low diversion dams will be built, one below An- Karaoun Dam. Tile water will be pumped to an 

jar, one below Chamsine and one below Beida elevation of 900 meters, a mximum lift of 95 

and Faour springs, to raise the level of the water meters from tile minimum water elevation in the 

slightly and to control the flow into the main ca- reservoir, and will be conveyed in a canal in a 

nals. The three small reservoirs formed will be con- northerly direction for a length of 37 kms. along 

nected by means of 1.5 and 0.8 km. feeder canals. the lower slopes of the Anti-Lebanon mountains. 

One main canal will start from the Anjar Reser- At a distance of about 12 kms. from the pumping 

voir, will extend in a southerly direction along the plant, a branch canal will cross through a 2-km. 

foot of the Anti-Lebanon mountains for about siphon to the right bank of the Litani and continue 

25 kms.. and will serve a maximum area of 3,500 for about 18 kms. in a northerly direction. The 

hectares lying vest of this canal. Another main two canals will supply water for the land on the 

canal will take off at Faour reservoir and vill east side of the Litani as far north as the Damas

extend west and south for about 22 kms. to serve cus-Beirut road, and on the west side as far north 

a maximum area of about 2,500 hectares lying 	to as the Ammik swamps. 
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The total irrigable area in the South Bekaa is 
17,000 hectares, of which 6,000 hectares, lying 
mostly on the west bank of the Litani between the 
swamps of Ammik and the Damascus-Beirut road, 
are presently under irrigation. Water is funisled 
by springs on the west bank that emerge from the 
foot of the Lebanon Monntains and by a few 
wells in the area. The irrigation distribution iill this 
area is satisfactory for the present time, and future 
development is not yet considered. Of the remain-
ing 12,000 hectures, only 5,000 hectares are Under 
irrigation. Of this, only 800 hectares are irrinated 
by gravity and the rest by pumping from Anjar, 
Chamsine and(Ghazayel. Irrigation in this area is 
in a deplorable condition. Cultivators fight for 
water and part of the cultivated area in summer 
receives limited water or none. The cultixators who 
are nearer to the springs get most of the water and 
those lower down receive little or nothing. 

The condition in this area is a constant worry 
to the local Government. Consequently, the ,xe-
cution of the irrigation schemes in this area are of 
major importance. The litani River Authority, hav-
ing found that the gravity scheme will not improve 
conditions, intends to execute both the gravity and 
pumping schemes at the same time, as soon as the 
stored water in the Karaotin Reservoir is adequate 
for operation of the power plant and power house 
at Markabi during the stimmer. Most probably the 
execution of both schemes will commence in the 
early spring of 1963 and finish by the end of 1964. 

3. ZONE ((A)) 

This zone covers an era of 25,000 hectares bet-
ween the Beirut-Damascus road (north), Nahr 
Awali (south), the Mediterranean Sea (west) and 
elevation 750 (east). This zone is newly considered 
for irrigation of part of its cultivable land by the 
Litani water due to the new Government policy of 
distributing the benefits of the use of this water 
to all districts lying south of the Beirut-Damascus 
road. The area is topographically divided into two 
sub-zones by the Nahr Damour, which cuts a deep 
gorge in the Lebanon Mountains. The northern 
sub-zone is called ((Chouf)) and the Southern ,,k-
lim Kharoub.,, This zone is characterized largely 
by hilly, dissected topography, and stony, compa-
ratively shallow soils. Dry land cultivation is the 

dominant type of agriculture, with olives, figs, 
grapes, lentils and vetch as the principal crops. 
Very rocky, high, uncultivated lands comprise a si
zable portion of the area. In general, this zone ap
pears to be far less tasorable from a land irri
gabiliiy ,iewpoint than any of the other zones. 

Irrigation in this /one is confined mainly to the 
lands adjacent to the tributaries Nahr l)an our and 
Nahr Awali, which receive water from the river 
or from springs. [he main irrigated crops are 
fruits, such as plurMs, applies and citrus, to a li
mited extent, and various kinds of vegetables. Ter
racing of hilly land is a customary practice oil both 
dry and irrigated areas. Only relatively small areas 
appear to be suitable for irrigation, as summa
rized below: 

Chouf Area 
300-660 m. elevation: 400 Hectares 
600-750 m. elevation: 1600 Hectares 

2000 Hectares 
Iklim Kharoub 
0-600 m. elevation: 2100 Hectares 
600-750 m. elevation: 600 Hectares 

2700 Hectares 

The main canal will take off from the Anan 
Reservoir at elevation 625 by a siphon across the 
Awali River to a principal distribution reservoir on 
the right bank at water elevation 610. From this 

distribution reservoir, two main gravity canals take 
off to irrigate 2,100 hectares by gravity in lklim 

Kharoub between elevation 0 and 600 m. The 
first canal runs west a length of about 18 kms., 
and the second runs north about 23 kms. A pump
ing station will be installed to pump water from 
the principal distribution reservoir to a third main 
canal at elevation 760, a maximum lift of 150 me
ters. This main canal runs north for about 21 kms., 
and crosses Nahr Damour in a siphon about 800 
meters in length to the Chouf area, where the canal 
again runs north another II kms. The area irrigated 
from this canal is to be about 2,600 hectares, of 
which 600 are in lklim Kharoub and 2,000 in 
Chouf. The three main canals, as well as all se
condary canals, will be constructed of steel or re
inforced concrete pipes. 
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About 28 villages in this zone will be supplied 
with domestic water from the three main canals. 
The estimated water requirement for this zone is 

2.6 cubic meters per second for irrigation and 400 
liters per second for domestic supply. 

Detailed investigations of a practical design 
for this scheme are not yet started, as there still 
remains the possibility of supplying this zone with 
the waters of Nahr Damour and Nahr Awali. 

4. 	 ZONE ,,B,, 
This zone includes plateau regions between 

Nahr Awali and Nahr Litani, near and above the 
coastal plain containing an area of 12,000 hec-
tares of arable land suitable for irrigation of the 
total area of 60,000 hectares. This zone is sub-di-
vided into two separate schemes: Upper Nabatiye 
(including tne Saida-Roum area) and Lower Na-
batiye. These two schemes utilize water from dif-
ferent reservoirs and consequently will be consi-
dered separately, 

(a) 	 The Upper Nabatiye Scheme. This 
scheme includes the land lying bet-
ween Nahr Awali and Nahr Zahrani 

between elevations 30 and 600, and 
the land lying between Nahr Zahrani 
and Nahr Litani between elevations 
200 and 600. The irrigable land in 
this perimeter amounts to 8,300 hec-
tares. The main canal will take off 
from the Anan Reservoir and run 
southward for about 44.5 kms. to 
the right bank of the Litani River at 
elevation 600 meters. From the main 
canal, eight or nine main branches 
will take off to irrigate the different 
scattered plateaus. The main canal 
will be an open reinforced concrete 
canal and th,. main branches will be 
of steel or reinforced concrete pipes. 
Domestic water will be supplied to 
about 32 villages in this area. The 
area. The water requirement of the 

area is estimated at 5.0 cubic meters 
per second, of which 300 liters per 
second will be for domestic supply 
and the rest for irrigation. 

This scheme has priority over 

the other schemes in Zones A, B and 
C because the soil is more suitable 
for irrigation because of the strong 
demands of the villagers for develop

ment and, last but not least, because 
of the fact that this scheme is the 
most feasible from the Litani River 
Authority viewpoint. It is expected 
to have the water reach the Anan Re
servoir by the end of 1963, and it is 
very probable that the execution of 
this scheme will commence in early 
1964 after the detailed designs are 
completed. 

(b) The Lower Nabatiye Scheme. This 
scheme includes the land lying bet
ween Nahr Zahrani and Nahr Litani, 
above the Kasmie main canal (eleva
tion 30 m.) and below elevation 
200 m. The irrigable land in this 
basin amounts to 3,500 hectares. The 
main canal will take off from the 
Khardali Reservoir and is dependent 
upon the construction of this dam, 

the Zaiye tunnel and canal, and the 
Zahrani tunnel and canal, before the 
water supply will be available. The 
water will be taken by the main ca
nal of this area from the Zahrani ca
nal and run northward for about 35 
kms. to the left bank of the Zahrani 
River. At a point about 4.5 kms. 
from the beginning of the main ca
nal, a smaller canal will branch off 
and run southwesterly for about 8 
kms. 

At present the irrigation in this 
area is limited to the land below ele
vation 30 m. that ;s irrigated by the 
present Kasmie canal. 

The soil in this area is not very 
suitable for irrigation except for a 
small percentage of the total irri
gable area. Consequently, this scheme 
will be executed only as part of the 
Zahrani power house and the Tyr ir
gation scheme after Khardali Dam is 
constructed. The execution of this 
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scheme will be in the second phase 
of the Litani project in the period 
1966-1970. 

5. ZONE C)) 
Thise zone covers all the area south of the 

Litani up to the Palestinian boundary below ele-
vation 750 meters. The total area of this zone is 
42,000 hectares, of which only 5,000 hectares are 

recommended for irrigation. This zone is sub-di-
vided into three separate schemes: Tyr, elevation 
200 to 400 m.; Bent Jbail: and Tyr, elevation 30 
to 200 m. 

(a) 	 Tyr (elevation 200 to 400 meters). 
The total area of this perimeter is 
about 12,000 hectares, of which 2,000 
hectares are recommended as suitable 

for irrigation. Again, the area suitable 
for irrigation is located on small pla-
teaus scattered among the 14 diffe-
rent villages in this region. The 
water for this scheme will be taken 
by a siphon across the Litani River 
from the Nabatiye main canal to ele-
vation 550 meters. At this elevation, a 
small distribution reservoir will be 
built. From this reservoir the main 
canal will take off and run south 
for a length of about 22 kms. From 
the main canal, nine secondary ca-
nals branch off in a southwesterly di-
rection to the different small pla-
teaus. Domestic water supply will be 
distributed to all the villages, as there 
are no springs and they depend pre-
sently on small reservoirs holding 
water collected from rain runoff. The 
estimated water requirements for 
this scheme is about 1.4 cubic meters 
per second, of which 150 liters per se-
cond will be for domestic supply and 
the rest for irrigation. Irrigation at 
present (other than that provided by 

the Kasmie below elevation 30 m.) is 
limited to a few hectares irrigated 
from deep drilled wells by a few rich 
landowners. The underground water 
varies in depth between 250 to 400 

meters, and thus the water pumped is 
not very economical except for citrus 
and banana groves. 

The execution of this scheme 
will follow immediately after that of 
the Upper Nabatiye scheme. 

(b) 	 Bent Jbail (elevation 400-750). The 
total area of this perimeter is 22,000 
hectares, of which only 2,000 hectares 
will be irrigated, though there are 
about 6,000 hectares of land suitable 
for irrigation. The reason for this is 
that this perimeter is irrigated by 

water pumped from the distribution 
reservoir on the left bank of the Li
tani to a maximum lift of 200 meters 
(elevation 550 to 750). Thus, it ren

ders the water rate very high for ir
rigation on a large scale. 

The major purpose of this scheme 
is the supplying of domestic water to 
the 35 villages in this perimeter and 
the irrigation of small areas of land 
in some villages where it is most requir
ed. The water pumped from the dis
tribution reservoir will run south in 
a main canal about 32 kms. Eleven 
or twelve main branches, will take 
off from this canal to distribute the 
water to all the villages. The villagers 
now depend largely on winter-stored 
water in small reservoirs for their do
mestic supply. A few small natural 
springs are found in this area, which 
generally dry up during the summer 
months. 

The execution of this scheme 
will commence, if finaly approved by 
the local authority, in conjunction 
with the Upper Nabatiye scheme. An 
alternative plan for supplying the 
area with water from the Hasbani Ri
ver remains under consideration. The 

total requirement is estimated at 1.5 
cubic meters per se-ond, of which 
400 liters per second will be for do
mestic supply and the rest for irriga
tion. 
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(c) 	 Tyr (elevation 30-200 in.). This 

scheme includes the land lying south 
of the Litani below elevation 200 m. 

and above the Kasmie canal. File to-

tal area of this perimeter is about 
7,000 hectares. File land suitable for 
irrigation is about 1,000 hectares of 

scattered small plateaus. The water 
will be taken by the main canal from 
the Zhariye canal and run southward 
about 18 kms. Five main branches 
will take off from the main canal and 
run in a southwesterly direction to irri-

gate the many small plateaus in the 
area. 

irrigation in this region is served by 
water from drilled wells. The average 
depth of the water table is about 100 
meters. Consequently, this lower Tyr 

scheme may be abandoned if future 

investigations of the underground 

water resources prove them satisfac-
tory to supply the water requirements 
of about one cubic meter per second 
for domestic and irrigation supply. 
Well drilling is increasing rapidly i 

this perimeter, but to date the results 
have not been generally very encou
raging, since no geological investiga

tions are carried out before well lo-

cations are chosen, 

IRRIGATION DISTRIBUTION 
The efficient utilization of the water and the 

proper methods of applying are the main concerns 
of the Litani River Authority and the local Go-
vernment. In the irrigation schemes, where the 

water head (the difference in level between the 
water in the canals and the land) is small, as in 

the Bekaa and pumping schemes, the distribution 
of water to the different landowners will be made 

by means of concrete lined canals. The distribution 
operation will be carried out using a previously 

agreed-upon system set up by the different coope-
ratives in the perimeter, under the direction and 
supervision of the Irrigation Department of the 
Litani River '\uthority. The administration and 

operation of the gravity irrigation schemes were 

subjects of a paper submitted in the last seminar. 

In all the other schemes of the Litani project, 

the water head is ample for distribution by other 

methods than gravity. The method proposed by 

French experts as the best is the distribution of 

water by overhead sprinkler irrigation. This method 

is under serious consideration by the Litani River 

Authority because of ttie following advantages: 

A. 	 The saving of water by a proportion of 
30 to 40 per cent , no water losses in the 
canals or on the land and less misuse by 
cultivators. 

B. 	 Better control and measurement of the 
actual water application to each hectare 
because of the homogenous distribution 
over the area to which the watcr is ap
plied. 

C. 	 The prevention of erosion. This is a very 

important consideration in view of the to

pography of the !.ebanon Mountains. 

D. 	 The economy of land preparation and 
omission of the expensive procedure of 
terracing, as is the present custom. Little 
work in land preparation will be required. 

E. 	 The economy in labor, and the use of 

night irrigation when it is more fa-

F. 	 The economy to the individual cultivator 

on initial investment, which is very im
portant to the poor cultivator who wishes 

to commence irrigation of his land. 

G. 	 Better and easier agricultural control of 

different crops, fruits and soils. 
H. 	 More equitable distribution, as it will be 

totally controlled by the Litani River Au

thority until distribution to the individual 
cultivator. 

I. 	 All the laterals being covered pipes, there 

will be no outside interference with the 
distribution system. 

This method of irrigation is now practiced 
newly by a few rich private landowners in Leba
non and has not yet been properly utilized and 
appreciated by them. 
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BENEFITS FROM THE IRRIGATION SCHEMES: 

The benefits from applying irrigation water to previously dry land are calculated as the difference between 
the gross income from irrigated land and the comparable income from dry land. licome data were 
obtained from a survey of 146 farms in the South Bekaa area: 

TABLE 1. RETURNS FROM SELECTED DRY LAND CROPS. 

Gross Value Gross Value 
Crop per Hectare Crop per Hectare 

Wheat LL 340.5 Vetch (cattle feed) LL 125.0 
Barley 226.0 Chick peas 319.5 
Vetch (edible) 190.0 Mixed Vegetables 117.5 

Average - LL 253.0 

TABLE 2. RETURNS FROM SELECTEI) IRRIGATED CROPS. 

Gross Value 

Crop per Hectare 


Wheat LL 480.5 
Potatoes 1,440.0 
Onions 986.5 

Average -

These comparative data suggest that with ir-
rigation water the gross returns per hectare can 
be increased by nearly LL 700. However, not all 
of the increase in the value of the products can 
be attributed to the water, because applications of 
fertilizers are used with potatoes, onions and sugar 
beets. The average cost of the inputs (other than 
labor) per hectare of dry land was found to be 
LL 185,1 and that of irrigated land 781.5, including 
the customary rental charges for the use of the 
land. The returns to labor amounted to LL 67.9 
per hectare of dry land and LL 167.1 per hectare 
of irrigated land. Consequently, with water for ir-
rigation, the farmer increased his return by almost 
LL 100 for his labor. If water is supplied to their 
lands, farmers can earn more than double the labor 
income received from dry land crops. Dry land 
farming that was previously abandoned will be 

Gross Value 
Crop per Hectare 

Sugar Beets LL 1,114.5 
Mixed Vegetables 570.0 

LL 948.6 

put under irrigation by the cultivators and their 
incomes will be sufficient to compensate for their 
labor. On this basis, the Litani River Authority, 
under the direction of the President of the Leba
nese Republic, revised the plan to increase the 
quantity of water that will be provided for irriga
tion schemes from the Litani project. 

DISCUSSION 
Each village will have its own sprinkling sys

tem. The water will be delivered to a village re
servoir. If there is still too much head on the pipe, 
a lower reservoir will control it. The relative ef
ficiency of sprinkler and of border irrigation was 
discussed in detail; Mr. Sawaya took the position 
that the sprinkling system was the most efficient 
method in its uniformity of distribution. This was 

263 



not fully concurred in by Mr. Natur of Jordan. 

will be installed at Government ex-The sprinklers 
pense. The Government may even irrigate for the 

farmers. Usually, pipe conveyance systems with 

around the trees will be used for citrus. Thebasins 
sprinkling systems usually purchased by farmers 

are quite uneconomical. Also, the pumping capacity 

purchased is usually too high. It is believed that 

Government designed sprinkling systems will save 

about Le-considerable cost. The cost will be 500 

banese pounds per hectare. The spacing between 
although insprinkler heads is usually 12 meters, 

some cases 18 meters may be used. The main dis-

tribution laterals will be steel pipe. Some of the 

under pressure maymain canals which are not 

be of concrete pipe. 
There will be no silting problem, as there will 

at the head of the main canal.be a silt remover 
There was considerable discussion about the life 

of the reservoir. Mr. Sawaya feels that it will be 

quite long. The siltation of the reservoir was dis-

cussed in det:!!. There is a tunnel which can be 

flush the silt out of the reservoir.used to 
This project is not intended to be entirely eco

nomical from the point of view of irrigation deve

lopment. Recent droughts have caused many dis

to the cities,placements of farmers from the villages 

and the Government is willing to subsidlize irriga

tion in order to maintain village stability. It is not 

of irrigationintended to recover the full cost the 

project from the cultivator. This may be subsidized 

in part by hydroelectric power. Also, the tax on 
as on dryirrigated land is about three times as high 

land. In addition, there will be water charges. The 

'.';15 tc $18 per hectare.water tax will be 

Mr. Hagen poi,-teJ out that in southern 

France there is a wine growing area. Since the dep

ression of wine prices, it no longer pays to grow 

grapes. Therefore, France is subsidizing an irriga

tion project in order to stabilize the economic situa

tion in this area. Mr. Hagen suggests that there may 
worksbe increasingly more subsidy of irrigation 

for the purpose of providing economic balance in a 

country or region. 
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CO-ORDINATED DEVELOPMENT OF GROUNDWATER
 

IN RECHNA DOAB, WEST PAKISTAN
 

by
 

Mr. Sayyid Hamid
 

INTRODUCTION 
The rise of the water table and the attendent 

salinization of the land is posing a serious problem 
to the agriculture of Rechna Doab, which is a vast 
canal-irrigated area in the semi-arid Indus Plains 
of West Pakistan. In this once very fertile area, 
agricultural production, which was already sub-
normal for want of adequate irrigation applica-
tions, has been declining progressively as more and 
more lands have been going out of cultivation or 
loosing their productivity due to waterlogging and 
salinity. Surface floodings have also become severe 
and more frequent. 

The consequences 
have been understood 
velopment was started 
rious approaches were 

of a rising water table 
from the time irrigation de-
some 70 years ago and va-
tried at various times, such 

as frequent and extensive canal closures, lowering 
of canal water levels, conversion of perennial to 
non-perennial irrigation, tree plantations, lining of 
canal reaches, open surface drains and tubwells. 
But these were for the most part halfway measures 
and were neither as the nature and magnitude of 
the problem demanded. 

In 1954 a comprehensive program of ground-
water and soil salinity investigations was started 
for the first time on scientific lines, to determine 
the geologic, hydrologic and all other related con
ditions which contribute or are related to the prob-

lems of waterlogging and salinity. These investiga-
tiops established the existence of a vast intercon-
nected groundwater aquifer underlying Rechna 
Doab, which had become virtually 'brimfull' from 

(1) Project Director and Deputy Chief Engineer, 
Groundwater and Reclamation Division. West Pakistan 
Water and Power Development Authority. 

the additional recharge resulting since the irriga
tion systems were developed. The investigaions and 
studies further demonstrated that this aquifer could 
be developed to produce large quantities of useable 
groundwater supplies to supplement the existing 
surface supplies, and in turn lead to adequate sub
surface drainage, which is vital for the control of 
waterlogging and salinity. As a result, a large Sa
linity Control and Reclamation Project has been 
undertaken in a part of the Rechna Doab, which 
represents the co-ordinated development of ground
water by installing 1,800 ubewells over a gross 
area of 1.2 million acres. The gross area of the 
Rechna Doab is 7.3 million acres. 

This paper describes the approach which has 
been adopted for the co-ordinated development of 
groundwiter in Rechna Doab in the light of pre
vailing conditions, and brings out the nature and 
extent of the investigations on which it was based. 
GENERAL DESCRIPTION OF THE AREA 
LOCATION 

Rechna Doab, a part of the Indus alley, is 
bounded by two tributaries the Rivers Ravi and 
Chenab, from which 
meaning land between 
and Chenab originateand flow into West 

southwest. The Doab 

Kashmir boundary on 

it derives its name (,Doab, 
two rivers). The Rivers Ravi 
in the Himalayan mountainsPakistan from northeast to 

is bounded by the Pakistan
the northeast and by the Ri

vers Chenab and Ravi, flowing roughly from north
east to southwest, down to their confluence. The 
width between the rivers is 50 to 60 miles and 
the length of the Doab from the foot of the moun
tains to the confluence is about 220 miles, with 
a gross area of 11,000 sq. miles. The location of 
Rechna Doab is shown in Fig. 1. 
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CLIMATE 40's. Freezing temperatures are recorded only ra-

Climately most of the Rechna Doab is' arid rely. 
to semi-arid. A small strip of the Doab along the 

Himalayan foothills is characterised by a semi- PHYSIOGRAPHY AND LAND FORMS 

humid climate. The average rainfall progressively Rechna Doab has a relatively flat and even 

decreases, from 20-35 inches in the northeast to se- Surface constituting a vast plain, In the north-eal

ven to eight inches in the southwest. The annual tern sub-mountain region, the height averages 850 
precipitation is concentrated in a three-and-a-half- ft. above sea level with a regular gradient of bet

month period, June to September; July and August ween two to three ft. per mile in the upper 
are the months of heaviest rainfall. There is a se- portion and just over one foot per mile 
condary rainfall period from December to Feb- in the lower portion. Across the Doab 
ruary. May and June are the hottest months; the the land surface rises 25 toi 30 ft. above the 
average maximum temperature for these months is level of the rivers. The most conspicuous 
about 105"F. The daily maximum temperature may relief features in the Doab are three isolated hills 
reach I1I5"F, or more for several days. In the rainy which Occur near the towns of Shathkot, Sangla and 
season. July to September, the average maximum Chiniot, having elevations of 140, 160 and 360 ft. 
temperature is 100"F. From December to February above the surrounding land Surface. 
the day temperatures are in the 60's or 70's while The land forms in Rechna Doab are essen
the night temperatures are in the high 30's or low tially alluvial in origin. Lying along the course of 
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the Chenab and Ravi Rivers are narrow strips of 
active flood plains which are subject to inundation 
during summer flood flows, and in which the posi- 
tions of the rivers channels are continuously chang-
ing. It is typical of the "doabs' in West Pakistan that 
the lower central portion Lt tween the two rivers 
is occupied by an elevated plateau locally called 
the (Sandal Bar.)) This land form, which has been 
termed ,scalloped interfluve.,, is a vast featureless 
plain bounded by conspicuous bluffs rangings in 
height from five to 30 feet. The meander flood 

pains occupy a position between the ((bar)) and 
the active flood plains of the rivers, and also ex-
tend over a wide area to the north and east of 
the (bar.) ((These flood plains represent areas 
which have been abandoned by earlier river chan-
nels, but despite their low relief they still display 
a complex pattern of channel scars, levees, sand 
bars and slack water deposits. Most of the upper 
portion of the Doab is a cover flood pain, com-
posed of sediments brought down by the rivers 
Chenab and Ravi and the streams flowing from the 
piedmont plain. Small areas of cover flood plain 
are also identified in the belts of the meander flood 
plains further south. The surface of the cover flood 
plains is much more level than in the meander 
flood plains, but there are many broad, ill-drained 
depressions. A small portion along the extreme 
eastern edge of the Doab, adiacent to the Himala-
yan foothills, is a piedmont plain. It has a slope of 
100 feet in the first six miles and an'dier 100 feet 
in the next 12 to 15 miles. The plain has been 
intricately dissected by a network of eroding 
streams on the higher slopes but along the lower 
edges the land between gullies is wider and more 
level. 

GEOLOGY 
The Indus alluvial plain is underlain by thick 

sediments which have been deposited by rivers 
flowing from the Himalayan Mountains. The base-
ment floor of this plain is a part of the sunkenbelt, 
known as the Himalayan ,fore deep.)) (Bounded 
by the Himalayan Mountains to the north and the 
peninsular shield of Pre-Cambrian rocks to the 
south, the plain is a vast monotonous stretch of 
alluvium. In the Rechna Doab it is marked by a 
few outcrops of Pre-Cambrian rocks occurring at 

Shahkot, Sangla and Chiniot and forming the 
hills mentioned above, which are believed to be 
the eroded remants of a subterranean ridge, c:I
led the Delhi-Shahpur Ridge. Beyond the bounda
ries of Rechna Doab, similar outcrops occur to the 
northwest: and to the southeast the extension of 
the buried ridge has been established by deep bor
ings. On either side of these outcrops the alluvium, 
which is of Quarternary age, is of great thickness 
and is believed to be from 1,000 ft. to more than 
5,000 ft. deep. 

IRRIGATION AND SURFACE DRAINAGE 
As the natural precipitation in Rechna Doab 

is very scanty except in a small area to the north
east bordering the Himalayan foothills, agricultural 
production is not possible without irrigatioi. How
ever, the climatic conditions are very favorable 
and cropping is otherwise possible throughout the 
year. Prior to the advent of largescale irrigation 
development, some 70 years ago, the whole area 
was a desert waste and only narrow strips of lands 
along the rivers were cultivated. Irrigation was ini
tiated on a large scale in Rechna Doab in 1892 
with the construction of a diversion weir on the 
Chenab River at Khanki and the Lower Chenab 
Canal, which was completed by the close of the 
century. Its authorised full sUpply is 11,500 cusecs 
and provides perennial irrigation supplies to a 

culturable commanded area of 2.84 million acres. 
During the summer cropping season when the river 
discharge is high. an additional culturable area 
of 150,000 acres is given irrigation supplies. The 
Lower Chenab Canal system, which is one of the 
largest in West Pakistan, irrigates most of the cent
ral and lower portion of the Doab. To irrigate the 
areas south of the River Ravi, a project was comp
leted in 1915 under which a canal was constructed 
across the Rechna Doab to transfer the surplus 

water of the Chenab Rivet to the Ravi. This canal, 
called the Upper Chenab Canal, takes off from a 
barrage or diversion weir at Marala and carries a 
discharge of 13,600 cusecs. In the Rechna Doab, 
part of the supplies of the Upper Chenab Canal 
are utilized to provide irrigation for a culturable 
commanded area of 1.44 million acres located east 
of the Lower Chenab Canal command. The south
west tip of the Doab is irrigated from the Haveli 
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RECHNA DOAB 
PLAN SHOWING IRRIGATION SYSTEMS 

,, AND NATURAL DRAINS 

Canal, opened in 1939 as a feeder link to carry tructed to transfer water from the western rivers 
5,000 cusecs of surplus water from the Chenab at to the canals dependent on the eastern rivers. One 
Trimmu to the Ravi above the Sidhnai head- of these links will cut across Rechna Doab and car
works. The culturable area under the command of ry a discharge of 18,600 cusecs. All :he above canal 
the Habeli Canal in Rechna Doab is 128,000 acres systems in the Rechna Doab command a total cul
perennial and 78,000 acres non-perennial. With the turable area of 4.8 million acres within a gross 
partition of the Indian sub-continent in 1947, ca- commanded area of 5.6 million acres, which is 
nals off-taking from the Rivers Ravi and Sutlej in 80% of the entire area of the Doab. 
Indian territory were threatened with shortage of Due to a flat topography, natural surface 
supplies. This led to the construction of further drainage is not well-defined in the Rechna Doab. 
feeder canals, the Marala Ravi Link and the The principal -nullahs are the Dog and Basanter, 
B.R.B.D. Link. The Marala Ravi Link is the which outfall into the Ravi, and the Aik, which 
largest feeder canal across Rechna Doab and has a joins the Chenab. These nullahs, which drain the 
capacity of 22,000 cusecs. A small area of 160,000 upper portions of the Doab, do not have well
acres in Rechna Doab is also commanded by this defined channels and in their lower reaches their 
feeder. With the signing of the Indus Waters Treaty beds become wide, low depressions. For the re
with India, a number of link canals must be cons- moval of surface run-off, these nullahs are not 
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very effective and after heavy rains, which are 
characteristic during the monsoon, they overflow 
their banks, inundating large areas. This condition 
is further aggravated when the river stages are 
high and the outlets of the nullahs are blocked, 

To improve surface drainage conditions in 
Rechna Doab, a large number of surface drains 
have been constructed having a total length of 
1,400 miles and a designed discharge capacity of 
13,800 cusecs. These drains have not proved very 
effective and over an area of 1,500 square miles, 
where drainage conditions are particularly critical, 
their capacities are now being increased by 4,400 
cusecs and additional branch drains are being pro-
vided. The irrigation systems and the natural 
drains described above are shown in Fig. 2. 
PROBLEMS OF IRRIGATED 

AGRICULTURE 

AGRICULTURAL PRODUCTIVITY 

Typical of the irrigated lands in the rest of 
West Pakistan, agricultural productivity in Rechna 
Doab is very low in spite of the favourable clima-
tic and soil conditions. A comparison of the average 
yields of the principal crops presently obtained 
in the irrigated lands, the yields obtained in other 
countries and the potential which can be achieved 
under a proper irrigated agriculture is given be-
low: 

Under existing economic conditions in West 
Pakistan, in which agriculture plays a prominent 
role and where the pressure on land is so great 
that there is only 0.7 acre of cultivated land per
capita, the low agricultural productivity is a se
rious problem. It is in facr a problem of irrigated 
agriculture, as the major portion of the cultivated 
land is under irrigation and this is more so in Rech
na Doab. 

The low productivity 
factors. Farming methods 
quite primitive. Individual 

is attributable to many 
for the most part are 

farms are small in size 
and relatively little use is made of fertilizers and 
improved agricuLtural practices. The prime reasons 
for the low produc'ivity, however, are connected 
with irrigation at d drainage. The irrigation 
applications are spread too thinly. The ir

commandedrigation supplies are far too short for the areasby the irrigation systems, which re
suits in very low cropping intensities and large por
tions of land remain fallow. These conditions, 
quite apart from having a depressing effect on the 
yields, tend to accentuate the salinization of the 
lands. The lack of adequate drainage, natural or ar
tificial, on the other hand, has led to a great rise 
in the water table, large areas have become water
logged and the attendant salinization has spread 
to a very large extent. These aspects are consi
dered in greater detail below. 

TABLE 1. COMPARISON OF CROP YIELDS. 

Crops yields - bls./acre 

Crop 

W. Pakistan 

irragated 
U.S.A.* Egypt U.S.S.R.* 

Estimated under 
improved 

conditions 
lands 

Rechna Doab 

Wheat 
Rice 
Sugarcane 
Cotton 
Maize 

970 

1200 
2700 

490 
960 

1640 

3300 
-

500-1000 
2100 

1600 

3300 
6200 

900 
18 

830 

1900 
-

-
950 

1600-1800 
2000 
4000 
1000 
2000 

* Pri. cipally from non-irrigated land. 
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IRRIGATION SUPPLIES cropping seasons, the Kharif (April to September) 

At the time when irrigation development was and the Rabi (October to March). The water al

taken up in the Rechna Doab, one of the main lowances and design intensities vary from one 

considerations was to colonize large areas of virgin canal system to another . In the case of the Upp

lands to provide settlement opportunities. This per Chenab Canal, the water allowance for peren

concept led to the layout of extensive irrigation nial areas is 2.73 cusecs and the designed Kharif 

systems and to the distribution of avaihible supplies and Rabi intensities are 24 ans 36 per cent, respec

over large areas. The soil and water relationships tively. This means that 88 acres should be irrigated 

and optimum crop water requirements were sub- during Kharif and 132 acres during Rabi from a 

jects which were not well understood, and distribu,- supply of one cusec. On the same canal, for the 

tion of irrigation supplies was determined more on non-perennial areas the water allowance varies from 

the basis of experience. In relation to the cultura- 2.86 to 5.G9 cusecs and with the designed intensi

ble areas which could be supplied with irrigation ties the duty is 70 acres per cusec. Considering the 

water, water allowances were fixed in terms of other canal systems, the water allowance on an ave

the authorized discharge per 1000 acres, and inten- rage is equivalent to I cusecs per 350 acres of 

sities of cultivation were established for the two culturable commanded area and the annual design 

Lower Chenab Canal 
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intensity is 75%; 25% in Kharif and 50% in 
Rabi. These water allowances and duties are 
among the lowest in the world. Moreover, in ac-
tual practice the intensities of irrigation have been 
far exceeded and range from 95 to 110 per cent. 
As a result, the irrigation supplies, already low, 
have been spread even more thinly. The inadequa-
cy of the present irrigations is fully brought out 
when the consumptive use requirements are com-
pared with the actual supplies. Fig. 3 shows the 
diversions necessary to meet the consumptive use 
requirements determined by the Blaney-Criddle me-
thod for the Lower Chenab Canal System for an 
intensity of 100% (44% in Kharif and 56% in 
Rabi). The actual mean supplies for a five-year pe-
riod are also shown in this figure. Comparison 
of the two curves indicates that the available sup-
plies are less than 50% of the requirements. 
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WATERLOGGING 
Based on the experience of some of ::r- ear

lier canal systems, it was apprehended that the 
opening of the Lower Chenab Canal might lead to 
waterlogging. In order to keep the trend of the 
water table under review, a series of observation 
wells was established as early as 1902 and regular 
observations were made in June and October each 
year, prior to and after the rains. These observa
tions soon confirmed that the water table had 
been rising and it was not long before waterlogging 
developed in some areas. Similarly, within four 
years of the opening of the Upper Chenab Canal 
in 1915 waterlogging appeared along the canal and 
spread gradually. Prior to irrigation development, 
the water table lay at 20 to 30 feet along the ri
vers and in the upper and lower portions of the 
Doab, and in the centre the depth was over 100 ft. 

RECHNA DOA B 

S MAP SHOWING DEPTH TO WATERTABLE 
PREIRRGATION 

-70.-- lines showing depth to wotert:blefeet 
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(Fig. 4 42-4). At present the water table lies within 
10 feet of the surface in most of the upper half of 
the Doab and is more than 20 feet deep in only a 
small area (Fig. 5 42-5). The total rise in the water 
table from the pre-irrigation to the present time is 
shown in (Fig. 6 42-6), indicating that the water 
table has risen as much as 90 feet in the central 
portion of the Doab. The rise in the upper and 
lower portions and along the rivers has ranged from 
10 to 20 feet. This extensive rise in 1he water table 
has resulted in saturating more than 180 million 
acre-feet of the subsurface formations. Typical 
hydrographs of wells along the Doab, whose loca-
tions are indicated in Fig. 6, show that the initial 
rate of rise in the water table was very steep in 
areas with a deep water table and considerably less 
in the upper and lower areas where the water table 
was at comparatively shallow depths. The rate of 
rise was also very large close to the main canals. 
As the water table assumed higher elevations, the 
rate of rise gradually declined and in most cases 
on reaching close to the ground surface, the water 
table became stablized at deptnis of three to five 
feet under the increased evapotranspiration. 

Due to the rise in the water table, waterlogging 
has developed in sizeable areas in Rechna Doab. 
In 1959, the areas under different depth ranges 
were as follows: 

I 

TABLE 2. AREAS SHOWING DEGREE OF 
WATER-LOGGING, 1959. 

Depth to Water Area in Acres Percentage 

Table Feet 

0-5 440000 6.3 
5-10 3.050,000 43.3 

10-15 1,950,000 27.6 
Above 15 1,600,000 22.8 

Total 7,040,000 100.0 

SOIL SALINITY 
With the rise of the water table, soil salinity 

started to increase in the irrigated areas in Rechna 
Doab. Although this problem came to the notice 
of the Government as early as 1908, its extent and 

the fact that it was on the increase did not come 
up for systematic study until 1927, when surveys 
of waterlogged and salinized soils were initiated in 
those where the water table had reached within 10 
feet of the ground surface. These surveys were con
fined to selected districts and estates only, and these 
by no means represented the full extent of the pro
blem. Since 1943, these surveys have been made 
for the irrigated areas as a whole and, based on 
visual inspections, have classified the salinized 
lands as, a) affected land that has never been cul
tivated; b) land which has gone out of cultivation; 
and c) land in which, salinity exists in 20% or more 
of the area. 

These surveys indicated that by 1959 within 
the command of the canal systems in Rechna Doab 
a total area of 1.19 million acres of 25% of the 
survey area had been affected by salinity, and 
that during the previous 14 years there had been 
an increase in the affected area of 150,000 acres. 
The percentage of the culturable area which had 
gone out of cultivation, and been affected by saili
nity to the extent of 20% or more in 1945 is shown 
below: 

TABLE 3. AREAS AFFECTED BY SALINITY. 

Per cent of culturable area 

Year Gone out 
of culti- Affected 20% Total 
vation. or more 

1945 10.9 11.0 21.9 

1959 11.9 13.1 25.0 

Estimates of the land affected by salinity in 
Rechna Doab have also been made from inter
pretation of aerial photographs taken during 1954. 
These reveal that 1.14 million acres of land are 

predominently severely saline and that in another 
2.3 million acres saline patches are common. 

Recently a soil and salinity survey has also 
been carried out in Rechna Doab, from 1954 to 
1957. The results, covering an area of 1.4 million 
acres where a reclamation project described later 
has been undertaken, indicate that 20% of the land 
is moderately saline (salt contents, 0.2 to 0.5% 
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15. % is strongly saline (salt content, 0.5 to 1.0%); 
and 2.5%,/0 is highly saline (salts more than 1%). 

All the above estimates of salinity indicate 
that salinity is widespread in Reclna Doab and 
has assumed such large proportions as to consti-
tute a major problem. Moreover, the spread of 
salinity is enlarging and every year it is estimated 
.hat m,.re than 15,000 acres are going out of culti-
vair:.ii or being .:fected by salinity to such an 
extent that a cultural productivity is severely cur-
tailed. 

SURFACE FLOODING 
The topographic conditions and the intensity 

of rainfall during the monsoon season in Rechna 
Doab have always been conductive of flood ha-
zards, particularly in the upper portions where the 
precipitation is relatively large. The extent of the 
stream flows, however, depends largely on the 
condition of tile land and its ability to absorb a 
portion of the rainfall and "etaird the runoff. During 
pre-irrigation times, wh: u the water table was low, 
the soils had a great moisture-absorbing capacity. 
With the rise of the water table, as areas became 
waterloggcd, the moisture-absorbing capacity was 
very much reduced. This has resulted in greater 
surface runoffs, which lead to widespread floodings 
of agricultural lands, making cultivation very diffi-
cult. The frequency and magnitude of the floodings 
in Rechna Doab have gone up quite considerably 
during recent years, and are attributable in great 
part to high water table conditions, - a conse-
quence of irrigation development without adequate 
drainage. 

EARLY MEASURES FOR WATERLOGGING 
AND SALINITY C0NTROL 

The debilitat,,g effect of waterlogging and sa-
linity oil agriculture in Rechna Doa.b was realized 
not long after the irrigation systems were first in-
troduced. 

Various anti-waterlogging measures have been 
tried in the Rc,;hna Doab during the last 50 years. 
These measures generally did not follow in a logi-
cal sequence and were mostly dictated by indivi-
dual views on the causes of waterloggiag. A great 
controversy prevailed as to the component of 
groundwater recharge which was most instrumen-

tal in the rise of the watertable and on the effect 
of seepage from canals on groundwater flow. To 
quote a few of the varying opinions; some of the 
earliest investigators concluded that, according to 
rainfall and intensity of irrigation, canal irrigation 
adds 200 to 600'o (of the natural recharge) to the 
sub-soil water, of which the greater part is contri
buted in equal parts by the main canals and water 
courses. It was also postulated that ,,percolation 
cones) below the main canals obstruct ground
water flow, causing waterlogging. The efficacy of 
drains was discounted and the lining of canals and 

water courses was advocated (not distributaries 
and minors!). In early 1,20, investigators, after 
analyzing the groundwer level data, concluded 

tthat the major c: use of the rise in the water table 
was the rechaige from precipitation, whereas the 
effect of canal irrigation was only secondary. As a 
result, great emphasis was placed on surface drai
naLe. Still later a theory was propounded that wa
terlogging was to a large extent due to seepage 
from the canal system and only to a small extent 
due to the increased absorption of rainfall result
ing from the breaking ap of new areas for cultiva
tion. The constructiun of drains was therefore sug
gested, and pun;'ig from tubewells was held to 
have a local "ijd temporary effect. In 1947 it was 
estimated that in the Lower Chenab Canal system 
the contribution to the water table from irrigation 
cha;nels and rainfall was in the ratio of 2:1.5 
whereas for the Upper Chenab Canal it was 1:2. 
Lining of distributaries and water-courses and 
adoption of tubewells as a method for sub-surface 
drainage were advocated at this stage. Seepage 
drains, however, were not favored on account of 
their purely local effect, and the use of surface 
drains on a very limited scale was suggested. In 
1959, after analyzing water table data, a view was 
formulated by some research workers that clay 
lenses obstruct the sub-soil flow of water, which is 
insignificant and completely blocked at places, and 
this has caused the infiltered water to rise upward 
rather than establish a sub-surface gradient. The 
lack of s'T'b-surface drainage was described as an 
impediment to the reclamation of saline soils by 
leaching, and the circulation of the stagnant water 
and redistribution of salts in thicker zones were 
suggested. 
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METHODS OF CONTROL 
The various methods which were adopted for 

controlling waterlogging and salinity are briefly 
decribed below: 

From 1908 to 1918 there was great emphasis on 
surface drains and a beginning was made on the 
lining of main irrigation channels; 12 miles, scat-
tered over different channels, were lined. No subs-
tantial progress was made from 1918-26 due to 
World War 1, but in the period 1926-33 a number 
of measures, such as provision of seepage drains 
along the main canals, lowering of full supply le
vels in canals by eliminating canal falls, and rest
ricting of canal supplies, were tried. A few tube-
wells were also installed. However, all these nea-
sures resulted in doubtful benefits. From 1933 to 
1941, surface drainage was given great emphasis 
and a large number of new drains were construct-
ed. Subsequently a new approach was tried, which 
consisted of installing tubewells close to the main 
canals and putting the pumped water back into 
the canals, the object being to create an unsaturat-
ed zone below the canals so as to cut down the 
seepage. 

It is significant to note that during all these 
years the problem was not tackled from a broad 
concept and with a proper appreciation of all the 
factors which control the behavior of groundwater. 

INVESTIGATIONAL PROGRAMME 
OBJECTIVES 

The history of the earlier measures which 
were adopted in Rechna Doab to control water-
logging and salinity indicated that very little suc-
cess had been achieved, and the problem conti-
nued to grow in magnitude. There were several 
reasons for this. Although the seriousness of the 
problem had been fully realized for a long time, a 
proper approach was not adopted for its solution 
whereby an engineering organization could devote 
full time to it. The most important reason was, 
however, the lack of proper appreciation of the 
need for complete hydrologic and geologic data on 
which proper solutions could be based. To iemedy 
this situation, a program of investigation was 
started rather belatedly in 1954. The purpose of 
the investigation was to inventory the water and 
soil resources of selected areas and to describe the 

cause and effect relationships between irrigation 
activities and the incidence of waterlogging and 
salinity. The ultimate goal was to provide informa
tion that could be translated into development 
projects to help increase agricultural production 
through reclamation of affected lands, prevention 
of further deterioration, and improved agricultural 
practices on all lands. These investigations cover
ing, all the related fields, have been completed in 
Rechna Doab and their nature and extent and the 
results achieved are briefly described below: 

SOIL AND LAND CLASSIFICATION 
SURVEY 

Although irrigation systems had been develop
ed in Rechna Doab, no soil or land classification 
surveys had been carried out. Under the compre
hensive investigations, therefore, these surveys were 
included as a first step, not only with the object of 
drainage and reclamation in mind but to provide a 
basis for efficient land and water use. The surveys 
were carried out on a semi-detailed basis. The 
soils were examined according to their characteris
tics, with special emphasis on the features that inr
luence crop growth and reclamation and drainage 
planning. On the basis of these characteristics, the 
soils were grouped into classification units, the 
principal three of which are soil series, type and 
phase. 

Soils series were established through a de
tailed study of the textural sequence of soil profile 
up to a depth of 72", together with other signifi
cant attributes - color, concretion and density. 
Soils reflecting similarity in all characteristics in the 
sub-soil up to the objective depth are grouped 
under one soil series. Variations within reasonable 
limits were compromised. Evaluation of texture 
was made in terms of five textural groups to avoid 
an unwieldy number of soil series. 

The soil survey results indicate that the soil 
materials of the surveyed area in many respects 
show a high degree of similarity throughout the 
area. They are mostly reddish brown to greyish 
brown in color and contain high percentages of 
silt and fine-to-very-fine sand. The clay portion is 
largely of the non-swelling type, which to a consi
derable degree accounts for the generally favorable 
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permeability characteristic of the soil. They range 

from moderately permeable to highly permeLble. 

Only a very small percentage have a relatively low 

cooefficient of permeability. The lime content of 

the soils is high, which is normal for areas of low 

rainfall. 
The soils of the area in general are intrinsical-

ly fertile and have high potential productivity, 

Their organic matter content and other plant nut-

rients, such as nitrogen, phosphorous, have been 

depleted to a very low level through constant mis-

management. When adequate water supply and 

the requisite manures or chemical fertilizers are 

provided, they attain a high productivity level. 

Topograpnfica~ly, the soils are located in 

extremely flat areas. With the exception of some 

small dune-like areas, topography poses few prob-

lems insofar as individual field development is 

concerned. Although this contributes to the comp-

lexity of planning irrigation and drainage facilities, 

it is probably one of the major reasons for the 

very low percentage of permanent waste lands in 

the area. Due to flat, relatively smooth surface 

features, the land is easily developed for irrigated 

forming. Favorable topographic features, coupled 

with the very high percentage of good soils, add up 

to a net condition wherein it is estimated that ap-

proximately 98% of the Doab lands are irrigable. 

The systematic appraisal of lands and their 

designation by categories have been made by con-

sideration of the relatively stable factors, of which 

soils, topography and drainage are of primary im-

portance. These factors were considered indivi-

dually and collectively from the standpoint of land 

classification for irrigation farming, and six classes 

were established. 

SUB-SURFACE GEOLOGIC EXPLORATION 

In the solution of drainage problems, a know-

ledge of the geologic conditions which govern the 

occurrence source, storage, yield and movement of 

ground water is essential. As very little was known 

of the subsurface geologic conditions, a program 

of investigations was undertaken in Rechna Doab 

under which a series of test holes was drilled to a 

depth of 600 feet on an average. These test holes 

were located along eight lines approximately 15 to 

20 miles apart ruianing transversely between the 
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Rivers Chenab and Ravi. Another line of test holes 

was established running centrally along the length 

of the Doab. Along these test lines a total of 276 

test holes was drilled at an average spacing of three 

miles. The total footage drilled amounted to 

178.700 feet. The test holes were drilled by the ro

tary method and lithologic logs were made from 

the drill cuttings as drilling proceeded. Samples of 

the formation materials were also collected for la

boratory analysis to determine the physical and 

chemical chaiacteristics. Aln electrical resistivity 

and self-potential log was also run in each test 

well, to provide better correlation for the litholo

gic logs and to give an idea of the formation cha

racteristics. Samples of water were also collected 

at varying depths from tile test holes for determin

ing the quality of the groundwater. In order to 

supplement the test drilling, electrical resistivity 

surveys were also carried out, so that the conditions 

revealed by the test holes could be projected in the 

intervening areas. These resistivity surveys were 

carried out along traverses on test lines, and bet

ween the test lines a series of probes were made 

on a grid pattern in an area where it was propos

ed to undertake the first drainage and reclamation 

project. The results of these resistivity surveys were 

interpreted to a depth of approximately 300 ft., 

as at greater depths reliable interpretation is not 

always possible. 
All these subsurface explorations have provid

ed very useful information about the geologic 

conditions and the nature of the alluvium under

lying the Doab. Except along the general trend of 

the Delhi-Shahpur Ridge, bedrock was not en

countered in the upper and lower portions of the 

Doab and a few test holes drilled to uepths of 

more than 1,000 feet were all in alluvium. These 

explorations also indicated that except in the im

mediate vicinity of the few outcrops, the buried 

ridge lay at depths of more than 600 feet. The 

alluvial deposits to the depths of exploration were 

found to consist of a wide variety of sediments, 

ranging between course sand and clays. The clays 

and silts usually occur in the form of lenses and 

there was no evidence to indicate that the less per

meable formations form any barriers to restrict or 

confine grounwater flow throught the sands. The 

thickness of the aquifers in the 400-ft. depth zone 



was found to vary from 350 ft. in the lower por-
tions of the Doab to less than 100 ft. in the upper 
reaches. The thickness of the aquifers was also 
noted to decreases in the vicinity of the Pre-Camb-
rian outcrops near Chiniot and Sangle, where the 
finer sediments predominate. 

AQUIFER CIHARACTERISTICS 
Apart from the exploratory drilling, which pro-

vided useful information on the nature and extent 
of groundwater aquifers and the physical proper-
ties of the water-bearing formations, a number of 
aquifer tests were carried out by the pumping well 
method. These tests were carried out on 62 wells 
150 to 300 feet deep and the specific capacities of 
the wells and the co-efficient of transmissibility and 
storage were determined. These tests indicated 
that the aquifer underlying Rechna Doab had a 
co-efficient of transmissibility ranging from 0.5 to 
more than 1.0 cfs/ft. and wells could be expected 

,RECHNA 
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to have 	specific capacities of 0.2 to 0.33 cfs per ft. 
of draw-down. 

Watertable Fluctuations. Records of ground
water level data in Rechna Doab have been kept 
from 1894, when certain wells were selected for 
measurement of groundwater elevations. These 
were supplemented by local wells in 1907 and' 
additional wells were later established in 1920 
and 1940. Under the comprehensive investigation 
program, 21 automatic water depth recorders have 
been installed to record groundwa!er level fluctua
tions continuously. The total number of these ob
servation wells is now about 700. From the water 
level record of these wells, which has been ob
served twice every year in June and October, prior 
to and after the rains, it has been possible to de
termine the manner in which the water table has 
risen from the time irrigation was introduced and 
to evaluate the groundwater recharge. Fig. 7 
shows grounwater contours in the Rechna Doab 

4-i' 
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DOAB 

MAP SHOWING GROUND WATER CONTOURS 
IN 1910 

-620-, 	 lines of equal attitude of water 
table-feet above mean sea level 
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RECHNA DOAB 

MAP SHOWIN6 GROUND WATER CONTOURS 

IN 1959 

- 620 , 	 lines of eQuat altitude of water 
table- feet above mean sea level 

in June, 1910, which have been constructed on the where the water table is still 15 to 20 feet there is 

basis of the groundwater level record. These con- still gradual rise and equilibrium has not yet been 

tours indicate that soon after the Lower Chenab achieved. The rise in the water table has, however, 

Canal was opened, the Rivers Ravi and Chenab built up groundwater storage and offers great po

were influent and the general movement of tentialities for development. 
groundwater was toward the centre of the Doab 

and down to the confluence, there being a ground- Quality of Groundwater. For the utilization of 

water trough between the two rivers. The water groundwater, knowledge of its quality is essential. 

table conditions in 1959 are depicted by the This subject has been thoroughly examined for 

groundwater contours in Fig., 8 which indicate that Rechna Doab as part of the overall investigations. 

the upper reaches of the rivers have changed from Water samples have been collected from existing 

influent to effluent and in place of a trough there is shallow wells and from deep exploratory bore holes 

now a groundwater mound in the entre of the and complete chemical analyses have been carried 

Doab. Detailed studies of the waitr level record out. Nearly 90,000 existing shallow wells were 

have brought out how hydrological conditions inventoried, of which 28,372 were sampled for 

have changed or are changing in various parts of complete analysis. Water samples at varying depths 

the Doab. In the upper portions, the rise in water of up to 450 feet were also obtained from 185 ex

table has become negligible as recharge and dis- ploratory bore holes and test wells and analyzed 
charge have equalized, but in the lower portions simularly. 
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The results of these analyses indicate that the 
quality of groundwater varies between wide limits in 
different areas of the Doob. The quality of the 
shallow groundwater, which reflects the effect of 
recharge, is generally superior to the quality of 
deep groundwater, and the variations over the 
Doab are not very significant, although locally the 
differences in quality make it difficult to depict 
gradual changes. The total dissolved solids in the 
shallow groundwater generally ranpe from 500 to 
1,000 parts per million. The deep groundwater 
however, shows great variation, both in the con-
centration of the total dissolved solids and their 
composition. Fig. 9 (42-9) shows lines of equal 
total dissolved solids in parts per million, which 
depict the general pattern of vaciation of the dis-
solved mineral content of the deep groundwater 
under R-.chna Doab. In the lower central part of 
the Doab there is a zone of highly brakish water 

: RECHNA DOAB 

MAP SHOWING QUALITY OF GROUND WATER 

-- 2000.- lines showing content of dissolved 
salts in ports per million 

.. -- project area 

rtw 22 	 ground water sampling well typical 
analyses reported 

having 	 more than 10,000 ppm. of dissolved solids. 
This zone is surrounded by waters which improve 
in quality outwards toward the rivers and in the 
upper parts. 

Considering the Doab as a whole, about 75% 
of the area is underlain with groundwater having 
less than 1,000 ppm. of dissolved solids; about 
10% is in the range 1,000 to 2,000 ppm.; about 
5% in the range 2,000-3,000 ppm. and about 10% 
more than 3,000 ppm. Thus a major portion of the 
Doab has groundwater which can be used for irri
gation and the usefulness of this can be extended 
further if it is used after being with canal waters 
which have very low concentrations of salts. The 
results of a few typical analyses of river and 
groundwater in Rechna Doab are shown in 
Table 4. 
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TABLE 1. CHEMICAL ANALYSIS OF WATER SAMPLES IN RECHNA DOAB 

SI. Source and Sampled 	 Milliequivalent per litre Dissolked Condvy. pH SAR 
No. Location in 	 -" Solid Microm-ICa Mg Na Co Hco Cl1 So PPM. hsa 

+ 34 	 P.P.M. hos atI+ 3 3 4 
25 ck 

Rivers Ravi and Chenab 

I. 1. Ravi of Jassar Dec. 1959 2.04 0.72 1.04 - 3.18 0.15 0.47 236 360 7.3 1.0 
2. 	 Chenab at Marala -do- 1.73 0.74 1.05 - 2.43 0.10 0.44 224 333 7.6 0.9 

Subtile 	 Typical groundwater samples from various areas of Rechna Doab 

11. 	 (a) Adjoining river & 
upper part of the
 

Doab.
 
1. 	 RTLA 19 1956 2.54 1.37 1.91 - 4.67 0.40 0.75 308 500 7.8 1.3 
2. 	 RTLZ 2 -do- 2.91 1.69 1.47 - 4.40 0.24 1.43 348 560 7.3 0.9 

(b) 	 In the South Centl.
 
part.
 
I. 	 RTLH 13 1957 10.78 16.23 163.63 0.53 3.201 136.40 52.21 13266 18666 8.2 56.3 
2. 	 RTLZ 44 -do- 33.62 38.37 107.14 - 2.74 120.26 56.12 10106 16266 7.7 17.3 

(c) In the Proj. Areas 
1. 	 RTWF 22 1954 1.16 0.80 6.81 0.37 5.60 0.81 1.98 510 827 6.0 7.4 
2. 	 RTLF 5 -do- 1.89 2.71 3.16 - 5.52 0.97 1.27 450 650 7.6 2 
3. 	 RTLD 16 -do- 1.49 2.16 7.24 -. 6.26 1.07 3.49 640 950 8.1 5.4 
4. 	 RTLZ 26 -do- 2.37 3.85 32.70 1.63 12.64 9.72 12.89 2322 3527 8.3 19.4 

(Shahkot Area) 

(Location of water sampling wells shown on Fig. 9). 



OTHER INVESTIGATIONS 

Besides the above main investigations, studies 
have been carried out to determine canal seepage
losses in Rechna Doab in order to determine 
quantitatively this element of groundwater recharge. 
Climatological and precipitation data have also 
been colected n.nd analyzed. The distribution of 
canal supplies and the agronomical aspects of de-
termining water requirements and cropping pat-
terns have likewise been taken into account. 

GROUNDWATER DEVELOPMENT 

PROGRAM 


IRRIGATION AND DRAINAGE 

REQUIRFMENTS 

Waterlogging
atterloggaing in) the Rechna Doab and theindcted vo ,echn adhe 


attendant salinity, 
 as indicated previously, ha ve 
assumed Such large proportions that the economtc
life dependent on agricultural productivitytene. crp yildsin he is threa-Te avrag aeaare
tened. The average crop yields in the area, are 

amongthe lst i the orield. ahas
The cause of the low yields and the low level 

of productivity is not entirely the waterlogging and 
salinity of the soils. As was brought out previously,
the irrigation applications are far below the opti-
mum crop requirements. Ihe situation is fur.her 
aggravated by improper irrigation and agricultural 
practices, lack of adequate pest control and the 
declining fertility of soil for want of fertilizers.
Agricultural production is also limited by the re-

curing floods wich damage 
 standing crops and 

render the sowing of winter crops impracticable in 

the affected areas. 


A fundamental requirement 
 to remedy the
above problems of agriclttral productivity is the 
urgent need for controlling groundwater levels and 
removing the salts from the soils. Unless this is
done, efforts in all other directions cannot be ex-
pected to achieve any lasting benefits, 

In order to control groundwater levels, it is 
necessary to depress the water table, and the salts 
can then be flushed down by excess applications of 
water for leaching. These objectives can only be 
achieved by adequate drainage and supplementary 
supplies of water over and above the optimum crop
requirements. 

USE OF GROUND WATER FOR 

IRRIGATION AND DRAINAGE 
Whereas various approaches could be consi. 

dered for providing proper drainage conditions, the 
provision of additional irrigation supplies poses 
many problems. The surface sources of supply are 
presently dependent on river flows which are fully
committed. The only way surface sources can be 
supplemented is by the construction of storage re
servoirs which can conserve the flood discharges. 
Such surface storage will be required to meet the 
demands of new developments and the deficiencies 
in irrigation supplies in areas where the ground
water is too saline for use. Moreover, if surface 

sources had a developable potential, it would in
volve the enlargement of existing irrigation systems
to an extent comparable to the layout of new systems of almost double the capacity. Then again,
these large systems would result in greater seepage 
lossadi tunmclrgr riaewrk
wouldWould have ro 
this connection could be considered, but this subject 

ave tot be provided. hTheliniglining of canalso sin 

received considerable attention and with available methods it has been found to be difficult to 
justify on economic grounds. The only other way to 
supplement the present surface supplies is by developing groundwater, and it is in this context that 
its use achieves a dual purpose - providing sub
surface drainage and making usa e water sup

plies available for irrigation. This approach has 
been adopted in Rechria Doab, where an area of1.2 million acres in the command of the Lower 
Chenab Canal system has been taken up for a 
drainage aid reclamation project by the installing 

of 1,800 tubewells. 

AQUIFER YIELD AND QUALITY OF 
GROUNDWATER 

The effectiveness of groundwater exploitation 
for irrigation and drainage is intimately related to 
the yield of the groundwater aquifer. Whereas it 
may be possible initially to withdraw sufficient wa
ter from t!ie groundwater storage to lower the water 
taole to suTh a depth that proper drainage condi
tions are established, and thereafter to limit the 
rate of withdrawal to the safe yield of the aquifer,
the mining of groundwater would not take place. In 
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such a case, the yield of ihe groundwater would be 
limited to the average rate of net recharge. How-
ever, if mining of groundwater storage is resorted 
to, then a much larger yield can be rLalized, but 
this in tun leads to a progressive decline in the 
water table and greater pumping lifts. The decline 
in the water table, howe.er, is not linear with :ime 
but diminishes gradually and in time conditions of 
near-eqtuilibrium can be achieved as groumiwater 
inflow increases and outflow decreases and other 
losses are also curtailed. The behavior of the 
ground waler aqluifCl can be analyzed under dif-
ferent conditions of groundwater withdrawal if 
sufficient data are available, and it is therefore pos
sible to determine an OptiMU l groundwater yield 
which is best related to local economic conditions, 
In the groundwater development and drainage pro-
ject in Rechna Doab it has been estimated that a 
groundwvater withdrawal of 1,25 ft. per year over 
the gross project area would lead to a lowering of 
the water table so that at the end of 40 years the 
water levels would descend to the levels which 
existed before the introduction of irrigation. These 
levels do not represent a very high pumping lift 
and, considering the life of the project, are fully 
justified.area 

The quality of groundwater varies considerably
within Rechna Doab but in the project area thevty 

groundwater can be characterized as being in ge-
neral of medium to high salt content (500 to 1500 
ppm.j, with low to medium residual soditm (SARs 
of 5 to 15). Such waters can be successfully utilized 
for irrigation if good drainage is provided and suf-
ficient water is applied to maintain a downward 
movement of the salts through the root zone. The 
groundwater, however, is not intended to be utilized 

as such for irrigatioir except for small areas which 
are at present in-commanded by the canals. The 
bulk of the groundwater will be mixed in the far-
mer's irrigation water courses vith the canal sup-
plies having a ':oncentration of salts of less than 
250 ppm., and therefore the quality of the combin-
ed supplies is not likely to present any problems. 
However, the use of groundwater for iirigation in 
the area where it is pumped does not afford an op-
portunity for removal of the salts from that area. 
Essentially, all salts now contained in the ground-
water and these accumulated in the soils and lea-

ched downwards in the reclamation process, as 
well as the salts contained in the canal waters ap
plied to the lands and which ultimately reach the 
groundwater reservoir from canal leakage, will in 
effect be continuously re-circulated by pumping 
and wil! lead to slow deteriuration in the quality 
of groundwater. With the available data, however, 
it has been estimated that such a process will be so 
slow that it will not present any problem, at least 
during the life of the project. 

PLAN OF GROUND WATER
 
DEVELOPMENT
 

For the first drainage and reclamation project 
in Rechna Doab based on the exploitation of 
gro indwater, a compact area has been selected 
within the command of the Lower Chenab Canal. 
The execution of this project is in the hands of the 
West Pakistan Water and Power Development Au
thority, a semi-autonomous Government body. The 
location of the project area is shown in Fig. 9. The 
prime considerations which led to the choice of 
this area were: 

() Prior to deterioration, th land in the 
had 	 a very high levl of producti

vity. 
(2) 	 The area is among the worst of those af

fected by waterlogging and salinity. 
(3) 	 From the point of view of geological con

dition and soil types, the area is best suit
ed for drainage by ttbewells. 

(4) 	 Soil types respond readily to reclamation 

by eaing operon
 
()Teqlty
 

(6) 	 The area is well-developed. Communica
tions, marketing and electric power facili
ties 	are available. 

(7) 	 The area is a compact contiguous block 
where pumping operations can achieve 
their objectic most efficiently. 

As the project aims at the utilization of 
groundwater for supplementing the existing canal 
supplies for irrigation, the crop water requirements 
and means for mixing and distribution had to be 
kept in view. These considerations led to the de
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termination of the number, capacities, design and 
locations of the tubewells to be used for ground-
water withdrawal. The pattern of existing canal 
supplies fol!ows the river flows and is unrelated to 
the crop water requirements. When the consurop-
tive use requirements are maximum, in July and 
August, the tubewells should be capable of produ-
cing the required supplies to meeL the full crop 
water requirements, and at the same time should 
have sufficient extra capacity to make up for any 
deficiencies that may occur in the natural precipi-
tation. Taking into account the yield of the 
aquifer and the existing supplies, and fixing a pat-
tern of cropping and cropping intensity such that 
the consumptive use requirements can be met, cri-
teria can be fixed for determining the capacity of 
tubewells. However, it is realized that any estima-
tes of groundwater yield based on assumptions 
cannot be relied upon the rigidly and in projects of 
this nature a true idea of yield can be obtained 
only aifter the tubewells have been operated for a 
sufficient length of time. As the operational yield 
for this project has been calculated to be on the 
conservative side, the capacities of the tubewells 
have been determined on the higher side, and are 
such as would make it possible to achieve cropping 
intensities of up to 150% in years of normal pre-
cipitation. The-criteria adopted for determining 
the capacity of tubewells was to allow for tube-
wells plus actual canal supplies measured at the 
outlet heads at the rate of I cusec per 150 acres 
of culturable commanded land. Against this water 
allowance, the existing water allowance is I cusec 
of authorised supply for 350 acres. Even if the 
operational yield of the groundwater were rest-
ricted to 1.25 ft. per gross acre, the quantity of 
groundwater developed will be of the order of 1.5 
midlion acre feet per year, as against existing canal 
supplies of 1.25 million acre feet, and will there-
fore make the total supply available more than 
doube that existing. 

Under the existing irrigation system, water is 
supplied tc sizeable units of areas called vchaks , 
from outlets in the distributaries and minors. These 
,chaks, vary in size from a few hundred acres to 
over 1,000 acres and are provided by a system of 
water courses with the delivery of water to the 
individual fields under . system of rotation. The 

tubewells have been so designed. that they can 
command one, two, or three adjacc.nt ,,chaks,i and 
their locations have been fixed close to the outlets 
so that after mixing with canal supplies the water 
can 	 be distributed most effectively, without the 
necssity of costly conveyance channels and without 
disturbing the existing farmers' distribution sys
tems. The tubewell capacities have been fixed with
in a range of from two to five cusecs with incre
ments of half a cuec, and in order to command 
all the ,chaks,, their necessary number has been 
found to be 1,800 and the total installed pumping 
comes to 5,500 cu'ecs. 

The 	 tubewells have been drilled with 18- and 
22-inch diameters, depending on the use of percus
sion 	or reverse rotary drilling rigs. The depths have 
been specified as 250 ft. 300 ft. according to the 
thickness of the acquifers encoutered. Instead of 
screen, 10-inch dia. slotted pipes having 1/16-inch 
opening to provide 30 square inches of entry area 
per 	 foot of pipe have been adopted, with gravel 
shrouding. "lhe length of slotted casing varies from 
130 	 to 180 ft., resulting in theoretical maximum 
water velocities through the slot openings of from 
0.10 	to 0.15 feet per second. 

The tubewells have been equipped with multi
stage deepwell turbine-typc pumps operated by 
electric motors Electric energy for operating the 
tubewells is available in the area and the electrifi
cation of the tubewells involves only the laying of 
11 kw. distribution lines and the inst,:llation of 
step-dovn transformers. 

The 	project has been undei construction since 
1959 and is nearing completion. Of the total num
ber of 1,800 tubewells, 1,200 have been put in ope
ration and the balance will be ready progressively 
by the middle of 1962. 

FINANCIAL AND ECONOMIC ASPECTS 
No engineering enterprise can be justified on 

its merits alone unless the benefits derived there
from are economically and financially acceptable. 
The Salinity Control and Reclamation Project in 
this respect has a high order of justification. 

If drainage is not provided, at the present 
rate of deterioration virtually all the lands involved 
would 'itimately become unproductive. In such a 
case tae only alternative would be abandonment of 
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extensive irrigation works and other improvements, 

relocation of the population now resident in the 

area to new areas, and construction of new works 

to serve an area capable of producing the amount 

of food and fibre which this area has produced 

in the past. Obviously, the cost of this alternative 

would be many times the cost of drainage works. 

The initial cost of tubewells under the project 

works out to Rs. 88 per irrigated acre without the 

cost of electrification and the annual operational 

expenses at Rs. 15.5 per acre. If the tubewell water 

were charged at the rates existing for canal water, 
then the annual cost of tubewells to be debited to 

drainage woukl work out to Rs. 10 per acre. If 
adequate water supplies were available, as an alter-

native to tubewells, a system of tile and/or open 

drains would be a fundamental requirement. It is 

estimated that such a system would cost about 
Rs. 225 per irrigated acre in initial cost, and the 
annual cost would be of the order of Rs. 10 to 12 
per acre. It is therefore evident that as a means 
for drainage alone, punpage by tubewells is finan-
cially more attractive than a system of drains, 

Aside from their justification for drainage, the 
tubewells are economically an attractive source 
of supplementary water for irrigation. In the pro-
ject area the tubewells will supplement the canal 
supplies by more than 100% and, in addition, will 
provide optimum crop reqluirements to new areas 
to the extent of 16', of the existing irrigated 
areas. If the entire annual cost of operating the 
tubewells is rcali:.ed by the sale of the water pro-
duced, the rate per acre foot will amount to Rs. 
11.4 against the canal water rate of Rs. 4 per acre 
foot. That this water rate for tubewell vater is not 
excessive has been brought out by studies carried 
out to determine the increase in productivity. It is 
estimated that with adequat drainage and additio-
nal irrigation supPlies, and with improved irrigation 
and cultural practices, the gross annual value of 
crop production would increase from the present 
level of Rs. 120 Rs. 210 per acre. The incrcase in 

cost of production other than water charges is es-
timated at Rs. 40 per acre (from Rs. 80 to Rs. 
120). Theit would thus be an increase in farm in

comes of Rs. 50 per acre before payment of water 

charges. The present canal water charges are Rs. 5 
per acre, whereas the tubewell-cum-canal supplies 

would amount to about Rs. 20.0 per acre, so that 

even after payment of all water charges there would 

be a net increase in farm incomes of Rs. 30.0 per 

acre annually. 
With a substantial rise in yields, the gross va

lue of crop production is estimated to increase 

from Rs. Ill million to Rs. 226 million annually. 

This annual increase, amounting to Rs. 115 mil

lion, is more than the capital cost of the projet of 

Rs. 95.3 million. 
The above financial estimate is based on the 

average annual operating expenses, which include 

fixed charges for the repayment of capital in a 20

year period at 3.5/,, interest and a sinking fund re
serve to replace the pumps and motors in a 20

year period at 2% interest. The useful life of the 

tubewells is estimated to be 40 years, so that the 

benefits over the life of the project will be even 

more favorable. 
ANCILLIARY BENEFITS OF THE 
TUBEWELLS PROJECT 

With operation of the tubewells it would be 

possible to draw the water table down to depths 
much greater than is practical with a system of 

drains. This will be of direct benefit in reducing 
evaporation losses and conserving water which 
would otherwise have becn lost with an open drai
nage system. By lowering the water table, the tu
bewell system will tenid to minimize the threat of 
floods, as the absorptive capacity will improve and 
a greater component of recharge from rainfall and 
overland flows will be available for re-use. Also 
a much larger storage space will be created for 
possible recharge by overland flows during occa
sional periods of heavy precipitation. 

The elimination of waterlogging will help in 
improving the sanitary conditions and in control
ling malaria, which is widespread in the area. This 
will lead to a better standard of health. 

rhe network of distribution lines to energize 
the tubewells will make electric power available to 
remote villages, where it will foster small-scale in

dustry and remove to some extent the pressure on 
the land. 

OPERATION AND MANAGEMENT 
The completion of any drainage and reclama

tion project does not mean the solution of all pro
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blems. It is only after the facilities provided for 
drainage are properly handled, the additional wa-
ter supplies are effectively utilized and improved 
agricultural practices are introduced .that full be-

nefits can accrue to the agriculture of the area. 

These aspects have been fully realized in the Drai-

nage and Reclamation Project of Rechna Doab 

and an otganisation has been set ipfor the opera-

tion and management of this Project. The primary 

functions of this organization are given below: 

1) Minte..nce of Works: The maintenance func-

tions to be performed in the project area will con-

sist of the regular servicing of" tub':well pumping 
and clcctrification equipment and will include the
anelctricaneo quew a dwllwhic my 

volvee such treatments ass acidizing t la nrsto clear incrus-

tationh which may take place. 


2) WatcT Control. [-or the Drainage and Reclama-

tion Project thistionin Proee functionl is ofofLndaevital importance, as 

the use of the groundwater has to be co-ordinated 
with canal supplies and adjusted for crop water 

and drainage requirements. Moreover, Supplies must 

be properly utilized and wastage eliminated. At the 

same time, the operation of the project has to be 

kept constantly under review and records have 

be maintained of the quantity and quality of 

groundwater pumped and the offer{ of the pumping 
gondwater pumped. athe wfflcl pohflood 

supplies delivered and themaintained on the canal 
on the croppingprecipitation apart from those 

patterns, cropping intensities and crop yields. The 
soil conditions for desalinization and fertility sta-

tus due to leaching wiil also have to be watched 
and evaluated to detcrmine the results achieved, 
The analysis of all these data will have to be car-
ried out simultaneously to determine more accu-
rately the operational yield of the aquifer and to 
bring about any adjUtments that may have to be 
made in the plan for groundwater use. 

3) Land and Water Use. Functions under this field 

will cover all related agricultural aspects based on 

proper land and water use, and will consist of 

extension work with the object of instruction the 

farmers and demonstrating better agricultural prac-

tices. These functions will be carried out through 

a large staff qualified in soil fertility, agronomy, 
agriculture and irrigation. 

4) Research. It is also proposed to have a research 

cell in the organisation to carry out research on 

agricultural problems local to the project area. 

These will consist of cropping patterns, crop rota

tions, crop water requirements and other related 
subjects. 

Discussion. Turkey's discussion was led by Ali 

Orhan. It was piesented in the form of questions, 

which are restated here together with the answers 

given by the Pakistan delegation. 

1. It is understood that, along with irrigation 
water being scarce, tilearea has been subject to 
frequent floods. Investigations carried out during 

the last few years have shown that lowering of the 

water table by pumpage and compensating for irri

gation water deficiency from the groundwater, thusOfitileiovas storag thatanea 

making use of the vast groundwater storage that 
is replenished by precipitation and floods, provide 

the most suitable solution to the problem. There is 

no question that th:is procedure will greatly cont

ribute to the solution. however, this will not eli

inate flod hazards and whether it will be a so

lution to salinity seems doubtfull. Hase ony inves

tigations been made of the possibilities of checking 
hazards by creating dams in the upstream sec

tions and supplying deficient irrigation water from 

the reservoirs thu~s create~d? 

A~mver. The headwaters of tile two rivers are 
in India and there are no suitable dam sites. Even 

if suitable reservoir sites were discovered, it would 
take a long time to develop them. The floods inun
date the lands near the rivers, but not the centers of 
the Doabs. Local rains may be as much as 15 

inches in two days, which greatly exceeds the ca
picity of the existing drainage. Levees are being 
constructed to confine the river floods and flood
ways are being built to remove the local floods. 

Flood intensity apparently has increased since par

tition, but no definite reason for this can be as
signed scientifically. 

2. Has effective field drainage been establish

ed within the chaks along with the main drainage 
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system for the purpose of lowering the water table 
to the optimum depth in the irrigation area? If 
not, is it thought that such a system will be effective 
built? 

Answer. Drains have been built which will 
take care of the areas within the chaks. They are 
designed to handle floods and control the water 
table ratther than lower it. 

3. Is it not possible to protect the project area 
by building levees at suitable locations parallel to 
the rivers? 

Answer. This possibility is limited and if car-
thed at too exte sively restricts the capacity of 
the flood channel and also causes a higher intensity 
downstream, which means that the downstream 
must be protected too. We are doing this where ab-
solutely necessary, however. In some causes the 
drains are blocked during the flood stage to avoid 
the flood waters backing tip into them and filling 

them up. In other cases, where the outfall is parti-
cularly bad, pumping stations are installed, but 
these are only to handle surface waters. This is 
where the outfall is particularly bad. For small 
drains acting as seepage drans in the winter, no 
pumping is required at that time. 

4. Actually, groundwater seems to be effluent 

toward the rivers on the edges, and flowing parallel 
to the rivers in the central part of the project area. 
Is it not possible to make use of this fact in the 

development of the drainage system? 

ownsther Anddl dlira iswebeig ceredop
down the middle of the area. However, there is no 

gravity outfall available and a pumping station 

would be required. These details must be consi-
dered project by project and we are not ready yet 
with our final plans. Flood peaks may last from 
three to four hours during the 21 month summer. 
This may happen perhaps four times during the 
period. Drains are being enlarged to take care of 
the water impounded behind levees, 

5. Out of the whole project area, which has 
a spread of 7,040,000 acres the groundwater table 

in only 6.3% stands within five feet below the 
ground surface, and more than five feet in the 
rest. 

a. What are the other reasons for lowering 
the groundwater table more than five feet, beside 
that of irrigation water supply? 

b.nwat are th resonsafor lern th 
groundwater table to its pre-irrigation level? 

Answer. A lot of water is needed to accom
plish leaching and to establish a much more intense 
agriculture than at present. The intensity of crop
ping is to be incrcased from 75 to 90% to a mini

mum of 180%. The war.r allowance is now only 
enough to meet the consumptive requirements of 
the crops. Once the salts are leached down, the 
amount of water required may be reduced. It has 
been shownl that salinization occurs from water 
tables as deep as 22 feet. We want to depress them 
well below the minimum depth of 15 feet. 

6. It is understood that the water table will be 

gradually lowered by pumping at the rate of 1.25 

ft. per year and the water will be used for irriga
tion-and that within 40 years the groundwater table 
will be finally lowered to where it was before irri
gation was initiated in the area. Since the water le
vel in the vast neighboring area will automatically 
drop during the time pumpage continues in the 
project area, is the projected pumping capacity suf

ficient 	 to handle the situation'? 
Answer. It is not considered that the water 

table in the adjoining areas will effect the draw

down appreciably in the pumped area, due to the 

low 	permeability. Moreover, the entire program for
West Pakistan must be carried out within ten years, 

so no problem is anticipated on this point. 

7. Since the depth of the tube-wells drilled in 
the area varies between 250 and 500 feet, and the 
length of the perforated screens used varies bet
ween 130 ans 180 feet, and since salinity of the 
groundwater wiil increase as the wells are drilled 
deeper, and considering that water of low salt con
tent is preferred in irrigation, is it not harmful to 
pump water from such depths? 

Answer. In general, the qualtiy of the deeper 
waters is quite good and may even be better than 
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that of the shallower waters. 

8. Are there any other reasons or advantages, 
outside those cited on page 17 of the report, for 
choosing as the project area the part of the Doab 
upstream from the Lower Chenab Canal? 

Answer. The groundwater study for this area 
was the first to be completed. In practically the 
entire area, the deep aquifers were sweet. To the 
east, the soils are such that groundwater supplies 
might be problematic. To the west, the groundwa
ter supplies are more saline. 

9. What kind of precautionary measures are 
being considered for the reclamation of the highly 
salinized area south of the project area, which is 
threatened by approaching danger as the ground-
water level keeps on dropping) 

Answer. Remedying the inadequate water sup-
ply and lack of proper drainage, 

10. What precaution is taken to insure sati;-
factory mixing of the groundwater discharged into 
irrigation canals with the canal waters? What is the 
distance necessary for a satisfactory mixing of the 
two kinds of water? Will there be no harm in es-
tablishing head-works and diverting water for ir-
rigation within the mixing distance? 

Answer. The required distance is quite 
small; 100 feet is aequate. Precautions have 
been taken so that this distance is provided bet-
ween the pump and the diversion. 

11. What is the basis for estimating 40 years 
as the useful life of the tube-well- Forty years seem 
to be a highly optimistic figure for the life of a 
tube-well. 

Answer. These conclusions hove been reached 
on the basis of a very extensive study by Pakistan 
engineers and A.I.D.experts.The design of the tube-
wells is based on experience in the U.S.A. and on 
tube-wells installed in other areas under U.S.A. su-
pervision 1nd on the advice of the constructors. It 
is estimated that the moving parts will have to be 
replaced in 20 years. 

12. Have investigations revealed any captive 
groundwater zones in the area? 

Answer. No captive zones are known. Geolo

gical investigations prove a connection between the 
tube-well aquifers and upper waters. 

13. Are there any hydrologic inventories work
ed out for the same area for different time pe

riods?
 
Answer. There have been wells in 
 the area 

for more 60 years, as long as 100 years in some 
cases. 

14. What is the system adopted for the opera
tion of the wells in the project and what is the 

type of organization necessary for a satisfactory 
operation? 

Answer. There is a supervising engineer in 
charge of the wells and he has a number of divi

sions under him. There are sub-divisional officers, 
overseers and well operators under the divisional 
officer. Tube-well operators are trained in the cent
ral office and sent out to work with people who 
have had actur l experience. Operators present in
formation on discharge, hours of operation, power 
used. A new organization may be set up following 
a report by U.S. experts which is now pending. 
The wells are constructed by the Government and 
the water is put into the channels. The rest is the 

cultivator's business. 

15. What kind of supervision is undertaken by 
the Government in irrigation operation,'? 

Answer. All types of supervision for use of thewater on the land are given, including such things 
as cropping patterns. manuring, etc. 

16. Since the water table is near the surface, 

why not use centrifugal pumps, at least in the ini
tial phases? 

Answer. Since these would have to be replaced 
in the very near future, it was thought much better 
to have the turbines to start with. 

17. Is the present industrial development in Pa
kistan favorable for local pump manufacture, or 
are the pumps imported from abroad? 

Answer. They are manufactured in Pakistan. 
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18. What is the procedure employed in per-

forating the pipes to be used as screens? What 

method has been used to provide screenspecial 
opening 1/16-inch wide? 

Answer. This is done with machinery by the 

contractor at the site. 

19. The initial cost of the tube-wells, which is 

calculated to be Rs 88 per irrigated acre, seems to 

be too low. Taking Rs 7 = $1.00 and using the 

figure for the area irrigated by one well as 350 

acres, the initial cost of a well is calculated to be 

only $4,400. Under existing condit'ons in Turkey, 

it is impossible to complete a well 300 feet deep 

deep well pump having a ca-and equip it with a 

pacity 	 of 2.5 Cu secs. at such a cost. 

Answer. The official exchange rate on rupees 

is 4.75 to the dollar and one tube-well irrigates 

much more than 350 acres. f he cost of one tube-

well, with electrification and pumping equipment 

and operators' quarters, comes to 70,000 pupees or 

roughly $14,000. The cost of the tube-well and the 

pump and motor is about 50,000 rupees or 

$10,000. 

20. Tube-wells have been drilled with percus-

sion 	type drills and reverse circulation type rotary 

Since the latter have greater performancedrills. 

capacity and higher efficiency than the percussion 


type rigs in drilling through alluvium, what are the 

using percussion rigsreasons that have led toward 

and drilling through alluvium? Has, by any 

chance, the use of percussion rigs been limited to 

groundwater investigation as a consequence of local 

subsurface geologic conditions? 

Answer. The percussion rigs were already ow

ned by the Department. The contractor brought in 

the rotary rigs, so we are using both. 

Open Discussion. Mr. 	 Ozel asked whether, if 

this would increase thegroundwater were lowered, 

seepage from the main canals. Mr. Hamid stated 

the water table is within five feet, thethat when 
heavy draft of vegetation increases the losses from 

the water table is loweredthe canal. If however, 
to 15 feet, for example, the head is greater and the 

seepage theoretically should be increased. Expe

rimentation with a means to line the canals is 

being conducted. Mr. Hamid thinks little will be 

gained by stopping the canal seepage maintained 

during the reclamation period. This will help keep 

the pumped water sweet. Some of the surface 

drainages may be blocked so that the flood waters 

may also be used for lea 'hing. 

Regarding electrification of the tube-well pro

ject, 400,000 to 500,000 kw are needed and will be 

produced with hydroelectrical installations or na

tural gas. 
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SMALL PUMP IRRIGATION DEVELOPMENT
 

IN EAST PAKISTAN
 

by
 

Mr. B. Karim'
 

INTRODUCTION 
East Pakistan lies between latitude 20' 

45' and longitude 88" and 92 - 30' E. The climate 

is tropical. The mean summer temperature is 90" F.; 

the mean winter temperature, 64' F. 
The normal annual precipitation is 80". The 

rainfall is not distributed evenly throughout the 

year. About 85% of the rainfall occurs during the 

months April to September. 

TABLE 1. PROVINCIAL NORMAL RAINFALL 

Month Rainfall Month Rainfall 
(Inches) (Iches) 

January 0.33" July 15.81" 
Fbary .89 Augstb 1.34 

Arch 
April 

1.13 
4.13 

Steber 
October 

11.3 
5.86 

Maye 75.85 Nvember 0.96 

Jn 

Area and Population. The total population of 

the province is 50.8 million, with a density of 940 

per square mile. The area of the province is 54,100 
square miles. 

Soil and Topography. East Pakistan may rightly 

be called the land of rivers. Big rivers with their 

innumerable tributaries form a network throughout 
the province, particularly in the eastern area. Most 

of these rivers are perennial and carry sufficient 

water for irrigation even in the driest period of the 

year. These rivers with their tributaries occupy 

about 10% of the surface area. 

1 Deputy Manager, East Pakistan Agricultural Develop-
ment Corpormtion. 

Most of these rivers carry heavy silt and 

during the period of monsoons they overflow their 

banks, depositing heavy silt on the flooded area. 
The soil is of alluvial origin. 

The entire pruvine is more or less of Deltaic 
formation and of flat surfacc, except some por

tions in the border regions on the north, east and 

south, which are moderately hilly. 
Occupation of the Peoplk. Agriculture is the 

main occupation of the people and 85, of the po

pulation are so engaged, directly or indirectly. The 
heavy pressure of population has resulted in very 

uneconomic holdings by individual farmers, the 

average being 2.5 acres. This condition is further 
aggravated by the fact that these small holdings are 
fragmented and scattered. 

Crops. Rice is the staple food crop of the pro

vince. Aus, Aman and Boro are the three main 

types grown. The first two types are rainfed, and 
the third is grown exclusively under irrigation. 

5Jute and sugarcane are the most important 

cash crops, of which jute is grown on natural rain
fall. Acreage under major crops and respective pro

duction are indicated in Table 2. 
TABLE 2. AREAS AND PRODUCTION OF 

Crop Area in Mil- Production in Million Acres lion Tons/Bale 

Aus 5.95 2.1
 
Aman 14.29 6.0
 
Boro .92 .0
 
Whe .24 .0

Sugarcane .28 3.6 

Jute 1.37 5.36(m.bales) 
Potatoes .12 .34 
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Food Production. There aie at present 22.2 

million acres of land under cultivation. About 1.5 

million acres are culturable waste which call be 
ex-brought under crop through deep tillage and 

tension of irrigation facilities. The tabulation below 

indicates broadly the present use of land: 

Under cultivation: 22.2 million acres 

1.5 •Culturable waste: 
5.5Forest: 

Not available: 5.0 , 

About 8.5 million tons of foodgrains are now 

produced in the province, which represents deficit 

of about half a million tons. Various development 

projects, both long-term and short-term, have been 

initiated by the Government to boost food produc-

tion-not only to cover the deficit but also to meet 

the increasing demands of the rapidly-growing po-

pulation. Small irrigation projects are to play a sig-

nificant part in this development. 

DESCRIPTION OF PROJECT 
Power Pump. Irrigation by power pumps is 

one of the short term projects which aims at an 

immediate increase in production by bringing 

more land under crop through the provision of 

irrigation from available surface water sources. 

These power pumps are also used for supplementary 

irrigation to rainfed crops in periods of drought. 

Power pump settings consist of a centrifigal 

pump directly coupled with a Diesel engine and 

generally mounted on a steel-wheeled trolley for 

easy transportation. 
The engines are all Diesel and mostly aircool-

ed. Diesel engines have been found to be depend-

able and economical. The local cost of Diesel fuel 

is about one-third that of gasoline. Aircooling is 

preferred because of the uncertainly of the clean 

water supply at work sites. General specifications 

for such a pump set are given in Appendix A. 

Different sizes of sets are used, with capaci-

ties ranging from I to 5 cusec. All one- and twe- 

cusec pumps are fitted on trolleys and are easily 

portable. The four- and five-cusec pumps are 

mounted on steel pontoons for easy movement 

from place to place along the river courses. 
Project Areas: The low-lying tract of the pro-

vince floods and remains under water from May 

to September. About 40% of the lands of the pro
revince are affected by this seasonal flood. On 

cession of the flood waters in October, the land is 

available for cultivation and crops can not be 

grown without irrigation, as rainfall during the 

months from October to March is uncertain and 

also inadequate. 

These low-lying areas are intersected by a large 

number of rivers and their tributaries. After the 

recession of the floods, when land becomes availa

ble, power pumps are installed on the banks of the 

rivers and water is raised to channels and laterals 

conveying it to the fields. The sizes of the pumping 

units are determinal by the sizes available, the 

approachable area to be irrigated, and the water 

requirement of the crops to be grown. Generally, 
the water source is adequate. 

Pump Installation. In setting up the pumps, 
care is taken to keep the suction lift within 15'. 

The sets in most cases are installed along the slopes 
of the banks as near the water source as possible. 

The wheels are removed from the trolley and the 

base plate is solidly anchored on the ground. No 

concrete foundation is necessary. The suction 

length generally does not exceed 20'. On the deli

very side, 20 to 30' of pipes are usually required to 

carry the water over the banks. Where hose pipes 

are used, no bends are necessary. In the case of 

steel pipes, two to three bends are sufficient. 

Irrigation Practices. Boro is the main food crop 

grown in the low-lying areas and, with power pump 

irrigation, it has been possible to get additional 

acreage under this crop. Boro paddy requires heavy 

irrigation. Seedlings are grown in the month of No

vember, transplantation takes places, in the middle 
of December, and harvesting is done in April. 

The crop grows well in standing water and the ir
rigation practice is to provide about one inch of 

standing water on the crop land. This helps in 

controlling weeds. Six irrigations of six inches in 

depth each have been found adequate. It is pos

sible to grow 40 acres of boro paddy per cusec of 

discharge. In the early stages of growth of the 

plant, a power pump is required to work about ten 

hours a day and at later stages, during February 
and March, 18 hours a day. A total of 100 such 

irrigation days is available in one crop season. 

A great many power pumps are now used for 
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production of this crop. The sets are installed at 
sites 	in the first part of December and remain there 
throughout the growing season of the crop, i.e., up 
to the middle of April, after which they are remov-
ed for servicing and repair. Permanent installation 
of sets is not possible, as the boro-growing areas 
are 	 lowlands and become flooded. This flood water 
also 	restricts the number of crops that can be raised 
from such areas to one in most cases, and that in 
the 	 winter season. Since these areas have ample 
surface water sources within easy reach, no initial 
layout for digging canals or distributaries is re-
quired, and with a power pump, water can be sup-
plied directly to the fields. As short-term measures, 
power pumps have therefore definite advantages in 
these areas. 

So far there has not been any demand for po-
wer pumps in the highlands which have approach-
able surface water sources for growing irrigated 
crops. 

The 	main crop rotations in these areas are: 
A. Aus followed by transplanted aman; 

B. Jute followed by transplanted aman. 

All the above crops are rainfed. When a 


drought situation prevails, cultivators ask for po-
wer pumps for supplementary irrigation, but in 
normal years they are not inclined to use them. 
From an examination of the above crop rotation, it 
will appear that if boro, which is the main food 
crop of winter, is grown in these areas through ir-
rigation, the sowing of aus or jute will be delayed, 
The cultikators are hesitant to sacrifice any of these 
rainfed crops for an irrigated boro crop. Similarly, 
production of a minor crop in tile winter does not 
pay for the cost of the power pamps. Considering 
the over-all availability of pumps in the province, 
it is also not possible to tie up a power pump for 
production of a minor crop in the winter in place 
of a boro crop which can be produced easily in 
low land with the aid of the pump. 

Power pumps will be more economical in the 
highlands in comparison to the low lands; they are 
now used for production of boro paddy when only 
a major crop in the winter can be grown without 
dislocating the existing rainfed crops. In such cir-
cumstances, the pump will not only produce an ad-
ditional crop but also will provide supplementary 
irrigation to the other crop in periods of drought 

and will help in assuring timely sowing of these 
crops. 

A. suitable cropping pattern must therefore 
be developed for these areas before large-scale int
roduction of power pumps. A few pilot projects 
are accordingly being carried out. 

OPERATION OF PUMPING UNITS 
Working Procedure. A decentralized working 

pattern has been found most effective. According 
to the scope of the work and future expansion, the 
province has been divided into a number of work 
zones and each zone has further been divided into 
units of operation. One unit consists of roughly 50 
pumps. Each such unit is provided with adequate 
operational and maintenance personnel. Roughly, a 
unit has the following s;taff: 

A. 	 One Unit Officeir. This officer is a techni
cally-qualified person and is in over-all 
charge of both operational and 
maintenance work under the unit. 

B. 	 Faur Assistant Supervisors. These officers 
are responsible for contacting cultivators 
and encouraging th:ni to form coopera
tive pump societies. When requests for 
power pumps are received from such so
cieties, the assistant superiors visit the area 
and examine the feasibility of pump use. 
If the proposals are accepted, they execute 
the conract between the Government and 
the cooperative society. When the pump is 
installed at the site, they arrange for equi
table distribution of irrigation water to 
members of the society in consultation 
with its secretaties. They also draw up 
the layout of the channels and distribu
taries which the cooperative societies are 
required to provide at their own expense. 
After irrigation, they survey the irrigated 
areas and collect the water tax from the 
beneficiaries. 

C. 	 Four Mechanics. These technicians go 
around the fields during the irrigation sea
son and carry out regular servicing and 
maintenance of the machines. Minor re
pairs and replacements are also carried 
out by them in the fields. When the irri

291 



gation work is over and the power pumps 
are 	removed to the storage shed in the 

headquarters of the unit, they take up re-
gular repair and replacement work and 

keep the sets ready for the next irrigation 

season. 

D. 	 One Store-Keeper. The storekeeper's res-
posibility is keeping proper records of 
oil, fuel, spare parts and the other equip-
ment of the unit. 

Generally, seven to ten such units form a zone. 
The officer in charge of a zone is given adequate 
administrative and financial power to carry out 
his duties and responsibilities properly and prompt-
ly on the spot and is not required to make refer 

frequently to higher authorities. These zonal 

headquarters are, therefore, the central stations for 
all field activities. 

The sets are hired out by the Government to 
the cultivators at a subsidized rate. The subsidy is 
intended to encourage irrigation on a large scale, 

and and also to make the people irrigation minded, 
All expenditures for operation and maintenance 
are met by the Government and a flat rate per acre 
per season is levied on the farmers. For example, 
in the case of boro paddy, for which about 95,o 

of the total number of sets are engaged i i the win-
ter season, sets are installed at sites in the first 
part of December and kept operating through the 
growing season of the crop. After the harvest, the 

cultivators are required to pay Rs. 31.00 per acre. 
The actual cost of operation comes to Rs. 45.00 
per acres. This subsidy is, however, being reduced 
progressively each year, until in 1964-65 it will 
disappear. 

An hourly rate imposed for crops other than 
boro and in cases of supplementary irrigation. This 
rate varies according to the size of the irrigation 
unit. 

Since the average holdings are very small, it is 
not possible for the cultivators to take power 
pumps individually. They therefore form into co-

operatives and request pumps collectively from the 
Government. As soon as such petitions are receiv-
ed, officers of the department visit and examine 
the areas. These officers (assistant supervisors) also 
help cultivators to form new cooperatives. If, after 

examination, the proposal for a pump is found 
acceptable, contracts are executed. Power pumps 

are then allotted according to the size of the pro

ject, and the parties are required to take the sets 

from unit headquarters at their cost. The sets are 

then installed at sites by agencies of the Govern
ment. The entire operational and maintenance cost 
is borne by the Government. The societies, at their 
expense, build huts near the power pump for ac
commodation of the operators and also construct 
channels and their distributaries, as instructed by 

the assistant supervisors. 
The secretaries of the societies, who are elect

ed by the members from among themselves, main
tin liaison between the societies and the depart
ment, and also help in realizing the water tax from 

the member cultivators. The record shows that col

lection of the hire charge from the beneficiaries 
has never been difficult. Almost 85% of the dues 
can be realized immediately after harvest, and the 
rest of the amount later. 

The cooperative movement in its province has 

been a great success in the field of power pump ir
rigation. The people of the province, who were ge
nerally skeptical about irrigation farming, are gra
dually becoming irrigation minded. 

Transport and Movement. The project areas 

are mostly located in inaccessible areas and are 
not generally connected with roads. Rivers are the 
main sources of communication. At present, speed
boats fitted with outboard engines are used for su

pervision and maintenance work, but by and large 
communication and transport depend on wooden 
country craft. 

Where road communications are available, 
jeeps and jeep pick-ups are used. Heavy equipment 
is carried by railway to the point nearest the pro
ject area. 

Repair and Maintenance. To carry out on-the
spot repairs in fields and to undertake major re
pairs and overhauling, a number of workshops 
have been established throughout the province. 
There is one central workshop located in the pro

vincial headquarters. This is equipped with all ne
cessary machines and tools and provided with ex
perienced technicians to carry out major repairs 
and overhauling. A full line of spare parts is also 
carried in this workshop. The requirements of the 
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zonal workshops for spare parts are met from this 
central station. Under the central workshop there 
are branch workshops which are located in the 
headquarters of the operational zones and are 
known as zonal workshops. There are four such 
workshop,; now in existence which are being expand-
ed to cope with the increased volume of work. 
Two more zonal workshops are in the process of 
being built. These workshops are equipped with 
the necessary tools and equipment to carry out 
general repair and replacement work. Elementary 
spares parts are also manufactured in these work-
shops. Under each zonal worshop there are a num-
ber of maintenance depots. These are supplied 
with mechanics, hand tools and the necessary spare 
parts to carry out normal servicing and replace
ment work. Each maintenance depot will soon be 
equipped with one mobile workshop to do spot re-
pairs in the fields during the working season. 

Field repairs are now the responsibility of the 
maintenance depots. During the season, mechanics 
attached to the depots constantly tour around the 
worksites arid carry out regular servicing and ad-
justments. Minor repairs and replacements are car-
ried out in the fields and, where spot repairs are 
not possible, the sets ace sent to the zonal work-
shops. In case the services of the central workshop 
are required, the machine is diverted to that work-
shop. 

Locally-produced power pumps as well as im-
ported ones are in operation at present. However, 
the imported pumps far exceed the locally produc-
ed ones in number. To keep this machinery in con-
dition and to minimize breakdowns in fields, it is 
necessary to carry a full line of spare parts in suf-
ficient quantities. The normal practice is to pur
chase 200/0 of the value of the machine as spare 
parts when the machine is bought, subsequently re-
plenishing the stock each year. 

For every 50 pumps, four touring mechanics 
are generally employed. For quick movement, they 
are provided with speed-boats fitted with outboard 
engines. 

TRAINING 
The requirement for technical personel is 

large. A regular training program is carried out 

for both operational and maintenance staffs. About 

1,000 pump operators are required to be trained 
annually. In addition, technical personnel in large 
numbers are needed for supervisory work. Regular 
training courses are conducted in collaboration with 
the power pump companies in various workshops 
under the project. 

Physical fitness is given great importance in 
selecting trainees because of the arduous nature 
of the work in the fields. Maintenance personnel 
are selected from technicians graduated from va
rious technical institutions. Expterienced and effi
cient operators are also promoted to mechanics. 
Refresher courses are arranged for the supervisory 
staffs of various workshops tinder the guidance of 
A.I.D. advisors. 

ECONOMIC ADVANTAGE 
Pesides making possibie an additional crop of 

paddy in the winter season, the pumps also provide 
supplementary irrigation to rainfed crops in periods 
of drought. In irrigated areas, the average yield of 
paddy is 25 mds. (2,050 lbs.) per acre. Overlooking 
the benefit accruing from supplementary irriga
tion, the net berlefit comes to Rs. 25 X 10, or Rs. 
250.G00 per acre. The total cost of production, inc
lunding the irrigation charge, comes to approximate
ly Rs. 125.000. The cost benefit ratio is there
fore 1:2. 

FUTURE PROGRAM 
Like any achievement of consequence, the pro

ject had a humble beginning with only 40 power 
pumps in the years 1955-56. The results were very 
encouraging and during subsequent years steady 
progress was made. See Table 3. 

TABLE 	3. INCREASE IN THE USE 
OF POWER PUMPS. 

Year Power Pumps Area Irrigated 
Used (in acres) 

1955-56 40 2,658 
1956-57 135 10,000 

1957-581958-59 
1958-60 

541
848

1,5 

29,000
32,793473 

1960-61 1,367 62,143 

.. 
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In 	 the coming years, this project will be fur-

ther expanded and aL.-'t 630,000 acres will be 

brought under power pump irrigation within the 

next three years. 
The project so far has been entirely planned 

and executed by Government agencies but has re-

cently been turned over to the Agricultural Deve-

lopment Corporation. This Corporation has more 

freedom than a Government agency and it will be 

possible to expand rapidly and to cut down the 

cost as far as is practicable. One of the main func

tions of this body is to encourage private enterprise. 

As a beginning, power pumps will be leased to pri

vate parties or cooperatives for a yearly fee based 

on the depreciation of the machine and interest on 

the capital. The private organizations will be at 

liberty to use the sets according to their own plans 

It 	 is hoped that this method willand programs. 
use of the pumps throughoutencourage maximum 

the year and will also help to cut down the costs 

involved. The Corporation will provide these orga

nizations with adequate maintenance facilities 

through a network of workshops both stationary 
and mobile, and will realize from such organiza

tions the actual costs of the servicing and repairs 

done for them. Spare parts will be stored at va

rious places within easy reach. In Table 4. the ir

rigation targets for the next three years are indi

cated: 

TABLE 4. GOALS FOR PUMPED IRRIGATION 

Area in acres to be irrigated 

Year by power pumps 

1962-63 292,000 

1963-64 456,000 

1964-65 630,000 

APPENDIX A
 

EQUIPMENT FOR TYPICAL PUMP SETTING
 

- 1 No. 
1. Engine. Two-cylinder, vertical, cold start- one 60" - bend, 

- 2 Nos.
ing, four-stroke Diesel, aircooled and fitted with one 45" - bend, 

15 H.P. at 1500 R.P.M. at site. Two pieces 6" galvanized steel pipes in pieces ofhour counter, 
de- 4' length each, and flanged both ends.2. 	 Pump Centrifugal; 6-in. suction; 6-in. 

1500 R.P.M.; 45,000 Imperial gallons per Six pieces 6" galvanized steel pipes in pieces of 10'
livery; 

total head; suction head, length each and flanged both ends.hour at 40-ft. head; 40 ft. 
ft. The engine and the pump specified above are di

10-15 ft.; delivery head, 25 to 30 
- 1 No. rectly coupled and mounted on a trolley with steel3. Accessories. One footvalve with strainer, 

- No. wheels.one 90" - bend, 

APPENDIX B 

COST ESTIMATE 

The entire cost is divided into fixed costs and variable costs: 

FIXED COSTS 
Depreciation: (first cost-salvage) (life expentancy) 

Interest (first cost-salvage) (interest rate)/2
 

Housing Rs. 0.10 per s.f. of storage space occupied
 

VARIABLE COST 
= 4% of the first cost of the machine.Maintenance 

Fuel consump

tion = 0.4 lbs. of fuel per H.P. per hour. 
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Oil = 

Transport cost of fuel = 

Pay and allowances of field staff = 
Supervision cost = 

Variable costs are based on 

UNIT COST 

The unit costs are based on actual costs which are 

the sum of the variable and fixed costs. 

Hourly rate: (actual cost)/(annual hours of opera-

tion) 

Acre rate: (actual cost)/(total acres irrigated an-
nually). 

Typical unit costs are: 

Cost per acre Cost per hour 
1. 6-7 H.P. set 

(discharge I cusec) Rs.60.70 Rs.2.2 
2. 14-15 H.P. set 


(discharge 2 cusec) Rs.48.5 Rs.3.0 

3. 50-55 H.P. set 

(discharge-5 cusec) Rs.30.5 Rs.6.7 

As the size of the unit increases, the operation 
cost proportionately comes down. A uniform acre 
rate of Rs. 45.00 has, however, been fixed by the 
Government. The exchange rate is Rs.4.31 
$1.00. 

Discussion. The unit officers ordinarily have 
diplomas in mechanical engineering. Because the 
fields are small and the water is delivered directly 
to them, there is no problem of laying out chan-
nels. Assistant supervisors usually have a diploma 
in agriculture, a three-year ':ourse after high 
school. 

The size of the pump setting is based on the 
availability of blocks of land near the river, which 
are of the order of 50 acres. These are not the 
most economical size from the point of view of 
pumping. The flooding occurs mostly in the mon-
soon months when pumping is not done. Trans-
portation is generally difficult so the units are 
made as independent as possible. The average 
number of acres served by a single pump has de-

1/30th of quantity of fuel. 

Approximately Rs. 0.10 per gallon 
from supply point to the work site. 
Actual expenditure made on the field 
10% of the expenditure on the field staff. 

practical field experience. 

creased since the project was started because 

smaller blocks of land are now being brought un

der cultivation. The average ize of the field ope

rated by an individual culti ator is about two 

acres. Operation and maintenance of the pumps 

are handled, entirely by the Government. A unit 

group, headed by a supervior and with assistants 
arid mechanics numbering about 10 people, handles 

about 50 pumps. In addition, an individual operator 
is provided for each pump. The life expectancy of 

the pumps is estimated to be about eight years. 
Some pumps are made in Pakistan, others are im
ported. 

Aus and aman are varieties of rice. Aus is 

grown in the late summer season, aman durin, the 
floods and boru during the winter. Research has 
shown that the production of aman can be a.; high 
as 60 maunds per acre. 

It is hoped to reduce the pressure of popula
tion on the land by the development of industry. 
In some districts the population is as high as 3,000 
per square mile. All the land is privately owned so 
there are no public lands available for new pro
jers. After projects now underway are completed, 
Pakistan has in mind recliming land from the sea 
in East Pakistan. 

Si:ting apparently adds fertility tc the land. 
However, it clogs the drainage. Due to the continu
ed silting, the rivers become higher than the land 
so that the land slopes away from the rivers, leav
ing saucer-like depressions which are difficult to 
drain and dry up. 

The training of operators will be expanded. 
There are two or three pump factories in West 
Pakistan; one in East Pakistan has been started 
and will build the pump engines soon. About 9,000 
pumps are now in use. 
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LARGE PUMP IRRIGATION DEVELOPMENT 

IN EAST PAKISTAN 

by 

Mr. Moh'd Anwar Jaleel' 

GEOGRAPHICAL AND GENERALINTRODUCTION 
This paper deals with the present status in FEATURES 

constituted a province ofEast Pakistan of water resources, pump usage and East Pakistan was 
Pakistan under the Indian Independence Act, 1947.related agriculture. The background to develop-

ment is provided in r ition to hydrology, topog- It comprises the eastern territories of the pre-parti

raphy, flood protection and drainage. Attention is tion province of Bengal, together vi!h the Sylhet 

focused on the need for irrigation and other means District, formerly pait of Assam. 

to make the optimum use of available waier for The area of tile province is 54,141 square 

increasing food grain production, which is the it., miles and the population was 51 million at the time 

of the 1961 	 census. There are some 60,000 villagesgent need of Ea,'t Pakistan. 
imported 500,000 to 600,000 in the province. The average density of populationThis province h::s 

tons of food grains every year since 1956, at an in the 15 districts, excluding the two Thittagong 

average annual cost of Rs. 200 million. One major districts, is about 85C per square mile, while the 

task of the East Pakistan Water and Power Deve- densest population is found in the Tipera, Dacca 

lopment Authority is to develop the water resources and Noakhali districts, where many rural areas 

for raising a second crop in the dry (Rabi) approach 3,000 persons per square mile. 

season in addition to protecting the wet season Except for the Chittagong district and the 

(Kharif) paddy crop against drought failure. Out of neighboripg hill tracts in the eas: and in the eas

the prLsent cultivated area of 21 	 million acres, only tern hills of Syn.., which are not subject to flood-

Under the Second ing on L iarge scale, the country consists almost4 million grow a second crop. 

Five-Year 	 Plan, ending in 1965, it is proposed to entirely of flood plains and the deltas of three great 

gain production by 210'o. Double crop- rivers: the Ganges, the Brahmaputra and tl-,raise food 
ping through irrigation and reclamation will ac- Meghna and their tributalries. In elevation the lar 31 

from about 200 feet above sea levelcouni for 32%,/ of this increase; the rest will be slopes gently 

through tile use of fertilizers, improved seeds, pest at the northern boundary of Rangpur to 150 feet 

from the sea, from 50 feet above meancontrols, etc. Irrigation during this period is to be 300 miles 

provided for double cropping about one million sea level to only a few feet above at the sea coast. 

acres. Other projects will aim at improving an ad, Most of the area lies below elev. 80, the approxi

ditional millic., acres through reclamation and mate. elevation at the point of entry of the Brah

flood protection. rnaputra at the Indian border. The land to the 
west of the 	 Brahmaputra is relatively high, but the 

east falls away to a depression in theI Deputy Director, East Pakiitan Water and Power De- land to the 


velopment Authority. Mymensingh and Sylhet districts.
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The flood plains and delta are generally 
comprised of very fertile soils. The area is largely 
cultivated and studded with thousands of villages, 
often situated on earthen mounds t- av oid the 
flood water. In the Chittagong I-Hill Tracts, tile 
country is intersected by parallel ranges of hills 
oriented approximately north-soulth anrd largely 
covered by forest. There are 17 civil districts and 
three divisions for purposes of civil administra-
tion. 

PAST DEVELOPMENT 
Historical evidence indicates that a system of 

water control and use was evolved in the Gangetic 
Delta some 3,000 years ago. It consisted of broad 
shallow canals which carried the crest waters of the 
river floods, rich in fine silt, to th.. lands. The 
canals were sc spaced that water could be distribut-
ed with reasonable facility to the ric,_ fields by 
means of cuts in the banks called ,munwasi, which 
were closed when the flood season had passed. 
During tile monsoons, much of the land was rover-
ed with water. To avoid inundation, villages were 
located on higher ground, generally raised still 
higher by earth obtained by the excavation of 
tanks, which had the double advantage of retaining 
the monsoon wate for use during the dry season, 
These tanlks dat the country by the thousands. The 
lands were bunded to control the amount and time 
of inundation and, in the tidal areas, to prevent 
sea water intrusion, 

The system of water control and use w'as ma-
naged and maintained by the ,zamiinders), and the 
tenants, on a niore or less forced cooperative basis 
known a: pulbandi.)) fhe decine of ,he Moghul 
Empire in the 18th Century brought about d;sorga-
nization and negligence in the proper maintenance 
of the system. Nonetheless, the pulbandi persisted 
up to tihe time of independence, although in a less 
positive and effectiv.: manner. As a result ot .he 
partition of Ben-igal, a large nunmber of zamindarspa o oIn 
migrated to India and some measure of reform in 
land tenure was initiated; but no effective substi
tute for the zamindari system has, so far, emerged 
in the form of local leadership. Government has 
thus had to assume responsibility for such limited 
maintenance as is possible under the circums-
tances 

TOPOGRAPhY AND EXISTING CROPPING 
In East Pakistan the cropping systel and the 

crops grown are almost entirely controlled by 
the 	 hvdto102y and topora phy )f the land. In the 
wet 	 seasoll, some 80 1>tr cent ol the alluial soils 
are 	 intnda .cd by rain or ri%- vatcr. [lhe only crop 
that 	 can be gromin on these inundated linds is 
rice: aus paddy can be gromx on higiher parts 
where level wi!l iot be hieler thaitllone foot: trans
planted among paddy in tihe conmparaticly lower 
part 	 where the ,ater !evel x.ill not become higher 
than 	three to foUr feet: and broadcast anion paddy 
on deeper land. Oil sonie 70 per cent of the culti
\able land, orly rice is ,rown. 

The 	 highest parts, which are not inundated in 
the 	 wet season, are used for homesteads, fruit 
trees, bananas and garden vegetable crops. Where 
the 	 land is little lower, sugar:ane, jute and aus 
can 	 be grown in the wet season. These soils become 
dry 	 in September and October and, as a result, 
there is plenty of time to grow a second crop in the 
dry 	season. Due to tile light nature of the soil, they 
can 	be ploughed easily. For these reasons, they are 
the 	 most intensively used soils in the province, 
although their fertility level is not very high in 
comparison with other soils which are situated at 
a lower level. 

HYDROLOGY AND EXISTING CIOPPING 
In East Fakisian the cl;mate is very favorable 

for crops but the heavy annuai rtinfall is confined 
to one season. Although the abundance of water 
during the monsoon constitutes the whole basis for 
the development of the dominant rice economy, 
there are several reasons why water control, includ
ing irrigation, can substantially raise average yields 
of paddy over the years. The height, time and rate 
of the flood all carry dangers, despite the amazing 
adaptation of certain varieties of rice to deep inun
dation. 

the case of dry season crops, irrigation can 
serve three purposes: 

A. 	 To remove the present factors limiting 
yields where winter cropping is now 
attempted; 

B. 	 To makei winter cropping possible over a 
much larger area; 
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C. 	 To lay a firmer foundation for manuring 

and other improveJ practices. 

PRESENT STA' US OF AGRICULTURE 
AND IRRIGAIION 

In spite of the scarcity of food and the 

smallness of holdings, with most of the cultivable 

land already occupied, the greater pai t of the pre-

cious arable land lies idle at present for a least half 

the year because only direct rainfall as a source 

of water is pu t to use. Yet few areas in the world 

are passed over by more water. The total annual 

runoff is of the order of a billion acre feet,or 14 

feet for each cultivated acre. If even one-third of 

this volume could bc made available when and 

where needed, it would suffice for perennial crop-

ping on all agricultural land. In the past, very little 

of the river flow has been used for irrigation and 

then almost wholly to supplement and make secure 

the water supply for the monsoon rice crop. 

The intensity of c,0tivation at present is from 

SO to 85 per cent except for tile hilly tracts, and 

there is very little additior'il area that can be put 

under cultivation. To obtain; greater amounts of 

food grains, irrigation ,ust make up for the v.ga-

ries of rainfall. 'Fhe use of fertilizers to increase 

yie!ds is possible only with controlled irrigation, 

Double and triple cropping will also be possible 

with irrigation. 
hrigation is, howe er, practiced only to a very 

small extent, being confined to tile cultivation of 

certain special crops (sugarcane. vegetables, betel-

leaf, tobacco and chillies). The water for this pur-

pose is )btained mostly from jhils and khals and 

it is lifted by hand into raised channels. As lifting 

by hand is limited to a few feet and the number of 

jhils and khals in the higher parts is few, the only 
way 	 to provide the irrigation on an extensive scale 

is through mechanical pumping from the rivers 

and streams, or by developing storage reservoirs 

and gravity supplies. 

CURRENT I)EVELOPMENTS 
The 	recent schemes for flood regulation, drain-

age, flushing and overflow irrigation were out-

growths of the traditional indigenous system and 

have been localized in nature, designed to solve im-

mediate and particular local problems. By draining 

four 	million acres over a long period, ihe cultivable 

area of East Pakistan could be brought to 74 per 

cent of the total area of 34.9 million acres. The 

greatest possibility for development, however, 

exists in improving agricultural practices and dou

ble and triple cropping of the presently cultivated 

area. The First Five-Year Plan estimated that max

imum water availability in winter for agricultural 

purposes would be roughly ((of the order of 50 

i.illion acxe feet, which if properly utilized, could 

be table to irrigate about 13 million acres. To give 

adequate supply of water, it should be po, sible to 

sow 25 million acres in the monsoon and 30% of 

this area, 26 miiiion acres in winier. Aiiiough 

ample supplies would be of the order of 75 mi!

lion acre feet, for which it would be obligatory to 

conserve ,omie o the flod flows in large storage 

reservoir. Althou-h favorable location for construc

tion of weservlr enists in hill tracts, they are outside 

the Ehs' PaListon Ter'ritory, and thu. the epportu

nity for developin, appreciable storage inEast Pa
iso 'Dis limited.) 

POLICY 
Irrigation schemes are planned in the fol

lowing order of preference as regards available re

sources: 
A. 	 Flow irrigation 
B. 	 Lift irrigation 
C. Tubewell irrigation 

These schemes are less economical in their des

cending order. 
Reclamation of marshy and waterlogged lands 

to secure wet season cultivation, dependent on the 

monsoons, is planned. 
Before independence, very little attention was 

paid by the Government to the area now constitut
ing 	East Pakistan, and little development of water 

resources was done in order to permit the rais:ig of 

a second crop in the dry season. The shortage of 
food and the increasing population have focused at
tention on the need for a master plan for develop

ment of the water resources of East Pakistan. The 

economic requirements of irrigation projects in a 

humid zone are hard to meet although the need for 

water and increased cropping intensity is pressing 

due to the impact of an increasing population. Un

til this plan crystallizes, priority must be given to 
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schemes which offer the best immediate returns 
and to those which are more effective in relatively 

dry areas. In this category, the supplying of water 
for irrigation from pumps is of the foremost prio-
rity. 

The East Pakist, n Water and Power Develop-
ment Authority has incldcd the following schemes 
of pimp irrigation in the second Five-Year Plan 
period: 

A. 	 Ganges Kobadak Project 
B. 	 Dacca-Narayanganj-Demra Irrigation Pro-

ject 

C. 	 Low lift pump irrigation scheme in the 
northern districts of East Pakistan. 

In addition to the above, the following multi
purpose projects also involve irrigation partially by 

pump: 
A. 	 Tipperah-Chittagong Multi-purpose Pro

ject 
B. 	 Old Brahmputra Project 
C. Meghna Valley Project
 

The first two schemes are ready for execution.
 
while scheme ,(C) is currently under investiga
tion. 
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FARM UNIT LAYOUT, DISTRIBUTION AND DEVELOPMENT 

IN EAST GHOR CANAL PROJECT, JORDAN 

by 

Mr. Fah'd Natur 

INTRODUCTION 
Farm unit layout, land distribution and farm 

development are very important phases of the 

East Ghor Irrigation Project. They embrace tech-

nical, economic, social and legil considerations. 

Some of tile situations and problems discussed in 

this paper may be of particular significance to 

Jordan, but probably most con ld be found in any 

new Middle Eastern irrigation project. 

A very brief description of the project and 

the project area follows. More details may be 

found in the proceedings of the Third NESA Re-

gional Irrigation Practices Seminar, 1960. 
The Jordan Valley is part of the famous geo-

logic fault that extends from the Bekaa Valley in 
Lebanon to the .Lakes region in Africa. The val-

ley is 200 meters below sea level in the north and 
400 meters below in the south, and has a subtro-
pical climat ,n this valley the land and water re-
sources are only partially developed. There are 

about 500,000 dunurns (one dunum is about 1/4 
acre) of irrigable land with inadeQuate rainfall. On 

the other hand, there is the Jordan River and its 
tributaries; a great part of this water runs off as 
waste into the Dead Sea. 

The East Ghor Irrigation Project is only the 

first stage in the complete development of land and 
water resources in the Jordan Valley. This Project 

takes water from the Yarmouk River and other 
tributaries of the Jordan River. When complete, it 

l Irrigation Agronomist, East Ghor Authority, Amman, 
Jordan. 

will irrigate 120,000 dunums. The first of the three 

sections of this stage is now finished, to serve 30,000 

dunums. The second section is under construction 

and the third and last section is scheduled to be 

begun in 1962. All will be complete in 1963. 

With the envisaged storage on the Yarmouk 

River, Jordan can irrigate the 500,000 dunums of 

the valley. Construction will be accomplished in 

five stages, each of four years, duration. 
The objective of the project is not only to 

build the system and bring water to the farmer at 

the highest point of his farm unit, but the complete 

economic devlopment Of the area. This means irri

gation, land development, agricultural education 

and market development. The end objective is to 
raise the standard of liv;ng for the small farmers 

of the area and to increase the national income of 
the country. 

With the public expenditures involved in the 
construction and development of the project, and 

with the above-mentioned objectives in mind, the 
need was felt for a land ownership reform program. 

Without such a reform, the. large landowner could 
become richer at the expense of the general public 
interest. 

T E LAND OWNERSHIP REFORM 
PROGRAM 

A better understanding of the need for such a 
land ownership reform program is illustrated by 
Table 1, which gives the distribution of land ow
nership in the project area before the reform. 

The East Ghor Canal Authority Law No. 13 
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TABLE 1. LAND OWNERSHIP IN THE PROJECT AREA BEFORE THE REFORM PROGRAM. 

Owner
ship in 

Dunums 

1st. 
Section No. 

% 

Second 
Section No. 

o/ 

Third 
Section No. 

% 
All 
Project No. 
Area % 

0-9 

Area 
Owners Owned 

Dms. 

349 1308 
36.3 3.3. 

451 1819 

38.8 5.1 

509 2369 

33 2.86 

1309 5496 
35.69 3.48 

10-19 

Area 
Owners Owned 

Dms. 

172 2402 
179 6.0 

238 3323 

20.5 9.4 

298 4210 
19.3 5.0F 

708 9935 
19.3 6.28 

20-29 

Area 
Owners Owned 

Dms. 

133 3185 
13.8 8.0 

114 2752 

9.8 7.7 

131 3132 
8.5 3.78 

378 9069 
10.31 5.73 

30-75 

Area 
Owners Owned 

Dns. 

203 8906 
21.2 22.4 

283 12213 

24.3 34.3 

380 17967 
24.6 21.69 

866 39086 
23.61 24.71 

76-100 

Area 
Owners Owned 

Dms. 

36 3061 
3.7 7.7 

27 2426 

2.3 6.8 

50 4382 
3.3 5.29 

113 9869 
3.08 6.24 

101-500 

Area 
Owners Owned 

Dms. 

56 10710 
5.8 26.9 

41 6584 

3.5 18.5 

155 30521 
10 36.84 

252 47815 
6.87 30.2 

501-1000 

Area 
Owners Owned 

Dms. 

12 8091 
1.2 20.2 

7.0 4192 

0.6 11.8 

13 9499 
0.84 11.47 

32 21782 
0.87 13.73 

over-1000 

Area 
Owners Owned 

Dms. 

1 2194 
0.1 5.5 

2.0 2284 

0.2 6.4 

7 10766 
0.46 12.99 

10 15244 
0.27 9.63 
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for 1960 included provisions for the needed land 

ownership reform'. 
In this law, the minimum limit of ownership 

is 30 dunums (plus or minus 10%) and the maxi-

mum limit is 500 dunums. [he formula adopted 

by this law for the different ownership categories 

is as follows: 

Irrigable Land Irrigable Land to be 
Owned Allotted 
Before the Project in the Project Area 

30 - 75 Allot equal area 
76 - 100 75 du. plus 50% of excess over 

75 dunums 

101 - 500 87.5 du. plus 25% of excess 
over 500 du. 

501 - 1000 187.5 du. plus 22. 5% of excess 
over 500 du. 

over - 1000 300 	du. plus 10% of excess over 
1000 du]. but not to exceed 
500 dunums. 

With the enforcement of this law, the owner-

ship picture in the project area is very much im-

proved. Table 2 shows the new status: 

STEPS IN LAND OWNERSHIP REFORM 
The steps undertaken by the East Ghor Canal 

Authority to effect this reform program are: 
A. 	 Land Classification. Land classification 

was finished in 1954, not for this particu-
lar objective of land ownership reform but 
for the planning phase and the economic 

I Copies of relevant articles from this law may be ob-
tained upon request fron the author, 

feasibilty studies of the project. Never

theless, land classification served as a ba

sis for land evauation, for land distribu
tion and for the farm unit layout and de

sign. 
This land classification was carried out 

according to the standards of the U.S. 
Bureau of Reclamation modified to fit 

local conditions. 
B. 	 Land Expropriation. In compliance with 

Article 9 of the East Ghor Canal Autho

rity Law, the Authority expropriated all 
land and water rights below the main 
canal in the project area. This was a first 

step toward the proper design of farm 
units and toward land redistribution with 

minimum concern for the boundaries of 
old holdings. 

C. 	 Lard Evaluation. Article 9 of the Au
thority Law sets the procedure for eva
luation of expropriated property in the 
project area.
 

Land and water rights evaluation was 
performed 
Evaluation 

consisted 
four other 
nistry of 
ment, the 
where the 

by committees called (Land 
Committees.)) Each committee 

of a judge as chairman and 
members representing the Mi-

Agriculture, the Lands Depart
landowners in the sub-district 
evaluation is carried out and 

the East Ghor Authority. The official land 
clasification previously executed by the 
Authority and personal inspection of the 

land were the bases of this evaluation. In 
the first section, the land classification 

TABLE 2. LAND OWNERSHIP UNDER PROJECT LAW. 

Range of Ownership Land Owners Land Owned 

inDunums Number Percentage Dunums Persentage 

30 - 75 2131 86 75,842 65.0 
76 - 87.5 104 4 8,443 7.2 
88 - 187.5 222 9 24,180 20.6 

188 - 500 34 1 8,387 7.2 

Total 2491 100 116,852 100.0 
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maps were superimposed on the old par-
cellation maps for the use of the evalua-
tion committees. This procedure proved 
to be of great lhelp in saving time and ef-
fort during inspection of the fields. After 
land evaluation was finished for a vii-
lage, evaluation schedules were set up on 
special forms. 

D. Farm Unit Layout - See page 309 
E. Land Distribution. Steps D. and E. will 

will be discussed separately in the rest of 
this paper. 

CONSIDERATIONS IN FARM UNIT LAYOUT 
The sizes, shapes and arrangements of the 

farm units, as well as the procedure for farm unit 
layout, are the most important aspects of this sub-
ject. Following isan outline of the steps taken: 


A. 	 Size of the Farm Unit. The East Ghor 
Canal Law states that minimum land 

TABLE 3. FARM 


ownership is 30 dunums (plus or minus 
10%) of Class I and 2, or 50 dunums 
(plus or minus 10%) of Class 3 land. 
Farm units are designed in such sizes. 
Land classes are a very important factor 
in determining farm unit size. One dii
num of Classes I or 2 lind is considered 
equal to 1.7 dunums of Class 3 land. This 
relationship was arrived at after an eco
nomic study of land classes under the 
master plan. The net income of 15 du
nums of Classes I and 2 land was appro

ximately equal todunums of Class 
Clnss o la ss 

Class 4 land, which 

the 	 net income from 263 lanrd. 
land 

is the land affected by 
excessive salt a-cumulationis treated as being in thle in the profile,land class it will 
revert to after the sals are 	 leached out. 
Leaching of Class 4 lands is peiformed 
jointly by the Authority and the farmer. 

BUDGETS 

Item 

Land area 
total crops 
Vegetables 

Fruit 
Grain 


Forage 


Roads, ditches,
 
etc. - 3% 

Investment 


Farm receipts 

Crops 

Livestock 

Farm expenses 


Net farm
 
income 


Interest on
 
investment 

Net income 


Cropping per cent 


Land Class as I& 2 Land Class 3 

Unit 

dnms. 

Vegetable 

30 

44 
27 

0 
10 

6 

Fruit 

30 

40 
14 

9 
10 

6 

General 

30 

39 
12 

0 
12 
14 

Vegetable 

50 

68 
42 

0 
16 
8 

General 

50 

61 
15 

0 
17 
27 

Dollar 

1 

3291 

2539 
2312 
227 
1510 

1 

4131 

2772 

2545 
227 
1598 

1 

3641 

2094 

1202 
892 
1214 

2 

4291 

2783 

2556 
227 
1734 

2 

4941 

2557 

1095 
1462 
1357 

1029 1174 880 1049 1200 

, 
a 

165 
864 

207 
967 

182 
698 

214 
835 

247 
953 

147 133 130 136 122 
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Class 6 land is not counted either under lowing factors affect the farm unit layout 

the old ownership or in the land to be and the shapes of farms: 

allotted to the farmer. 1. Choice of the Irrigation System to be 
The minimum size of the farm unit was Used on the Farm Unit. This is one 
decided after economic studies of the bud- of the most important factors. Its 
gets of farms using appropriate intensive importance stems from the objective 
cropping patterns. In these budgets, allo- of the project. High efficiency of wa
wance was made for giving the new farmer ter application is desired, with mini
an opportunity to attain a decent stan- mum waste and labor. In designing 
dard of living in addition to paying off a unit, consideration must first be gi
the water charges, the installments on the yen as how the unit is going to be 
cost of the new land he acquired, and irrigated most efficiently. Thus, a sui

the construction costs of the project. table irrigation system must be cho-
In a recent economic study of the pro- sen for the farm. 
ject area undertaken by the Harza Engi- Factors affecting the choice of irriga
neering Company of Chicago, U.S.A., the tion system are the slope of the land, 
farm budgets listed in Table 3 were pre- the soils and the economics of land 
sented. preparation for the alternative sys-

These net incomes are the incomes that tems. 
the farmer has to live on and to use for In general, the land siope is 2 to 4 
paying for the land; they include water per cent westward and about 2 per 

charges, construction costs and additional cent southward. Because of this, most 

land development on his farm unit. units will be using the furrow system 
The situations analyzed in the table are of irrigation. Some units in the flat

assumed to be representative of the pro- ter areas could use border or basin 

ject area. Management, irrigation and ag- systems. 

ricultural practices are assumed to repre- With the choice of the system, the 

sent average conditions during the deve- directiun of the irrigation is decided. 

lopment period. In most cases, this is straight down 

In designing farm units, the size cannot the slope, using controlled runs and 

be exact the same for every unit. This heads of water. This system, in cont

is so because farm unit design depends on rast to the contour furrow system, has 

many other technical factors that will be the advantages of a lower cost for 

discussed later. For this reason, the law installing the head ditches, no survey 

gave the designer a leeway of plus or being needed to install the furrows, 

minus 10% of the size of the farm unit. more tolerance of land surface unifor-

B. Shape of the Farm Unit. The general mity and requirement of less cont

shape of the farm unit is rectangular ex- rol. Financial considerations have 

cept in cases where this is made impos- also limited the amount of land de
sible by the topographic features. This velopment possible. 

shape is the most suitable for obtaining 

good farm sub-divisions, a good farm ma- 2. Length of Irrigation Run. The next 

nagement plan and a high efficiency of ir-
rigation application. Efficiency of water 

step is determination of the length of 
the irrigation run. The length of the 

application with minimum labor require- farm unit in the direction of irriga

ment, as well as soil and water conserva- tion is taken as being equal to or a 

tion, is a main cansideration in designing whole multiple of this irrigation run. 

units for irrigated agriculture. The fol- The length of run is affected by many 
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factors, among which are te fol-	 moisture the soil will hold. The 

lowing: 	 depth of application is als o af
(a) 	 The Land Slope. The greater the fected by the level of soil oils

slope in the direction of irriga- ture depletion at recharge of (he 
tion, the shorter is the length of root zone. The conservative fi
run. gure of 50 per cent depletion is 

(b) 	 Head of Water. The larger the used. 
head of water, the longer the ir- (d) Soil. In addition to affecting the 

rigation run, provided that this 	 length of run by their water-hold
head is non-erosive. 	 ing capacities, soils affect it by 

(c) 	 Depth of Application. The grea- their infiltration rates, The grea
oterthe depth of application need- ter the infiltration rate, the shor

ed, the greater the time of appli- ter is the irrigation run. To serve 
cation should be and, conse- as guides in the design of the 
quently, the longer tee run. farm units, a set of curves was 
This application depth depends prepared showing lengths of runs 
on 	 the depth of the root system with different soil textures, slo

of the crop irrigated and on the pes and application rates. These 
soil texture. Soil texture determi- curves are shown in Fig. 1. They 
nes the amount of available are based on tables prepared by 
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the U.S. Soil Conservation Ser- 6. Surface Drainage and Tail Ditches. 

vice. Soils are grouped in three No matter how efficient and controlled 

general groups as being light, water application is, there will always 

medium or heavy, be some excess water at the tail end 

3. Head Ditch Design. The location of of the irrigation run. With improved 

the head ditch is another very impor- irrigation practices, this loss is kept 

tant factor in the design of farm to a minimum. 

units. This depends on the farm irri- To avoid flooding of the lower farm 

gation system chosen. Generally, the units and to protet their head dit

location of the kead ditch is along ches and the lateral system below, ex
the upper boundary of the farm unit cess water is removed by tail ditches. 

and, consequently, this boundary is Groups of tail ditches connect with a 

chosen to fcllow approximately a natural drainage channel or an open 

grade line. drain. Consequently, great care is ta-
Head ditches will have slopes rang- ken in laying out the farm units to 

ing from 0.05 to 0.3 per cent. Any develop a good surface drainage pat

excessive slope will need drop struc- tern and to avoid blind ends in tail

tures, which cost about JD. 5 (or ditch systems. 

$14) each. To minimize the cost of 7. Accessibility to Farm Units. The im

drop structures, the designer is allo- portance of this factor cannot be 

wed to introduce up to two angles overestimated. The farmer has to 

in the upper boundary of the unit in transport to his farm unit Supplies and 

order to stay within the specified ran- machinery and has to take his pro

ge of slope given above. Most of the duce out. Therefore, each farm unit 

boundaries are either straight or have must be served by a public road or a 

one angle. A very small percentage lateral operating road. 

have two angles, when the topogra- 8. Economics of Alternatives. In most 

phy of the land makes it absolutely cases, idea' situations in every aspect 

necessary. are hard to reach. Some factors will 

4. Topographic Configurations. This fac- have to be sacrificed for other, more 

tor, in addition to affecting the shape important, factors and a compromise 

and length of the farm units, affects reached. In alternative layouts, the 

also the location of surface drains following faciors are weighed against 

and laterals. Open drains are located each other: 
to follow the low spots in an area 

where surface drainage is required.La-

terals generally traverse the high 

(a) Efficiency in water application, 

farm management and operation 

points to enable them to serve units and maintenance of the irriga

on both sides, which saves on the tion system. 

length of lateral required and conse- (b) Costs of the system, which in

quently cuts down the cost. volve: 

5. Extent of Land Development Envi- i. Cost of a lined lateral syi

saged. In designing the farm units, the tern for the particular area 

amount of land leveling and smooth- under study on a per dunum 

ing to be performed on them is al- basis. 

ways taken into consideration. Result- ii. Cost of the drainage system 

ing limitations will be discussed later and length of the tail ditches 

under Farm Unit Development. to be installed. 
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iii. 	 Cost of installing head dit-
ches and drop sjtructures in 
them. 

iv. 	 Cost of land preparation 
needed for the proper irriga-
tion of the unit. 

v. 	 Cost of land required for la-
terals, drains and roads. 

PROCEDURE FOR FARM UNIT LAYOUT 
A. 	 Land Classification Amendments. Land 

classification is very important in deter-
mining the size of the units and the 
lengths of run are based on soil informa-
tion found in the land classification. Land 
classification for the area was conpleted 
in 1954. After that time, some changes in 
soils, topography or drainage occurred and 
the 	land class had to be changed accor-
dingly. 
i. 	 Soils. Some soils have accumulated 

salts since 1954, especially where 
drainage was restricted and the water 
table 	became high. On the other hand, 
some areas which were saline have 
been leached and can no longer be so 
considered. 

2. 	 Topography. Some Class 3 lands have 
been leveled since 1954 and now their 
class must be changed to Class I oi 2. 
Some other lands were affected ad-
versely by floods, -specially at the 
streams. Those floods deposited large 
quantities of rock cover on the lands 
affected, changing their class. In cont-
rast, some areas have been improved 
by active clearing of rock cover dur-
ing the past few years. 

3. 	 Drainage. Some new drainage prob-
lem areas appeared due to increasing 
irrigation from the side wadis with no 
provisions for drainage. Some old 
drainage problem areas do not have 
this deficiency any more, due to pri-
vate drainage works constructed since 
1954. Because of the importance of 
land classification in farm unit layout, 
the first step is the amendment of the 

old classification to indicate the con
dition of the land at the present time. 
Power for land reclassification is 
vested only in the Authority Board. 
A reclassification policy was worked 
out whereby the Technical Division 
recommands changes and the Manag
ing Director approves them on behalf 
of the Authority Board. 

B. 	 Layout Procedure. The Field Layout Sec
tion surveys the coordinate grid system in 
the area and constructs concrete-monumen
ted coordinate points on a 500-meter grid 
to serve as horizontal control for all the 
survey work to follow. Two sets of 1:2500
scale topographic maps with land classifi
cation superimposed on them are scnt by 
the Design Section to the Field Layout 
Section. It marks c.n these maps the boun
daries of permancnt crop areas and the 
points of irrigation of these areas. These 
boundaries are important in order to avoid 
the crossing of valuable well-developed 
orchards with lajrals or drains as much 
as possible, and in order to have the per
manent crops of one owner in one farm 
unit. Many problems of land distribution 
are avoided in this way. 
The Field Layout Section also lays out on 
these maps the primary surface drainage 
pattern for the area and the final main 
alignment, with culvert locations corres
ponding to the surface drainage pattern. 
One set of maps containing all the infor
malion is sent back to the )esign Sec
tion. 
The Design Section proceeds to design 
the distribution system and the farm unit 
layout, taking into consideration the fac
tors discussed above. The Section collabo
rates frequently with the Farm Develop
ment Section in order to meet specifica
tions for farm units more effectively. The 
design is made on overlay tracing paper 
placed over the topographic maps receiv
ed from the Field Layout Section. When 
the design is finished, the map. and the 
overla) tracing sheet containing the layout 
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are sent to the Farm Development Section 

for checking and comments. This section 
makes a final check of the layout from the 

following aspects: 
1. 	 Shape of the units. 
2. 	 Slopes of the upper boundaries of the 

farm units. 
3. 	 Lengths of runs based on the soil type 

and 	slope, 

The 	 Farm Development Section discuss 

their comments with the Design Section 

and 	a unified layout is produced ; or they 

may 	work out a new layout if their diffe-

rences with the Design Section's layout are 

too 	great. In this case, both layouts are 

sent 	 to the Field Layout Section for a 

field 	 check and for the more suitable one 

to be selected. 
The 	 unified office design is sent to the 
Field Layout Section for a field check on 

the 	 laterals and sub-laterals. Also this 

Section reviews the office layout and sug-

gests revisions. The layout with revisions 
is then sent back to the Design Section. 
These revisions are reviewed and acted 
upon by the Design Section and the 

Farm Development Section. The De-
sign Section prepares plane table sheets 

for the system taken from the revised 
overlay. The distribution system and the 

farm unit boundaries appear on these 

sheets, which are then sent to the Field 
Layout Section for a field check. 
The Field Layout Section performs the 
final survey of the system shown on the 

plane table sheets. This survey includes a 

check on the head ditches. If some head 

ditches are found to be unsatisfactory, 
either too steep or going uphill, the sur-
veyor puts on the plane table sheets two 

to three contour lines to indicate the topo-

graphy on both sides of the head ditch. In 

some special areas, elevations are checked 
on a grid, taking the head ditch as a base 
line and including both sides of it. The 

plane table sheets with appropriate sup-
porting field notes are then sent back to 

the Design Section. The Design Section 

finalizes head ditch design and designs the 

irrigation system, with horizontal control 

shown on the plane table sheets and ver

tical control on both the plane table 

sheets and the construction plans. 
The 	system and the layout are then trans

ferred to maps of 1:5000 in scale and 

these, with supporting information, are 

sent 	 to cadastral mapping crews. These 

crews lay the units out in the field, place 

the 	boundary marks and make 1:2500 ca

dastral maps. The cadastral maps are sent 

to the Lands Department for a primary 

check on areas. If there are no problems, 

those maps are inked and the exact area 

of each land class in each farm unit is 

planimetered and reported in tabular form. 

The 	cadastral maps are then ready for use 

as the legal description ol which the is

suance of title deeds is based. 
C. 	 Preparation of Fam Unit Plats. When tihe 

final layout is finished, the Design Section 

prepares 1:1250-scale maps for each indi
vidual farm unit on a transparency. These 

maps or plats show the boundaries of the 
unit, the delivery point the land classifica

tion and the topographic relief of the 
land. The maps are sent to the Farm De

lopment Section which adds to them the 

suggested farm irrigation systems, showing 
the head ditches, field ditches, tail ditches 
and proposed field sub-divisions. They 
also add any soil information available, 

such as soil profiles or infiltration rates. 
Five sets of the finished farm unit plats 
are sent to the Development Division and 

one is kept in the Farm Development Sec

tion. The Development Division uses these 
plats as a guide for surveying the head 
ditches for the irrigation system. They also 

use the information on them for their land 

development program. 
These plats are designed to serve as his

tory sheets on each farm unit. Permanent 
structures on the farm unit, fertilizer tests 

or demonstrations, crop rotations and all 
relevant soil and agricultural information 

will be shown on them. When a depend
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FARM UNIT LAYOUT
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able amount of information is accumulated 
on the plats, they may be assembled by 

areas to serve as guide books for exten-sion workers in the future. 

A typical farm unit layout is shown in
Fig. 2. 

FARM UNIT DISTRIBUTION 
Article 9 of the ast Ghor Authority Law es-

tablishes the legislation and procedure for land dis-
tribution. In compliance with this Law, the Au-
thority appointed a committee consisting of an 
Authority employee as chairman and eight other 
members. 

The Lands Division calculates the original 

land owned by each landowner, sub-divided into 

the various classes. These records are supplied tothe Farmers Selection Committee, which then is-
sues letters to these farmers requesting them to 
meet with the Committee within 60 days. Farmers 
sign these notification letters and return a signed 
copy tO the Farmer Selection Committee: thus a 
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record is made that the notification letter was 
received. 

The farmers are then interviewed by the Coinmittee. At this time they fill out a special form.I 

The Committee checks these applications with res
pect to their legal aspects as well as the preciseness 

of the figures and the degree of priority of the ap

plicant. 
ThehisCommittee the tochoose new accompanies applicantfarm units. In doing this, they are 

aided by a map that shows both the old parcella
tion and the new farm unit layout. Consideration 
is given to allotting the farmer land that he owned 
before or as near to his original land as possible. 
If he had permanent crops before, the Committee 
tries to give him units that include these crops. The 

tendency is to concentrate the new ownership in 

one block of units, except in a few cases where thefarmer had permanent crops in more than one o
cality. 

1 An Engimh translation of this form may he obtained 
from the author. 
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After the choice ismade, the Committee stu-
dies the areas of the units allotted in order to 
comply with the formula stated in the Law. In 
some caseL, must be changed in order the units al-
lotted to comply. In other cases, the farmer ac-
cepts an area a little smaller than that which he 
should receive according t the Law. In such cases 
the farmers sign papers indicating their accep-
tahce. 

When the farmer accepts the units allotted to 
him, the Committee apiproves the application and 
refers it to the Authority Board for final approval, 
In case of failure to agree on the part of the farmer 
and the Committee, tilecase is referred to the Au-
thority Board for a de;.ision. 

File Authority Board investigates each case and 
approves or disapproves the decision of the Far-
mers Selection Committee. If the allotment is ap-
proved, the farmer receives a notification letter to 
that effect and is shown the boundaries of his new 
units and the bal:nce due. 

If the Authority still owes him some money, 

he will be paid in four yealy installments with 
4% interest. If he owes the Authority money, he 
is required by the Law to pay his debt in four 

years, with 4% interest. There is a proposal under 
consideration now to give new farmers a 10-year 

period for repayment. When the paper transactions 
are finished, a title deed is issued to the new far-

mer.head 


FARM UNIT DEVELOPMENT 
The task is not complete when the farmer has 

his unit and the water i. in the delivery box. The 
type of use made of irrigation water could mean 
the success or failure of the project. In order to 
have irrigation water used properly, resulting in soil 
and water conservation, the land has to be prepar-
ed for irrigation and the farmer must know how to 
use the water properly. This is where the Deve-
lopment Division of the Authority comes into the 
picture, with their land development and farmer 
education programs. 

A. LAND DEVELOPMENT 
1. Reclamation. There are lim..ed areas 

that are saline or affected by the pre-
sence of a drainage problem. Drai-

-.age and leaching are done by tl' 
Authority and the farmers on a shar
ing basis. The Authority gives the 
water needed for leaching free of 
charge, and provides the farmer with 
technical help in the leaching process 
as well as machinery to construct the 
dikes and basins. The Authority also 
builds the maia drainage system. The 
farmer provides the labor needed, 
constructs the dikes and basins, and 
provides the necessary fertilizer to 
built up the productivity of the leach
ed area. 

2 A R PART NF 
IaRIHa tc 

The survey team lays out the 
head nd tail ditches in the field, 

basing their work on the suggested irrigation system shown onte fripati. sst s see 

after a field check that a change 

in that system is advisable, these 

ditches are staked. Head ditches 
are designed in the field office 
a re fbried. 30c dop 

structures are installed in the
headditces by te Auth 

ditches by the Authority.
 
Construction of the head ditches, 

as well as of the tail ditches, is 
done by the farmers. 

(b)Land Preparation. The survey 
team performs a topographic 
check on the farm units to find 
out whether or not there are to
pographical problems. If there 
are none, the land is disked and 
spot-leveled where necessary, 
usually not in excess of 15 cm. 
This is followed by floating twice 
at an angle to the direction of or
rigation and a third ime with it 
to smooth the surface and to fill 
in any old ditches. 
If there is a topographical prob
lem and heavy leveling is needed, 
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the unit is graded, elevations 
taken and blue and red tops in-
stalled.The soil profile is checked 
also, to determine any limitations 
on land leveling. This leveling is 
limited to 30 cm in the Ghor 
area and 45 cm in the more ur-
dulating Zor area. Any areas 
that requre a deeper cut are re-
classified as 6 (high), because in 
the Jordan Valley there is more 
irrigable land than water avai-
lable. 

After the land preparation is fi-

nished, 
 water is tried on the farm 
umit for pre-irrigation, which is 
needed in the semi-arid area of 
the Jordan Valley. If the techni-
cians of the Development Divi-
sion are satisfied with the amount 
of land preparation and with 
the performance of water on the 
land, a ,fitness certificate)) is is-
sued for the farm Farm units 
cannot receive water without the 
fitness certificate. This is to in-
sure proper use of water and soil 
conservation. 

2. Educational Program. Education of 
the farmers on how and when to 
apply water and how much to apply 
is as important as proper land pre-
paration. This is especially so becau-
se many of the farmers have never 
farmed under irriation, and because 
even those farmers who have had ex-
perience in irrigation farming used 
to change their old wild flood me-
thods and learn the new, more effi-
cient techniques. 
The educational program is carried 
out by the Extension Unit of the De-
velopment Division, which advises 
farmers on methods of irrigation, fur-
row direction, crops, rotations, pre-
irrigation and all the other problems
of irrigated agriculture. 
This point, advanced as it is, is not 

yet the end of the help that the De
velopment Division provides for the 
farmers. The D~vision assists in the 
cooperative movement and in arrang
ing for credit for farmers from the 
Agricultural Cre6it Corporation and 
the Cooperaitve Urion. In the future, 
they will be helping also in the pro.
cessing and marketing of the pro
duce. 

DISCUSSION 
In reply to a question by Mr. Sawaya, it was 

stated that the large landowners do not like the 
land reform. Under the law, a system of priorities
has been set up. At the time of planning, it was not 
known how much of the excess land taken from 
the larger landholders would be turned over to the 
smaller ones; hov,'ever, it has worked out that there 
is a smaller number of landholders now than origi
nally. During the expropriation period, the old 
owner stayed on his land until the construction and 
all of the transactions were completed, and then 
he would move to his new land. The canal rights
of-way were obtained by purchase. 

Land classification was based on actual field 
data. Classes I and 2 have essentially the same ca
pability for production; Class 2 costs somewhat 
more to develop, however. 

The Law provides that a farm unit shall be 
30 dunums, although in laying these out a variation
 
of not more than 
 10 per cent is more or less permit
ted. This farm 
 unit may not be sub-divided. Priori
ties for chosing the new units are based on pre
vious land holdings. The largest landholder in any 
new unit has the first priority to choose that unit;
the next largest landholder, the second priority, 
etc. Absentee landords are permitted to own their 
appropriate share under the Law. However, they 
must farm it themselves or else rent it to the Au
thority, who will then rent it to a cultivator. They 
can not rent it directly. 

The amount of leaching water to be given free 
of charge is based on the land classification, prepar
ing in which the soil profile was checked fo," salt 
content. 

Farm planning was based entirely on desirable 
farm layout. Previous culture and buildings were 
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not taken into account and the land was expropria-

ted in advance of plant.ing so that this could be 

done. 
There are some areas in the Last Ghor project 

infiitration characteristics. Tihearea that have low 

head in the furrows is determincd by the slope, and 

the length of run.the soil characteristics determiw 

Some of the farmers disp!aced by the cxpro-

priation may find cnpkhyment on farms, and it is 

hoped thalt the increased busines cycle v.ill permit 

them to find employmcnt in variots ser ice.. Many 

snall farmer,, w:re !:tiliv at the opportuityof the 
to obtain sonme capital for their holdings, e,,en 

though they were displaced. While the villages will 

be community develop-remain the same, there \s ill 

mcnt, especially i' the form of cooperatives, 

Land de,,eloprient costs ire not included in 

the capital costs considered at the time of resettle" 

ment. It has not been decided what will be the re-

payment plan for such costs, although it will pro

bably cover 40 years. Approximately 700 farmers 

new deeds and the resettlementhave accepted their 

is completed in their cases. 

It is believed that erosion problems are under 

control. 
aFurrow irrigatioin will be down slope, at 

The head ditches wouldgrade of 4 cr 5 per cent. 


have been more expensive had contour irrigatiun
 

been practiced. Furthermore, the contours would
 

have to be laid out each year. The contour system
 

permits much less tolerance in the land leveling;
 

if they are in regular places, the furrows break
 

aci oss.
 
There is no sei duty of water. The farmer pays 

one filsper cubic meter for the first 1.500 cubic 

meters per dunurn After that he must pay two 

fils per cubic meter. Intensity af cropping ranges 

from 135 to 155 per cent. 
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CHAPTER XII 

FIELD TRIPS AND INSPECTIONS
 

ANKARA 

On April 18 the delegates visited the Soils and 
Engineering Laboratories of the State Hydraulics 
Works Directorate and the Soil and Fertilizer Re-
search Institute of the Soil Conservation and Farm 
Irrigation Direc:orate, both in Anikaia. 

SOILS AND ENGINEERING LABORATORIES 
The extensive Soils Laboratories of the State 

Hydraulics Works are especially equipped to ob
tain information for land classification and for 
drainage and reclamation planning; chemical and 
physical tests are conducted for that purpose. The 
Engineering Laboratories are also fully equipped to 
study the physical properties of engineering mate-
rials, including soils, for embankments and founda
tions. 

SOIL AND FERTILIZER RESEARCH 
INSTITUTE 

The Soil and Fertilizer Research Institute has 

the objective of deriving, through proper research, 
sound recomme ndat ions for land development i 

order to improve the soil, maintain its optimum 
conditions, for plant growth, and increase crop 
yields and their quality. Laboratories arld green-
houses are available for the study of fertility, sa-
linity, soil physics and soil microbiology and for 
research onl soil morphology and classification, 

ADANA-MERSIN 
This field trip permitted the delegates to in-

spect at first hand some of the work covered in 
the reports of the host country. 

LOWER SEYHAN PROJECT-UNIT I-YP 
The Lower Seyhan project is a multi-purpose 

project intended to: 1) protect the Yuregir and 
Tarsus Plains from floods, 2) provide full irriga-
ti,: for 186,000 hectares of land, 3) promote land 

development, 4) provide low-cost electricity (419 X 
10" KWH/ann.) and, 5) equip farmers to improve 
their agricultural techniques. 

Unit I-YP, a typical uoit under construction, 
A as si:,ited on April 27 and details of tie irriga
tion and drainage development were inspected. A 
tile plant, prnmarily for roof tiles but which also 
produces drain tiles for use on the project as well 
as for the general market, was also visited. 

TARSUS-BERI)AN PROJECT 
In the afternoon the delegates inspected the 

Tarsus-Berdan Project and Diversion Dam, des
cribed in the paper, ,A Suggested Program for 
Improved Irrigation Prod uction.), 

TARSUS N.RIGATION RESEARCH 

INSTITUTE AND 'ITRAINING CENTER 
The first-day trip wound up with a visit to 

the Tarsus Irrigation Research Institute and Trai

ning Center of the Soil Conservation and Farm Ir
rigation Directorate. The educational work of this 
Center and its research program are mentioned in 
Tuikey's paper on education and training and in, 

Soil Reclamation an(I Consumptive Use, Tur
key.))Tile Institute was founded in 1947 in coopera
tion with the State Hydraulic Works on 450 
decares of land and deals principally with salinity 
and alkali reclamation, soil conservation, fertility, 

irrigation, drainage and crops. 

Y.4 DEVELOPMENT PROJECT 
Although the Berdan Diversion Dam was 

constructed in 1942, the land has failed to come 
tinder complete irrigation. To correct this, TOP-
RAKSU began farm development plans in 1960. 
Existing tertiaries were redesigned, partially realign
ed and lined with concrete. Control structures 
were built and land levelled. Individual farms 
were laid out and form the basis of loans for farm 
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developmei.t. En route, on April 29, a private cit- on steeper slopes. Diversion channels and water
rus orchard under well irrigation was visited. This ways are also constructed. With completion of the 
orchard represents the possible future of the Mer- devolepment work, apples, peaches, corn and vege
sin area under adequate irrigation practices. tables may be grown on the upper sections, and 

citrus and vegetables in the lower areas. 
TOPRAKSU REGIONAL. OFFI"ElCE 

I-he office and shops of this Mersin Regional ALATA SAND IIUNE PROJECT 
Soil Conser,,ation and Farm Irrigation l)irectorate Swampy areas back of the dunes near the sea 
were visited. Details of developing farm plans and constitute a major land resource in Turkey. These 
of credit cxtension were explained by the Direc- can be drained and irrigated, since there irrigation 
tor and equipment was Inspected. water is usually available. Although there are pro

blerns of wind erosion and salt spray. low-water 
ERFRENK WATI'rESIIED holding capacity and poor topography, these areas 

This is a comprehensive ,,atershed develop- became very productive when reclaimed. The Alata 
merit includ irg a soil corsersat ion a nd irrigation project, visited on the afternoon of April 28, is a 
program designed to combat problels of erosion, pilot project in this type of reclamation. The 
suIrinmer drought, p."iffitivc ani mal husbariidry, and land has been levelled and tile drminage with open
lack of seeds and fertilizer, trunk drains installed. The sea duies have been 

Bench terraces are construLted on slopes under shaped and planted as a wind protection measure 
of 25 per cent, and the Algerian type of terraces and concretelined irrigation ditches installed. 

OSMANiY
S ;TAR-

SCALE 1I400003TO°' 

LEGEND FOURTH NESAREGIONAL IRRIGATION SEMINAR 

LivtiFIELD TRIP 

PROJECTSTO BE VISITED\ 
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