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WATER MANAGEMENT STRATEGIES FOR OPTIMIZING PRODUCTIVITY

Ch. Nuruddin Ahmad*® and Dr. Nazir Ahmad**

ABSTRACT

Irrigation water management is a complex problem. In order to maintain the
productivity of irrigation projects, efficient and effective water management is very neces-
sary. The subject is achieving greater importance as irrigatioon competes for limited water
supplies and as lands tliroughout the world degrade and decline in productivity because of
poor water management.

For Pakistan the problem is equally serious, because of country’s limitged water
resources. At present nearly 75 percent of the total rive inflow of 140 MAF is being
diverted into irrigation canal system and the rest flows into the sea. Out of this diversion

abut 45 to 50 percent is lost in transmission of water from head to the farmer headgate.

The biggest constraint in not increasing food production in the country is the
water deficiency. Efficient management and utilization of the water resources is, there-
fore, highly necessary. In this paper several suggestions have been put forth for meeting
the optimum water requirements. Developments in water use-crop productin technology
have been highlighted Ways and means have been discussed for achieving greater
efficiency at individual farm units including management and the use of poor quality
waler.

Intreduction

Irrigation is the application of water to soil to supply water essenitial for plant
growth that is not provided by natural precipil:agian. Apnlication of optimum amount of
water at the needed time results in,increased crop production. Excess water application
may result in waterlogging and reduced production. whereas sub-optimum application
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may cause water stress in plants and accentuate the soil salinity problem.

Surface water resources of Pakistan are limited. Efforts are, therefore, being
made to exploit the ground-water storage as much as possible. However, even after full
harnessing of the surface water resources and exploitation of the gmund-watler, it may not
be possible to meet the optimum requirements of the arable lands of the country. This
calls for effective management for ﬁeeting the optimum water rquirements, better
efficiency and improvement in on-farm irrigation systemn and greater reliance on the use

of comparatively inferior quality water,

The subject matter of the paper has been divided into three parts:

i Measures for meeting the optimum water requirements.
IL. Iniprovement in On-Farm Irrigation Efficiency.
TiL:: Use of poor quality water.

1. Measures for Meeting the Optimum Water Requirements :

Agriculture in Pakistan mainly depends upon irrigation. Per acre yield of various
crops in the country is one of the lowest in spite of favourable conditions of soils and
climate. The biggest constraint in not achieving the targets is the failure to meet the
optimum irrigation requirements of crops. Of late a number of research studies on
consumptive use and irrigation water requirements have been conducted in the country
and many research papers and reports containing these data have been published. These
studies have shown that irrigation requirements are far in excess of the available supplieé_

This can be seen from the data (1) given in table 1.
Table 1:

WATER REQUIREMENTS AND ITS AVAILABILITY
FOR THE PRESENT IRRIGATED AREA

1. Water availability at farm gate (from all sources) = 81.4 MAF
2. Crop-water Requirements at Farm Gate :
a) At existing intensity of 105 percent = 112.2 MAF
b) At enhanced intensity of 150 percent = 160.1 MAF
3. (a) Deficit at 105 percent intensity = 30.8 MAF
(b) Percent deficit at 105 percent intensity = 38%
4, (a) Deficit at 150 percent = 78,7 MAF
(b) Percent deficit at 150 percent = 97 %
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The data indicate that there is a deficit of 38% of water at the farm gate at the
existing intensity of 105 percent. If the intensity is increased to 150 percent the
corresponding deficit rises to 97 percent. This calls for both generation of new resources of
water and adoption of such management techniques which would result in saving of water
losses so as to meet the optimum requirements of the crops.

Ground Water

Out of a total average inflow of 140 MAF of the rivers of Pakistan about 104 MAF
is presently being diverted into canal system. On the average 50 percent of the diverted
water is lost as seepage and evaporation. In addition floods, rainfalls and unscientific
irrigation practices are adding to the underground formation, causing the water table to
rise and creating water-logged conditions in many areas of the country. This can be gauged
from the fact that the watertable which was around 90 to 100 feet about 100 years back in
Rechna Doab before the start of the irrigation system has risen to within five feet in
Faisalabad. At present nearly 30 percent of the area possesses groundwater within 0-5 feet
and 55 percent within 10 feet of the natural surface. The data of depth to water-table for
the year 1988 are given in Table-2.

Table-2

DEPTH TO WATERTABLE JUNE 1988

MA /Percent

Province/

country 0-5 5-10 More/than 10 Total
Punjab 2.92/11.9 6.92/28.1 14.77/60.0 24.61
Sindh 8.49/59.9 3.10/21.9 257/18.2 14.16
Balochistan 0.23/23.4 0.16/16.5 - 0.59/60.1 0.98
NWFP 0.16/11.3 0.34/24.0 0.89/64.6 1.39
Pakistan 11.80/28.68 10.52/25.57 18.82/45,75 41,14

The percolating water is fresh and consequently can be utilized for development
of agriculture. It is estimated that above 48 MAF of good quality canal water is percolating
and is adding to the sub soil (2). A part of this percolation is being recovered by tubewells.
Presently about 15,000 large capacity public tubewells and over 2,50,000 low capacity
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shallow tubewells in the private sector are functioning and adding to the country’s water

resources.

The quality of the ground water as assessed by WAPDA (3) is given in Table-3

and shown in Fig, 1.

Table -3

QUALITY OF GROUND WATER IN PAKISTAN

Pakistan Upper Indus Lower [ndus
Water Quality % Plains Plains
(Punjab) % (Sind) %
Usable 40 49 ' 26
Marginal 17 22 7
Hazardous 43 28 67

It is recognized that scientific management of this ground water reservoir is the

key to the permanent irrigated agriculture in Pakistan.

Measures designed to meet the optimum water requirements of crops are
dizcussed below :

i} Fractional Tubewells

Fractional tubewells are getting very popular with the farmers because of their
obvious advantages. They are low capacity (discharge less than! cfs) and limited to a
shallow depth of apout 70 - 80 feet. These cost about Rs. 8 to 10 thousand without
pumping set. A diesel operated pumping set of 1/2 cusec costs another Rs. ten thousand.
The cost of a cusec pumping set i3 around Rs. twenty thousand. Fifty percent subsidy is
provided by the Agriculture Deptt: on the purchase of these pumping sets and their
installation every year, Thus a fractional tubewell operated by diesel engine can he
commissioned at a real low cost. For an eli_}ctric operated tubewell the farmers have to pay’
heavy charges of Ra. thirty thousand for power transmission besides the difficulties of
getting timely electric connection. The fractinal tubewells will play a big part in meeting

the optimum water requirements of the plants over and above the canal supplies.
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500 cs with slope of 0.0005, higher than normal slope for this discharge, produce a silt
factor, velocity and Froude Number equal to 1.77, 2.706 and 0.261 respectively. For a
channel designed on Lacey's approach. Bank scour takes place when Froude Number
exceeds 0.3 (Ref. 13). It is clear that a typical irrigation channel in Punjab has & Froude

Number well below 0.3, A higher limit of 0.3 and a lower limit given by Equation (22) has
been used in ACRP.

Width and depth of the section is computed by solving a quardratic equation
constructed from equations of area and wetted perimeter. The resulting discriminant
becomes negative for small discharges (for instance Q=7.5 & 5=.0002), and simultaneous
computation of B & D is not possible. Such a situation arises for Lacey’s approach as well.
For small discharges of the tail reach, depth of flow is governed by the authorised head at

the tail. The Design Engineer, in such a case can compute bed width after selecting a suit-
able depth.

It may be mentioned that the questions regarding type of lining and the value of
roughness coefficient for Punjab Canals are beyond the scope of this paper. Only a
separate paper can addrzss these issues in required details.

4.9. COMPARISON OF RESULTS

The design outputs of three approaches namely, Simon-Albertson, Lacey and
ACRP have been compared in Tables T3 & T4 for discharges varying from 20 to 1000 Cs.

The equations used are as follow;

1. SIMON - ALBERTSON
P =26QR%
A=1144Q%
V = 16 R¥3g'3
2. LACEY
Equations (1), (4) and (57 given in section 4.3.
3. ACRP
Equations given is section 4.8

The three out puts match quite closely. Lacey gives a slightly wider and shal-
lower channel than the one given by Simon-Albertson. ACRP produces channel sections
marginally wider and shallower than those given by Lacey. This is partly due to a flatter
side slope of ACRP {Qiﬁ.ﬁ;l) than that (0.5:1) adopted by Lacey.
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ii) Cavity wells

Cavity wells are tubewells without stainers and are developed at low cost. These
can be installed in areas where-ever there is a reasonable thick clay layer (about 5 feet)
located at any depth between 50 - 100 feet with ground water of usable quality. This layer
is punctured and blind pipe is introduced for pumping water from a cavity which is created
below the clay layer (Fig-2). As there is no stainer consequently there is no problem of any

deterioration. A cavity well will last as long as an open well.

In the Indus plains there are many areas which possess suitable formation to
construct a cavity well. In Kasur, Chunian, Pattoki, Bahawalnagar and Fordwah ‘canal
areas, there exist several thousands of such wells installed by the farmers. They are about
50 - 70 feet deep and yield water just like a tubewell. Some of these wells are as old a5 20 -
30 yeas and are running without any problem. Many more sites can be sclected in the

Indus Basin on the basis of boring data alredy available in the country.

It may not be oat of place to mention that in Hariana (India) innumerable cavity
wells exist. As compared to the cost the pay off is quite high. They result in assured

optimum irrigation supplies at the time of need resulting in increased crop production.
iii) Water Use-Crop Production Technology.

Many studies have been conducted all over the world to determine optimum
irrigation practices for most farm crops. These studies relate to determination of optimum
water requiremments, critical growth stages, maximum allowable depletion df soil water
before irrigation and the response of plants to irrigation.. The objective of these studies is
to maximize production per unit of limited water supplies.

Studies on consumptive-use and evapotranspiration (ET) are now concentrated
on distributing limited water supplies while maintaining crop yield and its quality. This is

being accomplished by irrigating to condition the plants to water stress and to reduce ET.

Relationships between yield aﬁd total irrigation water is generally curvilinear
though for sume crops yield responses can be approximated by linear relationships. Typi-
cally the return from increasing increments of irrigation water diminishes as maximum
yields are approached. '

Advances have also been made in irrigation scheduling technology. Irrigation
scheduling is predicting the time and the amount of the next one or more irrigations. The
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