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Importance of irrigation

The irrigated area

It has long been known that by regulating the
water supply i n agriculture, crop production can
be substantially increased. The rise and decline of
such ancient civilizations as existed in Egypt and
Mesopotamia and in the lndus and Yellow River
Valleys were closely related to the state of irrigated
agriculture.
With the rapid growth of the world's population
in the past century and the consequent increasing demand for agricultural products, the vital
role of irrigation is once again being recognized.
Its importance in the developing countries is illustrated in Table l (Page 100).
The role played by irrigation depends primarily on
the climate. In arid regions, no substantial crop
yields would be possible without it. In semi-arid
regions, where rainfall may be poorly distributed
over the year, irrigation can bridge drought
periods and ensure a more stable and reliable
production. I n the humid tropics, especially in
densely populated regions where the need exists
for higher yields per unit of land, irrigation can
permit a second crop to be grown. Moreover, if
practised under well-controlled water management, it enables the optimization of other agricultural inputs such as fertilizers and high-yielding
varieties. This is illustrated for rice in Figure 1.

During the last decades, the area under irrigation
has undergone a stupendous expansion, as can
be seen in Table 2.Around 1900,only some 50
million ha was irrigated. According to the table,
this figure has now increased to almost 200
million ha, which represents 1.5 per cent of the
world's total land area and about 14 per cent of
its total cultivated area. As can be seen from the
table, a large proportion of the irrigated area is
located in the developing countries. Of the 50 million ha irrigated in the richer countries, the U.S.A.
and U.S.S.R. together account for 33 million ha.
FAO's world total area of 198 million ha differs
considerably from the generally quoted 223 million ha. The latter figure originates from ZONN
(1974).A comparison of the detailed figures
from both sources reveals that the difference is
mainly due to different data for a few countries:
China (76.5million in ZONN vs. 48.7million in
FAO), U.S.A. (21.5vs. 17.2million), and India
(39.0vs. 35.2million). Detailed discussions on
irrigation per country are given by FRAMJI and
MAHAJAN (1969)and by FUKUDA (1977).
When we compare the figures from these sources
for certain projects with the real figures as we
know them from personal experience, it is obvious that the official figures deviate significantly
from reality. The official figures often give the
planned irrigable or cultivable area, whereas the
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Figure 1.
Influence of water control, improved management,
and additional inputs on yields of paddy
rice (FAO 1 979a).
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Table I .
Importance of irrigation according to regions (1961-1 963) (FAO 1970)
Region
Irrigated area
Value of crop productiop
as percentage of
from irrigated land as
In million
Arable Harvested
percentage of total
ha
area
area
1
0.7
1.7
3
Africa South of the Sahara
40
44
20.9
23.5
Asia and Far East
17'
11
8.1
1.1.5
Latin America
Near East and N.W. Africa
17
23.9
32.9
68
Total or average
73
12.9
18.6
34'
'excluding Central America.

Lao 1.3

Table 2.
Increase in irrigated area 1955-1 977 (based on data from GULHATI 1955 and FAO 1979b).
1
2
3
4
5
6
7
.
1955
1977
Increase
country-wide attained viel
(tons of paddy rice per ha harvested)
million
-%of
million
% of
million
%
ha world total
ha
ha world total
53
27
25
89
area actually equipped for irrigation is much less. Developed countries
28
23
49
25
18
58
China
31
26
Sometimes only a part of the equipped area is
96
48
34
55
Developing countries
62
51
actually irrigated. A world-wide IClD survey
(BOS and NUGTEREN 1974)covering about 4
(9)
(35)
India
(24)
million ha revealed a difference of 40 per cent o n
(5)
(14)
Pakistan
(9)
1 O0
77
64
198
121
1 O0
the average between equipped and (net) irrigated World total
area, although the equipped or even the planned
likely that the present 198 million ha estimate is
ities and constraints encountered in the various
irrigable area was officially given as the actually
still on the high side.
countries in the physical, technical, financial and
irrigated area. Futhermore, some countries inThe prognoses of 270 million ha for 1990 (FAO
organizational senses. The potential irrigable arei
cluded the irregular sprinkling of pastures and
1977) is said t o represent an attempt at a realistic in the world has been estimated a t 450-500 miloccasional uncontrolled flooding as part of their
estimate, taking into account, as it does, possibil- lion ha (MOEN and BEEK 1974).For further re'irrigated area'. For the above reasons, it seems
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Table 3.
Labour requirements and investment costs for various field irrigation systems.
Irrigation method
Labour requirements
man-hour per irrigation
per ha
surface
furrow
1-3
border
0.5-1.5
basin
0.1-1
sprinkler

hand-moved laterals
tractor-moved laterals
self-moved systems
permanent systems

drip

orchards
row c r o m

1-2.5
0.5-1
0.050.3
0.05-0.2

400- 800
600-1 O00
100&1800
1800-2200

0.1-0.3
O. 1-0.3

1 200-1 800
1500-2500

total annual energy inputs
1 lo6 kcal/ha)

annual fuel consumption
(I.diesel /ha
LOO0

Capital costs of
field system
US $/ha
100-400
100-400
100-400

I

I R R S = irrigation runoff

recovery system

3000

and by CHEN et al. (1976). Figure 2a shows the
annual pumping energy requirements, assuming
the indicated application efficiencies (ed. For lor
water lifts the energy consumption for drip and
sprinkler is higher than for surface irrigation, ever
with great differences in efficiencies. In many
cases these extra energy costs will outweigh any
savings i n labour.
This means that, besides the higher fixed annual
costs for drip and sprinkler irrigation, also the annual operating costs will be higher (see also
Table 4).
Figure 2 b shows, from a somewhat broader view
the total annual energy requirements, including
the energy used in manufacturing the materials,
and in levelling, ditching, etc.
From the above considerations it will be clear
that if drip and sprinkler irrigation are to have a
future, their higher costs must be offset by greater benefits. An often heard claim is that these
benefits accrue from a more efficient water use.
But is that true? In considering this question, w e
shall divide it into t w o parts:
- field application efficiency, in the sense as defined by IClD (BOS 1978)
- yields per volume of water used by the crop.
On the subject of field application efficiency, w e
make the following observations:
- Much confusion exists in literature, mainly because of the use of different definitions of the
term 'application efficiency' and, more serious11
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Figure 2a.
Average pumping energy required for surface,
sprinkler, and drip irrigation systems with different water lifts (based on data from BATTY
et al. 1975).
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Figure 2b.
Total energy inputs per ha for six irrigation systems with different water lifts (adapted from
1O0
150
water l i f t i m ) BATTY et al. 1975).
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Figure 3.
Average field application efficiencies for various
irrigation methods with reference to soil type
(BOS and NUGTEREN 1974).
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attained with surface irrigation.

- In line with the above considerations, the idea is
more frequently being met in literature that the
application efficiency depends less on the irrigation method as such and more on the design and
operation.
in many articles, because of the total lack of any - Another important aspect of operational pracprecise definition.
tices, and one strongly influencing the actual
-.Figure 3, based on the 1974 IClD survey on efapplication efficiency, is the question of when to
ficiencies, shows that different efficiencies are
irrigate and how much water to give. Modern,
found in practice. The reader will note, however,
often computerized, irrigation scheduling serthat the average efficiency for sprinkler does not
vices have been developed to answer these imreach the often claimed 0.80-0.85. Similar and
portant questions (JENSEN 1978).
As for the supposedly higher yields obtained with
higher figures (0.80-0.90) are also customarily
drip or sprinkler irrigation, literature does not proclaimed for drip irrigation, but have not been
found on project scale. On the contrary, field re- vide convincing evidence for sprinkler. For drip
ports regularly describe problems with clogging irrigation the problem is complicated. It is comof the emitters, resulting in a poor uniformity and monly stated that drip produces higher yields, but
consequently in a low application efficiency and the actual results of investigations are confusing
even low yields. It should also be noted that the and contradictory. Some investigators find configures for sprinkler are based mainly on data
siderably higher yields with drip methods (e.g.
SINGH and SINGH 1978); others (e.g. FREEfrom the U.S.A. and Western Europe, whereas
the figures for surface irrigation also include all
MAN et al. 1976) none a t all. Results may depend
the data from the developing countries. It could on specific conditions of soil, water, climate, and
crops. JOBLING (1974) points out that in many
therefore well be that different management
cases drip is compared with sprinkler and surface
practices account for part of the differences in
methods 'under conditions of coarse soil and saefficiencies.
- Several investigators have shown (e.g. KRUSE line water where neither of the conventional methand HEERMAN 1977) that with a proper field
ods had a chance to operate effectively'. Often,
layout and a proper handling of the irrigation
the yields obtained by the various methods are
water high application efficiencies can also be
compared on the basis of the water supplied at
O

the field inlet, not the water applied to the plant.
Thus, in comparisons of yields per volume of water applied, elements of application efficiency are
involved. A general trend seems t o be that yield
differences diminish, the more this efficiency aspect is eliminated from the comparison. Another
point is that if high yields are obtained, this mostly appears to be on a small scale, under completely controlled conditions, so not representative of project conditions.
Of course, the above considerations are very general ones. Both sprinkler and drip irrigation can
have certain advantages under certain conditions
such as: specific crops (e.g. trees or vegetables
for drip, high value crops), soils (light or shallow), water scarcity, labour scarcity, or irregular
topography. However, on the whole it seems justifiable to quote HAINE (1 977) who said: 'Better
land smoothing and improved layouts have ensured that fields, which a year or t w o ago would,
have been laid out to sprinkler irrigation at a cost
of $1200 per ha, are n o w being laid out t o furrow
irrigation at a cost of $400 per ha with savings in
pumping costs also. It remains to be seen whether
the slight extra cost and lower yield forecast
were correci, but return on capital will probably
be some 2: times higher for furrow than for
sprinkler.'
All in all, there seems every reason to place emphasis on improvements in surface irrigation. Let
us now look at some of the advances that have
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consideration to the rehabilitation of existing
schemes rather than the creation of new
schemes. As can be seen from Table 5, roughly
half of the irrigated area in the developing countries is now in need of minor or major rehabilitation works.
Commonly taken as a parameter for the operation
of a scheme is the efficiency with which the water
is used. Applying this parameter, the IClD survey
on irrigation efficiencies provided convincing
evidence of poor project performances. The efficiencies of conveyance and distribution networks
appeared to be disturbingly low, especially for
projects smaller than 1O00 ha or larger than
15,000 ha. Figure 4, based on data from the IClD
survey, illustrates the relative magnitude of volume3 of water flowing through an ‘average‘ irrigation system.
The survey also revealed that part of the losses
are due to seepage and leaking from canals and
structures, but that, depending on the method of
water distribution, a far larger part may be due to
operational practices. Detailed investigations into
the magnitudes and kinds of losses were made in
Pakistan by TROUT (1979) and by TROUT and
BOWERS (1 979). In practice, the efficiencies for
conveyance and distribution systems with rotational water distribution often appear to be less
than 60 per cent. If one compares this percentage
with the percentages for field application efficiencies in Figure 3, one could conclude that

Figure 4.
The relative magnitude of volumes of water flowing through an ’average’ irrigation system (BOS
1979).
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Table 5.
Importance of rehabilitation (FAO 1977).
Region
Existing
irrigation
area
1000 ha
Africa 1
2,61O
1 1,749
Latin America
Near East2
17,105
Asia
60,522
Total
91,986

Renovation and
improvement
area
costs
1000 ha 106US $

783
4,698
9,789
29,718
44,988

444
2,106
6,263
13,756
22,569

Areas to be covered
by new irrigation
area
costs
1000 ha 106US $

960
3,lO1
4,295
13,848
22,204

2,616
6,512
11,947
40,554
61,629

excluding N.E. Africa
2including N.E. Africa
extra care devoted to improving conveyance and
distribution could bring about a significant improvement in the overall efficiencies of water use.
Similar conclusions were reached by several
authors for projects in east Asia ( I R R I 1978).
They concluded that, for many projects, problems
of water distribution were greater in lateral and
sublateral canals than at farm level.
In line with the above considerations, literature
has always stressed the importance of adequate
facilities for the measurement and regulation of
discharges and for appropriate communications.
All too often, however, facilities to measure discharges are either inadequate or absent altogether, not only in older projects, but also in new
ones. And as for communications, such simple

controlled conditions. Hence, for the study of
pracitical drainage problems, one should not rely
measures as a telephone network and clear instructions and forms for the ditch riders, gate
operators, etc, are not always provided, even
though they can significantly improve operations.
Although advances in these fields have not been
exactly innovative, they have resulted in a better
understanding of these matters.
About the same can be said of the influence of
the water distribution method on the operation of
a scheme. In the I R R l publication, mentioned
above, interesting information is provided on
staggered and rotational irrigation in relation to
such matters as farmers’ cooperation, yields,
operational problems, and efficiericies. A general

conclusion from these articles is that most of the
results are determined by local circumstances and
may not be generally valid. Of course, this also
holds for investigations such as those of LEVINE
et al. (1976)in Korea, which report increased
yields as a result of rotational irrigation instead
of continuous supply.
Another matter related to the distribution of the
irrigation water deserves mention. Till the end of
the sixties, it was common practice not to construct, or even to design, the canals and structures within the tertiary unit. Water was provided
by the project as far as the turnout structure from
the main or lateral canal system, and the farmers
were supposed to be responsible for implementing the remaining downstream works. In many
cases this appeared t o be beyond their capacities.
Thus, the expensive dams, diversion structures,
and conveyance systems were only partly used
and by far not as effectively as had been optimistically envisaged in the feasibility studies.
As a result, project planning has been giving
more attention to the implementation of the necessary works at tertiary unit level. Discussions are
still continuing, however, as to how far the project
should go in providing these facilities (see articles
by de Wolf and Kortenhorst in this book).
Project performance
As we have already observed, irrigation projects
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How, then, can performance be improved? In
examining this question, it is convenient to divide
it into two parts: (i) the better functioning of
existing schemes and the rehabilitation of poorly
maintained schemes, and (ii) the design of new
schemes.
Evaluation studies on operation and maintenance
can supply answers t o point (i), especially with
regard to poorly maintained schemes. At present,
schemes are still being reconstructed to their
original state without a proper evaluation of the
causes that led to their deterioration. The longterm involvement of monitoring teams can help
greatly in discovering the causes of poor operation and finding ways to remedy them. The
work of the Colorado State University in Pakistan
(CSU 1978) is a fine example of efforts in this
field.
On point (ii), the design of new schemes, it is
observed that the disappointing experiences with
large schemes have been calling for a shift in
policy towards small-scale or minor irrigation.This
is often advocated on the basis of isolated arguments and vague ideas rather than on comprehensive and well-balanced investigations. But there is
more to this question than the implied assumption that small scale is automatically identical
with appropriate technology, that it will better
reach the small farmer, and will therefore better
and sooner solve all social, economic, and agricultural problems related to food shortage and pov-
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erty. Unfortunately, it is beyond the scope of this
article to further contribute to this discussion.
Certainly, a small-scale project will be an appropriate solution in specific circumstances and this
option should be carefully studied. On the whole,
however, and for a long time to come, large-scale
projects will retain their importance as they involve a greater number of people, greater areas, a
greater potential for food production, and greater
financial investments.
Since the beginning of the 1970's (e.g. FAO
1972) two points have been regarded as essential in the design of new large-scale schemes:
- Studies and design should be based on an
integrated approach, instead of on a number
of isolated findings.
-The role of the farmer should be given a key
place in all considerations; the design must take
into account how a farmer (or group of farmers)
can or will use the water.
Since then, a consensus has grown in support of
these ideas. It is commonly agreed on 'what'
should be done, but the question of 'how'
remains a problem. No one seems entirely sure
how to translate these ideas into terms of practical
action.
The concept of an integrated approach is still
vague. Multidisciplinary teams have become commonplace, but their attempts at a real integrated
approach are unsystematic and poorly structured.
Operations research, systems analysis, and similar

techniques have found some application, but in
most cases they deal more with water resources
management and engineering in a wider sense.
Only a few publications (e.g. WINDSOR and
CHOW 1971, SMITH 1970, CUNGE and WOOLHlSER 1975) treat the irrigation system as such,
but even they are concerned more with the economic or purely technical aspects of the system.
Nowhere, as yet, has the key role of the farmer
progressed beyond mere lip service or descriptions of 'present situations'. The contributions
from socio-economists and sociologists continue
to be too limited and too isolated, and the problem remains how to give their contribution an
operational place within the team.
Without pretending to know the answers to all
problems, we think that a systematic and profound reconsideration of all the phases of the irrigation design process would be useful. A wealth
of knowledge is available on all these phases: the
determination and selection of cropping patterns,
field area and layout, method of field application,
system of water distribution and irrigation
schedule, channel capacities, system and network of measurement and regulation structures,
flexibility of water supply and distribution, and
phasing of the implementation. But the existing
knowledge is scattered and fragmentary. It needs
to be collected, reshuffled, and in many cases
made operational. Special attention needs to be
given to the interrelatioqships between these fac-
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tors, and to their relations with the project objectives and priorities. Step by step, throughout each
phase, constant thought must be given to the
relations between local resources and constraints
and socio-economic and management factors.
All this has to be done with the ultimate aim of
designing a viable scheme- not one that is economically feasible on paper but will perform disappointingly in real life and will have to be
rehabilitated within ten years of its construction.
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