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Preface

Tsmsz ARE Now about22C million hectares (ha) of irrigated land in the world,
representing about 15 percent of the total cultivated area. CF the 220 milllin
ha, 158 million ha, or 72 percent, are located in developing countries. The
irrigated area in these countries make up 20 percent of the total cultivated area.

Inproduction teams the significance of irrigated agriculture is even greater.
In South Asia, for example, yields per hectare obtained fron irrigated cereals
averagebetween 1.5and 2.25 times as much as from those on unirrigated lands.
More than half of the region's total foodproductioncomes fromirrigated lands.
In the 1960s and 1970s, when the increase of cereal output in these countries
was running atan impressive 34 percentper year, more than two-thiidsof this
growth was attributed to irrigation.

Not surprisingly,the developing world has made massive investmentsin the
development of new irrigation schemes and in the rehabilitation of older
schemes. Several developing countries with irrigation potential have devoted
over three-fourthsoftheir public spending for agricultureto irrigation projects,
Worldwide investment on the scale of US$ 10 billion per year is often cited by
irrigation professionals. Overall the payoff for these investments has been
high. In its absence, it is doubtful whether the tremendous gains in food
production achieved over the past two decades would have been possible.

Despite the importance of irrigation in sustaining food production, most
irrigationsystems are performing far below theirpotential. Thisis true whether
performance is measured in terms of achieving planned targets, or in terms of
the production potential created by the physical works. In other words, most
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of the benefits of irrigation developmenthave stemmed £mm the magnitude of
the investment, not from efficient and productive systems.

In Latin America, some 11million hactares ar 8.1 percent of thetotal arable
area is classified as irrigated. Three-fourths of this area is in northwest Mexico,
the Peruvian coast, some parts of central and southern Bz, the valleys of
central Chile, and the Andean region of Argentina, in which irrigated
agriculture. has traditionally been the only viable form of cmp cultivation. In
contrast toother parts of the world, tere. hasbeea little groundwaterirrigation
in Latin America, and water from tite greaf river basins of the Amazon, the
Parana, and the Orinoco is not used to any significant extent.

Although the total extent of irrigated agriculture in Latin America is
relatively small compared to that of ASla and represents less than § percent of
the total worldwide irrigated land. the potential for increasing the area under
irrigation is great. Thus. within the last decade, several Latin American
countries have proposed ambitious plans for expanding their irrigated areas.
However, as a result of recent financial difficlties. it is unliksly that those
plans will be fully implemented in the foreseeable future, This fact, together
with the disappointing performance of existing systems. has led to increasad
interest in improving the management and performance of those projects
already in place.

The International Irrigation Management Institute (TIMT) is an international
research, waining and information institute headquartared in Colombo, Sri
Lanka which aiims to strengthen ratiaral efforts to improve and sustain the
performance of Imigationsystems in developingcoursries. Through collaborative
programs that involve national agencies responsible for irmigation and
agriculture together with research and training institutions, IIMI assists countries
in the identification of constraints to improved irrigation management and
ways to alleviate these shortcomings. Over the next few years 1IMI hopes to
initiate such collaborative programs with Latin American institutions to
complement similar activitiesin Asia and Africa.

As afirst stage in developing these programs, IIMI and the Interational
Commission on lrrigation and Drainage (ICID) are co-hosting a special
session on Irrigation Management in Latin America during the 14th Interma.
tional Congress on Irrigation and Drainage in Rio de Janeiro, Brazil on4 May
1990,

To prepare for this session. IIMI has invited sevenselected experts from
Latin America to write papers describing the present situation of irmigation
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management in their own countries in the context of overall imicatin
management issues in the region, This volume contains the saven papers
identifying problem areas and arees where the potential for improvement
seems great.  The first four papers deal with regional issues: Grassi hes
addressed the overall status of irrigation management in Latin America and the
potential for social and economic benefit through management impravemant
Bertranoux has studied the sociceconomic aspects of irrigation in five Latin
American countries; Ciancaglini has reviewed the irrigation systems in five
countries of the southern cone of Latin America, pointing out the syseems’
malin characteristics. administrative organizationand legal- support structurs,
level oF farmer management and other relevant information: and Canelo
identifiesa number of constraints that result in lower than anticipated perfomancs
of irrigation systems. The remaining three papers by Novaes, Garcia and
Palaclos describe in more cetail irrigation management and training issues in
Brazil. Colombia, and Mexico.



Chapter 1
IRRIGATIONMANAGEMENT

Carlos Y Grassi

SUMMARY

INn Latee AMerica, expansion of the irrigated @m has slowed doan, but food
requirements have increased with the growing population. The economic and
financial crisisis a seriouslimiting factor. The author analysesthe factors that
will improve economic and social conditions using management techniques
that enablean efficient use of existingirrigation systems. The current statusof
irrigation systems is examined on the besis of the definition of irrigation
management developed by IIMI. The analysis focuses On undenstilization of
irrigation systems, inadequacy of irrigation policies, slow irstitutiaal
development, poor water managementat field and system levels, performance
parameters for irrigation systems, financing of irrigation services, infrastructure
and institution management, and staff training.

INTRODUCTION

In Latin America the development of irrigation started Wil the establishment
of perennial systems in the arid zones of Argentina. Chile, Mexico, and Peru
where there was no possibility of agriculturewithoutit. Inthe past30-40 years,
supplementalirrigationsystemshave been established in thetropicsto alternate
irrigated crops with rainfed crops.
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Thetotal irrigated area is 15 million ha, with an annuall tner2ase rate of about
0.25 million ha, Recently, however, this expansion has slowed down; efficiency
of existing irrigationsystems has also daclined. Ssveral factors have contributed
to this situation: the economic and financial crisis, low market value of local
agriculaural products, and the high cost of irrigation development. In Mexico,
forexample, thishas led tostagnant yields and theestablishment of crops with
low added value (Olivares, 1986),,

These factorsare partly responsible for a deterioration of the infrastructure
and services, underutilizadon of irrigated land, inefficient use of resources, and
the resulting dissatisfaction with and loss of interest I itrigation. There isa
need D increase production through better System management, in order to
improve the economic and social for a growing population. But the
mugch-nssded investments in infrastructure can only be procured once irriga-
tion is restored as a productive sector for public investment (Carruthers, 1988).

MANAGEMENT VERSUS ADMINISTRATION

An irrigation system is composed of a set of physical siements, people, and
ways of using water, land and various InputsS to produce crops Under certain
conditions and withoutad varss effectson theeavironment. The system has T0
componeats: the “hardware,” including thenatural environmentand physical
system (hydrautic infrastrucfure and netwaork), and the “software.” consisting
of irrigation operations and strvices, The successful performance of asystem
depends as much on the “software.” as on the “hardware.” But the existing
systems depend mare on the magnitude OF investment than on mansgement.

Imigationmanagement has been defined by IIMI (1988) as “the process by
which organizations or individuals st the objectives of a system; determins ap-
propeiate conditions: identify, mobilize, and use resources toattain the objec-
tives; and ensure thet all the activities are carried out without any adverse.
effects.”

Irrigation-related activities are generally limited to two professions: civil
engineering and agronomy. This is 10D restrictive to encompass what IS
defined as management. Other disciplines should be integrated to
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undarstand the system as a whole. with its various domains, dimensions, and
linkages (chambers, 1988).

In Latin America the current situationstems from the fact thai irrigation is
administered not managed. Administration is mainly geared wwards maintain-
ing the status qUOwhersas managementattempts D changeit (Jayaweers, cited
by Svendsen, 1988).

IRRIGATION MANAGEMENT AGENCIES

Following the land reforms in the older systems. focus was shifted from
increased productivity © the greater social benefits. Project cutput was
jeopardized by sericus errors in the land refoma operation. Thissuggests the
need to reformulate the lend tenureand allocation system.

The stucture Of irrigation agencies varies according to their particular
characiaristics and legal framework, They rangs from public sector agencies
thet finance irrigation with state funds 10 water-user associadons with their
OWn Tesources.

The degree of decentralization — and the concomitant rise in user participation
-- increases from nationalto regional and local levels, Inall casss, the agency
d thenational level isa public body attached to a ministry O state secretariat.
At the local level (irrigation system @ district) user participation through
district committees and usets' councils incrsases, although some central
government agencies are still predominant, as in Venezela

Usa participation helps to ensure bettar respest of USBIS' rightsfor amore
equitable distribution of water. It hefps to maINtain a certain independence
from extamal influences. The system also benefits from users’ sxperiencs and
Gn count on their direct contribution to operations and mairmtenance. User
participation thus guarantees a more efficient USe Of water resources.

Latin America has many cases of irrigation agencies that have been admini-
staed by Users. In Chile,anarea of 05 million hainthe Central Yalley was put
under irrigation in the early part of thiscentury. In Mendoza, Argentina the
sdministration and financing of secondary canalshy userswas establishedby
the Law of 1884. The area covered by the associationswas recently expanded
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for greater financial and administrative efficiency {Chambouieyron, 1984). In
Peru, responsibilities previously assumed by governmentagencies for the San
Lorenzo irrigation and land settlement project are being gradually transferred
to the users (Hotes, 1983). In the Dominican Republic, sl salinization and
poor maintenance of a canal were dealt with by transferring responsibility for
the irrigation system to a water-usex association (ODI-IIMI, 1989).

Organizational, economic. ecological (mainly rainfall), and human factors,
and the extent to which they can satisfy water requirementsinfluence the will-
ingness of users to participate, For example, climatic conditions have to be
considered for decisions concerning the suitability of perennial irrigation or
supplemental irrigation.

User participationshouldbe introduced where it does not existand strength-
ened where it already exists. Nevertheless, such steps should be taken with
cautionand in stages, by starting in areas with the highest success potential. It
is not realistic to expect farmers to participate in such projects unless they are
sure to benefit from them (Lazaro etal., 1979).

WATER MANAGEMENT AT SYSTEM LEVEL

Irrigation systems range from sophisticated hydraulic works with accurate
flowcontrol totraditional structures with a low control level. Thetype of struc-
ture has a direct bearing on water conveyance efficiency which is based on
water conveyance losses and flow characteristics. Management efficiency is
expressed by the ratio of water delivered to users to thetactually used by them
(Palacios and Day, 1977).

Proper canal management implies several steps: formulation of a crop and
irrigation plan for each cropping season, appropriate evaluation of water
requirements, and distribution and delivery of water according to these
requirements. In Latin America, this is unfortunately mare theory than reality
since it s rarely put into practice.

Properly managed operations can minimize the effects of hydraulic head
variation along the canal. In Mendoza, Argentina. this is a very frequent
problem and fieldsat the tail-reach have to use groundwater to supplementan
insufficient surface water supply.
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Operational flow measurementis a precondition forefficientcanal manage-
ment. Studies to improve water usz conditions through reliable and equitable
distribution require.reliable data. Gauging sections are generally established
along imigation systems, but systematic flow monitoring is rare.

Automatic control systems ensure steady Flows and are less dependent on
personnel. Such systems are common in Mediterranean countries, but they
have not produced satisfactoryresults in Latin America. For example, the flow
control systems in Venezuela could not be used due to ladk of quatified staff
and inefficient operation and maintenance.

Timely and adequate application is essertial for increasing crop yields;
water supply should therefore correspond to the demands. Except in a few
Mexican systems (Palacios, 1977), hardly any efforts are made to apply
technology developed at research stations. These techniques can help improve
system performance at farm level under adequate water distribution and
delivery conditions.

In small irrigation systems, water is delivered only during the day. Thisis
not possiblein largeand medium systemstecause of the time needed tofill and
empty the canalsandthe stress imposed on structures due tofrequent operation.
Night irrigation often causeswater lossand drainage problems at tretail-reach
due to negligence of operations staff and water users.

WATER MANAGEMENT AT FIELD LEVEL

Irrigation efficiency in currently operating systems ranges from less than 20
percent to more than 70 percent dependingon irrigation methods, crops, topog-
raphy. soil, water management ability of water users, irrigation Services. etc.
Application efficiency is. however, less than 40 percent.

Water use efficiency (measured in kilograms of crop harvested per cubic
meter of water used) is generally low, with a few cases showing high capacity
for resource use. Efficiency rates for irrigation and water use can be substan-
tially increased through appropriate management Thepotential ishigher in the
supplemental irrigation systems compared with perennial systems.
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A more efficient use of irrigation requires partial modification, and some-
times a complete change, of the farming system to meet the requirements of
national and international markets. Monocuiture or cultivation of a few crops
with similar agroclimatic requirements does not fully optimize available water
and climatic resources, labor, and equipment. A longer cropping Season and
guaranteed water supply offer more gptions in the choice of the cropping
pattern for crop diversification, especially in the tropics. This may, however,
require changes in existing irrigation systems.

PERFORMANCEPARAMETERS FOR IRRIGATION SYSTEMS

Studieson how to improve the performance of an irrigation system are based
on the evaluation of certain parameters. However, such measurements are not
considered to be objectivebecause they are influenced by the professional bias
of civil engineersand agronomists. The causes of poor managementshould be
identified. Performance indexes should be established for decision making.
Zhi (1989) suggests three typesof technological and economic indexes: water
use, irrigated area and engineering aspects of the system, and economic
benefits. Poor performance could be expressed in terms of unattained employ-
ment and living conditions objectives (Charbers,1988).

Long delays between the construction of the basic infrastructure and the
development and start of irrigation initially produces an oversupply. The
resulting incarrect irrigation practices Cannot be easily rectified. They hinder
normal expansion with a consequent shortfall in irrigated area compared with
the target figure.
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UNDERUTILIZATION OF IRRIGATION SYSTEMS

In Latin America, inadequate optimization of water resources is due to low
efficiency combined with underutilization of irrigation systems. The area tret
is actually irrigated represents a small percentage of the potential area
Although underutilization is observed under different climatic conditions. it is
most frequent when the drought period for which the system is designed is
followed by arainy period. The il moisture reserves replanished by therains
can then supportone or more cropping Seasons.

Underutilization of irrigation systems implies a low rate of retum on the
project, and itisa common fzature in Latin Averica. Three types of casescan
te distinguished:

= Abundant supply of water that can be used to irrigate a larger area, using
the same infrastructure, this is the case of Argentina (L.eiva, 1986);

= PRt utilization by farmers located in an irrigation system; this is
the case of supplemental irrigation in Venezuela and other tropical coun-
tries;

= Unused potential for cropping pattems thet satisfy market demand for-
crops with higher yields under irrigation (based on the potentialand actual
value of water); this is found in many Latin American ¢countries,

Underutilization and managementproblems usually occurin new irrigation
systems, rather than rehabilitated systems. In the first case, rainted or dryland
crops are replaced by irrigated crops. AS fanners have no previous experience
of intensive cultivation, thers is little possibility of user participation at the
planning and design stages 1 avoid subsequent management problems.

FINANCIAL SUPPORT FOR IRRIGATION SERVICES

In Latin America, water is consideredas a freely available naturalresourse,
Regulations’on water charges are therefore not respected. Moreover, certain
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loopholes in the water laws make it difficult to enforce the regulations. Various
methods are adopted to finance irrigation; they range from total state support
to full financing by water users.

In both developed and developing countries, capital costs for constructing
the infrastructure are either borne entirely by the state or are highly subsidized
(Sagardoy 1982). With the exceptionof the structuresbuiltby the private sector
in Chileand in some casesin Mendoza, Argentina, all Latin American systems
were built through state subsidies, even when the original plan was to charge
the costs.

The principle of charging users for operations, maintenance, and admini-
stration is, however, better accepted. But little progress has been made in this
direction and charges are mostly nominal. Fa example, in Venezuela they
represent N0 more than 20 percent of the actual Service cost (Meres, 1983).

Irrigation services can be. financed directly a indirectly. Rates for direct
charges can be fixed according to the volume of water consumed (Brazil.
Mexico, Peru) or based on the size of the irrigated area (Argentina, Venezuela
and most of the other countries). The servicesare financed indirectly through
1ax revenues (direct and implicit).

Although the volumetric water rate is more equitable, it is technically
difficult to measure and monitor flow fluctuations continuously for 24 hours.
The type of soil also accounts for differences in rates, which are higher for
sandy than for clayey soils. This is the general trend for water charges but
progress is slow and the positive effects are dissipated by subsidies. The
Brazilian enterprise, Companhia de Desenvolvimento do Vale de Sao Fran
cisco, has established a volumetric rate based on an equation that includes cost
of depreciation, administration, operations,and maintenance; physical life of
the works; amount of water consumed; and coefficients for subsidizing te
actual rate (Abreu and Barrionuevo, 1985).

Water fees are reduced to insignificant figures because of cost inflation, a
common feature in Latin American economies. Seasonal and annual rate ad-
justments are very slow because of the bureaucracy and regulations. One
alternative is to adopt the Southeast Asian system which uses the price of a
basic crop like rice as a reference.

The volumetric water rate is an inadequate measure. It should be based on
an updated real vatue that reflects the actual cost of supplying water to the
users. Itis impossibleto apply acommon financial policy as political goalsand
strategiesdiffer with each country, According to the Asian DevelopmentBank



IRRIGATION MANAGEMENT 9

and IIMI (1986), financial policies for irrigation should be evaluated in terms
of their effectson irrigationsystem performance, investmentdecisions, finan-
cial position of the government, and income distribution.

MANAGEMENT OF THE IRRIGATION INFRASTRUCTURE

Poar or delayed maintenance raises cests proportionally. It also affects the
environment, reduces canal capacity due to weed growth that spreads to the
fields, encourages proliferation of insect vectors. increases il salinization,
etc. Poor maintenance can then become a case for rehabilitation,

Improper maintenance s, without exaggeration,a common feature in most
Latin American projects. This is generally due to poor organizationand a lack
of specific norms and procedures for carrying out such teds. Moreover,
professionals are interested in design and construction rather than gperation
and maintenance. Resource allocation is also low as such activities are
considered to be a form of dispensable bureaucratic spending.

At least 60 percent of the irrigation services budget is earmarked for infra-
structure and equipment maintenance. Any shortfall in funds therefore has a
directeffectonmaintenance operations. Thereisevenatendency tobuildmore
infrastructure instead: for example, relining of canals to reduce maintenance.
However, good management by competent staff can compensate for the ladk
of funds.

Rehabilitationof irrigation systemsin the aridzones (Mexico, Peru, Argen-
tire) usually results in at least alleviating the problem of il salinization and
drainage. These problems are spreading rapidly and will recuire substantial
adjustmentsin the techniques and organiization of irmigaticnmanagement. Poor
management can aggravate drainage problemsas it leads to a larger supply of
water compared to demand, frequent and abrupt changesin watar level in the
canal. and reduced capacity of the drainage system.
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MANAGEMENT OF IRRIGATION INSTITUTIONS

Managementof an irrigation agency involvesnot only water resourcss but also
people and Irmformation (1IMI, 1988).

In Latin American countries, irrigation agencies consider water as one
among many factorsof agricultural production. They limit their tagkto routine
operations, but this does not help to attain the system’s objectives.

Irrigation management covers many other factors besides thess, Itinvolves
“‘monitoring the output of the system. the processes, and feedback. in order to
meke the necessary changes in real time in response to the feedback” (IIMI
1988).

The irrigation sector in Latin America does not gperate according to this
concept. However, effortshave teen made in this direction, when the work of
organizations indirectly related to the sector is taken into account. But
irrigation managementis a multidisciplinary operation that cannot be reduced
to the sum of the partial and uncoordinated efforts of various organizations.

Irrigated agriculture involves various costs and services besides water.
Major inputs are seed, fertilizer, herbicides, and pesticides. They are usually
| i e dtoother institutionsttet may depend on differentministries. Similarly,
support services such as extension, marketing, and credit belong to different
administrations.

Inputsand support servicesare of vital importance since the absence of any
one of them would partially or totally compromisethe results. Theactivitiesof
differentinstitutions therefore need tobe coordinated, which isnot an easy task
in Latin America. It is for this reason that irrigation agencies have limited their
efforts to the adminismuion of water resources.

Irrigation agencies should be dynamic enough to keep pace with advances
in technology and management. They should also be able to adapt to changes
in the objectives of irrigation and fanning systems which requireadjustments
at all levels. A significant impact can only be achieved through substantial
changes in the operation of the agency, fiscal and financial aspects (mobiliza-
tin of resourcesthrough water fees), interaction with other support agencies.
tenure system, etc.

Opportunities for reorganization should be used to Increase fanner
participation in irrigation management. Such opportunitiesare provided by:
total or partial replacementor improvement of the canal system, expansion of
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the canal systembased on new water resources,and rehabilitation of irrigation
systems and their integration into the production process,

STAFF TRAINING

Training programs should have a multidisciplinary (technology, socioeconom-
ics) and holistic approach in order to provide staff with the necessary knowl-
edgeand skills. A seriousconstraint in Latin America is the absence of such an
approach. There is also a critical shortage of trained staff to keep pace with
ti chnological developments. They also lack the management skills needed to
obtain the expected results.

The shortage of qualified staff in Latin America is aggravated by the lack
of interest in field work. Consequently, qualified people are mostly concen-
trated in the main offices, whereas actual experiencecan only be acquired from
the field. More and better-trained staff who work directly in the field would
make a disorganized system function more effectively (Lazaro st al.. 1979).

The World Bank estimates that it takes 8-9 years for farmersto shift from
traditional production methods to more intensive farming (Hotes, 1983}. In
Latin America, it may take longer and farmers may not change their practices
without the necessary incentives.

Training. extension, and demonstration servicescan yield positiveresults if
they are carried out well and with a certain amountof perseverance,and if users
are receptive. Extension services have not been very effective in improving
irrigation management. These problems which occur throughout the agricul-
tural sector also affect irrigation, which requires special training. Results in
demonstration plots are poor compared with the surrounding fields — they are
a demonstration of what should not be done.
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CONCLUSION

Inthepastfew years expansion of the irrigated area has slowed down, Existing
irrigation systems are underutilized, resulting in dissatisfaction and loss of
interest. This isnot very encouragingbecause. the climaticcharacteristics of the
region make agriculturedependent on irrigation to meet the needs of agrowing
population.

The irrigation potential is not fully utilized. More land can be irrigated
because. the infrastructureis not used to full capacity. Cropping pattems also
do not make effective use of irrigation. The social and economic benefits that
can help the region overcome the financialand economiccrisisand low prices
of agricultural commodities can only be gained through better management.

Irrigation policies should be defined more clearly. They should also be
implemented more consistently. This is particularly relevant for the tropical
and subtropical zones with alternatewet and dry periods, where severaloptions
exist Government irrigation agencies are predominant among irrigation
institutiasat national and regional levels. Although greater farmer participation
is recognized as a legitimate need, at least for managing sections of irrigation
systems, little progress has been made in this direction except for some
successful Cases.

\'ela~ management at field and system levels as evaluated by performance
indexes is not adequate and needs to be improved. Professional bias of civil
engineers and agronomists should, however, be avoided because of the higher
priority on the technical aspects at the expense.of others, particularly irrigation
management

Little attention is paid to maintenance due to inappropriate organizational
normsand procedures. ladk of intereston the partof professionals,and shortage
of funds. This leads to land salinization and degradation of the environment,
and systems often have to be rehabilitated,

Except in certain cases, operations, maintenance, and administration are
financed by the state. But this kesdsto ashortfallin fundsand an unproductive
wse of financial resources. Self-supporting systems offer a solution for
mobilizing funds to cover these costs.

Training programs should aim to encourage field work. They should
provide the knowledge and skills = through a multidisciplinary and holistic
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approach — required to meet the challenge of obtaining social and economic
benefits without further capital outlay.
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Chapter 2

SOCIOECONOMICASPECTS OF IRRIGATION

Armando D Bertranou

CHARACTERISTICS OF IRRIGATION MANAGEMENT IN
LATIN AMERICAN COUNTRIES

IRRIGATION N [aTv AMERICA varies considerably with the climatic,
geomorphological, technological, cultural, and economic conditions in the
countries of theregion'. In themid-1980s. total irrigated areafor theregion was
15 million hectares (ha) =7 percent of the world total—and presented a patch-
work of situations that are difficult to summarize? (ECLA, 1985). Certain char-
acteristicsof irrigation in major countriesshould, however, &< distinguished to
understand the policies that were implemented. For example, it is useful to
know the role of irrigation withii the farming system and its production
objectives'.

In Mexico, Peru, and Chile, irrigated agriculture plays a diistinct role in
agricultural production and accounts for one-fourth and to one-thirds of the
cultivated areaL

11t should be recognized that iri this type of work. generalizations are hazardous,
because each country or region he6 specific characteristics that cannot be explained.
2 Latin America is generously endoned with natural resources —land and water — but
they are unequally distributed I both space and time. The data referred to have been
extracted from FAQO Yearbook - ECLA report.

¥ Many country reports have been presented atmeetings Of experts Suchas the 8th Latin
American seminar on irrigation (Venezuela, 1984) organized by the [ICA; and the
Ibero-American seminar on irrigation and drainage (Madrid, 1986)«rganized by EDI,
IICA. and IRYDA.

17
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Table 1presents informationon the five comtries With the largest irrigated area inthe
region. Together. they represent 70 percent ofthe total 18 Latin America.

Irrigation [Percent of total Main crops Mazket Current situation
area cultivated area orientation
(000 ha)
Argen- 1600 1% Fruit and Domestic Stagnant
tina vegetables
Brazil | 2000 3% Rice(650%), cereals, | Domestic Suung expansion
oilseeds, vegelables, | Foreign in exrly 19805
sugarcane
Chile | 1300 25% Pruit, vegewbles, | Foreign Sustained growth
cereals
Mexicq 5900 25% | Cereals, oilseeds, | Domestic Stagnant
vegelables
Peru 1100 35% Rice, sugarcane, | Domestic Stagnant
cotlon

Sources: FAQ yearbooks, BID, ECLA, TICA repons.

In certainyears, irrigated crops in Mexico and Peru can attain aimost half
the total agricultural production value. They are therefore of significant
importance in satisfying the national food demand. In Gille,commoditiesfrom
irrigated areas have become a major source of foreign-exchange income in
recent years. A large part of the fruit production, especially table grapes, is
destined for foreign markets.

Irrigation can be considered as a focal activity in these countries. It has a
long tradition and benefits from substantial government support.

In Mexico and Peru where irrigation plans are implemented at retical
level imigation institutionsdemonstrate a strong centralizing tendency. Planning,
establishment, and operation of irrigation systemsareresponsibilities assumed
by the central government. whereas regional institutions are responsible for
the management of water resources.

Recartly in Chile, under the new laws that came into effect in the early
1980s. the central government has taken on a subsidiaryrole. In practice, itis
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now limited to supervising the gperation and development of irrigation
systems.

Y Irrigationin Argentina differswidely from that of Chile, Mexico, and Feru.
Irrigated agricultureis of secondary importance at national levei, production
(cereals, oil crops) from the humid zones provides the bulk of forsign-
exchangeearnings in the agricultural sector. Butin thearidand semiaridzones,
fruit and vegetable production in the irrigated oases is a focal activity thet
contributes substantially to regional development For example, in one prov-
ince, 360 000 ha are irrigated with groundwater from 20 000 wells. Fruit and
vegetable production and processing *coniribute 20 percent to the gross
product of the province. Agricultural production is mainly intended for the
domestic market

The case of Argentina is not unique; in many countries of the region,
irrigation is closely linked to regional development

In Brazil , although agriculture is not based on irrigation, in the mid-1980s
the government launched various irrigation programs: PHONE in theNordeste
region and PRONI in therest of thecountry. The ultimate objectiveis to satisfy
basic needs through self-sufficiencyin staplecropsand to increase production
levels. The programs thus aim to meet the growing demand for food by
reducing prices for consumers; they therefore provide an effective means to
control inflation. The strategy is © develop irrigation for dryland agriculture.
Incentives are offered for this purpose; they include tax cuts on establishment
and acquisition of irrigation equipment, lower electricity charges, and easy
access to credit

The programs produced very striking results right from the start. The
irrigated area was expanded by an average of 150 000 ha/year during the period
1982-1986.The results clearly indicatethat irrigation is now considered as an
important alternativefor investment, with the firm supportof the government,

Thisbrief description highlightsthe differencesin irrigation among the five
main countries with irrigated agriculture.

The following points should be considered while analyzing the irrigation
situation in these countries:

* The significanceof irrigation to the economies of some countries;

* The relevance of irrigation to regional development efforts in various
countries; and
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* The wrend to direct production towards domestic or foreign markets as the
driving force for future expansion of the irrigated area

SITUATION OF THE LATIN AMERICAN ECONOMIES AT
THE END OF THE 19808

The critical situation of the Latin American economies is a cause of deep
concern to the countriesof the region. Certain socioeconomic considerations
therefore need to be examined because of their relevance to irigation.

Socioeconomicdevelopment in Latin America over the past 40 yearscan be
divided into the 1950-1980period and the decade of the 1980s.

The1950-1980 period was marked by an upward trend in per capita income.
employment, investment, consumption, foreign trade, and capital income. The
high rate of GDP growth in the countries of the Latin American region indicates
the dynamism of the economies during this period. Significantbenefits were
achieved in terms of social progress. But thisupward trend was interrupted in
the 1980s, when per capita GDP and capital formation rates fell. Rising
unemployment and drastic cuts in public spending have raised the poverty
level.

The approachto the foreign debt problem explainsthe prevailing situation
to a certain extent (IDB, 1989). Reduced imports and increased xports
illustrate the fall in real pay.

In the 1980s, availability of goods and services in the countries declined as
aresult of the substantial increase in exports and drastic fal! in imports. In 1987,
itstood atonly 87 percent of the 1980level. Population grew from 347 million
inhabitants © 414 million inhabitants during this period, with a resulting
decline in real pay. In 8 years, per capita GDP fell by 7 percent.after having
risen by 40percent between 1970and 1980*.

4 The 3-point hike ininterest rates between 1988 and 1989signifies an increase in the
annual foreign debt service charges (IDB, 1988.1989). IDB estimates #¥5 additional
charge at U83$10 billion. The current level of indebtedness & equivalent to four times
the value of exports. IDB Report, 1989.
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Relative prices of primary products havealso deteriorated. The causes are:
excess supply due to past investments; steady desrease in the use Of raw
materials for production in the industrialized countries; high inelasticity of
demand far primary products; and high real interest ratas,

With the dropin netcapital entry intothe regionandeuts in public spending,
investments have been the hardest bit by the foreign debt crisis *.

The composition of national deficits has changed completely. During the
1970s. the deficits were financed with external funds, they ae. now financad
through internal capital,

There is a chronic shortage of entrepreneurs, because no social value is
atributed to the role of the entrepreneuras a productive agent. The eatrepre-
neur manages and optimizesproduction factorsand technological coefficients,
The function appears to be disappearing or is facing Serious problers in Latin
America.

Population is the best indicator of te. Latin America of the 1980s. It
represents 9 percent of that of the planet. But the regional GDP attainsonly 8
percent of world GDP. The industrial GDP stands at only 6 percent.For the
creative professions = scientistsand intellectuals = it is only 2 percent.

Since 1970. not a single Lain American country has achieved balanced
growth (Bustelo, 1989), The 1980s are already reported as a lost decade for
Latin America, especially in social terms.

IRRIGATION DEVELOPMENT: MACROECONOMIC
CONTEXT

Irrigation development in Latin America is closely related to the economic
variables of the region.

The rough division into two periods presented in the previous section can
also be applied to irrigation. Irrigated area expanded at a sustained rate in the

% Inabsolute terms. the estimated level of investments in 1988 was US$40 billion less
than in 1980,accounting for only 81% of the second mount in constant 1988 dollars,
IDB Report, 1989.
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1960s and 1970s, corresponding to the generally positive trends of the
economic variables during this periad. The average rate of annual expansion
after 1965 was 250 000 ha. Between 1975 and 1980 the growth rate reached
nearly 3 percent. Except for Brazil and Chile, expansion of the irrigated area
recorded an abrupt down-turn in the early 1980s°®.

In countries where commodity supply from irrigated aees is mainly
directed to domestic markets. irrigation development is closely linked t
domesticdemand, its characteristics. evolution, and persistence over time. One
of the main characteristicsof domestic demand isthat it ishighly inelastic. This
can, however, be an advantage for certain regions.

The tendency towards saturation of domestic markets during the period of
irrigation expansion in the 1970s or, at the other extreme. the abrupt fall in
internal demand in the 1980s. has impelled certain arzas to reorient their
preducton towards export markets. The Chilean and. to a certain extent. the
Brazilian cases are the most striking, but not the only ones.

Reorientationimpliesthat irrigated agriculture should focuson the complex
problems of foreign markers in which it has to compete. It has to meet
requirements of quality rather tren quantity, unlike the domestic market,
where the priority is to satisfy the demand for food.

The export orientation of irrigated areas has a positive impact through price
stabilization- and sometimesincrease.. Better prices are an incentive for adopt-
ing new production and irrigation technologies, which are often linked to more
dynamic industrial sectors of the economy (Leiva et al},

Fluctuations in the economic system have a considerable influence on
irrigation activities. Poor economic performance has been accompanied by
slow developmentof irmigation. We must not only recognize the macroeconomic
context of irrigation. but also analyze the specific problems caused by
irrigation itself.

IRRIGATION PROBLEMS AND LIMITATIONS

Many authors have cautioned against the problems related to investments in
irrigation (Carruthers, 1986; Homing, 1986). International funding agencies

& At the world level, the growth rate of irrigation between 1965 and 1975 was 5%, but
fell to 1.5% between 1975 and 1987. See ECLA 1985, pp 30-54.
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have acquired a vast experience on such investments (Hotes; Colmenares and
Aguirre).Many lessons can be drawn from their experience. Currentliterature
indicates a certain dissatisfactionand loss of confidence regarding irrigation.
The arguments in favor of irrigation are well-known, mainly increased
productivity which significantlyreduces food problems. But it is also true that
the projected rates of return from irrigation investments were overoptimistic.

Irrigation development projects have generally exceeded estimated costs
for construction and for operation and maintenance.

Irrigation performance has been explained on the basis of certain
observationson the status of irrigation in Latin America. the main constraints
to its consolidation and expansion, and the framework of the characteristics
mentioned in the first section.

The observed facts are as follows:

Excess supply of imgated land due to a marked recession of economic

activity. Water and soilrescurces are underutilized. Groundwater USe is also
very low.

Unused dammed water capacity in large-scale projects built for gravity

irrigation systems. This contrasts with the relatively low capacity for water
conveyance and drainage in associated irrigations ystems. The infrastructure
is also underutilized.

* Poor maintenance of irrigation systems. Water use efficiency for irrigation
is therefore low, so that water appears tobeamorescarcethanitisinreality.

Slow spread of agricultural production and of irrigation and drainage tech-
nology. The exceptionis that there exist pockets of efficiency, which per-
petuate a great number of hectares with low technological level and in a
state of deterioration.

* Expansion of irrigation projects from exclusively infrastructuresystemsto
integrated projects. Integrated projects include socioeconomicinfrastruc-
ture, subsidized services to farmers, and output marketing, all of which
inflate considerably the cost of these projects.
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The economic crises have an unequal impact on different types of producers.
The small and medium farms are the hardest hit. The situation favors a
bipolarization of many regional economies Wl irrigated lands. At one
extreme are the small and medium farms that predominate in primary production
and use low levels of production and irrigation tedhrology. They are inade-
quately integrated into the regional and national economic context and
exposed  erratic markets for perishable commodities. At the other exgeme
are the large integrated producers, highly technical and well-informal, who
benafit from economies of scale and adequats economic and political integra-
tion (Llop, 1987).

Although these situations developed during 1965-1980, no efforts were
made to rectify/them. They have parsisted and contributed to thediscreditation
of irrigation.

Butinvestments in irmigatianprojects with sncertain rates of return continue,
leading D situations described sarlier (Pascuchi ¢t al, 1977: Fiorentino et al,
1986). Some of the possible reasons for this are:

* Projects that are supposed to help small and medium farmers. This reason
is often given to justifysupport for projects with low rates of retumn. Socio-
political considerations can. in ¢artain cases, have a high degree of ration-
ality. But if these projects have no assurance Of a corresponding subsidy,
they become a misleading aid for the weakast which is expropriatedby the

Strongest.

* In several instances, vicious c¢ycles have developed thet are difficult to
reverse, and bring negative feedback on irrigation investments. Through
misleading signals (subsidized prices for inputs and/or products for agriculture)
communicated to the market and to decisionmakers, unreasonably high ex-
pectations of te. profitability of investments in irrigation have besa main-
tained. In turn, these have generated greatsr output levels. which have a
depressive effect on prices. But the political pressures generated to raise
prices for agriculture (forreasons of incomedistribution0r regional devel-
opment) have reinforced the feadback loop of this vicious cycle.

* The unwieldiness of the multiple-purposeand gravity irrigation projscts is
one of the causes which explains the existence of an excess supply of
irrigated land and the relatively underutilized capacity of watsr stored for
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irrigation purposes. It is not unusual that this type of project with large
economies of scale should be fundamentally justified by the energy it gen-
erates. But at the same time, they are. not marginal projects in terms of an
evaluation from the point of view of irrigation. The subjectof the unwieldi-
ness of gravity irrigation projects - as contrasted with the use of groundwater
(wherever this exists) - should be analyzed.

In general, there is a bias among administratorsand politiciansin favor of
large engineering projects. They display a lack of understanding of less
impressive investments in operations and maintenance, and tend to under-
estimate their value. The appeal of the newly completed grandiose public
works project and the crowning bronze plaque which immortalizes it are
weighty factors difficult to overcome.

The pressures of the companies involved in the_construction of large
infrastructureworks can also influence decisions. Tl is less true in periods
of economic recession.

The panoramapresented in this complex activity known as irrigation, gives
the impression of a lack of coordinationamong the components of the system
and the agents of those institutions responsible for irrigation activities.

In the evaluation of complex and multifaceted projects. such as irrigation,
numerouserrors have ben committed,dueto an inability tojudge the integrated
operationof the system. For example, anisolated evaluationof one component
of a systemwhich gperatesclosely with other components, necessarily requires
a joint assessment from the standpoint of economic evaluation (Major and
Lenton, 1979). In spite of the obvious convenience of coordinated operation.
management organizations have shown a reticence towards such systems as
discussed in a later ssction.

The response given to thess problems during the 1960s wasthedevelopment
of various experiments Wilh water planning. The examples of Mexico, Venezuela,
Peru, and Brazil in particular, followed by Ecuador, Colombia. Honduras, El
Salvador, and the Deminican Republic, were studied in depth by Dourojeanne
(1985). He affiis that such plans have been useful in countries where they
were adopted. Among the main benefits are.: better knowledge of water
availability, greater interinstitutional collaboration for water Use, better knowledge
and identification of alternatives for calculating water supply and demand,
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better perception of the currentand potential conflicts in water delivery, better
possibility for integrating environmental considerations, and more options for
improving the operation of irrigation systems.

Planning has definitely helped improveirrigated systems. In Latin America,
however, it is concerned with the physical and operational dimension of water
resourees management, rather than the administrative and institutional dimension
(Scelza Cavalcanti, 1988).

Action-oriented reconumendations were proposed for irrigation management
at the United Nations Conference on Water held at Mar del Plata, Argentina.
in 1977. The recommendationsstressed the need to improveexisting irrigation
systems and their administration, before undertaking new irrigation projects.
Efforts in this direction should focus on: funds earmarked for operation and
management, participation of small groups of water users in experiments,
better training and extension services, and political priority to irrigation (CDI,
1976). These recommendationsare still relevant today.

INTEGRATED IRRIGATION MANAGEMENT KEY TO THE
FUTURE OF IRRIGATION

Concern for improving irrigation system efficiency has been expressed at
international and national levels. Recently, this preoccupation has been
directed towards the management of water resources.

A project for cooperationin the management of water resources was under-
taken by ECLA through its natural resources and energy unit, and with support
from the West German government (ECLA, 1989). At present, it is continuing
this effort through its project for training in irrigation project and system man-
agement”.

" Participating in these projects are researchers and administrators of relevant water
system at relevant institutes I Latin America. such as the CIDIAT. Venemela:
INCYTH-CELA. Mendoza, Argentina; Direccién General de Aguas, Suelos e Irriga-
cién, Peru; INCAE. Costa Rica; and DNAEE. Brazil.
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The International Irrigation Management Irstitute.(IIMT), which was founded
only 5 years ago, is a valuableresponse for addressing irrigation management
issues (IIMI, 1988).

There is a general consensus that efficient managementand identification
of innovative technologiesare the main bases for irrigation development.

Management is the decision-making process for guiding a complex
organizational system (formed by individual parts and interactions among
agents) towardsa setof objectives, within a givenenvironmentwhich provides
resources, but also offers advantages and constraints.

The complexity of the institutions increases with thet of the environment.
Analysis and management of institutions, and that of the total organizational
system in which they operate, should consider relations between and within
institutionsand their relations with the environment (Correa de Pavén, 1985).

Irrigation institutions as organizational systems should function as social
systemsand interact with the environment, Butin reality they are isolated, with
little communication between them (Bertranou}.

These institutions tend to adopt an oversimplistic view of reality by
considering it exclusively on the basis of their area of concern and objectives.
They become obstaclesto the solving of problems which ranscend their scope.
of action.

Water authorities in Latin America have not kept pace with the object they
administer, whereas infrastructure, technology. and management techniques
have developed in both quantitativeand qualitative terms (Braceli, 1980).

We shall now examine certain management factors and processes which
may offerbetter possibilities for improving the efficiency of irrigated systems.

Integration and Coordination

Integration consists of the processes designed to achieve greater coordination,
to avoid duplication of efforts,and to control unproductive competitionamong
different organisms (Bustelo, 1988).

Earlier sections on irrigation development and constraintsdescribe certain
situationsresulting from a lack of coordination in decision making. The most
typical case are: inadequate integration of economic, irrigation, and social
policies and lack of coordination between administrative units.
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Administrative unitsfind it more difficulttoacceptthebenefitsof better co-
ordination than the costs generated by coordination within each orgenization.
The benefits of better coordinati'on should compensate for the costs OF those
involved. The basic problem is that, the application of the compensation
principle requires some form of centralized accounting. In turn, the problem
which impedescentralizationis the Limited vision which people hold of all the
possible alternatives from a atrd point of Vviev. Obviously. there is no
question of suggesting compulsory programming through a central coordinating
body. But the existence of a coordinating organiam is of crucial importancein
irrigation. Suchan organism will be effective only if itconveys confidenceto
the rest of the system.

In conclusion, the possibility of integration of the decision-making process
largely depends on changingthe type of irrigation irstitutias (Pascuchi et al,
1977;Correa de Pavén, 1985).

"Finally,authorities need to be persuaded that only political will G over-
come traditicel bureaucracies and create greater scope for cooperation.
Pluralisn should be combined with coordination if efficiency has to prevail
over fragmentation and duplication of efforts"(Busteto, 1988).

Budget

One of the main factors thet impedesrational decision-making is the lack of an
adequate information system. Coordinated action depends on the quality,
quantity,and timeliness of information. In thisrespect. the budget is the best
information-laden planning insument for the administration asit reflects the
final allocation of resources according to predetermined political priorities
(Braceli et al, 1987).

In Latin America the budgeting process. and ultimately establishment of
water charges, have serious shortcomings (Bustelo, 1988). There is a lack of
budget programming for the medium and short terms. Inflation and, more
recently, hyperinflation have obvious erasive effects.

The budgetary structures of the past are perpetuated in the present There
are no buget planning mechanisms that operate between sectors and within
each administration. Budgets are constructed by simply adding a
heterogensous set of demands.
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It is difficult to predict incomes in an inflationary context. The execution
phase is beset by difficultiesbecause of a lack of systems for consolidation,

Few mechanisms exist for evaluating the financial SItLation and project
results. As the costs of differentactivitiescannot be determined, it is difficult
to establish the cost-benefit ratio and impact of the activities.

The budget is therefore. not a legitimate. instrument for planning between
administratorsand politicians, Water usersshouldbe integrated in decisionson
the budget and establishment of water fees, and in its day-today implementation.

Manpower Development

According to an ECLA report (198%9a): “One of the basic conclusions of a
broad study by the ECLA of the major issuesthat confrontthe exercise of water
management in Latin America is the need to improve the quality of manage-
ment, as thii would seem to offer an adequate solution to many existing
inefficiencies.” Good management would thus seem to be an ample solution
to many shortcomings.

This indicates that one of the most pressing needs in terms of realizing
improvementsin management quality is the presence of a training system for
civil servants fran public organisms linked to the management of water
TESOUICES.

Various countries of the region have agreed that efforts should be under-
taken and coordinated in this area through research on the demand and supply
of training in management (Bandes. 1989; Llop et al, 1989)and the creation of
an integrated manpower development program for Latin America.

[IMI has proposed similar objectives for itself, thus opening up a broad
range of possibilities for coordination which we have the obligation to
implement, if we mean to practice what We preach.
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Chapter 3

SELECTED COUNTRIES OF THE SOUTHERN CONE

Nicolas C Ciancaglini
SUMMARY

THE currenT stTuaTioN Of irrigation and drainage iS described for selected
countries Of the southern cone of Latin America The countries chosen are
Argentina, Bolivia, Chile, Peru, and Uruguay. For each country. there is a
review Of the irrigation systems, with their main characteristics, administrative
organization and legal support structure. level of farmer management, and
other relevant information. The most important factors that promote and
conditiion irrigation development in each country are indicated. The case of
Argentine s described in greater detail.

Irrigation-related training and research activities in Argentina are described,
with specialreference to the Instituto Nacional de Ciencia y Técnica Hidricas
(INCYTH). The Institutecould support IIMI's efforts in the southern cone of
Latin America. General guidelines are suggested for [IMI's strategy for a
future cooperative program at a regional level and in the differentcountries.

INTRODUCTION

This paper was prepared a the request of the International Irrigation
Management Institute (M), with the objective of describing the current
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irrigation situation in selected countries of the southerncone of Latin America.
Argentinais treated in greater detail, while Bolivia, Chile, Peru, and Uruguay
are discussed in more general tarms. The major irrigation and drainage
management problems detected in these countries are described and possible
lines of action are recommended for successfully and rapidly alleviating the
constraints.

Problemswith a significanteffecton the irrigationand drainagesituationin
Latin America, espacially in those countries of the southerncone, are identified,
The paper does not deal with Brazi - the host country of this conferenc- as its
situation will be discussed with greater depth and understanding by other
speakers.

The research and training activitiesof the National Institute of Hydraulic
Science and Technology, Instituto Nacional de Ciencia y Técnica Hidricag
(INCYTH), Argentina, are alsoreviewed. These activities are carried out by its
two centers that specialize in this area: the Andean regional Center, Centro
Regional Andino (CRA), and the Center for Water Economics, Legislation,
and Administration. Centro de Economfa, Legisiacién y Adminstracién del
Agua (CELA). INCYTH could serve as a base for IIMI’s future activitiesin
Latin America, in e same manner as it already assists FAO, UNESCO,
ECLA, and other international organizations.

ARGENTINA

Background

In Argentina, irrigation was practised before the arrival of the Spanish
conquistadors. The local population grew several indigenous crops such as
maize, potato, zucchini, etc. Irrigation systems were mainly developed in the
northem part of the country (Jujuy, Salta, Santiagodel Estera) and in the Cuyo
region (Mendoza, San Juan). After the Spanish conquest, irrigation systems
became more important with the inflow of immigrant fanners, who arrived
towards the end of the last century. The appointment of the engineer Cesa
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Cipolletti in 1898 and the benefits derived fram the National Irrigation Law of
1909 were instrumental in the expansion of the hydraulic infrastructure.

Theprovincespromulgated theirown water laws to manage water resources,
In the 1950s, the deep-well pump was introduced and widely disseminated.
This development initiated the use of groundwater, which extended the
irrigatedarea and enabled the application of modern techniques such as trickle
and spray irrigation. Mendoza, for example, has 18000 bore holes sites, which
are the equivalent of having access to another river.

Water resources are not evenly distributed in the countary. The arid and
semiarid zone which covers 66 percentof the continentalterritory (185million
ha) hes only 18 percent of the surface water resources. Annual rainfall varies
between 100 and 500 millimeters (mm), whereas annual evaporation exceeds
2000 mm. Ninety percent of the surface water resourcesare usedto satisfy the
demand for irrigationwater inthe arid zones. Although 50 percent (% million
ha) of thii region has a high irrigation potential, only 3.7 percent (35 million
ha) of the area can be irrigated due to lack of water.

Current Situation of Irrigation and Drainage

Outofatotalcultivatedareaof 178800 000 ha (1982), the area under irrigation
fluctuatesbetween 1.2and 1.3 million ha. The irrigatedregions are as follows:

* Northeastern zone: provinces of Jujuy, Salta, Tucuman, Catamarca, and
Santiago del Estero. About 380 000 ha are irrigated (35.5 percent of the total
irrigated area, { TIA]), using 14 percentof the surface water resourcesof the
arid and semiarid zones C(WRAS), Somecrops, such as sugarcane, occasion-
ally require supplemental irrigation.

* Central zone: La Rioja, San Luis and Cérdoba. About 57 000 ha (5.3
percent of TIA) are irrigated, using 3.4 percent of WRAS.

Andean zone: San Juan and Mendoza. About 442 000 ha (41.5 percent of
TIA) are irrigated, using 65 percent of WRAS .
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* Comahue zone: Buenos Aires, Rio Negro. Ls Pampa, Neuqun. and Chubut.
Abut 188000 ha (17.7 percent Of TIA) are irrigated, using 73 percent of
WRAS.

* Other zones; Enire Rfos, Santa ¥, and Chaw. These include small rice-
growing areas, particularly in Entre Rfos,

Overall irrigation efficiencyis estimated at 33peyont. Itistheratio of water
consumption at reticrel level, 6.18 billion cubic. meters (m3), 10 the amount of
water captured (20.26 billion m3). This efficiency level is typical of all the
irrigationsystemsin the country, which signifies a generally low-level of water
use efficiency.

Bxcept for the expansion of certain systems with supplementalirrigationfor
growing vegetable crops {e.g. potato in subhumid areas), there is a general
tendency 10 reduce irrigated arsa in some regions with traditional irrigation
(Mendoza, Santiagodel Bstero, to a lesser extentin Rfo Negro). The irrigated
area could therefore be easily doubled with the promotion of export-oriented
crops.

An estimated 584 000 ha of land are affected by soil salinization and another
550 000 ha by poor drainage. Among the provinces with serious crarege
related problems are: Mendoza (45 percent), San Juan (12 percent). Tucuman
y Salta (10 percent), Rfo Negro (9 percent). The percentage may be actually
higher for Tucuman y Salta and Rfo Negro, where fewer studies were carried
out than in Mendoza and San Juan.

Irrigation and Drainage Infrastructure at Zone and Field Levels

The 1950s and 1960s saw a considerable expansion of the irrigation and
drainage infrastructure, in terms of dam construction, lengthening of canals
anddrainage channels, and establishmentof other structures. The construction
of dams for hydroelectric power projects contributedgreatly to this expansion.
But the percentage of lined canals at raticral level is low (10 percent). The
drainage infrastructure isincompletein 390 000 ha and nonexistent i 62 000
he.
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The lack of adequate maintenance, due to insufficient funds for the purchase
or repair of mainterance equipment or both. is leading to an increasing
deterioration of the irrigation infrastructure, Increased funding and the replacement
of dmolete equipmentwould definitelyimprove water us¢ efficiencyat district
level and lead to a rapid expansion of the cropped area

Farmers are unaware of the basic - how, how much. when - of irrigation
application. They tend to use toomuch water as ey have no means tomeasure
the quantity to be goplied. They do not have a clear idea of the time of
application. In addition,due to the rigid water delivery procedures (rotation),
it is impossible to synchronize irrigation schedules with water deliveries.

Irrigation Legislation and Administration

InArgentinathe use of water for irrigation isgoverned by provincial laws. But
the laws are only established in those provinces where thereis a need for them.
Even when they do exist, the laws are not effective, because the institution tet
is supposed to apply them has insufficient power to enforce them.

Except in certain systems, irrigation administrationis the responsibility of
the provincial government. Performance of irrigation institutions varies widely.
Some have succeededin achieving an acceptable level of irrigation management
by Organizing water users into groups or assoctations that take on the responsibilities
of operating, maintaining, and managing a portion of the network (Mendoza,
San Juan). At the other extreme are areas where poor management by the
province and water users has become yet another limiting factor to water Use.
Rart of this undesirable effect may be atiributed to the basic assumption of
improvement project evaluations that competent authorities exist to manage
the projects. Investments in the irrigation sector are almost exclusively
directed toward the creation of an irrigation infrastructure. This generates a
disequilibrium, since improvement of administrative institutions has lagged
behind the growth of the object they administer. Consequently, operation.
maintenance, and management of the new infrastructurebecomes inefficient.

Before establishing water-user associatians. preliminary studies should be
conducted on the infrastructureand the system's social, economic. and legal
charactsristics, Forexample, the resultsobtained by groupingassociationsinto
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unitsof 10 000-12 000 ha in Mendoza cannot be directly transplanted into other
advanced regions, such as of San Juan.

Few administrative agencies are financially self-sufficient Two major
causesof this problem are the economic crisis and the failure of agreecanomic
development models in provinces with imigated crops. Other drawbacks also
contributew the financial constraints. but toa lesser degree. One of them stems
from the accounting norms of theprovinces which do not distinguish between
operation, maintenance. and administration costs. AS the real costs are not
known, it is virtually impossible to determine when one of these activitiesis
incurring higher than normal costs.

At present, the main objectivedf most irmigaticn agenciesis equitable water
distributionaccordingto the area of landswith irrigation rights. Although some
information is available on water digtribution in major irrigation systems, it is
not processed nor used asfeedback for planning. Such feedbackisindispensable
for improving related activities in the district.

Operationand Maintenance of lrrigation Systens

The technico-administrativeprocedure used for water delivery is a rotation
system. Such rigid allocation is probably suitable for some zones (e.g. La
Rioja. Catamarca, San Luis) where the development of irrigated crops is in its
early stages. However, in provinceswith a long imigaticn radition, such as San
Juan, Mendoza, and Alto Valle del Ric Negro, it is a constraint 1 greater
applicationefficiency because water delivery times and quantity are the same,
regardless of the type of cmp or irmigatian method (furrow irrigation, border
irrigation. etc.). Any program that aims © improve irrigation efficiency at the
regional or district level should szgk to modify this system.

In the more advanced zones. the applicationof modern techniques is clearly
needed to optimize the use of both surface and groundwater resources. to
reduce the general costs of irrigation systems, and to conserve the quality of
groundwater aquifers. The necessary technology is already available at INCYTH,
its applicationrequires a concerted effort in collaboration with the irrigation
agencies.

High fuel costsand obsolete equipment - sometimesmore than 15 yearsold
- affectmaintenance of irrigationand drainage systems. Information is needed
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on weed control techniques and te of weeding operations, The use of
tnappropriate equipment widens earthen chanrels, rasulting in higher water
conveyance losses and other problems. The costs of chemical treatments are
prohibitive and no other techniques of integrated pest managementare known
(e.g. mechanical and biological methods, use of fish to destroy diploid or
triploid plants) by which costs could be reclosd.

All these difficulties tend to lower water conveyance and distribution
efficiency. As a result, irrigation requirements cannot be satisfied as planned.

Crop Production and Marketing

The main irrigated crops ae: vine, fruit and vegetables, sugarcane, cotton,
tobacco, rice, etc. production is mostly directsd towards the domestic market,
with the exception of pip and stonefruits. In recent years, there isa strong trend
towards large- and medium-scaleproduction of all typesof irrigated crops for
export.

production increase has been generally slower than the establishment of
irrigation infrastructure, Installed capacity is high compared with current use
levels. Thecurrentinfrastructure therefore. offersa high potential for extending
the irrigated areaand growing export erops.

Crop Production Technology

Argentinahas vast areas with irrigation "potential The major obstacle is, rather,
the low level of production technology because farmers do not have the
necessary means. The two main reasons for this are a shortage of fundsand
market uncertainty. Input use (fertilizers, pesticides, herbicides) is low and
farmers tend save on labor and capital required to improve water conveyance
and application and removal of excess water on and below the surface. This
leads to low irrigation efficisncy, loss of soil nutrients, soil salinization and
waterlogging, and other adverseeffects, which, in turn, reducecrop productivity.

The knowledge required to solve these technical problems is availableand
can be easily transferred to farmers. Technical improvement programs should
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integrate the economic preconditions for technology adoption, as well as
suitable training programs for farmers. Even moderatez{ferts in this direction
willincrease Irmigationefficiency substantially from 30percent & present to 50
percent, improve soil quality, and expand the am for growing export crops.

Factors Influencing Irrigation Development

The main factorsthat limit a promote irrigation developmentin Argentinaare
listed briefly.

* Abundance of underutilized natural resources (land and water) which can
support a further expansion of the irrigated area to more than 2.2 million ha,
without the need to construct NEw infrastructure,

Underutilized irmmigationinfrastmscture, which has sometimes deteriorated.

Absence of an institution that plans irrigation development, especially for
the long term.

Inadequacy of administrativeagencies in teams of training programs and
introduction of new management techniques, as well as equipment and
information processing capacity.

* Low farmer participation in irrigation managementat districtlevel. Farmers
should be encouraged to participate more actively.

Deficiencies hirrigation operationsand in techni¢o-administrative procedures
for water delivery.

* Inadequate maintenance and obsolete equipment which raise maintenance
costs.

Need for province-level irrigation programs that would assign priorities to
projects and establish administrative rules for executing the projects.
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* Noad for baseline studies; evaluation of surface water and groundwater
resources (for rice. in humid zones); and studies on drainage, agricultural
potential of soils, etc.

* Need ' improve technical assistance to farmers.

Imbalanced developmentof cmp production, with moderate expansion for
certain crops (pip fruits, rice. sugarcane) and decline for others (Vire,
tobacco).

Inadequate level of technology for irrigated crops and for irrigation and
drainage.

Sufficientknow-how for irrigation and drainage is available with various

national organizationssuchas INCYTH. A vigorous program of technology
transfer to farmers and irrigation management agencies is needed. The
program would rapidly increase irrigation efficiency.

Irrigation problems essentially stem from socioeconomic and political
conditions. Technological problems appear to be a result rather than a cause.
The crisis of irrigated agriculturearises from the same causes as the region's
economic ¢risis, The most obvioussigns are stagnant production, underutilization,
and technological drag. They result from a peor economic integration of many
of these activities into the national and international context. The new
economic policies and increasing awareness among large-scale and some
medium-scale producers tend to promote export crops with protitable future
perspectives. This should serve as an incentive for increasing technology
adoption and developing training programs for farmers.

National Policies to Improve Irrigation and Drainage

In 1977, the Argentine government created an interministerial commission,
Comisién de Tierras Aridas, to address the problems affecting irrigation and
drainage. The Commission is an interface between the Secretariatsof Agriculture,
Water Resources, Water and Electric Power, Economic Affairs, and Internal
Affairs and Planning. Its objective is to coordinate the development of the
dryland investment program, Programa de Inversiones en Tierras Aridas, by
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considering the interdependence of the different irrigation projects in the
region. It is assisted by a technical secretariatmade up of officials from the
institutions that make up the Commission.

The criteria adoptedby the Commission will be applied to existing irrigation
systems including those with incompleteor deterioratinginfrastructure, Priorify
will be given as follows:

1. Maintenancecosts for existing systems, with funding from public agencies
and through incentives given to the private sector.

2. Completion of the construction of unfinished irrigation  infrastructure, as
distinct from the initiation of new projects.

3. Rehabilitationprojects. mainly construction of drainage worksand lining of
canals.

4. Promotion of projects that will lead to crop diversification in existing
irrigation systems.

5. When the preceding four criteriacannot be applied to two or more projects.
preference will be given to those where the social and economic infrastructure
is more developed.

The drylands investmentprogram is not automaticallyfunded from national
or provincial budgets. One of the objectives is to replace this traditional
funding sourceby spacialized local or international agencies that have specific
criteria and qualified staff for an appropriate evaluation.

BOLIVIA

Bolivia has an area of approximately 1.1 million square kilometers (km?® =
approximately equal to the combined areas of France and Spain = and a
population of 6.4 million people. The country has a wide range of physical
features = forests, large rivers, vast plateaux. and high mountains.
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The total cropped area is 30 375 000 ha (1982). About 150 000 ha are
irrigated, of which 10000 ha are located in national irrigation Systems; the
remainder are irrigated privately or by organized groups of water users. The
systems are usually small and only cover a limited area.

The country is generally divided into three regions according to the
physical, population, and production characteristics:

*  The high plateaux region, situated in one of the highest parts of the Andes
range with peaks up to 3 500meters above sea level, accountsfor 16percent
of the total area and 38 percent of the population. The region is located in
the department of La Paz, with its capital by the Same name. Annual rainfall
is 400-600 mm, most of which is received between December and March.
The agriculture of the region is essentially subsistence farming based on
potato, tobacco, maize, and quinoa. Livestock includes llares and some
cattle; wool is also produced. Approximately 10600 ha are irrigated, 2 800
ha of which are covered by the Tacaguairrigation project in thecenterof this
region.

The region of the valleys, situated between 1 200 meters and 3 500 meters
above sea level, accounts for 42 percent of the total area and 30 percent of
the population. Therainfall pattern varies with the altitude. In the valleys of
Cochabamba, Sucre, and Tarija, rainfall is the same as in the plateaux; it is
higher in the north and towards the Amazon Basin. Agricultural production
varies from cocoato maize, using traditional techniquesincludingirrigation.
Fruits such as peach. apricot. and grape are grown and there are industries
(wine cellars, factories) to process the produce. About 48 700 ha ae.
irrigated. Among the major irrigation projects is the La Angostura project
on the Sulqui river. It is located in the departmentof Cochabamba. with an
irrigated area of 6 (X0 ha. The project operates under state administration.

* The lowlands, which cover 65 percent of the total area with only 20 percent
of the population, include the departments of Santa Cruz, El Beni, and
Pando, as well as the easternpart of the departmentof Tarija. Total irrigated
area is 15000 ha. This region has two distinct climatic zones:

— The subtropical semiarid Chaco region is located to the south of Santa
Cruz. Temperatures range between 0°- 40°C, and rainfall is only re
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between December and March, Crops include cotion, maize, and soybean.
Theirrigatedareadoes not exceed4 000 ha, but a series of infrastructural
works were built tocover 30000 ha suppliedby thePilcomayo river. The
region has the highest potential forexpanding irrigationin Bolivia, given
its climatic conditions, fertile Sils, and river water resources.

The Amazon river watershed situated to the nonth of Santa Cruz, has high
temperaturesand rains throughoutthe year. Major crops are cotton,rice,
and sugarcane. The region of Santa Cruz de la Sierrahas a hydrographic
network that forms part of the Amazon besin; the topography is quite
even, asis typical of theplainsand annual rainfallis 700 mm in the south
and 2000 mm towardsthe northwest. Cropped areaexceeds200 (00 ha,
and the main cropsare cotton. sugarcane, rice, maize, soybean, etc. Apart
from the indigenous farmers them are colonies of Japanese settlers
{Okinawa) and Mennonites. Estimated irrigated area is 11000 ha; access
to the major surface water and groundwatersources isan asset for rapid
expansion of irrigation. Some areas face problems of 0il quality and
poor drainage.

Parmers are usually responsible for operation, maintenance, and administration

of the irrigation network. They only pay for maintenance. Qce or tac=a year
farmersput in a day to clean the irrigation network together.

Irrigation efficiency is low, ' is distributed according to ancestral

customs and supply is usually meager at field level. For example, in the Cintd
valley, located in the department of Chuquizaca, water isdistributedover 700
ha according to a rotation system established in 1980, which is sctupulously
respected.

The most important irrigation and drainage problems are:

*In the high plateaux region:

— Establishment of irrigated crops on terrains with steep erosion-prone

slopes.

— Poor knowledge of farmers about correct irrigation practices (flov

management, duration and time of irrigation, etc.).
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= Inadequate water conveyance infrastructure (network and fields).

= Need to integrate microirrigation techniques that use local materials and
respect local customs.

* In the valleys:

— The same problems as in the high plateaux region, particularly the
subsistence agriculture area Erosion control is of crucial importance;
crop diversification and mtation are needed to maintain soil fertility.

= Inareas where cash cropsare groan. there isaneed to increase the level
of technical assistance to farmers, through dissemination of technical
information on cultivation, health, plot levelling for irrigation, improvement
of the irrigation infrastructure at the zonal and field level, etc.

* In the lowlands:

— Need for integrated studies. including irrigatin and drainage aspects, for
developingthe Chacoand tropical and subtropical regionsto the north of
santa Cruz.

= Need for technical assistance to farmersin termsof irrigation, drainage,
cropping techniques, etc.

CHILE

The climatic characteristicsof Chile make a considerablepart of its agriculture
dependent on irrigation, at least during six morths of the year. It has four
distinct seasons, with a wet winter and hot, almost dry summer throughout most
of the country.

The 13 administrative regions are divided fram north to south. They are
grouped as follows:
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The northem desert provinces (Regions 1, 11, and IIT} receive no rainfall.
Agricultural activities are limited to the valleys or along rivers, with very
little water available for irrigation; water quality is also poor.

* Region IV requires irmigatian in Spring and summer and dams have to be
constructed to provide water for crops during these seasons.

* Regions V, VI, and VII offer adequate conditionsfor irrigation, since the
rivers are fed by snow melt from the Andes.

Regions VIII, IX, and X have higher rainfall and crops only require
supplemental irrigation during certain periods of the year.

* Regions XI and XII have abundant rainfall and temperatures range. fran
medium to low. Livestock preduction and winter farming are the main
agricultural activities.

Total croppedarea is 17.4 million ha Total irrigated area (1982 figure) is
1.26 million ha, with perennial irrigation in 59.39 percent of the area and
supplemental irrigation in 40.61 percent. Only 4 000 ha have a drainage
network.

Among the irrigation institutions, the Irrigation Directorate (Direccidn de
Riegos) was created in 1915 and placed under the control of the Ministry of
Development Its function is to plan, construct, and administer the water works
for a temporary period. The Directorate General for Water (Direccién General
de Aguas), under the Ministry of Public Works, is responsible for enforcing the
water laws (Cédigo de Aguas). The new water law that came into effect in
1981, led to the creation of the National Irrigation-Commission (Comisién
Nacional de Riego), under the Ministry of the Economic Affairs. Itsrole isto
advise the Irrigation Directorate on the integrated studies conducted in the
valleys. The current water law recommends reduced involvement of govern-
ment agencies and more private initiative.

Farmers manage icrigation Systemsthrough water communities (comunidades
. de aguas), canal associations (asociaciones de canalistas), and vigilance
councils(juntas de vigilancia), These are dll autonomous entitiesgoverned by
anassemblyanda chairman. Irrigationadministration has thusbeen sufficiently
decentralized. Moreover, since the 1970s, the state has been transferring
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responsibility of a large part of the infrastructure (dams, canals, and other

structures) to the private sector. The transfer is made through sale to existing

private companiesand issue of shares that the state allocates to the water users.
Among the most importantirrigation projects in the country are:

* The multipurpose Conchi dam in Antofagasta (Region II), with a capacity
of irrigating 1400 ha.

Rio Claro de Rengo project in the Central Valley, including a dam and 20
groundwater wells, for irrigating 8 000 ha.

* Digua projectin Region VII (Parral for supplemental irrigation over 65000
ha.

* Coihuecodam in Region V1II, covering 6 500 ha.
* Convento Viejo dam, expected to irrigate between 78 000 and 160 000 ha.

Through its aggressive exportpoky for agricultural products, the government
has established subsidies for introducing innovative irrigation technology. In
1980.1 500 ha were under trickle irrigation. which was established through
private initiative. But certain problems related to poor water quality have
emerged as a result; insufficient removal of salt deposits is also observed.
Studiesand advice are needed to solvethe problems.

Rice is grown between the latitudesof 34°10°S and 36°20’S, covering parts
of Regions VI, V1L, and V1II, Two-thirds of the national rice production is
concentrated in Region V1I, Cropped area is 36 860 ha (1985 figure); it is
mainly located on clayey soils that are considered as marginal for other crops.
Rice could be potentially grown over 250 000 ha on alluvial or lake Soils.

Irrigation problems identified in Chile are:

* High costof irrigationprojectsdue to the generally mugh topographywhich
requires the construction of siphons, tunnels, drop structures, et
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* Limited S0l rescurces for the future expansion of irrigation; the maximum
area that can ke economically irrigatedwith current technology is not more
then 25 million ha.

* Poor quality of water and insufficient flow capacity thet cause problemsin
areaswith trickle irrigation in the northern part of the country.

* Conveyance and distribution losses due to infiltration.
Oversupply of water to some crops, especiallyrice.

* Location of croppedareas (except forrice) on steep slopesand soils that are
not adequately levelled for irrigation, Fields ars shipped of topsoil, with
subsequent loss of soil fertility,

* For rice crops, lack of knowledge of ecanamically appropriate methods,
equipment, and layouts for constructing minor irrigation and drainage
structures, These includeland levellingaccording tosoil characteristicsand
limitations (e.g. heavy texture, impermeable horizon, high water table,
etc.).

* Limited crop rotation.

¥ Unsuitable plowing equipment (¢.g. plows with nonreversible moldboards
for rice crops).

* Lack of knowledge of farersabut irrigation techniques.

* Need to reline field-drain pipes over 1000 ha in a System irrigated by the
Lluta river (northern Chile) and a comparatively smaller area in the
Camarones valley.
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PERU

InRaru agricultureis an occupation that dates back to very early times. By the
time the Spanish arrived; there were more than 700 OW ha of irrigated land,
with sophisticatedsystemsof watersupply from surfacewater and groundwater
sources, During the next 350 years, however, the irrigated area was considerably
reduced. In the e 19th century, interest was renewed in expanding the
cultivated area under irrigation. Currently, irrigated area covers 2 587 OW ha
of croppedarea (1986 figae), which represents 34 percent of the ol cropped
are.

The terrain is very rough, with #e Andes range which crosses the country
from north 0 south. Three natural regionscan be distinguished:

* The coastal region, with 1522 000 ha (55 percent of total irrigatedarea) of
irrigated land. Annual rainfall islessthan25 mm. Theregion's 52 rivers are
the main source of water supply: they are fed by the rainsin the central Peru,
Rainfall is concentrated during January-April (75 percent), with the remaining
25 percent falling between May and December. Large projects are under
way to deliver surface water and to reckaim lands affected by salinization
and poor drainage (40 percent of the total), More than 12 000 wells were dug
to draw on groundwater. Among the most important projects are: Chira-
Piura project (35000 ha), Tinajones project (96 000 ha). iajes project (60
000 ha), and Chavimochic project (138 000 ha).

* The Sierraregion, with 990 OW ha (33 percent) of irrigated land. Rainfall
varies widely between 44 mm and 1200 mm; the emperatures fluctuate
between hot and cold. due to the uneven topography. Rational planning of
agriculture. is therefore difficult. The main irrigation project., are: Linea
Global project (30000 ha) extending into the coastal region and Jequetepeque-
Zafia project (46 000 ha).

The forestregion, with 258 000 ha (9 percent) of irrigated land. The region
has abundant water rescurces. Annual rainfall varies between 700 mm and
4500 mm. Supplemental irrigation is required during dry periods due tothe
high evaporation levels.
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The irstitution responsible for imigatin administration in Peru IS the
Directorate General for Water (Direccidn General de Aguas). Irrigation
districts were created for etter management of water resources; tae, are
currently 76 districts (coastalregion, 31; Sierra region, 32: forest region, 13).
The water-user assoclations (comits de regantes, comisiones de regantes,
juntas de usuarios}y work with the Water Authority (Autoridad de Aguas) for
system operations,but participatemore directly in maintenance. The National
Water Users’ Council (Junta Nacional de Usuarics) was constitutedrecently;
it groupstogether water users from all the irrigation districts. Activities related
to water use and delivery by the state and water users are governed by the
General Water Law (DecreeNo. 17752 of 1969).

Inadequate use of irrigation Water in the new irrigated areas of the coast has
led to land salinization and flcoding due to poor drainagein the lower parts of
the valleys. These problems affect 34 percent of the aea. In the Sierra region,
surface and underground drainage problems are caused by excessive rainfall
and by filtration to lower terraces, valleys, and areas surrounding lakes and
lagoons. About 1 504 ha are affected by these drainage problems. The forest
region mainly faces surface drainage problems due to heavy rainfall, river
overflow, and almost zero slope of the Siks.

A land drainage and rehabilitation center, Centro Nacional de Drenaje y
Rehabilitacidn, was established in 1968 to control and prevent drainage and
soil salinization problems. It is the result of a collaborativeeffort between the
Peruvian Agricultural University and Government of the Netherlands. A
national plan for rehabilitating coastal land, Plano Nacional de Rehabilitacién
de Tierras Costeras, was Started in 1974, and a program fox land drainageand
reclaration, Pmgrama Nacional de Drenaje y Recuperacin de Tierras
(PRONADRET), began recently in 1988.

URUGUAY

Uruguay lies in the southern temperate zone between the latituoes 30-35 S.
Average annual rainfall is 1071mm, with 10 percent more in the northern part
of the country and 10 percent less in the south. Between December and
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February, due to a rainfall deficit of 300 mm. supplemental irrigation is
required to satisfy crop water requirements.

The rural areas are practically uninhabited, with an average population
density of 15 people/km2. The major crops for the past several decades have
beenrice and sugarcane. The cropped area totals 15 million ha, of which 88000
ha are irrigated (1982 figure). Rice coversabout60 percentof the cropped area
and sugarcane slightly more than 15 percent The current rice and sugarcane
areas could be increased through irrigation, since production is less than the
processing capacity.

Only 2 percent of the total surface water resourcesare used for irrigation; 95
percent of the irrigation resources are used for rice crops. Surface water is
usually supplied by directly pumping water from rivers, streams. and lagoons.
Winter runoff is collected In dams for use during October-March,

The government has eStblished several imigation projects, The India
Musrta dam (department Of Rocha) has a holding capacity of 116million cubic
meters (m3}, It irrigates 8,000 ha of rics crops, with the participation of two
large groups of rice farmers, It also enables the expansion of livestock
production in the dryiand area covered by the project Another project is
located in the Merin lagoon basin, on the border with Brazil. Seventy-eight
percent (1988figure) of the total rice-growingarea in Uruguay isconcentrated
in this project.

Three agricultural settlements (cotonias agrecolas) have also been established:

* The Espaa settlement (Bella Unin}, with 2 000 ha of sugarcane crops that are
processedby the CALNU sugar refinery, The CALPICAcooperative in this
colony has 1500ha of sugarcanecrops,divided into ttreeirrigation sectors,
each with equipment to pump water fran the Uruguay river.

* The Berreta settlement (Fray Bentos), with a project for 2000 ha of citrus,
sugarbeet. and maize. Water is pumped from the Uruguay river.

* The Molinelli settlement (San Jacinto) is located 55 km from the capital. It
has 500 ha of gardens and orchards for market crops and is supplied by a
reservoir.

FARAY
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Rice crops are floodad. Surfaceirrigation (rivers. 70 pereent; resenoirs, 30
percent) supplies 90 percent of this water, while the remaining 10 percent is
obtained from groundwater. Seventy-eightpercent of Uruguay’s rice-growing
area is concentrated in the Merin lagoon basin, 17 percent in the Rio Negro
basin, and 5 percent in the department of Artigas (1988 fiues).

Furrow irrigation (surface water, 60 percent, groundwater, 40 percent) is
used for sugarcane crops. The methods used for market crops are furrow
irrigation (60-80 percent) and sprinkier irrigation (20- 40 percent). The main
source is groundwater: 85 percent for market crops (approximately 2 500 ha)
and 7Opercent for frurtcrops.

Variaus organizations deal with crop production in irrigated aress. The
Ministry of Livestock Production and Agriculture conducts studies, research,
and experiments and disseminatesfindings on S, climate, water, and crops.
TheMinistry of Public Works is responsiblefor planning and constructing the
infrastructure for collective irmigation and drainage systems. The Instituto
Nacional de Colonizacidn, an institute for land settlement. operates. develops,
and administers irrigation works; it also offers tednical assistance and credit
1 settlers.

Fanner participation in operation, maintenance, and administration of
irrigation systems is still in its early stages. Cooperatives in the large systems
handle marketing and imigatin sexvices. INcertain rice-groving areas, irrigation
services are provided by private companies, who are paid in kind (a certain
number of sacks of rice/ha).

Major irrigation problems are as follows:

* The 0ils where rice is groan have a medium texwure and are not well
drained. They are characterized by low fertilityand poor permeability with
excess moisture in winter and a deficit in summer. Crops need to te.
constantly rotated, with fallows of 2-3 years, to overcome these problems
and that of weeds.

* Rice ¢crops need carefully levelled soils. This is a cost-intensive operation
because of the extremely uneven topography.

* Water consumption is very high, resulting in low irrigation efficiency. It
also creates problems among fanners during water scarcity.
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* Higher pumping costs reduce crop profitability.

* Thewater conveyance and distribution infrastructurs in sugarcane crops is
inadequate. It lacks gauging structurss, standardized hydraulic gaiss, etc,

* Maintenance of the irrigation infrastructurs in sugarcanecropsisinadequate.
Theinsufficient canal gradient isfavorablewezd growth, control measurss
far which are not based on rational techniques.

* Famers cannot improve water use as they ladk basic knowledge about
efficient irrigation practices (e.g. appropriate type of irrigation. irrigation
methoos based on il charastariatics, land levelling. timely goplication of
water, ete.),

TRAINING AND RESEARCH ACTIVITIES

In Argentina, various organizations conduct teaching and research activities
related o irrigation and drainage. Among these the most important are the
universities; the Institate of Agricultural Tednology, Instituto Nacional de
Tecnologia Agricola (INTA), and INCYTH.

The universities primarily focus on basic research and postgraduate training.
Irrigation and drainage are either taught as part of the agricultural sciences
program, where the subject is studied in detail, ar as part of the hydraulic
engineering program, where the topic is considered as a secondary activity.
The creaton ofa Master-level postgraduate course in irrigation and drainage
has been approved, and it will begin in 1990 at the Faculty of Agricultural
Sciencesof theNational University of Cuyo. situatedin theMeandoza province.

INTA’s research activitiesare mainly conducted in Mendoza, with smaller
teams at experimentstations in the provinces of San Juanand Rie Negro. In the
remaining stations throughout the country, the staff is mainly invoived in
irrigation-relatedextension activities and research is Limiter] to on-site. testing
of techniques developed at the centers of excellence. The results obtained by
INTA are directly transferred to fanners.
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INCYTH conduets itsirrigation and drainage work a: its two ¢sntass, CELA
and CRA in Mendoza. CBLA = aS its name suggests ~ focuses on water
economy, legislation, and administration, CRA desls with mountain and urban
hydrology, and irmigatimand drainage throughout the country. Mendoza was
selectad as the site for te. two centers as it offers a nawral laboratory for
studying existing conditions and testing new methods. It has 500 000 ha
classified as appropriate for irrigation and adequately organized water-user
associations.

INCYTH is concerned with applied research and development on new
themes that require. more in-depth ressarch or the development of innovative
technology. Fanners are involved only when the new methods are being
evaluated, Theresults of the evaluationare then transferred tothe universities,
INTA, and national and provincial Irstitutios. who are responsible for
disseminatingthem among farmers and other water users,

INCYTH’s activitiesare oriented toward three aspects: a) applied research
andtechnologydevelopment; b) advice to provinciat, national, and international
institutions; and ¢) manpower development and dissemination of knowledge
squiredin the field.

Applied research programs On irrigation and drainage conducted by INCYTH-
CELA and INCYTH-CRA, include:

* Optimization of the qperation of irrigation systems: models for operating
reservoirs used for irrigation, models for optimum water use at regioral
level, combined use of surface water and groundwater resources, methods
for inventory of the irrigationand drainage infrastructure, and information
storage in data banks.

* Design and evaluation of irrigation systemsand engineeringworks: guidelines
for designing new irrigation progedts, including operation and maintenance
aspects; Standardizationof the design of field-level irrigation structures.

*  Automatization of irrigation at field and distributionnetwork levels, based
on local conditions.

Measurementof water deliveriesat field and distribution network levels, in
order to assess irrigation efficiency and efficiency of irrigation administration
in the aea.
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*  Optimization of irrigation system maintenance, through studies on maintenance
equipment performance; weeds and their effect on the hydraulic performance
of canals; and weed control by mechanical. manual, and biological means.

* Determination of parameters for irrigation gplication and of evaluation
techniques, with the objective of improving irrigation efficiency,

* Study of drainage at zone andfield levels. through an extensive network to
monitor water-table levelsin the pravince of Mendoza.

* Use of remote sensing for: study of actualand potential ¢vapotranspiration
rates, monitoring of cmp water requirements, charting of cmps. inventory
of the irrigation and drainage infrastructure, determination of the extentand
rate of salinization, efc.

* Planning of agriculturaldevelopment through trecombined use of techniques
such as remote sensing and on-site Informationcollection (implementation
stage).

* Formulation of water codes and laws.

* Analysis of the legal, economic, and organizational features of water
administration.

* Sociological analysis of the water-usex associatios.

* System of fee establishment and a budgeting system for irrigation
administrations.

* Development of models, criteria, and methods for planning investment
projects for irrigation and drainage.

Analysis of technological needs.

* Studies on the socioeconomic effect of contamination on irrigated areas.

* On-site treatment of effluents and re-use of water for irrigation purposes.
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INCYTH offersadvisory services 1 other organizations on the application
of the research results, preparation of manuals on thetasks of irrigation admini-
suﬁmstafﬁ«kafnngofmganonrﬁhs.mgnhhmmfmwm«wmm
organization of water user censuses, ete,

The tWo INCYTH centers organize manpower development seminars and
internationdl and national workshops On operation, maintenance, and
administration; integrated management of water resources; reservoir and
barrage management; irrigation fe£s; drainage problems at regional level, etc.
For this, they ool laborate with major intemational erganizations such as FAO,
UNESCO. and ECLA,

INCYTH plans todevelopthe facilities at Mendoza with: conference rooms
with simultaneous intgrpretation facilides and different typesof amphitheatsrs
of variable capecity; library; printing facilities; various types of computer
equipment {micro-VAX Ii, PCs), equipment for digitalization of plans and
digital processing of satellite images and neutron probes for il moisture
determinations; laboratory for irrigation and drainage, automatization of
irrigation, and electronics; vehicles for transporting course participants: etc.

Each year, INCYTH receives 5-10 visitors from other countries (the
Netherlands, FRG, USA, other Latin American countries) who come for
specific training in ¢csrtain areas of its activity. Specialists from Burope and
USA regularly visit the Institute for periods of 2-8 wezks in order toapply and
test various mathematical models in the region.

SUGGESTED LINES OF ACTION FOR OMI

Lines of Action at Regional Level

* National and regional training and development programs for operations,
maintenance, and administration staff. They should be similar to the
INCYTH-CRA courses. Professional, technical, and support levels should
all be covered. The most appropriats techniques should be studied in each
case and they should be in line with irrigation developmentin the region.
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* Courses 0N the dasign of irrigation structures, based on future operations,
maintenance, and administration reads,

* Workshops on operation, maintenancs, and administration for decision
makers from different countries, In order to familiarize tham with New
techniques and to dlscuss applicability of the technigues.

* Courses ON manegement of irrigation services in te. districts, similar to
those organized by INCYTH-CELA. These courses should include strategy
establishment, management techniques. and monitoring and evaluation OF
results. The courses should be organized every two years for qualified staff.

Workshops on policies for rehabilitation or maintenance of irrigation
systems 0r both, with presentation of ca%e. studies.

¥ Production of publicationsin Spanish and Portuguese to communicate the
new techniques to irrigation district staff, to comment on the results
obtained in other regions of Latin America, and to receive their input

* Implementation of a regional res¢arch program, directed by VI and in
¢ollaboration with other international organizations. Four areas are proposed

for launching the program:

= Application of techniques to design, operate, maintain, and administer
irrigation projects in less developed ruralareas and in valleys with steep
slopes. A valley in Codhahamba, Bolivia, could be selected,or a location
with Smiler conditionsin Peru, The resultswould be useful for similar
regions in Mexico, Ecuador. Colarbia,and other countries.

— Application of modern techniques related to irrigation canal management,
maintenance methods, and forms of administration. Case studies could
be selected fran Argentina (Mendoza or San 1), Brazl (projects in
the northeast). Chile (Central Valley), or Peru {coastal region).

= Application of models to optimize combined use of water resources and
use of other technigues (for example, sateliite images, GIS) for programming
and managementof irrigation a zone or district level. A possible case
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would be that of Mendoza, where a study was conducted on this aspect
and yielded a rich information base.

= Selection of appropriateintegrated techniques for maintaining irrigation
and drainage systems. especially in terms of weed control. The location
of the study area should be determined according to the type of climate
where the project will be conducted. as it has a direct effect on weed
development.

Lires of Action Specific © Individual Countries

>

Advice on preparation of irrigation guidelines, including manuals on the
tasks of operation, maintenance, and administration staff.

Organizationof courseson the techniques for information managementand
communicationbetween irrigation agenciesand farmers, using case studies.

Assistance in organizing courses given by staff from each country, for a
thorough understanding of gperation, maintenance, and administration
techniques. A specific case could be developed during each course. These
courses would train staff who would serve as *"multipliers®* of these
techniques in the other areas of the country.

Advice on computerizationofplanning. execution, and ¢control forgperation.
maintenance, and administration of irrigation systems.

Organization of workshops to discuss case studies to identify the most
suitable methods for payment of irrigation services.

Assistance in the organization of a program informing farmers on various
irrigation. levelling, and drainage techniques, using mass communication,
group communication, demonstration plots, etc. The program would be
executed by national staff.

Organization of a natiocnal and regional program to encourage farmer
participation in operation, maintenance, and administration of irrigation
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systems, according © the laws and socioeconomic conditions in each
country.

* Advice to each country on the process of transferring responsibility from
state agencies to water users.




Chapter 4

PROBLEMSOF IRRIGATION SYSTEM MANAGEMENT

Augustin Merea Canelo
INTRODUCTION

Role of Irrigated Agriculture in Latin Arerica

LATINAMERICA, LIKE other developingregionsof the world, experiences Serious
and very varied limitations m agtaining the short- and medium-term socioeconomic
abjectives set out in national, sectoral, and regional development plans.

Ore of the major problems facing Latin America as a whole. is that of
substantially increasing its current levels of agricultural production and
productivity, particularly for food and fiber crops.

Inrecent years, therehas been a general consensus at conferencesattended
by agriculra! development officials and specialists that the actual and
potential irrigated areas could and should contribute significantly 1 an
alleviation or solution of the production problems.

The report of the Independent Commission On International Development
Issues under the chairmanship of ex-Chancellor Willy Brandt is a relevant
indication Of the consensus expressed at major meetings such as the World
Food Conference (1974), United Nations Conference on Water (1977), Inter-
American Conference on Agriculturel, the Latin American Seminars on
Irrigation.

In chapter vV on Hunger and Food,, the Brandt report states that investment
is better thanfood aid and recommends that: * “The biggest single amount of in-
vestment quired is for irrigation and water management.

61
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The implementation of the first part of the recommendation is rendered
difficultby the economic crisis faced by most countries of the region. Due to
SAe. firancial resources, the countries have to sesk loans from the Inter-
American DevelopmentBarik, World Bank,,and other fundingagenciesfor the
construction of new irrigation projects.

The second part of the recommendation, however, is feasibleas it requires
anoptimization of wateradministradon andan optimum utilizationof irrigation
pmijects.

Water and Land Availability for Agricultural Production

Latin America is a privileged region as regards the availability of water and
land resources. The problems facing agricultureare in fact those of “scarcities
in abundance.”

Many studies concur that the region has the most abundant water resources
in the world. Average annual rainfall is 1 500 millimeters (mm), 60 percent
higher than the world average. Average annual water flow is 370 00 cubic
meters per second (m?/s) which represents 30 percent of the world total,

In reality, these averages conceal marked differences among countries. a
situation that belies the earlier statement. Most of the Peruvian coast and
northern Chile have virtually no effective rainfall, while in the Choco region
of Colombia, and the Darien region of Panama, average annual rainfall is
approximately 8 000 mm . Large seasona and annual variations in intensity and
frequency are recorded in zones with an average annual rainfall of 1,200 mm.
Yields of rainfed crops, particularly annual (duration< 100 days) and perennial
crops, are unpredictable because of excess or insufficient rainfall.

Seasonal and annual rainfall variations are reflected in the irregular water
flow in the basins. Although the upper basins of the Andean rivers south of
latitude 28° S are fedby glaciersand melting snows, water flow in many cases
is still not regular.

The river network is also not evenly distributed throughoutthe area. A few
major rivers like the Amazon, Plate, Orinoco, and Grijalba-Usumascinta
account for 70 percent of all rivers. Although these river basins cover 45
percent of Latin American territory, they only account forabut 10percent of
the total population.
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This situation explains why water for agricultural purposes is a scarce
resource,

Latin Averica has a potential of approximately 700 million hectares (ha) of
arableland, Butthe actual cultivated area (@mualand perennialcrops, prairies
with crops, fallow land) according © recent retional and FAO statistics only
totals approximately 170 million he. of which 15 million ha are irrigated (8.8
percent of total cultivated area).

Irrigated Areas

The total irrigated area, with perennial or supplementalirrigation, is estimated
at approximately 15 million ha, which issignificantly little compared with the
available potential.

In South America alone, excluding the humidtropics, the potential irrigated
area is calculatedto be 160million ha. Nearly all the Latin American countries
have areas under irrigation; countries with the largest irrigated arees are
Mexico, Argentina, Chile, Peru. and Brazl.

But in practice, no more than 80 percent of the potential area can be irrigated
annually because of flow fluctuations in the rivers that supply the irrigated
areas. In several countries, the infrastructureconstructed over the last 15years,
particularly the water distributionand delivery network, does not cover alf the
fields that could be supplied by the main resenoirand conveyance network,
This reduces the total irrigated area to less than the 80 percent indicated earlier,
Theaverageareathat isactuallyirrigatedannually isreduced even furtherdue
to other problems, which are discussed in the next ssction.

Approximately 85 percent of the region’s irrigated area is composed of
irrigation systems, projects, or districtsestablished with state funding. Gravity
irrigation is used in about 95 percent of the total irrigated area, but it is not
found to be very efficient. In Mexico, the efficiency levels are: water use, 46
percent; conveyance and distribution, 70 percent; application at field level, 65
percent. In Argentina, overall efficiency is no more than 30 percent in major
irrigation systems. This level is also cbserved in most other Latin American
irrigation systems.
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CONSTRAINTS TO BETTER USE AND MANAGEMENT OF
IRRIGATION SYSTEMS

The problems affecting uUse and management of irrigation systems vary
according to the situationin individual countries. This has b¢en confirmed at
recentconferences attendedby officials andspecialists involved in thix sffort,
It must be acknowledged. however, that considerablep r o p s hasbeen made
in certain countries.

The conferences have contributed to a large extent in the identification of
the causes andeffects of these problems. But the policies, lines f action, and
methods recommended to alleviate Or overcome the problems have yet to be
adopted and implemented.

The general problems can be grouped as follows: legal and regulatory;
institutional; technical, administrative, and methodological; and Socioecon-
omic and cultural.

Legal and Regulatory Problems

The fundamental legal aspects concern regulatory laws which define and
establish the procedure to be followed; in this case they govern water and land
resources. They also¢oncern regulations. which are general and specific rules
for facilitating the interprétation and implementationofasic laws. In practice,
regulations can be more easily modified as they are normally fermulated and
put into effect by different echelons of the executive branch.

Legal and regulatory problemsarise from various aspects.

Outdated water and land faws or codes. Bolivia, Brazil, Honduras, and the
Dominican Republic are among the countries where basic water laws have
been in force for at least25 years. although there are plans to update them. On
the other hand, Colombia,Guatemala, Nicaragua and VVenezuela do not have
specific laws for water, although they have been drafied.
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Since 1969, the rational laws On water have been updated in the remaining
¢ountries: Peru (1969}, El Salvador(1970), Ecuador (1972), Mexico (1972},
Uruguay (1979). and Chile (1981).

Fundamental incongruities betweer lawsfor water and other natural re-
sources. Incertaincountries, varying degreesof antinomyare observed among
basic laws. Differentlawsconsiderwater as a public utility or as a public utility
that may be used freely by riparian farmersfor natural irrigation, thus ceasing
to be public. Laws or decrees on minerals and Some other natural resources
refer to water as public or private property. Such conflicting views invalidate
the legal safeguards, creating serious problems for the administration of water
IESQUICes,

Inadequate general or specific regulations tofacilitate the interpretation
and implementationof water laws. Inmany Latmn Anerican countries, thereare
insufficientgeneral and specific regulationswhich could clarify the laws for
easier interpretationand implementation. without
departing from the basic principles established in the laws. The regulations
should define the “rules of the game” to be observed and respected by both
public servants responsible for treir implementation and by water users.

Delaysby legislativeandexecutivebodies inpromulgating updated bilis for
water laws and general and specificregulations. Thisproblem which existsin
several countries in theregionisrelatedto their particular situation, and affects
optimum uss and development of various resources available in irrigated areas.

Lackofflexibility on the part of the normal judiciary in handling litigations.
Except for the few countries with special courts, disputesinvolving the use of
water are resolved very slowly by the normal judiciary. Such delays have an
create seriousproblemsfor usersand public or private institutionsresponsible
for developing irrigated agriculture, particularly management of irrigation
systems, projects, or districts.

Institutional Problems

The followinginstitutional problems have been identified.

Poor organization, operation, and mobilization of human and financial
resources by irrigation agencies. The recent budgetary restrictions in many
countries are becoming even tighter. This has affected the organization and
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normal operation of agenciesresponsiblefor developingthe existing irrigated
areas.

The repercussions are seen at different levels and have led 1o a lack of
qualified professional and tedmical staff; too many undersmployed junior
staff; limited travel expenses: lack of materials. equipment. and manuals on
operations and procedures, etc, There are not many specialized units to collect,
process, and analyz¢ information on the different responsibilities of the
institutions, which would enable a realistic assessment of their performance.
There is also a shortage of UNItS to carry out activities such as agricultural
research and extension.

Lack of coordination between government and other institutions. National
and regional organizationsoften share the responsibility for studies, construc-
tion, and management, but without coordinatingtheir activities. In Argentina
and Brazil. the size ofthe territoriesand federal system of governmentjustify
such situations. But they are also found in countries with cantralizad govern-
ments such as Ecuador, Peru, and Bolivia, exceptions being the Dominican
Republic, Colombia, Costa Rica, Mexico, and Guatemala.

Poor coordination between irrigationagencies and organizations respon-

sible for support services and action program. \Very few countries in the
region have institutionalized coordination mechanisms to ensure optimum
concerted efforts between agencies that are directly responsibility for opera-
tions, maintenance, and administration of irrigation systems, and organiza-
tions responsible for support services and action programs (research and
development of irrigated agriculture. marketing, agroindustries, land tenure,
training, credit, input supply, sterage and transport), They should as a single
entity and contributetoa more ratioral use of all availableresources in these
areas.
Lack of organizedparticipation of water users in operations. maintenance.
administration, and development of irrigation system. Water users in Chile,
Mendoza and the CORFO-Rio Colorado region in Argentine,and the irrigation
districts of Coello and Saldafia in Columbia provide an excellent example of
farmer management of irrigation systems.

Such organized participation by water users is found to a lesser extent in
Mexico, Peru, the remaining irrigated districts in Colombia, and certain
systemsin Ecuador, Brazil, Uruguay, the DominicanRepublic,and Honduras.
Butin the other countries, userparticipation is either negligible or nonexistent.

Inadequate training of irrigation agency staff. The current economic and
financial situation has ted to a serious lack of training for all levels of irrigation
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agency staff. Mexico has made considerableefforts in thisdirection, through
its training programs for SARH officials. Training programs are also con-
ducted in Brazil, Peru, Argentina, the Dominican Republic, and Colombia,
with supportfrom IICA, FAO. AID, BID, and other organizations.

Technical, Administrative,and Methodological Problems

In most countries, operations, maintenance, andadministradon arethe tasks
of centralized or independentagencies, mainly fran the agricultural sector.
They confront a variety of problems in providing these essentialservices.

Inappropriate subdivision of irrigationdistricts. Subdivision of the irriga-
tion districts should correspond to existing structures, canal networks, and land
tenure system. Water distributioncan then be rationalized, aswell as thework
of serviceofficials.

Nonexistent, insufficient.or underutilized gauging structures. Mare gaug-
ing sectionsand devicesare needed to monitor and measure water catchment,
conveyance, distribution, and delivery.

Outdated registers of water users. Proper records are needed to identify
owners and/or water users in the irrigated districts: location of toal and
cropped areas of farmswith irrigationrights; location, number, and maximum
capacity of field-levelintakes and of natural or artificial channelsfor draining
excess surface water or groundwater.

Inattention to the omginal design norms. Little Or no attention is paid to
norms fora correct operation of the major structuressuch as regulatingweirs,
diversion welrs, regulators, pumping statias for irrigation and drainage,
maintenance equipment).

Unsuitablewater distributionmerkhods and norms. Waterdistributionmeth-
ods do not often correspondto soil characteristicsand cropwater requirements
(time of application and amount); application, conveyance, and distribution
efficiencies: water availability: and catchment, distribution, and delivery
capacities.

Low overall irrigation efficiency. In many cases the efficiency rate is less
than 30percent. Factors responsible for the low rate include: inefficientopera-
tions and maintenance, inadequate. extension servicesand credit facilities for
training water USers in better irrigationpractices for arational and sustainable
use of land resources.
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Lack of coordination berween operationsand maintenance.Poor coordina-
tion makes it difficult to cut off water supply to carry outinspections and main-
tenance,

Lack of coordinationbetween institutions managing regulating reservoirs
and irrigationagencies.Regulating reservoirs are managed by agenciesother
thanthose responsible for managing irrigation systems. The lack of coordina-
tion between these institutionsaffects irrigation services.

Lack of information and methods for monitoring and evaluating manage-
ment of irrigation system. Such information includes: checklists for opera-
tions: water data; derived and delivered volumes; conveyance. distribution.
and application losses; specificand overall efficiencies;area, average water
requirements, average unit yields, ol production, and value of different
crops: production costs and net income of famers;ete.

Inefficient planning and execution of maintenance and improvementpro-
grams. Routiine and preventive maintenance of the hydraulic infrastructure,
roads, equipment, and buildings, is often delayed and carried out inefficiently,
Maintenance speeifically involves: removal of sedimentand vegetation from
irrigation and drainage canals, proper operation of gates for control and
distribution of water; rehabilitation of canal bedsand embankments, drainage
network, bridges, and service roads; repair of pumping stations; maintenance
of buildings. and passenger and heavy-duty vehicles; ete.

Unsuitable maintenance normsfor maintenance equipment. Norms for
routineand preventive maintenance either do not exist or are unsuitable. This
mainly appliesto heavy or any otherequipmentused by maintenanceservices.

Nonavailabiliry of essential spare parts. Equipmaent is out of commission
for long periods because of the rigid procedures for procuring spare parts.

Excessive dependence on mechanical removal of sediment andweeds from
canals. Such work can be suitably done by local field labor which is available
during the land preparation season. The laborers could ke. paid either daily
wages Or by quantity of raterial removed

Nonevaluation of Operationsand maintenance costs. Operationsand main-
tenance costsare rarely assessed. This appliesto output, materials, and cost of
maintenance and rehabilitation of the infrastructure.

Lax enforcement of regulations. Sanctionsare not strictly imposed in cases
of water theft, willful damage to intake or control structures, damage to roads
though negligent handling of surface water, construction of unauthorized
intakes, etc.
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Absence d demonstration plots. There is a need for fields or plots for
demonstrating irrigation and cropping techniques for local crops.

Lack of coordination betweenagenciesproviding supportservices. Thereis
a lack of coordinauon between the different agencies responsible for credit,
marketing, extension services. research and training, sgroindusiries, and
agricultural development.

Lack of communication with water-user associations. Little effort is made
to integrate the active participation and collaboration of water-user associa-
tions in programs and activities aimed at a better use of resources.

These problems are to some extent common to many irrigation systemsin
Latin America. However, some countries with more experience in irrigation
such as Mexico, Peru, Argentina, and Colombia, have largely overcome the
problems in some of their irrigation systems. Other countries areattemptingto
solve them.

Socivecouomic and Cultural Problems

In many countries, landless peasants were collectively or individually allottzd
land with irrigation and drainage facilities, in accordance with national land
reform or settlement laws. But in many instances. for political reasons, the
beneficiaries had no experience of cultivating even dryland or rainfed crops.

Socioeconomic problemsare mainly related to the implementation of land
reform policies in irrigated areas.

Beneficiariesare passive subjects. Decisionson land reformswere taken at
higher levels, without organization of training and motivation programs.

Lack of motivarion of beneficiaries. The beneficiaries prefer to be sole
owners of their land. With very few exceptions, those on collectivelyallotted
land have no incentiveto collaborate and committhemselves to the successof
the operation.

Lack of responsibility of leaders of collective lands. Leaders of collective
lands do not often fulfill their responsibilities for certain tadkssuch as'delivery
of harvest, credit payment, acquisition of inputs.

Delays in execution of the final deeds. Delays in awarding the deeds to
beneficiariescreates difficultiesfor certain procedures such as credit applica-
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Slow action by authorities for revoking land allocations. Despite relevant
clauses in the laws, authorities are slow in revoking individual or collective
land allocations in cases where peasants abandon their holding or portion of
land without justification or do not exploit it rationally.

Unsuitable land. In some cases, the land expropriated or acquired for land
reform in irrigated areas is unsuitable for growing irrigated crops.

CONCLUSION

This paper does not claim to examine in detail afl the problems that constrain
better and more rational use of irrigation projects, systems, or districts in Latin
America, Its aim is to provide for an exchange of views and ideas on this serious
problem.



Chapter 5

FORMATION OF WATER-USERS ASSOCIATIONS
ANDTRAINING

Fabio de Novaes
INTRODUCTION

AGRICULTURAL DEYELOPMENT DEPENDS entirely on the management Of production
factorsincluding technical and financial factors. inputs, equipment, and labor.
The availability or shortage of any of these factorsdetermines the pattern and
degree of development and intensification,

One of themaincharacteristics of Brazlienagricultuse isitsdiversity which
isbased on different geographic, cultural, and settlement conditionsand on the
form of crop O livestock production. Another characteristic is fragmentation
due 1 the high cost of land and division of property through the line of
inheritance. Farm size is often reduced to an @mn that can no longer be
exploited productively.

FARM MANAGEMENT

Extensive livestock production does not raise major management problems.
Such activities are usualiy located in remote. low-costareas where traditional
pastures can still satisfy production needs. Labor requirements are also low and
canbe met by local manpower. The only inputs used are those necessary 10
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maintain natural growth. The most importantproblems concern animal health
and protection of property.

Large extensive, nonirrigated farms do not quire much management
Risksare higher, but the magnitude of production alsoyieldsprofits in the long
term. Investments in crop protecton and price stabilization guarantee good
results but require a more complex administrative structure.

Inboth cases the producer-owner generally lives in the city, and the farm is
left in charge of a manager or administrator .Big farmsare sometimesmanaged
by a single person living on site. while the owner takes care of "*weekend
management".

Suchssitations are alsocommon in large irmigatiansystems. In this case. the
owner's presence is vital because of higher investmentsand the need for better
technology.

Management of smalland medium private irrigated farmsis more complex.
More intensive fanning implies more assistance and inputs, larger support
structure, more technical know-how, and better processing of produce to
supply more demanding markets. \WWater management becomes an important
factor in overall management.

MANAGEMENT OF MINOR IRRIGATION IN GOVERNMENT
PROJECTS

In Brazil, irigation systems of farms developed through government projects
are hampered by poor management. The most important causes for this
constraint are:

* Settlers have little experienceof irrigated agriculture. For cultural reasons

they do not respond favorably to technological innovations. They also lack
the financial and technical support carry out their activities successfully.
‘These new fannersdo not share common interests and are therefore not
mentaily prepared © form groups. By imposing a cooperative model on
reticent farmers, the government has contributed to the discredition of an
otherwise efficientsystem for marketing fann produce.
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* Excessive intervention of government agencies in decisions of rural
communities. without duly considering thelr aspirations. The agencies
presume that they have sufficient know-how to organize water-users
associations and tend to iSSleregulations thatare often inappropriate or ill-
timed. But the t2chni¢al and financial support given rarely covers even
minimum needsfor development because it IS either inadequateor untimely.

* Disproportionate emphasis on civil engineering vis-a-vis agricuitural know-
how. The cost of hydraulic structures makes them sconomically unfeasible.
The agricuttural and human elements are overlooked in implementing

government Irrigation projects.

The current policy of decentralizing government projects in the northeast
should make them cost-effective by eliminatingthe damaging effectsof public
administration. Thesuccess of thispolicy will largely depend on the method of
implementation. But decentralization is not an easy tegk One risk is that
farmers who are unprepared to manage their farms will be left out of the
production process unless they are given efficient tedmical, administrative,
and financial support.

MANAGEMENT OF PRIVATE IRRIGATION PROJECTS

Private small and medium irrigated agricultural projects are of great economic
importance because they form the largest group and they are the most
productive in the agricultural sector.

The nationalprogram PROYARZEAS has promoted the development of
more than 65000 such projects throughout the country.

Bfficient management and perseverance invariably yield gocd results
within areasonable period. Despite a lack of experience, the farmers have been
able to fully amortize their loans, thus showing a high management capacity.
They form a progressive group that is anxious to improve living conditions
through an efficientuse of irrigation. The farmerswould thereforebe receptive
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to and benefit from practical training programs that improve their irrigaton
management capacity.

Although the farmers share. a common production goal they have different
cultural backgroeunds and motivations for joining an association. The training
program should take these differences into account. |t should provide information
on theprinciplesand organization of associationsand oh the administrative and
financial aspects.

In heterogencus comunities,the more educated groups are those most
likely to form assciatias. They are usually better Informed about market
mechanisms and their higher social status also lends itself to the process.

In Brazil, the establishment of cooperatives without the spontaneousand
willing support of future members has often been a disastrous experience.
However, water-users associations in southern Brazil have proved to be
socioeconomicallyviable and serve as an encouraging example for establishing
others.

The cases of Turuo and Taes are examples of such successes.

*InTuruo, Santa Catarina state, farmers formed a water-users association 6
years ago. Members paid the equivalent of 12 percent of production value
for water use. At present, the associationcharges only 2 percent. Per hectare
water consumption has been reduced and more users are supplied with
water, with obvious economic benefits.

In 1980, rice yields in the area were a meager 1500 kilograms per hectare
(kg/ha). Low production even forced some farmers to migrateto cities. But
the PROVARZEAS program changed the situation. In 1981.28 experimental
projects were established over an area of 110 ha. They served as pilot
projects for developing rice crops in 1 325 projects covering 8 975 ha
Cropped area increased by 50 percent and production by 310 percent.
Average yields rose fran 1500 kg/ha to almost 6 000 kg/ha and system-
level production increased fran 12000 tonsper hectare ¢  to 49 000t /
ha. Yields exceeding 9 000 kg/ha are now frequent. Rice quality also
improved, 90 percent of the rice which used to be mixed to facilitate
marketing, is now of grade 1 quality.
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* InTorres, Rio Grande de Sul, the farmers association for farm mechanization
servicesinirrigated areas, APSAT, was instrumental in rapidly transforming
the economy of the irrigation system. Animportant factor for its success was
the perseverance and able leadership of a focal farmer.

PROVARZEAS initially provided funds for purchasing besic equipment
and constructinga community storehouse. Theimpacton cropproduction was
S0 positive that each fanner now has an individual storehouse.

But it was not an easy tesk. A simuitaneous tralning program on inigatin
management would have facilitated the work.

At present there are many APSATs in Brazl. BUt any effort to support
farmers would be hitless without favorable economic conditions.

Another target group for such training programs are the farmers who are
geographically isolated. They ladktraining and the appropriatecultural back-
ground. They hope that associations organized by philanthropic bodies or
responsible leaders will provide the supportthey need.

A typical case is that of the Igarepé-Arzii cooperativein Par# State, where
fanners were in a state of poverty 3 years ago. They were incapable of
producing crops, but after 1 year of moderate, well-managed support from
PROVARZRAS, they were able to produce 10000 sacks of rice, usingonly
traditional techniques.

Training in management would greatly benefit group leaders. Bach year,
1000 such persons could be trained. Although they constitute s comparatively
smali number, they would have a multiplying effect by disseminating information
which would be useful for future programs.




Chapter 6

IRRIGATIONMANAGEMENT IN COLOMBIA

Enrique Sandoval Garcia
SUMMARY

AFTER A BRIEF review Of land development in Colombia, the author presents the
current status Of imigation IN the country and analyzes the socioeconomic
context.

Twoprograms were established; one for the modem, large-scale irmigation
sector and the other, for the traditional. small-scale irrigation sector.

The program for large-scale irrigation B divided Into twe phases for
rehabilitating 150f the 23 systems administered by HIMAT. The establishment
of 12 projects is planned; they will cover 181 300 ha and benefit 114 000
families.

For the small-scaleirrigation program, 236 projects were completed; they
covered a total area of 18 800 ha (6600 families). Others are under way.

The programs are mainly financed from the national budget, An investment
recovery plan is expected to reduce this dependsnce On government funds.

INTRODUCTION

Colarbia. sittated in the extreme northwest of South America, has an area of
114 million hectares (ha), 54 percent of which is mainly covered by natural
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Figure 1. Map of Colombia.
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forest. The remaining 46 percent is classified as agricultural land for crop and
livestock production.

Analyses of the agricultural lands show that only 10.6 million ha (20 percent
of the area under study) have an irrigation potential. Lands with irrigation
potential include 6.6 million ha that can be directly irrigatedand4.0 million ha
with some limitations that need to be evercome before they can be irrigated.

At present, 841 600 ha have an irrigation and drainage network, indicating
that Colombia has developed only 126 percent of the directly irrigable area,
or only 79 percent of the total potential area.

The Instituto Colombiano de Hidrologfa, Meteorologfa y Adecuacién de
Tierras (HIMAT) is the official hydrology, tneteorology, and land development
organization with a mendate. to promote. irrigation and drainage programs and
technological development in the agricultural sector.

HIMAT is conducting various studies in differens parts of the country, they
include reconnaissance studies (258 000 ha), identification of potential areas
(BB000 [ prefeasibility studies (645 000 ha). feasibility studies (178 000
ha). and project planning (39 000 ha).

Theefforts undertaken to date by the govemment fordeveloping new areas
(from idntification of potential areas to project execution) cover 30perceat oF
the total directly irrigable area. The current irrigated area Wil therefore be
expanded by 140 percent on completion of the projests.

Agriculture is the most important economic activity in Colombia and the
sector accounts for 23 percent of the gross domestic product ((CP). It alsor
represents more than 70 percent of the country's ot ezports in terms of value.

Approximately 20 million ha of landare currently devoted to agriculture.
The degree of intesification and technological level vary considerably.
Colombia's agricutiire can thersfore be classified into two distinct sectors: the
modem, large-scale sector and the traditional, small-scale sector.
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THE MODERN SECTOR: LARGE-SCALE IRRIGATION

Background

Large-scalelanddevelopmentbeganinthelatet 9th century with the construc-
ton Of the irrigation Systam in the banana-growing zone on the Atlantic coast
by the United Fruit Company. Fifty yaars later, Electraguas, a government OfF-
genization no longer extant, completzd development of the systems in the
upper Chicamocha, Riravitoba, and Samacd valleys (department of Boyacd) in
central Colombia. Subsequently, the newly gopointed Ministry of Economic
Affairs undertook the development of the La Ramada system in the plains of
Bogotd,

The 19408 marked thestart of aperiod of intense development Of irrigation
in Colembia. A diversion barrage.commissioned by the Ministry of Economic
Affairs enabled the development of the Rio Racio system (department of
Tolima). The irmigation systemsof theCoello and Saldafia rivers (department
of Tolima) were established with sapport fron the agricultural credic bark,
Caja de Crédito Agrario. In 1960, the autonomous regional corporation,
Corporacidn Autdnoma del Valle del Cauca, Initialad the developmentof the
Roldanillo-La Unién-Toro system in the department of Vallz del Cauca.

The agrarian reform institute, Instimto Colombiano de laReforma Agraria
(INCORA), was foundedin 1961. Itundertook the largest integrationoperation
of irrigated lands with the establishment of 15 irrigation systems: Manati,
Repelén, and Santa Lucia (department of Atlintico); Mar(a La Baja (Bolivar);
Monteria-Mocarf, Cereté-Lorica, and La Doctrina (Cérdoba); San Rafoel
(Boyacd); Abrego and Zulia (Norte de Santander); Lebrija (Santander); San
Alfonso, El Porvenir, and H Juncal (Huila); and Sibundoy (Putumayo).

In the 1970s, the government commissioned an evaluation of the ¢urrent
status of irmigation systems. It reckoned tret rehabilitation of the deteriorating
systemswould entail large invesuments and that such an evaluationshould be
carried out before undertaking new projects. The rehabilitation operation
began in 1982.6 years after HIMAT was given the responsibility for admini-
stration and establishment of land development operations.
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Figure 2. Location Ofirrieation in Colombia.
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Rehabllitation, Completion, and Expansion of Irrigation System

In 1979-1980, the FAQ-World Bank Cooperative Program collaborated with
the Colombiangovernmentin theidentification and proposal of an investment
project. ItS objective was to rehabilitate existing irrigation and drainage
structures and establish supplementary infrastructure. The operation would be
carrfed out in 15 of the 23 irrigaton Systensadministered by HIMAT, that
were. only partially developed. The proposalwas adopted as a land develop
ment strategy in the 1979-1982naticnal development plan.
The project consisted of two phases:

* Phase | (BRR 1996-CO ka). Priority was given to the rehabilitation of
existing structures and replacement of electromechanical equipment. Phase
I covered eight systems (86 000 ha) and was expected to benefit 13000
familiss, Toe duradon of this phase which was started in 1982 i3 8 years, The
total investment amounted to US$50 million. Additional tasks Incluced
preliminary studies for Phase I, and extension and technical support
services.

* Phase IT (BIRP 2667-CO loan). This phasebegan in 1987. The objectives
were rehabilitation, expansion, and completion of the infrastructure in the
remaining seven systems (of the 15 selected for the project). Phase Il covers
150 000 ha and {s expected to benefit §9 000 families; its duration s § years.
Estimated investment amounts to US§{74 million. of which US$§114
million are provided as loans. To (ate. US$20 miltion have been spenton
irrigation and drainage infrastructure , erosion control, small hydraulic
structures, machinery and equipment. maintenance, and consulting and
training services.

On completion of the two phases, an additional 136 000 ha will be
sufficiently developed to produce two crops annually. Annual production is
expected toincrease by approximately 830000 tons (t). The main commodities
aresorghum, soybean, oil palm. sesame. cotton. banana, rice, beef, and shrimp.
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Contribution of Irrigation System 1 National Production

In 1988, the total area devoted to agricultural production Was 20 million ha
Distribution according to sector is: livestock production, 79 percent; food
crops Taprocessing, 10 percent; food crops for direct consumption, 8 percent
non-food crops, 3 percent,

In the systems administered by HIMAT (directly or through water-users
associations), 347000 ha(1.7 percent Of national cropped area) were cultivated
In 1988, District production was 1.18 million t, representing 55 percent Of
national production,

The share Of the HIMAT systems i national production of food crops f a
direct consumption was 3 2 percent, which comesponds to 1.6 percentof total
national production,

The systems account for 4.4 pescent (f national area and 8.2 percent of
national production 0f food crops for processing.

Grazing lands in the systems make up 0.9 percent 0f nationalarea and 5.5
percent of national production Tathe sector.

Construction of Large-scale Irrigation Projects

HIMAT is striving to procure the funds required for constructing large-scale
irrigation projects that have been approved as economically and socially
feasible. The objective is 1o guarantee food supply up 1o the year 2000,
decrease dependence on imported raw material, sustain the GDP growth rate,
and generate new employment opportunities,

Twelve urgent projects wiil be proposed to theWorldBankfor financing.
The projects will cover a total area of 181 300 ha and benefit a population of
114000people.1heesﬁmawdcostofdevehpmemisUSSZSOOIha;halfofthis
would be financed through foreign loans and the rest from the national budget.
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TRADITIONAL SECTOR SMALL-SCALE IRRIGATION

In contrast to the modem sector, the traditional sector I characterized by a lack
of capital; low level of technology; difficulty in the transport, storage, and
marketing of produce; and complete dependence on rainfall. Production is
limited to basic subsistence crops, with an occasional surplus for local or
regional markets,

The small-scale irrigation program was established by the government to
addressthese problems. It concerns the majority of Colombia's smallholders.
The government hopes that the efforts will have a multiplying effect and
improve the welfare of the farmers.

The program aims at a more intensive and ratiael use of soil and water
resources in systems on slopes and those fed frem lakes. It has the following

objectives:
* "To settle farmers in rural aress.

* Toguarantee water supply (for agricultural and domestic use) to the largest

possible number of people in these aress, in order to improve living
conditions.

Tocounter dry spells in summer which have an adverse effect on agriculiural
production, and to intensify land (&.

* To stagger planting dates in order to vary cropping schedules.

The small-scaleirrigation projects USe permanent water sources. RESEIVOIIrS
are created by building low dams where topographic and hydrological condi-
tions are suitable.

The program will mainly benefit regions with small holdings. Each project
will cover a maximum area of 300 ha to facilitate the organization of the
community for efficientadministration and production.

Twenty percent of the total infrastructure cost and the total cost of farm-
level irrigation soructures will be borne by the water users.
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Program Execution

The small-scale. irrigation program, which was completed in June 1989,
undertook 236 projects covering an area of 18 800 ha and benefited 6 600
families. Investments in the projects to date amountto approximately US$83.5
million.

At present, an additional 138projectsare under way. They cover 10500ha
and benefit 5 900 families; the approximate investment amount is US$9.5
million.

Construction of Small-scalelrrigation Systems

During the next 6 years, BIMAT plans to invest US$80 millicn in small-scale
irrigation, with funding from the World Bank (Phase OT) and US$40 million
from other sources. Phese 11T will cover 90 000 ha and benefit 55 000 families.

FUNDING POLICY FOR IRRIGATION SYSTEMS

Operation Costs

Administration, gperation, and maintenance of the systems are primarily
financed from the national budget because irrigation service charges have
remained ata low level. A policy of self-supporting services would eliminate
government subsidies, and thus release funds for additional investments 10
rationalize water use.

In keeping with this policy. water chasges are being gradually increased
starting from January 1990. Twelve of the 23 systems will become self-
supporting by 1993,and the rest, by 1995.
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The policy is also applied to large-scale systems. Administradon of two
large-soals rrigation systems (Coello and Saldafia) was handad over to water-
users associations and the districts are now self-supporting, Twomore systems
wvill assume responsibility for administratdon by late 1990,

Investment Recovery

Recovery on investments mede. for irrigation projects is still very limited.
Regulationsare being drafted todefine proceduszs for paying off and recover-
ing the original investment.

RecoveryforPhesel of the rehabilitation program, which was completed in
1989. is expected to start in the second half of 1990, Rehabilitation of the
systems in Phase 11will be completedin 1993.

The funds generated by water users' contributions to HIMAT for realizing
the full economic poteatial of the projects, will be held in a national fund far
land developmentand irrigation systems, Fondo National de Adecuacidn de
Tierras y Distritos de Riego. Itwillbe administered by HIMAT ,and will enable
the Institute. to expand its activities.

The two policies, gradual increase of weter charges and users’ contribu-
tions, will significantly reduce dependence on the national budget.

HIMAT should thus be able to provide part of the funds to supplement
external loans by 1993, and the entire rational contribution by 1998,



Chapter 7

IRRIGATION SYSTEMS IN MEXICO

Enrique Palacios Velez
INTRODUCTION

In THE Rerusuc of Mexico. approximately20 million hectares (ha) of land are
cropped each year. This figure can, however, vary significantly; it can reach 21
mitlion ha with adequate. rainfall, and decrease toonly 18 millionha inadry
year. Buton the 5.5million ha of irrigated lawl. crops can'be grown irrespective
of agroclimatic conditions. Of this irrigated area, 3 3 million haare located in
irrigation systems (distritos de riego) and 2.3 million ha inabout 27 000 srall
irrigation units.

Cropped area in the irrigation systems represents only one-sixth of the total
arable area, but the production is approximately 30 percent of national
production; itis 50 percent of thetotal value if the outputof the small irrigation
units is also considered. These systems produce slightly more than 70 percent
of Mexaan’swheat and rice, 75 percent Of oilseeds, 82 percent of cotton, 30
percent of sugarcane and sorghum, and a high perceatage of the market and
fruit cmps. AIQIres 1 and 2depict the percentage distribution of thesecrops by
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Figure 1. Distribution of irrigated crops by area.
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Figure 2. Distribution of irrigated crops by production.
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cropped area and production. It is generally estimated that invigated areas are
2.5 times more productive than rainfed areas.

The Imigation infrastructure in the systems covers about 3 million ha,
approximately 10-15 percent of which produces two crops annually. About0.5
million water users are. established inthe System and the average size of the
holdingsis about6 ha. Itis estimated that these lands directly generate about
100 million person days (8-hour) of work and probably three times as much
indirectly. CF the water users benefitting from the program, about 73 percent
are ejidatarios! occupying about 56 percent of the area, and 27 percent are
smallholders who farm the remaining 44 percent of the lad. Table 1
summarizes the characteristics of the 77 administrative units of the systems.

Table 1 List of irrigation systems i Mexico,

No. NUM NAME OF STATE COMMAND IRRIGATED WATER AVERAGE

BER SYSTEM AREA(m) AREA (ha) TUSERS AREA/USER
(NUMBER)  (lw)
1 41 RIO YAQUI SON 225009 294594 34190 6.58
2 10 CULIACAN-HUMAYA SIN WATIR 276661 12934 11.87
3 14 RIQOCOLORADC BCN 20721 208255 143% 4.3
4 75 RIOFUERTE SIN 255474 192588 18067 1435
5 25 BAJORIOBRAVO TAM 232688 170840 10861 21.42
6 17 REGION LAGUNERA DC 126580 121804 51557 246
7 51 COSTA HERMOSILC SON 144915 121109 2501 5794
] 11 ALTO RIOLERMA GIo 102085 97745 20826 4.9
9 38 RIOMAYC SON 91000 90251 11062 123
10 26 BAJORIO SN JUAN TAM 78086 TRO5 3082 2534
11 97 LAZARO CARDENAS MCH 68916 75158 12968 53
12 63 GUASAVE SIN 78030 73537 6065 12.87
13 5 DELICIAS o 59557 72810 10970 548
14 37 ALTAR-PITIGQUITO SON 57577 59685 372 14.87
15 66 STODOMINGO BCS 54600 54570 709 7aL

+ Landholdings created as a result of a major land reform conducted in Mexico
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No. NUM NAMEOF STATECOMMAND JRRIGATED WATER AVERAGE
BER SYSTEM AREA() AREA (ba) USERS ARRA/USER

(NUMBER) ()
16 13 EDO.JALISCO AL 652 SM18 42138 1,68
17 3 TULA HGO 42843 5m9 25129 167
18 19 TEHUANTEPEC OAX 50807 wom 8454 5.98
19 20 MORELIA-QRENDARO MCH 46296 35368 8929 518
20 76 VALLEDELCARRIZO  SIN vty 39612 4087 10.18
21 92 RIOPANUCO TAM 138821 36734 2874 4830
22 16 EDO.DEMORELOS MOR 33654 3412 15438 218
23 43 EDO.NAYARIT NAY 4271 34586 7284 582
24 87 ROSARIO-MEZQUITE  MCH 474 mn 7405 452
25 86 SOTOLA MARINA TAM 29824 21260 2092 14.26
2 4 DONMARTIN NL 2829 26064 2316 10.29
27 30 VALSEQUILLO PUE 34735 25364 12388 2.80
28 84 GUAYMAS SON 2938 22090 2207 1085
29 29 MOCORITO SIN 26585 21093 1595 1333
30 24 CIENEGA-CHAPALA MCH 2341 2 7086 317
31 53 EDO.DECOLIMA WL 24435 20492 1733 1410
32 9 CD.JUAREZ cHI 18540 1928 114dS 1.65
33 33 EDODEMEXICO MEX 17423 19053 22406 078
34 52 EDODEDURANGO DGO 15443 18128 4226 3.6
35 100 ALFAYUCAN HGO 22995 17780 15675 147
36 18 COLONIAS YAQUIS SON 25000 17240 812 1081
37 61 ZAMORA MCH 16309 16271 3610 452
38 89 ELCARMEN cH 135922 14188 o 20.68
39 57 AMUCOCUTZAMALA  GRO 13500 14083 3978 3.39
40 82 RIOBLANCO VER 13140 13487 1309 1001
41 35 LA ANTIGUA VER 23997 124 21 1057
42 6 PALESTINA COA 11600 12140 1392 833
4 2 SNJUANDELRIO QRO 10566 11114 I 306
44 93 TOMATLAN JAL $999 10719 154 581
45 34 EDODEZACATECAS  ZAC 16786 B3R 4553 369
46 85 LABEGONA 610 11483 9085 236 492
41 45 TUXPAN MCH 8472 1820 3602 235
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NoNUM NAME OF STATE COMMAND IRRIGATED WATER AVERAGE
BER SYSTEM AREA(ha) AREA (hs) USERS AREA/USER
(NUMBER)  (m)
48 98 JOSEMA MORELOS MCH 8453 T4 494 v
4 1 PABELLON AGSE 11879~ 7650 924 12.86
50 48 EDODE YUCATAN Yoo 3722 =33 49M 18
51 50 ACURA-FALCON TAM 6413 7195 303 217
52 42 BUENAVENTURA cul ms 6916 1296 596
53 50 RIOBLANCO CHIS 6500 &210 1410 48]
$4 49 RIOVERDE SLP 5850 5978 2645 221
55 103 RIOFLORIDO CHI 8634 563 734 11.76
5% 29 XICOTENCATL TAM 14561 5760 533 Z1.08
57 88 CHICONAUTLA MEX 44p) 5218 190 2.25
58 107 SAN GREGORIO A} =3 11400 5050 N h N h
D 8 MEZTTTLAN HUO 5454 4651 3338 164
60 90 BAJORIOCONCHOS 10456 4411 963 1030
61 96 ARROYOZARCO MEX 15049 4253 6458 2%
62 46 CACAHOATAN-SUCHI.  CHIS 8443 4163 332 25.43
83 PAPIGOCHIC w 4199 3743 43 1162,
64 55 ATOYAC-ZAHUAPAN  TLX 4067 3659 5208 an
65 104 COAJINICUILAPA GRO 2810 1580 = 2.0
66 D ATOYAC,105:NEXPA GRO 1693 2508 593 2.85
67 99 QUITUPAN-MAGDALENA MCH 5120 2470 497 1030
68 31 LAS LAJAS-A.SJUAN NL 4408 7nw 1% 3241
6 44 JLOTEPEC MEX 5968 2109 ] 658
70 &0 ELHIGO VER 2144 192 258 8.31
7L 68 TELECOACULDLCO GRO 3468 184 746 4.65
72 28 TULANCINGO HOO 1178 1401 399 ags
73 81 EDODECAMPECHE CAM 2518 1B 5% 469
74 73 LA CONCEPCION MEX 903 330 495 182
ls) A SURJALISCO JAL 11312 588 i .87
76 102 RIQHONDO QR 63%6 544 201 3.2
77 101 CUXTEPEQUES CHIS %950 500 NA NA.
TOTAL 3150650 2854981 44195 6.40
AVERAGE 40918 38178 63%.8 6.40

NOTE: Area in b4 ard volume in bm’.
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BACKGROUND

The climatic conditions make it necessary to irrigate crops to satisfy the
growing demand for food. The national irrigation commission, Comisién
Nacional de Irrigacién (CNT), was established by the Decree of ¢ January 1926.
CNI inftide) the construction and organization of the national |rr|gat|on
systems (Sistemes nacionales de riego), which were called distritos de riego
after 1935. A resolution passed on 20 December 1935 brought the systems
under the control of the national agricultural credit bank, Banco Nacional de
Crédito Agricola, But after 10years, due to operating difficulties, they were
cededback to CNI by the Decree of 30 November 1944, The Ministry of Water
Resources was createdin 1947, but the irrigation Systemsremained attached to
the Mty of Agriculture and Livestock production. In February 1951.
however, because of operating difficulties, the systems were integrated with
the Ministry of Water Resources. The Decree of 2 January 1953 led to the
formation of governing committees to rationalize the management and
development of the irrigation systems.

By 1960, many of the irrigation systemns were visibly deteriorating due to the
ladk of an adequate drainage System which led © Inoreesed land salinization,
For this reason, a rehabilitation program was launched the following year, with
funding from the World Bank and financial commitment of the water users. It
was started in four systems in the northeast and subsequently extended to
others. In the mid-1960s, the national plan for field improvement. Plan
Nacional de Mejoramiento Parcelario (PLAMEPA), was implemented, also
with external support. Its objectives were to improve system managementin
order to reduce water conveyance losses and to provide tednical assistanceto
fanners for better yields and application efficiency. By the end of this plan in
the mid-1970s. irrigation efficiency and cropped area increased significantly.
Annual rates of production increase in the systems were observed to be greater
than § percent during this pericd. By 1975, total cropped area was 1.3 times the
physical area of the systems.

In December 1976, the Ministry of Water Resources and the Ministry of
Agriculture and Livestock production were merged. Thereafter, the Directorate
General of Irrigation Units for Rual Development was united with the
Directorate General of Irrigation Systems; in addition, a Directorate General
of Rainfed Areas was created. Technical assistanceto the irrigation systems
was reduced to cover all aspects of production, including rainfed crops.
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In 1985 it was decided to merge the 77 irrigation systems and the 150 rainfed
areas (disuitos de tarporal)to form 192 integrated rural development areas
(distritos de desarrollo rural). This arrangement Was finally legalized by the
Law of 28 January 1988 on Rural Development Arsas by which measure the
technical assistance was further reduced.

The directors of those rural development areas where irrigation systems
were located had the added responsibility of lands not requiringthe sametype
of water management. The increased burden combined with reduced financial
resources affected the maintenanceof theirrigation and drainage infrastructure
and crop yields declined, To overcome the problem, the new government
elected in December 1988 created a national water commission, Comisién
Nacional del Agua (CNA), Irrigation operations and maintenance were separated
for the irrigation Systams and rural development areas and wansferred to the
new Commission.

WATER AND IRRIGATION INFRASTRUCTURE USE

Thevolume of water used for irrigatianin the systemsdependson supply fram
barragesand other supply sources, but annual average consumption exceeds 30
billion cubic meters (m?), Of the total water supply, 53 percentis derived from
storage resenoirs, 33 percent fran surface flows, and 14 percent from deep
wells.

Average conveyance losses due to infiitration and surface runoff are
estimated at 40 percent. Part of the water can be reused, however, because. it
returns either to surfaceflows ar to aquifersfrom where it Canbe pumped. but
a substantial portion evaporatesOr reaches the ssawithout being used. Water
is also lost during application in the fields. CNA is undertaking operational
measures and improving the water conveyance infrastructure to reduce these
losses, Technical assistance is provided to farmers so tet they can use water
and land resources with greater efficiency.
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The irrigation and drainage infrastructure I the systemswas mainly con-
structed by the federal government followingthe creation of CNI In 1926. The
work was continued by the Searetaria de Recursos Hidraulicos and the
Secretaria de Agricultura y Recursos Hidraulicos. It is now undertaken by
CNAA.

Table 2 The irrigation and drainage infrastructure m Mexico.

Sources of water supply

Storage reservoirs A

Diversion barrages 399

Deep wells 314

Water conveyance _

Main channels (total): 11464 km
Lined with concrete 4022 km
Lined with masonry 910 km
Unlined 6532 km

Secondary channels (total) 28350 km
Lired with concrete 8723 km
Lined with masonry 83 km
Unlined 18754 km

Control structures (total) I51A km
concrete 146412 km
Masonry 28782 km

Drainage network

Length of drains (total) 25297 km
Main drains 8008 km
Secondary drains 17289 km

Service roads

Total length 47102 km
Graveled 17282 ¥m
Dirt 26046 km
Paved 3228 km

Buildings 1416
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In recent years, funds for gperation and maintenance of irrigation.systems
have decreased due toreducedcost-sharing by water users and lower government
subsidies as a consequence of the economic crisis in the country. The detetiorating
physical infrastructure has led to increased conveyance losses and reduced
productivity of water and il resources.

Considering the production deficits for food and raw materials and the
budgetaryrestrictions imposedby the federal government, the mosteconomical
way to augment agricultural productivity isto rehabilitate the existing irrigation
systems.

CNA's main objective is to raise the productivity of the existing irrigation
and drainage infrastructureand that of water and soil resources. This program,
which aims to contributeto food self-sufficiency, depends upon the concerted
efforts of water users and state governmenis,

The second objective is make irrigation systems self-supporting through
increased user participation in operations, maintenance, and administration.
Accordingtotheguidelinesof the national developmentplan, the responsibility
of administering those systems that have reached an adequate socioeconomic
level will also be turned over to the fanners. The following interventions have
been planned to attain the objectives:

*Modernization of 20 irrigation systems, located mainly in the north and
covering atotal of 1.9million ha. Operation, maintenance, and administration
of these systems will be transferred to the water users.

Rehabilitation of 40 other systems which total 850 000 ha. Production is
expected to increase substantially. Greater user participation in operating
costs and administrativeactivitiesshould lead to financial self-sufficiency.

* Rehabilitation and other measuresin the 17remaining systems, which cover
410 000 ha. These measures which aim to optimize the infrastructure and
thus improve productivity will be carried out in collaboration with those
involved in the sector, including the state governmentsand waters users.

Theseinterventions shouldincrease croppedaresin the irrigated systemsby
500000 ha (370000 ha in the 20 systems undergoing modernization and
130000 ha in the other 57 irrigation systems) by the end of the current 6-year
presidential term. Productivity of soil and water resources is expected lo
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improve. by about 5 percent compared w:th the cument. level. :Operating

subsidies granted to most |ys|;ems w1ll be reduotd. except in chiéleast demloped
gystems.

I~
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