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he increased pressure on the nat-

ural resources, water and soil in

particular, the population growth,
the wide changes in agricultural policies
and practices, the improved recognition
of environmental problems, the global-
ization of the economy, the need for fair
social and socio-economic balances, im-
pose to rethink the issues of develop-
ment. The concept of sustainable devel-
opment has been therefore introduced
and widely accepted.
In case of agriculture, this concept has
particular implications on the relation-
ships between agricultural activities, en-
vironment preservation and resource
conservation. The water reésources ‘are
becoming more scarce, not only in quan-
tity but because of the degrading qual-
ity. Meanwhile, competition for its use
is increasing. The land resource, which
is not renewable for the next genera-
tions, is also threaten by degradation and
loss of soil productivity, particularly in
areas where population growth is in-
tense. New perspectives are required to
manage both the soil and water. This re-
quires technologies appropriate to im-
prove and enhance the land and water
use, the maintenance of biodiversity and
natural and environmental balance, as
well as changes in the social perception
of development. Despite progress on
technological and managerial tools we
still have many gaps in knowledge and
in transferring scientific and technologi-
cal knowledge into practice thus in train-
ing and research.
This paper focus on the need for con-
sidering the implications of sustainable
development when developing educa-
tion and training for sustainable agricul-
ture.

Sustainable agriculture

The concept of sustainable development
is supported by a large number of def-
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It is well recognized that development has to be reoriented to effectively respond to the population
growth, increased urbanization, problems of poverty, hunger and malnutrition, and the expectations
of the young generations and of the less developed regions. Questions relative to water play an
essential role because water demand is increasing, the resource is scarce and water quality is
degrading. Competition for water is therefore threatening agricultural water use since agriculture has
the highest demand but with low efficiency and low cost recovery. However, the food supply of the
growing population requires irrigated agriculture.

The use of water in agriculture imposes that the concept of sustainable development fully applies:
conservation of natural resources, adoption of appropriate technologies, environmental friendliness,
economic viability, institutional adequateness and social acceptability and awareness. This implies
innovative approaches for the orientation of high education, research and training. Priority areas of
concern include those related to environmental and health impacts, water quality management,
modern irrigation systems, technologies for use of waste and saline water, basin wide integrated
planning of land and water resources, water saving techniques, economics of agricultural
development, and social, institutional and policy issues.

[Résumé .

Il est devenu claire que le développement doit prendre de nouvelles orientations pour bien répondre
a la croissance de la population, a I’ urbamsatwn, a la pauvreté et a la famine, et aux expectatwes des
nouvelles générations et des regions ins developpées. Les q t relati a leau j t un role
essentiel dans ce contexte parce que la demande pour l'eau va en aug tant, la 7 ce est limité.
et la qualité des eaux se dégrade. La compétition pour l'eau affecte les usages agricoles tant plus que
la demande agricole est la plus grande, que Uefficience est basse et que la couverture des coiits est fai-
ble. Pourtant, la production d’aliments pour la population toujours croissante exige Uirrigation.

Le concept de développement durable doit s’appliquer a Uutilisation agricole de U'eau: conservation des
resources naturelles, adoption de technologies appropriées, équilibre avec I'énvir t, viabilité
économique, adéquation institutionelle et acceptabilité sociale. Cela implique de nouvelles approches

en matiére d’éducation, recherche et formation. Les d prioritaires sont ceux des impactes sur
Uenvironement et la santé, la gestion de la qualité des eaux, la modernisation des systémes d’irriga-
tion, les technologies pour lutilisation des eaux usées, la pl ification des utilisations des sols et des

eaux a U'échelle des bassins versants, les techniques pour U'épargne de Ueau, I'éc ie du d ppe-
ment agricole et les innovations concernant I'environnement social, les institutions et les politiques.

initions. The WCED (1987) introduced
the concept as the «development which
meets the needs of the present without
compromising the ability of future gen-
erations to meet their own needs». Go-
ing further on the implication of this fun-
damental concept, the WCED (1987)
proposed a more specific definition:
«sustainable development is a process of
change in which the exploitation of re-
sources, the direction of investments, the
orientation of technological develop-
ment, and institutional change are all in
harmony and enhance both current and
future potential to meet human needs
and aspirations».

The concept of sustainability relates
therefore to the human legacy that
present generations received from the
past ones and should not destroy but en-
hance for the future. This has strong
components under the perspectives of
resource use, conservation and preser-
vation, of economical nature, of techno-
logical and scientific progress, of social
and institutional arrangements, of envi-

ronmental equilibrium and of human de-
velopment. This fully applies to agricul-
tural and rural development.

The FAO (1990) revised concepts pro-
posed by many authors and formulated
its own definition focusing on agricul-
ture, forestry and fisheries: «sustainable
development is the management and
conservation of the natural resource
base and the orientation of technologi-
cal and institutional change in such a
manner as to ensure the attainment and
continued satisfaction of human needs
for the present and future generations.
Such sustainable development (in the
agriculture, forestry and fisheries sec-
tors) conserves land, water, plant and
animal genetic resources, is environmen-
tally non-degrading, technically appro-
priate, economically viable and socially
acceptable». This is an excellent defini-
tion for sustainable agriculture.

The NRC (1991), analysing definitions of
sustainable agriculture, states that «virtu-
ally all of which incorporate the follow-
ing characteristics: long-term mainte-
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nance of natural resources and agricul-
tural productivity, minimal adverse en-
vironmental impacts, adequate econom-
ic return to farmers, optimal crop pro-
duction with minimized chemical inputs,
satisfaction of human needs for food and
income, and provision for the social
needs of farm families and communities».
Innovations in technology and manage-
ment have then to be capable of re-
sponding to the requirements above:
they have to be based on the knowledge
of processes which can lead to resource
degradation and to the maintenance of
natural resources; have to consider pro-
duction objectives together environmen-
tal impacts, thus the technologies which
control resource degradation and en-
hance productivity; non-productive uses
of the land and water should be given
a value, as well as to environmentally
friendly and improved uses of land and
water which help degradation process-
es to be reversed (Serageldin and Steer,
1994a, b). Appropriate institutional solu-
tions for land and water management
have to be implemented.and combine
the capabilities for enforcing policies
and rules with the social acceptability of
decisions and measures, and the satis-
faction of human needs and aspirations.

Challenges on soil and water
resources use and
management

The pressure on using the water resourc-
es makes their availability to be reduced
and quality to be deteriorated (Engel-
mann and LeRoy, 1993). A global per-
spective of the water resources availabil-
ity is given by the World Bank (1992)
showing that in most of the regions the
annual withdrawal represents a relative-
ly small part (less than 20%) of the to-
tal annual internal renewable water re-
sources. However, in the Middle East
and North Africa region, the share is es-
timated to be in average 73% of total wa-
ter resources. This indicates severe prob-
lems of water scarcity and drought. Fore-
casts for next 30 years show that water
scarcity or water stress are increasing in
many parts of the World and may affect
a very large number of countries (Engel-
mann and LeRoy, 1993).

Agriculture has the highest share of wa-
ter resources in low-and middle-income
countries, while industry is the most im-
portant user in developed countries. A
very high agricultural share of total wa-
ter withdrawals also occurs in European
Mediterranean countries.

The water quality is an expanding prob-
lem. Surface waters become more pol-
luted: low dissolved oxygen, heavy met-
als and increased faecal coliforms. This
is mainly caused by affluents from the
industry and urban settlements. Howev-
er, agriculture is also a cause for pollu-
tion, particularly groundwater pollution
(Logan, 1990; Bogardi and Kuzelka,
1991).

Water pollution makes health problems
particularly acute. 900 millions of peo-
ple are affected by diarrhea each year
(The World Bank, 1992) due to prob-
lems of water supply and sanitation. Sev-
eral other diseases are related to water
like malaria, filarasis, bilharziazia, schis-
tosomiasis (Birley 1989; Tiffen, 1989;
Hespanhol, 1994). This brings to the first
line the problems of availability of safe
water and sanitation. These areas be-
came prioritary for funding agencies (Pe-
tit, 1994).

The analysis of the growth of the world
population (The World Bank, 1992)
shows that population would more than
double in the next 40 years if present
annual growth rates would be main-
tained. The highest rates of population
growth occur in Sub-Saharan Africa and
Middle East and North Africa, where
population is expected to more than
double by 2030. Most of population
growth will occur in developing coun-
tries, reducing to only 10% the popula-
tion of OECD countries by 2030. Such
growth of the population will put more
pressure on land and water resources in
these regions, which happen to be those
facing major problems of water scarcity
and, unfortunately, also degradation of
land resources. It is known that a large
part of the world population has not
enough food. Famine is not only origi-
nated by war, droughts or floods. It is
also a consequence of living in fragile
environments, cultivating unsuitable ar-
eas and crowding the neighbourhoods
of large cities with poor access to work
in industry and services. About one
fourth of the human population is be-
low the poverty line, with associated
problems of food shortage. Mankind has
to provide food for more 3.6 billions per-
sons by 2030 but also to overcome food
shortages of one fourth of the popula-
tion. Estimates indicate that world’s food
production has to double in the next 40
years, but more than double in areas of
large population growth.

During the last 30 years increases in ce-
real production in developing countries
amount for 118%. 92% is attributable to
increase in average yields. Fortunately,

already available technologies allow for
much higher average yields than those
currently available when an optimized
combination of seeds, farming practices,
fertilizing, and irrigation would be uti-
lized (Waggoner, 1994). Current average
cereal yields in developed countries are
now over 4 ton/ha, while in developing
countries are 2.3 t/ha, with only 1.4 t/ha
in the Middle East and North-Africa re-
gion. However, to improve the food sup-
ply to feed the growing population will
require new land and water resources
management. Uncertainties associated
with global climate changes have also to
be overcome (see Rosenzweig and Par-
ry, 1993).

Urbanization is another aspect of partic-
ular importance because growth of pop-
ulation is associated with urbanization.
Half of world population is now living
in cities when 25 years ago near two
thirds was rural population. By 2030
near three-quarters of the world popu-
lation will be urban. This rises several
questions: the increase of poverty in
crowded neighbourhoods of large cities,
the use of agricultural land to extend
these neighbourhoods, the increase in
the water demand for domestic and in-
dustrial uses, the growing need for safe
water and sanitation, the increased de-
mand for energy, the decrease of man-
power for the traditional cropping
systems, the growing distance between
human environments and nature.
Worldwide, water is the major factor lim-
iting crop yields and food production.
Irrigation has been critical to increase
crop yields and production by eliminat-
ing or reducing plant water stress. While
only one-sixth of the world’s cropped
land is irrigated, this area produces ap-
proximately one-third of the world’s
food supply (Wagooner, 1994). Over
one-half of the increase in food produc-
tion over the last 25 years has come from
irrigated land (Rangeley, 1990). Irriga-
tion will continue to play a critically im-
portant role in assuring the food secur-
ity of the world’s expanding population.
Irrigation also contributes significantly to
poverty alleviation and general improve-
ment in the quality of rural life. Further,
it enhances the productive capacity in
otherwise harsh environments and re-
duces the need for horizontal expansion
of rain-fed agriculture onto marginal
lands. Irrigation also has potential neg-
ative effects, mainly waterlogging and
salt affected soils (Jensen, 1993). Arid
and semi-arid water stressed areas are
particularly sensitive to those detrimen-
tal effects (Agnew and Anderson, 1992).
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While many of these can be minimized
or avoided altogether by better planning,
or mitigated by appropriate measures,
questions have arisen as to whether ir-
rigation is capable of continuing the high
levels of agricultural production in the
long run without undue damage to the
environment. To feed the rapidly grow-
ing population, food production must be
increased by enlarging the area served
by irrigation, or by intensifying agricul-
tural production on the existing irrigat-
ed and rain-fed lands. Much of the ad-
ditional agricultural production has been
achieved through the development of
new irrigation projects and products,
and the use of high-yielding varieties,
which require optimum management of
land and water. Unfortunately, growth
in grain production has slowed during
the past few years. These trends point
to the danger of a decline in per capita
agricultural production, which will be-
come even more dramatic with the in-
creasing world population. Hence, the
world food and water problems may
worsen with time. The growth in de-
mand exceeds that of production in the
developing countries, and further, this
spread may increase when accounting
for the increased expectations of future
generations.

During the past four decades, develop-
ment of irrigated agriculture provided a
major part of the increase in production
necessary to meet food population de-
mands. On a global basis, the average
rate of irrigation expansion was about 1
percent per year in the early 1960s and
reached a maximum of 2.3 percent per
year from 1972 to 1975 (Waggoner,
1994). The rate of expansion began to
decrease in the mid-1970s and is now
about 1 percent per year (Jensen, 1993).
The reasons for this decrease in expan-
sion are many, including the high cost
of irrigation development and the de-
cline of the world price for major ce-
reals. Further, and perhaps most impor-
tantly, as much of the land suitable for
irrigation development and available
water supplies have already been devel-
oped, progressively more expensive, ec-
onomically less favourable and environ-
mentally more sensitive areas are left for
further expansion. However, authors
like Crosson (1993) admit that irrigated
areas may be increased by 50%.
Scarcity of water is a major constraint for
further irrigation development. However,
these finite water supplies face an ever
expanding demand from many compet-
ing water users. As the competitive de-
mands for water continue to increase it

is imperative that this limited resource be
used efficiently for agricultural and other
uses (Hennessy, 1993). In some scarce ar-
eas, more water will be diverted from ag-
riculture to meet expanding needs for do-
mestic and urban uses because of popu-
lation growth. The use of unconvention-
al water resources in agriculture will al-
so expand. Existing irrigation methods
and practice are being placed under in-
creased scrutiny from many fronts. Irriga-
tion research must now focus on other
alternatives such as increasing crop pro-
duction per unit of irrigated land and per
unit of water consumed by evaporation.
Yet, the fact remains that new irrigation
development and improved management
of existing soil and water resources, must
be capable of providing needed food and
fibber production while at the same time
addressing key environmental and social
issues.

Need for innovative issues

Priorities for sustainable water
resources utilization in agriculture

Problems identified above call for new
innovative issues in water management
in such a way that development not on-
ly sustains the fast growing and urba-
nized population, but be sustainable,
i.e., resource preserving, environmental-
ly non-degrading, technically appropri-
ate, economically viable, socially accept-
able and human oriented.

Assuming the challenges above, a Re-
search Agenda on sustainability of water
resources utilization in agriculture evolved
from group discussions in a NATO Ad-
vanced Research Workshop held at Vimei-
ro, Portugal, March 1994 (Pereira et al.,
1994). The resulting primary issues and

Priority Issues

1 Environmental and health impacts

1 Water quality management

2 Rehabilitation and modernization of irriga-
tion systems

3 Technology and rules for use of waste and
saline water

3 Policy issues

3 User participation for planning and manag-
ing irrigation and drainage systems

4 Basin wide integrated water resources plan-
ning

4 Human resources development

5 Irrigation and drainage system performance

5 Water savings methodologies

6 Rainfed agricultural water management and
water harvesting

6 Economics of development of both irrigat-
ed and rainfed agricultural schemes

7 Land and water institutional issues

priorities are listed below:

These issues concern the different com-
ponents and implications of sustainabi-
lity such as: resource conservation; te-
chnical appropriateness; environmental
concerns; economic viability; and social
and institutional adequacy. They also re-
late to: management techniques; inno-
vative technologies; evaluation, asses-
sment and monitoring methodologies;
and measures, rules, guidelines and trai-
ning tools. They cover broad areas of
concern, of interest both to the develo-
ped and developing countries.

The development of the priority topics
listed above is presented in the fol-
lowing subheadings and is based on the
refereed Research Agenda (Pereira et al.,
1994; Pereira, 1995).

Environmental, health and water
quality

These aspects have been considered
with first priority.

Environmental and bealth impacts in-
clude:

(a) evaluating the potential of irrigation
as a means for environmentally sustai-
nable land use and food production, as
well as the potential adverse environ-
mental impacts resulting from neglecting
or abandoning irrigation systems;

(b) the development of appropriate tools
for assessing and controlling the impacts
of using low quality water in irrigated a-
griculture, and appropriate techniques for
the maintenance of waste water systems;
(¢) the control of water-related diseases,
including monitoring health hazards en-
vironmental management for vector con-
trol, and expand the epidemiological
studies of agrochemical waste water and
drainage water reuse;

(d) improve land evaluation criteria and
methodologies for irrigation planning to
include the assessment of the impacts on
the environment.

Water quality management concerns:
(a) water quality monitoring, including
the development of reduced cost
methods of assessment and standards for
chemical, physical and biological loads,
and the aspects relative to pollution from
agrochemicals;

(b) economic and effective mechanisms
for disposal or reuse of drainage water,
salts and agricultural wastes, particularly
in arid and semiarid lands;

(c) appropriate methods for waste wa-
ter treatment for agriculture reuse;

(d) best management practices to mini-
mize water quality degradation in irri-
gated agriculture.
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Technical issues

High priorities should be given to the
technical aspects oriented to modernize
irrigation and drainage systems and to
provide for appropriate use of saline and
unconventional water.

Concerning rebabilitation and moderni-
zation of irrigation systems, main a-
spects relate to:

(a) procedures for integrated planning
and management of irrigation and drai-
nage systems;

(b) development of locally-adapted wa-
ter-efficient on-farm irrigation technolo-
gies, i.e., the improvement of on-farm ir-
rigation performances;

(c) integrated irrigation and fertilizer ma-
nagement including fertigation, chemi-
gation and irrigation scheduling;

(d) low cost technologies for canal con-
struction and improvement, and appro-
priate techniques for improved water re-
gulation and control;

(e) strategies for sustained increases in
output per unit input of water and land,
(f) control sediment in irrigation and
drainage systems;

(g) enhanced methods for field evalua-
tion of on-farm and off-farm system
performances and system monitoring,
including water supply, water quality,
salinization and environmental, econo-
mic and social impacts.

The appropriate use of saline and waste
water requires:

(a) improved knowledge on salinity and
solute processes under irrigated agricul-
ture;

(b) methods, techniques and guidelines
for use, control and management of low
quality water for irrigation;

(c) expanded research on adaptation of
crops and cropping systems to use low
quality and saline water;

(d) criteria and guidelines for the use of
saline water and for saline water table
management.

Institutional and policy issues

Innovative issues are required to make
water management effective. They con-
cern the mechanisms to improve user’s
participation and to strengthen the in-
stitutions involved in water resources
planning and management, as well as
the laws and regulations relative to wa-
ter policies.

Issues to enhance user’s participation in
management of irrigation and drainage
systems include:

(a) the improvement of programs aiming
at the transfer of responsibility from go-
vernment to users relative to the opera-

tion, maintenance, and management of
irrigation and drainage systems;

(b) guidelines for user organizations to
administer water for different uses;

(¢) the recognition of indigenous know-
ledge, human reluctance to change, and
traditional social arrangements;

(d) mechanisms which can improve the
coordination and division of responsibi-
lity between government, public and
water user institutions and the irrigation
industry.

The policy issues for water management
relate to:

(a) appropriate procedures for allocation
of surface and ground water for diffe-
rent purposes and uses;

(b) water laws and rights which provi-
de for equity in water distribution and
allocation;

(o) legal instruments and procedures for
implementing water conservation and
efficient management practices.

The institutional building issues mainly
concern human resource development:
(a) training, at all levels, of personnel
involved in planning, construction, ope-
ration, maintenance and management of
agricultural, irrigation systems;

(b) technology transfer at all levels of ir-
rigation and drainage management, in-
cluding farmers;

(o) improved mechanisms to promote and
assure dialogue among water users, water
user associations and water authorities;
(d) research and training on moderni-
zing surface irrigation systems, both on-
and off-farm;

(e) institutional arrangements which e-
nable appropriate training and techno-
logy transfer on water management;

(f) enhanced financial, institutional and
other infrastructure which provides sup-
port services to farmers.

Planning and socio-economic issues

Innovations in these areas are required
not only concerning the methodologies
to be utilized but under the conceptual
approaches derived from the sustainabi-
lity requirements relative to economic
viability, social acceptability and human
oriented development.

In which concerns planning, main issues
relate to basin-wide integrated water re-
sources planning:

(a) political economy of water resources
development for agriculture and rural a-
reas;

(b) criteria, policies and procedures for
transboundary basin planning and ma-
nagement;

(¢) development of basin-wide integra-

ted water resources planning and ma-
nagement including soil and water con-
servation;

(d) strategies for water harvesting on a-
rid and semi-arid lands;

(e) drought mitigation methodologies;
() monitoring and controlling surface
and ground water salinity;

(g) technologies for water reuse in de-
veloping countries.

New issues related to the economic and
social aspects of water management re-
fer to:

(a) evaluating the role of irrigation in
meeting global food requirements;

(b) determining the social and economic
aspects of increasing water use effi-
ciency in agriculture;

(¢) impacts of water pricing on water de-
mand and consumption;

(d) economic and macroeconomic crite-
ria for irrigation investment including
public versus private investment;

(e) criteria to ensure the economical via-
bility of existing irrigation schemes, in-
cluding water pricing and financial re-
sponsibility of users, as well as mechani-
sms to ensure financing of maintenance
and rehabilitation of irrigation systems;
(O analysis of the subsidies system for
irrigated agriculture and the financial
vulnerability of irrigated agriculture to
external changes such as prices of agri-
cultural products and natural disasters;
(g) innovative methodologies for asses-
sing benefits of soil and water conser-
vation and water harvesting.

Education and training for
sustainable agriculture

Attitudes

From the analysis above one may per-
ceive that implications of sustainability
in developing education and training
programmes are of several nature: (1) a-
gricultural yields have to increase but
environmental balances shall be main-
tained or restored; (2) the use of soil and
water resources should go together with
conservation and control of resource de-
gradation; (3) economic values should
not dominate over social and human va-
lues; (4) greater emphasis on manage-
ment issues is however limited by the a-
vailable technologies; (5) the imple-
mentation of technical issues - techno-
logical and management tools - require
an adequate institutional framework. In
other words, these implications make
the process of education and training
more complex and demanding. This
could be contrary to the increased de-
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mand for education and training.

One key to overcome such contradiction
could be the attitude of teaching in su-
ch a way that the process of learning be-
comes a process of perception of the su-
stainability implications and challenges.
In fact, there is not very much differen-
ces in subjects to be taught when the
concept of sustainability is or is not con-
sidered. The physical, biological, eco-
nomic and social processes are the sa-
me. The differences come from the
objectives to be attained and from the
need to understand the interrelationshi-
ps between agricultural production and
environment, use and conservation of
resources, economic feasibility and so-
cial acceptability. Hence, the first requi-
rement in education and training for su-
stainable agriculture is the teaching and
learning attitude in order to favour the
full perception of the sustainability chal-
lenges and implications.

Programmes

Education and training programmes ha-
ve to be designed according the au-
dience. The same technological subject
has to be taught following different ap-
proaches when it is given to undergra-
duates or graduates, to professionals or
to users. Following the analysis by Col-
lins - Jones (personal communication,
1995) these four types of audiences re-
quire that teaching be oriented in a dif-
ferent manner:

— for undergraduates, the focus should
be conceptual, i.e. providing the funda-
ments of processes involved and how
concepts are applied in the practice. Sin-
ce students are being trained to become
professionals, examples or exercises of
application are required,

— for graduates, following M. Sc or Ph.
D programmes, the state-of-the-art ap-
proach is the most appropriate, hope-
fully provided under an advanced per-
spective. Students are supposed to have
the background on the physical and bio-
logical processes and, then, concepts
should build on it;

— for professionals, which include futu-
re trainers and extensionists, one may
consider two perspectives: (1) when the
subject is not directly related to the pro-
fessional activity of the trainee, a con-
ceptual approach should prevail, sup-
ported by case studies; (2) when the
subject falls in the professional field of
the trainee, than the approach is a spe-
cialist course at state-of-the-art level, in-
cluding applications and specifications,
economics and quality control,

— for users, which currently have a lower
background level, the approach has to
be oriented for the benefits and limita-
tions, assurance in application and co-
des of practice.

Unfortunately, not all «curricula» are de-
signed with full consideration of these
programmes implications. Very often
graduates and professionals attending
courses in a new subject have very dif-
ferent backgrounds. Then a mixture of
conceptual and application approaches
is currently provided, which does not
ensures enough advanced or specialized
learning processes.

This may be particularly difficult for ad-
vanced training on sustainable irrigated
agriculture, where trainees mainly have
two distinct backgrounds: the biological
one for the agronomists and engineering
for agricultural engineers. The compro-
mise of building a course for both is ex-
tremely difficult and results are often far
from expectations.

An interesting example is that of the Ir-
rigation course at Istituto Agronomico
Mediterraneo, Bari (IAM-Bari). Post-gra-
duation is provided at two levels: a fir-
st year specialization course, common to
agronomists and engineers, and a se-
cond year M.Sc. thesis for candidates se-
lected from the first year. The speciali-
zation course provide a common trai-
ning, conceptual through lectures and
applicative through several weeks desi-
gn. It is not intended that agronomists
become engineers nor the engineers be-
come plant production specialists but
only that both improve knowledge and
kills on irrigation science and enginee-
ring in their own fields of activity.

«Curricula»

Sustainable use of water resources in a-
griculture is one facet of sustainable a-
griculture. Main water use is for agri-
cultural production and secondary uses
are those for human and farm activities.
Water use for crops is both rainfall and
irrigation water but human intervention
is mainly oriented to irrigation. The-
refore, any «curriculum», while adopting
its specificity, has to combine:

— the fundamentals of crop production
which can help understanding crop
growth and yield, as well as water use
efficiency;

— the soil resource, the soil as support
for crop production, the processes fa-
vouring soil degradation and erosion, the
issues for soil conservation and restora-
tion, as well as soil management issues;
— the water cycle, the processes occur-

ring both in the atmosphere and in the
earth, with emphasis on the soil-plant-
atmosphere relationships;

— the processes to control rainfall im-
pacts, i.e. the consequences of both ex-
cessive rainfall — non structural flood mi-
tigation, runoff control to minimize wa-
terlogging and erosion — and scarce rain-
fall, including water conservation and
drought mitigation measures;

— the crop water and irrigation require-
ments, oriented for planning and mana-
gement of irrigation systems and for farm
irrigation scheduling;

— the farm irrigation techniques — desi-
gn and evaluation — under a perspecti-
ve of environmental friendliness, water
application efficiency and economic
profitability;

— the drainage for waterlogging and sa-
linity control;

— the management of irrigation systems,
including regulation and control solu-
tions, improved delivery schedules to
match on-farm demand, the conserva-
tion of the resource and the control of
environmental impacts;

— the processes of water and solutes
transfer in the soil, both in rainfed and
irrigated agriculture, and the related is-
sues to control the quality of ground-
and surface waters;

— the environmental and health pro-
blems associated with the use of saline
and brackish water and wastewater, in-
cluding questions relative to water treat-
ment and standards of water quality;

— monitoring of systems under operation
to control both quantity and quality pro-
blems of water and soil resources;

— economic and social aspects of deve-
lopment, including water pricing, far-
mers organizations, turnover of respon-
sibilities from the state to the farmers;
— farmers participation in the decision
processes and farmers behaviour in re-
lation to modernization.

Themes listed above can be dealt with
greater or smaller detail according the
programme for which a «curriculum» is
designed. Difficulties in dealing with su-
ch (non exhaustive) list of topics relate
to several aspects:

(1) Background of students: most of the-
se subjects require the background in di-
sciplines relative to physics and mathe-
matics. Difficulties are greater for stu-
dents of Agronomy sciences.

(2) Orientation of the training: if there
is a tendency to emphasize management
all engineering aspects will be poorly
dealt and training will be definitely bia-
sed. The same applies if only enginee-
ring is the objective.
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(3) Conceptual vs. descriptive teaching:
trainees must learn how to do but also
why any solution is selected. Real life
requires a constant adaptation of solu-
tions. This requires appropriate capabi-
lities to formulate the problems, identify
issues and select solutions.

(4) Need for case studies, which help to
understand the concepts and why given
solutions some times do apply and so-
metimes do not apply.

(5) Need for incorporating models: mo-
st of processes are now described by mo-
dels. Their use give a logic to understand
the process. However, to apply models
requires both a good perception of the
process and of the limitations, capabili-
ties and requirements of the model.

Conclusion

This paper provides ideas for discussion.
It just focus on one aspect of sustaina-
ble development. Efforts to improve hi-
gh education responding to sustainabi-
lity challenges are worthwhile. This im-
plies new attitudes, innovation and
strong knowledge on processes related
to irrigated agriculture. Higher education
should provide the society with good en-

gineers and agronomists who could be
able to be good professionals and also
understand the environment and the so-
ciety. o
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Irrigazione e fertirrigazione
Tecnologia applicata.

Gestione dell’acqua

Riciclo delle acque di rifiuto, filtrazione
trattamento dell’acqua potabile, ecc.
Coltivazioni e propagazione

Semi, colture tissutali,

sistemi per impianto e trapianti.
Macchinari

Equipaggiamento per colture avanzate
e quelle minime.

Sistemi per il trattamento

e la raccolta delle coltivazioni.

agritech
israel 96

Agritech Spring ’96, la 132 edizione della Mostra Internazionale di Agricoltura in Israele,
avra luogo dal 12 al 16 Maggio 1996 a Tel Aviv

Agritech Spring 96 é la Mostra della tecnologia israeliana, di fa-
ma mondiale, applicata all’agricoltura e delle soluzioni integra-
te. E I’evento triennale in cui gli agronomi ed i produttori esibi-
scono il meglio della loro produzione: nuove idee ed agricoltu-
ra super intensiva, le ultime novita in campo tecnologico non-
ché programmi completi per I'operatore agricolo di oggi.

Agritech Spring ’96 mette in evidenza le piu recenti tecnologie

132 Mostra Internazionale dell’Agricoltura in Israele, Tel Aviv, 12-16 Maggio 1996

Equipaggiamento per la selezione,

la confezione ed il trasporto.

Pollame

Allevamento, riproduzione, equipaggiamento,
sistemi per l'alimentazione,

soluzioni integrate.

Bestiame

Sistemi computerizzati di mungitura,
riproduzione, sistemi per I'alimentazione,
soluzioni integrate.

Acquacoltura

Riproduzione, equipaggiamento,

sistemi per I'alimentazione, soluzioni integrate.

Per ulteriori informazioni si prega di contattare:
Dott. Gil Keinan - Console per gli Affari Economici
Consolato d’Israele - Corso Europa, 12 - 20122 Milano
Tel. 02/76015545 - Fax 02/76014145

al servizio delle coltivazioni da campo e frutteti, allevamenti di
pollame e caseifici, coltivazioni in serra, acquacolture e molti
altri settori dell’agricoltura moderna.

Agritech Spring ’96 é anche la sede di congressi e seminari su-
gli argomenti acqua ed irrigazione, tecnologia applicata alle ser-
re, ecologia degli agro-eco sistemi, protezione delle piante e
produzione casearia.

Sistemi di informazione e gestione
computerizzati

Hardware e software per la gestione
in agricoltura e sistemi informativi.
Fertilizzanti

Chimici e organici.

Alimentazione

Procedimenti e lavorazione.
Protezione delle piante

Sistemi chimici, organici e biologici.
Serre

Strutture, equipaggiamento, rivestimento,
teli plastici e automazione.

15



	10
	11
	12
	13
	14
	15

