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At the threshold of the 1970's education in all its branches has advanced to include science and knowledge
unknown only a few years ago. Agriculture and engineering science serving agriculture has shared in this application
of new knowledge with the resulting influence of change, Latin America, with its vast human, material and physical
resources, faces many problems in its development towards increased food production and improved living standards.
Agricultural engineers, alone and in co-operation with others, seek solutions to the involved problems which demand
vigorous application of knowledge, initiative and imagination, Adequacy in preparation of professional personnel de-
mands modem high quality educational systems in which incomplete or obsolete education cannot be afforded.

As a contribution to the definition of educational requirements for agricultural engineers in Latin America a
Panel on Post Graduate A gricultural Engineering Education and Associated Research in Latin America was organized
and held in Lima, Peru, August 4-8, 1969,

The sponsors of the Graduate Programme in Agricultural Engineering at La Molina are satisfied that their ob-
jectives have been met. The interest and objectives of people engaged in agricultural engineering in the region have
been united, A Latin American Society of Agricultural Engineering (SLAIA) was formed in the Panel and this society
is certain to play a major role in establishing technical and scientific education and applications needed in Latin Ame-
rica,

The report of the panel was published and circulated to the participants and others following the meeting,
The report contained the recommendations and suggestions of the panel and information related to planning participants
and execution of the meetings. Only a list of the titles of papers with authors as presented to the panel was included.
These papers formed the background for discussion in the meetings and the basis for the approved body of recommen-
dations,

This volume contains the papers presented to the meeting classified according to their themes and sequence
of delivery to the panel, Some annexes and appendixes have been omitted to reduce the size of the volume, These
omissions have been identified by an asterisk, The deletions do not affect the central theme of the concemed papers,
A limited number of these annexes or of the individual papers may be obtained upon request from the Interamerican
Institute of A gricultural Sciences, Apartado 11185, Lima, Peru or directly from the respective author or institution,

The papers contained deal with the philosophy, objectives, requirements for undergraduate and graduate edu-
cation, research, accreditation, financing and administration of Agricultural Engineering Programmes in Latin Ameri-
ca, Sponsors of the panel are pleased to make the information contained available for use by those interested, associa-
ted or involved in Agricultural Engineering Education Programmes in Latin America and elsewhere,

The panel sponsors gratefully acknowledge the work of all authors whose papers appear in this volume, The
co-operation and assistance offered by staff members of the National A grarian University, participants from Latin Ame-
rica, consultants, students, and technical officers of International Organizations all of whom contributed to the success
of the meeting is much appreciated.

H.M, Lapp
Local Programme Head UNDP/SF80

Dr. L. Marcano
Director, IICA, Zona Andina

Ing. J. Quiroz

Director, Programme of A gricultural
Engineering= National Agrarian
University- La Molina= Lima= Peru
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Inauguration Day:

1. PHILOSOPHY OF AGRICULTURAL ENGINEERING & EDUCATION REQUIRED FOR THE PROFESSION by Carl W. Hall,
Michigan State University, East Lansing, Michigan, U.S.A.

INTRODUCTION

Agricultural Engineering is widely recognized as a profession which can contribute to the development
of a country. These developments might be economic, social, technological, or educational, or a combination
thereof. The development of a country depends primarily on utilization of its resources. These resources include
human as well as physical. We are principally concemed, as agricultural engineers, with the industrialization of
agriculture as a means of increasing the agricultural potential of the land and the productibity of the land and labor.

The experiences of other countries provide at least a partial model and guide for development. In very
few cases are successful models of development directly transferable to other countries. There are various parame -
ters which must be considered in the application of a model of development, altering its make- up and use for another
country.

AGRICULTURE AND INDUSTRY DEVELOPMENT

In general, schemes to improve the economy of a country based only on industrial and urban areas have
failed, Likewise schemes designed to help primarily the farm sector have not been successful. There is a direct re-
lationship between the development of farm and industry. As farming becomes mechanized, there is often a move -
ment of people from farms to the city. Obviously, many social and economic problems can develop if the industrial
sector is not developed simultaneously to utilize the number of people and kinds of skills available. People living
on the land pwvide at least 50% of the gross national product in many countries. To initiate major changes in the
productivity of a country which receives at least 50% of its income from faming, necessitates as one of the first steps
making famming more efficient. In the early stages of development farming and agriculture are nearly synonymous.
As a country develops farming requires a smaller percentage, but often much higher levels of training of manpower
involved in the agriculture sector. Because of the mobility of trained or educated manpower, the abilities needed
will be available and will be used throughout the economy whether farm, rural, urban or industrial.

As industrial development proceeds, the terms farm, agriculture, and rural take on very different mean-
- ings. Farm refers to land. Rural refers to nonurban. A griculture includes the production and processing of food,

feed , and natural fibers of which the farm is but one segment. Much of the agriculture segment of the economy may
include nonfarm puruits. Thus agriculture, as an industry, must become more efficient in the farming sector by
increasing land productivity and labor productivity.

LAND PRODUCTIVITY

The fact that every underdeveloped country is still principally engaged in farming should offer a clue to
potential development. The first step is to increase the productivity of the land being farmed. The productivity of
the land can be increased by:

1. Using proper fertilization, soil mandgement, and cultural procedures and practices,

2, Using proper weed control

3. Adopting soil and water conservation practices, including irrgation, drainage, and erosion control
4. Reducing losses from insects, diseases, rodents, and birds

5. Utilizing meaningful mechanization °

6. Using correct plant populations of improved, adapted crop varieties

These requirements all sound rather easy to.attain, However, we know too little about transferring these
recommended practices to other areas of the world, particularly to tropical areas , where many of the underdeveloped
countries are located,
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Meaningful mechanization has a perrianent place in increasing productivity. Meaningful mechanization
can be considered as land saving. That is, more productivity per acre in developing areas. A major advantage of
meaningful mechanization is that the timeliness the accuracy of doing the job are increased--two crops of com per
year instead of one, three crops of rice instead of two. The job to be accomplished may be seeding or planting,
placement of fertilizer, application of chemicals for insect or weed control, harvesting, handling, or threshing of
the crop.

LABOR PRODUCTIVITY

Labor producti vity refers to the output per yield of time input, generally eéxpressed as output per man
hour of workk. Meaningful mechanization can also be considered as labor serving and labor saving, which provides
greater productivity. Mechanization permits replacing or supplementing human and animal with mechanical power,
thus increasing the dignity of workers, improving the environment in which the work is carried out, doing the job
more efficiently, and increasing the capacity for work.

With mechanizatian there is a trend to substitute human or animal power with engine power and to uti-
lize energy produced extemal to agriculture, such as fuels and electricity. About 85% of the draft power in farming
throughout the world is provided by animals, The production energy for farm power in the USA has shifted very ra-
pidly from internal to external sources--that is, from the fanm to industry. Fuel for energy has shifted from forage
and grain fields for animals to oil or coal fields for engine fuel and electricity. In the USA each worker now has
available 25 to 35 horsepower, as compared to only 2 horsepower 50 years ago, Likewise, the labor productivity
in the past 50 years has increased approximately ten times,

Labor productivity is incréased through:

1. Meaningful mechanization

2. Improved work techniques

3. Healthier and safer working conditions

4. Increased land productivity

5. Improved worker management

6. More training and education of the worker

It is often stated that labor in agricultural production is not the limiting factor for areas of high popula-
tion in relation to land area. Such a general statement does not recognize the importance of quality of 1abor. This
labor force is often not trained nor educated to work in an advanced agricultural technology and in an industrial so-
ciety, This concept as a basis of policy has been a detement to the proper development of some countries.

Mechanization refers to the proper and economic utilization of mechanical methods related to farming
and agriculture. Mechanization is one technical aspect of increasing the productivity of workers. The thought held
by many that mechanization means large power equipment units and tractors is misleading. Mechanization is defi-
ned as the-use of tools to extend the hand and energy of man. This might include an improved hoe, substitution of
animal with engine power, utilization of energy such as fuel and electricity, application of control devices, impro-
ved methods or developments of highways to improve the utilization of mechanical items. The movement of water
from source to application, etc, i

EDUCATION

It is generally agreed that the level and extent of education must continually be advanced to provide
a base for development. This philosophy is true regardless of the stage of development.of the country, Even high-
1y developed countries continue to train or educate more people and at a higher level to provide for dynamic deve-
lopment. A wide range of training and education is needed to provide for a broad spectrum of manpower, Voca-
tional training is a necessity, Skills need to be upgraded to meet the needs of the new technologies which come to
fruition in a developing country. Technicians relate their skills to the problem, Engjneers are needed for design
and msearch. Other sciences are necessary. Agricultural Engineer programs of various institutes, colleges, univer-
sities, and governments should be designed to serve this broad spectrum of manpower-mechanization needs. The
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training and/or educational programs extend from nour-long discussions and meetings,one-day meetings, weekly,
monthly, or specialized conferences to two-year, four-year, and advanced degree programs.

Any educational program of a country must be designed to meet both the short-term and long-term of
the country or region. The educational programs in Agricultural Engineering are no exception. Often short term
needs have to be met first so that support for long-term needs may be obtained simultaneously or later. Short-term
needs have a tendency to be more of a "training" than "education" in nature. A gricultural Engineering by its defi-
nition and objective should incormorate both aspects--training and education.

AGRICULTURAL ENGINEERING PROGRAM DESIGN
Agricultural Engineering programs should be designed to:

1. Obtain information for propelly mechanizing agriculture, considering human and physical resources.

2. Disseminate information to industry and those working with industries to apply the new knowledge.

3. Train and educate students at various levels to serve the engineering and mechanization aspects of
agriculture--production and processing,.

4. Train people to extend information through extension programs and conduct extension programs in en-
gineering applied to agriculture.

Graduates of Agricultural Engineering programs will serve the above design. Thus, the development of
trining and educational programs must be based on and carried out with those who will benefit, including employers,
unions, government, education, workers, and industry. Some of our graduates will go into research, others into a-
dult education and extension activities, A comparisen of various countries throughout the world shows that the num-
ber of researchers and extensioners is related to the development of a country. Vocational training must not be over-
looked. An important dimension of educational programs of a country must be vocational training. A gricultural
Engineering can make a contrbution by teaching those who will be doing the teaching, the mechanical skills needed
in the mechanization and engineering of agriculture. There is a reluctance even in some advanced countries to re-
cognize the importance of developing skills required to properly carry out work in agriculture, In effect, this train-
ing serves not only farming and agriculture but prepares people to move into industrial pursuits so that the industrial
economy benefits,

CURRICULUM

Educators are continually confronted with the vexing question regarding the breadth and depth of an en-
gineering curdculum. In general most of us will agree that an undergraduate engineering program leadingto a Ba-
chelor of Science should include humanities, basic science and mathematics, basic engineering, basic agriculture,
and courses in engineering design. However, we would find less agreement concerning the specific courses included
and time devcted to the various subjects within these categories. Again, we must put considerable weight on the
objectives of the cumriculum and the economic environment in which we are working, I doubt whether we could una-
nimously agree on the batic core of knowledge which all students who receive a degree in Agricultural Engineering
should have, We have not been able to resolve this among many of our faculties, so I doubt if we could agree on a
countrywide basis. Thus, prograrame represent compromises, I would hope we could agree, however, that the near
ultimate of our programs should be to provide the parametess, knowledge, and methods for engineering design. We
must be able to design equipment, or structures, or processes to meet an objective or to solve a problem. I believe
that we should emphasize as our major objective in our undergraduate curricula focusing on engineering design. This
does not mean that everyone will be a designer upon graduation. It means, however, that everyone will be educa-
ted in this direction so that they might teach, design, analyze, and apply their knowledge and procedures to engine-
ering problems related to agriculture,

It would be desirable to have a common set or group of courses which all students take who get a B.S. in
Agricultural Engineering. We should try to keep this at a minimum, so the students will have sufficient electives in
their programs to explore other areas, provide breadth, or to take advanced courses in the same areas, to provide
depth to their program. -
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The technical needs of a country or countries vary greatly. An A gricultural Engineering curriculum in
one country would very unlikely be the same as a curriculum in another country. If we were fairly certain that a
majority of students would go into one occupational area, such as soil and water engineering, the progam could be
slanted to meet these particular needs through course and curriculum design,

The curmiculum should consider the first job and, at the same time, the other opportunities for service
which might develop by time of graduation or shartly thereafter in another area. These areas of concern change
rapidly. As countries set up specific objectives and devote money to camying out these objectives, the expertise
needed changes. A person who thought he was going to be in soil and water engineering might, within five yeasn,
be working in an area related to preservation of grain or mechanization systems, depending upon national programs
and industrial development. This happens quite often in developing countries where changes in intemal administra -
tion and extemal support may quickly shift goals and areas of emphasis. At the undergraduate level a minimum of
one course in each area might be sufficient with an additional course or two in the student's expressed area of inte-
rest. This student would then be qualified to'enter occupations of secondary interest should such financial suppon
be greater at a later date. One of the imponant aspects of Agricultural Engineering is the ability to define the pro-
blem, analyze the problem, and set up procedures for solving the problem. These approaches will be incorporated
in several of the courses the students take regardless of the area of concentration.

The breadth of an undergraduate program must be given considerable weight, Perhaps this breadth is
even more important in a developing country where much work must be done with people in developing new and
changing old attitudes. There will undoubtely be much mobility of sudents after graduation. In developing coun -
tries college graduates often move quite rapidly into administrative jobs. Here a broader background and paricu-
larly an acquaintance with all areas of A gricultural Engineering is needed. It is quite acceptable to me that we talk
about areas of concentration within A gricultural Engineering at the undergraduate level, but I would do this anly
if we get a breadth whereby the student receives education in all areas important to the particular country.

The cost of developing and teaching the courses in the undergraduate cumriculum, if not now, will in
the very near future, come under close scrutiny. Better student enrollment in the courses will result under the breadth
depth ratio as mentioned above. As engineers we would like to be more quantitative in our approach to the solution
of the design of curriculum. So far the equations have eluded us.

GRADUATE PROGRAM

As the country develops, more advanced training and education are required to meet the needs of the va-
rious se gments or the sectors of the economy. One method of meeting these needs is through a graduate program,
commonly one to two years beyond the Bachelor of Science degree. Longer time is required if the equivalent of an
undergraduate degree has not been obtained previously. Options must povide as many paths as possible to reach the
advanced level of training, Thus, we should include the potential for people with non engineering degrees and en-
gineering degrees other than agriculture, and for Agricultural Engineers to take advanced work leading to a Master
of Science. In order to meet the advanced educational needs of a country, we can provide a Master of Science in
Agricultural Engineering or a more limited Master of Science in an area of specialty. In our planning we have at-
tempted to provide this flexibility here at the Universidad Agraria. In general, the advanced degrees provide the op-
portunity for gaining additional depth in engineering subjects. Many of these subjects can be taken outside of the en-
gineering faculties, including mathematics, physics, biological sciences, etc. The Master of Science degree should
terminate with the presentation and defense of a thesis based on design and/or research wotk. As design remains a
major need and objective in developing countries, I believe design option should be available in engineering programs
in developing countries. Thus, graduate programs in A gricultural Engineerng should integrate advanced science
and engineering, research, and design. Thesis subjects should be based upon eal and expressed needs.

Some individuals have a tendency to minimize the imponance of research in developing countries, The
following points illustrate the impomnance of research in developing countries:

1, Some problems are prevalent which have not been solved elsewhere.
2. Solutions to problems offered by a more advanced economy might not be applicable because of dif-
ferences in religious, economical, or sociological environments.
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3. Solutions to problems must be evaluated, using local conditions, considering crops, varieties, soil,
climate, and other natural resources.

4. A spirit of improvement and progress will be made by local people if they are involved in the impro-
vement of their economy.

5. The interrelationship of workers in various fields of endeavor and the interdependence of the various
areas of knowledge are demonstrated and practiced in a research environment.

In general, research carried on by the student in his home country to solve a visible and expressed pro-
blem, and camied out under proper supervision, will be much more valuable to the student and to his country than
one carried out 10, 000 miles away. Thus, our program located here can help serve the countries concemned and in-
volved.

SUMMARY

Usually one summarizes a paper by selecting points presented previously and emphasizing these in the
final minute or two. Generally it is not acceptable to present new ideas in this summary. I am going to take ex -
ception to this approach,

There are no quick or easy answers to provide for economic development. We must all be prepared to
exert our utmost of efforts and energy to a long-time program of development. In the proper social, political, and
economic environment, three basic physical networks are needed. These three networks are communication networks,
transportation network, and a power network. Agricultural Engineers around the world for the past 50 yeas have
worked in strengthening and building these networks. A gricultural Engineers have worked on segmems of these net-
works--no one professional group handies the entire network. And if, in your country, one of these netwoxks is lack-
ing or not being developed, it may provide the focus for developing new progmams of service in Agricultural Engine-
ering such as, telephone systems, rural power lines, rural road development, etc. The need might be, of course,

a curriculum, a research project, or a public education campaign.
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2. ROLE OF AGRICULTURAL ENGINEERING IN MEETING THE NEEDS OF IMPROVED RURAL LIVING & AGRICULTURAL
PRODUCTION.by C.G.E. Downing, Director, Agricultural Engineering Research Branch, Canada Deparment of
Agriculture- Ottawa, Canada.

The title of this paper limits somewhat the role of the agricultural engineer in our modem thinking that
technology in general can affect all of society. Although agricultural engineering is concemed primarily with agri-
cultural production and rural living, its benefits or shortcomings can affect other segments of the community or socie -
ty. The water that flows from or through agricultural land is utilized by many others for various purposes; likewise
the air that blows across agricultural land is used by other people, and certainly the products which are the result of
agricultural people's work are used by all of society. The very definition of engineering implies a broad involvement
and responsibility when related to production from the materials and resources of nature. Engineering is the profession
in which a knowledge of the mathematical and natural sciences gained by study, experience, and practice is applied
with judgement to develop ways to utilize, economically, the materials and forces of nature for the benefit of man-
kind.

It is not difficult to philosophize, make general statements and state platitudes in regard to such basic
principles and responsibilities, but it is much more difficult to implement them effectively. It is important that
the young engineer of today and tomomow be more fully aware, than engineers of the past, of the sociological impli-
cations of his research, developments and other works, not only on the people with whom he works in agriculture, but
on service industries and society as a whole. However, agricultural engineering must first begin at the grass roots ope -
ration and have its impact on agricultural production before there is likely to be any appreciable benefits or improve-
ments in rural living or for that matter, in the living standards or conditions of the rest of the nation.

Agricultural engineering research, development and application in the real sense of the word, is of fair-
ly recent origin and has been carried out in most areas in rather piecemeal fashion without any great degree of orga-
nization or direction. Despite this apparent lack of direction great progress has been made in many areas. Some sig-
nificant accomplishments have developed through a trend from the elementary to the complicated while others have
come about due to expediency and priority of emergency problems that have developed.

A major example of achievement from an emergency was the development of the mulch tillage system
and equipment for dry-land grain farming in Western Canada and Midwestem U.S.A. which resulted from the serious
drought and wind erosion catastrophe of the 1930-40 era. Although there was some evidence prior to the time of this
emergency that the agricultural practices being camied out were not particulady satisfactory for product fon in this
areas, no planned research and development was carried out until the emergency developed. Then through the ini-
tiative and innovative capacity of a number of engineers and others faced with the problem, an entirely new system
of agricultural production with new machines and equipment evolved in a very short period of time and saved that
part of two nations from almost oblivion.

History will probably record another spectacular development in the tomato harvester program in Califor-
nia in which a law of the State was passed which very seriously limited the human resources available for harvesting
such a crop. The ingenuity and the initiative of engineers in government, univemity and industry were called upon
to save this crop for the State and for the benefit of the nation,

We are now fast moving towards three serious emergencies being created by short term research and de-
velopment activities, These are air pollution, water pollution, and product contamination from the use of pesticides
and the disposal of agricultural wastes.

Despite these shortcomings, lack of organization, and direction, many other phases of agricultural produc-
tion have occurred and rural living and working conditions have improved tremendously. The statement made some
twenty years ago that in North America it would be necessary in the foreseeable future to have "two blades of grass
grow where one grew before” has indeed come to pass, Present production levels have been accomplished through a
great deal of research, development and application in the broad agriculturl science are including agricultural en-
gineering. Evidence of the agricultural engineering contributions and role is exemplified in the great diversity of po



..'7-

wer units and machines being used in all aspects of production, in the irigation, drainage and water supply systems,
in the farm buildings and other structures that dot the landscape, in the application of electric power to labour sa-
ving and automation equipment, in the processing of food and in the improvement of the environment , working
and living conditions, and the aesthetics of mral living.

Although much progress has been made, there is evidence that there is potential for much greater in-
creases to be accomplished, The research and development that has been carried out in many instances in the past
has been associated with the more elementary and obvious aspects of problems related to various types of agricultu-
ral production. While there are still broad areas requiring this same approach, in many areas the research and de-
velopment will have to be done in greater depth and with greater integration of resources in order to achieve the
further potential in production that exists. It is important for countries who are just beginning to mechanize agricul-
ture and to introduce other agricultural engineering developments to understand that there is a broad spectmm of ac-
‘tivities that must be considered from the very elementary in field equipment and land drainage to the very sophisti-
cated approaches to total automation.

Automation appears to be the dire’ction in which all technology is moving. Regardless of the industry
or the resource area that is being developed it tends to follow four logical steps which are important in the planning
and assessment as growth and development occurs, These are:

The provision of:

1. Animal power to augment human muscle

2. Automatic mach ines to augment human skills

3. Instrumentation to augment human senses

4. Decision-making machines to augment human thinking

Most countries in the western world with developed agricultural programs have pretty well passed through
step 1 and are in various aspects of step 2, depending on their progress in grain production, horticultural crop produc-
tion or livestock production. In recent years there has been conslderable developmert and activity in step 3, and
some experimental work is being carried out in step 4. o

There are certainly many specific challenges which face the agricultural engineer within this broad po -
tential of increased production and rural living. There is the ever present challenge of taking the drudgery out of
work and the load from the back of man. This is the most significant one in improving working conditions of the ag-
ricultural worker and which can contribute real benefit in rural living. In most of the developed agricultural areas
of the world activity in this aspect has shifted from grain production practices to forage production or to fruit and
vegetable production or to livestock production systems.

The agricultural engineer as an efficiency expert, must ever be'prepared to analyze "patterns of progress”
to ensure that what appears to be progress is in fact so. It is quite evident that increased sources of power are being
utilized to produce greater crops. Aggregate average crop yields in Canada have increased from 0. 6 tons per acre
in 1951 to 0.9 tons in 1966. During this period of time available horsepower on the farm for the production of these
crops increased from 18 horsepower per 100 acres to 42 horsepower. A quick analysis shows that the homsepower avail-
able per ton of production has increased from 0.3 to 0.46. A number of questions might well be asked. Are farms
overpowered? Is power less efficiently used? Are-the present total production systems the most efficient or is increased
power an essential of more sophisticated mechanized and automated machines.

By definition, utflizing the materials and forces of nature for the benefit of mankind is one of the res-
ponsibilities of the engineer. With the great developments in materials science there is real challenge and opportu-
nity for utilizing new types of materials. With the accelerated use of energy going into agricultural production,
there is reason to consider 'whether there is unlimited sources of energy available in present form, or should new
types be exploited for agricultural applications.

As an applied scientist, the agricultural engineer should ever be searching the frontiers of scientific
breakthroughs in all fields of endeavour to study and assess their potential for utilization in agricultural production
practices, What type of spin-off can be expected from the space programs under way , or from the nuclear energy
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developments in the country , or what type of feedback is there from the developments in the Armed Services?

The agricultural engineer must be a synthesizer of ideas, concepts and practices and should look at the
total involvement of men, machines and materials in the various agricultural production programs, Systems engine-
enng encompasses such a total involvement, It is an area in which the agricultural engineer mug play a leading
role in our madem concept of mechanized and automated agricultural production and in the control of environments
associated with production practices or resource conservation and development.

As mentioned previously, most agricultural engineering research and development in the past was done
in a piecemeal fashion without any long term planning or was carried out because of emergencies that developed.
The old adage "necessity is the mother of invention™ produced great results and the agricultural engineering role was
one of action and expediting. However, in this day and age, with costs rising so rapidly and with the sophistication
that is coming into research and development, it is essential that better long term planning and co-ordination be fun-
damental factors in research and development for the future. This is paricularly true for new countries or new agen-
cies in which agricultural engineering is being introduced.

While it is advisable to capitalize on the progress made by other countries and agencies and to asess
their failures and shortcomings, it is most impontant to plan and organize programs such that meaningful results will
accrue that are pertinent to the real problems that do exist or which are foreseeable in the future, The modern con-
cept of management by objectives is a very practical way in focusing attention on these requirements for agricultural
engineering,

It is necessary that the programming in agricultural engineering be related to the broad aims for improv-
ing agricultural production and it must also be related to the broad objectives of the organization or agency of which
agricultural engineering is a part. The total aspects of the role of agricultural engineering in agricultural production
or improving wral living, cannot be properly carried out in isolation but must be associated with the whole system.

It is important to first define the specific aspects of the programming concept so that all factors can be
kept in pespective as the process of establishing and conducting research and development and its application takes
place such that real and meaningful results might be achieved. The main factors involved are aims, objectives,
goals, and activities or projects. Although they all seem to be headed in the same direction, each has a separate
function which is defined as follows:

1. AIMS- Aims are statements of the basic purposes or missions related to the total picture of production
or of an organization engaged in a par of the process. They ar intended to give general direction
and broad perspective and have quite a long life span.

2, OBJECTIVES - Objectives are broad statements about what an organization engaged in a se gment of
the process wishes to achieve, They are less broad than aims, have a narrower focus and often have
a shorter duration,

3. GOALS- Goals are statements of specific results to be achieved , often with a definite time interval,
They serve as targets to be shot at and hit,

4. ACTIVITIES or PROJECTS- Activities or projects are actions, operations, processes, etc., through

which results are achieved to satisfy the goal,

On the basis of these cancepts, the general goals of agricultural engineering research, development and
application are put in focus with the broad aims and objectives of increasing agricultural production and improving
rural living. Although in some instances the agricultural engineering goal may be a major factor in the organization's
objective, in others it may only be a minor activity, but must be satisfied in order that the objective can be complete-
ly realized. This highlights the need for co-operative projects in agricultural production and interdisciplinary approa -
ches to many of the problems. It is also necessary to appreciate that there will be a diversity of agencies involved
in research and development in agricultural engineering in any country and therefore it should not be expected that
any one agency would do all that is required. Thus there is need to be aware of other activities being carried out
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elsewhere in agricultural engineering and to encourage co-ordination among tie various agencies. These agencies
might include federal research stations, universities, provincial govemments, industry, farm organizations, co-ope-
ratives, and individual farms.

A. Broad AIMS for Agencies Involved in Research, Development and Application in Agrcultural Produc-
tion and Rural Living,

1. To improve production of agricultural products and food.

2. To safeguard quality of agricultural resources and to improve working and living conditions for agri-
cultural people.

3. To contribute to the universal oool of scientific knowledge and to support the development of agri-
cultural science and technology.

4. Tc make available to fanners the results of advances in resear ch.

These broad AIMS pretty well cover tik requirements of a country in regard to agricultural production.
They do not however touch on the aspect cf matketing or distribution that helps to make them available for human
consumption. It is unlikely that any one agency would carry the complete responsibility to satisfy all of these aims,
Also, any one agency migat be involved in more than one of the aims but not carry the complete responsibility or
coverage of activities related to it. It is therefore essential in the planning to outline less broad aspects of the program
into more finite objectives for various types of agencies that might be involved, The following generally outlines
these objectives in regard to agricultural engineering,

B. Broad OBJECTIVES for Agencies Involved in Agricultural Engineering Research, Development and Ap-
plication in Agricultural Production.

. To impmove the economic cfficiency of agricultural and horticultural production umits,

. To improve the efficiency and quality of agricultural and horticultural crop production.

. To improve the efficiency and quality of livestock production.

. To control insects, diseases and other pests that affect agricuitural production andstorage.

. To process and manufacture feed for livestock and food for human consumption.

. To attain better utilization, corservation and pollution control of water, soils and air for agricultu-
ral production,

To create improved environments and conditions of work and living for agricultural people.

8. To aid in the development and conduct of biological and other research involved in improved agri-
cultural production through the investigation of new engineering concepts, development of systems,
instruments, apparatus, controls and devices to increase the scope, accuracy and efficiency of such
research,

9. To utilize efficiently and economically the materials and forces of nature through the production of
food and fibre for the benefit of mankind.

10. Tc contribute to the universal pool of scientific and technical engineering knowledge and to support
the development of agricultural engineering.

11. To make available to farmers the results of advances in engineering research and development ap-

plicable to agricultural and horticultural production and to improving rural living,

1
2
3
4
b}
6

-3
.

These OBJECTIVES are fairly broad but they bring into focus the areas and types of responsibilities in which
agricultural engineering must be involved and around which goals and projects or activities might be planned and con-
ducted which could have some effect on agricultural production or in rural living.

Although some large agencies might be involved in all of these objectives at one time or another, smaller
agencies would be wise to be selective, They should choose those which pertain to present or foreseeable needs in ag-
ricultural production in the region in which the agency has responsibility. Those selected need to be assessed and re-
lated to present or potential resources both in regard to individual goals and projects as well as interdisciplinary pro-
grams, Unles GOALS, PROJECTS and ACTIVITIES are specific and get down to the real assessment, decision making,
planning and operations, AIMS and OBJECTIVES simply remain as paper operations.




-10-

General GOALS which cover the main fields of agricultural engineering will be outlined fist. Out
of these more definite goals, or projects could be developed for any specific agency.

C. GOALS for A gricultural Engineering Research, Development and Application for Agricultural Produc-
tion and Improving Rural Living.

. 1.

2.

10,

11.

12.

To improve the utilization of existing energy sources and to exploit new energy sources for power,
heating, lighting and other applications in agricultural production, processing and transportation.
To develop, evaluate, or improve man-machine systems to prepar a seedbed, plant seed, apply
fertilizer and other materials to permit optimum growth conditions with effective and efficient
weed, pest and disease control to ensure the economic production of quality agricultural and
horticultural crops.

. To develop, evaluate, or improve man-machine systems for the efficient and economic harvest -

ing and handling of agricultural and horticultural crops.

. To develop, evaluate, or improve equipment, methods or systems for control of optimum soil-

air-water relationships for agricultural and horticultural crop production.

. To develop agricultural building construction systems combining structural elements, cladding,

thermal insulation and other components in order to provide economical and functional farm
buildings for processing and storing farm crops, for the housing of farm livestock and farm people.
To develop and evaluate systems for mechanized and automated feeding, confining, soring and
handling of farm livestock for collecting livestock products and for removal of animal wastes,

. To develop, design and evaluate air-moving sysems, humidity and tempemture control, heat-

ing , cooling, lighting and other items to provide optimum plant, animal or human environments
in farm buildings and farm homes.

. To conceive, develop and evaluate safe and economical storage, treatment, handling and dispo-

sal methods especially suitable for agricultural wastes to ensure against air, water or soil pollu-
tion.

. To conduct experimental or developmental studies on new engineering ® ncepts, systems and e-

quipment in support of biological research related to agricultural production.

To develop and maintain a technical and scientific information resource in agricultural engineer-
ing integrated with other information resources for the use of research engineers and others.

To publish scientific and technical papers and farmer-oriented publications on rescarch and de-
velopment being conducted and new information obtained from other sources.

To give consultant, advisory or instructional information at workshops, seminars, committee
meetings , farm groups, etc., on new developments in agricultural engineering and to assist in
the development of agricultural engineering standards, codes and recommendations.

To be specific in regard to an individual agency, assume that the agricultural engineering operation is
part of a research station or agency concerned with horticultural crop production and that this agency is part of a
broader national or international operation concerned with total production in a region,

Looking at the broad AIMS as outlined above agricultural engineering would definitely have major res-
ponsibility to AIM A-1 with lesser concern to the other AIMS. It would also be cancerned with OBJECTIVES B-1,
B-2, B-4 and B-6 with lesser interest in some of the other OBJECTIVES. In regard to the general GOALS, it would
need to be concerned with GOALS C-2, C-3 and C-4 with lesser interest in a mmmber of other GOALS.

Further assuming that an economic crop for the area was apples, specific sub-roles or projects might
well take the following form:

(1) By 1971, to develop a spraying system and satisfactory equipment to economically control insects
and blight on apple trees (related to GOAL C-2).

(2) By 1972, to develop an apple picker to remove apples suitable for the fresh fruit market (related to
GOAL C-3).

(3) By 1974, to develop and evaluate a drainage system for apple orchards to give optimum soil-water
relationships (related to GOAL C-4).
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It is now possible to effectively plan the activities, evaluate resources and prepare estimates with some
assurance that the work will assist in fulfilling the AIMS and OBJECTIVES of the whole organization and it pinpoints
the specific role of agricultural engipeering in this aspect of production,

A second case might be considered that fits within the broad AIMS and OBJECTIVES of the larger organi-
zation, but at another research station or agency which has different responsibility than the previous one in the total
production program of the region. Assume that this research station or agency has responsibility in livestock produc-
tion. Here again it would appear that it had major responsibility in regard to AIM A-1. In the broad OBJECTIVES
area it would appear that its main responsibility was related to OBECTIVE B-3 with its specific interest in general
GOALS C-5, C-6, and C-1.

Now assume further that a major priority of the agency of which agricultural engineering is a part is in
the area of beef cattle and the decision to develop a confined feeder operation on slotted floors has been made. Im-
mediately it appears that three sub-GOALS or projects must be developed.

(1) By 1972, develop and construct a suitable structure for the confined housing of 200 head of beef
feeders using a slotted floor design (related to GOAL C-5).

(2) By 1972, design and develop and automated feeding, watering and livestock handling system for
200 head of beef feeders confined in a slatted floor housing structure (related to GOAL C-6),

(3) By 1972, develop and design and air-moving system, humidity, temperature and lighting control
system for the optimum environment for 200 head of beef feeders in a confined slotted floor housing
structure, (related to GOAL C-1).

Now, if an overview is made in the overall planning it will be realized that only parn of the responsibi-
lity has been met and that attention should be directed to OBJECTIVE B-6 which tends to support AIM A-2, Thus,
an additional specific GOAL or PROJECT must be developed such as (4).

(4) By 1972, conceive and develop a safe and economical storage, treatment, handling and disposal
system for livestock wastes from a 200 head beef feeder slotted floor confined structure (related to
general GOAL C-8).

Here again, planning, resource assessment, financial requirements, etc, can be developed with assur-
ance that the projects will satisfy the broad AIMS and OBJECTIVES of the total organization as well as those of the
individual research station or agency. 1t will indicate the role of agrcultural engineering in this phase of agricul-
tural production.

One of the major factors in the complete planning and production process which has been inferred in a
number of instances is that of coordination within agencies as well as among agencies involved in the agricultural
production and rural living environmeut.

The cost of research and development and the availability of resources in agricultural engineering em-
phasize the fact that duplication of effort should be avoided except perhaps for a limited amount that might be jus-
tifiable in the academic field of post-graduate cducation.

Co-ordination of agricultural engineering activities can only really be well carmied out if these is co-or-
dination in the total prod..ction areas and at the higher levels of agency adminiscration. However, the agricultural
engineer, by virtue of his basic role in the handling of men, machines and materials, should take leadership in co-
ordination activities.

In suminary, it might well e said that the role of the agricultural engineer in agricultural production
and wral living is to take the load from the back of man and the drudgery out of agricultural wotk and to improve
the environment and living conditions for agricultural people,

As an efficiency expert, e must also see that waste is eliminated in all phases of production and tiat
all operations function efficiently and effectively,
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He must be ever searching the frontiers of all research and development for new materials, sources of
energy, concepts and systems that could be utilized to improve various phases of agricultural production,

He must give leadeship as a co-ordinator and be an expediter of all activities in which he becomes in-
volved.
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Theme 1: THE STATUS OF AGRICULTURAL ENGINEERING EDUCATION IN LATIN AMERICA

3. THE STATUS OF AGRICULT URAL ENGINEERING EDUCATION IN LATIN AMERICA: ARGENTINA by Teéfilo V.
Barafiao, Faculty of Agriculture and Veterinary Medicine, University of Buenos Aires.

AGRICULTURAL ENGINEERING EDUCATION AND THE AGRICULTURE
IN ARGENTINA

Teaching of Agricultural Engineering, at a level similar to that of La Molina, that is, a university edu-
cation level, as yet does not take place in Argentina.

We feel that, in essence, Agricultural Engineering is that profession which applies exact sciences, Ma-
thematics, Physics, Graphical and Analytical Sciences, to agriculture, while taking into account the biological and
social factors of the rural environment. It can be included within the geneml context of Engineering because it is
based on a strong foundation of the aforementioned sciences; and within that of A gronomy because of its relationships
with the agrarian environment,

Engineering has been defined as the science and the art of organizing the work and using the materials
and sources of energy provided by nature to the benefit of mankind. This is the basic concept associated to the
handling of inert elements; but scientific progress has made it possible to broaden the field of Engineering to cover
part of the biological sphere. There lies the origin of A gricultural Engineering which, according to the concepts
now in force in Argentina, is substantially based on the natural sciences, especially the biological, with the indis-
pensable complement of Chemistry, Economics and Sociology as applied to A griculture,

The eight national faculties of Agronomy have a certain agreement as to curriculae as regards to a pro-
portional distribution of basic and applied sciences. In these curriculae there is a marked preponderance of natural
sciences over physics, mathematics and engineering. Of an average of 37 subjects in a cumiculum fora degree on-
ly 16-18% comespond to physics and mathematics and their applications to mral Engineering.

".. The Faculty of Agronomy and Veterinary Medicine of Buenos Aires and the faculty of Agronomy of La
Plata have a Department of Rural Engineering within their educational structure. The department includes Surveying,
Applied Mechanics, Agricultural Machinery, A gricultural Hydrology and Rural Construction; the latter being an elec-
tive at Buenos Aires. This is in fact a nominal grouping; there is no administrative organization or agency in charge
of coordinating teaching and research activities in these disciplines, Meetings are rather infrequent and are called
mainly to discuss general affairs related to the administrative function of the Faculty. Usually the head professors
of these disciplines act independently as regards to the teaching problems and, as regards to administrative affairs
they handle these directly with the authorities of the universities, It must be pointed out that the Rural Engineering
Department excludes basic subjects-such as Mathematics, Physics, and Statistical Calculus; thus the lack of educa-
tional coordination becomes even more marked.

Other Faculties have also tried to apply the same system, but only nominally and with similar results.

At the National University of the South, at Bahfa Blanca, due to its departamental structure, Agronomy
participates to a greater extent that in other Universities in a joint and coordinated action; there is better communi-
cation between the disciplines included under each Department.
Specializations in Agricultural Engineering -

It is difficult to establish an order of priorities for specializations in Agricultural Machinery, Irrigation
and Drainage, Agricultural Structures and Rural Planning, Processing of Agricultural Products, etc., due to the ma-

ny problems of a technical nature to be found in Engineering and which arise in Argentina's vast terdtory.

Argentina has a surface area of 280 million hectares, broad-ranging climatic conditions which go from
the subtropical to the glacial; regions of frequent and plentiful rains alternating with others of scarce rainfall in
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which, fortunately, 1.25 million hectares have been placed under irrigation; with 30 million hectares under cultiva-
tion, equivalent to only 10% of its total territory and of which 22 million hectares involve anmual crops, which im-
plies plowing and planting all year round; with a vast and growing agricultural machinery pool though not in pace
with the progress of the world of today; with 500 plants tumning out agricultural machinery and implements, giving
employment to 25 thousand blue and 8 thousand white collar workers; with plants producing about 13 thousand trac-
tors a year; with rural electrification plants based on thermal plants for the pampa plains and channeling the power
produced by the hydroelectric plants now under construction into industries manufacturing milk, oleagfnous , wine,
textile and sugar products, complemented with the use of secondary products and the preparation of balanced feed
rations; with the urgent problem of rural housing and agricultural construction adapted to the climate and social cha-
racteristics of the environment, based on the use of regional elements and raw materals, where prefabricated mate-
rials for cattle and poultry installations built according to modern standards can be successfully used; with the growing
demand for perishable products classification and conservation plants; with countless problems in need of immediate
or mediate solution, as can arise in a country in the process of development such as ours; with all the above in mind
it can be stated that  Argentine offers the Agricultural Engineering profession broad and actal perspectives with
no order of priorities.

Employment

For the Engineer, including all specialties within this term, Argentina at present offers full employment.
However, at present there is great concern because of the migration of university professionals, among which engine-
ers predominate, which poses a serious social and economic problem. Agricultural Engineers are not involved in this
phenomenon. It is probable that INTA- Instituto Nacional de Tecnologfa Agropecuaria (National Institute of A gricul -
tural and Cattle Technology) whose specific activities absorb a great number of graduates for experimental and research
work, towards which activities present education prepares or even leads them, creates the stability and balance bet-
ween the number of graduates and the number of positions open. We could even affirm that there are not enough Ag-
ricultural professionals to satisfy the demand.

One explanation given for the exodus of non-agronomical engineering professionals is their solid physicoma -
thematical scientific foundation, This being the reason for the demand for their services in industrialized countries
which have technical problems whose solutions can be found mainly in advanced theoretical knowledge. Not only
the pragmatic perspectives, but also the. possibility of working in top level foreign scientific centers contribute to this
attraction.

Full employment is not an obstacle but rather a confirmation of this statement: there are not sufficient
graduates to satisfy the needs. National universities do not turn out the numbers required by progressive development;
possibly because of the lack of material resources such as classrooms, laboratories, experimental fields and, what I
feel is most important, the scarcity of top level teachers,

This, I suppose, is the reason for the establishment of private universities, born from the need of provid-
ing education to large numbers of candidates who could not enter the National Universities. The lack of a true uni-
versity spirit, due to improvisation; and their limited resources to equip laboratories, libraries and teaching aids and,
even more serious still, the lack of teaching capabilities in many cases, prevent these Universities from carrying owt
an acceptable job in the field of agronomy and, in particular, of Agricultural Engineering,

Post Graduate Level Agricultural Engineering Curriculum

A graduate course has been givensince April 1968. A school for this purpose was created by an agreement
of June 27, 1967 among the University of Buenos Aires, University of La Plata, the National Institute of A gricultural
and Cattle Technology of Argentina and the Inter-American Ingitute of A gricultural Sciences of the OAS. The course
started on that date was entitled "Use of Agricultural Machinery". Its purpose was to “strengthen among the partici-
pants the basic knowledge which will permit them to make a better interpretation of the complex problems posed by
agricultural mechanization and, specially, to complement their professional level know-how with a good physico-ma-
thematical basis which is of the utmost importance to face the posible applications in the field of agricultural and
cattle technology within the scope of this specialty.
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For more than a decade we have been struggling for the creation of a specific career in A grcultural En-
gineering. Taking advantage of the opportunity created by the approval of a recommendation of the First Pan Ameri-
can Congress on the Teaching of Engineering Associations of September 12 to 17, 1960, we submitted a project which
proposed the study of the feasibility of such work, at the University of Buenos Aires. W ith the approval of the universi-
ty authorities the idea was accepted and a joint Commission, formed by A griculture and Engineering professos was set
up. I was honored to represent the former, After its discussions the initiative was approved and a curriculum, which
1 can discuss with you in detail was drawn up.

For different reasons the plan has not been implemented to date, only attempts at working out profesional
equivalences and the relationship between careers in Agronomy, Land Surveying, Industrial or Civil Engineering. Thus
we would achieve a technical graduate integration within the framework of A gricultural Engineering adapted to Argen-
tina, The first professionals in this specialty could be graduated in two years. I feel that a University such as that
of Buenos Aires, with Faculties of Agriculture and Engineering by means of joint action could provide Agricultural En-
gineering Education just by coordinating a curriculum which waild be integrated to the disciplines at pesent taught in
each School. For example, all exact, theoretical and applied sciences could be taught in the Faculty of Engineering
and all the biological, chemical and natural sciences at the Faculty of Agriculture.

Furthermore, the following basic postulates would apply: a) their esiablishment would not affect the Uni-
versity budget; b) it would result from the joint educational efforts of the two Faculties from the same University.

This is not an utopian concept; many professors of Engineering and Land Surveying frequently consult us and
show their interest in such integration of knowledge when they contemplate the opportunities offered by the technolo-
gical outlook stated at the beginning of this paper. This is so much so that, looking at it from a single angle, that of
Agricultural Machinery and Mechanization, we can appreciate the satisfactory results which can be obtained from the
participation of professionals trained in this field. The reason 1 am using this example is my experience gained in
handling the coordination of the present course at the Graduate School, to which I have referred previously. I feel
that the small number of participams is due to the handicap posed to these professionals- Agricuitural Engineers- in
facing, at some time in their lives, the acquiring of theoretical knowledge in the physico-mathematical sciences and
their applications to Mechanisms, Thermodynamics, Soil Mechanics, Electrotechnology, etc., whose intensity and
depth was limited to 50 quarterly hours, for each of them.

On the other hand, those that have passed the curriculum will have the degree of Magister Scientiae, but
this shall be an academic degree whose worth shall only be appreciated by teaching and research institutions and shall
have no iegal vaiue for private industrial and agricultural enterprises.

This would not apply if a similar experience at a higher level were attempted with Agricultural and En-
gineering graduates of the different specialties. The conquest of knowledge in Chemistry, Biology and A gronomical
subjects would be more accessible to the graduates of these professions because of their sound foundation in the forma-
tive disciplines of the exact sciences,

I must report that in the Agricultural Machinery industry, in grain elevators, in the transformation and fer-
mentation agricultural industries, in the irrigation and drainage works, in sistematization tasks, in cattle raising cons-
tictions, in land subdivision and colonization planning and in other activities of an agrcultural nature, there is a
large measure of participation of Engineers and Land Surveyors but very little of Agricultural Engineers. However, the
former have found serious difficulties because of their lack of knowledge of the typical factors of the rural environment,
its multiple aspects fully within the field of Agronomy; a phenomenon which implies a dispersion and poor use of capa-
bilities which is detrimental to the State and the community.

This is why the legal aspects and professional competence must be borne in mind. Present legislation pro-
vides for the exercise of the so called liberal professions. The philosophy applicable to these cases is based on the need
of esablishing measures to protect the health and the property of the community.

The so called Professional Councils have been established for purposes of compliance of the different laws
and regulations; these are bodies which unite the graduates, registered in the different Registers, with the guarantee of
the degree granted by the Univemities. Thus they assure their elegibility to carry out their tasks, based on the scienti-
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fic and technical knowledge of their respective specialties.

This concept is brought to light with the idea of dispelling any doubt which could arise as regards to the
competence of the future Agricultural Engineers in tasks which, at present, are carried out by other professionals. It
is not a question of granting unfair advantages or privileges; unfair competition and the encroachment on other juris-
dictions are censured by professional Ethics, We have taken very much into account that scientific and technical pre-
paration can make it feasible for the Agricultural Engineer to concurrently carry out the tasks which at present are
handled by other professionals.

What is important inithese cases is to provide the graduate with sufficient and necessary science to meet
the demand posed by present circumstances with their different problems and whose solution can probably be found
in "teamwork”, which has proven so fruitful in those human societies having a heightened sense of cooperation.

With the above I believe I have given you an objective idea of the status of A gricultural Engineerng Edu-
cation at present in Argentina,
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Theme 1.

4. THE STATUS OF AGRICULT URAL ENGINEERING EDUCATION IN LATIN AMERICA: BOLIVIA by Oscar Tomico ,
Faculty of Agricultural Sciences, Universidad Mayor de San Simén .

AGRICULTURE ENGINEERING EDUCATION AND THE A GRICULT URE
IN BOLIVIA

1. Agriculmre Engineering Education,

The year of 1963, marks the beginnin g of Agriculture Engineering Education in Bolivia with the establish-
ment of the Department of A griculture Engineering at the A gricultural Science Faculty of the Univeridad Mayor de
San Simén, in Cochabamba. This Department was considered within the organization of the Faculty in a project bet-
ween the government and the Special Fund of the United Nations,

Although the Faculty of A gricultural Sciences cansiders some courses on agriculture engineering in the
‘ingeniero agrénomo’ curriculum, the establishment of the Department of Agriculture Engineering started a semi-spe-
cialization in irrigation.

In 1967, the Faculty of Agricultural Sciences presented to the University Council a reorganization pro-
gramme based on two aims: 1) organization by departments, and 2) semi-specialization.” A new program of studies
was approved based on the courses offered by seven Depanments:

1. Department of A griculture Engineering

Department of Soils

. Department of Technology

Department of Plant Breeding

. Department of Animal Husbandry

. Department of Forestry

. Department- of A gricultural Economy and Sociology

= O Obh W N

The new program of studies includes for the last year or fifth grade, four elective courses of semi-special-
ization for each one of the seven Departments, so that the future Ingeniero A gronomo may register on the Deparnment
at his free election, under a flexible curriculum.

The elective courses under the present organization by department of a Faculty of A griculture Engineering
are as follows: :

Department of A griculture Engineering:
1, Irigation and Drainage

2. Underground Water

3. Rural Electricity

4. Rural Housing and Planning
Department of Soils:

1. Soil Conservation

2. Derivation, Morphology and Classi fication of soils
3. Soil Surveying

4. Soil Salinity

Department of Technology:

1. Dairy Industry
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2. Meat Industry
3. Fnits and Vegetable Industry

4. Vegetable Oils
5. Wine Industry

These courses are part of a new Program of studies now under way, supported by a loan agreement bet-
ween the Universidad Mayor de San Simén and the BID to guarantee the economical aspects of its operation , includ-
ing the comstruction of physical facilities.

This effective impact on the development of the rural areas on behalf of the Agrarian Reform now in full
enforcement in the country, determined the establishment of a second centre of Agriculture Engineering in Bolivia,
in the Ministry of A griculture under the Division of Development for Rural Communities. This department now
keeps a section of Agriculture Engineering with its own budget and in charge of all the small irrigation projects at a
national level, coordinating the applications for loans on this line. At present, this Division works in coordination
with the A griculture Extension Division and the Division of Coopemtives.

Before the development of these centres of Agricultural Engineering, all the irrigation projects, big and
small, were centralized in the General Direction of Irrigation, under whose administration two important irrigation
systems were built in the country:

1. The irrigation system N° 1 of La Angostura, for the irrigation of 10,000 Ha. in the zme of Valle Ba-
jo (Low Valley) of Cochabamba,

2. The irrigation system N° 2 of Tacagna for the imigation of 5,000 Ha. in the zone of the Altiplano,

The technical persomnel of the above mentioned centers are Civil Engineers and Ingenieros A gronomos
with a semi-specialization in A griculture Engineering, as they are both in Mexico as well as in La Molina, Lima,
Peru. Including graduate courses in Irrigation offered by Zona Andina of IICA and the Interamerican Center for Inte-
gral Development of Land and Water Resources (CIDIAT) in Mérida, Venezuela, sponsored by Utah State University
and Project 213 of the Technical Cooperative Program of the OEA.

The Ingenieros Agrénomos who graduate from the Faculty of A gricultural Sciences of the Universidad Ma-
yor de San Simén under the programs of studies prior the reorganization, are capable of receiving the semi-speciali-
zation coumes offered in the above mentioned countries because the following engineering courses were included in
their curricula:

- Mathematics

- Topography (Surveying)
- General Hydraulics

- Rural Constmction

- Basic Technology

- Agriculture Machinery
- Agriculture Hydraulics

Because of the needs imposed by the Agrarian Reform in Bolivia, there has been a special aim for the
development of only two branches of Agriculture Engineering: a) Immigation and Drainage, and b) Rural Structure and
Rural Planning,

As there is in the country a Center of Agricultural Education with a program of study that aims to pre-
pare Ingenieros Agrénomos with a semi-specialization in seven fields, one of which is agriculture engineering and
on the other part there is an organism of the same name at government level, the opportunities for work of such spe-
cialists are:

First: Teaching the elective courses under the new programme of studies; research, as now the Faculty of A gricultu-
ral Sciences has the Experimental Station of Tamborada which has been definitely transfered by the government to
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the University, It is important to remark here the intention of the new program of studies to integrate the Research
Sections of the Experimental Station of La Tamborada to the corresponding Departments of the Faculty.

Second: Opportunities to work in this field, as the Central Division for Rural Communities Development, plans to
extend its services to each of the States of the Republic keeping separate offices. In this second point, we must al-
so mention the working opportunities dealing with the management of the irmrigation systems, in accordance with the
economical possibilities of each institution, there is the great interest to put into action the experiences of the agri-
cultural engineer in the technical control of water management.

In the above analysis shows the present status of Education in A griculture Engineering in Bolivia as duve
to the action of the Faculty of Agricultural Sciences with the definite objectives of getting a better uze of water and
land resources for the agriculture development, we hope that the Faculty under the new program will complete its
work in the field of agriculture engineering, with the same responsibility towards the agricultural industries, pushing
other fields of specialization such as Food Technology and Machinery, but always i accordance with the particular
needs of the country.

II. The Agriculture Problem.

: To be able to give a general idea of the problem of agriculture in Bolivia, it is necessary to consider
three completely different zones; The Altiplano (high lands) the Valles Andinos (andean valleys) and the Llanos
(the plains) that represent 16%, 14% and 70% respectively, of the total surface of Bolivia.

The population of Bolivia is of 4 336. 900 inhabitants, of which (6% belongs to the rural area. If we
distribute this rural population in the three zones of the country we will have the following percentage; 32% in the
Altiplano, 53% in the valley and 15% in the Llanos Crientales,

The above information was used as the social-demographic base for planning in tte Agrarian Reform in
the country, this fact cannot be forgotten, if one is to follow the development of Agriculture in Bolivia. The great-
est impact of the Agrarian Reform, with respect to fragmentation and establishment of "minifundio” (sub economic
holdings” was praduced in the Andes valleys and the Altiplano, that is, in the mral zones of heavier population and
smallerarea. The Agrarian Reform in the Llanos Orientales, could no: have the same characteristics, as the lands
there exceeded the working possibilities of the mral population, never the less in these areas a new plan was develop-
ed : Colonization,

If it is true that the Agrarian Reform with the above mentioned peculiarities has had some handicaps, ne-
ver the less the biggest error (taking into consideration the important social and economic transformation of the na-
tion) has been that from the very beginning it has not included an agricultural plun for the affected properties. The
work of the Departmi it of A gricultural Engineering of the Faculty of Agricultural Sciences of Cochabamba was ini-
tiated after the functioning of the National Service of Agrarian Reform,

An schematical iepresentation of the present agricultural production wili show for the different zoues, in
accordance to the predominant climatic and soil conditions, the following:

In the Altiplano, there are two regions; 1) the high part to the ncth with a semi-arid climate, (dry
spring, autumn and winter) and the section to the south with arid climatc (low precipitation in all the seasons). The
soils, considering its predominance, can be clasified as shallow soils, mostly sandy, deep and saline. There are
some clay loam and clay soils. The main crop of the high lands is potato, next in importance are oca, cafiahua,
quinoa, barley, etc. If it istrue that ir the highlands animals with importance of wool production such as vicufias,
llamas, alpacas are raised, at present there is under way a project for sheep raising, together with one in forrage
utilizing ground water irrigation, sponsored by the Special Fund of the United Nations.

The zone of the valleys has a semi-arid climate (with dry spring, sutumn and winter) soils are deep,
medium deep and shallow with different textures: silty-clay loams; silty loams, loams and clays. It isa fertile
zone for the production of cereals, potatoes, vegetables and specially for alfalfa, to increase milk production. In
Cochabamba there is a plant for dairy products with a daily capacity of 40,000 liters, At present it is working with
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25,000 liters a day. This zone is characterized for having the highest rural population of the country.

The zone of Los Llanos Orientales has the largest surface of Bolivia, and is represented by three regions,
from the stand point of climate: The Llanos del norte, with humid climate with no definite dry seasons, with a pre-
dominance of jungle forest, 2) the Llanos del centro with a semi-dry climate without a well defined dry season, and
with a predominance of forest and pastures, and 3) the Llanos del sur with a semi-dry to dry climate, with predomi -
nance of zeprophitics. Soils in order of importance are: deep, medium deep, silty-1oam; clay-silty loam; and san -
dy loam. The main crops are: sugar cane, rice, cottan, tobacco, citrus fruits, rubber, woods, etc. At present there
is under way an important project in the Beni zone, for cattle raising, In the region of Santa Cruz there are four
sugar cane plantations with a yearly refining capacity of 95,000 tons of sugar.

The most important statistics on agriculture products can be summarized as follows:

Sugar cane 1 049, 000 tons per year
Rice 43, 000 tons per year
Potato 635, 000 rons per year
Corn 224, 000 tons per year
Wheat 40, 000 tons per year
Barley 60, 000 tons per year

As the country aims to be self sufficient for agriculture products, some projects in depth have been out-
lined such as the wheat program by the National Institute for Wheat, and there is no doubt of the important role that
agricultural engineering with its branches: agriculture machinery, irrigation and drainage, food technology, and Ag-
riculture planning and structures, has in this programme.
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5. STATUS OF THE EDUCATION IN AGRICULTURAL ENGINEERING IN LA TIN AMERICA: BRASIL by Anivaldo Pedro
Cobra, Professor of the Superior School of Agriculture "Luiz de Queiroz" Universidad de Sao Paulo, Piracicaba,
Brasil.

1. GENERAL CONSIDERA TIONS.
1. 1. Geo-Agricultural informations
1.2, Climate and precipitation
1. 8. Economy
1.4. Farm machinery industry
1, 5. Transport

2. SOILS AND AGRICULTURE
2.1, Soils
2. 2. ‘Main crops
2. 3. Irrigation

3. AGRICULTURAL COLLEGE EDUCATION
3. 1. Colleges, enrollment and courses
3. 2. Tendencies of Agticultural Engineering Education at the University of Sao Paulo
3. 3. Closure

1. General considerations.
1. 1. Geo-agricultural informations
The Federal Republic of Brasil is divided into 22 states and 5 territories encompassing an area of 8,512,000

km . Table 1 shows some of the social and agricultural aspects presented by the 5 physiographic regions
characterizing the country in 1960.

Region Lands Population

Cultivated Farms No. of farms Rural Urban % Total

1,000 ha. 1,000 ha. 1,000 ha. 1,000 1,000 Area
North 32341 458 138 1618 938 42.0
Northeast 45999 6838 965 10377 5301 11. 4
East 65587 7792 954 12799 12034 14. 8
Middlewest’ 61445 1417 159 19563 1053 22.0
South 60077 13253 1131 12229 12619 9.1
Total 265449 29758 22417 389175 31990 99,9

Table 1. - Lands of farms, cultivated lands, number of farms and rural and urban population of Brasil in the different
regions totalized a population of 70,697,000 in 1960. (Brasil’s position in World Agncultural Trade ERS -
Foreign 190 U.S. Department of ‘Agriculture, October 1967.)

Brazilian population is presently estimated as 92,282,000 inhabitants, based on a 3% annual rate of increasing.
However, the population density is one of the lowest in the world, i.e. about 10 people per square kilometer. In 1960,
90% of the population and 93% of the cropland were located in less than half of the country's area and within a litoral
band of about 500 km.

1. 2. Climate and precipitation.
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As to climate, the North region presents a predominantly ecuatorial and sub-ecuatorial climate; tropical cli-
mate predominates in the Eastern, Central West and on the coast of the Northeastern region, with zonal variations;
in the center of the Northeastern region it is semi-arid and in the Southeastern zone of the East region it is tropical
of altitude. A sub-tropical climate predominates in the major part of the South region.

In certain zones of the Amazon basin, which encompasses the North and part of the South region, annual pre -
cipitation of over 2,500 mm occurs. In the Southern zone of the Central West and on the coast of the East region,
annual precipitation of over 1,500 mm prevails. In most of the South region, rainfall of over 1,000 mm per annum
occurs, Annual precipitation in the Northeast region is irregular: on the costal zone it reaches above 1,000 mm per-
annum, whereas in the center it varies around 500 mm. The area considered as the "Drought Polygon™ encompasses
part of the Northeast and of the East region, and measures 1,803,547 km2. In this area annual precipitation is quite
irregular and often it does not reach 500 mm.

In December of 1967, there were 900 meteorological stations operating in Brazil, of which 106 were located
in the South region.

Brasil's hydraulic potential is estimated at 54,060. 8 MW, of which about 6,000 MW are being utilized; hydro-
electric plants with generating capacity of 6,000 MW are under construction and in various stages of completion.
There are projects which view to utilize 15,000 MW,

However, the country has been short on power sources, mainly in the most industrialized areas. Among the hy-
droelectric plants under construction, there is an atomic power plant scheduled to operate in 1970. The expansion
of the hydroelectric system of the country has contributed to the establishment of rural electrification projects in cer-
tain areas. However, there is a need of professionals trained in this field.

1. 3. Economy.

The economical development of Brasil is traditionally based on agriculture. Exports of coffee, rubber, cocoa,
cotton and rice were the main agricultural products responsible for imports equilibrium of raw materials and manu-
factures. In recent decades a rapid industrialization replaced imported products, and resulted in a decrease in the
proportionate contribution of agriculture to the gross. national products,

Presently Brazil produces much of its domestic needs for automotives, wheel tractors, farm machinery and ex-
ports such products as business machines, machine tools and electronic equipment.

Along the period of 1947/51 and 1963/67, the average annual growth of the agricultural sector was 4. 1%,
whereas that of the industrial sector was 7.9%. The smaller agricultural growth for this period may be interpreted
as a reflex of an economic policy that identifies economic growth wholly with industrialization,

Under this context it may be expected that industrialization is to intervene in the agricultural growth, However,
even today over one half of the labor force in Brasil is employed in agriculture, which continues to be a significant
economic factor in the cost of living and in that of industrial products. Thus, agriculture in Brazil is and will be the
main provider of foreign exchange to pay for the imports of fuel and industrial machines which are imported for the
development of the country.

A general analysis of the tendencies of the brazilian economic for the late years indicates a significant increase
in agricultural production and mining. Estimates indicate a 5% growth of the gross internal product in 1967, a co-
rresponding agricultural growth of 9. 6% and a relatively small industrial growth of 1. 8%. In 1968 the index of in-
dustrial growth was 12% whereas that of agriculture remained stagnated.

1.4. Farm machinery industry,

On the late fifties a stimulus was provided for the establishment of an-automotive indu.v;try in Brazil. This was
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achieved through govemmental policies restricting the imports of similar models that were to be manufactured in
the country, and favoring imports of components needed by the industries. 7he establishment of that industry
should be supported by an emergent national industry of automotive parts and others that were to be attracted by the
market. The production of 10 automotive factories from about 31, 000 units in 1957 reached 225, 000 units in 1967,
with an increasing rate of nationalization by weight of the vehicle. About one half of the output were passenger
cars and the other half commercial vehicles.

The wheel tractor industry was established in 1960, supported by the infra-structure of the automotive in-
dustry and in the same pattems. This event contributed to consolidate the domestic industry of farm machinery
and equipment established with low probabilities of success since the eady fifties, in the main producing areas of
the country, 7he tractor marketing caused an increase in the farm equipment demand, to the extent that now-a-
days about 150 factories are producing in Brazil a wide range of machinery and equipment for soil tillage, cultiva-
tion, transport, processing and handling needed for the national agricultural production,

The annual production of the 10 tractor factories in Brazil is 13, 000 units of light, medium and heavy mo-
dels, with a weight index of nationalization of over 98%. Annual bragilian needs in agricultural tractors are presen-
tly estimated to near 25, 000 units considering an annual replace of 10, 000 units. 1 ractor factories are manufactur-
ing only 9, 500 units which is far below the needs, A series of reasons may have contributed for the relatively low de-
mand of tractors, such as: delayed and relatively expensive maintenance of the machines, lack of knowledge on the
part of the farmer to efficiently utilize the tractor, and the relatively high selling price of the unit. Besides, other
reasons have been attributed and interpreted as a reflex of high taxation of the product, financing policies and others
resulting and related to the development policy of the country,

Mechanization has not impressed the expected impact to increase brazilian agricultural production. T he
estimated index of mechanization in Brazil is one tractor for every 400 cultivated hectares, For the State of Sao
Paulo this index is about one tractor for each 100 cultivated-hectares, with a rural population of about 35%, The es=
tablishment of these industries in Brazil provided excellent conditions for the manufacture of equipment needed in
other fields of agriculture, such as: soil and water conservation, irrigation and-drainage, handling and processing of
agricultural products, etc, The food processing industry in Brazil has increased substantially in the last years, main-
ly as a result of population increase in more developed areas, The Institute of Food Technology of the State of Sao
Paulo and the Faculty of Food Technology of University of Campinas have collaborated a great deal to the develop-
ment of such industry.

1,5. Transport,

The brazilian system of transport is located mostly in the coastal areas because of the predominantly coastal
population and to serve the export sectors, Most of the 40, 000 km of railways were built around 1900 to serve the
States of Sao Paulo, Minas, Rio de Janeiro and Parana, The expansion of the highway system during the last decades
has imposed a considerable competition to sea and raflroad systems of transport, This expansion was mainly due to the
advent of Brasilia, the availability of national transport vehicles and the need to transport the production of rice,
corn, cotton and meat of the West to the big centers, Presently the road system in Brazil has 20,000 km paved,
100,000 km unpaved and 450, 000 of rural earth roads; the latter are quite affected during rainy seasons, which inter-
feres with the transport of certain crops.

Total transport volume is now-a-day estimated as 62 billion ton=km by roads as compared to 18 billion ton-
km by railroads and 15.5 billions ton-km by river and coastal shipping.

2, Soils and agriculwure,
2.1, Soils.
In general, brazilian soils are tropical latosols, mainly red or yellow, highly leached due to rainfall and per-

meability, and with a low nutrient holding capacity. If podozolic soils occur, their characteristics are similar to
the lotosols, except for a higher nutrient holding capacity and greater susceptibility to erosion, Except for the semi-
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arid zone of Northeast region, the pH values of the brazilian soils are high, i.e., between 4.5 t0 5.9

The available land for expansion of cultivated area in Brazil is of a rather low fertility. However, research
and experience have shown that these soils can be highly productive if adequate management, pH correction and
fertilization practices are exercised . As a consequence of the rapid expansion of the road system, a substantial in-
crease of the cultivated area should be expected in a rather short period. This fact emphasizes the need of qualified
personnel to introduce and implement adequate soil conservation and management practices, in order to avoid a con-
tinuous shifting of farmers looking for less exploited lands.

Considering the potential and the position of Brazil in Latin America, it is very important for the region that
careful attention be given to the establishment of projects viewing a better utilization of the complex soil -plant ma -
chine.

2. 2. Main crops.

Generally speaking, any known crop can be produced in Brazil. Brazilian commercial agricultural activities
started in the beginning of the 19th century, with sugar cane crop and cattle raising, followed by coffee planting,
in 1850, Since then, coffee production had been the main support of the national economy throughout its succesive
phasis of development.

Along the agricultural development of the country, coffee producing areas, searching for more productive lands,
were located in the states of Rio de Janeiro, Sao Paulo and Parana. Nowaday the main producing states are Parana,
Sao Paulo, Minas Gerais and Espirito Santo, the first two accounting for above 80% of the total production.

Coffee plantations in the state of Sao Paulo are undergoing a renewal, in order to utilize new varieties and ag-
ronomical techniques. In Brazil there are about 120 researchers involved in coffee investigation, and they have con-
tributed comsiderably to improve varieties, agronomical techniques, production and other aspects. As regards to
these sectors, more related to agricultural engineering, much has been done regarding soil conservation. However,
attention should be directed to the mechanization of the harvesting process which at the moment is done almost en-
tirely by hand. This is an engineering problem that requires a solution for brazilian conditions without neglecting
what has been done in Hawaii and in other countries.

Data on cultivated area, estimated production and value of production for other main crops in Brazil, can be
seen in Table 2. Aside coffee, cotton, sugar cane, corn and rice crops are among some of the most important ex-
port products.

Cultivated area Estimated production  Value in NCr

(1,000 ha.) (1,000 tons) $1,000
Pineapple 30.5 225.0 40,226
Cotton 3,720.0 1,692.0 601,428
Peanuts 694. 0 761.0 139,201
Rice 4,291.0 6,792.0 1,402,133
Oats 27.6 21.3 3,802
Banana 255. 6 402.9 313, 686
Sweetpotato 185.0 2,228.0 103, 665
Potato 217. 4 1,466.5 232,526
Cacao 473.0 195.0 143,203
Coffee 2,792.0 3,015.0 1,088. 765
Sugar Cane 1,681.0 71,086.5 812,898
Onion 48.3 250, 2 68,011

Barley 22.2 17.2 4,302
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Mandioca 1,914.4 217,268. 1 706. 339
Com 9,256. 3 12,824. 5 1,186. 430

I

Table 2. - Principal crops of Brazil, cultivated area,estimated production and value of New Cruzeiros for 1967.

As to cotton, there are two main producing areas: in the South zone the variety upland predominates and
the production of the states of Sao Paulo, Parana, Minas Gerais, Mato Grosso and Goias accounts for two thirds of
the national production; in the North zone the variety "moco” predominates and is planted in every state of the
Northeast and by some of the East region. The possibilities of cotton production expansion in Brazil are good. Pre-
sently there are 80 researchers involved with cotton investigation, who have contributed for the development of
this crop.

Regarding mechanization, experiments conducted in the South zone indicate a series of problems limiting
the use of cotton pickers,’ as follows:

Variety, sofl preparation, initial cost and maintenance of the machine, together with other economical and
social problems related to cotton picking crews. The use of strippers in Brazil is limited by the equipment avail-
able in the cotton gins, which are not adequate to handle stripped cotton. Research is needed to develop equip-
ment and techniques for plant protection of insects and diseases for almost every crop in Brazil.

Sugar cane is cultivated in two areas in Brazil. The Southern area covers mainly the state of Sao Paulo,
Rio de Janeiro, Minas Gerais and Parana. In the Northern area the main producers are the states of Pernambuco
and Alagoas. About 180 brazilian technicians are dedicated to sugar cane research, and their work has contributed
to make sugar cane one of the first export products. The average yield of the country from 1950/54 to 1960/64
increased by 10%. At present the average yield in Brazil is about 45 tons per ha. The yield of the state of Sao
Paulo that accounts for about 30% of the national production is 60 tons per ha.

Future expansion of sugar cane crop is regulated by the "Instituto do Acucar e do Alcool” of Brazil through
policies restricting installation of new mills and controlling production prices of the two producing areas, by favo-
ring exportation through the north area. By 1970, following the installation of new mills and a new planning of
crop and product development, it is estimated that Brazil will produce about 100 million bags of sugar.

Much improvement has been done to advance mechanization of field operations, transportation and harvest-
ing of sugar cane crop in the South area. Practically all the equipments needed for crop development and indus-
trialization of theproduct are manufactured locally. However, studies are needed to develop a more efficient har-
vesting system, as a process beginning with standing cane in the field and ending when the-cane reaches the mill.
This seems to be one of the main problems affecting sugar cane production in the South area whose harvesting sys-
tem involves considerable hand labour.

Table 2 shows values for corn which indicate the im portance of the crop for the country. Corn planting is
practiced under satisfactory agricultural techniques in the main producing areas. Machinery and equ ipments
needed in all phasis of the crop production are also manufactured locally.

The main rice producing states of Brazil are: Rio Grande do Sul, Sao Paulo, Goias, Minas Gerais, Maranhao,
Parana and Matto Grosso, in which most of the 60 specialists dedicated to rice research are found. At present, more
than half of the rice produced in the country is not irrigated. In the state of Rio Grande do Sul, the main rice
producer, the 300,000 ha of irrigated rice are carried out with a good mechanization and fertilization index and
with a yield of about 60% higher than that of the other producing states. In Minas and Sao Paulo most of the rice
is produced upland; irrigation is practiced only in areas close to the rivers. Rice plantations in Goias and Matto
Grosso are quite extensive, but little attention is payed to fertilization and soil conservation practices, resulting
in a relatively low yield. The main reasons for this procedure is probably the existance of large farming areas and
the fact that this crop is adaptable to soils with relatively low nutrient content.
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In general, the problems facing the rice growers in Brazil are: mechanization of harvesting, transport and sto-
rage and the lack of stability or of an adequate minimum price for the product. A relatively low number of harves-
ters is involved in the production process and maintenance is uncertain and costly. In addition to this, the establish-
ment of industries to manufacture combines locally does not seem to be progressing satisfactorily.

It is thought that the above mentioned crops are some of the most important and that they provide an idea of the
agricultural production problems facing brazilian agriculture, Therefore, for purposes of saving time the other crops
referred in table 2 will not be commented.

In general, agriculture in Brazil is lacking of capital investment directed to the sector, is practiced on the ba-
sis of extensive lands and involves considerable manual labour. The use of fertilizer reaches an index of 12 kg. per
ha of cultivated land, which is approximately the index of Mexico and about one third that of the United States.

With regard to cattle raising, Brazil seems to have one of the largest herd of the world amounting to 70 million
heads, However, much has to be done as to quality of the herd, despite of the efforts being made to inprove it.
Livestock production has an important role in the economy of the country; the main products are: beef, milk, wool
and eggs. In 1965, 2 billion tons were produced, of which 70% came from beef cattle. Most of brazilian cattle ori-
ginates from "Zebu-Creole" crossing and finishing is mostly done with grass. Sao Paulo and Bahia are major finishing
states and Minas, Matto Grosso and Goias are the main breeders. It seems that one of the major problems causing con-
siderable losses in meat production is to provide adequate forage and sufficient amount of water for the range cattle
during the dry season.

2, 3. Irrigation.

Generally Brazil does not present an arid climate; therefore, it is not a country with traditions in irrigation.
The agriculture producing areas normally receive sufficient rainfall to produce certain crops, The zone most affec-
ted by rainfall irregularity is the "drought polygon”, which is not considered an arid zone, but does not present pe-
rennial rivers to provide irrigation water. Irrigation practices in this zone are limited by construction cost of hydrau-
lic control structures and water distribution systems that meet the high fluctuations of rainfall. With the population
increase of the Northeast region and the implementation of governmental projects for the area, it may be expected that
modern irrigation practices will replace old traditions and impart new horizons to the economy and welfare of the
rortheastern population.

With a total irrigated area of about 350,000 ha, irrigation has not contributed significantly to the agricultural
production of Brazil. Mocst of the irrigated lands are found in rice zone of Rio Grande Do Sul, where it is practiced
with water from small reservoirs, accumulated during the winter rainfall season, or with water pumped from rivers.
In the state of Sao Paulo, Paraiba Valley, extensive rice and truck crops are irrigated. Rice is also irrigated in
some areas of the states of Minas and Rio de Janeiro, and along flooded planes by the rivers in the tates of Maranhao
and Parana.

In general, it seems that the factors limiting irrigation practices in Brazil are the high construction cost and the
capital investment required, and the relatively abundance of land and rainfall. However, sprinkler irrigation may
be expected to be intensified in areas of significant agricultural production, as a supplement and safety measure a-
gainst losses experienced due to irregular precipitation. Furthermore, government authorities seem to be aware of
the importance of this practice and its relation to the multiple use of river basins as an integrated programme for flu-
vial transport, irrigation, etc. The Paraiba Valley project, state of Sao Paulo, is an example of projects being carried
with these purposes. Studies of the basin are complete, the polders are practically built, but completion of the pro-
ject is withheld because of the considerable amount of capital investment required, The participation of international
agencies to help in the completion of the project would be of a great asset fo. almost twenty million people 1iving in the
area, Drainage techniques as applied to agriculture seem to be practiced mostly in the highly productive zones. Here
again, the relative abundance of 1and and hence cost favors the farmer to look for another area readily adequate for
agriculture rather than to reclaim the apparently inadequate land.

3. Agricultural College Education.
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3. 1. Colleges, enrollment and course:.

Agricultural college education in Brazil is offered by the "Escolas Superiores de Agricultura” or "Fa-
cultades de Agronoma”, which require four yeas of study for the degree of "engenheiro-agronomo".
The "fscola fupetior de Agricultura Lviz de Queiroz", (ESALQY, of Piracicaba, University of Sao
'aulo, requires five yeauss of study to graduate an "engenheiro agronomo”.

Table 3 shows figures related to number of agriculture schools in Brazil, student enrollment at the

end of each year, of staff members and of students that have completed undergraduate work for the
period of 1966 -68.

Years Schools. + Staff Regi;trat%ﬁg at the end.of Students that finished..
~ year

1966 19 364 4881 393

1967 20 1031 5293 1081

1968 22 218 3560" 1200+

1969 22 --- 53000 -

Table 3. Nata referring to the number of superior schools of agriculture, of the faculty, registrations,
schools and students that will finish during 1966-68.

With -egard to graduate courses in agriculture, of the 300 students in Brazil doing graduate work in
1988, 171 were in the State of Sal Pawlo.

Compared with other branches of education, the number of students attending agric‘ultural colleges
is relatively small for a country mainly supported by agriculturg, as can be seen in table 4.

(o e e c— .-

1966 1967 1968
Philosophy, Sciences and General Arts 40722 48369 66163
Law 357173 426817 51498
Engineering 26322 31946 37698
Administration & Economy 22405 273813 35925
Medicine 17282 20560 24307
Dentistry 6694 7055 7851
Agriculture 4881 5293 5560
Total No. of students in $ao Paulo 43385 54474 71084
Total No. of students in Brazil 173777  2017205- 258303

N

Table 4. Data referring to the number of students 1egistered in undergraduate courses in 7 branches
of teaching in Brazil, years 1964 10 1968.

In 1968, approximately 5¢ of the total number of college students in Brazil was enrolled in agricul -
ture, and abont 1200 coinpleted ‘equirements. Over 60% of these graduates were from the states of Sao Paulo, Rio
wiande o dul, Minas Cerais and Parana.

" At the beginnug of the year.
> Estimated.
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Recent stud:es indicate the existence of a socialization process that encourages students to take up
careers which traditionally have the highest prestige. This behaviour seems to be related with cultural values attri-
buted by students to careers involving manual and non-manual labor in their activities, as an indication of occupa-

tional hierarchy. Despite of the necessary caution in drawing a general conclusion, this behaviour can be considered
as a good indicator for more developed areas such as that of Sao Paulo and other industrialized areas of Brazil.

In general, the curricula of agricultural colleges involve 80 to 85% of courses in biological sciences
and applied agriculture, and the remaining in basic and applied engineering. Under the present concept of the agri-
cultural engineering profession, in Brazil there is no undergraduate programme being offered up to this moment.

All "Escolas de Agricultura” offer the degree of "engenheiro-agronomo” to the graduating senior, but
lately some are attempting for a diversification of fields in the final stages of the curriculum. The courses are offer-
ed in a year basis of two semesters, from March through June and from August through the middle of December, with
three one-hour theory classes and one three -hour laboratory class per week. The following list may give an idea of
the courses offered:

First year: Mathematics and Statistics
: Physics and Meteorology
Zoology
Botany
Inorganic Chemistry
General Agriculture

Second year:  Organic and Biologic Chemistry
Mechanics, Power and Machinery
Geology and Mineralogy
Entomology
Genetics and Plant Breeding .
Forestry

Third year: Soils
Surveying and Road Constructions
Fertilizers and Fertilization
Horticulture
Plaat Pathology
An;mal Husbandry (general)

Fourth year: Rural Construction, Irrigation and Drainage
Techrology of Agricultural Products
Food Technology
Crop Science
Animal Husbandry (special)
Rural Economy and Sociology

The majority of "engenheiros-agronomos" involved in agricultural engineering problems in Brazil,
acquired complementary training through self<teaching and/or by attending short specialization courses locally or in
foreign countries. In Brazil there are presently four Master of Sciences and one Doctor of Philosophy in Agricultural
Engineering, all graduated in the U.S. A.

3.2. Tendencies of Agricultural Engineering Education at the University of Sao Paulo. The "Escola
Superior de Agricultura Luiz de Queiroz"”, (ESALQ), University of Sao Paulo (USP), has about 180 staff members, 1000
undergraduate students and 120 graduate students. The undergraduate curriculum allows the students to attend courses
containing about 20% of basic and applied agricultural engineering subjects. This is possible because in the fifth year
the stud'em is allowed to divert his studies toward one of the following fields of specialization: Agronomy, Rural Eco-
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nomics and Sociology, Food and Agricultural Products Technology, Animal Husbandry and Rural Engineering.

Among other post-graduate courses offered at ESALQ, there is one in Power and Machinery that leads
to a degree of "Magister Scienciae”. In this course there are presently about 15 professors teaching disciplines such
as: mathematical analysis and statistics, thermodynamics, electricity, rural electrification and instrumentation, be-
sides other courses related to farm power and machinery, special problems, seminars and orientation of thesis work.
In general each discipline is taught in a four-month basis, with three one -hour theory classes and one threeour 1lab-
oratory class per week. It ds estimated that a full time dedicated student will complete the 30 credits required for
the master degree in 18 to 24 months. The main institutions cooperating in the graduate courses at ESALQ are: the
Inter-American Institute of Agricultural Sciences, providing scholarships, the Rockefeller Foundation, providing fe-
1lowships and equipment, the Ohio State University, with professors, fellowships and other aids, as part of an agree-
ment with the USP.

In the recently approved university reform of the USP, the department became its basic unit. Also,
several schools located outside of the main campus (Sao Paulo) were brought to the category of campuses, based chief-
ly in the academic status of the staff members. The ESALQ of Piracicaba is a new campus of the USP, and a School
of Odontology and another of Forestry were added to the existing schools of "engenheiro-agronomo” and home econo-
mic. Studies ae being made for the annexation of the Civil Engineering School owned by the Local Municipal Founda-
tion, to the campus of Piracicaba.

The institution of the Rural Engineering Department and the annexation of the Civil Engineering
School to the campus of the ESALQ, originated an academic movement aiming to transform the graduate course in
power and machinery in a rural engineering course, which should culminate in an agricultural engineering undergra -~
duate course, in the future. ‘

For this transformation it is estimated that the presently available facilities are sufficient, it will
require part of equipment, staff training and new staff members. Presently the Rural Engineering Department has 15
professors engaged with courses on power and machinery, rural construction, irrigation, drainage, surveying and road
comstruction. For the graduate course in rural engineering, aside the Civil Engineering School, the departments of
Mathematics and Statistics, Physics and Meteorology, Chemistry, Soils, Geology and Mineralogy, Food and Agricul-
tural Products Technology could cooperate offering appropriate courses.

The transformation toward an undergraduate programme is expected to take place in five years, in
order to adequately train staff members and meet the standards. Generally, the following steps should be taken start-
ing December 1969.

Staff training courses: including courses in Mathematics for engineers, general mechanics, elastici-
ty and strength of materials, machine design, structure design, instrumentation and scientific methodology in agri-
cultural engineering. These courses would be taught by present staff members of ESALQ in cooperation with professors
of the Engineering School of Piracicaba and that of Sao Carlos, University of Sao Paulo. The strengthening of research
training in agricultural engineering should be done mainly through experts provided by Ohio State University.

Outside the country training: five staff members of the Rural Engineering Department should be selec-
ted and sent to the U. S, A, or other countries to work toward graduate degrees in agricultural engineering, in the fields
of soil and water engineering, rural planning and construction, power and machinery and agricultural products proces-
sing. According to administrative financial resources, it is also intended to contract three more staff members for
the next year.

Reformulate the Master of Science in power and machinery to offer to the "engenheiro-agronomo’
a Master of Especialization in Rural Engineering, beginning 1970. Concerning to this reformulation, some conside-
rations will be given further in this work,

Establishment of regional study plan: in cooperation with private and governmental organizations,
an attempt should be made to determine the agricultural engineering problems demanding immediate consideration.
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The results would be conveyed to students through seminars presented preferably by personnel outside to the depart-
men:.

Recommendations of various nature related to the profession should be sent to the Federal and State
governments, mentioning: that priority should be given to international projects willing to support programmes in ag-
ricultural engineering; that governmental technical positions related to agricultural engineering be occupied by an
"engenheiro-agronomo” at least holding a Master of Science in one of the specializations of agricultural engineering
to provide stimulus for the profession and to advancement of study. The same kind of recommendations should be
addressed to industrial and agricultural professional societies and associations, in order to increase the demand of pro-
fessionals trained in agricultural engineering.

Publications should be prepared and distributed, pointing out the need of qualified agricultural en-
gineer and what they can do in the solution of problems of agriculture and related industries.

The primary concern in the revision of the Magister in power and machinery to transform as one in
the specialization of rural engineering should be to orient the formation and information of the "engenheiro-agrono-
mo"” toward agricultural engineering. This could be achieved through basic and applied courses in engineering and
agricultural engineering, which would inculcate the physico-mathematical thinking as the basic “tool" orienting
the solution of engineering problems related to agriculture. The courses in mathematics should include solution of
differential equations, infinite series and advanced vector analysis, aiming the formation of the students. The cour-
ses related to physics should contain mainly thermodynamics, electricity and electronic. The latter directed to the
application in rural electrification and instrumentation. The courses in general mechanics should involve statics,
fluid statics and chiefly particle and system dynamics, elements of fluid dynamics and theory of elastic deforma-
tion.

The applied engineering courses should include machine design, structure design, soil physics and
elements of soil mechanics. The following courses could be offered in rural engineering : farm tractors and engines,
farm machinery, rural electrification, rural construction, irrigation and drainage system design, methodology of re-
search. Other courses could be offered as optional, such as: inp ortant design factors of tillage machinery; photo-in-
terpretation of soils; applied hydrology; soil and water conservation machines; application of radioisotopes to agricul -
tural engineering problems.

3. 3. Closure.

A general analysis of the development, needs and important role of agriculture for the welfare of
the brazilian people indicates that true development is rot likely to be achieved without intensifying educational
and research programmes related to rural activities. Upon them will rely a successful implementation of new tech-
rological factors and the search for new ones, which will generate the demand of adequate transport, storage and
marketing systems. In this concert it seems evident the need for qualified professionals involved in the solution of
agricultural problems and their important contributicn to the development of the country.
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6. THE STATUS OF AGRICULTURAL ENGINEERING EDUCATION IN LA TIN AMERICA: CHILE by Mario Ib4fiez Ci-
fuentes, Universidad de Concepcidn, Chile,

General background of Chilean agriculture.

Chile is a long narrow country, bounded on the north by Peru and on the south by the Antartic conti-
nent. It has a very variable weather that causes an extremely diversified agriculture. A central valley is formed bet-
ween the Andes on the east side, and the costal range on the west side, and it is here that the most important agricul-

tural activities are developed, This central valley is irrigated with water coming from several rivers running to the
ocean through the range of mountains.

Agricultural zones in Chile (See Table No. 1)
Crops in order of importance (See Table No, 2)
Types of soils,

Soils in Chile may be classified in a very general way in three types comprising the following groups
that appear from North to South as:

1. Arid soils.
a) Grey desert soils These soils are found in the northern part of the country and they
b) Red desert soils have very little agricultural importance.

c) Calcic brown soils
d) Coastal red soils

2, Tramsitional soils
a) Non calcic brown soils These soils are found in the central zone and central southern part
b) Forest brown sofls of the country and they are very important in agriculture,
c) Coastal prairies

3. Humid soils,
a) Lateritic redish-brown soils These soils are developed in the central-southern part of the coun-
b) Soils from volcanic ashes try and they are very important in agriculture, These soils are de-

c) Soils of cold prairies veloped in the end of the country and they are very important in
d) Tundra soils agriculture, particularly for animal pasture,
TABLE No, 1

AGRICULTURAL ZONES IN CHILE

ZONES Total area Total cultivated Irrigated area  Annual precipi- Agriculture
thousand area thousand (hay thousand (hay  tation (mm)

NORTE GRANDE Agriculture of

BIG NORTH little importance

Tarapaca and Antofo- 0 (horticulture,

gasta Provinces 178 13 11,2 25 fruits, pastures)
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ZONES Total area thousands Total cultivated Irrigated area, Annual pre- Agriculture
km2 area thousands  thousands (ha) cipitation
(ha) (mm)

NORTE CHICO (Small north) Agriculture in

Atacama and Coquimbo 0 transversal valleys

Provinces 120 194 13,08 114 of relative impor -
tance (cereals,
horticulture, fruits,
vineyards, pasture
and small livestock)

NUCLEO CENTRAL Irrigation agricul -

(Central nucleus) ture in the central

Between Valparaiso and 130 valley, Very im-

Nuble Provinces 93 2.158 1.051,8 1.300 portant (medite-
rranean crops,
fruits, wines, ce-
reals, horticulture,
intensive cattle
raising

NUCLEO CENTRAL SUR Agriculture in cen-

(Central southem nucleus) tral valley with

Between Concepcion and Temuco 1.400 supplementary i-

Provinces 54 1.920 171,9 1.800 rrigation (cereals,
pastures, sugar
beets, plantation
timbern)

REGION DE LOS LAGOS Central valley ag-

(Lake Region) riculture with no

Between Valdivia and 1.800 irrigation (potatoes

Puerto Montt Provinces 48 1.072 -- 2,500 cereals, sugar beets,
pasture, cattle
raising, natural
forest)

REGION DE LOS CANALES Extensive sheep

(Chanpels Region) raising, natural

Between Chiloé and 300 woods

Magallanes Provinces 248 183 0,5 2.865

741 5.540 1.248,38 -
TABLE N°2

CROPS IN ORDER OF IMPORT AN CE (CORFO, 1965)

OASIS CROPS (CULTIVO DE OASIS)

Cultivated area, thousands of Has,

Cereals (wheat, oats, comn, barley, rce, rye)

Legumes (beans, lentils, peas, chickpeas)

1.151,3
148,17
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OASIS CROPS (CULTIVO DE OASIS) Cultivated area, thousands of Has.
Roots and tubers (potatoes, sugar beets) 103,7
Vineyards 103,0
Edible oil seeds (raps, sunflower) 80,3
Fruits 77,0
Honticultural crops 62,2
Textiles (fiber hemp, flax) 4,5
Industrial oil seeds (hempseed, flax seed) 3,8
Tobacco 2,2
TOTAL: ™1.736,7

NOTE: Source of Tables 1 and 2: "Geografia Econémica de Chile". CORFO 1966.

TABLE N°3
SUMMARY
-Area Thousands of Has,

Total crops 1 11.786,7
Cultivated pastures :1.203,3
Natural pastures " 1.600,0
Fallow and others " { 1.000,0
TOTAL CULTIVATED LAND: 5.640,0

Markets for the agricultural products in Chile,

Chile is not an exporter of agricultural products and all its agricultural production, with few exceptions ,
is directed to satisfy the needs of the country. In the last decade it has been necessary to impon foods such as wheat,
meat, etc.

In general terms we can say that there are three main imtemal markets for the agriculwral products from
the country.

1. Central Zone. - In this area we find the highest concentration of population in the country, and there-
fore, it represents a wide market for agricultural products.

2. Northemn and Southern Zones. - These areas offer a good market for agricultural products although they
have less concentration of population due to their limited productivity.

Rural and urban population.

An analysis of the last census shows a migration of rural population to the big urban centers. The reviewed
figures of the 1960 census show that since 1952 there have been an increase of 10% of the active population of the level
of people older than 12 years old. In 1960 the active rural population was the same as that in 1952 (648,000 pop) but
the percentage of the total population decreased from 30. 1% in 1952 to 27. 5% in 1960. Estimates for 1970 indicates
that the population of Chile will be of 9,969, 000 inhabitants, with 7, 364,500 in the urban areas and 2, 604,500 in the
rural areas.
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This situation clearly indicates that it is very important to train adequately the rural active personnel
working in agriculture with the purpose of increasing productivity and obtaining a better standard of living for the peo-
ple.

Problems requiring agricultural engineering solutions.

1. Agricultural Machinery.
a) Selection of agricultural machinery suited to the conditions of the country,
b) Training of technical personnel.
c) Training of technical operators
d) Technical assistance on the use, maintenance and repair of equipment.
e) Research on adaptation and aplication of equipment,
f) To develop local manufacturing of equipment, implements, tools, etc.
g) To develop marketing policies .

2. Irrigation and Drainage.
a) Incorporation of new areas with irrigation.
b) To regulate the present imigation system.
c) Soil reclamation and conservation,
d) Application of operational methods,
e) Research and training of personnel at every level.

3. Famm Structures and Rural Planning.
a) Lack of technical personnel needed to carry out the planning of rural infra -structures.
b) The Agrarian Refomm that is taking place in the country requires a great quantity of farm structures
and rural houses. Personnel technically trained in this area are needed.

4. Processing of Agricultural Products.

a) There are big losses in agricultural products due to many factors. Among these we can mention: lang
distances between production centers and markets, unfavorable weather conditions, lack of good se -
condary roads, seasonal agricultural production, deficiencies in harvesting, handling, packing, stor-
ing, etc,

Agricultural Engineering Education in Chile,
1. General background.

Agricultural education in the country is basically offered at three levels:

a) High level, represented by five schools of agriculture in the universities of the country.

b) Intermediate level, represented b y technical schools of agriculture under dependance of the Ministry of
Education and of some universities, There are no centers of agricultural products processing.

c) Basic level, represented by farm-schools for primary students of the rural areas. There are no speciali-
zed personnel,

Agricultural Engineering education in Chile is mainly under the schools of agriculture, although in many
other professional careers such as civil engineering and architecture, courses in surveying, drawing, hydraulic, drain-
age, buildings materials, etc, are offered, but with no specific orientation toward agriculture.

Within the other levels of education some aspects related to Agricultural Engineering are also studied, but
only with the purpose of providing a complement to the general agricultural education.

There are some institutions that offer training courses related to agricultural engineering, such as those of-
fered by the National Institute for Training (Instituto Nacional de Capacitacién, INA CAP) at the level of tractor opera-
tors and agricultural mechanics and courses for tractor operators offered by the Chilean Amy in cooperation with the
Corporation for Development of Productivity (Corporacién de Fomento de la Produccién).
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The schools of Agriculture of the Universidad de Chile and of the Universidad de Concepcidn, are the on-

ly ones which have organized Departments of Agricultural Engineering. The other three schools offer isolated courses
in Irrigation, Farm Machinery, Farm Building, Surveying and so on.

2. Department of Agricultural Engineering, School of Agriculture, Universidad de Concepcién.

a) Administrative organization.
This is one of the six departments forming the School of A griculture and academically, administra-
tively and economically it is dependent of a Council headed by the Director of the School. The in-
ternal administration of the Department and the relations with the other Departments are handled by
a student -faculty committee headed by the head of the department.

b) Academic organization.
The academic organization of the School of Agriculture as well as that of the Depanment of Agricul-
tural Engineering are contained in the rules and regulations of the School of Agriculture and in the
Academic Program of the A gricultural Engineering Department. Both documents are attached.

3. Priorities of Specialization in Agricultural Engineering in Chile.
According to the needs of the country it is possible to establish clearly two priorities:

a) First priority: A gricultural Machinery, Imigation and Drai nage.
b) Second priority: Processing: of Agricultural Products and Farm Structures,

4. Present and Future situation of professionals who have specialized in Agricultural Engineering in Chile,

At present none of the universities of the country graduate agricultural engineers, and the agronomical en-
gineers specialized in this field are not enough to meet the needs of the country. The professionals who graduate in
this area, are at present small in number and it is considered that teaching of agricultural engineering should be inten-
sified to tackle and solve all problemsthatthe country has in this area.

With all these antecedenmts the Universidad de Concepcién has considered the necessity of establishing a
School of Agricultural Engineering, on a national basis: to prepare professional adequately trained to solve the problem
in this area. To achieve this objective efforts of all universities and institution related to the field will be joined.

Advise was asked from FAO Regional Officer for Latin America, Mr. ]J.D. Berlijn, and a project was ela-
borated with this help. At this moment, this project is under the consideration of the Chilean Government.
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7. THE STATUS OF AGRICULTURAL ENGINEERING EDUCATION IN LATIN AMERICA: ECUADOR, by Rafael L Jarre
Vinces, Faculty of Agricultural Engineering , Universidad Técnica de Manab{, Ecuador.

1. Study of the Agricultural Education in Ecuador.

The Agricultural Education in the country, at every level, is an exclusive responsibility of the cen-
tral government, through the Directorate of Agricultural Education of the Ministry of Agriculture and Animal Husban-
dry for the training of agronomists and agricultural technicians, at the medium level; of the Department of Agricul -
tural Engineering of the Agronomy and Veterinary Medicine Faculty of the Central University, for the training of
"ingenieros agronomos™ with an overall view of agriculture and with a tendency to the agricultural engineering side,
and the specialized Agricultural Engineering Faculty of the Manabi Technical University where professionals are
trained, where after five years of study, subject to the presentation of a thesis, a practical and oral examination
they are awarded the degree of "Ingeniero Agricola" (Agricultural Engineer).

In the Country there are two educational levels for the formation of technicians, agricultural tech-
sicians and agricultural professicnals.

a. Medium level,
b. High academic level.

a. Medium level. - The Manabi Technical University is in charge of an industrial technical high
school for the development of a Bachelor in Secondary Education, dividing it in the following branches: Agriculture,
Mecharics and Electricity under a six years plan of studies, at the end of which the student can either follow on to
the university studi es or take a qualified job in the country. On the other hand, the Directorate of the Agriculture
Educaticp of the Ministry of Agriculture and Animal Husbandry is in charge of the direction and administration of
several Ligh schools and agricultural schools of medium level throughout the country.

Agricultural Technical High schools (Divided cycle).

Medium level

LUIS A MARTINEZ Ambato Tungurahua
SIMON RODRIGUEZ Latacuiga Cotopaxi
TROPICAL Daule Guayas
ODILON GOMEZ Chr.ae Manabi’
Schools of Agriculture.

Medium level
QUININDE Quininde Esmeraldas
MANUEL ENCALADA Pagua El Oro
PUEBLO VIEJO Pueblo Viejo Los Rios
SAN GABRIEL San Gabriel Carchi
OTAVALO Otavalo Imbabura
CHINCHI Chinchi Chimborazo

Schacls under Mission Agreements.

LEONARDO MURIALDO Archidona

Medium level

Napo
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MIGUEL CAMBOA Francisco de Orellana Napo
BOMBOIZA Bomboiza Napo
CALASANZ Cafiar Cafiar

The techmcal bachelor degree takes 6 years and the title "agronomo” is awarded. In the agricul-
tural schools, the period of studies is 4 years and after completing the students are graduated as agricultural tech~
nicians. In the agricultural high schools as well as in the agricultural schools, teaching is at the medium level.

b. High Academic Level.
1. Faculty of Agronomy & Veterinary Medicine of the Central University.

The Faculty of Agronomy and Veterinary Medicine of the Central University has an agricultural
engineering department which by now is in the process or organization and development under the direction of a
FAQ expert. This Department is in charge of the following courses: Farm Structures, Farm Machinery, Agricultural
Meteorology, Irrigation and Drainage, Topography,and Technology of Agricultural Products, which under the pre-
sent conditions does not guarantee the complete preparation of the future agronomist to solve the most critical and
urgent problems of the agriculture in specialized areas, such as: Hydraulics, Farm Machinery, Farm Structures and
Processing of Agricultural Products that the country requires.

The general plan of the Faculty of Agronomy and Veterinary Medicine restrict students and its
professionals in the specific field of agronomy, devoting its time to use and to apply the practical and technical
knowledge in agriculture. The Faculty does not offer and could not offer a complete plan of studies  leading to
the agricultural engineering title based on the plan for agronomist; if it is wanted, an specific plan could be pre-
pared for professionals in the field of agricultural engineering.

2. Faculty of Agricultural Engineering of Manabi Technical University.

The Manabi Technical University was created by legislative decree of October 29 of 1952, and
was approved by the Executive in December of the same year. Under this decree the School of Agricultural Engi-
neering was born and it is unique in the country so far, it began to operate on June 25, 1954. In May, 1955,
opened the second school, the Agronomy School, and in May 1956, the School of Veterinary Medicine was inaugu-
rated. These three schools formed the Faculty of Agricultural Engineering and Veterinary Medicine until the 21 of
October, 1968, when the above mentioned schools were raised up to be the Faculties of Agricultural Engineering,
Agronomy and Veterinary Medicine respectively. Since the 25 of June, 1954 till the 21 of October, 1968, the School
of Agricultural Engineering worked under the teaching system of Trimestral Academic Year with a plan and program-
me of studies which permitted the formation of professional with general knowledge of agronomy and fields related
to the specific studies of Agricultural Engineering.  With the creation of the Agricultural Engineering Faculty,
and from October 21, 1968, the Board of Directors of this high agricultural institution carried out a complete revi-
sion of the plans and programmes of studies, using as a model the general plan of the Agricultural Engineering Fa-
culty of the National Agrarian Upiversity at La Molina, and by their vigorous efforts they oriented the Faculty to-
wards a system of specialization of higher level of specific fields of knowledge and techniques. Commencing De-
cember 30, 1968, and due to a iesolution given by the Board of Directors of the Faculty the academic regime for
the studies of Agricultural Engineering has been set in ten cycles with a duration of 80 days each and with a to-
tal requirement of 200 credits, prior to the exams for the degree, and for the granting of the degree.

2. 1. Organization of the Agricultural Engineering Facult).

The organization of the Agricultural Engineering Faculty at the present time is a dynamic and
capable one so that without any doubt it will enable a notable improvement in the formation of the future
professionals training them to solve the complex agriai Itural programs which hinder the development of the coun-

try.

2.1.1. The Faculty Council is the administrative and governing organism of the higheslevel in
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the faculty whose responsibilities are set up by law, . the regulations of the University and the
regulations of the Faculty.
2. 1. 2. The Council of Directors is the organism in charge directly of the administrative, acade -
mic work and discipline of the Faculty.
2.1.3. The Dean is the executive officer of the faculty. He has the authority forit and he is res -
ponsible for the immediate direction of the affairs according to the general rules that are esta-
blished by the Faculty Council and by the Council of Directors.
2.1.4. The Sub-Dean is the person that replaces the Dean during his absence.
2. 1. 5. Departments:
Farm Machinery, Farm Structures, Rural Planning, Irrigation, Soils and Soils Conservation.

The new plan of studies leads to the title of Agricultural Engineer oriented towards an specific
field according to the limitations and capability of the students. Due to the changes that occurred in the Faculty,
the Departments of Farm Machinery, Farm Structures and Rural Planning, Irrigation, and Sofl Conservation were
created, having the specific function of controlling the orientation of the specialization that is given in every de-
partment and also the research and the teaching of related subjects, with prepared programmes for every unit.

Every department has a Head or Director, designated by the Council of Directors, who is in charge
of programming, teaching and research in each specialization. . .The courses given have theoretical and practical
content.

This new way of planning will permit a better and more solid preparation of the agricultural en-
gineer because the new plan of studies starting from the 7th cycle, involves six intensive specialized courses that
will guarantee a high academic standard. Every Department possesses small laboratories and some sections of ex-
perimental fields in order to complement partially the education process.

2. Agricultural Engineering Demand in the Gountry.

T e e

The conclusion reached by the present faculty of Agricultural Engineering, based on the experience
of its professors, graduates and students is that in general the agricultural development of the country depends on;
farm machinery.

If to this experience you add criteria from other groups of professionals, they show that  Ecuador,
or any other agricultural country, cannot develop their agriculture without the use of farm machinery and the tech-
niques of agricultural engineering. Without the guidance of this type of professionals a complete agrarian reform
cannot be carried out and the old traditional structures, which hinder the agricultural development of the country,
are kept on.

L 4

Appendix 1, at the end of this paper, contains the figures of agricultural production and of the
cultivated area in Ecuador during 1967 according to the different geographical regions. Besides, it shows the dif-
ferent works partially done with farm machinery in each of the crops, as well as the suplement activities of irriga-
tion required for the vegetative period and the process for the commercialization and industrialization.

A. In Farm Machinery.

According to the figures given in the same annex, it is possible to see that the country has to give
priority to the development of© farm machinery, and from there to go on to the next stage that constitutes the
processing of the agricultural products ; if we consider that out of the 55 agriculture products analized, only in §
of them is the harvesting of the crops carried out by farm machinery, 9 are sown mechanically and a nearly cons-
tant number that fluctuates between 32 and 38 perform plowing, grading and ridging.

Though we realize that the factors that control the yields in agriculture are many and very com-
plicated, it would be impossible to detail them at this time; at the same time it would be a large and difficult
task to enumerate the factors that have lead to the stagnation of Ecuatorian agriculture. Nevertheless, it is worth-
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while looking closely at one of the factors that has a major effect or the level of the yields from the land: the use
of agricultural machinery,

If, so far, a large agricultural development has not been achieved and neither the indian of
the mountains or jungle has been integrated to the agricultural production it is because from one side the big land
owners have not agreed to the introduction of new techndogies , such as the farm machinery, nor have they permit-
ted the development of new cultivated areas having labor not only cheap but in many cases free; on the other hand
the programme of small land owners and the fragmentation of the land that instead of being a favorable factor for
the development is a serious limitation for the farm mechanization, Because they hardly satisfy the minimum needs
of the families, they are kept on the margin of the economy,

B. In Irrigation and Drainage.

Looking at Annex 1 of our reference, it is shown that 52 out of 55 of the agricultural products
require in one way or another some imigation to meet the minimum water requirements. Such figures can only be
considered to the extent that they will give an idea of the situation, to undemtand that water is a decisive factor in
the agricultural production, When nature does not supply, man has to look for it moving to very far places where
water is found either as overland water or subsurface water, and utilizing it as artificial imrigation. In other situations
when agriculture can only take place during the short winter season, we have to accept that with some methods of
artificial use of water, crops will be sown and collected with mare frequency, increasing in this way the annual
yields, For this reason, the second priority in the determination of needs of specialization in agricultural engineer-
ing is lead to the formation of professional people with broad knowledge in the use and distribution of water. The
economical and agricultural development of Ecuador depend mainly on the planning and execution of irrgation pro-
grammes, The country requires permanent irrigation structures such as: dams, offtake gate systems, wells and pump,
whose works demand the knowledge of Agricultural Engineers.

The hydraulic problem is very complex, because after the construction of many irrigation sys-
tems there should be a systematized and technified operation of watering, with the objective of using water to a ma-
ximum in a rational form with the application of Engineering techniques, This task is completely beyond the train-
ing of Agronomists and Civil Engineers and it falls in the domain of an specialist in the subject, that is the agricultu-
ral engineer who is formed in the A gricultural Engineering Faculty of Manabi Technical University. The shortage,
to say the least, of this type of professionals has forced the Institutions of our country to send groups of Civil Engine-
ers abroad in order to obtain a specialization in Irrigation and Drainage to take care of the plans and agricultural de-
velopment programs that the govemment is carrying on, Due to the lack of hydraulic technicians that are required
to move on the modem development of the agriculture of the country, the Agricultural Engineering Faculty of Mana-
bi Technical University possesses a plan and programme of studies that guaranty a solid preparation of a very high le-
vel of the human element in this technical field.

C. In Processing of Agricultural Products.

As mentioned above the processing of agricultural products constitutes a further stage to the
sowing and collection of the crop, thus it should be assigned the third place in the scale of priorities in the Agricultu-
ral Engineering specializations. This criteria is emphasized with the figures that are shown in Appendix No,1 where
it can be seen that less than 50% of the listed agricultural products are processed. They undergo, in most of the ca-
ses, a primary transformation; and, in a few cases, a complete transformation for final human consumption,

Agricultural Engineering plays an important part in the rural development, a balance should be
established among the local conditions, the various forms of agricultural improvements and of industrialization,

Industrialization of agricultural products is in the development stage and the professionals who
are in charge of the industrial plants of the country belong to different technologies, This fact limits the production
and the consumption due to the lack of technical knowledge to obtain the least cost and highest quality products.




-40-

The Agricultural Engineering Faculty has not created the Department of Processing Engineering
although processing has the third place in priority, but the lack of specialized staff for teaching has forced to the
Board of Directors of this institute to pospone this goal, until an agricultural engineer in this specific field is avail-
able.

D. In Farm Structure and Rural Planning.

In some zones of the country, the agricultural rural communities require for their development
the assistance of the agricultural engineer, in order to plan technically the settlement of their living houses, to build
farm house, roads, silos, technical electrification for the existing rural agricultural zones,

For these conditions, the A gricultural Engineering Faculty of the Manabi Technical University
is forming professionals specialized in Farm Structures and Rural Planning (giving basic and fundamental courses that
are required for this subject that will be able to give suitable solutions to the physical planning of the settlements,
the rural housing and some other farm problems within the agricultural development. This is accomplished through
the basic and fundamental coumses that are given at the agricultural engineering faculty.

So far the agricultural engineers and agronomists have been in charge of this task which is not
in their domain, The great variety of the mral living conditions that existiin the country create important problems
of design, selection of materials and construction that can be solved only by agricultural engineers.

E. In Soil Conservation.

It was said that Ecuador bases its economy especially on agriculture, for that reason undestand-
ing the soil, its rational use and its conservation constitutes the basis of scientific and profitable agriculture. How-
ever, up to date the farmers are not conscious that the low yields of the farms are due to the elementary use of the
soil, consequently the agricultural engineers are supposed to establish a new orientation in the correct use of the soil
and to show that it is an important necessity to try to maintain the soil as a source of national wealth and on which
the future of Ecuador is built,

Good soil managemem and its conservation should be planned along technical principles, taking
into account the analysis of the factors that limit its agricultural capacity, because it requires a broad knowledge of
the techniques and practices of agriculture that are required in each case.

The aim of the Agricultural Engineering Faculty in this field is that its action radius should
reach the centres where it is researching; if this is true the agricultural engineers should be very well prepared to i-
dentify the problems, to look for the possible causes and to apply their knowledge in the most efficient way in order
to find the best solution to those problems. Consequently, it has been decided that the soil conservation should be
a compulsory subject in the curriculum of the faculty, eventhough in the scale of priorities it does not have a princi-
pal place.

To face these shortcomings that were delaying the agricultural development of the country, the
College of Agricultural Engineering of Manabi Technical University was created in 1954 with the objective of prepar-
ing capable elements to solve the variety of problems that involve agricultural machinery,irrigation, farm structure
and rural planning, process of agricultural products that are joined with the analyzed factors.

3. Employment opportunities for A gricultural Engineers.

The employment opportunities are scarce because the agricultural engineering in the country is
in the stage of development, however there are many possibilities for the future if we consider that: a) the total
number of agricultural engineers and agronomists that now-a-days are in the country is 459, according to the “Sur-
vey of Agricultural Education, Research and Extension™, 1965, published by the Inter-American committee of A gri-
cultural Development (CIDA). Most of these professionals are engaged with the agricultural services of public orga-
nisms, semi-public and private; and b) for the professionals that the future development of the country will require,
according to the same paper should be: 1.055, 1.365 and 2. 325 for the years 1975, 1980 and 1995 respectively.
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On the other side the objectives and goals proposed in the national development plans that will
increase the agricultural production, force the country to prepare a considerable number of professionals specialized
in the different fields that will make it possible to obtain these goals and to maintain the rhythm of the assigned de-
velopment giving opportunities for agricultural engineers to participate in the ambitous change not only of the social
stru ctures but also of the professional employment prospects.

Using the same publication mentioned above 9 out of 459 professionals agricultural engineers
and agrononomists are not working in the field of agriculture, it means that the remaining 450 professionals are dis-
tributed in the following way: 426 working for the public agricultural services, semi-public and private; and 24 en-
gaged in private farms,

If we relate the 450 agricultural engineers and agronomists that are working in agriculture to
the 370, 000 farms that existed in 1965, the ratio would be one engineer for every 630 farms, this figure is low enough
for a cwuntry which is mainly agricultural like Ecuador, it leads us to the conclusion that it is necessary to prepare
more professional people who will be capable of working for the changes that should be introduced in order to get
into the development stage.

As far as the specialized fields are concerned, it is interesting to examine the distribution where
the agricultural engineers and agronomists are working. Excluding 43 who work for the forestry service, 60 who re-
present the 15% of the total work on research; 118 (25%) on extension; 61 (15%) on education; and 144 (35%) in some
other agricultural services; besides that, 24 (6%) work in private farms,

4. Evaluation of the existing Agricultural Engineers to satisfy the needs of the country,

Looking at the same total, it can be noted that 416 agricultural engineers and agronomists
work for the government in the Ministry of A griculture and in public organisms of the Ministry; and 34 work for pri-
vate institutions of which as mentioned before 24 work in farms and the 10 remaining in private enterprises.

The analyzed situations according to the statistics lead us to the conclusion that there is a great
deal of opportunities of employment for agricultural engineers and agronomists, who have been trained for education
in agriculture, farm management and research, thus it is necessary to train professional people in some other fields,
such as Research and Rural management. Besides the figures shown for the needs of the country according to the future
demand, it is also important for this study to determine which fields are affected by this increase, considering main-
ly that there is lack of professional in specialized fields as important for the agricultural development as are research
and rural management, To this, it has to be added that, if in the future the number of farms in production will in-
crease, most of them will need professionals to manage and to increase the average yields of the farms; this means
that the private enterprises will hire most of these professionals, expecting that the number of professionals engaged
with the government will decrease.

The data in Appendix No, 2 reinforce this conclusion, in it we can see the number of graduates
from the Agricultural Engineering Faculty, it shows among other aspects that at the present time there are not enough
graduates to satisfy the demands of the country, mainly to fulfill the requirements of research and farm management.

5. Determination of the teaching needs in A gricultural Engineering in the country.

From the above said, we can clearly conclude that teaching of agricultural engineering in Ecua=-
dor so far, has not met the present needs of the country. Perhaps it is a result of the lack of a policy of a professional
defense by which the agricultural engineers could be located in their proper field of action, which, as it was said,
are orfented toward farm machinery, irrigation and drainage, farm structure and rural planning and primary process-
ing.

It is clear that if the agricultural engineering faculty will receive the total support of the govern
ment and of the public and private organizations which are engaged with the development of the country, it will im-
prove and be forced to broaden and deepen the areas of knowledge in order to fulfill those needs that, so far, have
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not been given in the proper way.

6. Flexible curriculum for teaching A gricultural Engineering.

At the Manabi Technical University as well as in the rest of the Ecuatorian universities, the
yearly system of teaching is traditionally divided in quarterly courses. In every year the student can take between
9 and 11 courses, It means that in 5 years that are required to obtain the agricultural engineering title it is necessa-
Iy to approve between 45 and 55 subjects in a rigld way® If it is true that this system is working preparing professio-
nals in a broad base, it does not in some other cases satisfy personal needs of the students, neither does it give them
the facilities in order to prepare for specialized professionals according to the needs of the country.

With this background the agricultural engineering faculty at the beginning of this year organized
the plan of studies to achieve the agricultural career under a system of flexible curriculum instead of the traditional
system of academic year.

with the inclusion of the flexible curriculum in our faculty, better professionals will be obtained
and it will permit students to select their specialties according to their preferences.

The flexible system consists in the careful preparation of the general structure of 46 subjects im-
posed by the agricultural engineering faculty and by 24 courses of specialization in farn machinery, irrigation, farm
structure and rural planning, sofl and soil conservation, from which the student will select 6 courses according to his
preference,

The Faculty will offer the basi¢ courses for the human and scientific formation of the students and
the elective courses of specialization which reinforce the scientific and technical knowledge that are necessary for
the professional training,

To obtain the professional title, 200 approved credits are required; the credit is the unit of eva-
luation of every subject. One credit means a theoretical class hour per week or 2 to 3 hours of practical work per
week,

The sequence of the courses to obtain the agricultural engineer title are published in the cata-

- . logue of the agricultural engineering faculty beginning on page 19 up to the 24.

7. Actions to develop a Post-graduate Programme in Agricultural Engineering,

So far, only the Manabi Technical University has shown some interest to establish a very well
planned post-graduate course in agricultural engineering.

Except the farm machinery department of the central university of Ecuador, analyzed at the
beginning of this talk, there is no other known institution that has done anything in order 1o carry on post-graduate .
teaching in agricultural engineering.

However, on the other hand, the Agdcultural Engineering Faculty of the Manabi Technical Uni-
vensity considering the responsibility that it has to the country, and in joint thinking with professors and students has
begun a plan and programme of studies, which will ensure that the students will have sufficient knowledge to be able
to solve the problems that the Ecuatorian agriculture has in farm machinery, irrigation and drainage, farm structure
and soil conservation,

The details of this ambitious program that started this academic year can be seen in the cata -
logue of the agricultural engineering faculty that will be distributed to the participants of this Panel,
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8. Some background of the Ecuatorian Agriculture.

Because of its special location and because the equinoccial line passes through it, Ecuador is a
country that has a diversified economy with reasonable natural resources. However, labor and capital are unevenly
distributed in the country and the latter is very scarce.

The Andes range that crosses the country from North to South is divided in two branches, the
Eastern and Westem which determine the presence of three geographically different zones: the Coast, the Highlands
and the Jungle, each with its own regional economic characteristics that are determined by specific agricultural pro-
duction,

The same appendix number 1 shown at the end of this paper tells us that out of 55 listed crops,
there are 47 in the Highlands, 39 in the Coast, 36 in the Jungle and 20 from the Islands of Archipielago de Galapagos
Region,

In the Highlands, agriculture has been organized in such a way that the production is internally
consumed and it is needed to satisfy the food needs of the Ecuatorian people settled in the country. Among those
crops the principal ones are: wheat, produces 1, 727,948 qq*; barley 1,788,600 qq; com 3,976,200 qq; carrots 91,400 qq
potatoes 8,765,000 qq; sugarbeet 67,610 qq; lentils 21,655 qq and fruits, such as apples, oranges, peaches besides
that the main export crop is pyrethrum with a total production of 79,770 dq.

On the other hand, the tropical lands of the Coast are worked in such a way that they satisfy the
food demands of the Ecuatorian people with crops as rice with an annual production of 1, 935, 420 qq,, beans 75,930
qq., lemons 302,590 qq., peanuts 112,300 qq., orange 1,970, 100 qq., stems of green bananas 20,926,000 and pine-
apples 892, 510 qq., ; it also produces some other type of exportable food crop, among these it can be mentioned ba~
nanas 76,843,670 bunches per year, cacao 1,309,000 qq.; coffee 1,104,600 and castor beans 497,580, besides some
other crops such as: cotton with a production of 332,670 qq., that is utilized mainly in the National Textile Industry.
The Jungle region in the Eastem part of the country has a rudimentary organized agriculture, yet, it uses its environ=-
ment to develop horticulture, for that reason the main commercial agricultural products are sweetpotatoes 150,000 qq.
per year, lettuce 4,900 qq., little oranges 773,500 qq., and manioc 877,650 qq.

From the above figures it can be seen that about 75% of the agriculture production in the coastal
region is oriented to the foreign commerce, while only 25% of the agriculture products from the Highlands is expor-
table,

On the other hand, it should be pointed out that the production of bananas is of fundamental im-
portance in the Ecuatorian economy, because , on average it represents about 356% of the agriculture production of
the country. During the last 10 years the exported amount has risen more than 300%.

It should be mentioned that one part of the natural regions of the country, which is important
for its development, is located in steep slopes of the Andes and, consequently they require the use of some other tech-
niques for the management of the soil for its conservation and in general, for everything related to its exploitation.
To clarify what was mentioned above, the following table presents the distribution of the natural resources:

Natural region Surface (Thousands of Ha.)
Coast 7,338
Interandean 4,126
Andes Range 6,718
Jungle 25, 560
Insular (Galapagos) 800
TOTAL 44,602

* quintales (qq): 100 1b,
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Source of information: Ownership of the land and socioeconomical development of Agriculture.

Besides, it can be stated that so far a low proportion of the natural resources of Ecuador are

used, and it does not have a uniform distribution, for example: in the Highlands, the present used land {5 the
total available useable land, but, in the Coast there is an appreciable reserve of useable land.

8. Rural people versus urban people.

As far as the rural people, devoted to agriculture are concerned, it should be pointed out

that the agriculture population is the fundamental base of the human potential of the country. Approximate-
ly 2. 8 millions out of the 5 millions inhabitants of the country, have settled in the rural environments, and
most of them work in the farms.

Highlands provinces,

Besides, it can be seen that the greater percentage of the agriculture people is settled in the

while in the Coastal provinces, there are only 40% of the agriculture people, Mana-
bi and Guayas are the most crowded cities, both together have 70% of the agriculture population in the region.

To close it, we can say that the biggest problem that Ecuador has to face in special reference

to Agricultural Engineering, is Farm Machinery, and with the use of it, new agriculture land can be incorpo-
rated, and in some cases the yield of the crops could be improved.

PRODUCTS

Avocado

SIERRA

Production (qq) 506. 160

Area (Ha'

Capsicum
Production
Area (Ha)

Garlic
Production
Area

Sesame
Production
Area

Cotton
Production
Area

2. 2217

39. 990
430

66. 628
902

405
46

14. 200
1. 304

APPENDIX I

CROP AREAS AND PRODUCTION HARVESTED

LITORAL

84. 950

702

3. 260
94

24. 099
1. 582

332. 670
22. 400

ECUADOR, 1967

ORIENT  ARCHIP.

COLON
4.110 6. 825
30 8
1.110 16
13 1

30

1
15 -

2 -

TOTAL
REPUB.

802.705
3.037

37. 3176
538

66. 858
908

24. 549
1. 628

3486. 885
23.706

MECHANIZED
Parc. Labors
a'GS S*C'sv

XX X X

XXX X

XXXX X

XXXXX X

IRR & PROCESSING
DRAIN.




PRODUCTS SIERRA
Peas :
Production 391. 430
Area 30. 920
Rice

Production 503. 980
Area 23. 332
Banana

Production 18'542. 500
Area 37. 022
Cabuya -Hemp
Production 439. 190
Area 13.438
Cocoa

Production 36.910
Area 7. 250
Coffee

Production 336. 250
Area 317. 835
Sweet potato

Production 58. 100
Area 156
Sugar Cane

Production 4'558. 565
Area 74. 379
Barley

Production 1'788. 600
Area 143. 900
Onion

Production 1'260. 750
Area 2.495
Onion

Production 878. 240
Area 3. 942
Coconut

Production 2.074
Area 21
Cabbage

Production 2°'364. 950
Area 2.069

LITYRAL

432
27

1'935. 420
89. 502

76'843. 670
164. 679

33. 698
1. 295

1'309. 000
256. 600

1'104. 600
167. 624

98. 540
1. 217

2'355. 345
22. 515

2. 200
110

310. 360
1. 617

38. 260
42
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ORIENT ARCHIP. TOTAL
COLON REPUB,

--- 10 391. 872

--- 1 30. 948

8. 250 15 2'447.665
675 1 113. 510
430.000 45.000 95'861. 170
865 150 202. 716
3.940 360 476. 188

141 100 14.974

1. 290 --- 1'3417. 200

215 - 264. 065
7.1770 9.000 1°'457.620
880 2. 000 208. 339

15. 000 1. 200 172. 840

152 30 2,165
'T714. 100 240 7'528. 250
11. 050 8 108.012

442 -- 1'791. 242

26 -~ 144.036

4. 580 500 1'265. 830
12 3 2. 510

680 36 878.956

8 1 3.951

--- 180 312.514

--- 1 1. 639
32.410 2.300 2'4317.920
43 3 2. 157

MECHANIZED IRR &
Parcial labors
aG S*S8"C'sv
X X X X b
X X X X X X
b X
X X X
X
X
X X x x X
XXXXXX X
XX XX X X
X X b x
X X X x
X X
X X X X X

DRAINAGE

PROCESSING




PRODUCTS

Couliflower
Production
Area

Anona
Production
Area

Chochos
Production
Area

Peaches
Production
Area

Beans
Production
Area

Vetch
Production
Area

Castor Qil
Production
Area

Lettuce
Production
Area

Lentil
Production
Area

Limes
Production
Area

Lemons
Production
Area

Corn
Production
Area

Peanut
Production
Area
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SIERRA LITORAL ORIENT ARCHIP. T~ TAL

283. 120
458

329. 355
990

54. 600
2. 964

37, 060
437

752. 800
74. 610

432. 390
33.573

520
10

308. 930
740

21. 655
3.152

7.810
105

187. 230
760

3'976. 200
308. 700

82. 650
3. 693

23. 550
90

75. 930
4.534

225
15

497. 580
21. 571

3. 310

4. 520
27

301. 590
878

963. 740
51. 586

112. 300
7.796

COLON  REPUB.

2.160 227 285. 507

8 1. 467

- 150  353.055
- 1 1.081
- ---  54.600
- . 2. 964
-- -~ 37.060
-- -- 437
3. 350 100  832.180
251 7 79.402
33 --  434.653

5 -~ 33.593

- 400  498. 500

. 10 21.597
4.900 40 317.180
20 1 710

- --  21.655

- -- 3.152
1.730 --  14.060
21 - 153

4.160 5.400 499. 380

28 60 1.726

69. 500 1.450 §'010. 890
3.185 90 364. 111
540 --- 195. 490
48 --- 11. 537

a G s s"C' sV

X

MECHANIZED

Parcial labors

X

X

X\'X X X

X

X

X

X

IRRIGATION
& DRAINAGE

PROCESSING




PRODUCTS SIERRA LITORAL ORIENT ARCHIP.

Mangos

Production 61.

Area

Mandarines

Production 115.

Area

Apples

Production 1.
Area

Mellocos
Production  o9g4.
Area 2.
Oranges ,
Production 1'941.
Area 2
Cocona

Production  9g8

Area

Potato

Production g'7¢5.
Area 48

Papaya

Production 1032
Area 1L
Pineapples

Production 284
Area

Piretrum
Production 9.
Area 8.
Plantain
Production g+g9s5.
Area 11
Beet

Production 67
Area

Watermelon
Production 2.
Area

300 288.400 2.180
131 614 4

130 99.280 7.354

314 490 67
640 - ---
715 - ---
800 - 50
607 . 4

600 1°'970.100 26.700

875 4. 597 89
. 305 --- 7173. 500
810 .- 2,297

000 2. 226 200

. 130 53 14

290  412.070 151. 420
692 933 204

.340 892 510 39.040

170 - -
963 - -

500 20°'926. 000 1°887. 450

. 160 28. 826 2. 135

. 610 --- ---

297 --- ---

860 430. 400 ---
15 1. 836 ---

60.

-

-
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---  845.880
--- 749
400 222.164
2 873
.- T1. 640
.- 715
X. X
- 264. 850
-— 2.611
000 3'998. 400
120 7. 641
X X
.000 1°'042. 805
2 3.109
X X

.500 8'768. 926

15 48. 212
. 300 1'599.080
3 2. 832

X X

500 1'216. 390

X X
o= 79. 170
- 8. 963
. 000 30'844. 950
15  40.136
XXX
---  67.610
--- 297
X X
.500  438.760
20 1.871

TOTAL MECHANIZED
COLON REPUB.  Parcial labors
aGs s c

IRRIGATION  PROCESSING

& DRAINAGE
sV
b X
"X b
X X X
X X
X X X
X X
b b X
X X
X X
X X X
X X X
X X
X X



PRODUCTS SIERRA

Tobacco

Production 1. 146
Area 44
Tomato

Production 1'094.475 -
Area 1.443
Grapefruit

Production  20. 650
Area 43
Wheat

Production 1'727. 948
Area 79. 585
Grapes

Production 10. 808
Area

LITORAL ORIENT

30. 510
1. 609

168. 500
375

235. 710
471

130 o=

Manihot

Production 821. 800 5'402. 500
Area 10. 380 15. 965
Carrot

Production 91.400 ---

Area 491 ---
Carrot

Production 59 . 820 ——
Area 501 .
Zambos

Production g9 479  1.400

Area 3. 500 10
Pumpkin

Production 997 gy 362, 640
Area 2.177  1.882
Pastures

Area 934. 085

Total of parcially mechanized operations, irrigation and processing:

A: Plow - C" Harvest

95
10

200

312

871. 650
7. 250

1.770
21

5.700
18

3. 570
14

1.680

597. 300 245. 700

- G: Grade

.48‘

ARCHIP.
COLON

30

2. 500
20

100

100

280

220

1.200

TOTAL
REPUB.

31. 751
1.663

1'263. 235
1.821

266. 672
523

1'727. 948
79. 585

10. 838
132

7'104. 450
33. 625

93. 270
513

65. 620
6§20

615. 660
3. 526

566. 200
4. 068

1'778. 285

§*: Furrowing -

MECHANIZED IRRIGATION PROCESSING

Parcial labors & DRAINAGE

aG S s Csv

X X X X X X

X X X X x X
X x x

XX XxXx x X X

X X X X x X

X X X x x X

X X X x X

X X X X X

X X X X X

X X X X X

X X X

383832 95 51 52 25

$°: Seeding - sV: Vegetal sanitation

Source: Ecuatorian Estimated Production, 1967. Ministry of Agriculture Livestock.
Prepared by: Faculty of Agriculture Engineering University.

-
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APPENDIX No. 2

UNIVERSIDAD TECNICA DE MANABI

ENROLLMENT OF STUDENTS AND GRADUATES IN THE FACULTY OF AGRICULTURAL ENGINEERING

Period Number of registered students  No. of graduates No. of graduate students

954- 1955 19

955-1956 15

856 -1957 22

957-1958 20

958-1959 26 12

969 -1960 29 1
1960 -1961 16 4
1961-1962 11 1
1962-1963 13 3 1
1063 -1964 8 2
1964 -1965 15 3 1
1965-1966 20 2 1
1966 -1967 36 1 1
1967 -1968 65 - 1
1968 -1969 69 5 1

384 25 10

Source: Secretaria de Facultades de la Universidad Técnica de Manabi.
Prepared by: Instituto de Investigaciones Econdmicas y Estadisticas- U. T. M.
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Theme 1.

8. AGRICULTURAL ENGINEERING EDUCATION AND RESEARCH IN MEXICO by Edgar E. Mora, National School of
Agriculture, Chapingo, Mexico.

INTRODUCTION.

Agricultural Engineering deals with the application of the basic areas of engineering to the specific
conditions and requirements of agriculture as an industry and as a field of applied science.

The agricultural engineering graduate is a professional who has received tmining both in engineering
as well as in agriculture. He has the necessary experience to combine both disciplines and is capable of developing,
designing, organizing and directing the engineering aspects of agriculture and related industries.

The fields covered by agricultural engineering can be summarized as follows:

a) Power and machinery.

b) Agricultural constructions .

c) Electrification.

d) Process engineering.

e) Irrigation, drainage and soil management.

Graduates of this profession are trained to work in the aforementioned areas, developing technical assis-
tance activities, in education and research, for private enterprise, or for govemment agencies, in problems of soil
and water conservation and management; for machinery and agricultural implement manufacturers; for contractors
for work related with agricultural engineering; for agricultural product processing industries and for construction equip-
ment manufacturers,

At present in Mexico there are fifteen agriculwmral schools and colleges which train both agricultural en-
gineers and agronomists with more or less similar curricula. It can be said that the present number of graduates is
not sufficient to meet the country's needs as regards to those areas pertaining to agricultural engineering.

This area is of utmost impontance for the agricultural development of Mexico and the training of a deci-
sive role in the correct application of the techniques to be used to achieve optimum use of the productive resources
of the nation’s agriculture.

POWER AND MACHINERY.

This area of agricultural engineering is covered in a very general fashion in the professional training of
the country's agronomists and agronomical engineerd and, to date there is no post-eraduate education and research to
this regard.

Agricultural machinery is defined as that which, even though it might be used for other purposes, has
been especially designed to perform the work practices and operations necessary for agricultural enterprises to carry
out their productive function.

The country has over 100, 000 tractors working on 4 of the 28 million arable hectares and of which near-
ly 17 million are actively exploited, while 14.5 million hectares are harvested, This means that 75% of arable lands
are worked under animal traction.

At present, the market offers a great variety of agricultural machinery for soil preparation, planting ,
for cultivation , applying fertilizers, grading and drainage, irrigation, pest and disease control, harvesing and condi-
tioning of products, haulage and storage, etc. etc, , which the country purchases and manufactures. The 4 main brands
use approximately 40 to 60% of local materials,
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Sophistication of agriculture, to a large extent, depends onthe degree of mechanization and the afore-
mentioned figures show the large gap which, to this regard, exists at present,

Agricultural schools and faculties in the country only give general courses on agricultural machinery. At
the National School of Agriculture of Chapingo, which is the one with which I am more familiar, the 8 branches of
the agronomical engineering profession receive yearly courses in general mechanics and agricultural machinery, On-
ly two branches, Phytotechnics and Soils, receive an additional course of specialized agricultural machinery which
does not constitute an adequate training in this area, which is so important for agricultural engineering. Even though
it is true that the agricultural industry school gives 2 courses per year on mechanical engineering and the Irrigation
School gives one course a year on hydraulic machinery,. these courses follow the specific needs of each specialized
field.

Mechanical engineers come to this school, for despite the fact that they have been trained in their spe-
cialty, they lack the complementary agronomical formation necessary for efficient design, construction and, above
all, research in agricultural machinery. ’

AGRICULTURAL CONSTRUCTION.

This field has received little study at present in Mexico. Its fundamental principles are based on Euro-
pean and Northamerican techniques. It requires more research on the part of institutions and agronomical engineers
who have to do with the use and characteristics of regional construction materials, The National School of Agriculture
through its irrigation department complements undergraduate education with training on water supply and the disposal
and possibilities of use of sewage. To this regard we can say.that at the Irrigation District No. 3 , Tula, Hidalgo State
approximately 36, 000 Haz. are irrigated with sewage waters from Mexico City.

The experts which at present are involved in this field usually complement their studies in European coun -
tries and the U.S.A.

At present, the government agencies are promoting work on this field by means of projects involving re-
gional programs going from housing studies and improvements in peasant homes to the construction of fully planned
and financed agricultural and cattle structures and rural roads.

In 1954 the Secretariat of Agriculture and Cattle Raising created the General A gricultural Engineering Bu-
reau, actively assisting the aforementioned programs and the Official Banks, building artifitial insemination, cattle
raising development and agricultural and cattle training centers, as well as small water storages for domestic uses, wa-
ter troughs and ancillary imrigation systems, dedicated mainly to the "ejido" sector.

Other specialized areas of the profession receive sequential annual courses on Mechanics, Stability and
Agricultural Constructions to cover their specific needs.

ELECTRIFICATION.

This is another of the agricultural engineering areas which is insufficiently covered at the agricultural co-
lleges and faculties of the country. The subject is discussed very generally and we can state that the electrical engine-
erng courses given at the agricultural engineering Faculty of the National School of Agriculture are dedicated mainly
to covering the needs in this area.

To this regard we can also point out that electrical engineers participate in rural electrification activities
for purposes of providing electric power in the rural areas. In the last two years the Federal Committee on Electricity
of Mexico has carried out a major effort to offer a solution to this important aspect of the national infrastructure; howe-
ver, education and research in this area of agricultural engineering is very far behind the real needs, for the training of
the professional cadres which must work in this field has not been fully organized and the aforementioned electrical en-
gineers are the ones who participate in this process without having received a complementary training in agriculture.
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PROCESS ENGINEERING.

The institutions carrying out formal work in this area are the Faculty of A gronomy of the Univerity of
Sinaloa, the Institute of Technology and Higher Studies of Monterrey in its Department of Food Technology and Mari -
time Products, and the Depamment of Agricultural Industries of the National School of Agriculture of Chapingo, Mexi-
co. The first one has recently organized courses on agricultural product conservation and processing; the second one has
been in operation for several years and has carried out excellent work, specially on maritime product technology , and
the third one, even though it has been in operation since 1927, has organized its education and research activities anly
as of 1957. There have been attempts at offering post-graduate courses on Food Technology at the National Politechni-
cal Institute and Ibero American University, but as yet they cannot be conside ed as fully established, especially at the
latter institutions.

In Mexico, there are about 50,000 agricultural industries (1) of different types and classifications, prima-
ry and complementary or, depending on the processes they use, there are stabilization, extractive and transformation
industries.

Out of the total exports of the country over 30% are formed by industrialized agricultural products and ap-
proximately 20% are non-industrialized agricultural products.

The majority of the technologies applied have been developed by foreign firms operating in the country.

Expansion and improvement in the use of agricultural praducts is taking place rat her slowly if compared
to the country’s needs.

Recently a General Bureau of Rural Industries has been created, while other agricultural industry official
agencies exist; Public Banks also have within their organization some offices dedicated to this aspects, but as yet the
efforts and resources channelled to these activities can be considered as insufficient.

It has been proposed that an institute for agro-industrial, research be created next year if sufficient re-
sources necessary to this end are obtained.

The Ag-icultural Industry Education and Research Department of the National School of Agriculture of Cha -
pingo, Mexico, which we have already mentioned, trains agronomical engineers specialized in industry, having know -
ledge of Engineering, Agronomy, Chemical and Biological Sciences, Technology and Economics.

Studies within this profession are designed to prepare the student for planning of industrializable agricul-
tural production, including manufacturing processes, plant design and operation, as well as establishment of quality
standards for raw materals, processes and manufactured products.

The Post-Graduate School of the Faculty has under consideration the establishment of the agricultural in-
dustry branch and the pertinent project is under study.

In general, activities related to agricultural process engineering involve the participation of similar pro-
fessionals such as chemical engineers, biochemists, mechanical and electrical engineers, biologists, etc We must
point out again that the latter do not have the specific training required for staff and personnel in this area of ag-
ricultural engineering.

IRRIGATION, DRAINAGE AND SOIL MANAGEMENT.

Since Mexico has limited hydraulic resources and arable lands, study of this area has become of the ut-

Ceim - >

(1) By Agricultural Industries we understand all small or large production units using agricultural or rural products as raw
materials. This includes agriculture itself, all lines of cattle raising, forestry , continental  fauna and fish farm-
ing, for purposes of handling them, conditioning them or bringing about their conservation and/or partial or total
transformation.
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most importance. It is known that only approximately 14%, that is,approximately 17 million hectares of the total
national surface is cultivable, of which at present only some 4 million are under irrigation and account for nearly 60%
of the national agricultural production,

Consequently, all the colleges dedicate a major percentage of their time to studying soil and water re-
sources for a better use to the benefit of national agriculture,

The Agronomical Engineer, specialized in Irrigation at the Natianal School of Agriculture, is adequately
trained to make optimum use of rain, surface and ground waters receiving an appropriate knowledge of the hydrologi-
cal cycle. He is furthermore trained-to select and build the adequate storage and conveyance structures for the diffe-
rent agricultural zones, minor convevance structures and optimum application of irrigation to the plots. He thus re-
ceives the necessary training on the water-soil - plant relationships, to improve yields, increase the efficiency of the
use of imrigation waters, good soil management and control of irrigation and river water quality, to avoid salinization
and to prevent and/or recover swamp lands,

At present, due to the importance of soil and water resources, research in this field is beeing carried out
throughout the country, not only at the agricultural colleges but also in different Official Agencies such as the Secre-
tariats for Agriculture and Cattle Raising and Hydraulic Resources. Some private institutions also participate actively.

Mexico has developed the necessary mechanisms to train researchers at the National School of Agricul-
ture and the Monterrey Technological Institute, where at present the degree of Master of Science in Irrigation and
Soils is given,

The Imrigation and Drainage Branch of the P ost-Graduate School of the National School of A griculture,
at present has a large number of local and foreign students. Due to the country's needs in this field, different sec-
tions have been created such as Soil-Water-Plant Relationships; Irrigation; Salinity; Drainage and Management and
Use of Hydraulic Resources.

CONCLUSIONS AND RECOMMENDATIONS.

Mexico does not have Agricultural Engineering departments or faculties as such, The agricultural higher
education institutions train agronomists and agronomical engineers, while the latter, in some institutions, only receive
general courses related to the areas of agricultural engineering, while in others , such as the National School of Agri-
culture, it is broken down into Departments of industrial Engineering and Irrigation Research and Education; however,
it is felt that there are cemain weaknesses in the areas of power and agricultural machinery, agricultural constructions
and rural electrification. It is therefore believed necessary to organize an Agricultural Engineering Faculty having De-
partments corresponding to the 5 aforementioned areas. Work is being carried out on this matter at present.

Due to the major needs of the Nation's agricultural development and the trascendental contribution which
could be provided by the application of agricultural engineering techniques, it is felt that it is indispensable to streng-
then educational and research activities in the areas involved under agricultural engineering in Mexico.

The opportunity made possible by this panel on the subject to determine the present situation, establish
objectives as well as the guidelines of agricultural engineering educational research activities at the undergraduate
and post-graduate levels in Latin American countries is worth t0 praise and merits the contribution of our major and
best efforts so that, since the importance of these activities for tue development of our region has been proven, we
might achieve channeling of the necesary and sufficient resources to achieve a correct application of the techniques
which, to the extent required by the characteristic conditions of each zone of Latin American countnes, may be deve -
loped. Countries which for a long time shall see the agricultural or mral sector as a major element in their economies,
and which have served as the basis for the development of the other sectors of the economies of advanced countries,
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9. STATUS OF AGRICULTURAL ENGINEERING EDUCATION IN PUERTO RICO, by jorge H. Rodriguez-Arias, Puerto
Rico.

The Mayaguez Campus of the Univerity of Puerto Rico, also historically known as the College of Agrcul-
ture and Mechanic Arts-- a land-grant institution-- is solely responsible for agricultural engineering education in
Puerto Rico.

Following is some information of interest pertaining to the history, organization, government and other
relevant aspects, as drawn largely from the newest University Catalogue (1968-69).

HISTORICAL SKETCH.

The University of Puerto Rico was an outgrowth of the Normal School, for the training of public school
teachers, which opened in 1900 at Fajardo, and the following year was moved to Rio Piedras. On March 2, 1903, the
Normal School was incorporated by the Legislative Assembly into the University of Puerto Rico, an institution with a
vastly broader program.

The extension of the benefits of the Morill-Nelson Act to Puerto Rico in 1908 made possible the Universi-
ty's rapid growth. The College of Liberal Arts was established at Rio Piedras in 1910, and the following year the Col-
lege of Agriculture in Mayaguez was authorized by the Legislature,

The necessity of a College of Agriculture was pointed out as early as 1907 by D.W. May, Director of the
Federal Experiment Station in Mayaguez. The development of this idea was successfully carried out by him with the
able assistance of Carmelo Alemar and José & Diego. For several years courses in Agriculture were offered in Rio Pie-
dras and other localities, but the College-of Agriculture was not organized in Mayaguez until 1911. By September 1912
the first full-sized classroom building had been completed. That year the name of the College was changed to the Col-
lege of Agriculture and Mechanic Arts.

A general reform of the Univerity in 1942 was followed by the establishment of the Mayaguez Campus
under the authority of a Vice-Chancellor and reorganized into three colleges, each under a Dean: the College of Agri-
culture, the College of Engineering, and a new College of Sciences. The Univermsity then expanded rapidly. Colleges
of Humanities, Natural Sciences, and Social Sciences were also founded at Rfo Piedras. In 1950 the School of Medicine
located in San Juan, was established. It further augmented the facilities for professional preparation already offered
by the Colleges of Law and Pharmacy, both established in 1913, as well as by the School of Business Administration and
the School of Tropical Medicine, which were begun in 1926, The School of Dentistry was started in 1957.

The fourdation in 1946 of a Division of General Studies in Mayaguez marked a turning point in the expan-
sion of the University on that campus, which resulted in the inauguration of a Bachelor of Arts Program in 1957. In
1959 the College of Sciences and the Division of General Studies were combined into a new College of Arts and Scien-
ces . The establishment of Puerto Rico Nuclear Center in 1957 and the construction of its main facility in Mayaguez,
marked another phase in the growth of the University there, and the beginning of graduate studies and research in Nu-
clear Sciences, Radiological Physics, and Mathematics.

A new University Law was enacted and then approved in January, 1966. According to this Law, the Uni-
versity is reorganized into three autonomous campuses (Rio Piedras, Mayaguez, and San Juan) , each with its own Chan-
cellor, and a separate Division of Regional Colleges.

The University of Puerto Rico in Mayaguez.
Formerly known as the College of A griculture and Mechanic Arts of the University of Puerto Rico, "el Co-
legio”, as it is popularly known, is located on the outskints of Mayaguez, Puerto Rico’s third largest city, thiry air mi-

nutes from San Juan, at the western end of the island. Besides the three instructional divisions-- The Colleges of Arts
and Sciences, Engineering, and Agricultural Sciences-- The A gricultural Experiment Station and the Agricultural Exten-

N
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sion Service are also part of the Mayaguez Campus.

A land-grant institution, "el Colegio" was founded in 1911 and is coeducational, bilingual and non-secta-
rian, Situated amidst 400 acres of rolling hills and beautifully landscaped grounds covered by a remarkable display of
native and exotic flora, "el Colegio” is scarcely a mile from the seashore and the white sandy beaches and coral forma-
tions of the western coast of Puerto Rico.

Experiencing the biggest building program in its history, "el Colegio" has witnessed in recent years the
erection of many new facilities, classrooms and laboratories. These facilities include the Engineering Building, lar-
gest building in the Univemsity; the College Center, two dormitories for men, the Darlington Building, the magnificent
new library, and a new extension of the General Studies Building devoted to the Liberal Arts,

The current enoliment exceeds 7,000 students and the faculty number is approximately 400. More than
600 foreign students, together with a large number of faculty representing the Caribbean area and Latin America, as
well as Europe and the Orient, make the College a cosmopolitan crossroad of the Americas.

Accreditation.

The University was fully accredited and admitted to membership in the Middle States Associaion of Col-
leges and Secondary Schools on April 29, 1946. It has been a member of the Association of Hispano-American Univer-
sities since 1955, In 1960 the College of Engineering was accredited by the Engineers’ Council for Professional Develop-
ment.

Government,

The Council of Higher Education is the governing body of the University, Its membership consists of the
Secretary of Public Instruction and eight additional persons who represent the public interest in higher education, The
Council elects its President from among its members. All members are appointed by the Governor, with the advice
and consent of the Senate of Puerto Rico. With the exception of the Secretary of Public Instruction, they serve six-year
terms.

The Council of Higher Education meets in regular sessions according to an annual calendar which it ap-
proves and published each year. It may hold extraordinary meetings at other times when so directed by the president
or required by five of its members.

The President of the University, who is appointed for an indefinite term by the Council of Higher Educa-
tion, is the executive director of the University. Subject to the approval of the Council, he appoints the Chancellors
of the Rio Piedras, Mayaguez and San Juan campuses of the University, and the Directors of the Regional Colleges.

The University Board is composed of the President of the University, the Chancellors of the three campu-
ses, the Director of the A dministration of the Regional Colleges, the Director of Finance, and three additional members
appointed by the President with the approval of the Council, and one representative from each Academic Senate. This
Board acts as a central advisory body to the President and collaborates with him in carrying out the University program.

There are also administrative boards on each campus composed of the Chancellor who is its president, the
Faculty Deans and two Academic Senators elected from among those members of the Senate who are not ex-officio. On
the Mayaguez Administrative Board, the Agricultural Experiment Station and the A gricultural Extension Service are re-
presented by their Directors. These Boards act in relation to the Chancellors in a way which is similar to that in which
the University Board acts in relation to the President.

The Academic Senate of Mayaguez is a body consisting of the members of the Administrative Board, the
Librarian and representatives, elected from the faculties, whose numbers must be not less than twice the number of
the ex-officio members. The Academic Senate has the authority to formulate regulations conceming all academic
matters.
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Colleges and Faculties in Mayaguez.

The Mayaguez Campus of the University of Puerto Rico comprises three divisions of studies: the College
of Agricultural Sciences, the College of Arts and Sciences, and the College of Engineering.

The College of Agricultural Sciences as established in 1968 includes the Faculty of Agriculture, the Agri-
cultural Experiment Station, and the Agricultural Extension Service . The Office of International Programs in Agricul -
ture and the Office for Programs and Planning in Agriculture are two new divisions created under the College of Agri-
cultural Sciences,

The College of Agricultural Sciences offers courses leading to the Bachelor of Science degree by follow-
ing a special program, or a general program, with majors in A gricultural Business, Agricultural Education, Agricultu-
ral Extension, Animal Science, and Mechanical Technology in A griculture; and to the Master of Science degree in Ag-
riculture,

The College of Engineering offers a five-year program leading to the degree of Bachelor of Science with
majors in Chemical Engineering, Civil Engineering, Electrical Engineering, Industrial Engineering, and Mechanical
Engineering; and to the Master of Science degree in Civil, Electrical, Mechanical and Nuclcar Engineering. In ad-
dition the College of Engineering through the Technical Institute Program offers the Associate in Science degree in the
fields of Drafting and Building Construction, Electrical Power and Electronics, Mechanical Design and Metalworking,
and Surveying and Highway Construction.

The College of Arts and Sciences offers courses leading to the Bachelor of Arts degree with majors in Eco-
nomics, English, Humanities, Latin American Studies, Political Science, Social Science, Sociology, and Spanish; the
Associate in Arts degree in General Nursing; the Bachelor of Science degree with majors in Biology, Chemistry, Geo-
logy, Mathematics, Medical Technology, Nursing, Physics and Pre-Medical Sciences; the Master of Science degree
in Biology, Chemistry, Mathematics, Physics, Radiological Physics and the Master of Arts degree in Hispanic Studies.

Agricultural Experiment Station.

The main objective of the Agricultural Experiment Station is to develop and camry out a comprehensive
program of research in the production, utilization and marketing phases of agriculture so as to provide basic knowledge
for the advancement and development of the agricultural industry; and to device new means of efficiently increasing
the total volume of agricultural production in Puerto Rico. In addition to this basic function, the Station is authorized
to carry on research for the improvement of the rum manufacturing industry and for the industrialization of the total
agricultural production,

The Station was originally established in 1910 by the Sugar Producers Association of Puerto Rico, which
ceded the Station lands and buildings to the Government of Puerto Rico three years later. In 1933 the Station was trans-
ferred to the University by Legislative action, thus making it eligible to receive Federal grant-in-aid funds.

Sixty seven per cent of the Station's annual budget of approximately 4. 8 million dollars is derived from
funds allocated by the Legislature of Puerto Rico; neay 30 per cent is derived from Federal appropriations under the
Hatch Act and 4 per cent, from donations and contributions.

In addition to the Main Station at Rfo Piedras, there are six substations located at Isabela, Lajas, -Carozal,
Adjuntas and Ponce. The Department of Agricultural Engineering is located on the Mayaguez Campus, The Food Tech-
nology Laboratory and the Rum Pilot Plant, the Main Agrcultural Library, and the Computer and Statistical Center are
located at the Main Station in Rio Piedras.

Agricultural Extension Service.
The Agricultural Extension Service works in cooperation with the United States Department of Agriculture.

Officially a division of the Mayaguez Campus of the University of Puerto Rico, it belongs to the educational section of
the National Association of State Universities and Land-Grant Colleges. It operates with funds provided by the Common-
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wealth and the Federal governments, as well as funds provided from non-public sources.

By virtue of a cooperative agreement between the University of Puerto Rico and the United States Depart -
ment of Agriculture, the Agricultural Extension Service initiated its work in Puerto Rico in 1934. Prior to this date agri-
cultural development work had been carried on by the Bureau of Agricultural Development of the (then) Department of
Agriculture and Commerce. The organization is headed by a Director appointed by the Chancellor of the University of
Puerto Rico in Mayaguez with the approval of the Federal Extension Service in Washington, D.C.

The Extension work of the Island is divided into five (5) regions. These in tum are subdivided into 17
districts and 67 areas. At each area level there is a planning committee made up of local people who discuss the pro”
gram of work to be developed and help the agents in the preparation and conduct of yearly plans. Extension work is
basically an edu cational program, with technical assistance, for the improvement of the standards of living and the
general welfare, principally in the rural areas. Agents devote time to youth development work thru 4-H clubs for boys
and girls.

College of Agricultural Sciences.

The College of Agricultural Sciences, offers four year plans of study leading to the degree of Bachelor
of Science in Agriculture. A total of 142 semester credit-hours are required for production not including Military Sci-
ence or Physical Education,

General Agricultural Sciences Curriculum leading to the Bachelor of Sciences Dégree in Agriculture.

The development of modern agriculture is based on the application of Science to agricultural processes
and problems. The general agricultural sciences curriculum therefore provides the student with a basic and broad foun-
dation in the agricultural sciences, at the same time offering practical specialization in the field of his particular in-
terest during his senior year. The curriculum aims, furthermore, to assist the studem in developing such cultural attri-
butes as will enable him to perform well as a member of society and in his personal and professional dealings with peo-
ple.

Students choosing this curriculum may elect to specialize broadly in either Animal or Plant Science, or
more specifically in any of the fields of Agricultural Business, Agricultural Education, A gricultural Extension or Mecha-
nical Technology in A griculture by following the corresponding optional program.

HISTORICAL BACKGROUND AND EDUCATIONAL PHILOSOPHY AS A BASIS FOR THE PRESENT CURRICU-
LUM.

As could be expected, though certainly with an understandable time lag, Puerto Rico did not escape the
effects of the drastic changes experienced by continental United States over the past century in their social, economic,
and technological environment. Parallel with and superimposed on these effects, Puerto Rico has witnessed similar but
greatly accelerated changes of its own over the past two decades which have added considerably to the impact on our
socio-economic structure and hence on the requirements of our University curricula and related programs, very particu-
larly those in Agriculture. Interwoven with and emerging above the many other well recognized phenomena which
have characterized these transformations, stands out most conspicuously-- at least before the eyes of those directly con-
cerned with Agriculture- - the changing agricultural pattern of Puerto Rico along with its concomitant effects upon the
training and educational needs of agricultural manpower, the fulfillment of which is preeminently the responsibility of
our University.

Thus despite our traditional predominantly agricultural economy-- which should and will inexorably con-
tinue to prevail to a greater or lesser degree throughout the foreseeable future-- the almost explosive growth of other
sectors of the Commonwealth economy, particularly the manufacturing and urban cmstruction industries, has set up
tremendous stresses in the island's agriculture which coupled with the effects of many other fortuitous adverse factors not
strange to agriculture anywhere in the wodd, have inevitably created the impression of a serious crisis. This, among o-
ther causes , has undoubtedly accounted for the trend of diminishing enrollment in agriculture which was particularly
evident over the first half of the decade and has even deluded many into the fallacy of questioning the importance of
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the role that the agricultural cumricula and related programs should have within the context of the University's obliga-
tion to serve the people of Puerto Rico.

Yet this is precisely the time when professional people can best serve the field of agriculture, and hence
when greater attention and renewed emphasis should be paid our agricultural programs. This has called, however, for
a realistic and thorough reexamination of our various curricula amd programs with a view to more effectively respond
to our changing social, economic, and technological environrment, and to the attendant transformations taking place
in the general framework of our agriculture. Preeminent among the latter has been the continuing shift from an obso-
lete "hoe-and -machete" type of farming with an abundance of cheap labor and relative freedom from economic and
social pressures to an increasingly mechanized agriculture endeavoring towards the highest le vels of efficiency in order
to successfully maintain its rightful position in the social and economic structure of the island. Again similar changes
are now beginning to occur-- and are apt to proceed at an everasting pace-= in the developing countries of this hemis-
phere and other parts of the world; and the role that our University is likely to play in hemispheric education particular-
ly serving Central and South American countries must also be taken into consideration.

An all important chamcteristic of the emerging agricultural pattern in Puerto Rico from the standpoint of
revamping our curricula and programs in agriculture, is the increasing need for applying engineering technology to ag-
riculture not only in the more conspicuous area of farm power and machinery but to an equally important extent in soil
and water management, farm buildings and conveniences, farm electrification, and agricultural products processing,

Eary attempts of the Agricultural Engineering Depantment-- officially created in 1948-- toward contribu-
ting its share to fulfilling this need consisted in making available new elective course offerings aimed at providing prac-
tical training in these various areas, Competition by long established electives in other Major-offering depanmeats, a
seemingly natural shyness on the part of agricultural students away from subjects presumably requiring mechanical apti-
tudes and a deeper knowledge of physics and mathematics than was then made available by the prevalent curdculum,
and a rather notorious lack of suitable laboratory facilities were unfortunate factors which militated against the fullest
desirable attainment of the objective in mind. Thus all too few agricultura! graduates, and then only too meagerly,
were reached by the Department’s efforts to that end.

A significant breakthrough in curriculum development was realized in the year 1960 when after long stu-
dy and consideration by the Dean and the Faculty a thorough revision of the traditional course offerings and curricula
resulted in the institution of new programs of study designed to better equip the students for meeting the present and fu-
ture challenges posed by our changing agricultural structure. Without sacrificing but rather strengthening the ingredients
of a general education considered essential to successful performance both as a citizen and as a professional, the new
programs provided for a more solid foundation in the basic sciences of Mathematics and Physics besides the long esta-
blished emphasis in Biology and Chemistry.

A general Agricultural Sciences Curriculum allowed for broad specialization in either Animal or Plant
Science as well as for mom specific specialization in any of four different optional fields. This was achieved esential-
ly through programs comprising a core of three years common to all, with opportunity for taking a total of 28 credits
in appropriate electives during the senior year. Scheduling a Summer Field Practice between the third and fourth years
further provided for a more thorough practical training in the student's chosen field of specialization. By the optional
programs between a group termed General Electives and another termed Professional Electives, coupled with proper stu-
dent counseling, it was sought to more completely achieve the desired curricular balance between the broader and the
more specialized emphasis as well as more effectively meet the needs and interests of the particular student.

Besides the General Agricultural Science Curriculum with its various Optional Programs, a Special A gri®
cultural Sciences Curriculum was instituted, especially aimed at students with well defined scientific inclinations who
would contemplate pursuing graduate studies in any of the various fields of the agricultural sciences. Along with the
above programs the Faculty of Agriculture also inttoduced a three -year Pre -Veterinary Curriculum designed to meet
the needs of qualified students intending to continue studies in Veterinary Medicine in the United States.

THE CURRICULAR OPTION "MECHANICAL TECHNOLOGY IN AGRICULTURE",

The institucion of the new programs afforded the opportunity to introduce an Option in Mechanized A gri-
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culture (designated 1n a later revision as "Mechanical Technology in A griculture") precisely aimed at fulfilling the grow -
ing need of preparing agricultural students for the practical application of engineering principles to the problems gene -
tally encountered in the type of modem farming toward which the evolving agricultural pattem is now rapidly converg-
ing not only in Puerto Rico but, with various degrees of celerity, also in other countries which our agircultural gmduates
are likely to he called upon to serve. Initially and in order to expedite its adoption, the program followed the same
general structure as the other options with the furst three years common to all , waiting until the fourth year for achiev-
ing the specialization by taking appropriate electives foliowing the supervised Summer Field Practice taken immediate-
ly after the end of the junior year.

This arrangement posed the obvious drawback of providing for the field practice prior to acquiring a more
substantial fund of academic preparation in the subject matter of the specialization, It was felt, however, that with
propet guidance such shortcoming could be partly offset by the opportunities afforded for prior exposure to activities
and problems which would enhance motivation and preparedness for more effective learning in the formal courses dur-
ing the senior year. The seminar coumses of the senior year, designed to capitalize on the practical experience thus
gained, were expected to further contribute to that end.

Lven more significant that the foregoing, very particularly in the case of the MTA (Mechanical Techno-
logy in Agriculture) curriculum, was the difficulty encountered in properly achieving the program’s technical objectives
with only the senior year allowed for specialization. It was then hoped to alleviate this problem by eaxly detection and
subsequent orientation of prospective students towards taking advantage of the summer sessions and the semesters with
relatively light academic loads (16 or 18 credits) for scheduling such critical coumses as Ge Eg 201-Elementary Drawing
Ci Eg 301- Agricultural Surveying, and Math 171~ Computation-- considered essential prerequisites for some of the im-
portant technical courses of the program--~ prior to the senior year,

However, the real opportunity to improve of this initial arrangement came as a result of the general re-
vision by the Faculty of Agriculture of the agricultural curricula which became effective at the beginning of the acade-
mic year 1964-1965. Thus by differentiating from the General Curriculum starting in the third year rather than in the
fourth year it was made possible not only to correct the aforementioned difficulty but to achieve an overall program
which could more effectively satisfy the inrended objectives of the curricular option,

Foliowing is a breakdown of the total of 152 credits presently required by the MTA option: (presented in
ful® in Appendix B).

1. Required Courses 124

A. Basic Sciences 49
Biological 12
Physical 10
Chemical 16
Mathematical 11

B. Gene:al Education, 41
Spanish 6
English 12
Economics 3
Social Sciences 6
Humanitie s 6
Military Science 8

C. Technical Courses 34
1. Agricultural Technology 20
Animal Industries 7
Agronomy 10
Agricultural Economics 3
2. Engineering Technology 14

General 2
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Civil Engineenng 3

Agricultural 9
Electives 28
A. General 14
B. Professional 14

The courses comprising the group of recommended General Electives were carefully selected main -
ly from the regular offerings by other departments in the College of Agriculture but also including appropriate courses
offered by the Colleges of Arts and Sciences and Engineering, The role of the General Electives is such as to pemit
adding to the curriculum both depth and breadth within the framework of its established objectives emphasizing parti -
culanly its technical aspects. As a means of strengthening the program as well as achieving a more effective utiliza-
tion of nstitutional resources three of the General Electives were designed to be offered by three different departments
in the College of Engineering as service coumes especifically earmarked for the students following this option. I is
deemed proper to commend herewith the cooperativeness and spirit of service shown by these departments in willingly
agreeing to prepare these special courses in accordance with the particular needs and requirements of our sudents. Be-
cause of the value of two of these courses, namely Elementary Drawing offered by the General Engineering Department,
and Agricultural Surveying offered by the Civil Engineering Department, as prerequisites for other important courses
within the Professional Electives group they were to be incorporated to the core of required subjects at a later revision
of the program.

The group of Professional Electives comprised the balance of the Agricultural Engineering Depart -
ment course offerings exclusive of those already forming part of the required courses. Their role is essentially concer-
ned with providing thenecessary technical training to enable the agricultural graduate to successfully tackle the pro-
blems of modern agriculture which involve the application of engineering technology. While a wide enough range of
electives, both within the Geneml and Professional groups, is made available to suit the needs and preferences of the
individual student it is aimed by proper counseling and orientation to achieve the highest possible degree of balance
and coherence to most effectively serve curricular objectives.

It should be emphasized at this point that the professional courses making up the specialized train-
ing of students following this option, while administered by the A gricultural Engineering Department and therefore ca-
rrying the name of Agricultural Engineering in their catalog numbers, are by no means and could not possibly be of an
engineering rigor; hence the name "Mechanical Technology in Agriculture” of this particular program. As is well
known, other names with which this type of program is designated in other Land-Grant institutions in the Unites States
are "Fam Mechanization”, "A gricultural Mechanization”, "Mechanized Agriculture", and "Agdcultuml Mechanics”.
{n some of these institutions graduate studies leading the M.S. degree are also offered within this same type of program.
{t will be seen that in all of the aforementioned names the use of the term "engineering” is carefully avoided aiming
to distinguish these programs from the other type of curriculums--whose administration is also a major function of Ag-
ricultural Engineering Departments-- leading to engineering degrees with specialization in A gricultural Engineering
and normally granted by the Faculty of Engineering. As distinct from those in the MTA curriculum the professional
courses in this other type of programs are designed with strictly engineering rigor and are necessarily preceded by pe-
requisite course sequences involving more advanced mathematics and physics besides the basic engineering sciences
such as fluid mechanics, thermodynamics, and solid mechanics.

Yet in designing the MTA courses it is aimed to provide subject matter content and impan instuc-
tion at a level fully commensurate with both the student's background and capabilities and their intended role as agri-
cultural professionals and public servants, It is strongly felt that this group of agricultural specialists are destined to
fill a long existing gap in the ranks of agricultural professional manpower in Puerto Rico and to effectively contribute
to the satisfactory solution of many pressing problems now confronting Puerto Rican agriculture, not to mention their
likely contribution to the agriculture of many developing countries of this hemisphere,
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10. POST GRADUATE AGRICULTURAL ENGINEERING EDUCATION AND RESEARCH IN LATIN AMERICA COUNTRY
STATEMENT - COMMONWEALTH CARIBBEAN by L. G. Campbell,

A. AGRICULTURAL ENGINEERING EDUCATION.

1. Institwions forTraining.

2. Institutions with A gricultural Engineering Departments.

3. Specializations required.

4. Employment opportunities.

5. Outline of courses in a proposed curriculum.

6. Interest in curriculum development in Agricultural Engineering at the Univemity of the West In-
dies.

B. A BACKGROUND TO AGRICULTURE OF THE CARIBBEAN REGION.

1. The environment.
2. Ecanomic crops.
3, Future developments and the expected role of Agricultural Engineering.

A. AGRICULTURAL ENGINEERING EDUCATION.
1. Institutions for training.

At the professional level, agricultural engineering training opportunities have not in the past been
available in the Commonwealth Caribbean.* A gricultural Engineers serving n this region have
traditionally received their training from institutions in Canada, United States and Great Britain,
and more recently in Israel. At the Univemity of the West Indies, it is normal for students read-
ing for a first degree in agriculture to take a full course* in crop production systems and mecha-
nization. Limited facilities are available for qualified graduates to pursue studies towards a higher
degree or diploma with gpecialization in some aspects of agricultural mechanization, field engine-
ering or crop processing.

For the near future the Faculties of Engineering and Agriculture are planning jointly to offera cu-
rriculum leading to a professional qualification at the first degree level B.Sc. (Eng.) in Agricul-
tural Engineering,

Opportunities will also be available on a broader front for training at the post graduate level.

2. Institutions with A gricultural Engineering Interests.

In all of the larger temitories, and some of the smaller ones, the Ministries or Departments of Ag-
riculture have one or more positions’ for agricultural engineers on their establishment, In Jamaica
Trinidad and Guyana, these govemment establishments have three or more on their staff sharing
the responsibilities for land de velopment and soil conservation planning, designs and establishment
of drainage and irfgation systems, the management and maintenance of mechanization schemes,
etc. Unfortunately, in the last ten or so years it has been difficult to fill all the positions for agri -
cultural engineers, and these establishments have operated under severe handicap. The other is-
lands which do not have agricultumal engineers in the govemment service, have normally depended
on the University of the West Indies for guidance and asistance in matters relating the engineering
in agriculture in the public sector. Up to the moment there has been only one agricultural engine -
er at this institution. His main responsibilities are in organizing the courses offered to students in
the Faculty of Agriculture, supervising post graduate students and conducting research. He is also
frequently used by governments of the region on special assignments, for short term “in service
training” courses or as consultant. It is envisaged that a minimum of two additional agricultural
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engineers will be needed on the establishment of the U. W.I. to complete a team with others in the engineering facul-
ty in mounting the new professional curriculum which it is proposing to offer.

In the private sector the larger farming organizations, sales and service firms have positions for agricul-
tural engineers on their establishment. They also experience difficulties in securing the services of qualified people
to fill these positions.

3. Specializations required.

Livestock farming forms a small part of the agriculture of the region and the environmental requirements
for animals here are simple and unlikely to cause a high demand for agricultural engineers. There is
however a strong need for engineers to serve in field engineering, resource management and conserva-
tion, power and machinery application and crop processing. The major agricultural enterprises needing
these services include sugar, rice, banana, citrus, cocoa, coffee, coconuts, forage crops, vegetables
and root crops.

4. Employment opportunities.

(i) Employment opportunities for agricultural engineering can be found in (a) the govemment service -
for design, development, management and maintenance, teaching and extension work, (b) the Univer-
sity of the West Indies- for teaching and research, design and development work, (c) the Famn Istitutes
for teaching and development, (d) the larger farming organizations or plantations- for design, develop-
ment, management and maintenance and (e) the sales and service industries - for development, sales
maintenance and promotional work.

(ii) There are no graduates at the moment from the regional institutions to meet the needs.

(iii) It is hoped that the proposed curriculum in agricultural engineering by the University of the West
Indies if the funds are fothcoming for mounting it will meet the needs in the foreseeable future. .

5. Outline of coumes in a proposed curriculum,

The requirements to register for the proposed course at the University of the West Indies, in addition to
that for the Univemity matriculation *, shall include:

either (a) Advanced level passes in the General Certificate (U.K.) in Mathematics (Pure and Applied)
and in Physics; and Ordinary level pass in Chemistry, or

(b) Advanced level passes in the G.C.E. in Pure Mathematics, in Applied Mathematics and in Physics
and Oxdinary level pass in Chemistry, or

(¢) Successful completion of the Preliminary year in the Science Faculty of the U. W. 1.

(d) Any other equivalent qualification approved by the Faculty.

The schedule of courses* to be taken are as follows:

PART I (This is a comman year with Civil, Chemical, Electrical and Mechanical).
. Mathematics.

. Science of Materials.

. Applied Thermodynamics.
. Strength of Materials and T heory of Structures.

B W D -

* Matriculation requirement is normally.
2 "A" level passes and 3 "0" level in the G.C.E. or 3 "A* level passes and ' "0" level inthe G.C.E. or
+« The U.W.1. Preliminary Year Examination,
Each course provides for 2 lectures and one 3- hour lab. per week for the full academic year.




-63-

5. Mechanics of Machines.

6. Applied Electricity.

7. Engineering Drawing,

8. Fundamentals of Engineering and Machine Shop Practice.

PART 1I (This year is largely common with Civil and Mechanical Engineering).

1. Mathematics.

2. Theory of Structures,

3. Mechanics of Fluids.

4, Design of Machines.

5. Applied Thermodynamics
6. Agricultural Science,

7. Elements of Economics
8. Surveying,

PART III (In this year there is a choice of specialization).
Field Engineering Group.

1. Mechanics of Fluids.

2. Soil Mechanics and Geology.

3. Drainage and Imrigation Engineering.

4. Either Agricultural Engineering I or Agricultural Engineering II.
5. Special Research or Design Project.

6. Farmn Management and Production Economics.

Mechanical Group.

. Electrical Technology.

. Agrcultural Engineering I

. Agricultural Engineering II.

. Either Drainage & Irrigation Engineering or Applied Thermodynamics.
. Special Research or Design Project.

. Farm Management and Production Economics.

Db W N =

6. Interest in Curriculum Development in Agricultural Engineering at the Univerity of the West Indies.

It is because the Faculties of Engineering and Agriculture of the Univemsity of the West Indies recognize
the potential role of Agriculture Engineers in the development of a region whose economy is based large -
1y on agriculture, that they have put forward the proposal for training agricultural engineers. The curmri-
culum was developed by a joint faculty committee. It was approved by both faculties and supported by
the academic board at the Trinidad Campus. The proposals were also given first priority by the Planning
and Development Committee of the Univemsity, .

They have gone forward to the University Administration for funding and this may be a major obstacle to
be overcome but as soon as this is done the course will be included in the Univemsity calendar.

B. A BACKGROUND TO THE AGRICULTURE OF THE REGION CARIBBEAN.
1. The environment,
The Commonwealth Carribbean presents a wide variety of conditions for crop and animal production. The

islands in the northern and eastern arc of the Caribbean chain are relatively small and enjoy an oceanic
type of climate. Some are volcanic in origin, with mountainous and steep terrain and very liule flat
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land, The rainfall in these may range from 60" -200" per annum, over relatively short distances of 6-
15 miles and the time distribution is uneven. Other island which may be coraline or sedimentary in
origin have flat to rolling topography but generally with lower rainfalls, The rest of the region- Guyana
and British Honduras, have large areas of low lying, poorly drained land, some savannah type country
and gently rolling terrain in the remainder. The mean temperature is about 78°F, the range being from
about 65° F to 94°F, - the greatest variation occurring in 24-hour period and not between seasons,

The main factor limiting crop production in these areas is generally rainfall. Therm are dry seasons ran-
ging from three to five months and these may occur in two distinct periods in any year depending on la-
titude. During the wet months when as much as 80% of the annual precipitation may occur, there are
the problems of excess moisture in soils with impeded drainage, and rapid run off on the hilly lands which
have been cleared and inadequately prepared for safe use.

In general, the flat or moderately sloping lands are taken for plantation type agriculture while the poorer
and more difficult to manage hill lands are occupied by small farmers, many of whom practice some
shifting agricultre.

2. Economic crops.

The major economic crops of the region are sugar cane, bananas, citrus, coconuts, cocoa, coffee and
some spices, most of which are exported to contracted markets mainly in the United Kingdom and to a
limited extent in North America. The location or distribution of these crops has been dictated by the
rainfall pattern, topography and availability of labour. The bulk is produced by plantations using abun-
dant labour but the contribution of the small farmer is important though it manifests many undesirable
features including low productivity and poor quality. Minor crops include various fruits, starchy staple
foods, (root crops and grain) and vegetable crops. These are mainly for local consumption and are pro-
duced almost entirely by small farmers. The livestock industry is of lesser importance. In the larger
countries- e.g. Guyana and British Honduras, ranching in the savannah areas meet some of the local de-
mand for beef, while in the Jamaica and some of the dder islands there is more intensive management
of beef cattle. The dairy industry is not strong, Some of the islands produce all or a large part of their
needs for poultry and pork products but the bulk of the feed for these indusries is imported from outside
the region.

3. Future development and the expected role of Agricultural Engineering.

The region represents a total land area of approximately 99, 603 square miles and a population of appro-
ximately four million persons, but of which Guyana and British Honduras alone account for 91, 867 square
miles and 663, 620 persons, The part of the region comprising the islands is relatively small in area and
densely populated. The whole region depends to a large extent on agriculture, but there are many obsta-
cles to agricultural operations due mainly to steep terrain fragmented and small size of farming units,
poor soils and bad distribution of rainfall which may also be inadequate in some regions for some crops.

Historically, the region has enjoyed varying degrees of agricultural prosperity during the last three hundred
years, depending to a large extent on the economic and political climate in the metropolitan countries of
Europe and North America. The agriculture was export orientated during those years, producing raw ma-
terials which were processed, refined or used in manufacturing industries abroad. In turn much of the
food and clothing for the population was imported. In recent years the trend has been towards less depen-
dence on impornted food stuffs, beverages and other imported materials which can be produced locally,
while maintaining adequate production of export materials in order to sustain a high degree of balanced
trade and commerce in the region.

At the same time the policies of the governments of the region attempt to raise the productivity of labour
and land to the extent that the population can afford a standard of living which can be regarded as satis-
factorv on western standards. On the other hand, the population growth has been uncomfortably high
(2.5-3% per annum) in a region limited in l1and area and other natural resources. Future developments in
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agriculture will be significantly influenced by these factors as well as the natural physical problems af-
fecting efficient production.

The two main forms of the land tenure will have to be rationalized. The size of small holdings will have
to be reviewed in the light of scale of operations and economic returns which will sustain an adequate
living standard for the owners and operators, Likewise, the very large plantations which have depended
on an abundant supply of cheap labour and fortuitous environmemal conditions, will have to be reorgani-
zed along lines where management will 'be able to harness the most econdmic forms of available power
and machinery for field and processing operations.-.It will alsd be necessary to have better control of the
natural environment in order to achieve higher pmducuon and pxoductivity from the lands and labour.
The difficulties of production on seep slopes, shallow ‘and rocky soils, uneven rainfall, etc. will have
to be overcome while ensuring that sensible and adequate provision is made for conservation of the natu-
ral resources for sustained production. In all the aspects of land and water conservation and management
as well as production operations for agricilture, there:will be greater dependence on people sufficiently
trained in the science and art of engineering and agriculture.

The priorities for the future include development of production systems to raise efficiency on the tradi-
tional small farm as well as on the extensively managed plantations and estates. As labour values in-
crease relative to other sources of power and as competition for existing labour by tourism and manufac-
turing industries in the region increases agricultuml enterprises will have to rely on highly skilled workers
who can justify higher wages based on productivity., The agricultural engineer will be depended upon to
establish the procedures and develop the equipment- ‘to ‘enable ‘such’ changes. Effdrts at new systems devel-
opment may-call for xadically different approaches from currently accepted principles, The agricultural
economies must also become more balanced and les¢ subject to wide fluctuations. This will necessitate
greater diverity in agricultural enterprises and may require the production of new crops-and / or expansion
of minor crops both for local as well as for export markets, The production field will thus widen even
further and increase the challenge for the engineer in power and machinery applications and systems en-
gineering,

The environment for optimum productivity is generally not fully understood for many tropical crops. Even
in those crops for which there is a fair degree of information, the procedures or techniques for modifying
the existing environment when necessary, has not yet been worked out. The agricultural engineer special-
izing the environment control, including soil and water development and management and conservation,
is expected to play ma jor roles in this.

Crop processing has not yet reached any degree of sophistication, Much of the drying, fermenting, poli-

shing, grading, etc. can stand considerable improvement in methods and efficiency. A large percentage
often over 50% of some crops may fail to reach markets because of poor drying, damage by pests, impro-
per grading, or complete absence of methods of processing to enable their keeping for subsequent distribu-
tion. This too, can be an exciting specialization 'for»potential agricultural engineers in the region.

The importance of the agricultural sector of the ecbriomy of the region is shown in Table 1. It gives an
indication of proportion of the population depending '¢n agriculture and their relative efficiency.
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TABLE 1.  THE PECPLE, LAND AND AGRICULTURE OF THE COMMONWEALTH CARIBBEAN
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Trinidad &
Tobago 1,980 827,976 54.3 19.9 35.0(1) 1,296 11 83.41) 12.6
Grenada &
Carriacou 133 88,667 89.5 43.3 56.0(1) 1,215 39 87. 41) 22.9
Antigua &
Barbuda 171 54,060 60.0 31.1 61.4(1) 515 25 90. §2) 26.9
Barbados 166 234,575 179.4 26.4 69.8(2) 2,022 28 - 97. 42) 13.4
Dominica 305 59,916 76.8 52.0 16.4(1) 1,198 43 78. (1) 12.17
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-|Source of data: A Digest of West Indian Statistics (1965), Department of Agricultural Economics & Farm Management
: U.W.L St. Augustine.
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11. STATUS NOF AGRICULTURAL ENGINEERING EDUCATION IN LATIN AMERICA: VENEZUELA by Amanda Dagger
and Ismael Granadillo, Venezuela.

I, STATUS OF AGRICULTURAL ENGINEERING IN VENEZUELA.
A, Characteristics of Agricultutal Engineering Ed_ucatidjx ghg the Agencies Implementing it.

Agricultural Engineering in Venezuela is provided by the ‘Agronomical Engineering Schools of the Faculties
of Agronomy of the Central University of Venezuela (UCV), Zulia University (LUZ), Central Western Region Uni-
versity (URCO) and Eastern University (UDO), as part of the training of Agronomical Engineers, through their respec -
tive Agricultural Engineering Departments, .

There are no major ditferences ia the curricula of the four schocls, We can mention the fact that at URCO
and UDO general Agronom:cal Engineers are trained, while at UCV and LUZ there is a certain degree of special;i-
zation in certain agricultural sclence areas, -achieved through the so-called orientations, among which is Agricul~
tural Engineerlng. The students following this orientation, in addition to general knowledge in Agronomy, receive
some specific knowledge on some aspects of Agricultural Engineering,

1. Agricultural Engineenng Educatlon at the LUZ Faculty of Agronomy

‘It has been entrusted-to the Agricultdral Engineering Department which coordinates the: following compulsory
courses:

- Gereral Draftsrcanship, Mathematics I, II and III, Physics I and 1I, Surveying I and II, Agricultural Macht-

nery I and 1I, Hydraulws, Irrigation and Drainage and Rural Constructio; I and II, and the following vocatin-

nal caurses:

- Rural Electrification, Irrigation and Drainage II, Photogrammetry, Farm Planning, Agrology and Agricultu-
ral Machinery 1IL

It can be stated that out of 47 compulsory courses, 14 correspond to Agronomical Engineering, 29 to electives
and 6 correspond to Agricultural Engineering,

According to the 1966 Dean’. report, the Faculty's training has the following weaknesses:
a) Defficient education of some newly entered freshmen,

b) Excessive number of courses in the first semester.

¢) Pessible techinical ard educational defficiencies among the fac ulty,

At present the creation of four schools is under study:

- Agronomy, Animal Hushandry, Agricultural Engineering and Soil Sciences,
The Agricultural Engineering Schocl shall provide education in depth on the following subjects:

- Irrigation and Drainage, Agricultural Mechanization, Rural Electrification, Agricultural and Cattle Product
Processing, Water and Soil Conservation, Penetration Routes, Rural Construction and Rural Plannirg (the total
number of students of this Faculty increased from 46 in 1959 to 431 in 1966 and seems to have reached a pla-
teau),

2. Agricultural Engineering Education at the UCV Faculty of Agronomy.

a) Agricultural Engineering Department. Courses given; training is carried out through the Agricultural Engine -
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ering Department, created in 1959, formed by 9 courses, whose task is coordinated by a Departmental Com -
mittee constituted by all Department Chiefs from among which the University Council appoints the Depart-
ment Head. .

There are also internal Faculty, Budget and Personnel Training and Education Committees.

The Department provides the following courses:
Credits

Advanced Algebra and Analytic Geometry

Physics

Technical Draftsmanship

Calculus

Rational Mechanics

Land Surveying

Agricultural Machinery I

Agricultural Machinery II

Rural Constructions

Irrigation and Drainage

Statistics

W B WOwWwWOK WD W

TOTAL CREDITS: 38 (20. 93% of the total credits corres-
ponding to compulsory courses).

all of which are compulsory for all Agronomy students.
Agricultural Engineering Orientation Courses:

Semester No. 7

Credits
Advanced surveying 2
Hydraulics 2
Semester No. 8
Irrigation and Drainage II 2
Materials Strength,
Soil Mechanics and
Structural Calculus - 3
Semester No. 9
Small Irrigation System Project 2
Rural Roads 2
Semester No. 10
Rural Construction I 2
Agricultural Machinery III -2
Operation and Development of Irrigation Systems 3

TOTAL CREDITS:19 (10% of the total required credits to
obtain an Agronomical Engire ering
Degree).

The oriented students receive 55 credits in Agricultural Engineering, which represents 28. 7% of the total 191
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credits required for the degree. Note: 1 credit : 1 lecture or 3 lab, hours (The general Agronomical Engineering
School curriculum is attached).

b) Objectives Established for an Agricultural Engineering Orientation.

Once the General Agricultural Engineering Objectives were set up, taking into account the country's present
development stage, which established well-defined areas within its broad field of application, the orientation
plan set up as its objective that of trying to fill, as far as possible, the gap caused by the scarcity of Agricul -

tural Engineering professionals, For this purpose, education is provided on:

a) Basic engineering aspects,
b) Engineering aspects applied to Agriculture,

Thus Agronomical Engineers with basic knowledge of Irrigation and Drainage, Rural Construction and Agricul-
tural Mechanization are trained, the first aspect being given priority.

Agricultural Engineering Department Course Content (Summaries can be obtained by writing to the University)
c) Educational methods used.

Major emphasis is on theoretical and 1ab work, above all on compulsory courses; travel to different agricul-
tural development areas is encouraged; group discussions are promoted; diverse projects are prepared; visits
are made to different irrigation systems and, in the last semester, assistant professor duties are performed.

d) Faculty staff,

At present, the Department has 30 professors of which 14 are Agronomical Engineers, § Civil Engineers, 3
Industrial Engineers while the rest are Physicists, Mathematicians and Professionals of other Engineering fields.

Only four have Masters degrees and very few have received some special training after graduation.
e) Installations and equipment.
The Department has offices, laboratories and classrooms amounting to 1781 square meters of built area.

It has laboratories of: Hydraulics, Physics, Agricultural Machinery, Land Surveying, Rural Constructions and
Statistics, which are relatively well equipped.

f) Budget.

In the last few years the Department has had a Budget of Bs. 1,965,000. 00, allocated as follows:

Fixed Staff Expenses.......... 1,750,000. 00
Operational Expenses.......... 87,000. 00
Capitalization Expenses........ 128,000. 00

3. Post Graduate Courses,

As of 1958 the National Irrigation and Drainage Courses have been given. The two first ones were sponsored
by IICA, while, as of 1962, they were the Faculty's entire responsibility.

To date, seven courses have been given for purposes of increasing professional knowledge and training in Irri-
gation and Drainage among professionals working in these areas. About 120 professionals, mainly Agronomical
and Civil Engineers have attended.
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The course involves 9 groups of lectures including 16 hours of theory and 16 hours of lab wvork on the follow -
ir'g aspects:

a) Water-Soil -Plant relationships.

b) Surface Hydrology.

c) Soil Classification for Irrigation purposes.

d) Agricultural Hydrology (Optional).

e) Irrigation and Drainage design and operation at the Agricultural unit scale,
fy Small land-dam project.

g) Canal projection and construction.

h) Internal drainage.

i) Ground water.

At present it is being reorganized to establish two of three, three- month courses, per year and to create 2
options directed to:

1. Application and management of irrigation and drainage in the agricultural unit.
2. Designing and operation of small irrigation systems.

4. Institute of Agricultural Engineering.
The Institute of Agricultural Engineering, which shares staff, buildings and equipment with the Department,

operates as the agency in charge of research; it furthermore uses the faculty's experimental fields involving a 43
hectares area in Maracay and more than 1, 500 hectares in the three zones of the central western region of the coun-

try.

At present, it is dedicated mainly to the projects and construction of the necessary buildings at the agricul -
tural stations. It has furthermore started and implemented important work in applied research.

5. Major Items in a Critical Analysis of the Education Provided.
a) Compulsory courses for all Agronomy students.

Teaching of these courses is characterized by facing the general problems and characteristics of the School
of Agronomy, which can be summarized as follows:

1. Great gaps in the basic training of students entering the physico-mathematics field.

2. An overload of subjects and credits per semester, which necessarily leads to a training fundamentally ba-
sed on theory lectures and memorization, without the active incorporation of the student.

3. High percentage of failures, specially in physics and mathematics, where over 80% flunk.

4, Lack of clear objectives at the level of the School of Agronomy, which leads to the absence of definite
criteria as to the professional which has to be trained, and the unharmonious and inarticulate development
of courses.

5. Course content is adequate but the courses are to extensive for the perioa of time available.

6. Insufficient laboratory and equipment facilities.

7. The average grade obtained by students passing the courses is 11 (grading ranges from 0 to 20), which is
barely over the minimum passing grade, which is 10.
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8. In general, the teaching load of every professor is high. This becomes even more serious due to the
fact that the Department repeats most of the courses every semester,

b) Orientation Courses.

We cannot properly speak of a curriculum for the Agricultural Engineering orientation since the courses
which we could call basic for the orientation do not constitute a structural whole.

We could say that the present curriculum is formed by a group of courses "practically added on to the cu-
rriculum of the School of Agronomy".

The vbjectives set up have been satisfactory, but we believe that in accordance to the development cha-
racteristics of the country, and specifically, the development trerds of the agricultural and cattle sector,
should be revised and improved.

The course content has been adequately determined but thev are excessively extensive for the number of
credits available for the orientation, which in turn creates an overload for the student.

The educational methods and evaluation systems have been improved, but this task is handicapped by the
overloaded curriculum ard other defficiencies indicated above.

As regards to the faculty members, we can say that even though , in general, they are quite capable, very
few of them have the necessary degree of specialization and professional experience.

To a certain extent, this implies some lack of relationship with the major practices and techniques in use
in the country.

Laboratery facilities and equipment have improved in recent years but are still insufficient.

We should point out that in recent years there was a marked decrease in the number of students choosing Ag-
ricultural Engineering as compared to the total number of graduates from the Faculty. We believe that

this fact was due to:

- the ditficulties which most students face regarding physics and mathematics courses, together with thie
overloaded curriculum and excessive demands of Agricnitural Engineering courses, as compared to the rum-
ber of credits given ard to other orientations.

c) The Graduates.

From 1963, when the orientations were established, to date, 71 students in Agricultural Engineering have
graduated from a tntal of 428 graduates of the Faculty. Their distribution is as follows:

YEAR TOTAL GRADUATES SPECIALIZED % SPECIALIZING IN A. E.
1962 20 4 22.0
1963 bl 11 22.0
1964 41 3 7.3
1965 71 16 22.5
1966 64 12 18.8
1967 83 18 21.17
1968 99 7 7.1
428 71 16.6

At present there are 25 students in the specialty.
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According to the results of two surveys undertaken in September 1968, on occasion of the "First Seminar
on the Evaluation of Agricultural Engineering Education at the UCV Faculty of Agronomy”, the following infor-
mation based on 50 answers provided by graduates of the school and 5 employing agencies, can be given.

1. 80% of the graduates of the orientation work in Agricultural Engineering.
2. Irrigation seems to be the graduate's major activity.

3. All the subjects taught in the orientation are applied to some extent in professional activities, especial-
ly :
Advanced Surveying, Agricultural Hydraulics, Irrigation and Drainage II and Operation and Development
of Irrigation Systems.

4. The major defficiencies in professional activities are found in the following subjects:

Soil Physics; Water-Soil-Plant relationships; Irrigation Methods (modified) of Major Usage in the Country;
Economical Aspects Related to the Planning of Agricultural Enterprises; Administrative Aspects, Ope-
rauon, Selection and Adaptation of Agricultural Equipment and Implements; Maintenance of Irrigation
Works, Drainage, Climatology, Hydrology and Hydraulics.

5. 52% of answers indicate that Agricultural Engineering education should be based on a semi-specialization
in Agronomy. 26% suggested that it be made.an independent career.

6. 68% of those surveys feel that the knowledge acquired in the Faculty and especially in the Orientation is
adequate to satisfy the demands of professional work

B. Action Tending to Develop Undergraduate Programs in Agricultural Engineering.

The Faculty of Agronomy and specially the Agricultural Engineering Institute and Department are very in-
terested in strengthening and developing their education and research programs in Agricultural Engineering, for
they feel there is a need to establish national education plans contemplating a better education and improved es-
pecialization in sufficiently developed areas, among them Agricultural Engineering, as well as the establishment
of research programs tending to discovering the adequate scientific development routes leading to the establish-
ment of national techniques to solve agricultural production problems.

For this reason, in 1967, with the aid of Engineer Berlijn a request from the National Government to the
United Nations through FAO was prepared for purposes of implementing a program similar to that put in practice
at the Agrarian University of La Molina (UNDP/FAO/PER/9).

The project's objectives can be summarized in the organization of a regular academic program tending to
the education of Agronomical Engineers with detailed theoretic and practical knowledge of Agricultural Engineer -
ing as well as the preparation and implementation of a research program suitable to the country's needs.

The project involves the following aspects:

1. Improvement and training of local staff,

2. Establishment of courses in the different areas of Agricultural Engineering.

3. Creation and expansion of the installations and laboratories for educational and research purposes.
4. Establishment and development of research programs in different Agricultural Engineering areas.

The most important areas to be developed are Irrigation and Drainage, Soil and Water Conservation Engine -
ering, Agricultural Mechanization, Rural Planning and Construction and Agricultural and Cattle Products Conserva-
tion Engineering,.
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Unfortunately, and despite the fact that the National Government assigned the project an adequate priority,
to date no official notice has been received regarding the acceptance by the pertinent United Nations Agency.

C. Characteristics of Demand for Agricultural Engineers and Job Opportunities.

The agreements and resolutions of the "First Seminar on the Evaluation of Agricultural Engineering Education
at the UCV Faculty of Agronomy" state that Agricultural Engineering has full application in Venezuela.

This can be determined from the programs related to this activity which are at present being implemented by
different public and private agencies, among which we have the Ministry of Public Works, Ministry of Agriculture
and Cattle Raising, National Agrarian Institute, Ministry of Health and Social Welfare, Agriculture and Cattle Bank,
Shell Farmer Service and the Faculties of Agronomy of UCV, LUZ, UDO and URCO.

It is estimated thatfor 1980 some 400 agricultural engineering professionals shall be needed to study and deve-
lop the different plans and programs necessary to promote the country's agricultural development,

Among these plans and programs we have:

1. Agrarian Reform plans: Settlement and Land Grant Programs, Programs for Soil Improvement and Recupera-
tion. '

2. National Irrigation Plan (It is estimated that for 1985 1'300,000 hectares shall be under cultivation. At
present there are about 485, 000).

3. Soil Conservation.

4. Recuperation of Saline Soils.

5. Agricultural Mechanization.

6. Housing and ‘Envlronme-ntal Sanitation in Rural Communities.
7. Storage and Processing of Agricultural Products.

8. Rural Road Network.

9. Integral Development of the Different Geographic Areas: Guayana, Andean Zone, Maracaibo Lake Basin,
Central Western, Eastern, etc,

10. Technical Assistance Program.

As regards to research in the different Agricultural Engineering branches its content is determined by the gene-
ral characteristics of all the productive aspects of the country, the -daghk. of cnestomal technology - and a scientific
research leading to its development. This involves a broad field of activities which must be directed to correcting
this situation and guaranteeing an independent a gricultural development.

At present, even though there are over 100 Agronomical Engineers unemployed, none of them has specialized
in Agricultural Engineering. It is to be expected that with improvements in education they shall be able to compete
advantageously in the different work areas which at present are covered by other professionals from other engineering
branches, thus expanding the job opportunities for graduates with a certain level of specialization in Agricultural En-
gineering.

Given the characteristics and present trends of the Agricultural and Cattle Sector, the aforementioned Seminar
recommends planning the development of Agricultural Engineering education at the UCV Faculty of Agronomy on
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the basis of the present orientation, so that in a relatively short period of time the corresponding University School
be created. As an immediate objective it proposes the preparation of a curriculum for the Faculty of Agronomy of
UCV, having as its basis the establishment of semi-specializations, one of which will be Agricultural Engineering.
For purposes of planning the semi-specializations it recommends that education be divided into three cycles:

Basic cycle, Intermediate cycle and Professional cycle. On the other hand, as has already been stated, the
University of Zulia plans the creation of schools, within the Faculty of Agronomy, one of which would be for Agri-
cultural Engineering,

The aforementioned statements highlight the need for Agricultural Engineerng among the professions related
to Agriculture and the need of organizing and planning education and research in its different branches,

IL. PROBLEMS OF AGRICULTURAL ENGINEERING REQUIRING SOLUTION.

On occasion of the "First Seminar on the Evaluation of Agricultural Engineering Education at the UCV Facul -
ty of Agronomy" doctor Fernando Key Sdnchez read the paper entitled "Some Considerations for the Preparation of
an Agricultural Engineering Research Program”. Since we feel that this paper summarizes all that has been done
to date to study the problems of Agricultural and Cattle Production and to set up priorities between them, we shall
quote its most important aspects.

A. National Priorities in Agricultural Production Problems.

Several agencies, especially the National Council for Agricultural Research, have been studying this problem.
As yet no widely accepted ranking has been decided upon. Agronomical Engineers José R. Leén Dfaz and Alfredo
Bustamante, in a study to this regard taking into account only vegetable agricultural production set up the following
ranking:

Grains.

Coffee and Cacao.

Bananas

Roots and Tuberous,

Textiles and Oleaginous plants,
. Legumes.

Tobacco.

Sugar Cane.

Fruits and Vegetables.

© PPN

If animal agricultural production were to be incorporated to this list it is quite possible that beef production
would be the first or one of the first in the general list of priorities. It is felt that tropical fruits should rank higher.

B. Ranking of Production Problems.
The aforementioned studies have also established the following preliminary ranking:

Research problems Ranking

[y

Soil Classification
Irrigation (Equipment, supply, frequency) 2
Technical Processes (Quality control, use of side products)

Plant Improvement (Climatic areas, genctics, densily)

Agricultural Practices (Fertilization, plagues and diseases, pruning, shrubbery)
Intermediate crops, diversification

Production Costs (Installation, maintenance and processing)

[~ I I N
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The aforementioned study has not given due consideration to Jmportant problems such as drainage, condition-
ing of soils for irrigation, mechanization, product conservation and handling, while production costs and producti-
vity seem to be ranked to low as compared to their actual impa tance. Furthe¢rmore, problems related to "utiliza -
tion and management of heavy and lateritic soils" should be incorporated, since over two thirds of Venezuelan soils
are of this type.

C. Tentative Priority Schedule for an Agricultural Engineering Research Plan,

Summarizing the rankings established in the Le6n Dfaz- Bustamante Study, incorporating estimates of beef
and milk production and including the main aspects to be researched within the field of Agricultural Engineering,
the tentative priority schedule and an outline of an Agricultural Engineering research plan was prepared and may
be obtained by writing to the authors.

L ADDITIONAL INFORMATION ON VENEZUELAN AGRICULTURE.

Major crops and their production areas.

Production of the Agricultural Sector, at current prices, amounted to 2, 658595, 000, 00 Bs, in 19€5. Bs,
1,494'597,000. corresponded o the vegetable agricultural sector, while Bs, 984'336,000. 00 corresporded to the
Animal Agricultural Sector  The following crops: rice (unhusked), corn, yucca, potatoes, sesame, corton, (crude)
copra, peanut:(unhusked:, sisal (fiber), sugar cane, tobacco, onions and tomatoes account for over 53% ot the to-
tal vegetable agricultural production value and cover over §5% of the cultivated areas for 1965.

Let us now detail the country's major crops:

Rice: Cultivated area: 105,102 hectares. The central Western plains account for 70% of this area,

Corp: Cultivated arear 461,784 hecrares, This is a crop broadly cultivated in all the nationa. territory, how-

ever , the coastal mountain region and the central plains basin, respectively, acconnt for 58 % and 38% of

the total cultivated area.

Beans: Cultivated area: €5,2¢0 hectares. The coastal -mountain region accounts for 74% of this arca,

Yucca: Cultivared area: €9, 261 hectares. The coastal -mountain region acconnts for 68% of this area.

Potatces: Cultivated area: 16, 172 hectares, The mountain zone (a mountain chain formed by the Andes and
Cuastal  Ranges) ace~unts for 99% of the total cultivated area.

Secame. Caltivared area: 87,074 hecrares.  The high Westewn Plains (Basinas, Portuguesa, and Cojedes dSta-
tes) aceount. for 99% of the area.

Cotton: Cultivated area: 45,919 hectares. The Central Plain Basin accounts for 8:3% of this area.
Bananas: Cultivated area: 58,317 hectares, The Coastal -Mountain region accounts for 85% of this arca.

Cacao: Cultivated area: 70,090 hectares. The Central Coast (Mirarda State) and Eastern Caoast (Suc re Stare)
regions account for 80% of the cultivated area.

Green Banana: Cultivated atea: 60,108 hectares. The Coastal -Mountain tegion accounts for 84% of thic area,

Sugar Cane: Cultivated area: 71,318 hectares. The Central Coastal -Mountain region accounts for 77% of
this area.

Tobacco: Cultivared area: 6,513 hectares. The Cenrral Western Plains account for 50% of the cultivated area.
Coffee: Culrivated arca: 340,000 hectares. The Andean Region accounts for 70% of this area.
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Theme 2. THE PATTERNS OF DEVELOPMENT OF AGRICULTURAL ENGINEERING IN LATIN AMERICA AND THE
WORLD.

12, THE DEVELOPMENT OF AGRICULTURAL ENGINEERING IN PERU by J. Quiroz, Agricultral Engineering Pro-
gramme, Agrarian University at La Molina, Lima, Peru,

. History

. Objectives

. Student

. Teaching staff

. Experience gained

. Project UNDP-0OAS~-80

(=2 I U

1. History.

It is difficult to record objectively events with which one has been closely concemed (fighting hard
to overcome obstacles). For this reason, I will briefly list in chronological order the more important events, leav-
ing out my personal thoughts.

In 1869, a period of technical reappraisal, the first Agricultural Institute was born. The plan publi-
shed in 1870 called it "Normal Farm Institute”, and it was for teaching of A griculture in the Republic of Peru, It
started to work in the farms of Santa Beatriz and San Martin, which were acquired by the State. In 1874, the first
program was reorganized into the "Primary Practical Agricultural Institute", having a part of the Santa Beatriz area.
Later, in March 18, 1901, the Govemment authorized the engagement of four Agronomists and three Veterinary
Doctors from the Belgian A gricultural Institute at Gembloux, and at last, in May the 20th, 1902, the classes started
and on July the 22nd the National School of Agriculture and Veterinary Science was officially inaugurated.

Since the creation of this school in 1902, it has awarded the professional title of Agronomist. In the
reform years of 1924 and 1925, the Peruvian staff with the assistance of the Belgian teachers expanded the teaching
and raised the academic standards. New laboratories for Agriculture, Plant Pathology and Wine Making were esta-
blished moreover to ensure that the teaching was not just theoretical, a commission recommended in 1926 that the
school should have a better location, recommending the "La Molina" farm in the Ate Valley, where we are now,

The organization, at this stage of development included the Chemistry and Physics, Microbiology,
Serums and Vaccines, Animal Husbandry and Zoology, Agriculture, Jungle Crops, Forests, Horticulture, Botany and
Plant Pathology, Rural Engineering, Agricultural Technology Sections and the School Farm. Buildings were avail-
able for Farm Machinery, Cotton Ginning and Milk Plant. It was in 1933 that the School worked totally at La Mo-
lina,

The Public Education Law No, 359 passed in 1941, conceeded academic and administrative autono-
my to this University, this started an era of action independent from govemment agencies, autonomy that later was
changed when the School came under the Ministry of Public Education,

In the year of 1943, the Veterinary section was organized, which later became the National School
of Veterinary Sciences. Finally in 1944, the Institution was called the National School of Agriculture,

In the following years, the processes of creating new Sections continued and courses were grouped to-
gether, without going into details, it is worthwhile mentioning that from this time the schools offered courses in Al-
gebra, Calculus, Surveying, Farm Structures and Irrigation.

In 1952, elective courses were established for the last two years, the fourth and fifth, with the object
of orienting the students to specialized fields, within the general structure that had been established. In 1957, ft
should be noted in this context a group of courses in Agricultural Engineering were joined together, mainly
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Surveying and Irrigation. These were, then, the first steps leading to the forming, in 1959, of the Institute of Agri-
cultural Engineering, that with Agronomy, Animal Husbandry, and Social Sciences enlarged the studies and the teach-
ing in our campus.

The institute of Agricultural Engineering covers the following fields: Irrigation and Drainage,
Farm Structures, Farm Mechanization. Mathematics and Physics (Surveying was included within Irrigation). This
all made an organization that had to be implemented with the necessary team of specialists.

The National School of Agriculture became the Agrarian University by the law 13417 in April
1960 and consequently, the Faculties of Agronomy, Animal Husbandry, Agricultural Engineering and Social Sciences
were organized. This law consolidated a movement that had been developing since 1958 with a departmental struc-
ture involving flexible study programs based on semesters and credits.

The departments were the academic and administrative units with the responsibility of teach-
ing, researching and extension of their disciplines, working with sections and programs and having their own labora~
tories, field plots, greenhouses, etc. This grouping of subjects certainly brought together experts in the same
field.

The departments made up the Faculties, which in turn made up the different professions with
the following chart as a general working mo del:

Universitary Council
[ Rector
! Agronomy Faculty I Animal Husbandry Agricultural Engineer- Economics & Social
! Faculty ing Faculty Sciences Faculty
{

The Faculty of Agricultural Engineering at this stage had the following departmental organiza-

tion:
| Faculty Council
i
Dean
i
Mathematics Planning & Farm Farm Mechaniza- Irrigation & Drai- Agricultural
& Physics Dept. Structures Dept. tion Department nage Department Technology
Department

The courses offered by the University are all approved by the students, and extend over one
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semester. Ench comse gives ome csedit fior each theoretical class hows or peactical session per week. Defiose regisaer-

ing for cestain comses it is necenary to complese poe -sequisise comses.  The ssadesss, o be segistesed i the Faculty
must have recefved she approval of theivy Progesam of Stadies for the semester from their advisor.

1. 1 Ocgsuization im the yesr 1961

In 1961, the Usivessity started the Science Faculty, fior the development of fundemsestal be-
sic knowledge, and the Facuky of Agriculimsl Engincering appeoved the following scheme:

Agricaltmal Enginceting Faculty
Ovgemi satice

AGRICULTURAL ENGINEERING FACULTY ORGANIZATION

[ FacuLty counci |

[Coean J-wememm
____Tnv
EN&E?E%%G s& & TARY

DEPARTMENT

ASINETS L1BRARY

[ I | 1
FARM MECHANIZACION RURAL PLANNIMG AND AGRICULTURAL

T AN R IRRIGATION 0L CONSERVATION] |
DEPARTMENT frrip i , E Q,,'.‘}T DEPARTMENT DEPARTMENT
m‘@mﬂ [CRSNET Hie o} tesevan SRerea Hreao |sewe

AND PROCESS
KW L ABORATORY
Ezmst"' |4
I.A_”ﬂ"o.'

WA <
secTion | SECTION (1ggTTion
LA BORATORIES
_TESTING SROUND

[ exisirion _noows ]

ExPERMENTAL FiELDY

st

LABORATORIES

OREEN HOUSED
EXAPERINENTAL FICLOS
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Study Plan. - The Agricultural Engineering Faculty had a Study Plan prepared for the Bachelor Degree in Agricultural
Sciences in the specialization of Agricultural Engineering. This plan combined a group of obligatory courses and elec-
tive courses offered by the different University Faculties, they could be taken by the students according to their capa-
bilities and limitations, within the structure of a flexible curriculum.

The obligatory courses were divided in two groups:

a) "University Requisites” were the ones that by obligation all Agrarian University students had

to take, and

b) "Agricultural Engineering Faculty Requisites” were the ones that had to be taken by the students
of the Faculty.

The elective courses grouped in the same way:
c) "Technical Electives”, those that students selected from the course list that the Faculty consi-
dered convenient for the preparation in a given field of Agricultural Engineering; and

d) "Free Electives”, those that the students chose freely in accordance with their advisor.

The Faculty granted the degree of Bachelor of Sciences in the specialization as Agricultural En-

gineer to those students who obtained 200 credit units, according to their study program, the distribution was:

a. University requisites 47 credit units
b. Faculty requisites 115 credit units
c. Technical elective
courses 28 credit units
d. Free elective courses __l_g_credit units
Total: 200

From the 28 credits of the Technical Electives, at least 15 should be taken from the department,

where the student had his main orientation.

The Faculty also granted the professional title of "Agricultural Engineer” to the Bachelors in this

field that followed an approved course, and submirted a satisfactory professional thesis.

University Requisites:

Fac.

S
S
S
ECS

88800000000

* Simultaneous.

No. Name Pre -requisite Credits
CB-101 General Botany None 4
CQ-101 General & Inorganic Chemistry None 4
CM-101 Mathematics None 4
CM-103 Analytical Geometry CM-101°* 4
CM-104 Differential Calculus CM-101 4
CM-201 Integral Calculus CM-104 4
CF-201 Physics 1 CM-104-CM-201* 4
CF-202 Physics II CF-201 4
E1-101 Spanish I None 2
EL-301 Technical Writing None 2
EE-101 Fundamentals of Economics None 4
Es-101 Introduction to Sociology None 4

Humranities None 3
47 units



Faculty Requisites:
Fac No.

1G-101
1G-102
1G-201
1G-202
1G-203
1G-301
1G-302
1G-501
11-301
11-401
Im-301
Im-302
Im-303
IM-401
IP-301
IP-302
IP-401
1P -402
IP-403
IP-501
IT-301
1T-302
1T-401
CB-102
CG-101
CQ-102

SEEEEREESEEEEEEEEEEEEERER

5

OO0

CM-102
CF-203
ECS EA-301
ECS EP-501
ECS FA-302
AS-"71
AC -301

o0

N > > >

ZP-201

Technical Elect've Courses -

-80-

Name

Drawing

Descriptive Geometry
Technical Drawing

Surveying I
Surveying II
Statics
Dynamics

Engineering Economics

Fluid Mechanics

Irrigation & Drainage

Machines & Machine Components
Electric Circuits & Machines
Tractors & Engines

Farm Machinery
Brilding Materials

Strength of Materials

Structures

Building Procedures

Rural Design I

Rural Planning Standards

Thermodynamics
Heat Transfer

Process Engineering

General Zoology
Geology

Organic Chemistry or CQ-103

Biochemistry

Algebraic Analysis
Meteorology & Climatology
Administrative Principles
Principles of Law or Rural Law

Accounting

Soil Seience

Crop Science
Craps

Ammal Hushandry

Pre -requisite

None

None

1G-101; IG-102
CM-101; IG-101
1G-202

CF-201; CM-201
1G-301

120 credits
1G-201; 1G-3C2*
CF-202; AC-301
1G-201; CF-201
CF-202

CF-202; IM801
IM-303 or IM-90
CG-101; CA-101
1G-301

IP-302

1P-301

P -402*
IP-403;1G-501*
CF-202 °

1T-301

CF-202

None

None

CQ-101
C?-101
CF-202
EE-101
None

EE-101& 76 cred.

CG-101;CQ-101
AS-201

CB-102

The Technical flective courses offercd by the University are the following:

1A 1G -601
IA IG-u02
1A II-601
IA II-6ue
1A I1-6073

———

* Could be simultancous

“ Not a requisite for those that follevs the same Department,

Sarveying I

Phuro-interpretation

Hydrology

Applied Hydraulics
Irrigation System Design

1G-203
CF-202;1G-203
CG-101:CF-20

Credits

W & P NDWLWR WD DD W WWWWWWNWN

W W W

oo b bW

45 units

4
3
3

11-31;1G-601;11-601"* 3
3

I" 401




No.

erj
'Y
[¢]

11-604
II-605
-6
1I-607
IM-601
M-602
IM-603
IM-604
IM-605
IM-606

IM-607
IM-€08
IM-509

IM-610
M-611
m™-612

P-601
P -602
P-603
IP-694
IP-605
IP-606
P-t97
Ir-608
1T-601
IT -60¢
IT-€03
1T-604
IT=6.5
IT-606
IT 627

IT -608
I5-601

5 BF EEEEEREEEEEEEEEERE BEESE BEEE BEEEEEEEESE

IS-791

-81-

Name

Drairage of Agricultural Lands
Irrigation Prejects

Grouud Water and its Use

Control & Administration of Water
Farm Machinery Design

Land Preparation Machinery
Seeding and Crop Machinery
Tilage Machinery

Farth Moving Machinery
Organization of Farm Machinery
Operations

Rural Electrification

Electronics

Principles of Vibratory Mechanics

Lubrication

Drainage Machinery
Organization & Control of Spare
parts

Soil Mechanics

Rural Design II

Rural Design III

Rural Housing
Reinforced Concrete 1
Raral Sanitation
Structural Analysis I
Rutal Planning
Dehydration

Unit Operations

Recommended Cusriculum for tf € Differcnt Years,

1st Semester

CB-101 General Borany
CQ-101 General & Inorganic
Chemistry

CM-101 Mathematics
CB-173 Analitical Geometry

Biochemistry

Could be simultane.us,

Pre -requisite Credits

11-602;11-603
1G-501;11-604
11-601

11-401
IH-302 ; IM-301
IM-303
IM-303
IM-803
IM-602
IM-602;IM-603
IM-604;IM-605
IM-302;IP-403
IM-302 3
1P-302;IM-301
IM-601 2
IM-303;11-301
mM-605

[ V] DWW N D NNWND W

w

[ V)

IM-606
1P-302

1P-403

IP-602

IP-403

P-401
11-301;1P-493
IP-605
IP-501;IP-603
IT302
Physical -<Chemistry 4

W W Wk Wb bW

Material Handling M-301 3
Pumps 11-301:IM-301 3
Refr.peraricn IT-301;1P-301 3
Irstzumentation M-302 3
Selection & Evaluatfon of Process
EquinTnem IGHe1 3
Plart Design 1G-201;1T-602 3
Swil  onservation 1 AC-301:11-692
IM-605 3
S0 Conservat.on I IS-601 3
Credin Second Semester Credits
4 CM-163 Differenrial Calculis 4
EL-1%1 Spanich 1 2
1 IG-102 Descniptive Geometry 3
4 CB-192 General Zoology 4
4 CQ~-192 Irgame Chemrsiry or CQ-103 4
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1st Semester Credits Second Semester Credits
CG-101 Geology 3
1G-101 Drawing 2 CM-102 Algebraic Analysis 4
21 21
2" 1st Semester Credits Second Semester Credits
CM-201 Integral Calculus 4 CF-202 Physics I 4
CF-201 Physics 1 4 ES-101 Introduction to Sociology 4
EE-101 Economic Principles 4 Humanities 3
1G-201 Technical Drawing 2 1G-203 Surveying II 3
1G-202 Surveying I 3 CF-203 Meteorology & Climatology 3
EA-302 Accounting 3 AS-201 Soil Science 4
20 21
3° 1st Semester Credits Second Semester Credits
IG-301 Statics 3 1G-302 Dynamics 3
IM-301 Machines & Machinery 11-301 Fluid Mechanics 3
Components 3 IM-303 Tractors and Motors 4
IM-302 Circuits & Electric Ma- ZP-201 Animal Husbandry 4
chinery 4 IP-302 Strength of Materials 4
IT-301 Thermodynamics 4 IP-402 Building Procedures 3
AC-301 Crop Sciences 4
IP-301 Building Materials 3
21 21
4*  1st Semester Credits Second Semester Credits
IP-401 Structures 4 IT-401 Process Engineering 4
1T-302 Heat Transfer 2 IM-401 Farm Machinery 4
1P-403 Rural Design I 3 EA -301 Principals of Administration 3
11-401 Irrigation & Drainage 4 Cultivation 3
Technical Electives 6 Technical Electives 5
19 19
5° 1st Semester Credits Second Semester Credits
1G-501 Economic Engineering 3 EL-301 Technical Writing 2
IP-501 Planning Standards 2 EP-501 Rural Law or Principles of Law 3
Free Electives 5 Free Electives 5
Technical Electives 8 Technical Electives 9
18 19

The Agrarian University reached to an agreement with the Special Fund of the United Nations with
the objective of enlarging and developing the Faculty according to the plan of operations with a budget of US$635, 500.
The executing agency was the Food and Agriculture Organization of the United Nations. The plan, initiated on Octo-
ber 20,1961, extended over a period of five years, and established the participation of international experts, laborato-
ry equipment, services, and fellowships for the advanced training of professors from La Molina. I would like to re-
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¢erd our special thanks for the UNDP-40 tor its enthusiastic participation in this enormous task, the establishment
of the Facuitv of Agncultural Engineering. Likewise the Andean Zone of the Interamerican Institute of Agricultural
Scie . es that was oresent at the inception of the project, and helped us to build up enthusiasm and dedication at
that difficuu o,

1. 2. Today's Organization.

The Faculty of Agricultural Engineering has not substantially altered the study plan since its incep-
tion in 1961, wishing first to obtain the experience necessary to establish clearly defined criteria. These could be
used to make changes that would be relevant to the technical, economical and social reality of Peru. Nevertheless
some changes have oocurred , that were natural and necessary, some courses have heen omitted, others are now elec-
iives, and new courses have heen added, according to the requests of the departments.

The Study Plan we have today for Agricultural Engineering is the following:

a) Univewity Requisites:

rac, No, Name Pre -requisite Cred
C CB-101 General Biology None 4
Cc CQ-101 General and Inorganic Chemistry None 4
C CM-101 Algebra 1 None 4
C CM-103 Calculus 1 CM-101* 4
C CM-104 Calculus II CM-101;CM-103 4
C CM-201 Calealus 101 CM-104 4
C CF-101 Physics 1 CM-103 4
C CF-201 Physics If CF-101 4
CS SL-101 Spanish I None 4
CS SL-301 Technical Writing S1-101 2
CS SE-101 Principles of Economics I None 4
(] §5-101 Introduction to Sociology None 4

tiumanities 3
CS SH-291 Introduction to Philosophy None
Cs SHi-301 General Psychology None
CSs SH-101 Logic None
cs SP-102 Introduction to History None
(o SP-301 Fundamentals of Political Sciences None
Ccs SP-302 Evolution of Peruvian Culture None
CSs SP-202 Evolution of Universal Culrare None

47 units
b) Faculty Requisites:

1A 1G-101 Descriptive Geometry None 3
1A IG-102 Technical Drawing 1G-101* 2
1A 1G-103 Surveying 1 CM-104" 3
1A 1G-201 Mathematical Analysis for Engineers CM-201~ 4
1A 1G-202 Statics CM-201* ; CF-101 4
1A 1G-203 Dynamics 1G-202; 1G-201 4
1A 1G-204 Surveying II 1G-103 3

* Could be simultaneous.
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Fac. No. Name Pre -requisite Cred.
IA IG-301  Strength of Materials 1G-202 4
1A 11-301  Fluid Mechanics 1G-203 3
IA 11-302  Applied Hydraulics 11-301 3
1A *[1-401 Irrigation & Drainage 11-302-1G-204 -AC -301 4
IA IM-201  Machines and Machinery Compo-
nents 1G-102-1G-202-1G-203*
IP-201* 3
1A IM-301 Eectrical & Circuits Machines CF-201-1G-201* 4
1A IM-302  Tractors & Power Units M-201-IM-301-IT-301* 4
1A **IM-401 Farm Machinery IM-302 4
IA IP-201  Building Materials CG-101-CQ-101 3
IA IP-301  Building Procedures IP-201 3
1A IP-302  Structures 1G-301 4
1A IP-401  Rural Design I IP-301-1P-302 3
IA IP-501  Rural Planning Standards IP-401-1G-501* 2
1A IT-301 Thermodynamics I CF-201-1G-201 38
1A IT-302 Thermodynamics I1 IT-301 3
IA *=IT-401 Process Engineering IT-302-IM-201 4
Cc CG-101 Geology None 3
C CF-203 General Meteorology & Clima-
tology CF-201 4
CS Principles of Rural Laws 116 credits 3
A AS-201 Soil Science CG-101-CQ-101 4
A AC-301 Crop Science AS-201 4
A Crop Cultivation 3
z ZP-201  Animal Husbandry CB-101-40 credits 4
C CE-301 Introduction to Statistics CM-104 4
106 units
c. Technical Elective courses 37 units
d. Free Elective courses 10 units
200 units

From the 38 unit credits, that belong to the Technical Elective Courses, at least 20 should be offered in
the field in which the student is majoring.

The students majoring in the Soil Conservation Department can complete the 20 unit credits as follows:

12 unit credits as a minimum in the Department of Soil Conservation, 8 unit credits as a maximum in the
Department of Irrigation, approved by the Soil Conservation Department.

101 faculty requisites unit credits are obligatory for the students majoring in the Departments of Irrigation
and Drainage, Farm Mechanization and Process Engineering for, the courses of Irrigation and Drainage, Farm Machi-
nery and Process Engineering are not requisites. The Technical Elective Courses offered by the Faculty of Agricul-
tural Engineering are:

IA IG-601  Surveying III 1G-204 4
IA 1G-602  Photogrametry CF-201-1G-204 3
IA IG-603  General Drawing None 1
1A 11-601 Hydrology CG-101-CF£03-1G-201 3
1A 11-602 Plant Soil & Water Relationship AC-301-1G-201 3
IA 11-603 Irrigation System Design 11-602-1G-204 4

*Could be simultaneous

** It is not a requisite for the ones that follow their respective Departments.
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11-604

11-605
11-606
IM-601
M-602
IM-603
IM-604

IM-605
M-606

™M-607

IM-608
M-609
M-610
IP-601
IP-602
IP-603
IP-604
IP-605
IP-606
IP-607
IP-608
IP-609
IP-610
IP-611
IT-601
IT-602
IT-603
IT-604
IT-605
IT-606
1T-607
1T-€608
1T-609
IT-610
IT-611

IT-612

1S-601

1S-602
11-701

11-702
1I-703
11-704
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Name

Administration & Control of
Water

Drainage of Agricultural Land
Ground Water and its Use
Land Preparation Machinery
Seeding & Tillage Machinery
Harvesting Machines
Machinery for Earth Moving &
Land Clearing

Drainage Machinery
Organization of Mechanized
Farm Operations

The Mechanics of Farm Machi-
nery

Farm Machinery Design
Rural Electrification
Electronics

Soil Mechanics I

Rural Design II

Rural Design III

Detail Design

Rural Housing
Reinforced Concrete
Rural Sanitation
Structural Analysis I
Rural Planning

Roads

Engineering Economics
Unit operations I

Unit operations II

Unit operations III
Materials handling
Refrigeration
Dehydration and Drying
Processes 1

Processes 11

Processes 111
Instrumentation
Selection & Evaluation of Pro-
cess

Processing Plant Design

Soil & Water Conservation En-
gineering

Photo Analysis & Interpretation
Hydraulic Design

Water Quality & Soil Salinity
Irrigation Projects
Seminar

Pre -requisite

11-401 or 11-601 or
11-90
11-601-11-603-11-401
11-601 -II-302
IM-302

M-302

IM-302

M-302

IM-604

IM-91 or

IM-401

or organized Mechaniz.

IM-201-1G-301
IM-607
IM-301-1P-401
IM-301

1G-301

1P-401

1P-602

IP-602

1P-401

IP-302

11-301 -IP-401
1P-606

IP-501 -IP-602
1P-601

120 credits
CQ-302 -1G203
1T-601

1T-602

IM-201 -11-301
IT-302

1T-302
IT-302- CQ-201
1T-607

IT-608

IM-301 -1T602

1G-601 -IT-603
1T 603-1T-609*-1G-102
P-401
1G-204-11-301-AC-301
CF-203
CF-201-1G-204-1G-201
11-302-1G-601-IP-60 1
IP-606
11-605
1G-501-11-60.3-11-604
Depart, orientation

Cred.
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Fac. No. Name Pre -requisite Cred.
1A 11-705 Special Problems Department Orientation 1-3
1A 11-801 Research Department Orientation 3-6
1A M-701 Control & Organization of Spare  IM-606 2

Parts
IA IM-702 Lubrication IM-302-11-301 2
IA IM-703 Seminar Depart. Orientation 1-2
1A IM-704 Special Problems Depart. Orientation 1-3
1A IM-801 Research Depart. specialization 3-6
1A IP-701 Reinforced concrete IP-606 4
1A IP-702 Structural Analysis 1P-608-IP-701 4
1A IP-703 Public Health & Sanitary Engi-

neering 1P-501-1P-607 4
IA IP-704 Seminar Department Orientation 1-2
1A IP-705 Special problems Department Orientation 1-3
1A IP-706 Soil Mechanics I1 IP-601 3

1A IP-801 Regional planning IP-609-IP-703 4

1A IP-802 Research Department specialize -

tion 3-6
1A IT-701 Advanced Thermodynamics IT-302-20 units in the

department 3
1A 1T-702 Mass and Heat Transfer 1T-605-1T-606 1T -609 -

1IT-701 3
1A 1T-703 Seminar Department Orientation 1-2
1A IT-704 Special problems Department Orientation 18
IA IT-801 Research Department specializa-

tion 3-6
IA IS-701 Soil & water Conservation En- 1S-601-1S-602-CE-301 3

gineering

1A IS-702 Watershed Management 1s-602-I5-701* 3
1A IS-703 Seminar Department orientation 1-2
1A IS-704 Special Problems Department orientation 1-3
IA 1S-801 Research Department specializa-

tion 3-6

To obtain the Bachelor Degree in Agricultural Engineering the courses up to number 800 are valid as

technical electives.

The elective courses >ffered by the Faculty of Agricultural Engineering are:

1A IP-90 Rural Building CM-201 4
1A 11-90 Irrigation Principles CF-201-AC-801 4
IA IT-90 Processes Engineering Principles  CF-201 4
IA IM-90 Farm Mechanization I CF-201 3
1A M-91 Farm Mechanization II IM-90 4

Only after the natural efforts to get facilities and equipment, to complement the ones offered by
UNSF40, the following laboratories were ready in 1965: Irrigation, Soil Conservation, Models, Mechanization,
Processes Engineering, Soil Mechanics, Testing Materials, Surveying, Electricity, Hydraulic Testing, Structural
Testina, and Frosion Testing. When the new university campus was finished these 1 aboratories have been relocated

* (_ould be simultaneous
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having obtained larger areas and more facilities for teaching and research.

The present university law has given a new name to the university, calling it National Agrarian University, mo-
difying the structure of all universities, although the new law maintains our Departmental status, with flexible studies,
semesters, and credits: the administration, government and academic systems have been changed. The name "Fa-
culty” has been changed to Academic Programs. These Programs have to be fully structured. The present law is ve-
Iy controversial,

Under the new university set up, the administrative body of the Agricultural Engineering Program is formed by
the departments directly connected and those considered complementary. The former are:

Farm Mechanization.
Soil & Water Resources.
Rural Planning & Farm Structures.

The Mathematics and Food Technology departments are present but 4s a minority. On the other hand all um-
versity departments are at the service of the Academic Programs, that now are the following:

| Farm Mechanization  f—

_[

Food Technology |

Departments Academic Programs
1
Biology Nutrition General Studies
- : 1 .
| Humanities 11 Fishery 1 - |_Agronomy |
Administration & ” Rural Planning & -
Economy X Farm Structures Sciences
Physics & Meteo- i‘ .
rology ' Animal Production Forest Sciences
b |
Applied Botany {  Chemistry | ' Social Sciences
Horticulture Soil & Water Re- ]
’ sources Food Industries y
Forest Industries Animal Health Agricultural En-
gineering
Statistics & Mathe - Soil & Geoiogy Animal Husbandry
matics
|
Graduate 1

The faculty has issued a number of publications on both research and extension, ameng which the following

are worth of note: Channel lining trials and Channel wa ter losses.

Study by a Hydraulic Model of the Energy Disipator at the foot of a flume Dimensional Analysis and Model

Theory.

A study of a hydraulic model of a redesigned offtake at Puntilla.
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Ground Water studies in the Ate Zone and Pampa Grande using wells and vibroground techniques.
Effect of humidity levels, irrigation depths, and nitrogen fertilization on forrage sorghum production.
Three humidity level and its Effect on bean production.

Reclamation of saline sodic soils in the Low Piura Valley

Evaporator design for concentrating citrus juices.

Possibilities for industrializing some tropical fruits: cocona, passion fruit, and naranjilla,
Comparative tests of two tomato varieties for processing as: juice, catsup and paste
Mango product canning

Canning possibilities of palmito in Peru

Canning possibilities for green lima beans

Processing tropical fruits

A study of citrus industrialization

Study of an establishment in Tingo Maria

Dairy plants (5 works)

Rural Settlement in La Joya

Planning in Israel.

A typical design in planning

Rural Housing

Pilot project for one Sierra Colony in Peru

Some aspects of silo design

Reinforced brick structures

Strain analysis in flat elastic rings

Sewage disposal in the rural environment

Professional differentiation

Pilot marketing centers for food products, modulated with operational research center in the Central Zone of Mantaro
I, II, 1L

A modern approach for rural housing.

Rural settlements in Latin America.

Rural development plans.

Some aspects of prefabrication.

Agricultural Engineer's participation in developing programs of rural planning.
Research needs for farm buildings in Peru.

.Auxiliary method for publishing farm structures in an agricultural farm.

Uracuza settlement layout, right bank, Marafion river- Amazonas.

National food marketing for Lima- An opinion.

Weight influence and weight transfer in tractor with a mounted implement.
Analysis of unbalanced forces in harvesting machines

Criteria for designing of potato sorters for small farms in Peru.

Mechanization of sugar cane cutting preparation in Cartavio Estate.

Mechanization of corn harvesting.

A prototype design for a hand operated potato sorting machine

Elements and mechanism of farm machinery.

Tractors,

Land preparation mad ines.

Seeding and tillage machines.

Harvesting machines.

Land clearing and earth moving machines.

Tractors and motors repairs,

2. THE OBJECTIVES

In my 1965 report as a Dean, I expressed:




-89-

"Our Faculty sets new paths in the application of Engineering in America and contributes to its development,
it has introduced new criteria in the analysis of problems, having therefore created an interest in the country. Ag-
ricultural Engineering is the conjunction of Engineering, Agronomy, Animal Husbandry, and Social Sciences, with
predominance of the first one, for the solution of problems in the agricultural field in a rational and scientific way.
It is not the isolated study of disciplines, it is the indivisible unit that forms the organic reasoning and proposes the
concording solutions.

Agriculture has always had engineering problems. In past times problems such as: farm buildings, silos,
physical distributions, settlements, regional planning, water conduction, dams, water reservoirs, earth moving,
farm machinery, food processing, food handling, erosion problems, etc., were solved by professionals prepared
mainly on the agricultural side.

Tke objectives to be achieved have three stages: teaching, research and extension, teaching is the most im-
portant task for a university education. But also, it is true that there is no teaching nor extension without research,
because without research it would be impossible to pinpoint our problems, and that research is a necessity for keep-
ing teaching methods and techniques up to date. The University has to leave the campus to know the country’s pro-
blems tc contribute to the National planning and problem solving. It is worthwhile mentioning that the university
should be modern and progressive, setting guidelines and the master plans for the solution of our society.

The University should give itself to the nation and search its objectives in the problems that affect the majo-
rity, the problems of men in Peru, the problems that the social and economical complex needs. Universities are
dynamic since they can apply their intelectual and material values seeking national aims. The University and the
people are an undivisible unity and at the same time, they form the conjunction and life of all the factors.

The country affairs should be studied objectively, technically and socially, leaving aside passions or senti-
ments that deviate from the path of true and sound solutions. The efforts between national institutions and the Uni-
versity should be coordinated with the true desire that extension of knowledge becomes a fact. It is necessary to
think that extension is one of the means to overcome underdevelopment or to promote the development of a country.
It is useful to express these concepts positively, so that everybody colaborate in this task, within an organic plan.

The country's structure and society organization needs important changes, so it is necessary to form men with
a mentality prepared to judge, compare ideas and impose their solutions”.

In the 1964 catalogues, one can find interesting information that, I think are valid foundations to give us the
objectives that with only a change, mainly of position, present the objectives of the departments and of the Faculty,

Interesting informations are found in the catalogs and analitic programs published around 1964, which I think
are ir.teresting sources.

2. 1. Department of General Engineering.

The Department of General Engineering does the job of offering the basic disciplines for the professional train-
ing of the student 1n any of the fields of Agricultural Engineering. The basic courses offered are pre-requisite for:

Planning and Farm Structures, Irrigation, Farm Mechanization, Soil Conservation and Food Processing.

The functions of this Department involve fields such as:
a) Drawing.

b) Surveying.

c) Mathematics.

d) Analytical mechanics and materials.

e) General Engineering,

Drawing includes technical and geometrical works, so the students can understand and produce all types of
designs (building and machines).
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Surveying trains the student in the procedures representation of lands or building sites and to determine their
characteristics directed to multiple purposes. The field of Mathematics gives the pre-requisites for the understanding
of courses offered in this department or others. The aim is to give the student a sound preparation that will help him
in courses such as: Strength of Materials, Structures, Soil Mechanics, Structural Analysis, Reinforced Concrete, Elec-
tric Circuits and Machine Designs, Thermodynamics, Refrigeration, Fluid Mechanics, Hydraulic Designs, etc.

The field of Analytical Mechanics and Materials gives the student knowledge about the internal and external
equilibrium of constructions and machinery such as houses, workshops, reservoirs, silos, bridges, irrigation structures,
plants , farm machinery, motors, etc. And that are pre-requisites for the field of specialization for all types of de-
signs. The group of courses offered are given by this department, by the department of Rural Planning and Farm Struc-
tures and by the Department of Farm Mechanization: all of them preparing the students in a great variety of useful
knowledge, about the materials and methodology used in the construction.

2, 2. Irrigation department.

Water is very necessary for the development of the countries. The Department of Irrigation, knowing this
fact, gives a solid preparation to the future engineer in all the aspects related to the rational, technical and scien-
tific management of this element.

The Department offers a group of courses with the purpose of first letting the student understand the evolution
of water resources in all forms and second water behavior in all kinds of circumstances, natural or man made, such as
reservoirs or in movement through different means or hydraulic structures; third, to know the art of applying water to
the farm in the proper amount, system and time; and at least, to design the best way of excess water removal and
to reclaim affected and designing drainage systems.

The use of this knowledge will make possible a most efficient use of water, natural resource of a great value
by all the members of a comunity.

Parallel to teaching, the Department does research trying to solve the main problems related to the use of
water, this allows us to give orientation on the more efficient way of using it, solving a material problem, and to
keep up to date with scientific advance.

Hydrological Resources Section.

It is important to understand the natural way of collecting water. Knowing the.origin, space distribution,
etc. it is easier to plan a rational water use.

This section has all the courses needed to prepare the students understanding and evaluate water behavior in
nature and consequently research, it is oriented to know the relations of different factors of the hydrological cycle,
and to study possible alterations, considering frequency and duration and finally to point out the dangers of water in
excess or in defect.

Hydraulic Section.

Theoretical study of laws that govern water behavior under different conditions design of structures for its
storage, conduction and distribution are the principal tasks of this section.

Irrigation Section.

Applying water to the fields is really an art, special knowledges are required either for Agronomy or for Wa-
ter Engineering. It is known that crop production depends a great deal on the manner, amount and time that water
is applied. Now, to solve these three points it is important to know: climate, soil, plants, etc. For the above rea-
sons watering planning and design is a difficult and interesting job, and this section gives the students a base through
different courses and research giving a special emphasis to the knowledge of our country.
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Drainage and Salinity Section.

All water in excess has unfavorable effects on crops, soils, man etc. It is important then to control the excess
of water by means of evacuation systems that will convey water far away where it produces no harm . On the other
hand it is important to reclaim areas of poor drainage so they can be used for production.

2. 3. Farm Mechanization Department.

The Farm Mechanization Department teaches and researches areas related to tractors, farm machines, earth
moving machines, and rural electrification. It has to be kept in mind that the mechanization will save labor, will
improve efficiency of farm operations, will reduce production costs and will take away back breaking tasks and it
is easy to reach the conclusion that Farm Machinery affects the economy and productivity of the country and of far-
mers, in the same way as the standard of living of the ones who depend on agriculture either as owners or workers.
Industrialization and economic development go parallel to farm mechanization and in general, in the world a smaller
percentage of the population has a bigger production, the reason for this being mainly due to the use of Farm Machi-

nery.

Nevertheless, machines require good operation and efficient use. Their design and construction must have
these objectives, without loosing sight of the production costs. They have to be properly selected and the costs for
unit, area or time should be carefully set.

The Farm Mechanization Department has as objectives the teaching of technical skills in this area and offer
courses about components and mechanisms, motors and tractors, farm machinery, organization machine operations,
machine design, and rural electrification. Each course has a given number of hours for theory and practical work in
order to impart the necessary subject matter, giving an integral picture for the future professional.

The professional areas offered are mainly: Direction of mechanized operations, in enterprises that need it
because of its size in the direction and execution of governmental projects for developing arid or tropical areas; in
selling, servicing and maintaining of farm machinery; in advising farm machinery factories; in preparation of tech-
nicians, and, in general, all related to the use of farm machinery and the use of electricity as a source of power
for the farm and as a factor of social and cultural development,

Power and Machinery Section.

The power and machinery section deals with motors, ‘tractors and agricultural machines. It is in charge of
giving courses related to this area and of doing relevant research about the use of tractors and of the different machines.

The Electrical Section deals with topics related to electrical circuits, electrical and electronical machines
and their application to the rural areas. Related courses to these areas are given by the section and research is ca-
rried out towards the most efficient use of electricity as an energy source and for its wider application on electronic
devices for automatic controls of agricultural processes. '

Mechanics Section.

It is related to all basic mechanics, involved in Agricultural machines designs and construction, that is of
the different components and mechanisms used to reach the machine design. The section offers courses in these mat-
ters and the testing and research related to the mechanics of machines.

2. 4. Rural Planning and Farm Structures Department.

The Rural Planning and Farm Structures Department has as its main aim the teaching and research of Planning,
Design, Structural Computations, Installations, and Farm Building. The areas spans from a siinple house to a
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settlement design.

The department expects that its graduates will be able to investigate planning problems in all aspects with
a framework of organization.

Applied mathematics, building materials processes, and planning methods are needed to follow the men-
tioned objectives. Besides complementary knowledge is needed in the social and economic fields.

Farm Structures Buildings.

The section gives the courses of applied mathematics for computing and designing building elements, ma-
terials, building procedures and rural installations, The aim is to teach the technique of building, including stores,
animal housing, processing plants, mills, driers, greenhouses, hydraulic structures, etc.

Rural Planning Section.

The section is responsible for teaching the techniques of Rural Physical Planning, that is the regional study
and its more useful relation with other regions.

Regional Planning seeks the development of all points, but treating them as a unity, and having in mind that
all solutions are not necessarily technical.

The section complements its teaching with the Social Science and Economics Faculty of the Agrarian Univer=
sity.

Rural Housing Section.

The section has to teach and to investigate the necessary techniques that rural housing needs.

Towards this end, the section will study materials, from the different national regions, the building proce-
dures, the structural elements, house designs, services and installations, complementing with the Social Science
and Economics Faculty, in the areas of education and financing.

The section will study rural housing on relation to the environment rationally using local materials.

The Planning and Farm Structure Department through its rural housing section will colaborate in solving
the national housing problem in the rural areas giving answers or providing technical studies or personnel.

2. 5. Soil Conservation Department.

Thé rational utilization of land with engineering techniques are the objectives of teaching, research and ex-
tention of the soil conservation department.

The conservation of the nation's natural resources is very important. Soils from the three regions, coast,
sierra and jungle are constantly deteriorating because of several factors, such as Topography, enviropment and soil
nature. It is important to know the basic principles and the necessary engineering techniques that help us control
these factors. )

The Department studies in detail the problems of erosion, planning, etc. and renders services to other de-
partments and faculties of the University.

2. 6. Food Process Engineering Department.

The Food Process Engineering Department works to achieve the application of basic concepts of engineering
to the different operations of transforming, keeping, storing and handling of agricultural products,
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Considering that processes are divided into a series of unitary operations, the Department guides the students
into the engineering applied to the processes of each technology. That is computing each operation, selection, de-
sign and installation of equipment, and plants to do the processes.

Processing Section.

The section is in charge of developing aspects in Engineering linked to elaboration and to food processing.
The section imparts teaching to the student relating it to unit operations in processes suchias size reduction, clean-
ing, selection, mixing, evaporation, material handling, pumps, fans, work simplification, etc.

Conservation Section.

In this section the general processes are studied to keep, change or use the quality of the materialbased on
the control of temperature, relative humidity and time. It also studies the different methods for destroying harmful
organisms based on refrigeration, heating, dehydration, drying, etc.

Evaluation and Plant Design Section.

This section is in charge of teaching and research on all technological problems in a general way. This is
done for professional ‘and academic preparation or for serving national interests, It studies several topics of Rural
Industries, taking into account the processing points of view, but without overlooking the economical and market
objectives.

3. The Students.

In either way, students and professor, alone or grouped, seek that university fulfills its ends. The University
problems are complex and varied and carry the direction of profound matters that are needed by the country. Within
a broad scope of tends and philosophies , some ours and others extracted from other sources, the University made up
of men with new ideas as well as men with tradit ional conceptions.

The problem arises when the movement follows the path of other traditions developed by those who like the
bitter sweet taste of the small and the slow. The universities of the world and the universities of Latin America do
not escape unrest and moreover they overcome the hopes of those empirical calculations that did not give them the
value for the changes.

During the development of the Faculty, Ihave witnessed student support for Agricultural Engineering, this
has meant changes in the administrative structures, in the teaching status; in research and in extension. They have
come, year after year, with their support as students and as professionals showing great responsibility that has been
for the good of Agricultural Engineering of the National Agrarian University at La Molina,

Because of the prestige acquired, and for the tremendous task in planning and developing people in Peru, Ag-
ricultural Engineering has attracted students, reaching very high number, even surpassing other centers in the world.
We can observe this in the following table:

Year Student No. in Agricultural Engineering  Student No. in the University,
1962 73 853
1963 115 ' 951
1964 166 1220
1965 293 . 1407
1966 376 1852
1967 502 1964

1968 565 2210
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The necessity of Agricultural Engineers is shown in the number of students enrollment in the past six
years, that were 1/7 of the students of Agronomy and 1/3 of the students of Animal Husbandry. But in 1968, our stu-
dents were larger in number than those in Animal Husbandry, being 80% of the ones in Agronomy and the second
largest Faculty in the University. Another important factor is the positions that graduate students are getting having
big responsibilities in the country and abroad.

Bachelors graduated:

Year Number
1964 8
1965 11
1966 11
1967 13
1968 21

At the time of writing this report 32 graduates have obtained the "Ingeniero Agricola” title.

The big demand for Agricultural Engineering studies created two problems: the necessary budget and
the required staff for the study plan,

The following table shows the budget we had;

Year General budget (S) - Specific budgets'(S)
1962 1'312,935. 30

1963 2°381,991. 10

1964 3'941,589. 51

1965 §'955,651. 08

1966 8'463,532. 19 1'000, 000,00

1967 (15 months) 10°103,049. 00 9°'200, 000. 00

1968 7'880,982, 00 9'200, 000,00

To these amounts, the money from UNSF-40 has to be added plus the money from other contracts
with the Faculty.

The Specific Budgets were granted by the government for research work to be done in the Planning
and Farm Structures Department, and for the Drainage Cemter.

4, The Staff,

The University teacher, as a communication agent, has to fulfill three tasks: personal, social and
national, The teacher has to be constantly exposed to the student, reaching his soul, so he can impan his know -
ledge and his hopes and in turn to obtain the student thoughts. This basic exchange should not, and it is not, pater-
nalistic; but it is the communication between two generations that have two backgrounds and possibly go at different
speeds. The teacher is the example for the student, and for this reason has to have ethics and sensibility, The tea-
cher is the best chance we have to get into a comunity for which it is necessary that Social Sciences and Economy be
the starting line.

These thoughts come to me precisely when I am writing this paper for it is the idea we are trying to
overcome in the Faculty of Agricultural Engineering.

4.1, Staff Number and Specialization,
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The following table gives the staff number by department:

Year Soil Conservation  General Engineering  Soil & Water ~ Mechaniza Planning & Crop Proces-
Resources tion Farm Struc- sing
tures
TC TP TC TP TC TP TC TP TC TP TC TP
1963 4 - 3 6 T 3 5 1 4 2 5 2
1964 4 - 4 4 8 3 4 1 7 1 6 -
1965 5 - 5 4 9 2 7 1 8 1 9 -
1966 5 - 4 4 9 - 7 1 10 3 8 -
1967 - - 4 S 13 - 6 1 12 3 6 1
1968 - - 5 5 13 4 6 1 14 5 6 1

The Departments linked directly with Agricultural Engineering Program have the following:

Year Sofl & Water Resources Mechanization Planning & Farm Structures
TC TP TC TP TC TP
1969 13 4 6 1 14 4

Technical staff that work in research studies:

Year Soil & Water Resources Planning & Farm Structures
TC TC

1967 3 6

1968 3 5

1969 3 3

The University wanted to establish a sound Faculty of Agricultural Engineering; and has sent a good
number of its staff to different foregin universities. This was because a feeling of rapid progress was in mind, and
since the start professors went abroad to study post-graduate courses. This is not only unique in Peru, but also Ame-
rica. Some professors had even a double chance to obtain higher degrees.

List of professors that have obtained higher academic degrees:

NAME DEGREE UNIVERSITY FIELD OF SPECIALIZATION
Ing. Alfonso Alcedan  Magister Universidad de Ingenierfa-Peru Hydraulics
Ing. Arturo Cornejo M. S. University of Calif. - Davis Irrigation
to obtain Ph. D,
Ing. Medardo Molina M. S. University of Stanford Water Resources

to obtain Ph, D.




NAME

Ing.
Ing.

Ing.

nado

Ing.

Ing.

Ing.

rias

Ing.
Ing.
Ing.

Ing.
Ing.
Ing.
Ing.
Ing.
Ing.
Ing.

Carlos Vidalon
José Aquize C.

Francisco Coro-

Enrique Escudero

Alberto Ordofiez

. Manuel Paulett

. Rodrigo Pizarro

Jaime Velazco

. Fernando Chandu-

. Axel Dourojeanni

Humberto Yap

. Jarge Quiroz

Manuel Miranda

. Juan Urbina

Jorge Cardenas

. Juan Marquez

. Rodolfo Mufiante
. Baldomero Rupay
. Eleodoro Zaca-

Julio Cavero
Augusto Bedoya
Joaquin Maruy
Darfo Biella

Guillermo Carrera

Jaime Gilardi
Leonardo Lecca
Freddy Salas
Juan Herrera

Fernando Martinez

Jorge Aliaga

DEGREE

M. S.
M. S.
to obtain Ph, D.

M.S.
M. S,

M. S.
to obtain Ph. D.
M. S.
to obtain Ph, D,
M.S.
M. S.

M. S.

M. S.

Graduated
Doctoral studies
Certificate
Certificate
Magister
Graduated
Graduated
Master

Graduated
M. S.
Magister
Graduated
Graduated

M. S.
Certificate
Master

M. S.

M. S.

M. S.

M. S.

-%-
UNIVERSITY

University of Minnessotta
University of Calif. -Davis

M. L T. -Massachussets
University of Calif. Berkeley
University of Calif. Berkeley
University of Iowa

University of Utah
University of Calif. -Davis

University of Utah
University of Colorado

LL R L T. -Holland
Universidad- Ingenieria-Peru
University of Trieste-Italy
Univ. North Carolina-
ESAN-Peru

CAEAM-ltaly

CAEAM-Italy

University of North Carolina

CAEAM-Italy

University of Stanford -Calif.
Univ. Ingenierfa- Peru
CAEAM-haly

Italy

University of Michigan
University of North Carolina
University of Michigan
University of M. L T. -Mass,
United Kingdom

M. L. T. University -Mass,
University of California-Davis

FIELD OF SPECIALIZA TION

Soil Conservation
Irrigation & Drainage

Hydraulics & Fluid Mecha -
nics

Hydraulics & Fluid Mecha -
nics

Hydraulics & Fluid Mecha-
nics

Soil Conservation

Soil Conservation
Irrigation

Irrigation

Watershed Management
Drainage

Planning & Buildings
Structures

Buildings

Work Administration
Planning

Planning

Structures

Planning

Structures

Building

Planning & Buildings
Electric Circuits & Machi-
nery

Farm Mechanization
Farm Mechanization
Farm Mechanization
Food Technology
Food Technology
Food Technology
Food Technology

The fact that professors had to study abroad meant a great deal of effort for the National
Agrarian Upiversity, because each professor staying abroad, for one or two years, obtaining the Master degree;
had to be covered by another one.

It is important to mention that on different occassions Faculty Staff members have been
invited to universities in Europe and America, either to lecture or to assist to important meetings, where they
have presented work papers.

5. Experience Gained.

With the over all view presented here , there are important conclusions and experiences
to present. Ido not want to outline completely earh fact, I anly want to present the mnst remarkable features
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§. 1. Study Plan Organization.

It is necessary to change the study plan of Faculty of Agricultural Engineering, pointing out the following to-
pics:

Courses should be grouped, so knowledge is.not taught in different courses. . I.have observed that a group of
aspects.should be grouped and presented in one course, otherwise they are dispersed. This point is with the object
of saving courses, giving the students a more rational study load. This will help to have deeper knowledge of Agri-
cultural Engineering problems.

The study plan should be in agreement with the new National Agricultural structure, fulfilling the requirements
of the country's change and of Peruvians that once more will own their lands. Just the. opposite of what had happened
because Peru had been left abandoned. Peruvian agricultural transformation is a fact, and it is necessary to guide Ag-
ricultural Engineering in this direction. The study plan should cover more material, such as, sociology, economy,
etc. to humanize future. technical studies, . so that it could prepare students to use .its knowledge for his own national
reality. The reason for this idea is that the student should not feel a stranger. It is also necessary to enlarge the
knowledge of mathematics, physics and chemistry, offering higher level courses that should be provided for Agricul-
tural Engineering students, independent of other academic programmes study plan. '

The study plan should offer a general preparation in Mechanization, Irrigation, Planning Buildings, and Food
Engineering, so that the graduate could work in all Agricultural Engineering fields. Specialization comes either by
professional experience or by graduate studies.

I have to say that our students have felt enrolled in different Departments because of the great number of e-
lective courses they took in them, in some cases up to 36 credits.

5. 2. Studie; and Research.

In order to obtain the degree of Agricultural Engineer a thesis should be presented under the guidance of
three professon. each one belonging to one of our Departments. The thesis should solve problems in the three fields.
This would help in the integral preparation of the student.. :

The thesis work should be focused to solve integral problems that affect the Peruvian situation, and solutions
should be presented in various aspects. This does not mean that there should not be research work done on a given
problem or of pure science.

5.3. The Departments.

The departments should be made stronger. It is urgent to develop our Farm Machinery Department hiring
new professors. We need to increase the laboratory equipment and to proyide a larger number of specialists to ope -
rate them. ' T

It is important to complete the line of Mechanization, we have farm machinery for seeding and harvesting,
but we cannot visualize clearly the machinery for food transformation and handling.

We would like to have more professors with the Doctor's degree, this is to improve our graduate teaching and
to reinforce the undergraduate levels. Any effort done along this line would be for the benefit of a solid specializa-
tion. A

Our task has been to establish Agricultural Ehginéering in Latin America, and it has. meant a great effort
and sacrifices. It should be recommended to the International Organizations its participation to reinforce initiation
of this specialty in the Latin American countries because of its importance in developing agriculture and the country.

I have to clarify that what I have said are not all our experiences , 1 just presented the more im-
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portant ones; which are the ones the Panel is most interested in,
6. Project UNDP-OEA -80.

The Interamerican Institute of Agricultural Sciences of OEA and the Special Fund of the United Nations
wished to develop Agricultural Engineering in the National Agrarian University at La Molina. Their objective is
the development of graduate studies for professors and graduate students in America. To achieve this purpose we
have now experts, equipment and scholarships. This enterprise started in 1963, the Master Degree has been awarded
in Soil and Water Resources, in April 1970 we hope to offer the Master in Agricultural Engineering. The University
through its Graduate Academic Program and its Agricultural Engineering Programme is dedicated to this task, with
the help of UNDP-80 members.
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Theme 2,

13. DEVELOPMENT OF A GRICULTURAL ENGINEERING IN COLOMBIA by Jorge E. Quintero, Director, Department of
Agricultural Engineering , Instituto Colombiano Agropecuario, I.C.A., Bogot§, Colombia

I. NTRODUCTION .

Colombia, like other Latin American countries is trying not only to develop industry, but also agri-
culture, having made, for example, considerable investments in land improvement and land title granting through the
Colombian Institute of Agrarian Reform (INCORA), From 1962 until 1968 the land reform used $2, 534, 000, 000 pesos
(about 130,000,000 U.S. dollars) to buy and redistribute 154,320 hectares, to promote land improvement work on
350, 000 hectares and to study 700,000 hectares.

The preceding figures give an idea of the interest that the Government of Colombia has in speeding
up the A gricultural development of the country.

The agricultural engineer has played a preponderant role in a great part of this work by contrbuting
to the aspects of the overall project that relate to mechanization, maximum benefit analysis of soil and water use,
agricultural product handling and processing, etc. Unfortunately, the country did not have sufficient Agricultural En-
gineers during this period, even though many leaders recognized the need for agricultural enginees, a fact that gene-
rated the movement to train Agricultural Engineers not only in Colombia but also abroad.

II. AGRICULTURAL ENGINEERING EDUCATION.

Professional Agricultural Engineering at the undergraduate level was started in 1965 as a section of
Agrcultural Engineering of the Agricultural College in the National University in Medellin,

Previously there had been attempts to form the profession in other places, but because of the lack
of sufficient motivation the results were nil,

Some Colombian students, at the conclusion of high school went to Universities in other countries,
where they obtained a B.S. or M.S. in Agricultural Engineering and returned to Colombia. The reception of these
men by government and private industry was minimal because this career was considered an encroachment upon the
traditional fields of Agronomy and Engineering.

Professionals in other careers, having obtained masters degrees in A gricultural Engineering, some-
times working alone and at other times cooperatively, began to impress the development institutions with the necessi-
ty of Agricultural Engineers, giving the contributing power to start the new profession in Colombia.

It was in Institutions like the Instituto for Agrarian Reform (INCORA) and the Colombian Institute of
Agriculture (ICA) , the two most important integmting agricultural agencies of the country, where groups of Agricul-
tural Engineers formed as an essential part of the development,

These groups basically integrated the plans for establishing the professional teaching of A gricultural
Engineering in the National Universities and in the University of the Valley that passed a resolution establishing the ca-
reer of A gricultural Engineering., The program of the University of the Valley started August, 1968 in Cali.

The latest progmam to start is that of the undergraduate cooperatively formed between Engineering
and A gronomy in the National Univerity in Bogotd, They will receive the first students in August, 1969.

Recently, private industries and governmental agencies have come to utilize A gricultural Engineers
with quite good acceptance.

III. THE COLOMBIAN INS TITUTE OF AGRICUL TURE.
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Because of the success obtained in research of the Agricultural Research Division of the Ministry of
Agriculture (D.I.A.), it was deemed advisable to coordinate research, teaching and extension. On June 15, 1962,
the President of the Republic followed the advise of various studies and recommendations of commissions and issued
Decree 1562 that created the Autonomous agency of the Colombian Institure of Agriculture (1CA) whose responsibility
is to develop, coordinate and execute work in research, teaching and extension.

To fulfill these responsibilities, ICA is divided into three sub-agencies (I; Technical (1) Develop-
ment and (III) Operations,

The Technical sub-agency has the responsibility of organizing, promoting, and directing the: A)
Research to increase Agricultural productivity. B) Teaching of Agriculture on the Vocational, undergraduate, and gra-
duate levels through the integration and cooperation with teaching organizations, especially National University and
the National Ministry of Education, and C) Study the methods of agricultural extension as well as to conduct social
science research necessary to design ways of improving communication methods and practice.

To fulfill its function the Technical sub-agency is composed of 3 division:: 1) Research, 2) Educa-
tion and 3) Teaching,

The division of education has for its part the following programs:

1) Program for Graduate Study ICA_Natl. University, 2) Program of A griculrural education coordina~
tion at the University level. 3) Program of A gricultural education in grade and high school level
and 4) Library and documents center,

IV. THE AGRICULTURAL ENGINEERING in ICA.
A. Creation,

Resolution No. 0550 dated June 1, 1968 officially created an A gricuitural Engireering department
in ICA on the basis of the National program that had been established. The pew Department has
equal status with Agronomy, A:imal Husbandry, Social Science and A gricultural Economics that
now exist, The depamment because of the interest of the directors of [CA now has apreciable hu-
man and physical resources that is necessary to start research in this field, with the oby ctive of co-
operating in the national development through Engineering the Agriculture.,

B. Site,

The department is located ar the National Reseaich Center for Agricuiture, "Tibaitat4", situated
14 km, from the ciry of Bogori, Because of the 1egionalizarion of ICA this Department should be
working 1 all 7 existing ;egions, but, it is actually pasible with the limited manpower to work on-
ly in Regions No. 1, Bogotd: No, 2, Monteria: No.4, Medellin and No, 5, Palmin.

C. Organization and Areas of Work.
The four National Programs are:

1) Soil and Water Resource De velopment.
2) Power and Agricultural Machinery.

3) Engineering of Agricultural Processes.
4) Rural Electrification and Structures,
The Work areas of the programs are:

1) Soil and Water Resource Dewelopment,
a) Soil properties, b) Irrigation needs, c) Soil Conse vation d) irrigation e) Drainage and f) Special
Investigations,
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2) Power and Agricultural Machinery.

a) Motors, b) Agricultural Machines, c) Processing Machinery, d) Special machinery, and e) Machi-
ne administration.

3) Engineering of Agricultural Processes.

a) Engineering in the proceses of animal production, b) Engineering of the processing of animal
products, c)Engineering in the processes of plant production, and d) Engineering of the pmcessing
of plant products.

4) Rural Electrification and Structures,

a) Rural structures, b) Rural sanitation, c) Rural electrification and d) Special studies.

V. DEPARTMENTAL ACTIVITIES.
A. Research,

The tropical location of the country in the mountain ranges results in quite varied climate, soil,
crops, ecologies and also ethnic'groups, that may not make it possible to use research results from
other latitudes or localities. The research within the country is essential not only to adapt known
theory but for the development of methods and systems appropriate to the local conditions,

The Department of A gricultural Engineering among many other obligations carries on research in the
regions previously mentioned. In soil and water resource development, current projects include
those to study soil properties, analyzing the different soils for infiltration, permeability, runoff, etc.
projects to determine irrigation needs, determine the consumptive use and sources of water and e-
quipment for irrigation; projects about soil conservation implement the application of terraces and
systems for slope reduction, methods of doing conservation work, controlling erosion and conserva -
tion engineering of watewsheds; projects of irrigation through different methods and systems and of
projects of drainage, both surface and sub-surface.

In power and machinery project include those related to electric motoms, motors, and traction stu-
dies; to design and construction of models and prototypes, of machines for seeding and harvesting,
of machines for chemical application, machinery for grain handling, of machinery for material
handling, earth moving and to studies in cultivation.

In Engineering of Agricultural Processes projects are executed in the application of engineering to
plant and animal production, through the design facilities, feed plants, seed cleaning and treating
and seed storage; projects of processing plant and animal products include meat preservation, design
of graders and cooling systéms drying, storage, packaging and transportation,

In Rural Structures study is made of wood; design manuals for steel and wood are written; studies are
pursued for design of plant and animal production plants; treatment of water in the farm; selection
and use of electrical equipment, and the thermo-dynamic design of structures,

The areas of research are without bounds, naturally it has been necessary to confine research to those
problems most immediate. The relation between industry, the research workers, and farmems has
been one method of identifying the problems needing attention. It has been the intent, whenever
posible, to do research that has an immediate impact on tropical agriculture,

B. Education,

Through a contract with the Natfonal University, this Institute carries on a progam of graduate stu-
dy in the fields of Agronomy, Soils, Statistics, Botany and Plant Physiology, Entomology, Agricul-
tural Economics, Phytopathology, Genetics, Plant Breeding, Animal Nutrition, Animal Pathology
and Agriculuiral Engineering,

Agricultural Engineering started in the second semester of 1968. The program actually has 14 gra-
duate students who came from the following institutions;
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National University- Bogotd
National Univenity- Medellin
University of Cordoba-Monteria
Univemity of Tolima-Ibague
Agricultural Credit Bank
Geographic Institute -Bogota
Technical University of Tunja
ICA - Bogota

O e e D)

The students pursue an M. S. in Agricultural Engineering degree as the principal field with seconda-
ry fields of Soil and Water or Processing and Machinery.

The majority of the scholastic activity is done in ICA at Tibaitat4 with some materials being taught
at National Univemsity in Bogot4.

The research center has 500 hectares of experimental fields, green houses and storage facilities
for agricultural products. Besides ICA, other agencies and industries that serve to complete the agricultural educa-
tion include the experimental farm of National University attached to the training center for vocational agriculture
of the National Agricultural Service, a seed treatment plant of the Agricultuml Credit Bank, feed processing plants,
an insulation factory, pipe plant, malt producing plant and others in a radius of 5 kilometers,

We have an Agricultural Engineering laboratory and shop to construct models, prototypes and expe-
rimental designs. It is used jointly by the four programs of the Department. The services of the Statistics office of
ICA are available to make computations,

Students form an integral part of the department and have the obligaion to participate in depart-
ment activities, They work with problems unique to the various temperature zones marked by different elevations
and all of the installations of ICA in Colombia are at their disposal.

Since there are so few Agricultural Engineers in the country, the program of graduate study has
been initially oriented toward the preparation of professionals from other fields, carmrying out a process of "galvaniz-
ing” professionals from Agronomy, or engineers from Civil, Mechanical, Electrical, Chemical, etc. Natumlly, the
program will be oriented in the future to Agricultural Engineering Graduate from National University, Medellin, Na-
tional University, Bogotd, National University, Palmira, Universidad del Valle.

We have been especially careful to give training in problems of the region or institution from which
the student originates. The major professor takes care of this through a flexible scope of trafning. To make up defi-
ciencies in biology on the part of the Engineers and in physical sciences and the part of the A gronomists, we have re-
medial course recommendations, that may be taken without credit to give a prerequisite background for the courses
offered by the Department.

The teaching staff is composed not only of professionals of ICA, but also of the faculty of Agricul-
ture in National University. All professors must have an M.S. or a Ph.D. degree.

The degree is granted by National University who gives academic backing t o the graduate work.
C. Extension,

To successfully make an influential impact, the work of the Department is promulgated through
Extension. Some of the best accepted activities among others, includes:

1) A general field day of the Department held the first week in Febmary, in which we show progres
of the past year, The programs of Agricultural Engineering of National University are invited to

participate with exhibitions of their activities, We offered a round table panel discussion of themes
in which the Agricultural Engineer has a major role; we exhibit models or mock ups of out integra-
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ted programs of agricultural engineering development.

Agricultural machine manufacturers patronized the exposition by showii:g machinesproduced and
where they can be obtained.

The first field day of the Deparment was held February 5, 1969, with the Assistance of more than
640 persons from industry, groups and associations, international dignataries, govemmental woikers,
farmers and cattlemen; and 16 companies who exhibited their equipment. We had a full attendance
at a round table discussion of the development of a small tractor industry in Colombia.

We believe from the publicity obtained that this field day will be more powerful each year in bring-
ing about coordination of industry in presenting their new developments,

2) We established a National Plan Service through which we offer simple plans for construction of
buildings, equipment and facilities. Some give bills of materials and some cost information. We
distribute without cost a descriptive leaflet and a blue print is sold at a nominal cost.

Plans are distributed through 42 Extension Agencies, Professional societies and Universities,

3) We have started a service of "Evaluation and Testing Agricultural Machines and Implements”,

to test under different conditions of climate, soil, crops, etc., to discover the output, adaptabili-
ty and behavior., This service is offered to the industry to test the function of prototypes before
they are placed in the market. Current projects include tests of aluminium silos, evaluation of
planters and harvesters, as well as tractors. The tests are contracted with industries that have shown
an acceptance for this service,

4) With the National Univewsity-Medellin in the Agricultural Engineering Section we have established
an extension program that maintains an identification with this branch through research in agricul-
ture; writing of publications and technical information such as mimeographs, technical aids, nation-
al plan service plans, bulletins, with the end objective of forming an Information and Public Rela-
tions part of the University that relates to industry, educational establishments, and to unions of
cattlemen and farmers,
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Theme 2:

14, THE DEVELOPMENT OF AGRICULT URAL ENGINEERING IN THE MIDDLE AND FAR EAST by Howard F. McColly,
Michigan State University, East Lansing, Michigan, U.S.A.

In thinking of the Middle East and the Far East, the extent of the geography spans one-third of the way
around the world. We might think of the area extending from Turkey and Syria in the West to Japan, Taiwan and the
Philippines in the East.

Living in this vast area are people of many cultures, doctrines and beliefs. All have influenced each o-
ther, and people from the West and other parts of the world have affected these countries and their development.

Agricultural Engineering Objectives,

Agricultural engineering activities are a part of the socio-economic development of any country. In
this context, the term agricultural engineering will connote several meanings, ranging from trueengineering in the
industry of agriculwre to farm production mechanization operations. In other words, in some areas farmers who employ
considerable mechanization techniques are termed agricultural engineers.

In this presentation I wish to portray the various categories of education in the agricultural engineering a-
rea, the training levels involved, and the importance for inclusion in the total professional development. Especially
we should bear in mind how such educational and training systems might be involved in the developing countries,

Why is agricultural engineering needed? Cerainly, this question must be directed to a goal of an incre-
ased measure of well-being for mankind--adequate food, shelter, raiment, and security--and these especially for the
rural population.

Agricultural engineering goals are exemplified in several objective interests as follows:

. To reduce drudgery in agricultural operations.

. To increase the output per agricultural worker,

. To reduce losses and waste during harvesting, curing, transporting, storing and using.
. To improve timeliness of operations,

. To maximize yields by optimum agricultural operations.

. To enhance the production and processing of additional types of agricultural products.
. To convert animal -power feed-production areas to human food needs.

. To develop and improve water supplies and water control systems.

. To reclaim abandoned land.

10. To engineer new areas for agriculture.

11. To improve rural living environment.

12. To develop rural sanitation and waste disposal control systems.
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The group gathered here does not need elucidation on the scope of these objective interests. Suffice it
to poimt out that agricultural engineers in coping with these programs require training incorporating communications,
mathematics, engineering, physical sciences, biological sciences applied to agriculture, economics, administration
and human relations, They must be engineering disciplines, and respected by engineering fratemities.

Agricultural Engineering Education.

It is my firm conviction that technical agricultural engineering departments in the colleges and universi-
ties must execute the total category of engineering in agriculture from the most technical at the apex down to the basic
know -how at the farm operating level. Thus, the need for agricultural engineering applications is conical, with the
most personnel needed at the large base - the operqting level.

In considering how this vast task is to.be accomplished, it is immediately apparent we are concemed
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with various levels of training which may be classified as follows:

1. Agricultural engineers (technical)

2. Agricultural mechanization majors.

3. Agricultural machinery service technicians,
4. Special training of agricultural students,

5. Training vocational agrculture students,

Agricultural engineering technical graduates usually are employed in design, research and development,
and in the technical execution of works as well as teaching in universities and colleges. Some do prefer practical ap-
plications as a career, thus adding to the broadening cone of need. A gricultural engineers are often graduates of both
Colleges of Agriculture and Colleges of Engineering,

Agricultural mechanization ma jors should be graduates from agricultural engineering departments and
from Colleges of Agriculture. Their cumriculum basically includes agriculture, non-technical engineering coures, the
same agricultural engineering courses offered to agricultural students, and selected courses in business and economics.
Nommally, these students do not care for the rigos of advancement in mathematics, theoretical mechanics, and the
various civil, electrical and mechanical engineering subjects, The agricultural mechanization major is paricularly
trained for farm or business operations management including service and training facilities, for hire or custom opera-
tions enterprises, for sales opportunities, and for farm operation and management.

Agricultural machinery service technicians are trained specifically for the dealer level or for service cen-
ters, In most cases these persons desire to be mechanics rather than farm machinery opemators, orto be in machinery
set-up and delivery services, trouble shooting, directly training operators at the farm level, and in sales and distribu-
tion activities,

The training of these service technicians involves special training in agricultural engineering departments,
usually for a two year period, receiving a certificate upon completion of their training, Six manths supervised on-the
job training should be required between the firt and second year.

Normally high school completion is required for these trainees, They are individuals who do not desire
academic university work, but do cover the farm equipment practical application activities., Thus, in the agricultumal
mechanization development schemes, .hese technicians fit very well into the direct working level where so many wor-
kers are needed.

As mechanization advances, there is a tendency for service technicians to just develop through experien-
ce, and availing themselves of training opportunities offered by employers, manufacturers, extension workers and others.

Agricultural students experience subject matter in various agricultural engineering courses often categori-
zed as service courses to other curriculae, These people may be training themselves for farm operators or in some pha-
ses of agri-business, A large segment of workers come from this group who contribute their efforts in the total agricul-
tural enterprse.

Vocational agriculture teacher training is conducted in most Colleges of A griculture and Col! ege: of Educa-
tion, and the curriculae include farm mechanics options, the subject matter being offered by agriculwral engineering
departments. High schools, especially in rural areas, have farm mechanics training available. Eventually some of
these people matriculate in univesities and colleges in academic programs, while others may seek training opportuni-
ties particularly aimed at vocational employment.

Training farmers in agricultural engineering applications is accomplished by extension workers from the
univesity level, from the industry involved, by vocational agriculture schools, by associations, by cooperatives, through
government programs, and by other means. The ability of farmers to acquire agricultural engineering technology va-
ries according to their literacy level. As the literacy level rises, the training task becomes easier.

Status in the Middle and Far East,
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Just what is the status of agricultural engineering in the various countries in this vast pant of the world?
If we use the classification of the areas of agricultural engineering education and training, we would find a few listings
in each classification, but we would also find in many places some very absent categories.

In a farm machinery survey, and agricultural mechanization symposium conducted in Asia in 1967(3),
there are many references to agricultural engineering education, training, and the state of the art, Also, the Asian
Productivity Bulletin (1) contains statements from the various countries relating to the status and needs in programs in-
volving agricultural engineering.

"In most of the Asian countries, the technical know-how at higher levels is developing stisfactorily. Ag-
ricultural engineers, university graduates with agricultural engineerin g background are proving to be helpful. Some umi-
venities in India, Iran, the Philippines and Pakistan have ‘been training agricultural enginees, and to an extent, the pre-
sent requirements are being met"”.

We can add to the above coumtries Japan and Taiwan in the Asian group, with mention being made of the
Middle East countries of Iran, Syria, Turkey, Afghanistan, Jordan, Israel and other with programs developing in agricul-
tural engineering. The lack of programs is acute in Nepal, Saudi Arabia and a few other.

The reports state further "that the real weakness appears to be in the lower levels of skilled persons who
can operate and maintain the tractors and other agricultural machinery. For this purpose, while technical and voca-
tional training institutions are seeking to meet the demand, an accelerated pace with ad hoc programs if necesary may
be needed. At the third level, there is a critical shortage of farmers with adequate technical know-how. Unless ade-
quate extension work is done to meet this shortcoming, the agricultural mechanization progmm itself will receive a
setback”,

The literacy level in some Asian countries reaches 95%, while some others have illiteracy as high as 80%
The dissemination of information to farmers varies directly to the literacy level and influences the methods employed.
It is very difficult to train people in the operation, care and maintenance of modem farm equipment when they cannot
read or understand words and pictures. Machines are much different in their requirements for cleanliness and care com-
pared to beasts of burden. Of course there are always some people who are inclined more than others to learn engine
mechanics, machinery care, and construction techniques, even though they cannot read.

School boys who marvel at a tractor and dream of operating one, or who admire the water conservation
engineer, and other technical endeavors are quite likely to pursue some degree of additional schooling or training to
the level of their individual abilities. Also, these youths in working with modem mechanisms conceive new ideas, thus
local industries are created, and necessary goods and services are supplied.

The Asian report states "For farm mechanization, the training courses perform an impontant role. There
are three stages of training courses; namely, 1) training of the farmers, 2) training of the trainers, and 3) training of the
teachers of the traines. In case of the farmers trining, the level is rather low and the course is teaching the operation
of the machinery and simple repairing techniques to them,

In the case of trainers training, including assistant technicians of the local government, the trainees should
leamn mechanics to some extent. In this case , there is difficulty to find high school graduates for trainees in some coun-
tries, which hampers higher level training. A more difficult problem is to find suitable teachers for training trainers.
There are some agricultural universities, colleges, and insitutions which camry out such coumes, apart from their acade-
mic studies or basic research works".

SUMMARY

The Middle and Far East countries have agricultural engineering in various levels varying from strong aca-
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demic programs down to government programs of action without any country agricultural engineering teaching, research,
or extension programs to suppor them or to enhance the operations,

Agricultural engineering in a country should concem itself with the whole sphere of the discipline. First,
a strong agricultural engineering program to educate and train as competent a corps of engineers in agriculture as possible
who can furnish sound leadership and enthusiasm. Then, fumish assistance and direction in developing all the other ag-
ricultural engineering oriented operations that are needed in serving agriculture.
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Theme 2.

15. THE DEVELOPMENT OF AGRICULTURAL ENGINEERING IN INDIA by S. E. Roy, UNDP/80 Technical Officer, Irri-
gation and Drainage.

1. 1. INTRODUCTION,

India is a vast country of 540 million people. 80% of the people {ive in rural areas and make their liveli-
hood from agricultural production contributing over 50% of the gross national product. Rapid strides have been made
in providing the infrastructure for developing heavy, medium and light industries and agricultural production has also
increased substantially through the application of modern science and technology in the last two decades. However,
the population explosion which adds 13 million people per year is both difficult to keep up with in order to feed and
provide for, utilizing the meagre financial resources of this populous developing country. India has the largest area
under irrigation in the world, with the exception of China. More important perhaps, is that the rate of increase of
new areas falling under irrigation is greater than any other country in the world today, being in the order of over two
million hectares of land per year. While a decade ago, no tractors were manufactured within the country, at present,
5 companies manufacture almost all components for their respective makes of tractors and a couple of firms manufac-
ture power tillers. Small stationary diesel and spark ignition engines ranging from 1 to 35 horsepower units have in-
creased very rapidly in the last decade. Similarly, the manufacture of fractional to high-horse power electrical motors
for pumping and various other uses have also increased at a high exponential growth rate as also that of water pumps.
Such items are now manufactured in hundreds of thousands per year. There are now over 2,000 factories manufactur-
ing agricultural implements and machinery of an increasingly wide variety. Rural electrification has spread rapidly
from virtually nil at independence to an average of one-third of the half a million villages of the country, while in
certain States such as Kesala, Gujarat and the Punjab over 75% of rural settlements are electrified. Road networks bu-
ses and trucks and often trains now pass through almost all villages of over 2,000 inhabitants. A storage capacity of
food grains to the extent of 5 million tons to serve as a buffer stock against speculation and in case of famines have
been rapidly built up in the last decade. Large schemes are afect to modernize the milling of the staple food-grain
rice & improve the willing and processing of wheat, maize and pulses. Agro-industries of an increasing variety have
begun to sprout up in villages and small towns for better processing of a wide range of food, feeds, and fibre. All
this is only indicative of the role that agricultural engineering has just begun to play in the development of this coun-
try. The government and the people have just begun to realize the inmense scope that agricultural engineering can
play in the developing of a better rural ambient and increasing the agricultural production of the country and at the
same time alleviating the burden of rigorous labour of four-fifths of the country's population.

1. 2. Although there were some visionaries that foresaw this need, the steps that were needed to build up
the facilities for the education of the engineers to serve the betterment of agricultural producticn and better the liv-
ing conditions of our rural citizens, were sporadic and haphazard, till recently. Thanks to our population explosion
and a few serious famines, the Government has now realized that the economy and the welfare of the entire country
is greatly dependent on improving agricultural production technology. As a result, over the last decade, there has
been a very rapid evolution of agricultural engineering education in India that may serve as a guide for other develop-
ing nations largely dependent on agricultural production for their national prosperity and the welfare of the majority
of their citizens.

IL. THE EVOLUTION OF AGRICULTURAL ENGINEERING EDUCATION IN INDIA.

2.1, As we a'l know, India was once the jewel of the British Empire till 1947. Since India's independence
just two decades ago, the Macalayan system of education that persisted in India long after it was virtually transformed
in Britain itself, gradually gave way to the development of a new hybrid system. Although more than slightly confu-
sed during the first few years of transition in the attempt to incorporate hopefully, the better features of the American,
European and our own traditional systems of education, it is amazing how, at least in the realm of technological edu-
cation, a smooth-working system has evolved within a decade. Having studied, taught, lived through and survived
the experience, I must say that it has always been an enlightening experience if at times, rather confounding. This
is not to suggest that we have now reached our goal of a perfectly satisfactory system of education, ideally adapted
to our country, or that we have no "challenges" ahead, but merely to marvel at the fact that through it all, some-
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thing that appears to make some sense has at last emerged in the area of engineering and higher technological educa-
tion that promises to lend new leadership for building the foundations for rapid development of our developing country.

2.2. The first confrontation of the generally Liberal Arts, oriented highly disciplined, lecture,
rigorous examination and learn-by-rote British educational system in the educational field in India, was perhaps the
foundation of the Allahabad Agricultural Institute in 1910 by Dr, Samuel Higginbottom, an intrepid missionary, who
had the strange idea of developing an educational institution to serve those that depended on agricultural production,
then approximately 90% of the country, along the lines of a small American Land Grant College right in the middle
of Britains prized colony. Dr. Higginbottom was convinced that the answer to India's poverty was the radical impro-
vement of Indian farming. He reasoned and fought desperately against the traditional educational system of the day
to attempt to relate education to the real needs of the country, in order to build up India's economy through applica -
tion of scientific and technological know ~how and to raise the income of the millions of farmers that lived in stark po-
verty, rather than study academic rhetoric for its own sake, in tradition-bound prestigious Universities and Colleges.
Higher technological education in the realm of engineering was conducted by a handful of merely 5 or 6 engineering
colleges to serve the whole country prior to the forties.

2. 3. In the wake of independence, rapid steps were taken to expand engineering education and
develop our own higher educational systems in all branches of science, medicine and technology. In less than two
decades, India now has developed over 115 engineering colleges and Universities that impart professional programmes
in the traditional branches of engineering and in 1952, the first Indian Institute of Technology commenced courses
at Kharagpur in many new engineering specializations at a level of facilities comparable to many in the West. The
demand for technological education became so great that by 1964, five Indian Institutes of Technology had opened
up with increasingly better facilities and staff.

2.4. The first Institute to commence Agricultural Engineering as a professional degree curricu=-
lum in India was the Allahabad Agricultural Institute in 1942, The curriculum was patterned after the American sys-
tem with about the same breakdown of content as agricultural engineering programmes in the U, S. A. of that time.
Due to the lack of laboratories in Basic Engineering, at the Institute in the forties, students took some of their education
at the then well -known Banaras Hindu University for Mechanical Engineering and Electrical Engineering courses, while
laboratory practicals for Civil Engineering courses were imparted at the Rootkee Engineering College. Facilities with-
in the Institute were only developed for the teaching of some basic engineering courses and a limited number of ap-
plied agricultural engineering courses predomin antly in Farm Machinery, Soil and Water Conservation, Rural Elec-
trification and Farm Structures. This pioneer venture was extremely successful creating a great demand for the agri-
cultural engineering course. This raises eligibility standards to the 20 or 25 seats annually, very high in the first few
yeam. At first, most of the Agricultural Engineering courses were taught by Americans and Mason Vaugh, the pio-
neering Head of the Department, was undoubtedly the founder and father of Agricultural Engineering in India,

2. 5. Hitherto, there existed only two streams of studies in the realm of agriculture, general
agriculture with an orientation in one or the other field, or veterinary science. Agricultural engineering became a
small but distinct third stream in the early forties demanding different eligibility standards, chiefly high performance
in Physics and Mathematics, the basic science, mathematics, statistics, and applied agriculture courses were taught
in the Agricultural Institute while for the basic engineering courses, it was necessary to link up with facilities provi-
ded by distant Engineering Colleges. Thus were the pioneer beginnings of this new profession in India, which many
serve to guide similar programmes being initiated in other parts of the world.

2. 6. By some stroke of idealistic vision or otherwise, agricultural engineering found pride of
place in the prestigious and first Indian Institute of Technology at Kharagpur, Being virtually a high-powered tech-
nological institute, the biological and agricultural science courses had to be catered for by staff and facilities within
the Department of Agricultural Engineering.

2.7. The first three years of the 5-year curriculum leading to professional degrees for a dozen
or more engineering specializations are virtually common for all students including agricultural engineers at the IIT,
Kharagpur. Thus, a rather high standard of physics, mathematics and basic formation engineering courses firmly set
the pattern for agricultural engineering education in the country, while the biological and agricultural sciences at
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this institute were comparatively weak. A bi-lateral programme of assistance by Dlinois University greatly speeded
the development of all round facilities and good courses in the rendering of a broadbased integrated agricultural en-
gineering professional programme which graduated its first batch in 1957,

IIl. THE DEVELOPMENT OF AGRICULTURAL ENGINEERING IN AGRICULTURAL UNIVERSITIES.

3.1. A major educational development took place in another erstwhile British Colony, India,
about a century later than in the U. S. A., as a result of similar legislation that led to founding of the State Land
Grant College. In 1956, by an Act of Parliament, the first Agricultural University was established at Pantnager for
the State of Uttar Pradesh. The College of Agric ultural Engineering began operating in 1959 with the first graduates
emerging in 1965.

3. 2. Although there were over 85 agricultural Colleges in India, at the time, nothing before
had placed agricultural education on such a high pedestal and given such power, status and funds to develop rapidly
the physical facilities, staff equipment and all else of a University to serve agriculture. The building up of better
and higher educational facilities was at last recognized by our planners and politicians as the key to raising our agri-
cultural production and bettering the lot of our rural citizens. Further, thanks to Public Law 480, and our constant
lack of sufficient food to feed our growing population, USAID was moved to spend Rupees so accumulated against
grain dispatches to India on such a worthy cause. Several private foundations also invested more millions of dollars,
matched by counterpart funds of the State to develop all faculties of this, the first Agricultural University in India.

3. 3. The biggest and most expensive facilities of the University went into the development
of the Pant College of Technology that is considerably better developed than a mere faculty of most Universities.
There are full -fledged departments of Mathematics, Civil, Mechanical, and Electrical Engineering, besides Agri-
cultural Engineering in this College which is apparently going the same way as American Land Grant Colleges in
developing professional programmes in each of the traditional engineering disciplines, instead of these being main-
tained to serve the agricultural engineering programme as was originally intended within the larger context of the
University serving Agriculture. The College has a well -qualified faculty of 50 or more staff members, and has well
equipped laboratories and workshops to reach all courses in general and agricultural engineering.

3.4. In any case, the ample facilities with a strong engineering base and a balanced physical
and biological sciences foundation of the 5-year agricultural engineering curriculum now graduates large batches of
70 -80 students each year since 1955. It is due to commence graduate studies from the coming academic year.

3.5, The next Agricultural University to develop in India was the Punjab Agricultural Univer-
sity having two cempuses of Ludhiana and at Hissar. The rapid and well -organized development of this Uuiversity
with excellent all-round facilities has led to the developmwnt of an excellent undergraduate programme in Agricul-
tural Engineering being offered in the College of Agricultural Engincering and Technology of the Univezsity campus
at Ludhiana. The Departments of Mathematics, Electrical, Mechanical and Civil Engineering serve the Agricultu-
ral Engineering programme. A highly trained staff of over 40 impart what may be considered one of the best and
the most balanced programmes in agricultural engineering anywhere in the world an outline of which is given in the
Appendix. The University graduates 80 students per year and intends to initiate pnst-graduate courses from the com-
ing year, The development of the college of Agricultural Engineering and Technology has beer str. ngly assisted by
the Ohio State University programme and a large member of professors from various American Universities have ac-
ted as consultants and advisers to develop the curriculum and the facilities. The programme has also received subs-
tantial assistance from the Ford Foundation while the University as a whole has received millions of dollars from PL-
480 for building up its infrastructure for imparting education in all aspects of agricultural science and technology.

3. 6. In 1966 the Rajasthan Agricultural University with campuses at Jobner and Udenpur com=
menced an undergraduate programme in agricultural engineering, Substantial new facilities are being constructed
and the staff being increased to teach the hasic engineering courses within the agricultural University campus at Uda-
pur the first batch of about 40 students will be graduated next year from this Agricultural University, that has a sound
curriculum but yet lacks the facilities and staff for yet imparting all the courses by themselves. A nearby engineer=
ing college still assists with the teaching of most of the basic enginecring courses,
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3.7%. The Jawaharbal Nehru Agriultural University has afiliated Colleges iu Gwalior Rewa,
Mhow, Raipur, Indore, and Sehore, all of which teach Agricultural Engineering chiefly to students of agriculture.
However, at the Central University Campus at Jabalpur, a full-fledged Agricultural Engineering undergraduate educa~
tion is imparted to approximately 35 students anrually. The first graduates will come out in a couple of years.

3.8, The University of Agriculture, Sciences and Mechanic Arts of Orissa also has a College of
Agricultural Engineering and Technology that has a capacity of about 40 students a year. This new programme is al-
so assisted by an American University exchange programme.

3.9. The new Agricultural University of Maharashtra has several affiliated colleges at Kolhapur,
Akola, Nagpur, Patbhain and Pocna, Poona is developing a programme in agricultural engineering with assistance
from the Pennsylvania State Uuiversity.

3.10. The Uriversity of Agricultural Sciences, Mysore established in 1965 has campuses at Dhar-
war and Hebbal which are also in the process of building up a college of agricultural engineering. Similarly, the Ag-
ricultural University of West Bengal at Kalyani, and the Andra Pradesh Agricultural University at Rajindranagar are in
the process of developing facilities for imparting undergraduate courses in Agricultural Engineering,

3.11. Thus, it would be seen that with the opening of the new agricultural universities which
are expected to develop in each State, agricultural engineering undergraduate education has now assumed conside -
rable dimensions in India. The country at present, already has an annual graduating capacity for undergraduate edu-
cation as follows:

U. P. Agricultural University 80
Punjab Agricultaral University 80
Rajasthan Agricultural Uriversity, Udaipur 40
Orissa University of Agricultural Sciences &

Mechanic Arts _ 40
Jawaharlal Nehru Agricaltural University 35
The Indian Institute of Technology, Kharagpur 30
The Allahabad Agricultural Institute 30
Total annual graduating capacity 335

3.12, This number of agricultural engineers compares well with the tctal now being graduated
annually in the U,S. A. When the five other new Agri~ultural Uriversities develop their facilities probably within
the next 5 years, the number of professional agricultural engineers will rise to around 509 anrually, which will ex-
ceed the total from all other parts of the world together. When all 17 States in Iadia develop Agricultural Universi-
ties as is planned, perhaps 1G years from now, the number of graduates will be in the order of 750 annually after
which a levelling off nume-ically is expected.

IV.A COMPARISON OF UNDERGRADUA TE CURRICULA OF AGRICULTURAL ENGINEERING IN
INDIA,

4.1. A breakdow? of varicus curricula of the Punjab Agricultural University, Ludhiana the Ut-
tar Pradesh Agricultural University at Pantuagar, the University of Udaipur, the Indian Institute of Technology, Kharag-
pur and the Allahabad Agricultural Institute, Florida and Michigan State Universities, as against the proposal made
in the brief, is given in Appendix I, disciplinewise as compared with the latest proposed curriculum at La Molina
and the curriculum offered at Medellin, Colombia.

4. 2. The greatest variation in various Indian agricultural urniversities and institutes offering ag-
ricultural engineering is in the number of techrical electives for choosing in varicus agricultural engineering special -
izations. The U.P. Agri~ultural Uciversity has the greatest number of technical electives and lists a wide variety
of 14 electives courses at the senior level and another set of 22 courses in more interdisciplinary courses of agricultu-
ral engineering. Further students are free to choose from over 20 advanced courses in electrical, mechanical and ¢i-
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vil engineering and mathematics and statistics, It is questionable whether even in such a large State of Uttar Pra-
desh highly dependent on agriculture where such a large number of electives can be justified or supported far long
by internal sources, once aid fron: assisting programmes ceases. On the other extreme we have the least numhe-
of electives in the programme in Udaipur which is just commencing. This appears to be along the right lines in
view of the initial stages of the programme, facilities of the staff, equipment and laboratories to support the offer-
ing of a large number of elective courses that would be a luxury for Rajasthan to support at this stage. The most
commendable and well balanced undergraduate programme in all respects in India, today in the opinion of the
author is undoubtedly that of Punjab Agricultural University which could serve as a model for other developing
countries desirous of initiating undergraduate programmes in agricultural engineering (for details please see Appen-
dix 2).

V. POST GRADUATE EDUCATION IN AGRICULTURAL ENGINEERING.

5.1. Post-graduate education in Agricultural Engineering commenced in the Indian Institute
of Technology, Kharagpur with its first Master degrees, in 1960. Advisors from North Carolina State University
such as Dr. Hassler and Dr. Wiser who are with us here, other members of the North Carolina University and other
advisors from Ohio State and other Universities have helped develop the first graduate programmes in Agricultural
Engineering in India at Kharagpur, specializing in Farm Machinery and Power, Soil and Water Engineering and more
recently in Agricultural Products Processing, Dairy Engineering and Structures. A strong and well -equipped and
well qualified staff exists not only for the imparting of basic engineering courses from other departments but a'so
in Agricultural Engineering. This author helped set up and consolidate the programme in Sofl and Water Engine-
ering at the Institute. The highest mathematics and engineering standards perhaps, of any agricultural engineering
courses in the world exist at this Institute that demands above the rigorous 5-year undergraduate curriculum for the
bachellor's degree, an additional 2-years of a 48 credit curri aslum for the Master's degree and generally three ad-
ditional years of full-time work for a Ph. D. in Agricultural Engineering. At present, the Department of Agricul-
tural Engineering at Kharagpur has widened its range of courses and developed programmes to the Ph, D. level, the
first Ph.D. having graduated in 1964. The Institute specialized in Farm Power and Machinery, Soil & Water Con-
servation Engineering, Processing and Structures and more recently in Dairy Engineering having an intake capacity
at nresent of approximately 20 students per year.

5.2. The Imperial Agricultural Research Institute was initiated in 1905 and had served as a
centre of research for tropical agriculture for much of the British Empire till India's Independence when it was re-
named the Indian Agricultural Research Institute. The IARI is the Beltsville or rather the Rothamstead of India.

In 1958 with a sizeable Rockefeller USAID assistance, the excellent staff and high-powered facilities for research
in all branches of Agricultural Sciences were put to the service of cducation at the post-graduate level. 12 of the
13 Divisions of the IARI rapidly developed and began to offer post-graduate programmes in various well defined
specializations, Regretably it was not until 1966 that post-graduate education in the field of Ag:icultural E-~gine-
ering could be set up through the efforts of the author, to fill the need of the increasing number of professional
level students demanding higher education within the country. The advice and assistance of particularly Mr. G.W.
Giles and the Ford Foundation in initiating this programme is deeply appreciated. Being the national institute for
research and education for India under the Indian Council for Agricultural Research, the Government sponsorship

of the programme is of a high order which promises to build up rapidly tc taking 15-20 Master students and 5-10
Ph. D. students annually by 1971. As the IARI is the chief research and advisory Institution at the highest scienti-
fic and technological level for the country as a whole, the Division has responsibilities for many coordinated mis-
sion-oriented research projects in the field of agricultural engineering such as the Research and Testing Centre fo:
agricultural implements, the Zonal Research and Design Centre for design and development of agricultural machi-
nery, an All-India Rice Processing and Milling Scheme and other agro-industries in the country, the development
of Standards for farm power units and agricultural implements and machmery. coordinated research in Soil & Wa-
ter Technology. Both at the Indian Institute of Technology at Kharagpur and the IARI the Masters programme is of
two years after the five-year undergraduate curriculum which is still the standard in the country, although recent
efforts have been made in one or two universities to reduce the professional programme to a four-year course. Both
the IARI and IIT programme has arrangements for professional research and training for a term on the field, and a
thesis as partial requirement. Further, the IARI has a requirement of 45 course credits above the thesis, seminar
and high level professional apprenticeship term for the Masters degree.
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6. 8. The Allahabad Agricultural Institute has recently commenced a Master's degree program -
me but this is suffering from lack of funds for building up adequate facilities as it is the State of Uttar Pradesh that
has to grant Agricultural University now. From the coming year, however, the ample and excellent facilities of
both the Uttar Pradesh Agricultural University at Pantnagar and the Punjab Agricultural University at Ludhiana will
commence graduate instruction in agricultural engineering to meet the growing demand from over 300 graduates
that emerge from professional programmes each year. It is expected that a capacity of 80 seats for graduate students
would develop by 1976 within the country.

5.4. It is worthy of mention here that an attempt had been made in the Indian Institue of Tech-
nology and other Institutions teaching Agricultural Engineering to give a post-graduate one -year programme, some -
what like farm mechanization programme in Agricultural Engineering. For a number of reasons already mentioned
in my paper of Post-graduate Education this course has not found favour with either by students or by potential em-
ployers. It served to cause much confusion at considerable expense of effort and funds.

VL JOB OPPORTUNITIES FOR AGRICULTURAL ENGINEERS.

6.1, The obvious question that comes to the mind, in view of the large programme in Agricul -
tural Engineering which has already developed in India and the plans underway for futwr e development is whether
there is likely to be sufficient job opportunities for all at various levels of training, In a study of the technical man-
power availability and requirements ( ) the breakdown of the number of various types of graduates for 1961 showed
that there were 57, 509 engineers, 36,800 scientists, 14,000 agricultural scientists and 5,000 veterinary doctors in
the country. During our Third Plan, 1961-1966, whereas as for the most other items our targets were not reached in
a Mid-Term Appraisal, it was amazing to find that in all fields of education the targets were far exceeded. In the
case of diplomas in technical engineering training the target was exceeded by 27%, whereas for professional degree
level education, the target was exceeded by 20% Whereas, most official targets in Plans of developing countries
tend to be over -ambitious, here was a case of gross underestimation. Industrial and agricultural production enter-
prises obviously demanded many more competent hands.

6.2, A developing country in the modern world, with a highly competitive world market, and
a very rapid rate of technological advancement is greatly dependent on the adequacy of technical manpower both
in quality and numbers to ensure a desirable rate of economic growth. Particularly at the initial stages, scarce human
capital of technical manpower is a primary limitation to rapid development, Further, modern technology demands
an increasingly greater proportion of higher scientific as compared to technicians. It became obvious therefore, ©
our planners that the lack of higher education in the sciences and technology was a major limiting factor for overall
economic development of the country. By the end of 1964, plans were stepped p therefore, to take in over 23, 130
engineering students and increase the number of colleges to 117. For the Fourth Plan 1966-1971 (but now delayed
by one year), estimates planned an increased output of 67,578 engineers in the country within five years, as against
our Fourth Plan demand estimates of 75,000 additional engineers. Of these 5,000 to 7,000 students were expected
to be provided for advanced post-graduate engineering education.

6. 3. Unfortunately, our planners were not much aware then that agricultural production and
the creation of the infrastructure and housing for rural living also demanded engineers by the thousands to serve the
72% of our population engaged in agricultural and related production. Whereas, there were plans to provide 75,000
engineers to serve 20% of our total population living in urban settlements. However, no manpower requirements for
making a viable modern system of agricult ural production and for improving the primitive condition in which 80%
of our population lives. Our distinguished former President Dr. Radha Krishnan in 1948 was perhaps, the first to fo-
cus the attention of the Government to the inadequacies of higher Agricultural Education under the traditional systems
of Education in Universities. The University Education Commission then headed by Dr. Padhs Krushnan recomended
the establishment of rural and agriqalturél universities which took almost a decade for giving rise to the first agricul -
tural university at Pantnagar. )

6. 4. In the Indian Society of Agricultural Engineers meetings in December, 1965, the problem
of estimating job opportunities and placement for agricultural engineers was considered in detail on a national basis,
perhaps for the first time. The estimates arrived at were undoubtedly on the conservative side as appreciation of such
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problems comes slowly in a large developing country. The basis for these estimates were to provide for extremely
paltry facilities of modern farming to farmers who then had virtually none before, such as to provide one tractor to
150,000 farmers and to provide a set of simple agricultural implements to 20% of the farmers by the end of the Fourth
Plan and 600 undergraduates. Whereas, it was estimated that there would be a need for 2,400 professional agricultural
engineers in the Fifth Plan and 300 post-graduates. However, already the demands of the country have more than dou-
bled the planned output of professional engineers by 1971 as compared to these conservative estimates. However, the
estimated demand for post-graduates with advanced training in specializations in farm machinery and power, soil and
water engineering, food processing and agricultural industries and farm structures and rural planning of 200 postgraduates
by 1971 may just be met with the new intake at the IARI, the Punjab Agricultural University and the Uttar Pradesh Agri-
cultural University.

6.5. With a country increasing the area of its 1and under irrigation at the rate of more than two
million hectares annually, obviously, efficient water use planning, design and layout of farm irrigation and drainage
systems, land levelling and development for the purpose and providing for better methods of application of irrigation
would in itself require 1,000 agricultural engineers annually if each engineer was to plan and execute jobs for 2,000
hectares annually.

The Working Group for formulation of Fourth Five Year Plan proposals on Minor Irrigation indica-
tes that while only Re 85 crores were spent on irrigation projects for the first plan increasing the area under irrigation
by almost 4 million hectares in § years by the third plan 61-66. 3. 56 billion rupees were spent to irrigate over 5 mil-
lion additional hectares. For the Fourth Plan to end by 1971, 6. 3 billion rupees were budgeted in order to bring an ad-
ditional 5,5 million hectares under irrigation. An important factor is the increased accent on ground-water develop-
ment as compared to major and medium diversion works. During the second plan 33% of the total irrigation works were
minor, whereas during the Third Plan 51. 6% of the total works were minor irrigation which rose to an average of 66%
in the Third Plan period. This brings the agricultural engineers more into the picture for executing of irrigation projecs,
particularly in view of the fact that the average size of the Indian farm is small and much detailed planning and exe-
cution has to be done at the descentralized rural level, A great deal of research in ground water exploration, hydrolo-
gy, water resources development, field conveyance, application and more efficient water use methods and systems would
alone require hundreds of postgraduate engineers in the field of irrigation and drainage whereas thousands of profession-
al agricultural engineers are required for execution of field projects involving construction of low dams and reservoirs foc
storage irrigation systems, installation of lift irrigation systems, conveyance and distribution of irrigation at the farm
level and effective drainage works and antisea water intrusion works,

Similarly, the Central Sofl Conservation Board which was set up in 1953 to undertake terracing,
land grading, shaping on a watershed management basis has expanded from 280,000 hectares in the First Plan through
1,000,000 hectares of terracing in the Second Plan to 4,300,000 hectares in the Third Plan. Comprehensive watershed
management projects, particularly in river valley systems involving afforestation of steep slopes, revegetation of more
moderate slopes and terracing of gentle slopes with provision for safe conduct of runoff from the entire watershed to an
extent of 8 million hectares has been planned for being undertaken by 1971.

Upstream detension and storage reservoirs, sedimentation and gully control structures and water
spreading and ground water recharging systems need to be designed and executed, under professional guidance, for evea
a minimally adequate level of technological planning, design and supervision for execution would demand over 500
agricultural engineers to take care of field works in the area of soil and water conservation engineering. Besi des, ad-
vanced research on reclamation of saline and alkaline soils, waterlogging and acidity, the hydrology of small water-
sheds, deterministic and simulated methods for obtaining rainfall, runoff and hydrographic data, the finding and adop-
tion of coefficients for the universal sofl -loss formula to apply to watershed management systems on a more quantita-
tive and scientific basis, to staff the 8 sofl conservation research stations already started and more to develop later,
would demand hundreds of postgraduates in this vital field for enabling a permanent agriculture to develop in a country
where the area of land per capita keeps reducing considerably from decade to decade.

In the field of farm machinery and power 40,000,000 pairs of bullocks that now contribute 66%
of the total power available on the farm has to be rapidly replaced by small to medium well adapted power units some-
what along the lines of excellent developments that have transformed Japanese agriculture. An equal number of ani-
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mal drawn mould board and disc ploughs, and complete sets of harrows, cultivators, seed and fenilizer drills and
spreaders, and land levelling and farming equipment need to be developed and manufactures to bring the benefits of
modern technology to alleviate the heavy burden of laboursome inefficient work of an estimated 100,000,000 agricul-
tural labourers, Besides millions of women and children are drawn into the drudgery of laboursome farm tasks who
should be relieved of such burdens so that they also can build up decent and more comfortable homes and obtain a bet-
ter education,

: Stationery heat engines and electric motors have already begun to be used on the farm to a
rapidly increasing extent. The mechanization of harvesting, threshing and processing to save millions of man years of
labour all require professional agricultural engineers who have an orientation towards farm power and machinery. There
are also great requirements for materials handling and transport of various inputs and agricultural products to and from
the farm, besides much power and equipment required for operating lift irrigation systems for the manufacture of such
machinery and execution of farm mechanization projects, thousands of professional agricultural engineers are required.
Research in the design of suitable small tractors and power tillers, the design of a complete range of field tillage machi-
nery, seeding and fertilizing equipment, crop protection equipment, harvesting, threshing and processing equipment
already demands hundreds of postgraduate agricultural engineers that are just not available to commence the revolution
of mechanizing farms in India.

6.6. Agricultural Products Processing.

In the field of agricultural products processing, the processing of fibre crops from field to
factory, the processing of crops such as sugarcane, oil crops and cereals and food grains, perishable vegetables and
fruits, plantation crops such as tobacco, coffee, tea and spices is vital to the economy of the country. In this field,
there is the greatest dearth of professional specialized knowledge that demands hundreds of agricultural engineers for
planning, designing, execution and management of processing plants in the country. A great deal of research in this
area would demand post-graduates to an extent that cannot be foreseen to be not to the least extent in the coming de-
cade,

6.7. Farm Structures and Rural Planning,

Today, few city bound and oriented architects, planners and electrical engineers plan for
the extremely limited communications systems, road networks and rural electrification put to farm use in the country,
There is virtually no planning at the rural level for human housing and animal housing has not advanced over the last
thousand years., Only recently have agricultural engineers entered the field of designing and constructing storage faci-
lities for 5 million tons of buffer stock of food grains, designing processing plants and some small and scattered projects
on the mral zoning, planning and provision of the infrastructure for better fural living, There is virtually an unlimit-
ted scope in this area to provide a better ambient for 400 million Indian citizens to live and work in,

While not all these works can or would ever be entrusted to agricultural engineers in the near
future, there is certainly the immense need for applying the specialized knowledge of professional agricultural engineer=-
ing of advanced specialists in those areas of work that falls under the purview and field of work of the agricultural engi-
neer,

There will never be a sufficient number of well trained agricultural engineers within develop-
ing countries to undertake the vast array of work involved in the coming two or three decades.On the other hand, deve-
loped countries such as the U.S,A,, Canada and the United Kingdom, which have an extremely small proportion of
the population ranging from 4-10% that are involved in agricultural production, at pesent, are capable of educating
vast numbers of agricultural engineers, almost beyend their inmediate needs, There is no field where a rich inter-
change of education and job opportunities exist for which better international interchange towards the overall develop-
ment of the world, than in the profession of agricultural engineering. It is hoped that the deliberations of this possi- .
bly most intemational and highest level meeting of professionals held anywhere at any time would recognize and formu-
late clear guidelines for the development of agricultural engineering education, at both the professional and graduate
levels, on an international basis, to establish our profession as one of the most impornant ones in the world today,
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APPENDIX 1

Percentage Discipline -wiss Breakdown of Undergraduate Curricula in Agricultural Engineering of Selected Indian &

other Universities

Area of Studies

Michigan Florida Uni

Uni. Nac.
de Co-
lombia,
Medell.

Human!ties &
Sccial Sciences

Basic Physical

Sciences & Mathe -

Applied Agricul -
tural Sciences

Basic Engineering

Applied Agricul -
tural Lugineering

including Techni-
cal Electives

(4]

9.5

28.0

5.5

21.5

35.0
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Theme 2.

16. THE DEVELOPMENT OF AGRICULTURAL ENGINEERING by Corrado Ricci, Instituto di Construzioni Rurali, Uni-
versitd degli Studi di Bari, Bari, Italia.

1. The teaching of Agricultural Engineering in Europe follows different methods, that is:

i) Post Graduate Education offered by either an Agriculture or Engineering or (rarely' Archi-
tecture Faculty (or Schools at university level);

if) Graduate courses in Agricultural Engineering or related branches offered by National or
Specialization Schools, however centralized, to graduates or Senia students of Agriculture
or Engineering.

iif) Undergraduate courses leading to B. S. degree in Agricultural Engineering or related
fields (Soil & Water Conservation, Agricultural Mechanization, Farm Buildings, Rural Plan-
ning, Agricultural Preducts Processing .

2. The first teaching method (Post Graduate Education offered by either an Agriculture or
Engineering Faculty is by far prevailing. It is due to the lack of ductility characterizing the structures of the Euro-
pean university teaching which is still resting on the prevalence, in each Faculty of a group of basic subjects, most
of which trace their origin back to 19th century. The immutability of traditional subjects makes very difficult the
introduction of new subjects and prevents new and wider courses from being established.

To face the specialization demands required by the technological and scientific progress,
the only possible solution is that of resorting to post graduate education. The commoner courses offered by European
universities have a duration of 2 or 3 years. They are open to graduates of different origins (i. e. Agriculture, Civil
Engineering, Architecrure , Mechanical Engineering' and lead, as a consequence of it, to the preparation of profes-
sionals having very different technical background and professional attitudes as well.

In many cases, they have in common nothing more than their academic title of Agricultural
Engineers.

When the post graduate educational course is devoted to the General Agricultural Engineer-
ing very unsatisfactory results are achieved. The assimilation of biological or economic subjects from graduates in
Engineering as well as the assimilation of mathematical or engineering subjects from graduates in Agriculture is al-
most always very poor. Only a very good practical training is in a position to give the teaching a better cohesion
and sharpness.

When the post graduate educational course aims at getting a well specialized and defined
area of Agricultural Engineering and such an area is close to the nature of the courses offered by the Faculty, i.e.
when a Faculty of Mechanical Engineering offers a post graduate educational course of Farm Machinery Construction,
better results both at professional and scientific research level may be obtained.

In such a case, the agricultural engineer acquires an advanced specialization which is how-
ever useful only when the professional's range of actian invnlves iadustry or scientific research.

Should the agricultural ergineer's range of action directly involve a better use of land-
both at farm and territorial level -a greater extensicn of knowledges and a more complete approach of the problem
appear desirable.

3. The second method with which agricultural engineers are prepared in Europe relates to
national graduate schools whose courses are intended for Agricultural Engineering and for more related and specia-

lized branches.

The number of these schools 1n Eurcpe is not big, but the existing ones are good examples
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of teaching efficiency and scientific rigour In addition to it, they have the merit of showing the small conntries
the way towards the concentration of teaching and research activity. Such a concentration is more and more univer -
sally demanded by the increasing cost of studies and by the experimental activity,

The centralized schools have the advantage of utiliz:ng in a better way, the availahle human
patrimony favouring that concentration of brains and experiences to which a prevailing role in the development of
scientific research must be recognized. -

A good example of the national graduate school is the French "Ecole Nationale du Génie Ru=
ral', Its courses have a duration of two years and are open to graduate engineers of the Polytechnic School as well as
to Senicr stedents having coinriered the 3«d vear of the National Agronomic Institute.

The fist yeas s devoted to the basic back ground (Mathematics, Thermodynamics, Electri-
cal Technology, Mectanins oi Materials, Building, Topography, General and Applied Hydraulics, Hydrology, etc. )

The sezind vear is a technical forming year with a more specialized range of action in Agrd -
cultural Engireer.ng. It allows the strdent. t2 choose one of the following options: (1Y Rural territory equipment (2)
Farm Me<hanization (3) Hydrology.

The « unculure of stud.es adopted by the School is shown in appendix 2.

In comparison with the above mentioned advantages, the national graduate schools show some
disadvantages, that is:

: i) thie preparation of agricultural engineers requires a long period of time (usually from 6 to 7
years'. This per'od is reduced tu 5 years if Senior students having completed the 3rd year of an university course are
admitted to the school\;

ii) tize teaching content tends to crystallize for lack of contest and comparison with other
schools:

iiff the assistarce to tudents as well as the selection degree of their attitude are in general
limited, the number of students being comparatively high:

iv)the Scheot staff 1 as a remarkable teaching load and the time devoted to research 1s frag-
mentary and pox,

4. The third method for the preparation of Agricultural Engineers i, e, that adopted by those
Faculties offering, accirding to the 1ISA pattern, undergraduate courses leading to the B. Sc. 's degree~ is not well
spread and maiuly relaws, if nat exclusively, to tre training of personnel in a well defined branch of Agricultural En-
gineering.

It is generally recognized tiat this method is very practical as useful especially when it is ap-
plied tc the preparativn oi Agncultural Engincers, in a 4-year course, without any further specialization, Yet, it is
chought- and many European countries have already prepared detailed plans as to this preblem -that the reform of uri-
versity studies ia the field of Agricaltural Engineering must tend towards this direction.

However, such projects have difticulty in being carried into effect and the lack of initiative
the European university institutions are showing in this field can be attributed to different reasons, some being general
and some specific of the study se=tors of Agricultural Engineering.

One of the furst general causes is the crisis the scientific rescarch bodies, and part:cularly the
Jniversity . are passing threugh. Such a erisiz- more or less keen~ saves no country however small or big it may be,
and it is lived in Eutope more traumatically than elsewhere,
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For having been in the van in the past, the modern European university institutions meet
with bigger difficulties to adapt themselves tothe new requirements of Technology and Science.

A second general cause is the necessary consciousness of carrying into effect- together with
the economic unification of Europe- the free circulation of technicians, This presupposes not only that academic
titles must be equalized, but also that the aim and content of courses leading to the professional qualification must
be in harmony with the European level,

Among the main specific causes, the following must be taken into consideration:

f) the progressive importance decline the Agriculture suffered in the recent years in the am-
bit of the European economic potential;

if) the lowering of agricultural technicians' remuneration in comparison with that offered by
other productive sectors causing a stagnation of candidatures in the field of Agricultural Engineering;

i{1) the composite training that most of European countries offers to agronomists putting them
in condition~ at the end of a good practical training - to carry on a fair work falling within Agricultural Engineering

*-

5. The present status of Agricultural Engineers in many European countries and the methods
adopted for their preparation are shown in appendix 1.

It may be noticed that remarkable discrepancies, from country to country, exist in the num-
ber of professionals working in Agricultural Engineering as well as in their percentage distribution in the various
fields of activity.

It is necessary to remark that the figures mentioned, besides their indicative value, cannot
be compared among them. Some national associations include among professionals in Agricultural Engineering all
graduates ( and sometimes even minor technicians) carrying on their activity in Agricultural Engineering regardiess
their academic titles. On the contrary, other countries include only technicians holding an academic degree in Ag-
ricultural Engineering and, what is more, working in agriculture. In such a case, besides the minor technicians, the
agricultural engineers, devoted to teaching and to scientific research are excluded from statistics if these activities
do not fall in the province of the Ministry of Agriculture.

As to the percentage distribution of European Agricultural Engineers according to their dif-
ferent range of action, the percentage of people working in industry (from 10 to 35%) and those devoted to farming
( from 5 to 10%), with the only exception of West Germany, is surprisingly low,

In addition to it, the percentage of professionals requiring a very specialized preparation (
i. e. those working in industry and teaching and research) is always inferior and sometimes considerably lower than
that of Agricultural Engineers for whom a wider and mae complete preparation (consultantship, free professional ac-
tivity, extension activity, farm organizations ) is more adequate. This circumstance justify in most of European
countries the trend towards forming Agricultural Engineers at B. Sc. 's degree level without any further specialization
(4-5 year courses) as well as the preparation of more specialized professionals at M. Sc. 's degree level (3-8 semester
graduate courses).

6. Taking into account the present status of Agricultural Engineers. In Europe, we may won-
der what future is reserved for them, namely what trends will emerge from the solutions which each country is trying

* For instance, in Italy the General course offered in Agricultural Sciences leading to the professional title of agro-
nomist shows that out of a total of 30 basic subjects, 20% of the course time is devoted to six agricultural engineer-
ing subjects (Farm N'echanization, Agricultural Hydraulics, Farm Buildings, Surveying, Agricultural Products, Applied
Geology) and 13% to he socio-economic subjects. The situation does not greatly differ from other European countries.
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to give to the development problem of its rural regions.

In spite of the difficulty due to the lowered economic importance of Agriculture, as it was
before mentioned, the fact that many countries consider the supply of Agricultural Engineers inadequate for their
needs is an encouraging factor.

The shortage of technical and scientific personnel, trained in the modern engineering tech-
niques applied to agriculture, is likely to increase in the long run as soon as the problems connected with agricultu-
ral production and marketing will pour into Europe after going out of the narrow national ambit.

In the whole, the present educational systems are inadequate to face future needs. Nearly
all the countries in which such difficulties are met have agreed upon the necessary of reforming the preparation me-
thods for Agricultural Engineers.

Many European countries, such as France, Italy, and Germany, are making efforts to reform
their university structures. Paraphrasing J. F. Kennedy we may say that the European University and scientific old
world "in approaching the revolution. We do hope to modify its character byt can do nothing to avoid it. "

Therefore we realize that it is extremely difficult to outline today models which the new
European university institution must cling to.

7. A positive element is emerging from the toils which the European university and scienti-
fic world is living in the whole and from the efforts made to unify Europe. This element is the consciousness that
the problems connected with the development of teaching and scientific research require a closer coordination of ef-
forts as well as a continuous cooperation at international level.

In fact, this consciousness led to the creation of an international net of Specialized Studies
and Research Centers designed for graduates coming from European countries as well as from other nations facing
problems of economic development.

These International Centers created in Europe in the last years ground their justification on
the fact the European countries, in most cases, are too small to justify the creation of national specialized centers.
It is possible through concentration to avoid not only the loss of human capital and initiatives but also to finance wi-
der educational and scientific activities.

One of the Centers working in the field of economic development is the International Centre
for Advanced Agronomic Studies, created in 1961 by the Organization for European Economic Cooperation and Deve -
lopment (OCDE). Two Institutes are under the direction of this Center, namely:

Agronomic Mediterranean Institute of Bari (Italy)
Providing a post-graduate education in land use, rural infra-structures and equipment,

Agronomic Mediterranean Institute of Montpellier (France).
Whose course aims at planning rural development.

The course provided by the Agronomic Mediterranean Institute of Bari, as per appendix 3,
include many subjects related to Agricultural Engineering. For such a reason, I thought useful to mention this exam-
ple of international cooperation whose purpose - fixed by the seven European countries creating the Center (*) is that
of supplying Agronomists and Engineers with the necessary knowledges to face technical problems connected with a
better use of land resources in a well organic and complete way.

* The Center is managed by a Board of Directors composed of the representatives of the following countries: Spain,
France, Greece, Italy, Portugal, Turkey, and Yogoslavia, The treaty was signed on May 21, 1962,
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Because of the analogies among the problems of rural development existing in many Euro-
pean and Latin American countries, this example of international cooperation I have mentioned may offer a solution
pattern even valid for the problem we are discussing in this seat.

The international pooling of resources to train modern Agricultural Engineers and Planners

will undoubtedly help to make up the arrears in the agricultural sector, a sector sometimes regarded by economists
as residual and by governments as a constant source of anxiety.

APPENDIX 1

PRESENT STATUS OF AGRICULTURAL ENGINE ERS IN EUROPE

AUSTRIA:

Agricultural Engineers in Austria are either graduates of the Technical University or the
University of Agriculture, The course of study has the duration of 9 semesters and leads to the degree of Dipl. Ing.
in Agricultural Engineering.

There are reported to be about 100 professionals in this field, but it is expected that the
number of Agricultural Engineers will increase in the future. Till now, Austria has no specific professional organiza-
tion. The distribution of Agricultural Engineers is as follows:

- Teaching & Research 30%
- Industry 20%
- Governmental service 10%
- Consulting and other free professional activities 25%
- Farming 5%
- Farm organizations 10%

BELGIUM:

In order to be classified as an Agricultural Engineer (Ingenieur du Genie Rural) it is necessa-
ry to have completed 5 years of studies at the Faculty of Agricultural Sciences. A minor degree in the same field
(Ingenieur Agronome du Genie Rural) can be achieved with a 3-year course,

The current number of Agricultural Engineers is considered to be adequate and they expect
to be able to meet future needs.

CZECHOSLOVAKIA:

An agricultural engineer can be specialized in either the field of "Mechanization of Agricul-
tural Process” or in the field of "Drainage & Drrigation™, A 5- year course at the College of Agriculture leads to the
degree of Engineer. '

The number of professionals in both fields is considered sufficient to the needs of the country,
having removed the shortage existing after the second world war. A national organization of Agricultural Engineers
represents the profession,

DENMARK:

No undergraduate course of study leading to a degree in Agricultural Engineering is available.
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The courses of the National Veterinary and Agriculture College lead to the B. Sc. 's degree in Agriculture.

Two or three year graduate courses with major in some branches of Agricultural Engineering
and minor related engineering subjects are provided. These M. Sc. courses are open to students graduated in Mecha-
nical Engineering at the Technical University. It is estimated that there are more than 200 Agricultural Engineers
working in extension activities (20%) education and research (40%) and farming (10%)

FINLAND:

So far no undergraduate courses in Agricultural Engineering are provided. Various Agricul-
tural Engineering subjects are being dealt in different B. Sc. courses. Two of these subjects (Farm Machinery and
Food Processing), may be included as major in the M. Sc. curriculum in Agriculture. Quite recently, graduate
counses in Agricultural Engineering have been organized in the School of Agriculture when two new Institutes (Food
Processing, Farm Work and Techniques) were established. The present number of Agricultural Engineers (about
300) is considered to be inadequate for the needs of the country.

The distribution of these professionals in the different sectors of their activity is as follows:

- Education & Extension 35%
- Governmental service 15%
- Consulting & other free professional activities 20%
- Farming 5%
- Agr. and Forestry Organizations 25%

It is reported that the number of Agricultural Engineers is, at this time, approximately
850 distributed as follows:

- Educatfon & Research 25%
- Industry 20%
- Consulting & overseas technical activities 10%
- Governmental service 15%
- Farming 10%
- Agricultural & professional organizations 20%

Two different Agricultural Engineering degrees (1st- Ingenieur Civil du Genie Rural) (2nd
Ingenieur du Genie Rural, Eaux & Forets) may be obtained after a 2-3 year course of study at the National College
of Agricultural Engineering and Forestry, Candidates must have previously completed a 3-year course at an Engine-
ering or Agriculture School.

A National Association with 200 members represents the profession.
GERMANY (WEST)

In West Germany, professionals having different levels of technical education may be qua-
lified as Agr. Engireers by one of the following methods:

- Graduates of Technical University (High Level Education)
- Diplomingenieur (graduates in Machine Construction with specialization in Farm Machi-
nery.
- Arkitect (graduates in Architecture with specialization in Rural Constructions).
- Wasserwirtschaftingenieur (Dipl. Ing.) (graduates in Soil and Water Conservation).
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Graduates of an Engincering School (middle level education)
- Landmachineningenieur (Farm machinery)
- Ingenieur fur Landbau (Soil & Water Conservation).

Several technical organizations may be considered as representatives of Agricultural Engineer-
ing professionals. At this time, more than 850 of these are members of the different organizatious.

The distribution of Ag:. Engineers may be considered as follows:

- Teaching and Research 20%
- Industry 35%
- Governmental Service 10%
- Consulting & Civil engineering activities 10%
- Farming 10%
- Agricultural organizations 15%

ITALY:

No course of study leading to the degree of Agr. Engineer is now available. Graduates of
different fields such as civil or mechanical engineering (5-year course) and agriculture or Forestry (4 -year course)
are professionally trained in different branches of Agricultural Engineering, i.e. Soil & Water conservation, farm
constructions & equipment, farm power, and farm machinery. Training take place both in University Departments
and in Agricultural Service Organizations.

The present trend is towards the development of courses of study leading to a degree in ag-
ricultural engineering. The current supply of Agr. Engineers is corsidered to be inadequate for the needs of the coun-

try.

It is ec"imated that the number of Agr. Ergineers is about 800, 250 of which are members
of a national association, The distriburion of these professionals in the differents fields of their activity is as follows:

- Education & Research 40%
- Industry 10%
- Governmental service 5%
- Consulting and free professional activity 15%
- Co-op & Extension sexvice 30%

NETHERLAND :

Undergraduate and graduate courses leading to the final degree of "Ingenieu:” are offered
by the Agriculture University of Wageningen . It is reported that the number of Agr. Engineers is about 2,000 and
approximately distributed as follows:

- Educatior & Rescarch 25%
- Industry 20%
- Governmental Service 30%
- Consulting & other Professicnal activity 15%
- Agr. Organizations 10%

NORWAY:

Graduate courses in specialized branches of Agricultural Enginee-ing are prov.ded by the Ag-
riculture College of Norway. The supply of Agr. Engineers is considered to be quite adequate for presert recds, No
professional organization is available.
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POLAND:

No study course leading tc the degree in Agr. Engineering is available. Subjects relative
to different branches of Agr. Engirecring are part of the &-year course on general agriculture offered by Agriculture
Colleges. A 10 semester cowuse in Architecture, with specialization in Rural Planning and Construction, is provi-
ded by the Polyteclnic: Scheol of Warszawa,

Plans have been made for increasing the supply of Agr. Engineers as the present number
does not satisfy the current requirements.

PORTUGAL:

Only ceourses leading to the title of “Engenheiro Agronomo™ are available. Differeat sub-
jects of Agr. Enyg:nceiivg arc incladed ia the curriculum of these courses,  (t seems to exist the need of well trained
Agr. Engineers i Wates Resources Developmeat, Tarm Mechanization, and Agricultural Processing. The present
number of agrovomist is in fact consideied ro be insdequate for the future nceds of the country.

SPAIN:

No specialized course of study {ot Agr. Engineer 15 available. Undergraduate curricula
leading to the degree of "Ingeniero Agronomo” are provided by the Agriculture Colleges of the University of Madrid
and that of Valencia. Professicnal experience, research activity, governmental service, and teaching in different
branches of Agr. Engineering enable a graduate person of an university to qualify for membership in the National
Association of Agr, Engineers. The number of professionals working in Agr, Engineering is generally recognized
to he inadequare for the fast growing technical needs of the courrry,  Plans have heen made for the development
of course; leading (o a higher specializaticn of the present curricalum fer "Ingenieras Agronomos™,

SWEDEN:

No Facolty or Acriculture Col'ege provides courses of study for Agr. Engincers. Persons
trained in different fields such as Civil Engineering, Agricultural Scicnces, Mechanical Engineering are at this time
doing Agt. Engineering work, Program. have heen widely discussed for crearing a specialized curriculum leading
© the B, Sa, 's or M, Se, 's degree fn Ay, Engineeiins, It i repocted that at the end of 1968 approximately 70 peo-
plc were ergaged in Agr. Engineering Research projects and 49 in extension work,

SWITZERLAND:

A stndy course leading o the degree in Age. Engineering (Ingenieur du Gerie Pural) is pro-
vided by the Federal Tectnical Schowl of Zuri-h,

It i« reported that the aumber of professionals in Agr. Fngineering is moie thar 1,000 and
mosi. of them ate gathered in a National Assox:iation of Ag:, Engineers.

The distribation of these Fagineers may be considered as follows:

- Teaching & Research 30,
- Industry 15%
- Governmental senvice 15%
= Fueasion 10%
- Farming 10%
- Agr. Organizations 22

YUGOSLAVIA:
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No undergraduate course for Agricultural Engineers is provided. Post-graduate courses
at the Faculty of Agriculture as well as research activity in Agr. Engineering enable a person graduate of an uni-
versity to be qualified in this field. The number of Agr. Engineers is not considered adequate to satisfy the current
requirement.

PERCENTAGE DISTRIBUTION OF AGRICULTURAL ENGINEERS ACCORDING TO THEIR FIELD OF

ACTIVITY
FIELD OF ACTIVITY AUSTRIA FINLAND FRANCE GERMANY ITALY NETHER- SWITZER-
LANDS LAND
P %o % % % %
1. Education & Research 30 35 25 20 40 25 30
2. Industry 20 - 20 35 10 20 15
3. Governmental or Public
Service 10 15 15 10 5 30 15
4. Consulting & other free
professional activity 25 20 10 10 15 15 10
5. Farming 5 5 10 10 - - 10
6. Agricultural organizations 10 25 20 15 30 10 20
APPENDIX 2
NATIONAL SCHOOL ~F AGR. ENGINEERING -PARIS
(France) (Ecole Nationale du Genie Rural- Paris)
Gead.ate orizc Fan o ML S, i Agriculrural Engineecing:

FIRST YEAR:

Class courses Field or Lab. applications

(hrs.) (no. )
- Complements of Matiiematies (*) 23 10
- Agronomy 30 12
- Strength of Materials 31 8
- General Hydraalics 36 19
- Applied Hydraulics 24 11
- Surveying 23 16
- Electrir al Engireecing (fundamental® 15 10
- Electrical Ergineeting (apolication) 10 9
= General Geclogy 16 1
- Applied Geology 24 1
- Thermodynamins 8 S
= Metatiurgy I 16 2
- Woad Technology 6 4

* Nor reauired for studerts grad:ated at the polytechnic School.
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- Materials & Building Technique

- Architecture & Technical Drawing
- Concrete construction

- Rural Roads & Land levelling

- Rural and Adminisrative law

SECOND YEAR:
A) Common study period (1st semester);

- Water supply and disposal
- Water analysis

- Farm Machinery

- Heat engines

- Machine design I

- Mechanism Technology I
- Farm Structures

- Farm management

B) Differentiated study period(2nd semester):
B. 1. Option: Rural territory equipment:

- River Hydraulics

- Land consolidation

- Heat & Mass transfer

- Refrigerant technology

- Cold storage principles for vegetal & animal produce

= Cooling system design

- Environmental control for cold storage

= Agricultural products processing plants

- Agr. Engineering service legislation

-Administrative practice

B. 2. Option: Agricultural Mechanization:
- Metallurgy II
- Mechanism Technology II
= Machine design
- Strength of materials applied to Farm Machinery
- Use & repair of farm machinery

B. 3. Option: Hydrclogy:
- River hydraulics
- Heat & Mass transfer

- Applied hydrology in arid, semi-arid & tropical regions

= Geology in arid,semi-arid& rropical regions
= Agricultural Engineering Service legislation
- Administrative practice

Class Courses

19
6
9

16

22

13

27
15
11
15
12

15

o »

10
18

27
12
10

14
14
11
10

Field or Lab. applications

B N - Y GV

25

10

[

»

INTERNATIONAL CENTER FOR ADVANCED MEDITERRANEAN
AGRONOMIC STUDIES

MEDITERRANEAN AGRONOMIC INSTITUTE OF BARI_ITALY



Graduate Curriculum for training of "Land Use, Rural Infra-structures & Equipment”,

*128-

1. Preparatory cycle (12 weeks)

(a) Features of the Mediterranean Agriculture

(b)
(c)

Modern trends of agricultural production
Basic training

- Fundamentals of applied hydraulics

- Cartography & photo-interpretation

- Applied economics & linear programming
- Applied statistics

- Climatology & rainfall analysis

- Water-soil -plant relationship

2. Fundamental cycle (16 weeks)

(a)

(b)

(c)

C)

Department: Soil Reclamation & Conservation.
~ Erosion control & soil conservation
-Watershed protection

-Land reclamation & drainage

- Saline soil correction & use

- Land reclamation or soil conservation project

Department: Irrigation.

- Planning water utilization

- Irrigation water requirements

- Irrigation water supply

- Methods of irrigation

- Irrigation structures design

- Irrigation equipment

- Organization of collective irrigation
- Farm irrigation desiyn

Department: Rural equipment,

Planned Rural Settlement

- Improvement of existing settlements
- Service & community centers

- Rural territory infrastructures

- Farm buildings & equipment

- Agr. machinery service centers

- Farm power requirements

- Planning facilities for packing & storing agricultural products

- Cold storages for fruit & vegetables
- Rural settlement design

Department: Coordination and Planning.

- Regional planning
- Physical plans coordination
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Lectures Field or Lab. applica-
tion
(hrs.) (No. )
- Development bodies & cooperation 10 -
6 2

- Intellectual investments for Agr. development

3. Application cycle (18 weeks)

- Study and preparation of a thesis on a subject to be chosen by the candidate.



-130-
Theme 2:

17. THE DEVELOPMENT OF AGRICULT URAL ENGINEERING IN THE UNITED KINGDOM by P. C.J. Payne, Principal
National College of Agricultural Engineering, Silsoe, Bedford, England.

Eady Endeavours.

As in most other countries, the first step in what we would now call Agricultural Engineering were
made by farmers endeavoring to achieve more with a given amount of physical effort. These men would certainly
not have described themselves as Agricultural Engineers and yet they discovered many of the basic mechanisms we
now use. It is impossible to say when all this started, but one of the most dramatic steps forward was taken by Jethro
Tull when he published his book "Home Hoeing Husbandry® in 1733, in which he described both the wide hopper
drill more or less as we now know it, and the technique of dragging L and A blades down the space between crop rows
in such a way that most of the weed control could be achieved with infinitesimal effort compared with the hand weed-
ing that had previously been necessary.

This development paved the way to being able to fatten beasts during the season when they would
otherwise have been slaughtered for want of maintenance rations and many would say that without the increase of
winter food production this made possible the British industrial revolution, which had so many repercussions through-
out the world, could not have taken place.

Preserved on the author's family farm is a wooden drill with both seed and ferilizer box in all es-
sentials similar to the modem combine drill. This implement cannot be dated correctly, but it is not less than 100
years old and the fertilizer used was wood-ash,

In a paper presented to the American Association for the Advancement of Science last December,
Dr. Roy Bainer pointed out that Moore's combine harvester was available in Michigan only five years after McCormick
had introduced his repaer in 1831. It is forgivable to feel that nothing really new is ever invented, but only re-inven-
ted.

Development of an Industry.

Though invented by farmers, most of these early machines were of course made by local blacksmiths,
wheelwrights and carpenters. The first organizations that could be properly described as "manufacturers” of farm ma-
chinery, started in the early 1800's in the U.K. Ramsomes Sims & Jefferies Ltd. and John Fowler Ltd. probably repre-
sent the best-known of these companies still in business, Robert Ransome founded his company with his invention in
1803 of the chilled cast iron ploughshare. The cylinder and shear plate principle of mowing grass is also attributed
to this company. By the middle of the century, John Fowler had developed the steel hawser, still known as the plough-
rope, to the point where he could use a pair of steam engines to haul a plough from one end of a field to the other
and back again.

In Britain today there are about 300 Agricultural Engineering companies, many of them dating
back a century or more, though it was not until the end of the second world war that the industry developed to a point
where it could make a significant contribution to exports. Tractors exported from Britain now exceed those of any
other country and much of the credit for this must be given to Harry Ferguson, an Irishman, whose inventive genius,
business skill and world-embracing outlook gave rise to the three-point linkage with hydraulic draft control, and
brought about the formation of the Massey -Ferguson Company.

Up to the beginning of the second world war the title "agricultural engineer” was only applied to
farm machinery dealers and maintenance engineers, most of whose business had derived from blacksmiths’ and wheel-
wrights' shops. Since then the temm has changed its use to be applied to manufacturers of farm machinery who now
employ a total labour force approaching 60,000. Very few (probably about 1%) of those employed in the industry
would yet describe themselves as agricultural engineers.
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Concept of a Profession.

The history of professional engineering institutions in Britain has been one of good springing out of
bigotry. The Institution of Mechanical Engineers is reputed to have been formed as a break-away group because the
Institution of Civil Engineers could not see their way to accept James Watt, of steam engine fame, as a qualified en-
gineer. The Institution of Electrical Engineers is reputed to have been formed because the Mechanicals could not see
Faraday as a qualified engineer. Likewise, the Institution of Agricultural Engineers was founded in 1938 by Col. Phi-
lip Johnson, Director of tank research during the first world war, because he could not obtain adequate support from
the senior institutions for a separate group to deal with the problems of agriculture. The U.S.A. has always been
quicker than the U.K. to recognize new technologies as "respectable” and Agricultural Engineering is no exception.
The American Society of Agricultural Engineers was founded as early as 1907,

It is not surprising that during the war years the Institution of Agricultural Engineers could do little
more than maintain its identity, but since 1945 it has gained strength rapidly and in 1961 was granted the status of an
Incorporated Company, limited by guarantee. In Britain this is the first step along the road to respectability, but e-
ven today it has not been granted the fully chartered status of the older institutions- Mechanical, Civil, etc.

If it is any comfort to Peruvian agricultural engineers, let it be said that difficulties breed vigour
andthe 1. Agr. E. in Britain more than makes up for its youthfulness and lack of official status, by its drive and sin-
gle-mindedness. At present it has a total membership of 2, 500 , some 25% of whom are full corporate members.

It is necessary to understand that in the U.K. an important distinction is drawn between theoretical
training and professional qualification. A university degree is an appropriate branch of engineering is normally taken
to meet the theoretical requirements for corporate membeship of the professional engineering institutions, and such
graduates can obtain the status of "Graduate” within the institution. This classification of member is outside the cor-
pomate grouping, but generally- though not always- denotes a man who is on his way to fulfilling his requirements for
corporate membership. Most institutions including the I. Agr. E. require two years further training in a probationary
grade in indwstry and the programme which the employer must fulfill for his Graduate Apprentice, as he is called, is
carefully laid down, Afterthis, he requires a further minimum period of 2 years in a position of junior responsibility
in order to be accepted as a full corporate member, denoted by the title "Member”, or for engineers usually well into
their 40's and near the top of their profession, "Fellow™. It is not until the status of Member is achieved that the en-
gineer can properly describe himself as a professional engineer.

While the precise requirements used in Britain would probably be inapplicable in Peru, in the au-
thor's view, it is important to distinguish between the raw graduate and the engineer who has had at least 4 years
suitable experience of the work he is to undertake as a professional during the rest of his life.

Research and Testing,

Undoubtedly, the most important influence in developing Agricultural Engineering into a co-ordi-
nated discipline, was the foundation in 1924 of what was then known as The Institute for Research in Agricultural En-
gineering and is now better known as the National Institute of Agricultural Engineering, In its early days this organi-
zation consisted of a small group of enthusiasts who laid the foundation stones upon which much of modermn British
Agricultural Engineering is based. The Institute had to put on somewhat different clothes during the war when it was
moved to Yorkshire, and concentrated upon the testing of machines for the allocation of priorities and the education
and training of a new army of farm workers, mostly women,

Since the war it has been moved to its permanent home at Silsoe, in Bedforshire, and has grown
until it now has a staff of about 400 and concentrates upon longer-term investigations of engineering problems in ag-
riculture and horticulture, though still retaining a role as an official testing station,

The N.1.A.E. also have a branch in Scotland to deal with the special problems of different condi-
tions in the extremities of the country.

Incidentally, it may be interesting to note that one of the criteria used in choosing Silsoe as the
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site for the N.I.A.E. 's headquarters was that there are at least four contrasting soil types available within three mi-
les, and a sandy loam and a clay juxtaposed within its grounds.

Specialist Educational Facilities.

Univemity degrees in Agriculture were first offered in Britain during the 19th century and quite ear-
ly on, most programmes included a subject temmed "A gricultural Engineering” though today we should describe this
designation as a misnomer since it really involved farm mechanization. Until the 1940's, most syllabuses included

- what now sounds like an uninspired approach, That is, words to the effect - “construction, adjustment and choice
of farm machinery. "

Little attempt was made to integrate this knowledge with the teaching of the husbandries and there
was a strang tendency for lectures to consist of a catalogue of pdints to be considered under clasifications such as trac-
tors, cultivation machinery, harvesting machinery. Now-a-days, the pattern has changed so that the mechanization
teaching takes place under better-integrated headings such as, crop production, stock production and mechanization
feasibility analysis. These programmes are only concemed, however, with assisting Agriculturaliats in understanding
enough about machinery and mechanization to apply it efficiently, and are not concemed with tuming out specialist
Agrcultural Engineers. '

It was not until 1947 that the first attempt to provide specialigt coumes in A gricultural Engineering
was made with the setting up of a Graduate School at King's College, Newcastle, At that time, Kings College was
part of the University of Dutham, but now has its own Royal Chanter and is known as The Univemity of Newcastle,
This programme led to the degree of Master of Science and was available in two forms; the one planned to provide
an engineering knowledge for Agriculturalists, and the other to provide an agricultural knowledge for Engineers,

The courses were of two years duration and represented one of the earliest departures in British edu-
cation, in that they included a cansiderable component of taught work, whereas before that, almost all Master's de-
grees had been awarded as the result of the submission of a thesis following two years of full-time research work.

. Credit for setting the pattemn of British splecialist Agricultuml Engineering educa tion must go to New-
* castle, though numbers bave remained very small- 7 to 10 per ammum, and the gpectrum covered did not include much
outside the field of Power and Machinery. In spite of the small size of the Department, Newcastle's reputation for its
research in the field of soil/temrain/ vehicle mechanics is world-wide, and it has made some naable contributions in
the field of grain drying.

The British educational system has always drawn a greater distinction between levels of technical e-
ducation than is common in most other parts of the world. These levels are generally now-a-days defined as techno-
logist or graduate level, technician or diplomate level, craftsman level, Nescastle having made provision for an e-
lite few at the technologist level, 1. Agr. E. realized that there was a need for a much larger number at technician
level and in 1950 sponsored courses leading to a qualification known as The National Diploma in Agricultural Engine-
ering. Numbers taking these couses have grown consistently- from 8 or 10 in the early yeam, to the mid-30's four
or five years ago, and the high 40's today.

Still later, the City and Guilds of Londan Institute, who sponsor most craft and junior technician
level counses in Britain, realized that the service industries in particular required special training for farm machinery,
and in 1955 inaugurated courses for operators, mechanics and fitters, Cumently, between 600 and 700 takethe mecha-
nics course and almost 200 carry on to the highest level on these courses,

Having sampled men with specialist training, the industry began to press for greater numbers of tech-
nologists, and by 1960 it persuaded the Government to establish the National College of Agricultural Engineering.
This College was built at Silsoe to be near the N.I. A.E.* and currently enrolls about 50 candidates per annum for the
Bachelor of Science in Agricultural Engineering, and 25 to 30 per annum for graduate qualifications, It is the first
educational establishment in Britain to provide courses in the full spectrum of A gricultural Engineering as defined on
a world-wide scale, It embraces four Departments, viz:
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Machine Design (Power and Machinery)

Field Engineering (Soil and Water)

Environmental Control (Structures and Processing)

and Mechanization (The Economic and Technical application of machinery in agriculture and hor-
ticulture),

Graduates from this College, plus a smaller number from Newcastle, now form a steady stream of
top level professional engineers for the industry both at home and abroad. They already hold some really senior posi-
tions and are doing much to establish the image of agricultural engineering as being equally important as, though
smaller numerically than, the long-established branches of Mechanical, Civil and Electrical Engineering,

Recommendation.
That some professional Body, appropriate to Peruvian conditions, be set up both to provide a means
of accrediting courses and to lay down criteria for accepting graduates of these coumes into the profession when they

have completed a period of practical training in their chosen area. These criteria would have to be much more fle-
xible in a developing country than in highly industrialized countries,

* National Institute of Agricultural Engineering,
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Theme 3. THE SCOPE OF AGRICULTURAL ENGINEERING PROGRAMMES TO SERVE LATIN AMERICA,

18. THE POTENTIAL OF UNDP80- GRADUATE STUDY IN AGRICULTURAL ENGINEERING TO SERVE LATIN AMERICA
by H.M. Lapp, Local Programme Head, UNDP 80, Project , Agrarian Univemity, La Molina, Lima-Peru.

1. INTRODUCTION.

Agricultural Engineering is the application of Engineering Science to solve problems related to Agricul-
tural production, and improving rural living standards. Agricultural products are used to produce food, feed and fibre
for all mankind. The profession has the purpose of serving the agricultural industry and in fulfiliment of this worthy
objective involves engagement in the related specializations of Soil and Water; Farm Power and Machinery; Farm Struc-
tures and Rural Planning; and A gricultural Products Processing.

The National Agrarian University in La Molina recognized the need for training A gricultural Engineers
at the beginning of the cument decade. A corner stone was laid in 1960 when the Institute of A gricultural Engineering
became a Faculty of Agricultural Engineering. The developments through the sixties have been notable, In 1961, the
United Nation's Special Fund, with the Food and Agricultural Organization as executing agent, UNDP 40 gave assistan-
ce to the National Agrarian University over a 5 year period. This assistance provided was utilized for engagement of
Inte mational Professional Staff and consultants to purchase teaching equlpment to buy books and to sponsor fellowships
in a staff training programme,

The University with assistance from additional Agencies embarked on an institutional building programme
which resulted in the planning and construction of a new University Campus at La Molina. The new campus is in va-
rious stages of completion which provides adequate and modern laboratory and office accommodation for agricultural
engineering totalling 7600 square meters of area. Physical accommodations provided would be much appreciated by
agricultural engineers anywhere and is probably unsurpassed in its class throughout Latin America.

Student enrollment in the programme advanced from 87 in 1962, to over 500 in 1968, while academic
staff grew from 15 to near 50 in the same interval. A commendable staff training plan to pre pare staff members for
graduate level work has been adopted and is being implemented. A number of staff members have retumed to the Pro-
gramme holding advanced degrees from abroad and seventeen academic staff members are currently away from La Mo-
lina studying in pursuit of advanced degrees.

The National Agrarian University made available approximately one million dollars fro staff salaries, fa-
cilities and equipment while the United Nations Special Fund provided finances totalling approximately 3/4 million
dollars to assist with the 5 year development programme,

2. UNITED NATIONS DEVELOPMEN T PROGRAMME/ SPECIAL FUND 80.

As the undergraduate project began to develop, a programme to initiate and develop Graduate Level Ag-
ricultural Engineering Education and Associated Research within the National Agrarian University at La Molina was un-
dertaken by the Inter-American Institute of the Organization of American States. The project is part of the Institute’s
programme to develop and strengthen Institutes offering Graduate Level Education in Latin America.

The United Nations Special Fund for development joined with the Institute in 1963 to assist with the De-
velopment Programme. The Food and Agricultural Organization was appointed as the executing agent on behalf of the
Special Fund and the programme was identified as the UNDP/SF 80,

The Andean Zone Programme of UNDP 80, to initiate and develop Graduate A gricultural Engineering E-
ducation and Associated Research has an operating term extending through December 31, 1970.

The Special Fund contribution of approximately 1/2 million dollars, is designated to engage professional
personnel and consultants, to purchase books and equipment and to make a limited number of staff training fellowships
available. Four fellows from the staff of the programme have been selected in recent months and it is expected that
they will begin graduate study programmes away from La Molina by or previous to the beginning of September.
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The two International Organizations and the National Agrarian University are joint sponsors of the deve-
lopment. Objectives of the project are:

1. To initiate and develop Graduate Education and Research in Agricultural Engineering within the Na-
tional A grarian University of Peru in La Molina.

2. To conduct the programme to serve the Latin American Region in co-operation with the Inter-Ameri-
can Institute of Agricultural Sciences.

3. To assist the Institute (IICA) , in its efforts to strengthen programmes of graduate teaching and Research
throughout Latin America.

3. ELEMENTS OF THE PROGRAMME AND PROGRESS TOWARDS THEIR ATTAINMENT.

Graduate study and research in A gricultural Engineering as in other professional disciplines includes the
availability and utilization of qualified teaching and research staff; graduate level courses; classroom and laboratory
space; teaching and research equipment; library facilities complete with reference books; students and financial resour-
ces.

Staff.

La Molina has engaged in a commendable programme to upgrade the academic level of its teaching
personnel. A complement of 46 professors, 39 full time and 7 part time are engaged in academic work.

A number of members in position hold advanced degrees, 17 members are currently engaged in advanced
study and 4 additional members sponsored by UNDP 80 Fellowships are scheduled to leave this month in pursuit of ad-
vanced degrees, and one will study in Colombia. This potential availability of graduate training in A gricultural En-
gineering within Latin America marks tangible progress in the profession of Agricultural Engineering on the continent.
The acquisition of qualified staff is a major requirement in the advance toward graduate level teaching,

Graduate Level Courses,

Require prerequisite knowledge in the subject area in order that more intensive study and applications of
science to the solution of problems can be engaged. Courses in this category must be carefully selecred and developed
to meet the needs of students and the region with unnecessary duplication in a programme.

Space,

The availability of classrooms and laboratory space is essential for the advance of Agricultural Engineer-
ing. La Molina is fortunate to have approximately 6000 square meters devoted to laboratory accommodation with
space allocated to the four specializations of Power and Machinery, Soil and Water, Farm Stmctures and Rural Plan-
ning and Agricultural Products Processing. An additional 1600 square meters have been provided for staff accommoda -

tion, The estimated cost to provide this space is $380, 000,00 based on a unit of $50, C0 per square meter.

Classroom accommodation is presently inadequate, hov'lever, the need will be met in space which has
been provided for in the new campus development,

Equipment,

UNDP. 80 will assist the programme with funds totalling $75, 000,00 to purchase laboratory and field
research equipment in approximately equal proportions.

Library and Books.

The National Agrarian University has erected a fine new library with capacity for an excess of 500,000
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reference volumes. UNDP 80 will contribute $10, 000 dollars to purchase reference books and periodicals for Agricul-
tural Engineering,

Financial Resources,

Attention has been drawn to some of the costs in providing elements for Graduate Study Programmes,
first to illustrate the large capital expenditures required, and secondly to indicate the invesment in staff training,
physical facilities and equipment which has been placed into Agricultural Engineering at La Molina. From 1961 to
present financial resources from all sources in excess of 2 million dollars have been made available to support the de-
velopment of Agricultural Engineering in the A grarian University.

4. IMPLEMENTATION OF THE PROGRAMME,

4, 1. The Graduate School Division in the National Agrarian University requires that students complete
36 semester credit hours; 30 in the major and 6 in complimentary study to qualify for the Master's
degree. Of the 30 credits in the major field, 6 are allocated to research, one to language transla-
tion, one to thesis examination and 22 to courses selected in the programme of studies.

Personnel engaged in the UNDP 80 programme are satisfied that a good Master's degree in A gricul-
tural Engineering can be within the framework of the Graduate School Regulations of tte National
Agrarian Univesity and within the complement of graduate credit requirements.

4. 2. Programme Consultants which includes Dr. C.W. Hall, as General Education Consultant, have been
engaged. Dr. C.W. Hall, Dr. R.G. Yeck, Prof. J.E. Christiansen and Prof. Ricci visited the pro-
ject in 1968. They are present now on a retum visit and are joined by Professors R, Bainer, E.W.
Wiser and H.F. McColly, All these gentlemen have or will be participating in this panel and
will continue following to complete their consultantships.

4.3. Graduate study programmes must be designed with flexibility to meet the desires and needs of indi-
vidual students and at the same time include course content which will assist in finding solutions
to regional problems of concem to individual students,

4.4. Programmes such as UNDP 80 which are designated to assist developing regions must emphasize ap-
plied research. Problems selected, in so far as possible, should engage field studies outside of the
laboratory.

Students should also be encouraged to select problems which will have applications in the region of
their prospective employment.

4.5. Normally students aspiring to graduate study advance from a recognized undergraduate study program-
me in the same study field, A problem, of major concern, exists in Latin America in that only
Pen and Colombia have study programmes leading to the bachelor degree in A gricultural Engineer-
ing. Many students from the region outside of the programmes in Peru and Colombia may wish to
enter the graduate programme in La Molina. The critical concern is that such students do not have
the basic engineering training which is normally expected of students desiring to enter graduate stu-
dy in Agricultural Engineering. Pre-requisite requirements which may be specified for such students
may readily add one extra year or more to the time required for a student's programme to lead to
the Master's degree. Graduates from engineering schools may be deficient in biological sciences
and may also be required to complete additional pre-requisites. It is probable that engineering
graduates w 11 normally require less pre-requisite training in view of having completed a greater
complement of basic engineering,

Attention must be directed during the development of all graduate training programmes to the ad-
mission requirements to ensure that the Master's Graduate will receive training to the desired level
of proficiency.
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4.6. This panel sponsored by UNDP 80 in co-operation with the National Agrarian Univemsity is one ac-
tivity to fulfill the Institute’s objective to strengthen programmes of Graduate Study and Research
throughout Latin America .Highly qualified professionals in the field of Agricultural Engineering
from many countries have been assembled here in company with colleagues from Latin America to
devote serious attention to agricultural engineering needs in the region. I is our charge now toe-
xamine thoroughly ways and means in which Agricultural Engineering can serve the development
of Agricultural Engineering throughout Latin America. Evolution of recommendations which can
be feasibly implemented to increase agricultural production and to improve rural living stan dards
will be a satisfying reward for the efforts and expenditure on behalf of the sponsors,

4.7, There is a desire that students from many countries in the region will avail themselves of the oppor-
tunity to utilize the coume offerings available in La Molina together with the physical accommoda-
tion and equipment which has been made available to the programme. Student fellowships are
needed which will permit students from all areas of the region to study in La Molina, Countires
in the continent might well consider the sponsorship of such fellowships and the services of the In-
ter-American Institute of Agricultural Sciences is available to assist in the realization of this objec-
tive, The institute currently has a limited number of such fellowships available.

4. 8. Research funds are also desired to stimulate students interest, initiative and innovation to seek mean-
ingful solution to problems of the region.

5. THE POTENTIAL.

5.1, Basic to man's search for methods of improving his living standards is first the need to maintain and
increase the amount of food being produced from any given land area and, second to seek ways and
means of increasing the area available to produce food.

It is a one to one correspondence that as population increases the demand for food increases., An ag-
ricultural engineer is concemed, as are many other professionals as to how this relationship is to be
maintained. The means of improving living standards through agricultural production must be exa-
mined.

§.1.1. Educational advance is perthaps the most important improvement to be made. The most im-
mediate results in better production throughout the world are being obtained by the establish-
ment and improvement of agricultural extension services. The fimt task is to disseminate
any degree of knowledge at our disposal to the people who actually grow crops and raise live-
stock. It is important to emphasize that extension is a 2-way communication and in this
cycle production problems are referenced to the research worker presenting the challenge
to seek new solutions,

5.1.2, Water. All plant and animal regimes could not exist without water. The order of importan-
ce of water control is dictated by climatic factors and controls of the region. Control acti-
vities include irrigation schemes, soil conservation, water conservation and land drainage.
Priorities must be set parallel to the needs of the region.

S5.1.3. Fertilizers must be given high prority in maintaining and increasing agricultural production
from low fertiliry level soils.

5.1.4. Efficient processing methods together with adequate distribution and matketing facilities
must be available to avoid limitations to the quantity or to the quality of products. Feed
processing plants, rice mills, jute plants, fertilizer manufactures, seed cleaning plants and
many others are necessary.

5.1.5. Land settlement and development schemes frequently open up new areas for development and
reclaim abandoned regions. Such schemes frequently include provision or improvement of
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roads, water supply, sanitation, electric power, planning, and holdings in general.

5.1.6. Mechanization plays a pant to a varying degmee in one or all of the other means of improv-
ing production. It may be the only means of establishing production in a new area and can
be used to increase production in a well established area.

Agriculwral engineering has a place to serve all general methods available to improve ag-
ricultural production. The potential of agriculwural engineering is only limited by the a-
vailability of trained professional manpower, financial resources and the problems presented.

5.2, The Programme in La Molina can become a center where students from many coumries can come,
Sponsoring agents should think in terms of Latin America and the world, during the development of
the programme. In commencement stages various countries in the region cannot singly afford, with
or without OAS-IICA and UN-FAO assistance, to provide physical facilities, train staff, purchase
equipment, provide a library and make available course offerings fiom outside of the engineering
sphere, in the short run, The development of a programme, centered in La Molina, to serve the
Latin American region is sound, it should be encouraged and supported in order to realize its poten-
tial benefit to the region,

5.3. Availability of graduate study in La Molina offers a potential for students fiom region countries to
engage in higher study without, first, overcoming the formidable barrier of mastering a foreign
language to understand the teaching offered in an institution.

3 -
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5.4. Improvement of Agriculture in a developing region offers many opportunities for service by agricul-
tural engineering, including: Soil and Water; Mechanization; reduction of hazards; use of chemical
for insect and weed control storage; processing and retention of farm pmoduct quality; improved sa-
nitation; and promoting a more enjoyable and satisfying life.

5.5. Agricultural Engineering developed to maturity involves extension activity, undergraduate and gra-
duate teaching and research, It can serve urban and rural communities which in all can play an
important part in advancing living standards in the entire Latin American Continent,

6. SUMMARY.

The initiation of a programme to engage undergraduate and graduate teaching and research in all areas
of Agricultural Engineering at La Molina to serve the Latin American Region has been undertaken. The concept, deve-
lopment and support of this bold and purposeful venture is to be commended. Spansorship by two Intemational.Organi-
zations and one National Institution is testimony to the importance and urgency with which the project has been laun-
ched.

Commendable progress has been made in acquiring staff facilities and equipment for the programme. A
number of staff members have retumed to the programme after receiving training abroad, 17 are currently away en-
gaged in higher studies and 4 will begin study fellowships this months. New laboratory area of first class quality total-
ling 6,000 square meters has been allocated to the programme. This accommodation is without doubt the most supe-
rior of its type in Latin America. A good beginning has been made to stock the laboratories with modern teaching and
research equipment, ‘

Technical officers have been engaged to work under the co-ordinating office of a Local Programme Head
with the objective of advancing the aims of the programme in co-operation with the academic members of the program-
me.

There is a need for ways and means of sponsoring students into the programme, Regional governments
may corsider the feasibility of providing such fellowships to avail themselves of the facilities and training offered at
La Molina. Efforts should be made to detail programmes of study which will satisfy the individual interests of students
and at the same time the needs of their concemed regions,
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Agricultural Engineering plays an imponant role in all methods of improving agricultural production. A
unique opportunity has been offered to the National Agrarian University in La Molina to develop graduate study in the
profession. Institutions in the region can avail themselves of the potential to utilize staff, facilities and equipment to
obtain optimum retum for the high capital expenditure already placed in the programme. A challenge of magnitude
has been offered. Co-operation , hard work and dedication are required to realize success for the wor thy objectives
of 1ICA -UNDP 80, U.A. programme in promoting A gricultural Engineering to serve Agricultural Development in Latin
America,



=140~
Theme 3:

19, INSTITUTIONAL REQUIREMENTS IN ATTAINING THE CAPACITY TO OFFER PROGRAMS IN AGRICULTURAL
ENGINEERING.by Roy Bainer, Univemity of California, Davis, California, U.S.A.

Agricultural engineers apply engineering principles to problems of food and fiber production, storage
and processing animal and plant environment; agricultural wastes management; soil and water control and conser-
vation; and other phases of agriculture and related industries. Agricultural engineering is unique in that it requires
a general understanding and application of the biological, soil-management and environmental aspects of agricul-
ture in addition to a thorough knowledge of basic and applied engineering.

The first requisite for an agricultural engineer is that he have a stiong basic education in engineering,
Secondly, he must have an understanding of and be able to deal with biological variables.

Institutions offering professional programs in agricultural engineering should have strong offerings in the
areas of physical and biological sciences, social sciences and humanities as well as basic couses on which to build
a solid engineering foundation.

In addition to the normal courses taken in high school, the student electing to enter a university for a
program in agricultural engineering should have courses in algebra, plane geometry, trigonometry, chemistry, phy-
sics and mechanical drawing, These subjects are prerequisite to certain courses offered in the first year of an agri-
cultural engineering program.

|

Experience has shown that univemsity courses in chemistry , mathematics and physics normally offered
to students majoring in these areas are suitable for engineering students. Occasionally an advanced course in mathe-
matics for engineers is needed to prepare for basic engineering courses at about the third year level.

The first problem in regard to developing a program in agricultural engineering is an A grarian Universi-
ty is the lack of staff to teach courses in basic engineering, At La Molina, for example, it was necessary to enlist
assistance from the Univesity of Engineering, The courses in question are: statics, dynamics, fluid mechanics, e-
lectrical circuits, properties and strength of materials, thermodynamics, and heat and mass transfer. The second
problem is developing the staff in agricultural engineering to utilize the knowledge acquired by the students after
completing the basic courses. Unless the instruction in machinery can utilize the knowledge the student has acqui-
red in statics and dynamics, there would be no reason for him to take the preparatory courses. The same thing holds
true in farm power. The student should be able to utilize what he has leamed in thermodynamics. Likewise, in
structural couses, the student should apply principles leamed in statics and strength of materials. This deficit in
teaching ability at La Molina, for example, was corrected to a great extent through a fellowship program that per-
mitted the faculty to study abroad. This , of course, took time, However, during the first five years of FAO-UNSF
40 project, great progress was made at La Molina. There are still a number of staff studying abroad with the result
that the staff will be able to present outstanding undergraduate and graduate programs, In this respect, I want to com-
pliment the faculty at La Molina for their determined effort of self-improvement.

Another factor at La Molina was the close cooperation between experts assigned to the project and the
counterparts appointed by the University, Furthermore, some of the counterparts had had professional training. The
amazing thing to me was the determined effort of the entire staff at La Molina to inform themselves and literally
lift themselves by their bootstraps to develop the knowhow to give a high level professional program. Had this not
happened, we would not be here today in an effort to develop a graduate program.

One of the chief concems at an Agrarian Univemity is that coumes in the basic physical sciences and ma-
thematics are not taught at a professional level. In other words, there are no majas in these areas. This means
that a bridging course in mathematics is necessary, Certain portions of the physics can be augmented with courses
in statics and electrical circuits,

Keeping in mind that a profesional program in agricultural engineering is basically engineering in na-
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ture, typical courses needed during the first two years (lower division) are:

follows:

A0

Subject Semester hours
General chemistry 1o
General physics L
Analytic geometry 2
Calculus &
Linear algebra 2
Differential equations Q
Vector analysis 2
Introduction to engineering systems 2
Engineering applicarion of compurers 2
Statics g
Surveying B
Technical drawing 3
Properties of materials 3
Language 3
Public speaking 2
Biology 3
Humanities and »ocial sudics 6
‘Total 65

The above program assumes that rhe eaferng student has had high schiool causes in advanced algebra,
trigonometry, chemistry and physice.,

The program of the thind yvear (beginning of upper-division) should include basic engineering coumes as

Subiect Seniester hours
Nathe matics for engineerss 3
Llectric circuits and laborarory 4
Dynarracs 3
Flaid mechanics 3
Strength of matcrials 3
Thermmodynamics 4
Hear and mass transler 4
tngineccing principles laboratory 4
Humanities and social sudics 6
Taal Ere

Diring the final two years, cerrain required courses are needed 1o round out the program. The balance
siould be ¢lective innatue 1o permit the student to specialize in a field of his interest. Suggested required courses

Subject

Farm power

rarm iachiuery
'rrigation and drainage
Farm stauctures
Agricultural processing

Semester houts

N
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Engineering economics
Machine design

Soils

Field crops

Technical electives 26
Humanities and social studies

W D b W

Total 66
Suggested technical electives

Advanced surveying
Geology

Hydrology

Water-soil -plant relations
Soil conservation
Irrigation systems design
Rural electrification
Rural design

Reinforced concrete
Rural sanitation
Structural analysis
Materials handling
Refrigeration
Dehydration

Machinery design

Soil mechanics
Instrumentatia
Agricultural meteorology
Pest control equipment
Rural law

W W W W wWOoWOoOowwWOwWOowaowoaeowaoowaowowoww

A student completing the above program is in an excellent position to enter a career in agrcultuml en-
gineering, Those having a high scholastic record can continue their education here or abroad if they should choose.

It waild appear that it would be imposible for an Agrarian Univemity to develop a high level profesion-
al agricultural engineering program in five years. Yet, La Molina succeeded in doing this,

Students desiring to enter a graduate program must have completed, as a minimum, the program out-
lined above, Otherwise, it will be necessary for them to take a remedial program before doing advanced wotk. The
necessary undergraduate preparatory courses are available at La Molina, It should be pointed out that graduates in
chemical, civil, electrical or mechanical engineering at other institutions should be permitted to enter a graduate
program in agricultural engineering, Remedial work for them would be at a minimum,

In developing a Master's level program, many institutions in the United States permmit the student to in-
clude up to 40 or 50% upper- division undergraduate courses, Other suggested courses suitable for a graduate program
arke;

Developing and evaluating farm m achines
Engineering properties of agricultural materials
Soil-machine relations in tillage and traction
Advanced agricultural structures design

Advanced unit operations in agricultural processing
Agricultural waste management

Environmental engineering in agriculture
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Water resources engineering
Prestressed concrete

Ground water flow and seepage
Mechanics of open channel flow
Mechanical vibrations
Dynamics of mechanisms
Kinetics of mechanisms
Advanced machine design
Thesis research

The foregoing material covering a program in agricultural engineering is necessary as a base to work
from. It is immediately evident that such a program can be best given in a geneml Univemity that has colleges of
Letters and Sciences, Agriculture and Engineering.

Offerings in the College of Letters and Sciences include: Chemistry, botany, mathematics, physics,
language, social and humanistic studies.

The College of Engineering is prepared to offer basic engineering courses in statics, dynamics, electric
circuits, fluid mechanics , thermodynamics, heat and mass transfer, strength of materials, stress analysis, etc.

Basic courses in agriculture, such as soils , farm crops, livegtock production, etc. are offerings avail -
able in the College of Agriculture,

The curmriculum in agricultural engineering may be administered by either the College of Engineering
or the College of Agriculture, In many of the United States instances, the program is the joimt responsibility of
both colleges. In the author's opinion, the ideal arrangement is for the College of Engineering to administer the
academic program and leave the research responsibility to the College of Agriculture. This gives the student the
feeling that he is receiving an engineering edncation. It ensures that the student follows the basic core of courses
taken by other engineering students, On the other hand, the location of the research responsibility in the Agricul-
tural Experiment Station of the College of Agriculture gives the staff the feeling of belanging with the group in agri-
cultural research. This is where the problems to be solved by agricultural engineers are located,

Arrangements mentioned above introduce certain problems in most Latin American countries because
of existing agricultural structures, For example, universities have the responsibility for teaching whereas research
and extension are handled by the Minister of Agriculture. To be most effective, coordination of effort between the
University and Ministry is essential. To maintain an up-to-date live program it is desimable to introduce research
findings into the instructional program. This can best be done by involving the faculty in a part-time research pro-
gram,

The structural organization of a univerity starts at the top with a Governing Board (Board of Regents or
Executive Committee) which is fully responsible for the general operation. Actinv under the Board is the Chief
Campus Officer (Rector, President or Provost). His council is usually made up of the Deans of the various colleges.
Under the Deans come the various department chairmen, and finally the faculty and their supporting staff.

The initiation of a strong program in agricultural engineering depends upon having a strong faculty with
a basic engineering education. Lacking this, provision:should be made for their further education. This will take
time, However, it is essential to the development of an outstanding program,

Laboratory facilities are necessary for handling some subjects. Facilities available to engineering stu-
dents in connectior: with courses in electrical circuits, fluid mechanics and strength of materials, etc. are the type
needed also by the student in agricultural engineering. In addition, laboratories are needed for courses in farm po-
wer, farm machinery and farm structues, A field laboratory is also desirable for operating tractors and machinery
during instructional periods.

The development of proper labomtory facilities is quite costly. One way around this might be taken
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from the experience at the University of Califomia. During the first 25 years of operation of a progmam in agricul-
tural engineering at Davis, the students spent their first three years in the Engineering College on the Berkeley cam-
pus , 70 miles away. Only the fourth year and a graduate program were offered at Davis, When the students arrived
at Davis, they had their basic science training including the core of basic engineering courses, The specialization

in agricultural engineering plus basic courses in agriculture was limited to the fourth year and to gradiate work taken
by a limited number of students. Graduates from this program were competitive with students graduating from other
institutions, Furthermore, the B.S. graduate from Davis was readily accepted for graduate studies in other institutions,

Accrediting of engineering programs in the United States is done by the Engineering Council fox Profes-
sional Development (ECDP), under the auspices of the American Society for Engineering Education. When accredi-
tation started in 1934, there were only three programs in agricultural engineering approved. One of these was at the
University of Califomia, At the present time, there are around 40 agricultural engineering progams in the U, S.
that are accredited. This gives some idea of the strengthening of programs to meet ECDP standands during the past
35 years, This improvement included improved quality of the program as well as the faculty.

As professional programs in agricultural engineering develop in Latin America, considemtion sho uld be
given to organizing a professional society. The society could sponsor annual meetings for the exchange of ideas and
research results. Eventually, the Society might become strong enaugh to publish a Journal that would be of great
value to its membemhip,

In closing, I would like to state that the most important engineer in the word of the future will be the
agricultural engineer. I say this because food production will be the number ane problem. As a country develops,
more and more of the problems in agriculture have engineering implications. It has been stated that 80% of the agrd-
cultural problems in the United States are in this category.
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Theme 3,

20. EXPERIENCES IN THE DEVELOPMENT OF AN ACCREDITATION SYSTEM IN THE INSTITUTIONS OF SUPERIOR
AGRICULTURAL EDUCATION IN LATIN AMERICA by Carlos Garcés O., Director, Program of Studies for Graduates
National Univemity- 1. C.A., Bogotd, Colombia.

Background .

The Faculties of Agronomy of Latin-America have been taking interest in a joint action, during this
last decade, to raise their administrative and academic level, and have taken a special interest in establishing a sys-
tem that might enable them to operate within a frame of minimum quality conditions. Since 1958, in which year
the First Latin-American Conference of Superior A gricultural Education was held in Sandago, Chile, the Deans of said
Faculties have indicated the necessity of having available some mechanism to establish these minimum standards of
quality. In later conferences, special importance was given to this project and, when the Latin-American Association
of Faculties (ALEAS) was formed, the “establishment of standards and criterions framed within a common system of e-
valuation and accreditation of a periodical nature at the Institutions of Superior Agricultural Education, in orderto
stimulate their improvement” was included in the statutes as one of their ends.

It was the duty of the Education Program of the Andean Zone of the IICA, to promote the establishment
of the system of institutional accreditation desired, for which it started by supplying to the interested institutions com-
plete information about the same. This was necessary due to the lack of knowledge about the objectives, standards
and procedures of the system, in the greater pan of the Latin-American countries.

It was our duty therefore, to prepare some of the informative documents that were presented at the Pi-
racicaba Conference (1966) and in later meetings at regional and national levels. More recently , in the national
meetings of the Faculties of Superior Agricultural Education held in Peru (1967), Venezuela and Colombia (1969),
more complete documents of orientation and procedure of the accreditation have been presented (1).

The System,

The Accreditation is a typically North-American system, developed because of the fact that the Fede-
ral Government does not have the respansibility of controlling the education and it therefore corresponds to each state
of the union to assume this responsibility. The diversity of educational programs and the notorious differences in their
quality, that existed in the United States at the beginning of this century, led distinguished educators of that country
to try to put some order in the chaos, and out of their effort arose the first associations of schools and universities, the
establishment of the entry examination and, lastly, the accreditation. Basically, the accreditation is a system to check
on the academic standards and prevent their degradation. It identifies the institutions that offer programs of high qua -
lity and promotes the continuous improvement of the same. Another, not less importam purpose, is that of serving as
a force of equilibrium between the many pressures being applied continuously against the educational institutions.

According to Selden, “the stiongest and most respected institutions turned to accreditation, the Ameri-
can way of control over the academical standards, as a means of ensuring a better education for the people and to pro-
tect themselves against the pretentious, impostor and even fraudulent institutions that often called themselves schools
or universities”, (2)

The accreditation having been established, however, its adoption by the educational institutions was
not as general and enthusiastic as might have been thought. It was criticised and fought, as is demonstrated by the
case of the schools and univemities of New England, where since 1920 it was attempted to establish it, but this was on-
1y possible in 1952, against the stubbom opposition of the presidents of some of the most important universities.

From 1930 on, a clamour of resistance arose against the accreditation agencies and the system. John
Tigert, President of the University of Florida, criticised the Agencies of Accreditation "because they are too numerous;
they invade the rights of the institutions and destroy the institutional liberty; they estimulate uniformity and restrict

* Garcés, C. 1969. Basis and Procedures for the Accreditation of the Superior A gricultural Education in the Andean
Zone of ICA, Lima-Peri,
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experimentation; they imply excessive costs; they demand too much duplication of effornts; sometimes they take into

consideration matters that are foreign to the accreditation and they foster a system of brotherhood or an attitude of syn-
dicate™ (Selden- page 72).

This controversy culminated in 1948 with the decision by the American Association of Universities, of
ending administrating the accreditation. We will see further on, how in Latin-America the accreditation has encounte-
red criticisms with aspects similar to the ones set forth,

Even today, in the United States, there is confusion, misunderstanding and controvesy regarding the
system of accreditation, Nevertheless, since 1960, about 80% of the Colleges and Universities were accredited by the
duly acknowledged offices of accreditation, These institutions now include over 600 Junior Colleges; 800 Colleges
with four-year programs; 450 institutions that offer Master grade and several professional grades or degrees, and moe
than 200 universities that grant the Doctorate in Philosophy (Ph. D.) in Medicine and other profesions.

The basis of the accreditation are the criterions or standards that are established to warrant the quali-
ty of the educational program. As this depends on factors such as the capability of the staff of teachers, the adminis-
trative system of the institution and its financial capacity, the resources of libraries, the appropdateness of the labora-
tories, the student services, etc., these factors must be evaluated on the basis of their respective influence upon the
quality of the general educational program.

The system starts with the preparation of an exhaustive study of the present conditions of the institution,
undertaken by its persomel of teachers and administrators and that covers the examination of its human and material
resources, of the objectives pursued, and the strong and weak aspects of the institutions,

This self-study must be made with absolute honesty and with an objective criterion of diagnosis, in or-
der to bring to light the failures in the educational system.

As a result of the self-study, the institution works out a special report, in which are detailed its func-
tioning , administration, educational and financial resowrces, the student aspect, etc. This report is sent to the Re-
gional Association of Institutions, which sends a group of experts that visit the institwtions and evaluate its educ ational
conditions. This group, that has had the opportunity of sudying the self-study report, forms an opinion about the ad-
justment of the same to the conditions of the institution and renders a report to.the accreditational entity, that
uses it as a basis for determining if it grants the accreditation or not.

Administration.

The administration of the accreditation is undertaken by voluntary organizations, of regional or nation-
al character, which do not have legal control over the educational institutions. These accrediting organizations only
establish standards of quality or criterions of institutional excellence and approve or admit the requests from institutions
that fulfill these standards; the only power that they have is that of making publicly known the lists of the institutions
that they have accredited. The inclusion of an institution in the approbatory lists of an accrediting organization, na-
tionally acknowledged, is generally considered as the most significant indication possible about the quality of that ins-
titution (3).

These lists serve as guides to the students in choosing the institution where they wish to enter; to the u-
nivemities and colleges, for the acknowledgement of the transfer courses. For the teachers it is equally important, as
the greater part of them wish to work in accredited institutions. Finally, in many professions, the offices (state offi-
ces) that grant license for the professional exercise, generally only grant them to pemons graduated from institutions
whose programs are accredited.

Accreditation of Professional Programs.

Besides the institutional accreditation, there exists in the United States the accreditation of profession-

(2) Selden, W.K. Accreditation. Hamer and Brothers. N.Y. 138 pp.
(3) National Commission on Accrediting Maintenance of Academic Standards Through Accreditation in the U.S.
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al programs, administrated by the respective professional organizations. This type of accreditation was established
as a means of protecting the public against the professional incompetence. The American Medical Association initia-
ted it in 1906, and at present it comprises around 30 fields of professional activity., This accreditation, as the institu-
tional one, is voluntary and follows the same procedure standards, It has had a great influence in the improvement of
the professional careers and in the development of investigation.

Nevertheless, it has also been one of the most discussed practices, due to the influence it can reach for
the benefit of some institutions and in prejudice of others,

On the other hand, the accreditation of Programs, separately from the institutional accreditation, has
been strengthened because in one and the same institution may be found programs with very different standards.

The Accreditation in other Countries.

With relation to the adoption of the accreditation in other countries, Selden points out that after the
Second World War, by influence of the United States, Japan and the Philippines introduced the system in their univer-
sities, not without there arsing criticisms about the convenience of transplanting a typically Northamerican activity to
countries whose cultural heritage and traditions were so notoriously different from those of the United States.

In Latin-America, only the Technological Institute of Monterrey, Mexico, has introduced it, having
associated to the Southem Association of Colleges and Universities of the United States. It exists also, in some schools
of secondary education in several Southamerican countries, where the children of North-American embassy executives
and special organizations study.

In Colombia, a mission contracted to study the univemity situation and prepare a basic plan for the su-
perior Colombian education, presented in its report to the Colombian Association of Univemsities, recommendations
for the establishment at the National University, of the system of accreditation as an instrument for the improvement
of the superior education in the country (4).

The recommendations cover not only the institutional accreditation, but also the accreditation of pro-
fessional programs. The document was studied by several persons from the various universities of the country , and re-
ceived frankly unfavorable comments, many of which are notoriously similar to those made in the United States. We
indicate some examples:

"The word introduced to the Colombian universitary structure, accreditation makes us think of a vana=-
tion of inspection and vigilance”,

"The unification of texts, programs, nomenclawre, etc, is advocated, that is to gay, the educational
standardization analogous to that which has given "so very fine results” in the Baccalaureate”.

"All the universities (Colombian) , by the sole fact of existing, fighting againg everything and every-
one, must wait with resignation for a visiting commission to order them if they are to continue or not and how they will
continue to do it",

" The system of accreditation seriously injures universitary principles, it is obligatory, it is unique, it
removes all capacity of election within the compulsion, it is extrauniversitary, it vulnerates autonomy (5)".

This adverse reaction to the accreditation is due, in our opinion, to the lack of previous information in
the country about the true nature of the system and about its administration. On the other hand, the mentioned report
unfortunately does not present in the best way the philosophy of the accreditation, nor does it explain sufficiently the
process of administration,

(4) Felix, G.C. 1987, Normas y Acreditacion, Bogotd, Colombia.
(5) National University of Colombia. Basic Plan of Superior Education, "Critical Analysis". Jan. 21, 1969.
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The Accreditation of Institutions of Superior Agricultural Education in Latin America.

The Program of Superior Agricultural Education of the Andean Zone of the ICA, has been promating
among the Faculties of Superior A gricultural Education, in Colombia as well as in the other coauntries of the Andean
Zone, the adoption of the accreditation as an efficient instrument for the constant improvement of the institutions.

In these countries, in the last years, several Faculties of Agronomy have been established, whose resour-
ces in teachems, laboratories and physical facilities are notoriously scarce, These deficiencies have camied with them,
as a consequence, a disparity in the academic level of the programs and in their orientation. The competence to pre-
sent attractive programs is leading to the spreading of offers of study plans for the development of which, in mos cases,
the necessary resources are not available, The interest of the institutions to search for the collaboration among them is
little apparent, and every day it is more necessary to adopt measures tending to look for a stable organization in the
agricultural education and to remedy the institutional deficiencies.

We are, as can be seen, in conditions similar to those that led to the establishment of the accreditation
in the United States, without the way in sight in which the agencies external to the same imstitutions may intervene in
order to modify the existing conditions and satisfy the demands of the superior agrcultural education.

It corresponds, therefore, to the institutions themselves to establish a stable cooperation and search
within themselves for the resources and the experience that are needed to fulfill the objectives and purposes. The insti-
tutional accreditation appears as the most indicated system for achieving the necessary changes and this is tue reason
for the promotion that the IICA has done, for our institutions to adopt them. As an initial measure, and as it is nece-
ssary for the accreditation to function in a joint action, it was necessary to promote the creation of national associations
of the institutions of superior agricultural education. This initiative has had acceptable success, there already existing
duly organized associations in Peru, Ecuador, Colombia and Venezuela.

It corresponds to the National Associations to establish the stan dards of quality, based on a just apprecia-
tion of the existing human and material resources and on the objective definition of the educational levels which it is
desired to reach, The setting of the academic standards is one of the critical points in the establishment of the accre-
ditation in our [atin--American countries. The great difference between the natinnal insitutions, in their sates of or=
ganization and Jdevelupment as well as in resources and facilities, makes it necessary to have a high dose of spirit of
collabomtion and of collective interest for the common development, and the elimination of many distrusts and mis-
givings, natural if it is taken into account that the most common among our institutions is the egocentrism and the iso-
lationism.

The Self-Study.

The self-study that, as was pointed out, is the first step in the accreditation, is being undertaken by
the Faculties of Superior Agricultural Education of the Andean Zone (Colombia, Peru, Ecuador and Venezuela).

In Bolivia the accreditation has received less attention, possibly because until a short time ago there
was only one Faculty of Agronomy. Recently, another Faculty of Agronomy and Forestry Engineering has been establish-
ed, but it can be expected that several years will pass before any interest for the accreditation is seen in these institu-
tions.

The Education Program of the IICA has put special interest in promoting the self-study of the faculty of
agronomy. It is considered very important that these institutions analyze carefully the conditions in which they are o-
perating and that they realize their limitations and possibilities. They can thus reevaluate their objectives and use their
resources adequately, For this, the Program has prepared a document that will serve them as guide or manual and that
has been turned over to them recently. This manual has been elaborated according to the standards and procedures of
the Southem Association of Colleges and Univemities of the United States, with some necessary modifications,

The associatiors of Colombia and Venezuela have received the project with interest and have set for
the coming month of August, the date of termination of the self-study of their respective faculties. Once this stage
has been fulfilled, they will proceed to study the implantation of the accreditation, establishing the standards of quali-
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ty and procedures to administrate the system.
Problems for the Accreditation in Latin-America.
a) The Autonomy,

When the first informative document about the accreditation system was presented in Piracicaba (1966)
at the Third Meeting of Superior Agricultural Education of Latin-America, it could be seen that there
was an attitude of resistance on the part of several deans, based on the concept that it would interfere
with the universitary autonomy. The concept of autonomy is very deeply set in the universitary spirit
and it is defended zealously, despite the reality of its existence being discussed. The practice of the
periodical visits to the institutions, by visiting committees to evaluate the resources of the same and
the quality of their educational programs, was considered as a violation of that autonomy.

It is possible that in some institutions this attitude is only a defensive reaction to avoid having to show
before strangers the deficiencies and prpblems derived from a deficient administration or the fear that
the precarious conditions of the institution be made known.

To vanish these fears and obtain that the institutions accept voluntarily the critical examination of their
situation, is one of the initial tasks that must bé undertaken:to bring along the accreditation.

b) The Inexperience in Evaluation.

When the system of accreditation is initiated in Latin-America, one sumbles upon the lack of experien-
ce in the evaluation of the institutional characteristics.  In the United States, until a short time ago,
this evaluation was based on a quantitative system, ‘that has been replaced by the qualitative one.

The evaluation, quantitative as well as qualitative, is conceptual and therefore subject to error. There-
fore, when there is no experience among the educators in determining differences in levels of ingitu-
tional quality, a numerical basis gives a better orientation to the evaluator and enables the setting of

an evaluation pattem sooner, For these reasons, it has been recommended in our institutions to adopt
initially the quantitative pattern, pointing out that once the accreditation is under way, and when a
considerable group of educators with experience in evaluation has been prepared, the quantitative cri-
terion be changed for the qualitative one.

The evaluating equipment is another of the key aspects of the accreditation, and therefore, one of the
most discused. Considerable experience in the handling of educational institutions and programs is
needed, aside ' tHe'* developed capacity for analysis and lack of prejudices, in order to do just eva-
luation. Besides, the relatively short time available to the visiting committee to undertake the evalua-
tion and the difference of individual criterions, increase the possibilities of error.

It is easy to verify, doing a small poll among educators that have not had previous experience in the
evaluation of institutions and programs, the difference of criterions .. in assigning ' values:  to the
different institutional aspects. Therefore when the accreditation is established in our countries, it will
be necessary to give special attention to this phase of the system, preparng previously, and in accor-
dance with a training program carefully thought out, the greatest possible number of evaluators, selec-
ted in the different national institutions, Nevertheless, it should not be tried to create an horn..

group for the production of standardized evaluations. This would be as harmful as the disparity of con-
cepts between them,

¢) The Standards of Quality,
The institutions that because of their recent creation or because of the lack of human or material resour-

ces have not yet been able to organize programs that can compete without disadvantage with those of
the faculties of greater prestige, are afraid that the establishment of the standards of quality will lend
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itself to maneuvers to place them in a disadvantageous situation. The establishment of standards ig at such
a high level that these institutions cannot keep up with them, or attain them, even within a moderate pe-
riod of time could not be achieved.  This attitude of misgiving must be“eliminated as it . destroys
the 'confidence - in the system. .. In the documents of informative nature, that have been delivered
to the faculties about accreditation, it has been stressed that one of the principal objectives pusued by it,
is the promotion of the improvement of the institutions and their programs and that it cannot be used as

a coercive instrument against the weak institutions. It has been made clear also, that the accreditation
leads to the elimination only when the institutions make no efforts to improve, in which case they perish
due to their own incapacity to progress.

d) The Administration of the Accreditation.

It corresponds to the National Associations of Superior Agricultural Education, to establish in each country
the necessary mechanisms to administer the accreditation. This eliminates the fear of interference in the
university autonomy and strenghens the link between the institutions. This is the policy adopted by the
faculties of agronomy of the Andean Zone and should be the general pattern in Latin America. The ex-
trauniversitary administration would awaken strong resistances and would change the purpose of mutual
aid, that is pursued with the association.

e) Perspectives of the Accreditation in Latin-America.

Withowt doubt the establishment of the system of accreditation in the faculties of Superior A gricultural
Education in Latin America will encounter initial difficulties.

There does not yet exist an appropriate climate for the immediate adoption of a procedure that demands
the voluntary cooperation and the collective interest. The usual attitudes of the educational institutions
is that of isolation and selfsufficiency, to which are added a spirit of competence and rivalry developed
as a consequence of the fight for survival. This spirit of rivalry, nevertheless, has been useful for many
of them in order to improve, and from this point of view is desirable, But the lack of communication
between the faculties gives rise to the development of unconnected initiatives that bring as a result the
disorganization of the national educational system. Therefore it is desirable and convenient to introduce
the accreditation, that will offer the opportunity of reaching an agreement about the integration of pro-
grams and to discuss about the common problems.

To obtain the adoption of the system, it will be necessary to first take to directors, administrators and
teachers of the univemities and faculties, the most ample information about the meaning of the accredi-
tation and about its influence in the individual and collective improvement of the institutions.

It will also be necessary to introduce in the system, those changes in procedure suggested by experience.
Many of the failures in the adoption of educational systems that we have had in our countries, have been
due to the rigid copying of the philosophy and the procedures of the same, without taking into account
the difference of our educational system and our idiosyncrasy,

Finally, though not less important, the administration of the accreditation will have to be observed care-
fully, and constant vigilance maintained to prevent that it tums into a coercive force that, driven by
forces foreign to the university, or that originate within it, favour interests of groups or private pemons,
to the prejudice of some of the institutions.

The program of Superior A gricultural Education of the IICA, that has been undertaken an intensive promo-
tional campaign for the accreditation, must continue its activities, giving counsel to the interested fa-
culties and gathering information about the way in which the adoption progresses in the various counties
to extend the knowledge of these experiences to all the Latin American institutions.
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Theme 3.

21. EXPERIENCE IN THE DEVELOPMENT OF A CCREDITATING SYSTEMS FOR A GRICULT URAL ENGINEERING IN THE
UNITED STATES by F.J. Hassler,

The accreditation of engineering curricula in the United States began after the formation in 1932 of
the Engineers Council for Professional Development (ECPD), a federation of various professional engineering societies.

Initially, accreditation of undergraduate curricula was an to the sysem of licensing for the prac-
tice of the profession; later with the build-up in graduate education, accreditation has also served as a criterion for -
admission to graduate schools. This is signified by the statement in practically all graduate catalogs, under require-
ments for admission, which generally reads as follows: “A B.S. degree from an accredited cumiculum or its equivalent”.
Without some common basis of evaluation each school would be obliged to set up its own rating of other schools from
which students might transfer. '

The first activity of the ECPD related to the accreditation of engineering curricula and this continues
to retain its original impontance. The first engineering curriculum was accredited in 1936. The basic relationship
of the ECPD to the education of the young engineer is clearly spelled out in a statement relating to the purpose of
ECPD:

a) To pomote and advance all phases of engineering education with a view to the promotion of the pu-
blic welfare through the development of the better educated engineer and engineering technician.

b) To carry out a program of guidance of pre-college students; to formulate and maintain high educa-
tional standards for colleges of engineering and engineering technology. To assist such colleges in
planning and carrying out their educational programs at all.levels, to cooperate with state licensing
agencies, and to promote the intellectual development of the young engineer and engineering tech-
nicians.

The main objectives of the accreditation program of the ECPD, carried out through its Engineering Edu-
cation and Accreditation Commaittee, are as follows;

a) To identify to the public, prospective students, educational institutions, professional societies, po-
tential employers, governmental agencies, and state boards of examiners, the institutions and specific
programs that meet minimum criteria for accreditation.

b) To provide guidance for the improvement of the existing educational programs in engineering and
for the development of future programs,

c) To stimulate the improvement of engineering education in the United States.

In the field of engineering education there are two kinds of accreditation: (1) Academic Accreditation
of institutions by regional associations. The regional associations generally approve an institution as a unit; approving
their financial and administrative structure the functional operating standards, and the general level of academic en-
deavor, but they do not accredit specific programs for their disciplinary content.- The second kind in Professional accre -
ditation by ECPD, in this instance, of undergraduate curricula leading to first engineering degrees. It should be noted
that one of the basic prerequisites for an ECPD, evaluation of an engineering program is that the institution must have
the accreditation of its relevant regional association, Without this, the ECPD will not review a program.

The basis for accrediting engineeting curricula rests upon written information supplied by the institution
as well as an onsite visit by a visiting team of evaluators selected from an annually certified list of representatives
from the appropriate professional engineering societies. The visiting team will spend approximately two days at the
campus; holding discussions with appropriate faculty and administrative officials and, in general, gathering as much
information and feel for the program as is possible. The individual team members-will prepare a written report on
their specific findings and their accreditation recommendations to the team chairman who, in tum, will prepare this
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own summarization and recommendation to the Engineering Education Accreditation Committee. Finaly, it is the
recommendation of the full EE&A Committee (20-24 members) that is transmitted to the Board of Directors of the
ECPD for final action and transmittal to the university accompanying the information on the terms of accreditation
that is transmitted tothe institution will be a "statement " delineating the specific findings of strength and weakness
by the visiting team.

Full accreditation is for six years, conditional terms may be for 2 or 4 years, of course no accredita-
tion may be ruled.

During their visit, and in reviewing the information supplied by the institutions, the evaluators place
particular emphasis upon the manner of fulfillment, the degree of fulfillment, and the prognosis for continuing to ful-
fill the qualitative and quantitative criteria that ECPD uses for establishing accredibility. The principal qualitative
criterios is "The extent to which a curriculum develops the ability to apply pertinent knowledge to the identification
and solution of practical engineering problems”.

Particularly important among the ECPD's presently cited quantitative criteria are those that relate
to curriculum content. Brefly summarized these are:

(1) 2 1/2 years of mathematics, basic sciences and engineering sciences, including integration into a
meaningful engineering experience.
(2) 1/2to 1 year of Humanities and Social Sciences,

The American Society of Agricultural Engineers was officially organized in 1907. It joined the ECPD
in mid-1930's as an affiliate member, gaining full mem btership status in the early 1960's when ASAE attained the mi-
nimum requirement of 5000 corporate members. The curricula of three A gricultural Engineering Departments were ac-
credited by 198. Ten additional Departments were accredited by 1950; today our accredited list includes over 35 de-
partments.

During the 1950's and into de 1960's the ASAE, through its committee on courses and cirriculum, con-
ducted a within Society accrediting procedure by which departmental curricula were evaluated against a set of minimum
criteria, This did, as intended, motivate Agricultural Engineering Departments to qualify for accreditation by ECPD.
After fulfilling its purpose this ASAE activity was terminated.

The first engineering curriculum was accredited in 1936. Since that time engineering education has
shifted from training in technical skills to education in engineering science and in the synthesis of engineering systems.

Accreditation by ECPD has played an important role in this trend in engineering education by serving in
effect, as a national forum for discussion, experimentation and innovation.

It has been a tremendous responsibility and a challenge to the ECPD to insure the optimum progress of
the profession and at the same time responding to the ever changing challenges and needs of society and technology.
For these reasons engineering education has been improved and stimulated by a series of distinguished reports and recom-
mendations. TheWickended study of 1923-29 emphasized the impornance of training in economics and management,
and the need for rounding out the engineers technical knowledge with social and humanistic studies. The Hammond
reports of 1940 and 1944 placed even greater emphasis on this matter of broad general knowledge and suggested that a
large aprt of the student's specialized technical education should be postponed to the senior year or even beyond. The
Grinter study of 1952-55 pointed up the necessity of a strong base in mathematics and the sciences. Somewhat at va-
riance with the intentions of ECPD, inplementation of the results of the studies resulted in undue rigidity in the crite-
ria for meeting minimum standards for accreditation. This has posed an especially difficult problem for Agricultural
Engineering, which integrates the principles of other engineering specialties and the life sciences. However, the 1968
report of the Goals of Engineering Education, which represents the culmination of a 5-year study, calls attention to the
need for greater flexibility in engineering curricula and the increasing importance of graduate study. Accreditation of
curricula in the future must be re-examined in light of the need for flexibility and divemsity among institutions and pro-
grams . Standardization beyond a marginal limit of acceptability will retard rather than enhance the quality and effec-
tiveness of engineering education. Today each professional society has the responsibility for establishing guidelines for



-153-

its accredited curriculum based on theextent to which the curriculum relates and integrates the mathematics, physical
and bio-sciences, and the engineering sciences into a meaningful engineering educational programs or the extent to
which the curriculum develops the ability to apply pertinent knowledge to the identification and solution of practical
engineering problems so this and ASAE's Committees on Curriculum and Course content and on Professional Develop-
ment has under preparation a "Guide for Agricultural Engineering visitors on ECPD Accreditation Teams".
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Theme 4. EDUCATION AND CURRICULUM OF THE AGRICULTURAL ENGINEER AND ITS RELATION TO THE "AGRONOMO".

92. THE EDUCATION OF THE AGRICULTURAL ENGINEER AND THAT ~F THE "INGENIERO AGRONOMO" by 1. D.
Berlijn, FAO Reg. Agricultural Engineer, Latin American Regional Office, Santiago, Chile.

I. INTRODUC TION.

1. I have been asked to deal with a subject on which various opinions are being expressed; many of
these relate to differences in the interpretations of the objectives of the profession of the “ingeniero agrénomo" (agro-
nomist) versus those of the profession of the "ingeniero agricola” (agricultural engineer).

2. The profession of the agronomist, and consequently the way in which he is to be educated, is well-
known in Latin America. There exist excellent schools of agriculture in the region; and there is no doubt that in the
past the agronomists have contributed greatly to the development of Latin America’s agriculture.

3. However, and in respect to the differences between the two professions, there are various thoughts.
There is even doubt as to whether it is desirable to consider agricultural engineering as a specialization within the u-
niversity programmes. Some are afraid that this new professional may well turn out to be an inconvenient competitor
in respect to future employment possibilities for agronomists. And due to a certain conservatism, there is also resis-
tance to accept the necessary changes; and this in turn slows down the required development of agricultural engineer-
ing programmes.

4. As a result of these and many other reasons, there are, up to the present, few places in Latin A-
merica where a true professional programme in agricultural engineering has been organized, that is academically
comparable with those developed during the last half century in other parts of the world. More particularly, the
lack of a clear concept of tasks and objectives of the agricultural engineering profession has caused in this continent
the creation of educational programmes, that appear to have very little relation with the agricultural engineering
profession; as for instance the so called orientation programmes in agricultural engineering and postgraduate courses
in the subject for agronomists.

5. Consequently, it is important that this panel gives us the opportunity to study the mentioned pro-
blems more deeply; although I realize well that it is at the same time a rather difficult subject to deal with.

II. AGRONOMY AND AGRICULTURAL ENGINEERING.

6. Before embarking upon an analysis of the education programmes in agronomy and in agricultural
engineering, it will be necessary to determine in the first place the principal objectives of these professions in order
to have a basis for an adequate discussion of the subject. Because it is a matter of fact that agronomy and agricultu-
ral engineering have to a certain extent opposite interests, and this is to be taken duly into account in discussing the
education programmes for these professionals.

7. It is known that agronomy embodies a profession which is oriented towards the solution of nume-
rous problems facing the rural society. It has at its disposal two main tools: natural sciences and agro-socio-econo-
mic sciences. With these the agronomist tries to make the best possible use of the physical resources of the country,
such as crops, animals, soil and water, and climate, paying due regard to agrosocio-economic aspects, as well as
to natural sciences, because farming is work with natural as well as human resources (campesino). Therefore, the
agronomist considers principally nature and farm-workers as basic elements for agricultural production.

8. On the other hand, agricultural engineering is a profession that pretends to improve agro-socio-
economic conditions by means of the application and ample, effective use of engineering resources in agriculture,
with the objective of conditioning adverse characteristics of nature, such as pests, drought, inconvenient temperatu-
res, excesses of water, limitations inherent to power development by draft animals and others; and of facilitating and
augmenting the production of the farm worker, removing the drudgery from the daily farming tasks and raising farm
efficiency; resulting in improved rural living conditions and general economy.
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9. Consequently, what distinguishes the two professions is that the agronomist is mainly concerned
with qptained the best possible use of natural resources, and his task is to combine in an efficient way the valuable
elements of nature, applying for that purpose his technical knowledge, biology, physics, chemistry and agro-econo-
my, whereas the machine-minded agricultural engineer is concerned with conditioning and changing the elements
of nature, by applying his knowledge of engincering, electronics, mechanics and hydraulics.

10. With respect to the training of these professionals, it is obvious that the agronomist needs profound
knowledge of all aspects of nature, to be used in achieving the best possible use of natural resources; whereas the
agricultural engineer needs profound knowledge in conditioning nature to facilitate, humanize and improve farm
work.

11. There is , therefore, an essencial difference in mentality , task and basic knowledge. Table
1 presents a general picture of this difference.

12. The prir:ipal objective of the agricultural engineering profession is a specific one, and implies
the development of an industrialized or technificd agricultural production system, in which capital 1nstruments are
being applied to natural, biological and human resources. It is unfortunate that still mainly natural and human re-
sources only are being used in agricultural production, whereas this production could be increased significantly by
making a more extensive and better use of engineering means and modern techniques; which is the objective of ag-
ricultural engineering.

13. It implies the substitution of the traditional agricultural production system by an advanced, mo-
dern and efficiently technified agriculture, in which adverse elements of nature are being eliminated, providing the
rural society with the technical means to perform their basic tasks efficiently and more conveniently; at the same
time paying due regard to local conditiors as well,

TABLE 1
Resources Natural Resources Human Resour ces Engineering Resources
applying soils‘, water, climate, Machines, installations, silos, in-
plants, animals fra -structures, rural roads, irriga-
tion, drainage, farm power, proces-
sing machinery
SCIENCES: Applying Agricultural Sciences Applying Engineering Sciences
with the
OBJECTIVE: 1. to make the best pos- 1. provide rural society with the
sible use of favorable elc- technical means, adapted to local
ments of nature. conditions, and

2. conditioning adversc elements
of nature in a technical manner,
with the purpcse of:

enabling the rural socie -
ty to make a more exten-
sive and skillful usc¢ of
available natural resourres

2. using these favorabie elcments
more extensively and skillfully ap-
plying engineering means and efimi-
nating adverse elements of nature
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3 to obtain maximum production

at less costs, with greater benefits, »

to have:
greater possibilities for greater possibilities to
improved living condi- acquire capital instru-
tions ments

APPLYING SOCIAL

SCIENCES, AGRARIAN;

REFORM, HOME ECO-

NOMICS.. EDUCATION
to obtain

A GOOD STANDARD
OF LIVING

IS THE TASK OF:

THE AGRONOMY SPECIALIST

7HE AGRICULTURAL ENGINEER

14. In spite of the mentioned possibilities for drastic improvements there is still much of con-
servatism and fear that resist a rapid acceptance of these new techniques. methods or machines. found not only
amongst farmers, but also amongst officials. Many Latin American countries show a tremendous vision in aspects
such as architecture culture. urbanization and constructiqn of new cities like Brasilia. But the majority of these
do not show much of a vision in respect to the necessary technical changes in agriculture; maintaining a traditional
production system, and agricultural education programmes that do not pay due regard to engineering and capital
resources, This is particularly unfortunate because these schools are at present training young professionals that will
be the future agricultural leaders of Latin America, In order that they will be able to pe rform their task adequate-
ly. it is urgﬁnt to develop now the required forward looking mentalizy and ability,

III. ENGINEERS AND INGENIEROS.

15. The efficiency of training programmes for agricultural engineers andagronomist depends
greatly upon the clarity of professional concept that is applied in these programmes. The "ingeniero agricola” is
an engineer, and the "ingeniero agrbnomo” is an agronomist. and not an engineer. The word "ingeniero™ is fre-
quently used in two senses; as a title and as a profession. This has resulted in a certain confusion, to which has con-
tributed also the fact that some schools of agriculture in the continent were named "escwela de ingenierfa agronémi-
ca" (in english: school of agronomic engineering); schools that have nothing in common with engineering or with ag-
ricultural engineering, Also, the fact that the words "agrénomo” and "agricola™ show much similarity, has added
to the confusion,

16. In Continental Europe and in Latin America, universities usually grant the title “ingeniero”
or "ingenieru” to those graduates who have presented a thesis. This title does not indicate the profession of the
graduate, As a matter of fact. “ingenieria agricola” has more in common with mechanical and civil engineering,
than with agronomy, as will be shown later,

17. In Anglo-American countries the title "ingeniero" or "ingenieur” is not in use, Professional
engineers are engineers (maquinistas), The "Ingeniero Agricola” is the agricultural engineer, whereas the "Ingenie-
ro Agrénomo" is an agronomist. To do justiee to the "Ingeniero Agricola”, in Latin America, it is necessary to call
him "Ingeniero en Ingenierfa Agrfcola” or "Ingeniero en Ingenieria Rural”, However, that would be inconvenient
in daily use, and for that reason it is recommended to ise "Ingeniero Rural” and "Ingenieria Rural” instead, to make
at least a fair reference of the pwofession, and to avoid confussion,
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Table 2
S .1 .. S U - ... S
B S—— Profession oG e Profession __.o.----
ingeniero agronomo B.Sc. ,M. Sc. agronomist
ingeniero ingenierfa agricola B. Sc., M. Sc. agricultural engineering
ingeniero ingenieria mecdnica B. Sc. , M. Sc. mechanical engineering
ingeniero ingenierfa civil B.Sc., M. Sc. civil engineering

IV. BASIC PRINCIPLES IN TRAINING AGRICULTURAL ENGINEERS AND AGRONOMISTS.

18. Due to the specific difference between agronomists and agricultural engineers with regard
to their respective mentality or philosophy, tasks and basic knowledge, it is logical that their education programmes
ought to reflect similar differences in order that their training be efficient. These differences are of such a magni-
tude, that it would be a fundamental error if schools try to produce an agronomist that possesses at the same time
sufficient knowledge of agricultural engineering.

19. Various schools of agriculture, though, try to reserve an ever-increasing part of their origi-
nal agronomy curriculum for the purpose of teaching agricultural engineering subjects, under the pretext that agricul-
tural engineering is a subject belonging to the responsibility of the agronomist. In this way the schools create the so
called orientation programme in agricultural engineering for agronomists. It is obvious that this implies a considera~
ble reduction of the true agronomy programme, and that these schools, in fact, are producing an agronomist who on
the one hand knows less of agronomy, and on the other is neither an agricultural engineer.

20. Some European Universities follow the same system, and offer a programme in agriculture,
with a specialization in agricultural engineering. This requires a prolonged study, up to an average of seven to eight
years, of intensive study, with three semesters each year. Consequently, the system is expensive, and the results are
not always significant because of the duality of the training. In general, the graduate of such an extended programme
is not better prepared than the agronomist trained in a five year agronomy programme, and neither does he reach the
level of those agricultural engineers who followed a four or five year training programme, exclusively dedicated to
the especialization, as for instance, in the United States.

21. A programme designed for training agronomists cannot normally offer either sufficient ground -

ing in mathematical or physical sciences, nor the specialized teaching or facilities that are needed for the training

of a man who is, in effect, an engineer with an agricultural orientation. Although these programmes offer a range

of courses as surveying, elementary hydraulics, irrigation and farm buildings, these are normally taught by civil en-
gineers, while courses in farm mechanization are generally offered by agronomists. Neither can be expected to give
the specific technical orientation that is needed for the training of agricultural engineers; nor is it reasonable for a
school of agriculture to possess specialized laboratories and installations such as materials testing, hydraulic, electri-
cal, farm power and processing laboratories and workshops, required for an agricultural engineering programme.

22. However, the foregoing does not suggest that the agronomy programme and the agricultural
engineering programme ought necessarily to be separated completely. It is not suggested either that agronomists are
being trained without any knowledge related to the application of engineering techniques, or that the agricultural en-
gineering programme should ignore fundamental aspects of agriculture. To the contrary, such an extreme would be
equally wrong.

23. In f:aming adequate programmes, in agronomy as well as in agricultural engineering, it
is necessary to take into account the special requirements for modern agricultural development in Latin America.
These demand that in future the countries have at their disposal the following types of professionals:
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! a) Agricultural Engireers, concerned with the design and application of engineering resources
and capital instruments such as:
- agricultural mechanization and automatization
- soil and water engineering
- farm structures and rural planning
- process engineering

- with the objective of providing the rural society with the technical means-adapted to local
conet e - conditions - and of conditioning the adverse elemerits of nature, to permit that society makes
a more appropriate and extensive use of natural resources, with less strain and with better re-
sults,

b) Agronomists, concerned with the use of natural and human resources for agricultural produc-
tion, including soils and water, plants and animals, and climate, with the task of achieving
the best possible use of favorable elements of nature, taking full advantage of agricultural en-
gineering techniques and eliminating adverse influences of nature.

24. It will only be possible to substitute traditional and limited agricultural production systems
by an advanced and technified agriculture if these professionals become available in future in
sufficient numbers. Such an agriculture, in turn, will produce more at less cost, facilitating
the acquisition of more capital instruments, and improving rural living -onditions.

25. The implantation of the relevant programmes, in true accordance with future agricultural
development, requires the inclusion of the following requisites:

Table 3
Professional Training Orientation

Agronomist specialized in agricultural oriented towards economic

sciences and efficient use of modemn
techniques

Agricultural Engineer specialized in agricultural oriented towards agriculture
engineering as a technique as the ambient for applica-

tion of modern techniques

V. ACADEMIC PROGRAMMES.,

26. The Second Latin American Conference on Higher Agricultural Education, held in Mede -
Llin , Colombia, in 1962, and the First Round Table Conference of Agronomy Faculties in Cen-
tral America, recommended the following distribution of subject matters for an adequate pre-
paration of agronomists in future:

Table 4
Programme of studies Number of credits
Second conference Round table
asic cycle
basic sciences: mathematics 12

physics 8 50 60
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Programme of studies Number of credits
chemistry 12
biology 18 50 60
agronomy cycle
sciences:socio-econo- 12
mic agriculture: ecology, soils, - ; .- 16
plant.produgtion . -.on 30
animal production 16 90 127
rural techniques
orientation
technical electives 20
free electives 20 40 20
total credits: 180 207

27. That re-distribution of the agronomy programme implies a most important step forward
towards the elaboration of a reorganized plan of studies, with sufficient flexibility to introduce into these program-
mes technical inventives or specializations which may develop in future in relation to the various disciplines of ag-
ricultural sciences. Moreover, the 16 credits reserved for rural techniques with the 20 credits in free electives assure
sufficient possibilities for interested agronomy students to orient themselves in the economic and efficient use of ag-
ricultural engineering techniques. In this way the programme offers between 30 and 40 credits for a sound and prac-
tical orientation of agronomists in agricultural engineering techniques, without interfering too much with the funda-
mental objectives of the existing agronomy programme.

28. The orientation of the agronomist in these techniques could eventually include the follow -
ing course offerings (evidently with emphasis upon their application and economic use):

Table 5

Course offerings for orientation of agronomists in agricultural engineering techniques (30-40 credits)

irvigation systems . . drainage systems

applied hydraulics soil -water -plant relationships
water administration agricultural mechanization
farm machinery tractors and engines

rural electrification rural sanitation

conservation of products processing of products

29. In offering these courses for agronomists, the emphasis must be necessarily upon practical.
efficient and economic use of techniques, and not upon engineering; because the agronomists are the consumers of
techniques, not the initiators.

30. On the other hand, the training of professionals in agricultural engineering demands an aca-
demic programme which is basically different, with a machine-minded mentality, and with other objectives. Such
a programme could be initiated as follows:

a) parallel with an agronomy programme, so that use can be made of a part of the agronomy
programme, to orient the students towards agriculture, or

b) parallel with an engineering programme, for instance with a polytechnical school or engine -
ering faculty, so that use is made of part of the engineering programme in offering basic en-
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Zineering subjects to the agricultural engineering students, or

c) parallel with an agronomy programme and an engineering programme in those universities
that have both programmes available. In that way full use can be made of these two program-
mes, both to orient the student towards agriculture, and to offer him basic engineering, with-
out duplication of efforts and investments.

31. Following the first alternative, the Agrarian University of La Molina in Peru, initiated in
January 1962 a project of the United Nations Development Programme (Special Fund), execu-
ted by FAO, whereby this university could establish a complete agricultural engineering pro-

gramme parallel with its agronomy programme, as follows:

Table 6
Subjecss Agronomy curriculum Agricultural engineering
Biology general biology 4 general biology 4
animal husbandry 4
botany 4
microbiology 4
plant physiology 4
general genetics 4
2% 4
Chemisiry general chemistry 4 general chemistry 4
biochemistry 4
analytical chemistry 4
agricultural chemistry 4
16 4
Physics physics I and II 8 physics I and II 8
meteorology 4 meteorology 4
geolugy 3 geology 3
15 15
Mathemartics algcbra 4 algebra 4
calculus 1,11, I1T 12 calculus I,1I and III 12
16 16
Statistics general statistics 4 algebra 4
statistical methods 4
R 0
Enginecring : topography I 3 topography I 3
drawing 3 technical drawing 2
descriptive geometry 3
statics 4
dynamics 4
topography II 3
strength of materials 4
engineering economy 3
fluid mechanics 3
machine elements 3
6 thermodynamics I, II 6




Subjects Agronomy curriculum Agricultural engineering T
Social Sciences language art language art 2
technical reporting technical reporting 2
economy economy 4
sociology sociology 4
humanities humanities 3
accounting rural laws 3
18
Agricultural Sciences soils soils 4
' general agriculture general agriculture 4
sofl fertility crop husbandry 3
soil management animal husbandry 4

crop husbandry
pasture, fodder crops
viticulture

fruits

entomology
phytopathology
phytotechniques
plant propagation
animal husbandry

(S
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58 15

Agr icultural Engineering rural constructions 4 materials for construction 3
irrigation systems 4 electricity 4

rural mechanics 7 construction methods 3

structures 4

farm power 4

applied hydraulics 3

rural design 3

farm machinery 4

irrigation, drainage 4

process engineering 4

rural planning 2

15 38

Orientation technical electives 20 technical electives 38
free electives 4 free electives 10

24 48

Total credits 200 200

32. The electives in the agricultural engineering programme of La Molina { nclude approxi-
mately 39 course offerings, with a total of 122 credits. Consequently, the programme offers
a total of 274 credits, of which 72 are university credits or credits of the agronomy program-
me. The agricultural engineering programme, in turn, offers courses with a total of 21 cre-
dits to the agronomy programme.
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33. An analysis of these programmes of La Molina shows the following distribution of subjects:

Table 8
Sciences Agronomy Agricultural Engineering

Social Sciences 9% 9%
Agricultural Sciences, including: biology 65% 11. 5%

chemistry

statistics
Physics, mathematics 15, 5% 117. 5%
Agricultural Engineering 10. 5% 62%

34. The above table reflects almost perfectly the earlier mentioned requisites for the training
of agronomists as specialists in agriculture with orientation towards the use of rural techniques,
as well as thase set forth for the training of agricultural engineers as specialists in agricultural
engineering with an orientation in agriculture.

35. The other alternative in creating an agricultural engineering programme includes the use of
facilities available in schools of engineering or polytechnical schools. For instance, a study
made by FAO in the National Polytechnical School in Quito, Ecuador, showed that the following
courses of the Faculty of Engineering of that School could eventually be used in the establish-
ment of an agricultural engineering curriculum.

Table 9

technical drawing
descriptive geometry
statics I and II
dynamics

strength of materials
fluid mechanics

applied mechanics
thermodynamics I and II

Subject Courses No. of comparable creditg
Chemistry general and inorganic chemistry
Physics physics I and II
engineering geology
Mathematics analytic geometry, algebra
calculus I, II and III
advanced mathematics 1
Engineering topography and topographical drawing
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Social Sciences language (English)

Agricultural Engineering construction materials
general electronics
constructions
structures
applied hydraulics
process engineering

Electives processing I, II and III
unit operations I, II and III
plant design
refrigeration
electric machines
hydrology
agriculture hydraulics
soil mechanics
sanitary engineering
hydraulic structures
basic electronics

-

»
~3

Total credits available for agricultural engineering programme 138

36. In order to make a more complete comparison between the two earlier mentioned alterna-
tives- using facilities of an agronomy programme or using the facilities available in an engine-
ering school - the available courses can be brought into groups as follows:

Table 10
course offerings in courses available courses available in
agricultural engine- in agronomy pro- school of engineering
ering gramme
basic sciences 81 cr 39 cr 70 cr
social sciences 18 cr 18 cr 2cr
agricultural sciences 15 cr 15cr -cr
agricultural engineering 38 cr -cr 19 cr
technical electives 122 cr -cr 47 cr
total credits: 274 cr 72 cr 138 cr
100% 26% 50%

37. The foregoing table shows clearly the duality in the agricultural engineering profession,
with emphasis upon engineering, and with an orientation towards agriculture. Agricultural en-
gineering is therefore to be considered as a discipline of engineering. As a result of being al-
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ready a specialization, in itself , of engineering, it is not recommendable to permit further
specializations within the agricultural engineering curriculum below the graduate level. The
slight orientation by means of technical electives must merely help the student to decide in
which direction to specialize afterwards; for instance in:

- soil and water engineering

- farm power and machinery

- farm structures and rural planning
= process engineering

38. In that way it is ensured that all students receive a uniform and adequate basic educa-
tion in the specialization with only an orientation in one of the disciplines of agricultural
engineering. This approach is of particular importance in Latin America, which is a conti-
nent in the state of development, and where agricultural engineering is still rather new.

39. The foregoing table raises the question whether it would not be better to create new agri-
cultural engineering programmes along with existint engineering schools instead of with agro-
nomy programmes. This appears to be more advantageous due to the fact that such schools
can provide already 50% of the required course offerings, but in the case of Latin America it
is certainly more convenient to build up such agricultural engineering programmes within
schools of agriculture for the following reasons:

a) it is of special importance in Latin America that the young agricultural engineers receive
their education within an agricultural environment, together with agronomists, and with those
who will be the future consumers of agricultural engineering techniques.

b) in such an environment there exist plenty of opportunities for the agricultural engineering
student to familiarize himself with actual agricultural problems.

crand, on the other hand, the programme of agricultural engineering can offer service courses
for agronomy students up to a total of 21 credits; and these agronomists can familiarize them-
selves with new techniques as well.

40, It is, of course, evident that the most adequate environment for the training of agricul-
tural engineers- due to the duality of the profession- will be found within universities that
offer programmes in both engineering and agriculture. In those cases approximately 174 cre-
dit courses will be available, which represent almost 63% of all courses required for an agri-
cultural engineering curriculum.

41. Table 11 shows finally the way in which full use can be made of existing programmes

in agronomy and in engineering in creating an agricultural engineering curriculum, w fthout
duplication of efforts and investments. This requires, however, that much of attention is
being paid to university integration. At first sight this appears to be somewhat contradictory
to the desire for specialization, but such integration, in effect, is precisely a vital pre-requi-
site to achieve an efficient, specialized programme in agricultural engineering, that at the
same time will be economical and of good academic standing,
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Theme 4,
23. AGRICULTURAL ENGINEERING EDUCATION IN COLOMBIA by Fabio Bustamante, I.A., M.S.
I. INTRODUCTION.

Agricultural Engineering teaching in Latin America has began its improvement and development pe-
riod, in order to have a technical agricultural industry. For this a good exposition of the necessities related to this
discipline that each country has been necessary in order to prepare a program in agreement with them and to obtain
qualified personnel that with their general knowledge of the profession provide the necessary basis for the correct in-
tegration of the elements related with the complex of the Agricultural Engineering industry.

The Agricultural Engineering Program of the National University of Colombia-Medellin , the second
one organized in Latin America is operating for an integral preparation of A gricultural Engineers and although in any
new program there are a series of troubles, it presents an attractive balance in aspects related to the coumes, physical
facilities, staff members, students and the other aspects involved in the program.

This paper tries to include all and each of the elements that allow the operation of a program for Ag-~
ricultural Engineering, showing the use of the facilities and elements that exist in order to obtain optimal results for
the profession that is to be developed,

II. HISTORICAL BACKGROUND.

The Agricultural Engineering program in Colombia, as in other Latin American countries, up to 1965
has been offered by the Agronomy Faculties in their A gricultural Engineering section where they have been teaching
courses in Surveying, Hydraulics, Irrigation, Rural Construction, and in some of them Farm Machinery has been in-
cluded.

In order to reach the minimum requirements in requisites for the Agricultural Engineering courses, the
Faculties had prepared the students in Mathematics and Physics. From this point of view, teaching of A gricultural
Engineering has been a vocational type rather than a professional type with a notorious deficit in basic Engineering
courses difficulting further advances in those disciplines.

Considering that in spite of its rapid industrial expansion, Colombia is fundamentally an agricultural
country, 75% of its export income comes from agricultural products, therefore a high expansion and efficiency of thi:
industry are necessary for the general progress of the country; and estimating that 5% annual increase on food and o-
ther agricultural products demand due to population increase, improvement of living standards, increase of exporta-
tions, etc, the Govenment estimated necessary to sponsor the increase of agricultural production and realistic projecr:
were started being in charge of the Agricultural Ministry, Instituto Colombiano Agropecuario (ICA), Instituto Colom -
biano de Reforma Agraria (INCORA), Instituto de Mercadeo Agricola (IDEMA), and other related institutions.

The University, as a mean to prepare qualified personnel to facilitate the operation of such projects
with efficiency, considered that it was time to prepare a professional with vision to utilize the necessary elements
from Engineering and A gronomy to solve the complex problems that the agricultural industry presented; in 1956 the
Agronomy Faculty of the Natjonal University- Medellin, made an assistance contract with Michigan State University
for the purpose of improving the courses related with A gricultural Engineering, especially Farm Machinery, Irrigatior
and Drainage. Using the conclusions from this contract, the first program to prepare Agricultural Engineers was sub-
mitted . In 1960 with assistance from OAS and Michigan State University, another program includingthe ¢ gricultu
ral Faculty and the Engineering Faculty in Medellin was submitted to the University Board, and was approved in 196-;.
its development started in 1965. In the same year preparation of the staff members began in foreign countries, espe -
cially in the United States, returning in 1967 when the students were starting the especialized courses in Agricultural
Engineering.
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In 1966 another contract with the University of Nebraska was started. Its staff members and the Co-
lombian specialized staff jointly studied the Agricultural Engineering curriculum; they made the necessary changes,
looking for having the requisites in Mathematics and Physics, and the basic engineering courses balanced withthe
biological courses, to provide the basic training that every agricultural engineer needs in order to understand the re-
lation between the engineer and biological sciences. With this last curriculum, the National University is working
in the preparation of Agricultural Engineers and the first students with a Bachelor’s degree in A gricultural Engineering
will graduate in December of this year.

III. PRESENT SITUATION OF THE AGRICULTURAL ENGINEERING PROGRAM IN COLOMBIA.

The importance of A gricultural Engineering for an efficient development of the agricultural industry
in Colombia has been recognized by the Universities, making use of their agronomy and engineering facilities respec-
tevely. This program is in the second semester, not having yet any specific courses in Engineering. It is in the phase
of preparing staff members and is located in the Cauca Valley zone,

At the National University campus in Bogota, another curriculum for the preparation of Agricultural
Engineers has been planned to begin during the second semester of the present year, as a reciprocal colaboration bet-
ween Engineering and A gronomy Faculties,

The other Agronomy Faculties that exist in the country, having in consideration the programs that the
Government has prepared with institutions mentioned before, are preparing courses to intensify the programs related
to Agricultural Engineering, so in some of such schools, for example, programs have been established to allow a spe-
cialization at undergraduate level in irrigation or in processing, trying to show the importance that Agricultural En-
gineering has.

IV. AGRICULTURAL ENGINEERING PROGRAM, NATIONAL UNIVERSITY - MEDELLIN ZONE.
1. Organization of the National University at Medellin.

For a better understanding of how the program is structured, it seems important tohave a brief expla-
nacion of the organization of the National Univemity at Medellin, Three Faculties, Faculty of Mines (Engineering)
Faculty of Agricultural Sciences, and Faculty of Architecture form the University., These three Faculties administrate
wre profeseional curricula related with the three fields of work: housing, industrialization and food.

The following table is a summary of the curricula offered in Medellin by the three Faculties with their
¢emes'tal duration:

FACULTY PROFESSIONAL CURRICULUM No. SEMESTER
ARCHITECTURE Architecture 1

Constuction 11

Graduate Study in Planning 04

.................................................................................................. 1

AGRICULTURAL SCIENCES Agronomy 10

Agricultural Engineering 10

Forestry Engineering 10

Agricultural Economics 10

e e - s . - - . = = = = = = R S B = P = e e B D e S W R e e -
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Animal Husbandry 10 J
MINES (ENGINEERING) Civil Engineering 11

Administrative Engineering 11

Petrologist Engineering 11

Industrial Engineering 11

Metalurgical Engineering 11

Geological Engineering 11

Chemical Engineering 11

Electrical Engineering 11

Mechanical Engineering 11

Graduate Study in Engineering 04

(Structures, Roads, Hydraulics

Systems)

Graduate Study in Applied Mathe -

matics 04
................................. 4 e e amce e mccmeeeme e cecccemcmemee-emmceccmemecmcmcee-oceece=ad

The Faculties are the fundamental academic and administrative units of the University. Each one is
divided into Departments that are the operative units for developing the activities related to teaching and research in
the topics of the field in which each Faculty works. The professional formation of curricula is under vigilance of the
Faculty but the total configuration of a curriculum is due to the cooperation of various Departments where the general
courses or professional courses are offered.

2) Organization of the Agricultural Engineering Curriculum:

From the following table it is easy to deduca the paricipation that different University's dependances
have in the program. It has facilitated the organization, reducing the investments in equipment and
human materials, staff members, etc. basic Engineering courses necessary for the Agricultural Engine-
ering program when the budgets are limited.

Academic participation of the different Departments expressed in percentage of offered courses for the
Agricultural Engineering curriculum:

e eecemeesemeciasmccceecse-ccccese comccsmcac-. cemmmmmna aea B .
| eememn o FACULTY DEPARTMENT . ... BERCENTAGE ____|
AGRICULTURAL SCIENCES Agricultural Engineering 31.2

Agronomy 3.4
Chemistry and Biology 13.0-===--
47.6
MINES (ENGINEERING) Administration and Prog. 3.8
Mathematics and Physics 26.4
Engineering 14.6
Mineral Resources 2.0===-"~
46.8
ARCHITECTURE Ans 1,0
Humanities 4.6------
5.6
GRAND TOTAL 100.0
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It is well known that Agricultural Engineering was created to fill the necessity of giving a greater em-
phasis for the Physics and Mathematical Sciences to develop a technical agricultural industry that depends more on
mechanization to make use of the techniques and scientific discoveries to obtain high yields using correct agronomic
techniques.

The more advanced countries in the Agricultural Engineering field had divided their programs in the
following four areas of application:

FARM MA CHINERY IRRIGATION AND DRAINA GE
RURAL CONSTRUCTIONS PROCESSING OF AGRICULTURAL PRODUCTS

Under these four divisions, the Agricultural Engineering program in Medellin has been structured, in
order to have a correct planning of investments, staff members preparation, and a balance between the courses that
the student has to receive for his integral preparation.

With the understanding of Agricultural Engineering philosophy and wih a knowledge about the govern-
ment projects for a better Agricultural Industry in the country, the present curriculum was prepared, so it permits to
give a real and adjusted preparation to the Colombian necessities where experience in these areas is poor or does not
exist. The general information given by the curriculum to the future Agricultural Engineer provides him a general
knowledge in the profession, and permits an easy adjustment to graduate programs. Also, the program was prepared
in such a way to meet the requisites for every Engineering curriculum, with the approval of the Engineering Council
of Professional Development (ECPD) of the United States and that of the Engineering Committee of the National Asso-
ciation of Universities in Colombia. This permits students to pursue graduate programs in the United States.

The program or curriculum has observed the requisites and the pre-requisites that the University demands
to every student that wants to study in it, and has been organized in the following form:

----------------------------------------------------------------------------------------------------

LEVEL 01

Mathematical Analysis I 4 4
Trigonometry 3 0
Practical Complement 3 0
Chemistry I (General) 7 S
Biology 6 4
English I 4 0
Drawing I 3 1

LEVEL 02

Mathematical Analysis II 4 4
Geometry 4 4
Practical Complement II 3 3
Chemistry III (Organic) 6 5
General Physics 4 4
English II 4 0
Humanities (Language) 2 2

.................................................................................................

LEVEL 03

Mathematical Analysis III 4 4
Physics I 6 5
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Chemistry IV (Biochemistry) 6 4
Technical Drawing 4 2
Botany I (General) 6 4
Humanities II (Use Library) 2 2
LEVEL 04
Mathematical Analysis IV 4 4
Physics I 6 6
Implements and Materials used in Engineering 2 1
Topography 1 4 4
Practices Topography 1 3 1
Humanities III (Tech. writing) 1 1
Humanities IV (Palitical -Economic Doctrines) I 1
Svovwsessscenvescsssasessssse IR P TP PRI LY P L LA P LT R P R P L L L R L L P R L L P P L L D P Y P Y T T L 2
LEVEL 05
Mathematical Analysis V 4 4
Physics ITI 6 5
Fluid Mechanics 4 4
Plags.: Physiotagge o 6 5
Soils 1 (General) 5 4
Humanities V (Sociology) 1 1
LEVEL 06
Thermodynamics and Heat (Physics V) 4 4
Statistics I (Bio-satistics) 5 4
Soil Mechanics (Soils II) 5 4
Strength of Materials 4 4
Computers and Programming 6 §
Humanities VI (Rural Sociol, ) 1 1
LEVEL 07
Apredarural Sysvems I 6 5
Applied Hydraulics 6 5
Economy 1 (General) 4 4
Irrigation I (Relation water -sofl #plant) 3 3
Principles of Farm Machinery 3 3
Elective 5 4
Humanities 1 1
LA X L T ET TR XL EI L DAL E Y DL L LT A AL R AT I AL LA DXL P L AL D L X L L2 X 13 .-----..-.------.-‘-..-*
LEVEL 08
Hydrology and Climatology 4 3
Sources of Rural Power 5 4
A gricultural Systems II 3 3
Process of Agricul, Prod, I 3 3
Erigation II (Design of Irrigation Systems) 6 4
Elective 5 4
Anspandties 1 b §
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LEVEL 09

Process of Agricul, Prod, II
Rural Electrification
Cultives or Crops
Analytical Methods
Elective

Research 1 5

A o

W bW

LEVEL 10

Drainage and Erosion Control
Engineering of Rural Environment
Elective

Research II

Seminar * 1

AN D

Wk o

1

The curriculum is divided in the following ways: General basic courses, Humanities courses, Basic k-
gineering courses, Agricultural courses, and Agricultural Engineering courses, The content of courses for each ox

of them is as follows:

A) GENERAL BASIC COURSES: This group includes courses necessary to the primary formation of an engineer aud

for a later understanding for the basic engineering courses.

a) Mathematics and Physics courses group:

Mathematical Analysis I 4
Mathematical Analysis II 4

Practical Complement I 0

Practical Complement II -3

Analytic Geometry 4
Mathematical Analysis III 4
Mathematical Analysis IV 4
Mathematical Analysis V 4occreommnea

a1

b) Biological and Chemical Courses group:

Biology 4

General Botany 4

General Chemistry 5

Organic Chemistry Secccccncana

18

B) HUMANITIES COURSES: This group includes the courses that give the students a formation in general culture i

are requisites for the University.

Language

English I

English II

Use of Library

Technical Writing
Political-Economical Doctrines

- O O N
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General Sociology 1
Rural Sociology 1
2 Elective courses in Humanities 2
General Economy Y P

C) BASIC ENGINEERING COURSES: This group includes the courses that give the student the necessary basis in Engine -
ering to understand the applied courses,

Drawing I

Technical Drawing

Physics 1

Physics 11

Physics III

Hydrology and Climatology
Soil Mechanics
Topography

Geology

Fluid Mechanics

Applied Hydraulics
Strength of Materials
Computens and Programming

A D BB O D WO D

D) BASIC AGRICULTURAL COURSES: This group includes the necessary courses to fill the total agricultural forma-
tion:

Plant Physiology 5
Biostatistics 4
Crops 3
General Soils 4
Biochemistry domeececa-

E) AGRICULTURAL ENGINEERING COURSES: This group includes the specific agricultural engi neering courses and
they are divided into the four divisions above mentioned, The number of courses in each of the divisions is more or
less the same, in order to obtain an Agricultural Engineer with a general knowledge of the profession. It was not coi.-
sidered an especialization in a given area, for any specific field is limited because the profession is new in the coun-
try and it is necessary to provide organized work areas to get to specialization,

a) Irrigation and Drainage courses:

Relation water-soil-plant 3
Design of irrigation systems 4
Drainage and erosion control §===-cmme-

b) Farm Machinery:

Implements and materials 1
Principles of farm machinery 3
Sources of rural power 4
Analytical methods B 4---=---==-



-174-
c) Agricultural Construction:

Agricultural Systems I S
Agricultural Systems I 3

Rural Electrification 4

Engineering of the Rural Environment K e it

15

d) Processing of A gricultural Products:

Thermodynamics 4

Processing Agricultural Products I 3

Processing Agricultural Products II 4=

11

F) ELECTIVE COURSES: Each semester, one or more elective courses are offered in equal number in
each of the above divisions, these courses are different from the regular courses in the curriculum.

This system gives the students an opportunity to select courses in which they are interested in order to
have a better knowledge in the field of their selection, instead of having a real specialization. Some elective cour-
ses are: Administration and Operation of Irrigation Districts, Air Conditioning and Refrigeration, Advanced Machine-
ry, etc. It is not necessary for elective courses to be strictly Agricultural Engineering courses, the student can take
courses from another Department in the University, by having the authorization from his advisor. The total credit
value required is 16; these generally, are divided in the last four semesters,

G) RESEARCH AND SEMINAR: In the last two semesters the student has to register in research. This
effort tries to create an interest in research and to develop a special problem that permits a familiarization with the
techniques for research and to analize a specific project. The research gives the student the capacity for a better
performance in his work or to have a higher efficiency in graduate school research. The number of credits for research
is 6, A list of the research themes that are being processed in the present year is shown in Appendix 1.

During the last semester each student has to present a Seminar, The theme is of free selection, The
number of credits for Seminar is 1.

H) CREDITS: The credit value for each course is calculated by computing 1 credit for one theoretical
class hour per week, and one for two laboratory class per week, It is difficult for a studemt to carry more than 25 cre-
dits per semester and therefore each student has to submit to his advisor the program prior to the registration time,
The student can select courses from any semester, depending on the requisites and his advisor,

In the following table the resume of the distribution of courses with the credit value expressed in per-
centage is presented.

a) Syllabus or Program resume for A gricultural Engineering courses:
Appendix 2 contains the resume of the courses that are offered for Agricultural Engineering. The text
books are included; some of them do not have a text book because the professor prepares class notes

for the students.

( COURSES CREDITS PERCENTAGE
Partial Total

General basic courses:
Physics and Mathematics 31




COURSES CREDITS PERCENTAGE
Partial Total

Chemistry and Biology 18 49 23.6
Humanities courses 14 6.7 ._
Basic Engineering courses 52 25.0
Agronomy Courses 20 : 9.6
Agricultural Engineering Courses .
Irrigation and Drainage 12
Fam Machinery 12
Agricultural Construction 15
Process Agric. Prod. 11 50 24.0
Electives 16 7.1
Research and Seminar T 3.4

L 208 100.0

V. STAFF MEMBERS.

Since the initiation of the program the main aim has been the preparation of teachers for specific Ag-
ricultural Engineering courses. The labor has been difficult because the profession is new and the few A gricultural
Engineers that exist are employed in different institutions and are not attracted by teaching for many different reasons,
among them the problem of low salaries in comparison to other institutions.

The preparation of staff members is a program that consists in having Agronomist Engineers (Ingeniero
A grénomo) or Civil Engineers in the Graduate School level, as long as they are interested in Agricultural Engineering
studies, The best results have been obtained with A gronomist Engineers because they understand easily the Agricultu-
ral Engineering Philosophy.

The first step for this program is that every staff member gets the M, S, degree, this objective is ex-
pected to be achieved by the first semester of 1971, The program for the obtenton of the Ph,D, level will start du-
ring the year of 1970 for some members of the staff.

The Agricultural Engineering staff members are 15; 13 of them depending on National University and
the other 2 are University of Nebraska Mission 's staff members. Also, there are two other Nebraska staff members
that periodically fly from Bogota to help in some courses related to their specialization, The division of the 13 staff
members into the Agricultural Engineering areas is:

Irrigation and Drainage 3 professors
Farm Machinery 3 professors
Agricultural Construction 2 professors
Processing Agricultural Prod. 4 professors
Pussuing graduate studies 3 professors
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One of the professors has his Ph, D, degree , three have the Master's degree, one has graduate studies
but without any title, and the others have their University title,

Our objective is to have 5 professors as a minimum in each one of the four areas; some of the first
graduates will be the future professors of the program.

V1. STUDENTS.
The Agricultural Engineering students are submitted to the same registration process as all National
University students; a student can register in any curriculum but he has the opportunity to change from one to another

according to the knowledge that about a specific field he gets during the first year in the University.

The following table shows the increase (by accumulative total) of the number of students per semester.
The program was initiated in 1965.

e e e emeememeemecmeemcceeeeemeeeemee-emmeeeeeeemeeeeeeseemeememmeeemmnn R
R €7 1. S FIRST SEMESTER __ . _.... ... SECOND SEMESTER _____.
1965 29 29
1966 41 59
1967 70 90
1968 105 124
1969 141 163

The flexibility of the program permits the student to select courses from different semesters, in accor-
dance to his advisor, credits and requisites, The advisor’s labor for this program is considered very important, becawse
as this is a new program in the country, the students sometimes do not understand the importance of the different
courses for the general composition of the program, The most notorious labor has been made with the students that
are about to finish, because with them different trials were made in order to obtain the correct program.

VII. ASSISTANCE FROM OTHER INSTITUTIONS.

The assistance from other institutions with the experience in activities related to the profession that
are initiating their own development is of capital importance, To obtain the objective the National Univesmity and
Colombian Agricultural Institute (ICA) made a contract in which the ICA gives assistance to the University to improve
the teaching and research activities, In this particular program the Agricultural Engineering has been cansidered of
primary importance. In order to obtain the objectives for such program, ICA signed a contract with the Mid-Ameri-
can States Universities Association (MASUA) for which the University of Nebraska is the entitled manager.

The above programs and contracts have pemmitted Agricultural Engineering to receive excellent bene-
fits from staff and counselors which with all their interest spend their time in establishing adequately the program, as
it is running now. Two of the Nebraska staff members are in Medellin, their specializations are respectively: Rural
Construction, Farm Machinery and Soil and Water, In Bogota there are two other Nebraska Members, they give assis-
tance as advisors and sometimes as professors, ICA has organized a program to provide laboratories and lecture faci-
lities,

There is reciprocal assistance with Public Institutions and with private companies related with Agricul*
tural Industry,

VIII, PHYSICAL FACILITIES,

The physical facilities include all kinds of equipment, space and other necessary elements for
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teaching and research. The nature of the Agricultural Engineering courses requires a complex laboratory for strength
of materials, hydraulics, agricultural processing, irdgation and drainage and mechanics, drawing and carpenter shops.
All this equipment is expensive and needs qualified personnel,

Although part of this equipment is new for the Engineering and Agronomy Faculties, both have some
of it, and this reduces costs due to the cooperation that the program receives from such Faculties, This situation oc-
curs in Medellin and favors the program by reducing the need for purchasing equipment.

The following are the laboratories that exist in both Facultes in which the program is based:
AGRONOMY FACULTY:

Soils laboratories

Biology laboratories

Physiology laboratories

Chemistry laboratories

Farm Machinery laboratories
Irrigation and drainage laboratories

ENGINEERING FACULTY:

Physics laboratories

Strength of materials laboratories
Hydraulics laboratories

Soils physics laboratores -
Mechanics laboratories

For A gricultural Engineering courses, the Farm Machinery, Irrigation and Drainage laboratories have
been improved. New equipment has been obtained for Rural Construction, Rural Electrification and Processing labo-
ratories,

A computer center, equiped with IBM 1620 can be used for the Agricultural Engineering program and
in it the students make the laboratories of the programming courses and are able to process research data.

IX. LIBRARY.

The Agricultural and Engineering Faculties have a good library, in which both staff and students are
able to obtain more or less complete information required for the courses. A new file system is being organized to
attend Agricultural Engineering; it consists in re-equipping and reclassification of the titles,

X. GRADUATES,

In December of this year the first students will be graduating. This group initiated the program in
1965 and it is hoped that they will open the way to have a good application of all the topfcs related with A gricultu-
ral Engineering, showing the errors and the necessary corrections to obtain good results in the application of Engine-
ering to the Agricultural Industry. The job opportunities are very wide and some of them plan to go to graduate school.
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Theme 4,

24, AN UNDERGRADUATED LEVEL CURRICULUM PROJECT FOR AGRICULTURAL ENGINEERING IN PERU by Jorge
Quiroz, Herbert M. Lapp, Shunil E, Roy, Alberto Arnillas,

The Philosophy.
Comparative study.
The needs.
Recommendations.

Ll

1. THE PHILOSOPHY.
Stablishing the Agricultural Engineering Philosophy, one-of the speakers hias said: -

"Agricultural Engineering has as a base the following mathematicalsciences: Physics, Chemistry, Socio-
logy, Biology, and also needs Engineering knowledges, that are applied to agricultural problems; it is not engineer-
ing applied to agriculture, it is Engineering and Agriculture, being more important the first one, for it presents new
work philosophies and new methods. Agronomy seeks solving biological problems; and other Engineering branches
such as: Civil, Mechanics, Electrical, etc. are different from Agricultural Engineering because their professions do
not cover natural sciences nor deal with agricultural problems.

Agricultural Engineering studies agricultural problems and solutions, in areas such as: rural physical
planning, farm machinery uses to increase production, studies storage problems, water and its conduction, storing
and market processing food products for an effective conservation technique; has designs for rural housing problems
and of so many topics that the list to number them would be endless. Agricultural Engineering solves infra -structure
problems. Seeks that man belonging to the rural area or wanting to belong, or the indian andean culture man that
wants to remain forever in his land, be technically grouped and to assure him facilities and services, Agricultural
Engineering will provoke an orderly integration of men forming comunities, this is done previous to the social, eco-
nomic and agricultural studies. "

Later, the underwritters agree in the following point:

Industrialization and technification is the aim of agricultural engineering profession. Integrating capi-
tal resources with natural and human resources. In the case of sub-developed countries, agricultural production is
linked to the use of natural, biological and labor resources. In the developed countries the integration also takes in-
to account the use of capital and modern techniques adapted to local conditions.

From the first Symposium of Agricultural Engineering, important conclusions were given, despite the
fact that at the start some divergent points of view were expressed, due to well defined concepts, the conclusions
were set as guides for the Undergraduate Study Plan. It was stablished the need of a broad base program in Agricul-
tural Engineering, graduates should have only a vias rather than a specialization in any of the departments. Hence
a speaker said:

"The University has to teach all fundamental humanistic topics. The students should have all necessa-
ry knowledge with a strong methodological base, so they would develop a creative mind to solve totally their problems.
It was concluded that knowledge should not further be divided towards a sophisticated development. An opposition
was expressed towards unilateral specialization. It was demonstrated too that a true universitarian teaching is that of
solving society and world questions. In regard of specialization courses, it mentions of being of high quality the con-
tent and should deal with the reality.

Phrasing what a graduate student from Agricultural Engineering said:

"More agronomic knowledge was lacking of the different plant varieties we have under production and
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whose operation we want to mechanize" furthermore, he said ... It is known that the University prepares highly spe«
cialized professionals, neither the government nor the private enterprises have but a limited capacity to hire them,
and we have graduates that work in a different area of their specializations" (referring to departamentalization).

The final UNSF-40 Repart Project gives the basic philosophy to be followed: the necessity of a broad
base program in Agricultural Engineering. This point of view has been accepted by Northamerican and by European
experts after visiting our Program. Besides, Departmental Heads spoke in favor of having a broad base undergraduate
program for Agricultural Engineering, seeking specialization at a higher level of education. These points clarified af-
ter a series of discussions carry, the following appreciations: Agricultural Engineering is a branch of Engineering just
as: Mechanical Electronic, Civil, etc, are, and hence it is already a specialization within Engineering, Agricultural
Engineering comes to be a young profession related to the other branches,

The great difference with other Engineering professions is that Agricultural Engineering deals with rural
population interests, tries to improve productive means, implementing and improving infra-structures, and brings to
the farmer modern technology. This is an important fact, since 2/3 of the world population has a rural habitat, and
works in agriculture. To improve standards of living, then it is necessary to distinguish and to reinforce the profession-
al principles of Agricultural Engineering. This is true in developing countries that are the ones with bigger rural po-
pulations. These countries are the ones that need most Agricultural Engineering to implement their environment by
means of industrialization and infra =structural works, Consequently, Agricultural Engineering students need social
and economical studies, biological sciences, basic engineering, and specialization sciences; 1elated to agricultural
production and to live in the rural areas, this preparation seeks professionals capable of doing their jobs,

It is a necessity of giving more basic engineering to the students, in this way the graduate will have a
better ground for his professional work; in our countries we have broad applications for them. In the other hand, a
deeper specialization comes through professional experience or through post-graduated studies. This specialization
is important, but is not the task for an undergraduate curriculum,

2. COMPARATIVE STUDY.

A table has been prepared to stablish some valid conclusions from the experience gained in different U-
niversities, the table presents information from: National Agrarian University of Peru, National University of Colom-
bia, Udaipur University of India, and the Universities of Florida and Ilinois in the U.S. A, The table has the 1963
and the 1964 -7 programs of National Agrarian University, also the recommended program done by Dr. C.W. Hall,
Education Consultant of UNDP-80, Finally the program recommended in this paper is also presented,

In regard of the National Agrarian University, the following can be established:
" The study plan is of the highest academic technical level, the student can arri e prematurely to spe -
cialization, without an integral formation of Humanities and of the environment. This is because of the flexible
possibilities the program offers. It is important to diminish the elective load and adding instead more Humanities

and basic sciences.

The change has to be accompanied of some course content modifications, seeking a more general for-
mation in Agricultural Engineering,

It is important to note that the program development has permitted the integration of graduated courses.
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Proposed Pro- Dr, C, W, Hall Colombia's Udaipur Florida NAU NAU  Univers,|
gram in this Récommenda- National Uni- India U.S.A.  Prog. Progm. Ilinois
Report tions verssity 1964-7 1963 U.S. A.
Humanities and
Social Sciences 140+, &, 5865 i, 9.5 3.0 17.0 9 9 19
Basic Sciences 24.0 25.0 28.0 28.0 26. 7 18 20 20.5
Basic Engineering 29.0 30.0 21.5 30.5 23.5 26 27 22.0
Applied Agricultural .
Sciences 9.0 9.0 5.5 11.0 5.2 11 14 10.5
Agricultural Engineering 14. 5 18.0 28.0 21.0 15.0 12 11 11.9
Electives 9.5 9.5 7.5 6.5 10.8 24 19 16.1

boescncestesavanaconnae -oe

From the table the following thoughts can be derived:

Nlinois University offers 16. 1% in elective courses, and the National Agrarian University by comparison
offers 24% , but the program suggested by Dr. Hall and by us calls for 9. 5%

Specialization courses in Ilinois reach 20% in Florida 25. 8%, in India 27. 5%, in Colombia 35. 6% and
in our proposal 24% In the Colombian case there is a smaller need of humanities and a basic engineering.

The lowest percentage of basic sciences are taken in Peru, and in Humanities the lowest percentage is
presented at Udaipur,

In applied sciences Florida and the Colombian Universities offer the lowest percentages: 5. 2% and 5. 5%

Considering the great specialization in the United States Universities is important to point to Latin Ame-
rican Universities to look for a well balanced program, reducing courses of over specialization.

3. THE NEEDS.

Professional education in its earlier stages, gives a general basic education. Later professional educa-
tion is given by means of applied knowledges. Therefore, Agricultural Engineering Programs should follow this line.
The first stage would present courses in Humanities, Mathematics, Basic and Applied Agricultural Sciences; later,
Engineering applied to agriculture. Flexibility has always to be taken into consideration so that specialization cour-
ses could be chosen within one of the four program areas.

The Bachelor’s degree equips the students for immediate work and also prepare him for higher studies.
The Bachelor's degree should not mean an overspecialization, the graduate should know well fundamental principles
and know to apply them; nevertheless, the Program should be flexible enough so the student can take some courses
in areas he likes according to his vocation and future plans. Specialization comes after graduation, by courses or by
constant work in a same line,

Morever, it has to be considered that graduates switch works when they start their professional activities
in Agricultural Engineering,
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Emphasis should be given to the teaching of the fundamental principles of the Agricultural Engine-
ering profession. This means a heavier load of courses in Humanities, Mathematics, Physics, Chemistry, Biological
Sciences, etc. then basic Engineering knowledge should be given, such as: Statics, Thermodynamics, Fluid Mecha-
nics, Electricity, etc., and Agricultural Engineering courses as: Plant Design, Irrigation System Design, Farm Machi-
nery, Rural Design, etc. All Agricultural Engineering courses should include agricultural and habitat applications.
Dasification, in the other hand, is important, velocity of technological changes is o great that we are not capable
of giving students last hour improvements. One has said that it would take 25 years for a student to take all Univer-
sity materials in one branch. Likewise Universities tend to subdivide the applicative course number, we will not
permit this event in Agricultural Engineering.

G. W. Giles in his work titled "A Frame Work for the Development and Improvement of Teaching
and Training Agricultural Engineering in India”, has said the following concepts.

"Science and Technology are necessary for Agricultural Engineering, they are very well interrelated:
we first must learn and then we must know how to apply our knowledge to practical problems; at the end, we must
have something that will serve agriculture or else we are not teally Engineers.

The only element that differentiates Agricultural Engineering from other Engineering technologies
is that the first one is applied to biological and organic material. Most of the things Agricultural Engineers do, di-
rectly or indirectly, influence plants and animals, or their products and processes: seeding, adecuate fertilizers, irri-
gation with correct amount of water, crop development, processes, market and manufacture are a part in the quality
and quantity of the final product. We are working in Engineering as it were a system of raw biological production,
but we are not concerned in educating and training young people to do a better job in the future than the one we did
in the past, ’

We should also be concerned with the mechanism of these biological materials, such as we are con-
cerned with external production systems. What happens inside plants and animals can be explained, iegulated or
changed by scientific laws and engineering laws; that is why we need to know more about the internal mechanisms.

Bio-engineering systems are the most complicated things on earth because organic matter is restless
and changes constantly from birth till death. In the other side , our educational system should develop the necessa-
ry aptitudes and to impart all teaching materials to prepare students in this new Engineering profession. We need
basic and fundamental points from the biological sciences such as : plant and animal physiology".

Education really is solving problems with thinking tools. It is not only pure and applied sciences
the resolutive elements for a decision taking man; they are also humanities ; the points for Agricultural Engineering
that links man and land.

Higher mathematics are studied for two reasons, the first one is because it is the only way to express
relations precisely and universally; and the second reason, is because it is a way of educating the mind to think in
a more ordenate and efficient way.

Technicians use less the mathematical tools than the scientifics. But he has to study them as well
for the mentioned reasons, and besides for the necessity to have a better understanding of scientific advances and to
apply them to the new technical methods.

Science and technology are used and applied in Agricultural Engineering. Science is the knowledge
that governs general truths and the applicative laws that have been obtained through experiments and scientific me -
thods, Science is also the discovering of new thoughts that are valid and up to date, technology in the other hand
applies scientifis and derived knowledge.

In regard of the Staff of a Higher Education Center, we can remember the concepts of philosopher
Vossier and of Nobel Prize Winner Haussay, they have said: "Professors that only teach and never do research could
be well called school teachers, and within the hierarchy of a University could be properly called sargents”. If a higher
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education institution forgets research, the institution should not be called a University. But if a technical school
practices research it has the University category"”.

4. RECOMMENDA TIONS.

From the detailed Curriculum of Studies review, and in accordance with the Experts recommendations,
there is a necessity of incrementing studies in: Chemistry, Statistics, Electronics, Physical Principles of Biological Ma-
terials and Humanities.

The Program to be proposed has all these topics, with the exception of Physical Principles of Biologi-
cal Materials, that is recommended as an elective course to be taken as one of the more important for the Bachelor's
degree students. Preparing the curriculum, the new University law was taken into account. The law establishes de-
partmental organization for all National Universities, but for our case this is not something new, the new law gives the
name of Academic Programs to what our Faculties used to be.

The curricular structure of certain Academic Departments determine the Academic Program of Agri-
cultural Engineering. The Program is under a director and presently it is formed as follows:

ACADEMIC PROGRAMME OF
AGRICULTURAL ENGINEERING

MAIN DEPARTMENTS

FARM STRUC TURES AND RURAL FARM MACHINERY SOIL & WATER ENGINEERING
PLANNING DEPARTMENT DEPARTMENT DEPARTMENT

SECONDARY DEPARTMENTS

[ 1
MATHEMATICS DEPARTMENT FOOD TECHNOLOGY & AGRICUL
TURAL PROCESS ENGINEERING

DEPARTMENT

The main Departments have a wider participation in the Program. Having a greater representation
and interest for the professional formation.

To obtain the Bachelor's degree in Agricultural Engineering the student has to approve 200 unit: cre
that are divided in the following way:

80 units of general studies
120 units of professional studies

The general basci cycle is for all universitary students, this is a formative period, giving the students
a balanced plan of scientific and humanistic courses. The system is flexible and grams, after completing the 80 units
a diploma.
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UNDERGRADUATE CURRICULUM
(Bs. in Agricultural Engiv.-ering)

Basic two-year general study period.

FIRST YEAR.
General Biology 4 Microbiology 4
Mathematics 1 4 Mathematics 1I 4
General Inorganic Chem. 3 Physics 1 4
Introduction to Biology 4 Evolution of Universal Cult. 3
Spanish 2 Principles of Economy I 3
Introduction to Philesophy 3 '
20 21
SECOND YEAR,
Mathematics III 4 Spanisk Writing 2
Physics II 4 Meteoroiogy Hydrology 3
Organic Chemistry 3 Evolution of Peruvian
Principles of Economy II 3 Cult, 3
General Anthropology 3 Statistics Fundamentals
Electives 3 Electives 7
20 19

Suggested courses for Agricultural Engineering:

Mathematics IV 4
Geology 3
Descriptive Gecmetry 3

10

Three year professional program,

THIRD YEAR
Edafology 4 Crop Sciences 4
Mathematics for Engineers 3 Strength of Materials 4
Sarveying 1 1 Surveying II 3
Statics 4 Dynamics 4
Materials Science & Building Animal Sciences 4
Construction 3 Manufacturing Process 2
Technical Drawing 2

19 21
FOURTH YEAR
Thermodvnamics 3 Heat & Mass Transfer 3
Structures 4 Machine Design 4
Thenry of Machines 3 Heat Engines 3
Electrical Engineering 3 Electronics 3
Fluid Mechanics 4 Rural & Industrial Laws 2
Electives 3 Applied Hydraulics 3

Electives 3



FIFTH YEAR

Rural Design I 3
S¢il and Water Conservation
Engineering

Farm Power

Process Engineering
Electives

@ W ww

20

A, HUMANITIES AND SOCIAL SCIENCES.

Principles of Economics 1
Principles of Economics II
Introduction to Sociology
General Enthropology
Evolurion of Universal Culture
£ slution of Peruvian Culture
Spaiich

Int-oduction to Philosophy
Sparich Redaction

Rural and Industrial Laws

8. BASIC SCIENCES AND STATISTICS

BIOLOGICAL SCIENCES:
General Biology
Mic:cbiology

PHYSICAL AND CHEMICAL SCIENCES:
Cve .eral Chemistry and Inorganic
inrganic Chemistry

Oryaiic Chemistry

Physics I

Physics 11

MATHEMATICS AND STATISTICS:
Mathematics 1
Maihematics 11
Mathematics 111
Mathematics IV
Mathematics for Engineers
‘=tics Fundamentals
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Engineering Economics 8
Rural Planning ) 2
Farm Machinery 3
Irrigav{on and Drainage 3
Design of Processing Plants 3
Electives ]

19

CONTENT

ANALYSIS OF THE PROGRAM

Cred

lwwwwwwwhww

(3
(-4

eo‘rs 'S

lhhwww

17

25

Wb

8

Percent

14%

4%

8.5%

12.5%

11. 5%
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C. APPLIED SCIENCES.

Cred. Percent

Geology

Edafology

Crop $cience

Animal Science
Meteorology and Hydrology

fary
mlw#hhw

9%
D. BASIC ENGINEERING

Descriptive Geometry
Technical Drawing
Surveying I

Surveying II

Statics

Dynamics

Structures

Strength of Materials
Materials Sciences and building Construction
Fluid Mechanics
Thermodynamics

Heat Engines

Theory of Machines
Machine Design

Heat and Mass Transfer
Electrical Engineering
Electronics
Manufacturing Process

Imwuwauwwmwhhhbwwnw

[%A]
(-]

29%
E. AGRICULTURAL ENGINEERING

Rural Design I

Rural Planning

Soil and Water Conservation Engineering
Applied Hydraulics

Irrigation and Drainage

Farm Power

Farm Machinery

Process Engineering

Design of Processing Plants

Engineering Economics

W W W wWwowowwowmwaow

29 14. 5%

F. ELECTIVES 19 9. 5%

Total: 200 100. %

This Curriculum and analysis is offered for consideration in the development of the most appropriate
and suitable program in Agricultural Engineering to serve the best interests of Peru and the Latin American Region.
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ELECTIVES.

A. From the University Departments.

Biological Sciences:
Botany, Zoology, Plant Physiology, Animal Physiology, Genetics, etc.

Physical Sciences:
Inorganic Chemistry II, Organic Chemistry II, Special Bio-chemistry, Instrumental Analysis I, Physical Chemistry,
Chemical Technology, Advanced Physics, etc.

Applied Sciences:
Ciimatology, Soil Physics, Soil-water-plant Relationships, Soil Chemistry, Agrometeorology I, Hydrometeorology,
Ge ography of Development, Use of Forest Lands, Wood Technology.

Mathematics & Statistics:
Computer Programming, Nomography, Dimensional Analysis, Matrices, Differential Equations, Statistical Mathema-
tis I, Advanced Statistics, Statistics for Engineers.

Social Sciences & Humanities: .
Rural Sociology, Rural Administration, Development Economics, Development Manification, Agricultural Economics,
Principles of Business Management, Econometry.

Food Technology & Agricultural Products Processing:
Urit Operations, Principles of Processing Engineering, Processing Plant Design, Materials Handling and Transport E-
rergy Computation for Handling and Processing Equipment Distribution, Machine Design.

8. From Departments within Program of Studies.

Geaeral Agricultural Engineering.
Research Methods in Agricultural Engineering, Instrumentation for Agricultural Engineering, Energy Conversion Sys-
tems, Physical Principles of Plant Environment, Physical Properties of Biological Materials.

5.7l & Water Engineering.

Hydrology, Flow through Porus Media, Hydraulic Machinery, Turbines and Pumps, Water Resources Development En-
gineer;ag, Water Shed, Management Systems Design, Photogrammetry and Interpretation, Irrigation Systems Designs,
£oil ard Water Engineering Structures, Administration and Operation of Land and Water Resources, Erosi: n and Trans-
port of Sediments, etc.

Farm Structures and Rural Planning.
Scil Mechanics, Reinforced Concrete, Advanced Structural Analysis, Rural Sanitation, Environment Control Engineer-
irg, Rural Planning Design II, Rural Electrification, Animal Housing Design, Design of Storage Struc tures.

rarm Machinery.
Harvesting Machinery, Harvesting Machine Design, Farm Machinery Applications, Earth-moving and Land Forming
Machinery, Optimization of Fngineering Systems, etc.
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Theme 5: GRADUATE EDUCATION IN AGRICULTURAL ENGINEERING IN LATIN AMERICA

25.. REQUIREMENTS FOR GRADUATE STUDY IN AGRICULTURAL ENGINEERING by Robert G. Yeck, Consultant
FAO.

A graduate study program in Agricultural Engineering requires consideration of: (1) The reasons for which
graduate tmining is being provided; (2) the standards to be maintained and the resources to be provided by a univer-
sity in fulfilling this need; (3) the preparation of the students prior to entering a graduate progam; and (4) the needed
promotion and support of graduate training. These requirements for graduate training programs are the same through-
out the wolld. However, when one looks within each of these considerations, Latin America is shown to have its own
specific requirements. These requirements also differ among countries and regions within Latin America.

Why Graduate Training ?

The need for training agricultural engineers to meet the challenge of progress in Latin American countries
has been well established., But, why does Latin America need graduate training ? Graduate training, of coumse, pro-
vides an opportunity for a student to increase his proficiency. But, what does this mean? Increased proficiency may
mean specialization in a relatively namow area to fit a highly specialized technical assignment in teaching, research,
agricultural advisory work or industry. On the other extreme, it may mean broad training to meet rquirements of
some teaching and advisory jobs, some industrial assignments, and most administrative duties. Some students will
know who they will wotk for and what they will be expected to do upon graduation. Others simply will be seeking to
improve their job opportunities. The latter will probably make choices according to their pesonal preferences and
their confidence that opportunities will be available upon graduation.

Job opportunities will most likely align with traditional subdividons of agricultural engineering such as
farm power and machinery, soil and water management, electric power and processing, and rural structures and plan-
ning. Rapidly changing social and technological developments are adding to these basic subdividons. Bio-engineer-
ing and forest engineering are examples, The terms we use to categorize special study areas are useful and important
in establishing administrative control and communication. Of much greater importance, however, are the problems
that need to be solved and where they occur. Too many times emphasis is placed on graduate study as a means for
advancement in an academic institution or to help establish a reputation as a researcher. Indeed, graduate study ser-
ves these purposes but the overall goal is solving the problems of people-- society. These problems vary widely. An-
dean problems differ from those of the jungle., Small farms require different solutions than large farms (both need at-
tention). There are differences in social patems, customs and govemment, The variety of problems points to the
need for flexibility in graduate programs.

Adequate supplies of food and fiber are the usual goals for agricultural technological improvements.
Thought must be given toward the needs of tomorrow as well as today. The consumer's needs for kinds, quantity and
quality must also be considered. '

The sale of agricultural products is an important aspect of the national economy for many nations. There-
fore, technology must be progressively improved to maintain a competitive position.

Another aspect of people's needs is the maintenance of income for farm families and rural communities.
Just as a nation depends on products sold in intemational trade for procuring its impornt needs, so does an individual
community. Last year, I visited one small community in the Andes that consumed 82% of its agricultural production,
Practically all of its manpower efforts were required for that productian. Little purchasing power was left for improve -
ments that would greatly enhance community welfare. Helping these people improve their income as well as reduce
the cost in obtaining improvements (sanitation, water supply, electricity, housing, etc.) requires engineering inputs.



-188-

Today, great emphasis is put on improving the quality of the envionment. Agricultural operations,
crops, livestock, and the people who engage in agriculture may be adversely affected by polluwtion and the lack of
conservation. In addition, those outside agriculture may be affected by impairment of the environment brought a-
bout by agricultural operations. Here again agricultural engineers have a ma jor role.

The preceding discussion of the many facets of the problems is given to emphasize that our agricultural
engineering graduate students must think and study with goals beyond engineering design calculations. They must
have a knowledge of each system as a whole. They must be able to understand and coopemate with specialists of o-
ther disciplines. Those who lead programs involving farm machinery design must think not only of the adequacy and
efficiency of the mechanical design but also the characteristics of soil, climatic conditions, the soil environment,
plant requirements, availability and skill of labor, marketing, financing, and the requirements for harvest.

So far I have stressed the immediate application of training. This has been deliberate, Basic research
effons to advance science knowledge certainly are important. However, the immediate problems in South America
seem so pressing that the preparation of students for pure scientific effort should take a secondary role to meeting the
immediate needs of society-- namely, applied, research, development and education.

What is Required of the Institution?

Colleges or universities have requirements that they must meet to provide an adequate graduate training
pogram. They must provide; An environment that will attract outstanding faculty and students for scholarly study
and research; a well-qualified faculty; adequate facilities and resources for research and study; financial resources; and
adequate curricula,

The nature and content of curricula for graduate training is the topic of the next speaker. They should be
developed to provide students with knowledge, dexterity in application, and judgement in decision making (as well
as to meet standards of acceptance among other colleges). Of course, curricula by themselves do not mean success.

An adequate faculty is essential. This means adequate numbers, training and ability. Adequate numbers
are needed to provide a variety of approaches and fully supply the needs of the curriculum. No specific criteria exist
for the number of courses one person may instruct; but, certainly two or three qualified faculty could nat cover all a-
reas of graduate agricultural engineering training, It would be better to have them limit themselves to relatively na-
rrow areas of specialization. They could identify themselves as a "center of excellence" in that area of specialization
and perhaps dmw more students than they wauld by sponsoring a broad program.

Faculty members who lead graduate programs should be trained at least to the degree level being offered
their students. It might not be so necessary for courses that are somewhat less related to the area of specialization.

In addition to initial training, opportunities should be provided for continually updating the knowledge and
improving the ability of the faculty. Sabatical training, visiting professors, scientific society activities, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>