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Preface

During recent years, undergraduate teaching in the biological
sciences has been characterized by accelerating change and by
controversy about changes that have been proposed or implemented.

The demand for change continues. Many biologists agree that
undergraduate teaching must be altered drastically to reflect con-temporary biological research.

The dominant, although far from unanimous view is that instruc-tion must become better oriented to molecular and cellular biology;
more experimental and analytical, and less descriptive; and morefirmly rooted in, and integrated with, the physical sciences andmathematics.

Further, the rapid growth in biological knowledge and the de-velopment of concepts applicable to all of biology require, manybelieve, an increase in the amount of instruction to which all stu-
dents majoring in biology and biology-related fields should beexposed.

This ferment obviously has implications for undergraduateinstruction in agriculture and renewable natural resources, whichare based more on biology than on any other science.
Will future scientists, managers, and other professionals inagriculture and natural resources be better served by the "newbiology"? Is it appropriate that students in agriculture and natural

resources undertake a biology program designed for all biology andbiology-related majors that extends beyond the traditional 1-yearintroduction? Is it vital that they have such a program?
It is clear that these questions are significant to agriculture,

natural resources, and biology faculties in institutions that offer
programs designed specifically for students planning careers in



agriculture or renewable natural resources. In addition, they are
significant in other institutions because students majoring in biology
and other disciplines may eventually find employment in agriculture
or renewable natural resources.

The questions are also of real interest to two groups concerned
with improving undergraduate teaching. The first of these is the
Commission on Education in Agriculture and Natural Resources
(CEANAR), which is charged with stimulating improvement in
undergraduate teaching in agriculture and renewable natural re-
sources. The second is the Commission on Undergraduate Education
in the Biological Sciences (CUEBS), which asked its Panel on Pre-
professional Training in the Agricultural Sciences (PPTAS) to
examine the biological science education that is offered to students
planning a career in agriculture and related sciences.

A study of the biological-science training needs for future
scientists and professionals in agriculture and renewable natural
resources, conducted or sponsored by both CEANAR and CUEBS,
seemed highly desirable. It was obvious that any such study should
include consideration of the physical sciences and mathematics,
because of the growing impingement of these disciplines on biology.

THE ACTION COMMITTEES

CEANAR and CUEBS recognized that it would not be practicable
for them to make such a study unaided. Therefore, late in 1965,
they formed seven action committees that were composed of
scientists and educators from a large number of colleges and uni-versities. The committees and their areas of specialization are:

Animal ScienceAnimal, dairy, and poultry science; entomology;
and preveterinary medicine.

Plant and Soil ScienceAgronomy, forestry, horticulture, plant
pathology, and soils.

Food ScienceMeat, dairy, poultry, and economic plant products
in addition to food science and technology per se.

BioengineeringAgriculture (food processing, farm machinery,
structures, environmental control, soil, and water), medicine,
environmental health, fermentation, human factors, and bionics.

Natural ResourcesForestry, fisheries, range management, outdoor
recreation, watershed management and water resources, wild-
life management, and soil conservation.



Social SciencesAgricultural economics, rural sociology, and
agricultural business.

Agricultural EducationVocational and technical instruction in
agriculture.

Each committee was charged with studying and recommendingdesirable instruction in the biological sciences for undergraduates
majoring in the committee's area of specialization. A secondary
goal was to recommend courses in the physical sciences and math-ematics that are required for instruction in the biological sciences.The committees were asked to identify the best conceivable kindsof instruction to educate the students who will be responsible for
providing food and fiber and for the development, use, and preser-
vation of renewable natural resources many years in the future.

The committees were asked to offer recommendations unencum-bered by traditional pattern. 'r by restraints that might ordinarily
be imposed by the limitations of faculty, facilities, and number of
hours available in present curricula.

Each committee was also asked to prepare a statement of phi-
losophy to support its recommendations, and to include an assess-
ment of the tasks and problems that graduates in its area will
encounter.

No specific recommendations were sought for other academic
subjects, such as ,social sciences, humanities, and professional
courses. CEANAR, CUEBS, and the action committees recognized
that these subjects are vitally important and perhaps should be
studied in a similar manner.

The committees were to be concerned primarily with course
and curriculum content. CEANAR, CUEBS, and the action com-
mittees are well aware that high-quality education has other
vitally important facets, such as well-trained, highly motivated
faculties, appropriate textbooks and other teaching materials,
and good facilities. These matters, too, deserve study and are
being given attention by various groups, including CEANAR and
CUEBS.

Each committee held two meetings early in 1966, then submitted
a report to CEANAR and CUEBS. The reports were reviewed by a
number of scientific and professional societies during the summer
of 1966. The reports were presented to teaching sessions and
special symposia held during the societies' annual meetings. At
these sessions and symposia, members of the action committees
commented on the reports. In a few cases, copies were mailed to



society members for comment by correspondence. Societies wereasked to give informal, rather than official, comment. A paperentitled "Remarks on the Action Committees' Reports," by GeorgeA. Gries, appears in these proceedings (page 43). Also, a summaryof the committees' recommendations appears in Appendix A (page67).*
In the fall of 1966 PPTAS prepared a report. References to itare contained in the paper "A New Look for a New Age," by Roy

A. Young, which is included in these proceedings (page 33).*The action committees' recommendations are not presented asrigid patterns to be adopted in toto by institutions. Rather, theyshould be viewed as flexible guidelines from which institutions candraw ideas and develop further innovations.
Further, the action committees were not formed with the a prioriassumption that the amount of time devoted to the biological and

physical sciences and mathematics should be increased. The
primary emphasis, as stated in writing to the action committees,was to be placed on a qualitative appraisal. That some of the
action committees did state or imply that certain quantitative
increases should be implemented is not surprising. These recom-
mendations should be judged on their merits.

THE NOVEMBER 1966 CONFERENCE

The action committees were asked to be idealistic. But what isdesirable and possible? For a response to this question, CEANARand CUEBS turned to educators in various parts of the country
who, by virtue of position and experience, have a broad view of
educational needs in agriculture and renewable natural resources.Many of them are affiliated with one or both of the following organi-zations:

Resident Instruction Section, Division of Agriculture, National
Association of State Universities and Land-Grant Colleges

National Association of Colleges and Teachers of Agriculture

*The final reports of the action committees and the PPTAS report may beobtained by writing to: The Commission on Undergraduate Education in theBiological Sciences, 1717 Massachusetts Avenue, N.W., Suite 403, Wash-ington, D.C. 20036.
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CEANAR and CUEBS were delighted that these organizations agreedto cosponsor the Conference on Undergraduate Education in the
Biological Sciences for Students in Agriculture and Natural Resources.

The 167 educators who gathered for the conference in Washing-ton, D.C., in November 1966 represented agriculture, renewable
natural resources, the biological sciences, and engineering. Mostwere deans or directors of resident instruction; some were depart-
ment chairmen and nonadministrative faculty members.

As part of the conference planning, CEANAR representativesinformed prospective participants of the intention to organize dis-cussion groups, called working groups, and asked them to indicateon a questionnaire the groups to which they preferred to be assigned.

EIGHT DISCUSSION AREAS AND FOURTEEN WORKING GROUPS

Eight discussion areas were designated, as follows:

General
Animal Science
Plant and Soil Science
Bioengineering
Food Science
Social Sciences
Agricultural Education
Natural Resources

The first of these, "General," was provided for participants whowished to discuss education in the biological sciences as it pertainsto the entire field of agriculture and renewable natural resources.The other seven are areas on which action committees made reports.Fourteen working groups were organized, each with a chairmanand a recorder. Five groups discussed the "General" topic. Threediscussed natural resources. The other six were assigned to theremaining topics.

REFERENCE MATERIAL FOR CONFEREES' ADVANCE STUDY

To help conferees prepare for working group discussions, CEANARdistributed discussion questions and action committee reports
several weeks in advance of the conference and the PPTAS reportat the beginning of the conference.



The discussion questions for working groups other than the"General" groups were as follows:

FRIDAY AFTERNOON

1. What should be the nature (kinds and amounts) of instruction in thebiological sciences, in the physical sciences, and in mathematics forstudents in the particular area?
2. How do these recommendations compare with those of the action com-mittee report for the area?
3. To what extent, if any, should requirements be identical for all studentsin the area, regardless of ultimate educational level and occupationalobjectives?

SATURDAY MORNING

1. What mechanisms and procedures will facilitate implementation of yourgroup's recommendations?
2. Sho'.tld definite plans be made to continue discussions related to thesubject of this conference? If so, what should the purpose(s) be? Howlarge should they be (intracampus, state, regional, national)? How couldsuch discussions other than intracampus be financed and organized?

The discussion questions for the "General" working groupswere as follows:

FRIDAY AFTERNOON

1. Should all students in agriculture and natural resources have the samebasic program of instruction (even if very minimal) in the biologicalsciences? In the physical sciences and mathematics? If so, what shouldbe the nature (kinds and amounts) of instruction in these areas?2. Will there be a need in tha future for two academic tracks (scientificand managerial) for undergraduates? For more than two?3. How do these recommendations compare with those of the action com-mittees, as a group, as indicated in the summary report, and with thereport of the Panel on Preprofessional Training in the AgriculturalSciences?

SATURDAY MORNING

1. What mechanisms and procedures will facilitate implementation ofyour group's recommendations?
2. Should definite plans be made to continue discussions related to thesubject of this conference? If so, what should the purpose(s) be? Howlarge should they be (intracampus, state, regional, national)? How couldsuch discussions other than intracampus be financed and organized?
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3. How can the diverse needs, especially those in the biological sciences,of the various areas in agriculture and natural resources be met?

The conferees approached this material from many directions.Their widely ranging comments reflected breadth of experience,versatility, and diligent preparation for the conference. They alsorevealed the difficulty inherent in precisely defining the discussiontopics. It is not surprising that in some areas more questionswere raised than were answered. Nor is it surprising that eachgroup experienced some uneasiness and frustration in striving torespond in a straightforward way to the questions, most of whichdealt with complex situations. Nevertheless, responses came, andit was possible to identify responses of three types in the workinggroups'. reports: those indicating areas of general agreement, thoseindicating widespread disagreement, and those falling betweenthese two extremes.

RESPONSIBILITY FOR REPORTS

Recommendations of the action committees should not be inter-preted as official statements of the organizations that selectedthemCEANAR and CUE BS.
Similarly, opinions expressed during the conference and re-corded in these proceedings should not be attributed to any of thefour sponsoring organizations.

R. E. LARSON, Chairman
Commission on Education in Agriculture
and Natural Resources
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GLENN S. POUND

College of Agriculture
University of Wisconsin

Trends in Agriculture

There is a great stir in biology and agriculture today, and evidenceof it is found everywhere. Information is piling up so fast that sci-entists trained a decade or so ago are sensing that their training
is obsolescent and that it will not carry them, without extensiveretooling, until their retirement. Those in the more applied fields
are witnessing such emphasis on basic research that they feel in-secure in facing the future. Colleges of agriculture, sensing thattheir historic position of centrality may be weakening, are under-
going self-evaluations and are groping for staffing patterns and
program patterns that will better equip them for the future. In uni-versities all over the country there are pulsating changes in the
organization of biology. Some institutions are making marked de-
partures; others are standing in the wings waiting for a pattern toform. There will be some who will resist change.

These shifting positions are vastly significant to us all. Theyspeak of the end of an era in American history in which our nation,by design and by formula, anchored its development to agriculture,which has achieved such incredible success that it has been, at the
same time, the envy of the world abroad and the rotten apple inthe barrel at home.

SALIENT FEATURES OF OUR HISTORY

It is not necessary to review for this audience the agricultural
history of the past century, but certain salient features could wellbe recalled. In the early 1800's our agriculture was incredibly
primitive, and over 85.percent of our people lived from the soil.
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4 INDIVIDUAL PRESENTATIONS

At this time we began an exploitation of our soils, moving from oldsoil to new soil as fertility dropped, and soon we pushed our landfrontiers to their limits. We realized that our soil resourceswere not without limits and that our limited resources would haveto be supplemented with knowledge.
This realization led to a national agricultural policy based onthese tenets:

Agriculture would have to pace the economic developmentof our land. Development of a great industrial system would de-pend on a supply of labor freed by an efficient agriculture.
Agricultural education and research would have to receivecontinued federal support.

We implemented this policy by several acts of enabling legis-lationthe act establishing the U.S. Department of Agriculture(1862), the Morrill Act (1862), the Hatch Act (1887), the Smith-Lever Act (1914), and the Smith-Hughes Act (1917).TO a marked degree, our research in the U.S. Department ofAgriculture and in the land-grant colleges related to productionproblems. Most of our programs emphasized quantityhow to gethigher yields, how to get more people involved. We created youthclubs, such as FFA, FHA, and 4-H, and used them primarily toattract and motivate manpower.
By the late 1920's our formula had produced a remarkably pro-ductive agricultural system. We had accumulated a vast amountof information dealing with production. We had a great reservoirof manpower. We had a near-perfect relation between the gatheringand the implementing of information. Rural America was highlydeveloped in terms of family farms, rural schools and churches,and farm villages. We were ready for the production stresses ofWorld War II and the immediate postwar years.

The call for maximum production in the war and postwar yearsrequired that we put to use virtually all the knowledge that we had.It also required that we change the input mix in agriculture, in-creasing capital inputs such as mechanical equipment, better seeds,and chemicals. Our yields moved up, up, up. These capital inputsreduced the requirements for land and labor. However, as Heady(1) has pointed out, we did not reduce the land and labor inputs asfast as we might have, and thus we created surpluses and depressedprices.
This changing formula of agricultural production revolutionizedrural America. Permit me to point out, very briefly, two salientchanges.
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1. Manpower requirements for on-farm activities have fallen
markedly (Table 1). This is reflected in our steady decrease in
farm population.

This decrease has meant a corresponding release of manpower
for our industrial labor pool. It has brought about mass migration
from the farm to the city, and vast social problems have resulted.
For decades, rural America possessed the balance of power in
our government, but we are now an urban society (over 70 percent
of our population is urban), and the reservoir of political influence
rests in the urban areas. The rural church - school - village com-
plex is rapidly disappearing.

2. Concomitant with this shift in population, we have had a de-
crease in the number of farms and an increase in farm size. These
changes have been marked since 1940, as the following shows:

Average farm
Number of farms size (acres)

1940 6,750,000 175

1964 3,500,000 340

Changing the input mix of agriculture to include more and more
capital items supplied by our sophisticated industry accounts for
the growth of our farm operations. The fixed costs of capital items
such as heavy machinery are justified only if acreage is sufficient
to permit their efficient use. As Heady (1) points out, farmers
were spurred to use technology not only by its availability but also
by its profitability. In comparison with labor costs, fertilizer has

TABLE 1 Changes in Farm Population, 1850-1964

Year Farm Populationa Percentage of Total

1850 19,648,160 84.0
1880 36,026,048 72.0
1900 45,834,654 60.0
1920 31,974,000 30.1
1940 30,547,000 23.2
1960 20,541,000 11.4
1964 18,000,000 8.8

aRefers to rural population. Prior to 1910, census records did not distin-
guish between farm and nonfarm rural populations. Also, census defini-
tions of a "farm" have differed.
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declined in cost 70 percent and farm machinery 50 percent in thepast 15 years. Thus, capital has rapidly replaced labor as an input.This is how we have reached our position today. What about theyears ahead?

AGRICULTURAL PRODUCTION

Export Demands

Our export program is growing rapidly (Table 2) and will placegreat stress on our productive capacity. Produce from 1 out ofevery 4 harvested acres now goes into export, or roughly the pro-duce from 71 million acres. Over one half of our production ofwheat, rice, dry edible beans, and soybeans goes into export. Otheritems exported in excess of 25 percent of our production includenonfat dry milk, cottonseed, cotton, tobacco, and grain sorghum.Of our major commodities, only corn is exported at a rate lessthan 20 percent of production. In 1965 the U.S. supplied over 20percent of all agricultural exports of the world. By 1970 U.S. ex-ports are projected to exceed $8 billion per year, 75 percent ofwhich will be for dollar sales.
One aspect of export trade beyond the present sales of our com-modities is the creation of new and long-term markets for our

TABLE 2 Value of U.S. Agricultural Exports, 1956-1966a
Year Ending
June 30

Total
Exportsb For Dollar Salesb

Sales under Govern-
ment Programsb

1956 3,496 2,129 1,3671957 4,728 2,771 1,9571958 4,003 2,752 1,2511959 3,719 2,465 1,2541960 4,517 3,207 1,3101961 4,946 3,374 1,5721962 5,142 3,482 1,6601963 5,078 3,539 1,5491964 6,067 4,481 1,5861965 6,096 4,426 1,6701966 6,537 4,866 1,672

aFrom Economic Research Service, U.S. Department of Agriculture,Foreign Agricultural Trade of the United States (December 1965), p. 35.bIn millions of dollars.



TRENDS IN AGRICULTURE 7

goods. The heavy shipment of food under Public Law 480 plus pro-
motional campaigns in many countries will undoubtedly create new
and abiding market outlets. Consider Japan as an example. Imme-
diately after World War II American food sustained Japan. In fiscal
year 1964-1965 she purchased over $750 million worth of our agri-
cultural exports, and was our number one customer.

Japan, like other Asian countries, traditionally has a diet withlittle red meat, but in 1962 her per capita consumption of red meat
and poultry was 15.4 pounds. Taiwan's per capita consumption was35.2 pounds. Both countries have doubled their per capita consump-
tion in the past 10 years. If this trend should continue, in 30 to 40
years these countries would reach the consumption level of the
United States. This indicates that the qualitative nature of diets is
often dictated by the economics and availability of raw products.
The Orient could ultimately consume great amounts of meat fed
on American feed grains.

Surpluses Are Gone

Our emergency food programs and our exports for dollars have
virtually eliminated the Commodity Credit Corporation inventoryof most of our basic commodities. Our surplus wheat inventory
on August 1, 1966, was 535 million bushels, barely enough for a
1-year reserve for domestic consumption, and the 1967 wheat acre-
age allotments will be at least 30 percent over those of 1966. On
October 1, 1966, we had an estimated 47-million-ton surplus of
feed g'rains, only a 1-year reserve. Milk support prices have been
increased twice within the last 6 months, and we have fewer dairy
cows than at any time in the past 50 years. For 14 consecutive
months milk production has been lower than for the corresponding
months of the previous year. As strange as it may seem, we are
faced with possible shortages, and we do not have surpluses todump on the market to suppress prices.

The food deficit of the world is very real and it is growing. A
mantle of leadership is draped around American agriculture that isno less significant than the one we have worn in the past 2 decades ingeneral diplomacy and economics. The call is for increased pro-
duction from our soils and sharing of our know-how with foreign
countries. We are undoubtedly entering a new era in which our
highly sophisticated agricultural system will be placed under pro-duction stress.

We have some 50 million acres of surplus cropland, but this
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will not be adequate to meet the production demands of the next2 decades. To be sure, 50 percent of our farms are marginalenough that they account for only 11 percent of our gross dollarsales, but this does not constitute an untapped reserve of highlyproductive land. They are marginally productive primarily be-cause of poor land or inadequate water. Similarly, much of ourretired land is marginally productive.

Safeguarding Our Productive Capacity

A few years ago our projected population increases in the UnitedStates created a frightening picture, even in the face of our sur-pluses. During the past 8 years percentages of live births havefallen and our projections must be revised downward. It wouldappear that the "pills and loops" may save us from population im-poverishment. However, certain factors must be kept in sharpfocus.

The acreage of our arable land is quite stationary. Only byextensive irrigation programs can we add any appreciable amountto our arable land acreage. We are losing land, mostly prime agri-cultural land, to urbanization in excess of 1 million acres per year.Absolute increases in population will be very significant be-cause our base is growing rapidly. In 1960 we had 36 million wo-men of childbearing age. This number is projected to be 54 millionin 1980 and 70 million in 1990.
Continuous increase of capital inputs must be accompaniedby knowledge inputs if there are to be corresponding productionincreases. In the past 2 decades we put into operation virtuallyall the information we had. We cannot expect yield increases ofthe magnitude we have experienced in the past 2 decades to continueunless we create new information as revolutionary as hybrid cornand the feeding of urea to ruminants. Much of our capacity todayis based upon findings made years ago. Today, well over 90 percentof our corn is hybrid, and it has taken us over 40 years to take thisbasic finding and implement it to this point. We must have similardiscoveries of basic information now if we are to lift yield ceilingsin the future.

Costs of purchased capital inputs may control the input mixand thereby production. Farm labor will not be the determinant ofprices for long, because there simply is not going to be that muchlabor involved. When the total labor input in corn production is 1
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hour per acre (and many farmers will be there in the 1980's), farm
labor itself will not seriously affect the price. But the purchased
capital inputs will, and industry labor, therefore, will indirectly
be a determinant of agricultural production. Conceivably, capital
inputs could become so costly that farm operators would choose
alternative formulas that would be less costly and less productive.
The only alternative to this would have to be higher priced farm
products.

There is a very bright future for American agriculture. The
various agricultural industries and professions will become ever
more important, and it is doubtful that our image will ever become
tarnished again. Agriculture will continue to underpin our entire
economic structure, and it will become our strongest instrument
of international diplomacy.

STRUCTURE OF AGRICULTURE-1980

All evidence indicates that our farms will continue to decline in
number and increase in size. Steady escalation in costs of labor
and material will force increased productivity of farm workers.
This will come about primarily by an increase in the purchased
capital inputs going into farming and by a reduction in the manpower
employed, and it will require an increase in the size of production
units.

In 1960, 10.2 percent of our farms accounted for 53 percent of
our total gross farm sales, and 56.5 percent of our farms accounted
for only 11 percent of our dollar sales. Thus, at least half of our
farms in 1960 were marginally productive, and it is safe to predict
that they cannot survive the competition ahead.

Heady (1) has estimated that by 1980 we will have no more'than
1.5 million farms in the United States and that half of these will be
marginal. If certain economic conditions should prevail, these sub-
sistence farms could go under, and our total production could rest
upon 750,000 farms.

Accompanying the changes in farm numbers will be similar
reductions in the farm labor force. One finds various estimates
of on-farm labor requirements for the next decade. Heady (1) has
predicted a 1980 farm employment of 3.5 million persons. The
U.S. Department of Labor in its 1966 report (2) to the Congress
estimated farm labor needs for 1980 at 4 million persons.

One of the burning questions in regard to the structure of agri-

I;
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culture in the years ahead is whether the traditional family farmwill be eliminated as the central unit of agriculture. The familyfarm is certainly one of the glorious aspects of our national heri-tage, and it must be admitted, I think, that we have lost much of
our socioeconomic posture in the great urbanization of the postwarperiod. We are destined to lose even more.

The family farm is not likely to disappear, and by 1980 mostof our farms will still be of this type. However, they will be onlyone- or two-man operations; that is, a family farm on which sev-eral sons find employment will be a rarity. Traditionally, owner-ship, production, and marketing have been one man's responsibility.This system will succumb to the technical and complex problemsof management. It will become increasingly difficult for full farmownership to be vested in one man, for capital requirements willbe great. In the near future capital will represent 90 percent ofall inputs in agriculture, read ing $200,000 and up for commercialfarms by 1980 (1). Corporation farming will undoubtedly increase,but it is not likely to be the prevailing model by 1980. Partnership,particularly between father and son, could well become the bestmechanism for spreading capital costs over two generations.
There will undoubtedly be marked increases in both horizontaland vertical integration. Some operations, such as dairying, donot lend themselves as well to vertical integration as the poultryindustry has and as livestock and grain production operations do.Dairy farms will continue to be relatively small, one- or two-manoperations.
In both plant and animal production there will be an increase inspecialized operations. Monoculture in crops and single-speciesoperations in animals are rapidly becoming the rule rather thanthe exception.
The trend toward confinement feeding of animals will continue.The grazing lands of the West will continue to lose significanceas a source of beef as large feeding lots in grain-producing areasbecome even more prevalent. The future will see fewer dairy cattlefeeding on pastures and more being fed through confinement feeding.Forage production on our fertile soils will gradually give way toincreased grain production.

The sheep industry is decreasing in importance, and the futureholds nothing but increased competition for it. The number ofsheep in this country has declined by' one half in the past 20 years,and per capita consumption of lamb is down to about 3.5 pounds.It will take tremendous promotional efforts and unforeseen econo-mic advantage for sheep to cut in on the rapidly escalating consump-tion of the beef and poultry.
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Similarly, certain soft fruits and vegetables may disappear fromthe market because of harvest labor costs. Within 10 years prac-tically all fruits and vegetables will be machine harvested.
Management is to become an increasingly significant input infarming, and it will increasingly dictate the size of farms, the de-

gree of specialization, and the nature of the input mix. Hours de-voted to management will probably double by 1980 (3), and manage-ment services will become more and more sophisticated.
There will be a need for ability to choose alternative input mixesto provide maximum profit in the presence of narrow profit mar-gins, to decide what new technology to employ, and to decide what

substitutions to make as various capital inputs become relativelymore or less costly.
Much of the sophisticated management will have to be purchased.Industry will increasingly carry staff persons to provide manage-rial services, particularly for farmers who do not have adequate

managerial ability. Lending agencies, such as the large city banks,are fast adding such personnel to their staffs. Numerous and vari-
ous management firms are now developing and offering the manage-rial services farmers must purchase. Quality of product will bethe key to success in farm operations of the future, and many oper-ators will have to buy managerial services to ensure quality.

Farm operators will come to depend very greatly upon com -
puters for many of their decisions about such things as planting
schedules, fertilizer and feeding formulas, marketing plans, re-cords, and services.

I have two summary thoughts for curriculum planners in regardto the structure of agriculture:

In the past 2 decades farm activities have become a dimin-
ishing facet of agriculture, and agricultural service industrieshave grown rapidly. This trend will continue. This country willsee a very small number of on-farm workers, probably less than1 percent of our population, in the late years of this century, but
the number of laborers in the industries serving agriculture willincrease rapidly.

The performance ability required of both groups in order tokeep agriculture in a favorable competitive position will be infi-nitely greater than it is now.

The farmer of tomorrow will need a broad background in biology,
chemistry, economics and business, engineering, the social sci-ences, and the humanities. He will need biology because the basictools of his trade are biological. He will need chemistry because
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his biological materials are exploited in a chemical environment.
He will need engineering because his operations will be almost
totally mechanical. He will need business and economics because
marketing, cost accounting, and records analysis will be daily
considerations. He will need the humanities because he must under-
stand that more than at any other time in history the human race
is in his keeping. He must know more and more about man in
order to carry this responsibility.

RESEARCH TRENDS AND NEEDS

The future of American agriculture lies in research. We must
have both applied and basic research, and we must have these in
balance. While we will need to continue emphasis on quantity pro-
duction, the real push in the years ahead will be on quality of pro-
duct and on precision of operations. This will be the route by which
products gain a place in the competitive price structure.

Industry will carry on an increasing portion of applied and de-
velopmental research, leaving the universities more freedom to
engage in fundamental research.

There is today a sharp trend toward interdisciplinary approaches
to research, and this will continue. Departmental lines and college
lines will erode as scientists regroup themselves around interdis-
ciplinary research.

For the next 2 or 3 decades an increasing part of our research
manpower will be assigned to agricultural development in foreign
lands. First efforts will be in so-called adaptive research in the
developing countries. Following this will be a massive effort in
more basic research in these countries to build a base for continued
escalation of production and an enhancement of diet and the quality
of environment.

Basic versus Applied Research

I should like to consider for a moment the direction agricultural
research is taking, for this has real curriculum implications. The
first 50 years of this century were the golden years for the physical
sciences. These sciences had great breakthroughs in basic know-
ledge, and they have received a disproportionately large share of
money and men. They have worn the big shoes in science. But the
coming years belong to biology! Man is realizing that his basic
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problems are problems of life, and biology is to be an area of great
breakthroughs in the years ahead.

In the last decade molecular studies gave a terrific change in
direction and pace to biological research. More research today
is being done by sophisticated instrumentation. Individual scien-
tists are faced with a new world of competitiona world charac-
terized by more and more requirements for doing basic research
and those researchers who are not using the great technology avail-
able are sensing that they will settle into a lower category of emi-
nence. Many of our scientists are poorly equipped to compete,
since they were trained in an earlier day, and there is an alarming
element of frustration in most of our agricultural disciplines.

This is all accentuated by the source and distribution of research
funds. The high level of support for basic research from the fed-
eral agencies and decreasing State support for applied research
are creating an increasing disparity between agricultural biologists
in these two areas. Let me illustrate my point with some data from
the University of Wisconsin. The following tabulation shows sources
of funds for the university's agricultural research and the percent-age of total support represented by each source in 1939-1940 and
1964-1965.

Source
1939-1940 1964-1965

(%) ( %)

State of Wisconsin 56.8 39.8
Federal Hatch grants 25.2 10.5

Subtotal (State control) 82.0 50.3
Industrial grants 18.0 16.2
Federal grants (NSF, NIH, AEC, etc.) 0.0 33.5

Total 100.0 100.0

Even though Wisconsin has increased its dollars going into re-search by a substantial amount, the percentage of its contribution
has fallen markedly.

Federal grants are, for the most part, obtained by direct com-
munication between individual scientists and the granting agency.Aside from persuasion, college administrators can do little to
direct scientific effort to high-priority needs of the State. The kind
of research done, therefore, is largely dictated by the scientist
and the granting agency, and ultimately by the granting agency. To
date, the granting agencies have been interested totally in basic
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research. What happens to individual scientists who cannot or donot carry on basic research, or to departments that remain ori-
ented heavily to applied research? Again, let me use Wisconsin
statistics to illustrate (Table 3).

While field research is less costly than that done by sophisti-
cated instrumentation, the disparity between the support for the
two kinds of research is great. We will see a steady retreat from
the applied research field because scientists are going to respondto the impulse of self-preservation.

I do not mean to imply that this shift to basic research is inap-
propriate. It is appropriate, for our productive capacity in agri-
culture can accommodate it, and our need for new knowledge inthe years ahead requires it. However, we dare not forsake applied
research. We must do both types of research and in balance. Oneway to fill this increasing void in applied research is to alter the
relationship between extension and research so extension special-ists will move into applied research. This is happening generally.

Needed Areas of Research Emphasis

We cannot consider in detail the research needs of the future, but
I would like to call your attention to a few selected areas.

TABLE 3 Research Orientation of Seven University of Wisconsin
Departments, Funds that Each Department Received from the
State and from Hatch Grants (Expressed as Percentage of Total
Funds), and Funds per Scientist, 1964-1965

Orientation to Funds from
State and

Applied Basic Hatch Grantsa Funds perDepartment Research Research (%) Scientista
1 Heavy Slight 83.6 $17,1372 Heavy Slight 77.6 19,6723 Heavy Slight 75.6 20,5904 Heavy Slight 72.5 20,7995 Moderate Moderate 47.8 38,9826 Moderate Heavy 41.7 51,5517 None Total 23.7 62,760

aFigures include salaries assignable to research.
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Production of Animal Protein As population pressures rise, our
high animal-protein diet will be under threat of replacement by
plant or synthetic proteins. The now favored position of me2t in
our diet cannot be maintained without some breakthroughs in re-
search that will result in lower production costs. Where will em-
phasis have to be placed?

Reproductive efficiency. In particular it is desirable to em-
phasize factors that will shorten the generation interval and increase
multiple births. This is most urgent in the beef industry. Research
involving the intricate hormonal balance in the cow must receive
the attention of our most basically trained researchers. The high
incidence of multiple births among women receiving hormonal
treatment suggests an area of potential breakthrough in domestic
animals.

Feed utilization. Phenomenal gains in feed utilization in
poultry and swine have been made, but comparatively little prog-
ress has been made with ruminants. Nutrition research in the ru-
minant must represent a major effort in the future.

Breeding. Much of the advance in grain production and in
poultry and swine production in recent years has been due to breed-
ing programs that emphasized heterosis. This has been exploited
very little in cattle, and it would seem to offer much toward pro-
duction efficiency.

Stress factors in animals. With emphasis on higher produc-
tion and confinement feeding, animals are going to be in a stress
environment, and we know little about what their physiological re-
actions may be. A new array of problems will undoubtedly appear,
calling for greater management care and veterinary services.
Animal sociology will become an important area of study.

Disease control. There is a recurring loss through disease
of approximately 15 percent in our livestock operations. The tre-
mendous increase in broiler production (6,500 percent in 30 years)
has been possible only under conditions of disease control. Loss
of animals by disease was a major factor in the 40-percent reduc-
tion in the number of swine producers during the 1950's.

Lifting Yield Barriers in Crops In analyzing the factors that regu-
late photosynthetic activity in plants, Bonner (4) concluded that in
the more developed agricultural areas of the world the upper limits
of crop yields are being approached. He suggests the possibility,
however, that geneticists and plant breeders can create plants cap-
able of higher yields through more efficient use of incident light.

..........././...ry
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The rice plant in the oriental culture has been markedly responsiveto photoperiodism, and nitrogen fertilization has been limited be-cause of increased susceptibility to lodging and disease. Scientistsof the International Rice Research Institute (Manila) have shownthat these barriers can be broken by restructuring the rice plant.The report The Plant Sciences Now and in the Coming Decade
(5) emphasizes that now is the time to do research needed for agri-
cultural production 50 years in the future. Because of the lag be-tween achieving research results and putting those results to work,we should take the basic food and fiber plants and study them as
biological systems with the hope that their morphology and physio-logy can be altered to a more useful system. For example, the
recent discovery that the Opaque 2 gene in corn conditions the ex-pression of the essential amino acid lysine should be exploited tothe limit, and all of the genetic combinations and their interactions
with environment should be determined. This is the first real
breakthrough, in corn genetics, as related to food production, sinceadaptation of the hybrid corn principle, and it could lift food re-sources to a new plateau. Our other basic food crops should bestudied similarly.

Synthetic and Substitute Foods There is nothing sacred about so-called natural food products, and the American people have dem-
onstrated that they will accept substitutes, even in the presence
of a full supply of natural foods: Witness the sales levels today
of synthetic fibers in the presence of surplus cotton and wool, ofsaccharin in the presence of plenty of sugar, or of plastics instead
of leather. Among other notable examples are artificial flavoring
compounds, vitamins, and mock meats. And being from Wisconsin,I must include oleomargarine.

It would be foolhardy to try to measure what the future develop-ments in the synthetic food field will do to traditional agriculture.Costs of labor and raw products and consumer acceptance are un-doubtedly the primary determinants. Basic research in food flavors
and food technology will be increasingly significant determinants.It was recently demonstrated in a public test that consumers pre-ferred a commercial synthetic orange drink to natural orangejuice (6). Such products are on the market to stay. Research willstrengthen their position and will establish other commodities inour market structure.

In 1964 synthetic amino acids were being produced at therate of over 5 million pounds per year (7), primarily for animal
feed supplements. The addition of lysine and methionine to cereal
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grains and legumes in the magnitude of 0.5 to 1 percent greatly
increases their protein efficiency and makes them much more
suitable as :neat substitutes. Industrial concerns and universitiesshould be conducting chemical-engineering studies to develop waysof producing a suitable protein matrix from which synthetic foodscan be shaped to whatever form is desired, and they should be con-
tiucting biochemical studies of food flavors to find ways of unlock-ing the flavor secrets. Such research is necessary if we are to
maintain our wide range of food types and costs. Furthermore, tovegetarians this could mean an improved diet without violation ofsocial and religious mores.

The production of synthetic foods will become one of the largefacets of our agricultural industry before the end of this century.
Soybean, as a leading product for this industry, is undoubtedly
destined for an even more enviable position in the world agricul-tural economy.

Meiiiion should be made also of the need for research to locate
new sources of vegetable protein, particularly leaf protein, andfor the chemical-engineering techniques necessary for its extrac-tion. In tropical countries there is an immeasurable capacity to
produce plant tissue. We know virtually nothing about the protein
content of most of the native tropical weeds and shrubs. We mustincrease our knowledge in this area.

Environment Quality No issue in the future will be of more aca-
demic significance than the quality of man's environment. Some ofthe most pressing problems (both sociological and biological) ofthe future will be in this area, and they are being created today asa result of our fast urbanization and the population inversion.

Both agriculture and industry have contributed to a marked
deterioration in the quality of our natural-resource environment.While we have done much to correct the earlier misuse of our landand forests, we have seen our air, soil, and water polluted and
our landscape cluttered to the point of blight.

We have piled up millions and millions of youth in large cities
without adequate recreational areas and without job opportunities.

We have had undisciplined urban development on prime agri-cultural land.
We have had undisciplined discharge of industrial effluents intoour water systems.
We have had undisciplined cluttering of roadsides and lakeshores.We have had too much indiscriminate and unilateral use of agri-

cultural pesticides. We in agriculture can no longer let commodity
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production be our only relationship to pesticides. We must become
deeply involved in ecological and sociological relationships.

We can no longer afford to develop communities without under-
standing soil topography and use. We cannot extract the maximum
commodity production from soils without knowing what soil leach-
ates may do to our stream wildlife. We can no longer tolerate thelocation of industry wherever water, cheap labor, and rail siding
are available. We must also remember the social effects on corn-munities.

We must have pollution abatement and pollution prevention. We
must have urban and rural planning. We must move boldly and
imaginatively to create and preserve beauty in our landscape and
to create and preserve recreational areas for our burgeoning ur-
ban population. We have to make the natural resources more pro-
ductive in order to balance the uses of our land.

All of these responsibilities and opportunities do not belong toagriculture, but we have a heritage, an experience, a security
herein. The research, the curricula, and the public-service pro-
grams of agriculture must reflect our deep involvement in this
vast array of problems.

These are primarily people problems, and agriculture, becauseof its focus on people, must speak to them. We must find ways tomake rural America more available, more meaningful to our popu-lation. The mad rush to total urbanization can be stemmed by ade-
quate research and development in the field of natural resources.

Comprehensive, intensive, and integrated education in naturalresources is imperative. It must have a deep interlacing of natural,physical, and social sciences. We need a specific curriculum toserve a coordinated natural-resource management.

ADDITIONAL CURRICULUM IMPLICATIONS

Manpower Needs

What are the future manpower requirements for agriculture? Obvi-ously, the percentage of the population engaged ia on-farm activitieswill be very lowprobably less than 1 percent in the late years ofthis century.
In looking at manpower needs, I think we should begin at the high

school level, and there from two points of view, namely, the level
of attainment of the high school graduate and the structure of voca-tional agricultural curricula.
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The present-day high school graduate is probably at a higher
level of attainment in science and mathematics than the college
sophomore of a generation ago. The quality of high school training
will continue to go up. This tells us that the beginning students incolleges of agriculture are equipped to begin at a much higher level
than before, and their interest will demand that they do. If they
cannot start higher, they will not matriculate, or they will quickly
transfer out of our colleges.

Much needs to be said about vocational agricultural educationin high schools. When vo-ag training was started in 1918, it was
almost exclusively farm oriented. It changed little until the 1963
Vocational Education Act provided for the inclusion of nonfarmboys. I recognize that programs are now changing, but I would
guess that they are changing much too slowly.

Three basic criticisms can be leveled at vocational agricultural
training.

1. It is still disproportionately oriented to farm operations.
If we need only 3 million on-farm workers by 1980, this will

require 75,000 replacements per year on the basis of a career
longevity of 40 years. Some 70,000 high school graduates are
trained each year in vocational agriculture. However, no more
than 40,000 move directly into farming.

In 1965 our land-grant colleges granted 6,460 baccalaureatedegrees in agriculture, but probably no more than 10 percent of
the graduates went into farming. Ten percent of the 1965 graduates
at the University of Minnesota went into farming (8); the corre-
sponding figure from the University of Wisconsin was 4.3 percent.
Because of this low percentage of graduates going into farming,
curricula should be revised to give emphasis to other areas.

2. It is not available to enough urban youth.
Our rapid urbanization in the past 2 decades has resulted in

a situation where most of our boys do not have an opportunity to
study agriculture in high school. Madison, Wisconsin, the countyseat of one of the nation's best agricultural counties, has six muni-
cipal high schools, and only one offers vo =ag training. Milwaukee
County has 26.2 percent of the State's population, but there is not
one vo-ag department in its high schools.

3. It should be more college preparatory.
High school education will be grossly inadequate to meet needsof the future for either farmers or agricultural professionals. The
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vo-ag curriculum should be reoriented. Less curriculum time
should be spent in the methodology of farm operations, and moretime should be spent in basic sciences and mathematics. This
change would make it possible for students to enter college with
a more adequate background. I suspect that the generally lowergrade point averages attained by students in colleges of agriculture
reflect poor use of high school curriculum time. It also reflectsthe agricultural colleges' failure to attract their share of the high-
ability students, and this suggests that counseling services in the
area of agriculture are inadequate. I am convinced that a very
small percentage of vocational counselors in high schools, and in-deed too few vo-ag instructors, know the wide and exciting spectrum
of curriculum offerings and future job opportunities available tostudents in our colleges of agriculture. This is one of our most
basic problems of recruitment.

We are not training enough manpower at the baccalaureate levelto meet the growing needs, particularly needs in the business sec-tor. In the 12 North Central States the ratio of jobs to available
men has doubled in the past 5 years, and in 1965 there were 2 jobs
available for each graduate. If we do not train more people, the
image of the professional side of agriculture will suffer.

The big employment area is in the business sector. Increasesin undergraduate enrollments in agriculture seem to have followed
directly the introduction of business options to agricultural curri-cula. We must give still more emphasis to this area.

Much of our recruitment failure rests with low-quality teachingand out-of-date curricula. With the advent of so much "easy" re-
search money in the postwar years, and with professional recog-nition and advancement depending primarily on basic research,
we have placed only secondary emphasis on quality undergraduate
instruction. Far too many professors consider research fun and
teaching a chore. When we recover the needed enthusiasm and stim-ulation in our undergraduate teaching, we will do much to over-
come our recruitment difficulties. Improved curriculums ave only
a partial cure; improved classroom performance is just as badlyneeded.

QUALITATIVE NATURE OF CURRICULA

The growing complexity and shifting nature of agriculture neces-
sitate constant winnowing and sifting of our curricula. We must
not wait until needs pressure us into making qualitative changes;



TRENDS IN AGRICULTURE 21

if we do, we will lose our clientele. The discussion I have offered
leads me to these suggestions:

Our curriculum emphasis must be more and more on prin-
ciples and concepts, and less on technology and species manage-
ment. This will require increased emphasis in the basic sciences.
A student grounded in science can readily make use of technology
if he knows the principles involved. If he is not thoroughly trained
in the sciences, his ability to add to his stature by self-disciplinewill be greatly restricted.

The agriculture major itself should be a professional "top-
ping"; it should come after the courses in basic science.

Traditional departmental lines, and even college lines, must
weaken and give way to increased interdisciplinary orientations.
Our colleges of agriculture are failing to attract sufficient numbers
of students partly because of the failure of the curriculum to attract
and challenge them. The image of the college of agriculture suffers
by comparison with those of other curricula, and we have done
much to tarnish the image by subject-matter isolation and compart-
mentalization. We in agriculture must show students that we can
give them as strong an interdisciplinary background in biology as
can the colleges of letters and sciences. But we cannot do this if
we maintain separate majors in agronomy and horticulture or in
poultry science and animal science. We must program in terms
of basic subject-matter areas rather than in terms of a plant or
animal species. We must move away from species orientation.
Why? Because species orientation is inappropriate training for
the needs of the future, and it will keep many bright minds from
going into agriculture.

Within the past 5 years many institutions have made adminis-
trative changes in the organization of biology, moving away from
complex and duplicative curricula, which grew up to represent the
diversity of biology, toward curricula emphasizing the unity of
biology. These changes are of the following types:

1. A core curriculum for undergraduate majors. Many univer-sities are establishing a core sequence of courses along the gen-
eral pattern of cellular biology, organismal biology, and population
biology.

2. A core faculty for basic biology constituted as a separate
college or a division.

What should the position of agriculture educators be in these
developments? I think we should support the core curriculum
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and should participate in it by running our students through it andby helping to teach it. Students in agriculture need a more concep-tual comprehension of biology as surely as students in other col-leges do. I believe this approach helps to convey it and that thecolleges of agriculture should make their professors available toparticipate in the teaching.
I cannot endorse so warmly the faculty reorganizations neededto establish a core faculty for basic biology, for I think they wouldintensify what they are designed to destroy, that is, fractionation

of biology. To single out a core of select biologists to constitute
a college of biology and to leave behind all good biologists whoseinterests and programs touch upon applied areas would be to dis-criminate against those in agriculture.

Most of our land-grant colleges are involved in institutionaldevelopment and research programs in developing countries andprobably will be involved for many years to come. Career oppor-tunities exist for many people, and several universities are estab-lishing courses related to the needs abroad. Curricula for inter-national careers are often incomplete in that they do not provide
instruction in the social and political mores of the people withwhom the students will be working.
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Will There Be a Second Era?

Colleges of agriculture and experiment stations in land-grant uni-
-rsities stand at the threshold of a new era that calls for a fresh

outlook on teaching and research. This era should have started at
the end of World War II, but because the academic community is
slow to change, because the change in the traditional role of agri-
cultural industry has not been well recognized, and because an at-
titude of complacency has prevailed, we are groping for the form
best suited to this second era. We are groping because our func-
tion is unclear, and form must fit function.

The first era has passed. It was marked by two stagesa period
of evolution from the Civil War to World War I and a period of
formation and solidification from World War I to World War II.
Our present form is based in this era.

The time has now come for colleges of agriculture to face with
imagination, aggressiveness, and innovative thought the develop-
ment of a distinct new function and form for teaching and research
in a new era. The alternative is to maintain the status quo, remem-
bering past glories while riding the ship of extreme conservatism,
steering toward what agriculture was rather than looking at the
broader horizon of what we, as a faculty, can do with imaginative
use of the resources we have. Our potential is great, but our future
may not be bright. Society is making demands and is waiting for
our response.

DEVELOPMENT OF EDUCATION AND RESEARCH

Let us examine the events that led to the development of agricul-
tural education and research as we know them today. Political ac-

23
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tivity and discussion stimulated government action on behalf of
agriculture and culminated in passage of the Land-Grant College
Act of 1862. For example, the United States Agricultural Society
has been given a great deal of credit for ideas and influential sup-
port of the Land-Grant College Act of 1862 and the formation of
the Department of Agriculture (1). Even though Justin Morrill, the
sponsor of the Land-Grant College Act of 1862, did not give credit
to this organization, both Morrill and Isaac Newton (the first Com-
missioner of Agriculture) had attended meetings of the Agricultural
Society where the land-grant concept was discussed. After 1862
came a long series of discussions. Politicians and educators
groped for some time among conflicting ideas before teaching and
research in agriculture settled into a common mold.

Agricultural education in the colleges was being developed, but
a need for research information, apparent from European experi-
ence and early pathfinding in the United States, resulted in the
Hatch Act of 1887.

Additional efforts brought about the Adams Act of 1906, firmly establishing
the principle in American governmental policy that Federal aid should join
with State aid for the purpose of subsidizing scientific research in agricul-
tural experiment stations. It reaffirmed the public faith in the historic pur-
poses of senior statesmen to conduct research of the highest quality and to
adhere to an administrative policy of the principle of local initiative and
Federal assistance. It supplied the opportunity to perform "original re-
search" for which scientists had long labored. (2)

Previously, various colleges had authorized a laboratory and
field approach to conducting experiments. Michigan Agricultural
College was one of these, taking the action in 1862. Carstenson (3),
in his discussion of the formation of the Wisconsin Agricultural
Experiment Station, pointed out that even after the passage of the
Hatch Act and the establishment of 56 experiment stations in the
United States in 1900, there was a long period of groping. He citedWisconsin as an example of how regents and farm leaders, through
a period of 12 to 16 years, formulated plans for the experiment
stations and defined the duties of professors in agriculture. Devel-opments at Wisconsin were typical of those in many States and
served as the blueprint for other colleges of agriculture and agri-
cultural experiment stations.

Agricultural teaching in the land-grant colleges also experienced
a period of evolution. In 1909 H. S. Pritchett, in his fourth annualreport to the Carnegie Foundation for the Advancement of Teaching,
criticized the variability of the colleges of agriculture, the quality
of their students, and their effectiveness in training students for
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farming. He further suggested that clearly defined missions be
established.

In 1910 W. J. Kerr (4), reacting violently to Pritchett's criticism,
presented evidence that colleges of agriculture were at a turning
point in education. For example, he pointed out that little growth
occurred from 1862 to 1890. In 1890 there were 52 institutions
offering education in agriculture; they employed 735 teachers for
9,533 students. In 1909, there were 5,623 teachers and 72,862 stu-
dents. (The figures for 1909 include all students, but the greatest
increase was in agriculture.) As for course work, Cornell, for
example, had three subjects in agriculture in 1890, but 169 in 1910.
In response to Pritchett's criticism, Kerr noted that land-grant
colleges were raising standards, which had been low because of
the shortage of high schools, and that high schools were becoming
more numerous in 1909; he also suggested that standards would
become even higher because of developments in high schools.

The application of research results to practice was given im-
petus with the passage of the Smith-Lever Act of 1914, which autho-
rized federal expenditures for agricultural extension services.
This completed the development of teaching, research, and exten-
sion in land-grant colleges. From this time to World War II, it
was a matter of putting into practice, within the developed guide-
lines, efforts in teaching, research, and extension that resulted in
the successful technology of American agriculture. Parenthetically,
this period was also one of solidification and of putting into con-
crete form ideas that, though they were successful at that time,
may no longer be appropriate.

WINDS OF CHANGE

Without fully recognizing the significance of changes taking place,
educators in agriculture were aware that the second era was start-
ing at the end of World War II. Arthur Brown (5) has summarized
the many papers concerned with undergraduate education in agri-
culture that were presented between 1950 and 1962. He noted that
there were changing patterns in agriculture and that educators
were concerned about the academic status of the agricultural col-
leges; but while educators' discussions were many, they did not
reach a consensus on such subjects as "technical versus basic ed-
ucation, college education for farming, occupational diversification
and new options, the curriculum, and the problem of farm experi-
ence."
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That concerns of this kind still exist is evidenced by the forma-tion of the Commission on Education in Agriculture and NaturalResources, supported by the National Science Foundation underthe aegis of the National Research Council, and the formation ofthe Commission on Undergraduate Education in the BiologicalSciences. These commissions are attempting to study and promotechange in agricultural and biological education.
Kellogg and Knapp (6) comment on "the restless scene" andpoint out that in the middle of the twentieth century the Americancollege of agriculture is being challenged. They note that today'scolleges bear little resemblance to those of the mid-nineteenth

century. Some have new programs in teaching, research, and ex-tension that far surpass the image of agricultural colleges in theminds of the public.
They go on to state, however:

Yet people within the universities and outside them question some aspectsof their programs. Are not the users of renewable resources of soil, water,air, plants and animalsusers who are not farmers or ranchersbeing
neglected? What about the problems of city-based people living in suburbanand mixed rural - urban communities? What about the companies, coopera-tives, and individuals who furnish supplies to farmers and process theirproducts? Do they get consideration proportionate to their numbers ?
These authors suggest that questions of this kind are being askedby the public and that the image of agriculture may be misunder-stood.

Evidence that a second era is beginning is also apparent in re-search support. After World War II, federal support for research,other than agricultural, increased, spreading from the Office ofNaval Research to many agencies with various missions, such asthe Department of the Army, the Department of the Navy, the De-partment of the Air Force, the National Institutes of Health (andother agencies in the Department of Health, Education, and Welfare),the Atomic Energy Commission, the National Aeronautics andSpace Administration, the National Science Foundation, and theTennessee Valley Authority.
The addition of large sums of money from these agencies to theresearch efforts of the universities indicates that society has be-come interested in developing new knowledge in areas other thanfood production, which received the main emphasis before WorldWar II. In 1938 agricultural research made up about 40 percentof all federally supported research and development, and the De-partment of Agriculture was the largest single agency supportingresearch. Today, agricultural research makes up less than 1.6percent of federally supported research and development (7).
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In this connection it should be noted that industries related to
agriculture are performing more research on agricultural problems
than are the State agricultural experiment stations and the U.S.
Department of Agriculture. This situation represents a shift that
has taken place in recent years. The data below are for 1962.*

Scientific Funds for
personnel research

U.S. Department of Agriculture 5,106 $113,500,000
State agricultural experiment stations 5,186 174,000,000
Industries related to agriculture 13,000 390,000,000

Most of the agricultural research carried on by industry is re-
lated to the profit motive. About 135 persons were engaged in
work that was similar to work that agricultural experiment sta-
tions were doing in corn and sorghum breeding. Even though re-
search performed by industry is geared to profits, it has far-
reaching effects and greatly influences the kinds of research done
by experiment stations.

Another development pointing to the need for change is the com-
bination of the agricultural extension service with university ex-
tension in several States, among them Missouri and, very recently,
Wisconsin, both of which have combined the administrative leader-
ship and activities of these organizations. Public and political
opinion undoubtedly influenced the events leading to the change in
these Scates.

THE NEED FOR A SECOND ERA

The changes discussed above are indicative, but they are not in
themselves the reasons for further change. The forces that broughtabout these changes are exerting a more fundamental influence and
are demanding a new era for research and teaching. The first forcerelates to society as a whole, and the second relates to the agricul-
tural industry in particular.

The changes that have occurred in society must affect teaching
and research. One change is the great increase in world, national,
and State populations. But even more important in the United States
is the makeup of the population. Before 1920 over 50 percent of

*From
an unpublished study prepared by the Agricultural Board, National

Research Council.
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the population was rural. Since then, the transition from a ruralto an urban society has accelerated; in California, for example,
only about 3.5 percent of the population now lives on farms.

The change in population has been reflected in the changing
background of students and faculty members of the colleges of agri-culture. At first (before World War I) farmers viewed professorsof agriculture with suspicion, regarding them as impractical. Butthis attitude soon changed. With the development of vocational pro-grams at the turn of the century, more and more of the rural youthturned to colleges of agriculture, until there was a time when thebulk of our students came from rural backgrounds. With the declinein farm population, however, another change has gradually takenplace. Today at Davis, for example, over 65 percent of the malestudents in the College of Agriculture have an urban background.

This shift extends to the staff of colleges of agriculture, where ithas not reached its peak.
For that matter, the founders of the system of land-grant col-leges did not have agricultural backgrounds. For example, W. A.Henry, an influential president of the Association of AmericanColleges and Experiment Stations, a dean and director of the Col-lege of Agriculture and Experiment Station at the University of

Wisconsin, and, incidentally, the first author of the importanttextbook Feeds and Feeding, was a botanist. A. C. True, distin-
guished director of the Office of Experiment Stations from 1893to 1915, had a background in the humanities.

For the last 75 years, however, faculties of colleges of agri-culture have trained their own successors; but while effective
teams resulted, they were interested in maintaining the status quo,partly because of their common background and partly because ofthe national professional associations that arose. Agricultural
faculties may have tended to lose touch with the natural sciencesnot pertaining directly to agriculture, the social sciences, and thehumanities. It is\to be hoped that this will be recognized and cor-rected, because exposure to and reflection on a wide range of ideasare an aid to creativity.

The attitude of society toward science has undergone modifica-tion. There is a unique relationship between society and science.Through monetary support, society influences the scope and mag-nitude of scientific research, and the resulting scientific discov-eries have a profound influence on society. As a consequence, thepublic has mixed emotion about science and how and why it shouldbe supported. For example, Don K. Price pointed out that from1830 to the 1930's science was regarded as a matter of business,
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and the only branch that was attended to was the one involving im-
mediate practical application (agriculture) (8). He noted that there
had been an overturn of this traditional attitude by the middle of
the twentieth century, and that federal tax funds began to be sup-
plied to academic science without demands for immediate utility.
Input, he noted, could be measured in terms of dollars, and output
as Nobel prizes and articles in scientific publications.

Almost as an afterthought, Price warned,
Aside from the case of the National Institutes of Health, the grants for sup-
port of applied sciences or civilian purposes of government are either tied
to obsolete patterns of science support, as in agriculture, or stalemated
by fear of social action interfering with private enterprise as in the case
of the Commerce Department.

Later he stated,

We have to learn how to support educational scientific establishments . . .
we have to learn to fit the research interests of free scientists into public
policy . . . but we can at least begin if we are not afraid to make changes
in some of our most stubborn political and administrative habits.

Few studies have been made on the history of science, but D. J.
de Solla Price (9), in an interesting chapter entitled "Diseases of
Sciences," does discuss problems of quantity of publications, undue
emphasis in certain areas, difficulty or even undesirability of sug-
gesting economic returns of science, the age of saturation, and so
on. But he goes on to say,
Not only is science changing more and more rapidly; it is entering a com-
plete new state. In this new state our civilization will rise or fall according
to the tactics and strategy of our application of our scientific efforts. It is
anarchical to decide such issues by letting ourselves be ruled by the loud-est voices.

Most thoughtful persons seem to be convinced that the scientific
community is now making decisions that will long affect the develop-
ment of scientific researchin particular, research important to
food production.

The second major cause for change, which is more important
to the land-grant colleges of agriculture, has two aspects. One per-
tains to agricultural production and the means by which it has been
increased. Studies by the Economic Research Service of the U.S.
Department of Agriculture show that in the period between the Civil
War and World War I it was agriculture's expansion into virgin
land that was responsible for increased production (10). From
World War I to World War II the major increase in production was
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due to the shift from horsepower to mechanical power and the
subsequent freeing of land for more food production. And after
World War II came the technological improvements that made pos-
sible an increase in production per unit of land or per animal.

The second aspect concerns the international extremes of sup-
ply and demand. While famine is an ever-present threat in some
parts of the world, a transitory surplus of food exists in the United
States. Harrar emphasizes this in "The Race Between Procreation
and Food Production" (11).

The decline in farm political power has been explored by Hardin
(12) in discussing recent policy problems. Bonnen (13) emphasized
further that the general power structure of our society has been
transformed, that commercial agriculture has not awakened to this
fact, and that the commercial agricultural power structure has
reached a state of extreme organizational fragmentation. Hawley's
recent article "The Politics of the Mexican Labor Issue, 1950-65"(14) gives detailed support of the change or decline in the farm
political power structure supporting Hardin'c and Bonnen's points
of view.

In an earlier article Bonnen (15) pointed out that the research
structure of the U.S. Department of Agriculture and the land-grant
college system is badly overbalanced in the direction of appliedresearch, and that

. . . it is for the long-run vitality of applied agricultural research that basicand pure research at present needs urgently to be expanded.
And in the same article,

The highly confining, specialized commodity and disciplinary organizationof both the land-grant system and the USDA needs to be reviewed criticallyin light of the restraints it places on communication and behavior of scien-tists and the organization of researchparticularly basic research.
The obvious conclusion from this survey is that colleges of agri-culture and agricultural experiment stations must either develop a

new form for a second era of teaching and research or face a slow
decline. We should be attempting, unhampered by past constraints,
to find the form our teaching and research should take so they can
best serve society and so we can act with broader vision.

Our research and teaching involving food production must, of
course; be maintained and improved, but we must realize that farm-ing, important as it is, is only part of the effort involved in food
production and use, and that it employs only a fraction of the labor
force involved. We should widen our horizons and think in inter-
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national terms. The renewal and use of natural resources should
be studied intensively; research results, however, should not be
restricted to agriculture's use but should be made available in any
way that will be in the public interest. I also believe that teaching
and research involving the family and the consumer are primary
missions. Nevertheless, it is my opinion that the storehouse of
basic knowledge is low and that a greater effort in discipline-ori-
ented research is necessary before we can effectively contribute
to these missions. Above all, our special skill in problem-solving,
our philosophy of service, and our orientation to systems all need
to be maintained while we broaden our vision and reshape the fun-
damental approach.
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ROY A. YOUNG

Oregon State University

A New Look for a New Age

The committee planning the program for this meeting suggested
that I give consideration to (a) the major current and prospective
trends in research and undergraduate instruction in the biological
sciences, (b) the reason the changes are taking place, (c) the major
characteristics of some of the new biology instructional patterns
being developed, (d) some of the major changes occurring or im-
minent in undergraduate teaching in the physical sciences and
mathematics, and (e) a brief summary of the recommendations of
the Panel on Preprofessional Training in the Agricultural Sciences
(PPTAS).

TRENDS IN RESEARCH AND INSTRUCTION

First, in regard to the major current and prospective trends in
research and undergraduate instruction in the biological sciences,
it is obvious that both research and instruction are rapidly becom-
ing more sophisticated. A number of developments have contributed
to this trend. The major scientific breakthroughs in unraveling
the genetic code, the great contribution of the electron microsc ,e
to better understanding of the fine structure of organisms, the
availability of increasingly refined analytical equipment and tech-
niques, the great emphasis on support of scientific research over
the past 15 years, the increased affluence of universities and scien-
tific organizations that permits far greater participation of scien-
tists in meetings and more effective exchange of informationthese
have contributed to the rapid accumulation of a great amount of
new biological information that serves as a foundation for further

33
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advances in the understanding of biological processes and hencemust be incorporated into undergraduate curricula.It has been estimated that the total amount of new informationin the biological sciences doubled from 1900 to 1950, doubled againin the decade of the fifties and is now doubling every 2 years. Ob-viously the problems associated with incorporating new informationinto curricula demand very careful study.
I should like to bring to your attention some summary figuresfrom reports that show strikingly why we should anticipate contin-ued increases in research information.
Total federal obligations for basic research, applied research,and development increased from slightly under $3 billion in 1956to almost $16 billion in 1966 (1). Basic research support increasedduring the same time from $0.21 billion in 1956 to $0.3 billion in1961 and $1.9 billion in 1966. The significant funds available forresearch and development and the trend toward continuing increasesmake it evident that new information in all the sciences will ac-cumulate at a greater and greater rate.

The many types of research support available and the increasingnumber of scientists involved in significant research programs areindicated by the following summary. In 1965, the Public HealthService contributed $652 million to support of institutions of highereducation (2). This represented 29 percent of the total federal sup-port to higher education and compares with 3 percent support fromthe USDA. In 1965, 102 institutions received more than $1 millionfrom the Public Health Service (1). This compares with one institu-tion in 1952, :4.7 in 1957 and 68 in 1962.
As research becomes more sophisticated it usually also becomesmore specialized. In spite of this, many of the fields that wereseparated by distinct lines now remain highly specialized in certainareas but merge in others. While specialization has become moreand more apparent in several areas of the biological sciences, thediverse interests of biologists have been brought together at cer-tain levels as a result of research in biochemistry, biophysics,and molecular biology. This research has been concerned with pro-cesses that are common among living things.

Among the obvious trends is a substantial increase in the amountof information included in undergraduate biological sciences instruc-tion at the molecular and cellular levels. However, information atthe organismal level still makes up the most significant part of mostbiological sciences instruction. The amount of discussion time de-voted to it probably ranges from more than one third of the total inthe most modern biological sciences curricula to more than 60 per-
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cent in more traditional biological sciences curricula. Informa-
tion will probably continue to increase somewhat more rapidly
at the molecular and cellular levels for a short time; then the
emphasis on developmental research at the organismal level will
greatly increase the input of information in curricula concerned
with organismal biology. Also, because of increasing concern
about environmental and population biology, there will undoubt-
edly be a significant increase in the amount of attention given to
these areas.

NEW INSTRUCTIONAL PATTERNS

Several new biology instructional patterns are being developed. A
survey made in 1962-1963 showed (ref. 3, p. 24) that at that time most
general biology training consisted of "a brief introduction suitable
for persons not planning to major in biological specialties, or pre-
liminary to more advanced study in specialized fields." It N;as still
necessary at most institutions to take botany and zoology courses
for training in depth. The tendency now is to increase the amount
of subject matter contained in a basic biology course or core that
all students in science and most students in agriculture might take.
A great deal of attention is being given to the question of whether
a core of biological sciences courses can be developed that would
be taken by all biology majors, including those in pure science,
premedicine, agriculture, forestry, other natural resources, and
other areas. Extensive studies of patterns developing at various
institutions and the interests of those concerned with curricular
revision, particularly in agriculture, would indicate that there is
a strong desire on the part of many agriculturists to move in the
direction of a core curriculum of as much as 2 years of basic bio-
logical sciences offerings. By "basic biology" or "core biology"
I mean biology that all students should take as a foundation for
specialized upper-division and graduate courses.

Because mug" the new information is more quantitative, there
is a trend towai :erring introductory biology courses until the
sophomore year ,5o the student will have a better foundation in phys-
ical sciences and mathematics before be3ianing biological sciences
course work.

Many schools still offer separate introductory courses in botany
and zoology. Several have adopted core courses. The instructional
patterns vary considerably. Purdue University has developed a
7-semester biological sciences core curriculum. Stanford Univer-
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sity has developed a 2-year core curriculum that includes in the
first year a term of cell biology followed by a term of plant biology
and a term of animal biology. This 1-year sequence is taught inthe sophomore year to allow students the opportunity to develop
an adequate background in chemistry. North Carolina State Univer-
sity follows a similar pattern. Curricular patterns probably will
continue to vary markedly from institution to institution, the natureof the variation depending upon the makeup of the academic units
on a particular campus. In my opinion, some variation in curric-
ular organization is highly desirable; a widely used stereotyped
introductory course or core of courses would be very undesirable.A fully integrated biological sciences sequence can be developedquite readily on a liberal arts campus where students involved areeither biology majors or premedical majors. The complexities of
developing an appropriate biological sciences core, however, are
much greater on a campus where there are, in addition to liberal
arts students and biology majors, sizable schools of agriculture,forestry, and natural resources. In such schools dual-track coresmay be provided that permit the student the option, after the first
year, to select courses emphasizing plants or animals, whichever
he finds most appropriate to his central interest. For example,
forestry majors and plant science majors in agriculture would takeplant physiology courses, and animal science majors would take
animal physiology courses.

Many of the students in professional schools are interested in
obtaining introductory biological sciences as early as possible in
their curriculum so they can start by the junior year, at least, with
specialized courses in their own areas of interest. In schools ofthis type, it might be advantageous to take an ecological approach
to biology that would emphasize the whole organism in the fresh-
man year, then move to a molecular and cellular approach in the
sophomore year after the student has completed a year of chemistry;
the sophomore could take organic chemistry concurrently with biology.I believe most of those who have studied curricular developmentintensively would agree that there is no one best way to develop
curricula in the biological sciences; and that when changes aremade, the needs of all students who are to be enrolled in biological
sciences courses should be considered, not just the needs of stu-
dents majoring in biological sciences.

The pressures from the great increases in student enrollmentand in the amount of information have also contributed to considera-
tion of new methods of offering biological sciences instruction.
Attention has been directed with reasonably good results to the



A NEW LOOK FOR A NEW AGE 37

development of self-study laboratory procedures with an increasein demonstration techniques, to increased use of audiovisual mate-rials and, in some instances, to the offering of televised classes
with supporting labs.

Undoubtedly, increased attention will be given in the future tothe possibility of eliminating laboratory sections for students who
will not continue with training in the biological sciences; this would
allow more attention to iboratory experience for biological sciencesmajors.

There also appears to be increasing interest in developing anumber of new courses with a liberal arts orientation in which
stress would be placed on the relation of the biological sciencesto human problems. Such courses have been well received and, ifproperly presented on a conceptual basis, may prove to be ofgreater value than a course in traditional biology to students whoare not science oriented.

CHANGES IN THE PHYSICAL SCIENCES AND MATHEMATICS

It is obvious that marked changes are occurring in instruction inthe biological sciences. Equally significant changes are occurringin the physical sciences and mathematics. Ur lergraduate offeringsat many schools have been almost completely revised.
Chemistry curricula must accommodate a great increase of newinformation. Numbers of credit hours have increased, new courseshave been added, and, in some instances, laboratory sections havebeen dropped from early terms and deferred. As in the biologicalsciences, there has been a decrease in the emphasis on descriptive

information in introductory chemistry and an increase in the amountof physical chemistry being offered. From the viewpoint of mostbiologists, it would be very desirable if introductory chemistrycould be modified further to provide more emphasis on carbon
compounds and perhaps even a term of biochemistry in the fresh-man year. In a few institutions, special courses in chemistry for
biologists have been developed with just this emphasis. With pres-ent course organization, most biologists would recommend a yearof general chemistry followed by organic chemistry and biochem-istry.

There is an increasing awareness also that students would bene-fit greatly from a course in physical chemistry as undergraduates.It would seem desirable to look toward a 2-year sequence of coursesin chemistry that could provide an appropriate background in inor-
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ganic, analytical, organic, physical, and biological chemistry for
students in biology and agriculture.

There are questions in the minds of biologists as to the type of
physics that should be recommended for undergraduates, but mostbelieve that an essentially traditional course in physics is most ap-propriate.

There seem to be increasingly strong reasons for greater em-phasis on mathematics for students in biology and agriculture asbiological sciences and agriculture become more quantitative. Itis anticipated that high school courses will provide precalculus
training in mathematics and that most college freshmen shouldtake a year of calculus, followed by a full year of mathematics
that includes mathematical analysis, linear algebra, and proba-bility. The increasing emphasis on the use of statistical methods
and on computers in research and in business demands that ade-quate attention be given to mathematics training at the undergradu-ate level.

PANEL RECOMMENDATIONS

The last charge given me was to present a brief summary of the
recommendations of the Panel on Preprofessional Training in theAgricultural Sciences. First I should provide information on the
purposes and activities of the PPTAS.

The Commission on Undergraduate Education in the Biological
Sciences (CUEBS) in 1965 appointed the Panel to consider (a) de-sirable preparation in basic biology and in physical sciences andmathematics for students planning a career in agriculture and re-lated sciences, and (b) the extent to which agricultural curriculacan be adapted to include the same biology core as that taken byother biological sciences majors.

In order to progress most effectively, the Panel has maintained
close liaison with the Commission on Education in Agriculture andNatural Resources (CEANAR), which is broadly interested in theentire field of undergraduate education in agriculture.

To obtain further aid in developing ideas concerning desirable
preparation in basic biology, PPTAS and CEANAR appointed sevenaction committees composed of scientists and educators from alarge number of universities. The action committees representedanimal sciences, plant and soil science, natural resources, food sci-ences, bioengineering, social sciences, and agricultural education.Each committee was charged with responsibility for recommend-



A NEW LOOK FOR A NEW AGE 39

ing desirable instruction in the biological sciences for undergrad-
uates majoring in that committee's area of specialization. Com-
mittees were also asked to recommend courses in the physical
sciences and to prepare a statement of philosophy that would give
the main reasons for their recominendations. They were asked to
consider requirements of students who will be professional scien-
tists and production workers 20 to 30 years from now.

In preparing recommendations, PPTAS carefully studied those
made by the seven action committees, and it took into considera-
tion the fact that while some schools are able to implement the
proposed program now, others will not be able to adjust entirely
to the program for several years.

The Panel stated that biological sciences for students in agri-
culture, forestry, and related areas should include as a minimum:

1. An integrated general biology sequence containing three
major sectionsmolecular-cellular biology, organismal biology,
and environmental biology. The treatment should be rigorous and
should follow a year of college-level courses in chemistry, mathe-
matics, and possibly physics.

2. Upper-division courses important to the field of emphasis
(i.e., animal, food, or plant science). These would be selected
from courses such as biochemistry, ecology, microbiology, nutri-
tion, pathology, physiology, and taxonomy.

3. In the first year a course series in biological sciences to
give program direction to the student. Such courses might be offered
in an applied department or in a biological sciences department.
They would not be prerequisite to the integrated sequence described
in paragraph 1, above.

If appropriate biology core curricula are developed, all agricul-
ture majors should take at least 1 full year of the core. Most ma-
jors would take 2 full years of a properly designed core, then take
additional specialized biology courses. However, a core program
should be sufficiently flexible to allow access to it and departure
from it according to the needs of students.

In addition, PPTAS recommended the following instruction in the
physical sciences and matherilatics:

Years
Chemistry, including inorganic: and organic, and preferably

some biochemistry and physical chemistry 2
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Mathematics, including calculus, analysis, linear algebra,
and probability

Physics

Years

2

1

A 4-year outline of courses in the biological sciences, hysicalsciences, and mathematics follows. The program is recommended
for all students in agriculture.

FIRST YEAR

Chemistry General chemistry with emphasis on carbon compounds.
Mathematics Introductory calculus and linear algebra (courses 1 and 3).*Physics General physics.

SECOND YEAR
Biology Molecular-cellular biology, organismic biology, and environmen-tal biology.
Chemistry Organic and physical chemistry; or biochemistry.Mathematics Probability (course 2P).*
Physics As required by field of emphasis.

THIRD YEAR
Biology Selected courses in areas basic to field of interest, e.g., biochem-istry, microbiology, physiology, nutrition, and ecology.

FOURTH YEAR
Biology Specialized biology, systems biology, and population biology.

The above recommendations are based on the following premises:

Many high school graduates of the future will be prepared toenter calculua and advanced physical sciences directly.
In addition to preparation for graduate study, there will betwo major areas of emphasis for undergraduate curriculaa tech-nological area where some graduate work is required for depth ofknowledge and a management area where economics and businessadministration are stressed and a fifth year may or may not berequired.

*See
A General Curriculum in Mailematics for Colleges, a report to theMathematical Association of America by the Commission on the Under-

graduate Program in Mathematics, 1965.
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The s, veral fields of study must provide varying degrees
of emphasis in the subject matter of biology. For example, students
in plant science, animal science, conservation, and natural re-
sources will probably take a basic curriculum similar to that taken
by biology majors. Students in food science would probably take
a single year of core biology, adding courses in microbiology,
physiology, and biochemistry. Students in bioengineering are more
likely to have principal interest in environmental biology. Students
in the social sciences would probably place more emphasis on or-
ganismal and population biology.

Greater flexibility in student curriculum planning would re-
sult from a substantial basic core in the biological sciences. If a
program such as that proposed is followed, students up through
the sophomore year could readily change from one major to another
in agriculture with little loss of time or credit.

SUMMARY

The need for more basic biology and more mathematics in agricul-
tural curricula can be substantiated readily. A few years ago, in-
struction in evolution, as given in biology classes, dealt almost
entirely with entire organismstheir structure, speciation, and
behavior. Now increasing emphasis is being placed on the number
and sequence of chemical bases in deoxyribonucleic acid (DNA)
molecules as a record of the evolutionary history of each species.
This type of evolutionary consideration is based on the study of
proteins and the genetic code.

Research and teaching in taxonomy have evolved from the old,
descriptive taxonomy based principally on morphological character-
istics of organisms and are now concerned increasingly with cyto-
logical, biochemical, and mathematical approaches.

Similarly, ecology has become more quantitative, with more em-
phasis on physiological ecology and, more recently, with an increas-
ing emphasis on systems ecology that involves significant computer
use. A course sequence in systems ecology, for example, would
devote the last half of the third quarter almost exclusively to work
with digital and analog computers (4). Students would gain experi-
ence in problem formulation, modeling, and simulation or solution
of problems. Differential equations, probability and statistics, and
linear algebra are minimum requirements for graduate work in
systems ecology. These requirements are realistic, representing
about 2 years of work beyond calculus as courses were formerly
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structured. With the new mathematics recommended by she Com-mittee on the Undergraduate Program in Mathematics (CUPM),
students should be able to meet requirements, including calculus,within 2 years.

These comments refer to the need for more basic biology and
mathematics for the student who will continue in graduate study.There are similar needs for students who plan to go into agricul-
tural business and agricultural management.
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GEORGE A. GRIES

Department of Biological Sciences
University of Arizona

Remarks on the Action Committees' Reports

The biological science action committees,* which prepared the re-ports we are to use as resource materials, are composed of educa-tors who have widely divergent backgrounds and interests. In viewof this divergence, it is not surprising that the reports show dis-agreement on several points. What is surprising, I think, is theextent of agreement on some of the fundamental questions.
Some agricultural scientists equate agriculture with the tech-nologies of the primary production processes and the sciences onwhich they are based. They regard themselves as applied biolo-gists. To be an applied biologist, one must first be a biologist.

Those who would tackle the complex problems of tomorrow's agri-culture, either at the technological or scientific level, will needto know the most advanced biological concepts. To be a competent
biologist in this day and age, one must also have considerable back-ground in the physical sciences and mathematics.

Not all persons with a professional interest in agriculture arebiologists. Sociologists and economists, for example, are interestedin relationships among people, living conditions in rural areas,
consumer preferences, marketing, aid a large number of similar
matters. Although they are not biologists, and do not claim to be,they need an understanding of biological principles. Without it theycannot understand the major problems of agriculture.

*For
background information on the action committees, see the Preface(page iii). For a summary of the committees' recommendations, see Appen-dix A (page 67).
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RECURRENT THEMES

Certain themes are found in all the reports. One of these is thecertainty of change. "The only thing constant is change," said theAnimal Science Committee. We have to adjust to changes in agri-cultural production, in the educational needs of agriculturists, andin the quality and scope of the high school or junior college educa-tion that students have when they come to us.
All the reports express dissatisfaction with the job we are doingand determination to do better. All express abhorrence of specialcourses for students of agriculture and the belief that these stu-dents should take the same courses that majors in the area take.Despite this agreement, some reports suggest that certain subjectsthat seem basic to me can be covered in agriculture courses; forexample, it was suggested that ecology can be studied in a coursein crop ecology. This seems inconsistent. Do we want the basicscience approach only at the freshman level?
Several reports call for courses in "integrated" biology ratherthan separate offerings in botany and zoology, citing as justificationthe reduction of duplication and the saving of time. Reducing dup-lication is a worthy endeavor, and I suspect that we have opportu-nity for it in the agricultural area. If we have two or three begin-ning courses in the plant sciences or two or more nutrition courses,each concerned with one animal species, we have inexcusable dup-lication and loss of

Most of the reports express interest in a nonterminal generalchemistry course at the freshman level. The course would coverthe principles of inorganic and organic chemistry and perhapswould include an introduction to biochemistry. Let us note thatwhile the biologists are moving toward a consolidation of beginningcourses in botany and zoology, the chemists seem to find it difficultto give a broad survey course that they do not consider terminal.There is a general demand that all students have some knowledgeof calculus and probability theory. The courses designated as 1and 2P in A General Curriculum in Mathematics for Colleges (areport to the Mathematical Association of America by the Committeeon the Undergraduate Program in Mathematics) are considereddesirable models for mathematics coverage. One committee thoughtthat algebra and trigonometry would be sufficient for some of theirstudents but that mr e mathematics would be desirable for studentsin certain specialties.
All the reports say that some knowledge of physics is needed.



REMARKS ON THE ACTION COMMITTEES' REPORTS 45

In general, the demand is for a year of physics that emphasizes
traditional physics but includes a survey of the modern. The Social
Sciences group feels that "general edt,cation" physics would be ade-
quate for their students and that a good high school course might
suffice.

Another recurrent theme takes into account the differences in
entering students' high school backgroundsthat is, differences
in quality leveland the need to smooth out these differences. Two
plans are proposed. One would pitch the beginning college courses
at a "standard" level and let students with superior backgrounds
skip them; these students would be placed in more advanced courses.
Under the second plan, freshman courses would be designed for
students with better backgrounds, and students not prepared for
them would take remedial courses.

AREAS OF DISAGREEMENT

Among the areas of disagreement in the reports are several that
relate to the freshman biology course. Although the reports favor
an "integrated" year, they seek it through four approaches: the
organismic, the phylogenetic, the ecological, and the molecular.
This number of approaches should neither surprise nor worry us.
Seven committees of biologists would have suggested more.

Some of the committees representing subjects based primarily
on natural sciences suggest that biology should be a sophomore
course: it should follow calculus and an introductory course in
chemistry. The same committees would delay offering technical
agriculture courses until the junior year. Other committees want
biology placed earlier in the curriculum, apparently to allow bio-
logically based agriculture courses to be offered in the sophomore
year.

Several of the reports propose that biologists use familiar higher
organisms as examples in their courses, presumably to stimulate
motivation. One of the committees that emphasized this suggestion
pointed out elsewhere in its report that we do riot know what the
agricultural products of the twenty-first century will be. If the
observation about products of the future is sound, what happens to
the motivational value of familiar organisms? Perhaps a clever
biologist could supply as much motivation by explaining what it is
(unique structural or physiological features) that gives an unfamil-
iar plant economic potential as he could by depending on corn, cot-
ton, and the inevitable tomato.
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At least three approaches to advanced courses in biology aresuggested.

Traditional specific courses could be offered in such areasas genetics, cell biology, plant and animal physiology, pathology,and anatomy. The procedure here suggested does allow studentsto jump in and out of biology. But the courses would have the samedisadvantage that our present courses have; that is, they would
discourage correlation, because students differ in background.

An "integrated" upper-division sequence could be made avail-able in the plant or animal sciences. The procedure would be simi-lar to the one followed in British universities. It would have theadvantage of allowing more complete coordination of related areas,for example, physiology and anatomy or genetics and taxonomy.(This intriguing suggestion is made by tNe Plant and Soil Science
Committee.)

Advanced biology could be taught as an integral part of cer-tain agriculture courses. This suggestion reminds us of a majorquestion, one that must be answered by agriculture faculties: Towhat extent are biological principles to be taught within agriculturecourses, and to what extent are we going to draw on previouslylearned principles to teach agriculture? If solving tomorrow'sproblems depends on teaching the most modern principles, I wouldassume that we want our students to learn principles that we havenot yet learned to apply.

The Plant and Soil Science Committee report also contains the
fascinating suggestion that we could give a "tutorial" or conjunctivelecture series to students concurrently with basic courses in phys-ical sciences and mathematics. Such a series would provide good
opportunity to discuss the applications of calculus and other .b-jects to agriculture and natural resource management and wouldbe a means of strengthening motivation. Extending this idea tocourses other than introductory ones might be considered.

QUESTIONS FOR DISCUSSION

I hope that as you work in discussion groups, you will considersome of the questions referred to in this summary. In particular,I hope you will consider certain questions about agriculture courses:When are these courses to be offered? To what extent will they bebased on basic science courses? Should we teach advanced concepts
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by relating them to practice, and if so, how are tomorrow's students
to learn the newest concepts, which will be the basis for solving
the problems of next year?

In addition, I hope you will consider the impact of the junior
college, the increasing sophistication of the basic sciences, andthe diversity of the professional fields that our students are enter-ing.



DANIEL G. ALDRICH, JR.

University of California, Irvine

Concluding Remarks

The genius of America, be it in agriculture, industry, or highereducation, has been its awareness of, and sensitivity to, the diversebackground, attitude, and abilities of :ts people. Our people andtheir institutions have not sought to impose a single pattern or way;they have not sought conformity. Rather, they have made everyeffort to recognize the differences that exist among our citizensand to devise programs and procedures that affect them only inways that permit fulfillment of their potential with dignity andunderstanding.
It is entirely fitting and proper that agricultural leaders be con-cerned with the progress and development of every subject fieldknown to impinge upon agriculture. As we relate these fields to theunderstanding and further development of agriculture, we must notbe afraid of the increasing sophistication of introductory programsin the basic sciences or sensitive about what will appear to someas a lack of sophistication in the agricultural sciences.
Agriculturists should do everything in their power to encourageteachers in the biological sciences, the physical sciences, and mathe-matics to improve their courses and add to their content. Theteachers will always be the better judges of what that content shouldbe. Nevertheless, agriculturists should participate in decisionsconcerning it. By doing so they will become better informed aboutthe relation between the basic sciences and the agricultural sciences.Without apology or hesitation, they should point out the needs of theagricultural sciences to their colleagues in any field that is relevantto agriculture.
Out of conferences such as these, and those that may be set inmotion in our home institutions as a consequence, will come arrange-ments that will permit both the basic sciences and the applied sci-ences to thrive. Such has been the genius of higher education in thiscountry in the past; I expect no less in the future.

48



THE WORKING GROUPS



Summaries of Working Groups' Reports

The headings in this section designate subjects discussed by the working
groups. Under each heading is a summary that is intended to be a consen-sus of all groups that discussed the subject designated. The summaries
are based on reports submitted to CEANAR by the chairmen of the groups.

KINDS AND AMOUNTS OF INSTRUCTION

The groups reached these conclusions:

Contrary to a suggestion often made, agriculture and renew-
able natural resources are more than applied biology. The plant
and animal sciences owe first allegiance to biology. But (a) the
reliance of agricultural engineering, soil science, and food science
on the physical sciences and mathematics is as great as their re-
liance on the biological sciences, if not greater; (b) renewable
natural resources receive much support from the social sciences
and from mathematics and statistics; and (c) the agricultural social
sciences are rooted in the social sciences.

Undergraduate education in agriculture and renewable r atural
resources has, and will continue to have, two distinct objectives:
education for graduate study and preparation for immediate employ-
ment. The second of these objectives may be divided into prepara-
tion for business, preparation for resource management, and
preparation for agricultural production.

The existence of these different career tracks indicates a
need for differences in undergraduate programs.

Courses in the biological and physical sciences and in mathe-
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matics must be organized in a flexible way. Flexibility is essentialnot only to serve the needs of the different fields in agriculture
and renewable natural resources, but also to meet the needs of
entering students, whose abilities vary widely.

This need br flexibility suggests that in the biological sci-
ences we should have one or both of the following:

1. A flexible "core" program, if a core is to be developed,
so that "spin-off" would be possible at various points.

2. Alternative tracks.

PrOvision should be made for remedial work.
Instruction in agriculture and renewable natural resourcesshould build on principles learned in prerequisite courses in sci-ence and mathematics.

As one would expect after reading these statements, there was
no agreement about the kind of instruction in the biological sciencesand in the physical sciences and mathematics that is most desirable
for undergraduates in agriculture and renewable natural resources.There was not even agreement that the kind of instruction shouldbe changed in any way.

Similarly, except for agreement on the minimum, agreement
was lacking on the amount of instruction that should be offered,and on whether present requirements should be increased. The
minimum requirement agreed on was approximately as follows:biology, 1 semester; college algebra, 1 semester; trigonometry,1 semester; chemistry (including some exposure to organic chem-istry), 1 year; and physics, 1 semester.

This minimal "common ground" is not as low as it seems. An
example of its deceptiveness can be seen in recommendations forrenewable natural resources. The working groups in this areaagreed on the desirability of 1 year of fundamentals of biology and1 year of genetics, physiology, and ecology. Without specifyingamounts, the groups agreed that instruction should also be givenin the following: mathematics, including introductory calculus,linear algebra, probability, biometrics, and introduction to com-puter science; chemistry, including introduction to organic chemis-try; biochemistry; physics, including modern concepts; geology orphysical geography; and meteorology or climatology.

Recommendations for other fields are, for the most part, asrigorous as they are for renewable natural resources. Yet theydiffer in e.3ntent; thus the low common denominator.
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THE BIOLOGICAL SCIENCES

The groups reached these conclusions:

The first course should be integrated and oriented toward
concepts and should include a laboratory.

While the total undergraduate biology program should reflect
the relevance of the physical sciences and mathematics, the first
course should not be delayed until the sophomore year or later
while physical science and mathematics prerequisites are being met.

The undergraduate requires from 1 semester to 1 year of
integrated introductory biology, the amount depending on the field.
Beyond that, courses oriented toward plant and animal biology,
and 'coward disciplines such as genetics and physiology, should be
available.

Opinion on the levels of biological organization that should be
emphasized in the first courses was divided. Some conferees
favored an organism - environment emphasis; others favored giving
approximately equal emphasis to all levels of organization, from
molecular to environmental.

Most conferees thought it desirable to begin biological science
instruction in the freshman year. Those who favored an organism-
environment emphasis were especially desirous of beginning in-
struction in the freshman year.

THE PHYSICAL SCIENCES AND MATHEMATICS

The groups reached these conclusions:

Concepts of organic chemistry and biochemistry should be
presented in first-year chemistry at the earliest appropriate time.

All undergraduates should have at least 1 year of instruction
in this type of chemistry. Many students should have additional
instruction in physical chemistry.

Introductory physics courses should include (in addition to
traditional topics) instruction in atomic structure, nuclear physics,
radioactivity, and other topics associated with modern physics.

Mathematics through calculus is recommended .or most
students in most curricula.
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Preoccupation with the question of whether calculus should berequired may result in de-emphasizing a most important point:probability, statistics, and computer science are, and will increas-ingly be, especially important tools in the science and managementof agriculture and renewable natural resources.

EVALUATION OF ACTION COMMITTEES'
RECOMMENDATIONS*

The working groups' recommendations were similar to those of theaction committees. Differences had to do mostly with amount ofinstruction, rather than with kind. However, the belief that modernconcepts should be included in physics instruction was more widelyheld in the working groups than in the action committees.The action committee recommendation that elicited the mostdiscussion came from the Plant and Soil Science Committee. Ifcourses in the basic sciences are not "sufficiently comprehensiveto provide students of agriculture with information pertinent totheir professional needs," this committee recommended the fol-lowing as one possible solution:
a conjunctive tutorial section (or recitation) . . . for credit under thedirection of a professor who is capable of relating the principles discussedin the basic science classes to problems of agriculture . . .

The response was divided. Those who favored the proposed so-lution cited increased learning and motivation to learn. Those whoopposed it argued that the "tutorial" would be too much like specialcourses for agriculture and natural resources, which frequentlyhave an unfavorable reputation.

IMPLEMENTING CHANGE

Conferees did not agree on certain points having to do with imple-menting change. For instance, one group suggested that two intro-ductory biology tracks should be implemented if it were not possibleto develop a single introductory program that would meet theneeds of all. Others insisted that a single track should be developed.One group thought that, under certain circumstances, coursesdesigned especially for students in agriculture and renewablenatural resources would be desirable. Others thought such courseswould be undesirable.

*See footnote on page vi.
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The groups reached these conclusions:

Intramural discussion should originate among the faculty in
colleges of agriculture and renewable natural resources, or in
schools or departments of such colleges. General faculty discussion
might be preceded by committee deliberations.

Colleges should provide means by which faculty members
could update their knowledge of the underlying sciences. Possibili-
ties include summer institutes; short-term, frequent sabbatical
leaves; seminars or forums that include faculty from both agri-
culture and the supporting disciplines; and contacts with invited
consultants and visiting scientists.

Communications with departments uttering instruction in the
biological and physical sciences and mathematics should be estab-
lished or improved. Representatives of the college or university
administration and administrators of appropriate units (e.g., the
college of arts and science) should participate in the discussions.
Communications could be formal or informal. Joint committees
might be appointed and seminars established. Consultants could
be invited to discuss trends in undergraduate teaching in the bio-
logical and physical sciences ane mathematics, and possibly to
interpret or react to the materials resulting from this conference.
Joint appointments between agriculture and renewable natural re-
sources on the one hand, and biology, the physical sciences, and
mathematics, on the other, and establishment of chairs of "applied
biology" in these other departments, are encouraged. (One group
suggested that the association that exists between the agriculture
and biology faculties at the graduate level could be extended to
undergraduate programs. Another stressed informal individual
contacts, asserting that "individuals are convinced, not commit-
tees.")

Introductory courses in the biological sciences should reflect
the relevance of agriculture and renewable natural resources, and
suitable textbooks should be prepared.

While the conferees gave greatest attention to intracollege and
intracampus discussion, intercampus activities received some
support. State-wide conferences attended by representatives of
institutions offering instruction in agriculture and natural resources,
including those offering preprofessional programs, are encouraged,
especially in view of the growth of community colleges in nearly
every State.

Two suggestions were made concerning regional discussions.
One was that the subject of this conference could be included in the
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annual regional meetings of deans and directors of resident instruc-tion, after which a meeting could be held on each campus. Theother suggestion was that teaching faculty members could gatherfor regional meetings.
Some conferees recognized a need for periodic national confer-ences on this subject. More important to others, however, was"agriculture and natural resources" representation in nationalgroups such as the college commissions in science, engineering,and mathematics.
Some conferees suggested further action by the four organiza-tions that sponsG2ed the conference. The Resident Instruction

Section and the National Association of Colleges and Teachers ofAgriculture (NACTA) were urged to encourage State and regionalconferences. These organizations could also evaluate the need forone or more additional national conferences.
CUEBS and CEANAR were urged to provide resource personsfor intracampus and intercampus discussions. One group suggestedthat intracampus discussions and action be carried on throughCEANAR's visiting panel program. Another suggested that CEANARform action panels, similar to the biological science action com-mittees formed by CEANAR and CUEBS, to study in more detailthe education need in chemistry, physics, and mathematics.



Excerpts from Working Groups' Reports

THE VARIETY OF STUDENT OBJECTIVES

The undt4"gracluate population can be divided into at least three seg-ments: the prospective scientists, who will secure graduate training
beyond the B.S. degree; the future agriculturists, who will terminate
at the B.S. level; and the students whose major orientation is to the
social science aspects of agriculture. General, III.

SPECIAL COURSES FOR AGRICULTURE

Because of the usual undesirable connotation placed Jn courses
labeled "for agriculture students," we have said we do not want bi-
ology for agriculture students, or chemistry for agriculture stu-dents. Our students have special needs in particular fields; it does
not necessarily follow that courses designed to meet those needs
have to be less rigorous than for students majoring in the field.
We can conceive of a number of instances where courses for agri-
culture students might even be more demanding than courses at
a particular level for majors in that field.General, III.

INTRODUCTORY BIOLOGY

This working group recommends that emphasis in initial courses
be placed on the organism and its environment, and that information
on diversity of organisms (taxonomy, sTirvey of plant and animal
kingdoms) be included, together with behavior and other aspects of
ecology. Basic courses in physical sciences should be taken con-
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currently at the freshman level in preparation for subsequent
courses in cellular, molecular, and genetic aspects of biology.
Natural Resources, III.

CONCEPTS AND PRINCIPLES

It would be well if our students obtained concepts and principles be-yond those which we are able to utilize at present. These will forma part of their storehouse of knowledge to be drawn upon when they
face tomorrow's problems and need principles of chemistry, phys-ics, and mathematics that now seem "far out" to us.General, III.

RECOMMENDATIONS FOR SPECIFIC AREAS

Succeeding courses (beyond an introductory course) in the biologi-cal area saould not follow a specific track but should definitely
include, as a I.:>inimum, courses in physiology, nutrition, genetics,
environment biology, and behavior.

The groan also recommended:

1. Two years of chemistry designed for noncheniistry Majors.
This should include instruction in inorganic, organic, and physical
chemistry and biochemistry.

2. A course in probability and statistical inference, with calcu-
lus excluded as prerequisite.

The group was about evenly divided on the desirability of in-
cluding the mathematics sequence through calculus as suggestedby the Committee on the Undergraduate Program in Mathematics.Animal Science.

Instruction in the biological sciences at the undergraduate levelfor engineering students majoring in bioengineering should include:

1. A 1-year course, meeting 3 or 4 hours per week, in the prin-
ciples of biology, similar to the "core" course in the action com-
mittee report,* dealing primarily with basic biological concepts
and including some laboratory experience. This course should be
taught from an analytical and quantitative viewpoint, and be deeplyrooted in consideration of the unity of biological systems.

*See footnote on page vi.
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The course should require at least sophomore standing withminimum prerequisites of mathematics through calculus and ele-ments of differential equations, a 1-year course in chemistry,
including principles of organic and physical chemistry, and concur-rent relistration in general physics.

2. A sequence consisting of 1 to 2 years of elective courses insuch areas as microbiology, genetics, ecology, anatomy, advancedphysiology (plant or animal), and psychology.
Instruction in the physical sciences and mathematics at theundergraduate level for bioengineering majors should include:

1. Mathematics through calculus and differential equations, acourse in probability and statistics, and a course in linear algebra.2. Physical science requirements of a 1-year course in chem-istry. containing strong elements of organic and physical chemistry,a course in biochemistry, and a 1-year course in physics.

Many more undergraduate engineering students should take the1-year "core" course in biology, regardless of ultimate educationallevel and occupational objectives.Bioengineering.

As we look to the future, we believe that students should pursueintegrated study sequences in the biological sciences through com-pletion of the basic principles of genetics. This will require 9 to12 semester hours. We support the action committee concept thatthe course content in the biological sciences should place primaryemphasis on "organism - environment relations," or ecologicalemphasis, and the "basic concepts of the scientific method under-lying biology."
In mathematics, students should complete sequence coursesthrough integral calculus and probability as included in courses 1and 2P of the Committee on the Undergraduate Program in Mathe-matics. We suggest that these courses be considered as minimumrequirements for all students, regardless of ultimate educationallevel and occupational objectives. Students pursuing programs ofwork leading to graduate study should complete at least 3 creditsin matrix algebra.

A basic course in computer science is becoming essential fa,social scientists.Social Sciences.

A core of basic courses as suggested by the report of the Agri-cultural Education Action Committee is desirable.* These courses
*See footnote on page vi.
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would include mathematics (college algebra and trigonometry),
chemistry (inorganic and organic), and physics where appropriate.With respect to biology, a majority of the working group werein favor of a minimum 2-semester requirement at the lower-
division level. A 1-semester course devoted to principles and
concepts, required of all, would be followed by a semester of plant
life (taught on an organismal basis) or a semester of animal life
(taught on an organismal basis), or both.Agricultural Education.

INTERDEPARTMENTAL COLLABORATION

The quantity and kind of instruction hereafter recommended will
necessarily require an unusual amount of interdepartmental col-
laboration in order that the mathematics, biology, and chemistry,
once taught, will not stand as an island but will be integrated and
become an important part of the subsequent instruction regardlessof the subject matter.Food Science.

THE CONJUNCTIVE-TUTORIAL CONCEPT

The conjunctive-tutorial would show the student specific relationsbetween basic science courses and other courses, and would moti-vate and inspire. However, instruction of exceptionally high quality
is needed. It would probably include 2 hours per week and would
be desirable through the first 2 years.Plant and Soil Science.

If we need to interpret the relevance of physics and chemistryto agriculture students, we should question the appropriateness ofrequiring these subjects.General,

On the negative side, our panel does not favor the interpretationof another basic science field by any professional staff member.
Positively, this means that professional school courses, if suffi-
ciently substantive, will provide adequate interpretation. Natural
Resources, III.

THE LABORATORY

There is a question of whether the time spent in "traditional" lab-
oratories in beginning agriculture, biology, chemistry, and physicsis justified for all students. Perhaps audio-tutorial, lecture-dem-
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onstration, and other techniques may be considered in lieu of suchlaboratories. General, II.

The laboratories based on techniques rather than concepts and
principles should be made optional for majors in the social sci-
ences.Social Sciences.

FIVE-YEAR BACHELOR'S PROGRAM

There was general agreement that at some time in the future it
will be necessary to require more than the traditional 4-year
programs.General, I.

Many agriculture majors take 4-1/2 to 5 years even though itis still a "4-year program."General, IV.

The working group recognized that we cannot train professionals
in 4 years. Those who graduate with the B.S. become professionalson the job. Others go on to graduate work.Natural Resources, I.

THE PPTAS REPORT*

There was general agreement that the biology program as proposed
in the report by the Panel on Preprofessional Training in the Agri-
cultural Sciences should be established as a requirement for all
students in agriculture. (The agreement was reached on the assump-tion that high school programs will be upgraded to prepare studentsto enter at this level.) However, if this entire program were fol-lowed in both the freshman and the sophomore year, flexibility
would be limited; we could have no general education requirement.General, I.

The Panel on Preprofessional Training in the Agricultural
Sciences made recommendations for all agriculture students farin excess of this group's recommendations for course requirementsin biology, chemistry, mathematics, and physics. We suggest thatthe Panel or some other appropriate group restudy the present
report of the Panel and take cognizance of the recommendations ofthe action committees, including the Social Sciences Action Com-
mittee.Social Sciences.

*See footnote on page vi.
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Long-range goals will help institutions establish programs toimprove instruction. The general tenor of the report of the Panelon Preprofessional Training in the Agricultural Sciences is accept-able in this light; the immediate application of certain of thecurriculum proposals would be quite impracticable. The problemof .school finance and teacher supply in secondary education gen-erally suggest that it will take time to reach the levels of prepara-tion suggested by the report as appropriate for the entering student.The definition of need for improved preparation in mathematicsand science at the high school level will be useful in promotingneeded change.General,

BASIC SCIENCES IN THE CURRICULA

Do we start training agriculture students as juniors ? If more basicsciences are added to the curriculum, eliminating agriculturecourses that do not have prerequisite requirements is a possiblealternative. General, I.

The adoption of a core program in science does not precludeoffering courses in plant and animal agriculture beginning at thefreshman level. These courses were considered to be importantin motivating students to pursue careers in animal science.Ani-mal Science.

Following the 2-year program proposed by the Plant and SoilScience Action Committee* will make the junior and senior levelsmore flexible.Plant and Sail Science.

MECHANISMS FOR IMPLEMENTATION

Pilot Programs

We recommend that pilot programs in a few institutions be initiatedas soon as feasible; however, leaders of industry should be con-sulted to learn of their needs.Plant and Soil Science.

*See footnote on page vi.
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On-Campus Action

The time now seems to be appropriate for decreasing the number
of conferences on these matters at the State-regional and national
levels. In all such meetings, as in this one, there are no students
equipped with a better understanding of fundamental principles
emerging from our conference rooms. Therefore, begin now to
encourage the members of our faculty, who in the final analysis
will determine by their efforts in the classroom the effectivenessof any course or curriculum.General,

Deans should be encouraged to set up ad hoc committees in food
science to study curricula on the basis of recommendations at this
conference.Food Science.

National Action

We recommend that the CEANAR visiting panel technique, which
has been so successful to date in implementing clear thinking on
this matter, be continued. Financing the panel visit should be pri-
marily a local concern.Social Sciences.

We recommend that CEANAR explore with the National Science
Foundation the establishment of summer institutes in mathematics,
physics, and chemistry to enable teachers of agriculture and biology
to become familiar with materials being presented in these course
areas. Animal Science.

We recommend that the Agricultural Education Action Commit-
tee be encouraged to continue its work and that the committee be
broadened to include other disciplines.Agricultural Education.

DIVERSITY AND IMPLEMENTATION

All colleges where agriculture is taught must remain our concern,
not merely those with highly selective entrance requirements.
This will affect our thinking but must not stifle it. "We cannot es-
calate too fast until we have the students to escalate with."Gen-
eral, I.
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While it is probably desirable to establish greater uniformityin course content on an interstate basis, it is imperative that thismatter be given greater attention on a national basis. Uniformity
should have been given higher priority in the past, but with therapid expansion of community colleges the matter takes on anemergency significance. General, II.

The diversity of subject-matter preparation existing withincolleges of agriculture is as great as that existing between colleges.For example, there is as much difference between agriculturaleconomics and the plant and animal sciences (within a college ofagriculture) as there is between a college of business and a collegeof biological sciences.--General, III.

The group recognizes the great variation in organizational struc-ture among institutions and the extent to which this will createproblems in implementing programs. In some institutions, botanyand zoology are both in the college of agriculture; in others, theyare divided between agriculture and another college; in still othercases, they are entirely outside the college of agriculture. Webelieve the interdepartmental and intercollege communicationsdilemma adds greatly to the difficulty of implementing the recom-mended integrated biological programs. The consensus is that wecan no longer require a separate botany and zoology sequence forstudents majoring in the agricultural social sciences (e.g., agri-cultural economics and rural sociology).Social Sciences.

QUALITY OF INSTRUCTION

All of the foregoing recommendations are based on the idea thatthe quality of instruction will be superior. No amount of reorgani-zation of course content will give us the kind of biology curriculumthat we desire if the courses are poorly taught.General,
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APPENDIX A

Summary of Action Committees' Recommendations
J. R. Shay* and R. E. Geyert

Copies of a draft of this summary were distributed to conferees in advanceof the conference, along with copies of the action committee reports, as
resource material. It was believed that the summary would be of specialbenefit to those who would participate in the "General" working groups.The final reports of the action committees may be obtained from CUEBS
(see footnote, page vi).

The biological science action committees recognized manystrengths in present curricula but urged additional improvement.Their dissatisfaction had to do primarily with quality of instruction;
rather than with quantity.

AREAS OF AGREEMENT

The committees agreed on the following points:

1. High schools will continue to improve in teaching science and
mathematics, but they will improve at different rates.

Since diversity in the quality of high school education will con-tinue, it may be necessary for colleges to emphasize testing and tocompensate for inequalities with "remedial" programs or advanced
*Member of the Panel on Preprofessional Training in the AgriculturalSciences; Head, Department of Botany and Plant Pathology, Oregon StateUniversity, Corvallis, Oregon.
tExecutive Secretary, Commission on Education in Agriculture and NaturalResources, National Research Council, Washington, D.C.
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placement. Students from less progressive high schools may need
additional time to complete a particular college curriculum.

2. Undergraduat: agricultural curricula must continue to serve
two purposes: preparing prospective scientists for Ph.D. study and
preparing prospective technologists and managers who will com-
plete their study at the B.S. or M.S. level.

3. Increased emphasis must be placed on the study of mathe-
matics and the fundamentals of biology and physics.

The Social Sciences Committee said: "We are faced with the
challenge of preparing students for a career in a. world of uncer-
tain change. . . . We must emphasize both learning to learn and the
structure of principles about which future learning can be organized."

The Animal Science Committee said: "Science has so influenced
our whole economy . . . that a basic understanding of the sciences
becomes requisite, both culturally and professionally."

4. Agriculture students should take the same courses in science
and mathematics that science and mathematics students take, or
equivalent courses. (For example, there should be no watered-down
courses in physics and chemistry for agriculture students.)

Back of this is the assumption that, in general, the performance
of agriculture students will be comparable with that of other stu-
dents in science and mathematics courses.

5. Closer relationships are developing (a) between the natural
sciences (physical and biological) and mathematics and (b) between
those areas and agriculture, natural resources, and engineering.

RECOMMENDATION FOR A TUTORIAL SECTION

A recommendation of special interest because of its novelty and
scope concerns the relation between instruction in agriculture and
instruction in all the basic sciences. It was made by the Plant and
Soil Science Committee.

The recommendation was that a conjunctive-tutorial (or recita-
tion) section be offered for credit as a means of providing "students
of agriculture with information pertinent to their professional
needs." The section would be under the direction of a professor
capable of relating the principles discussed in the basic science
classes to problems of agriculture.

The tutorial section was one of three approaches suggested by
the committee. Other suggestions were:

A course designed to satisfy basic agricultural requirements
could be offered by a group in biophysics, mathematical biology,
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biochemistry, or some other group that has evolved from the "new
biology."

A comparable course could be taught in the college of agri-
culture by a professor who is conversant both with the basic sciences
and with the problems of agriculture.

Either of these courses should be of such a nature that it would
qualify students to take more advanced courses in the basic sciencesand to take them in the schools administering them.

BIOLOGY

All seven committees were strongly in favor of integrating botany,zoology, and microbiology in the first course in biology. They were
divided on whether the course should be given in the freshman or
sophomore year. The Animal Science, Bioengineering, and Food
Science Committees recommended giving it in the sophomore year,
so that it could follow the study of chemistry and mathematics andthus be structured at a higher level. Under their plan, physics and
biochemistry (at least the elements of biochemistry) would be pre-requisite or corequisite.

Most committees assumed that entering students will have had
Biological Sciences Curriculum Study biology or the equivalent.

Only two committees, Social Sciences and Natural Resources,
thought that plants and animals of economic importance should be
emphasized in introductory biology; but several thought that atten-
tion should be given to higher organisms, perhaps in illustratingprinciples.

Three approaches to teaching the integrated introductory biology
were recommended. In one, instruction would be organized on thebasis of levels of biological organizationmolecular, cellular,
organ-tissue, organism, population, and communityand would takeup the levels in the order named. The Bioengineering and Food
Science Committees recommended this approach. It is noteworthythat these committees were in the group of three that recommendeddeferring introductory biology until the sophomore year.

The second approach was also on a "levels" basis. The Plant
and Soil Sciences Committee recommended beginning with the
organism, because it is familiar, and continuing with integratedfunctional and morphological study. The integrated study wouldbegin at the molecular level and proceed to the community.

In the third approach, which is more traditional, instructionwould begin with matter and the simplest living organisms; it would
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then encompass cell structure and function, growth and develop-ment, physiology, reproduction, genetics and evolution, behaviorand the nervous system, and taxonomy. Some attention would begiven to the features that distinguish plants from animals.The committees did not agree on a unifying theme for introduc-tory biology or on whether a theme is desirable. The Social Sciencesand Bioengineering Committees suggested that courses be held to-gether with an ecological "thread."
The committees endorsed the idea that the increasingly quantita-tive and analytical nature of biology should be reflected in introduc-tory biology. The Bioengineering Committee took an especiallystrong position on this point, urging a study of biological functionsand mechanisms (with tools provided by the physical sciences andmathematics) rather than a structural, descriptive study.However, several committees cautioned against studying thesubject completely in abstract, physiochemical terms. (The NaturalResources Committee was prominent in so cautioning.) These com-mittees pointed to advantages of including illustrations of higherplants and animals in the instruction.

The Social Sciences Committee questioned the value of laboratoryinstruction in the biological and physical sciences if it emphasizestraining in laboratory techniques, but it did not question this ap-proach to teaching concepts and principles.
Most of the committees expressed the hope that the introductorycourse could be covered adequately in 1 year. All recommended

biology instruction beyond the introductory course. However, therecommendations were so varied that a common second year wouldnot be feasible. Thus, there was implicit disagreement with biolo-gists, agricultural scientists, and natural resource scientists whosupport a 2- or 3-year core program of biology for students withprofessional interests closely related to biology, such as those inagriculture and natural resources. Recommendations for biologyinstruction beyond the introductory course included:

1. Instruction in genetics and nutrition for farm managementand agribusiness students.
2. Instruction in genetics, vertebrate physiology, comparativenutrition, and ecology for animal science students.3. Instruction in physiology, nutrition, microbiology, and "physi-cal properties and behavior of biological materials" for foodScience students.
4. Unspecified instruction for students in agricultural education.
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The Plant and Soil Science Committee suggested that class time
might be saved if instruction in such traditional areas as taxonomy,
morphology, and anatomy were presented in an integrated year-
long sequence rather than in separate courses. Topical areas in
this advanced botany would include structure and function, growth,
reproduction, effects of environment, and evolution.

PHYSICAL SCIENCES AND MATHEMATICS

To some extent, recommendations for changes in teaching the
physical sciences and mathematics were influenced by changes inbiology. The Bioengineering Committee saw the relationship thus:

. . . some special preparation in mathematics and physical science
beyond that usually expected in an engineering curriculum is neededfor fullest comprehension of biological subject matter."

Most of the committees believed that precalculus training in high
school will become widespread in the next decade. They recommended,therefore, that introductory calculus be the first college course in
mathematics.* Entering students not prepared for calculus mightbe required to take precalculus courses without academic credit.

The Agricultural Education Committee did not recommend cal-culus for students in agricultural education. It recommended collegealgebra and trigonometry, but indicated that additional mathematicsshould be required for students who are preparing to teach a subject-
matter specialty.

All committees except the Agricultural Education Committee
recommended probability. The Bioengineering Committee added
mathematical analysis and linear algebra. Natural Resources added
linear algebra. The Animal Science, Plant and Soil Science, and
Social Sciences Committees indicated that their recommendationsof introductory calculus and probability were minimums.

Most of the committees recognized an increasing need for skillsin statistics and data processing.

*The course would be comparable with the first course in a new sequence
proposed by the Committee on the Undergraduate Program in Mathematics.
Courses recommended by the Committee in A General Curriculum in Mathe-matics for Colleges include: Math 1, Introductory Calculus; Math 2P,
Probability; Math 2 and 4, Mathematical Analysis (advanced calculus,
differential equations); and Math 3, Linear Algebra.
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CHEMISTRY

Recommendations for college chemistry were made on the assump-
tion that high school chemistry will be taught on a higher level in
the future than it is at present.

All committees recommended at least 1 year of chemistry, and
all except the Agricultural Education Committee recommended
biochemistry, without agreeing on the amounts. The Agricultural
Education Committee stated that biochemistry might be desirable
for students who developed certain teaching specialties.

All committees deplored the present lack of emphasis on chem-istry of organic compounds in most freshman courses. Some feltthat one third to one half of a freshman course should deal with thisphase of chemistry. Several asked that biochemistry be introducedin the freshman course.
As with introductory biology, the committees stressed the quan-titative, physical approach to introductory chemistry, rather thanthe descriptive approach. Apparently, they want their students toenter the freshman chemistry courses designed for chemistry

majors, which are generally more rigorous in physical chemistrythan courses for nonmajors. It was believed that such courseswould be within the capability of agriculture students if teachers
could keep the physical chemistry related to biology and agriculture.How could teachers do this? A possible answer is contained in thesuggestion of the Plant and Soil Science Committee that a tutorialsection be organized (see p. 68). In whatever way introductorychemistry is taught, it should prepare students for proceeding tomore advanced chemistry courses if they desire to do so.

PHYSICS

In general, there was less emphasis on physics than on chemistry,
although all committees but one recommended at least a half yearof college physics. The Social Sciences Committee concluded thata well-taught high school physics course supplemented its recom-mended college chemistry. At the other end of the scale, Bioengi-neering asked for heavy physics requirements.

Most of the other committees recommended a year of collegephysics, and some suggested a course in biophysics to be taughtby a biophysics or other biologically oriented department.It is difficult, in some instances, to separate the subject matter
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of physics from that of physical chemistry and the earth sciences
courses recommended in the committee reports. However, the need
for a background in physics was acknowledged by all committees.

All committees wanted to include traditional physics, and most
wanted to include certain elements of modern physics, among which
are atomic and nuclear physics, radiation, and energy - matter re-
lationships. Several committees considered instruction in biophysicsto be desirable.

NEW COURSES

In addition to the advanced botany course recommended by the Plant
and Soil Science Committee, two courses not widely offered were
recommended. The first, dealing with systems ecology, would be
required of all natural resources students at the senior level. The
Natural Resources Committee thought of it as a philosophical coursein which certain social science concepts could be integrated with
concepts from the physical and biological sciences.

The second course, recommended by the Food Science Commit-tee, would be concerned with physical properties and behavior of
biological materials. It would emphasize the chemistry of plant
and animal products.
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G. L. SMITH, Dean, School of Agriculture, Prairie View A &M College,Prairie View, Texas

*Member, Panel on Preprofessional Training in the Agricultural Sciences.
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VEARL R. SMITH, Dean, College of Agriculture, Utah State University,
Logan, Utah

HERMAN T. SPIETH, Chairman, Department of Zoology, University of
California, Davis, California

H. B. SPRAGUE, Executive Secretary, Agricultural Board, National
Research Council, 2101 Constitution Avenue, Washington, D.C.

THOMAS J. STANLY, Dean of Applied Science, Nicholls State College,
Thibodaux, Louisiana

R. B. STEVENS, Executive Secretary, Division of Biology and Agriculture,
National Research Council, 2101 Constitution Avenue, Washington, D.C.E. C. STEVENSON, Associate Dean and Director of Resident Instruction,College of Agriculture, Oregon State University, Corvallis, Oregon

ROBERT E. STEWART, Professor and Chairman, Department of Agricul-
tural Engineering, The Ohio State University, Columbus, Ohio

W. H. STROUBE, Professor and Head, Department of Agriculture, Western
Kentucky University, Bowling Green, Kentucky

NEIL W. STUART, Research Physiologist, Ornamental Investigations, Crops
Research Division, Agricultural Research Service, U.S. Department of
Agriculture, Beltsville, Maryland

R. J. STUCKEY, Director of Development, Wilmington College, Wilmington,Ohio
E. T. SWINK, Head, Agricultural Engineering Department, Virginia

Polytechnic Institute, Blacksburg, Virginia
G. W. THOMAS, Dean of Agriculture, Texas Technological College,

Lubbock, Texas
WINFRED THOMAS, Chairman, Division of Agriculture, Alabama A &M

College, Normal, Alabama
R. V. TRAVIS, Professor, Department of Biology, Westminster College,

New Wilmington, Pennsylvania
G. E. TURNER, Dean of Science, Delaware Valley College of Science and

Agriculture, Doylestown, Pennsylvania
W. R. VanDERSAL, Deputy Administrator for Management, Soil Conserva-

tion Service, U.S. Department of Agriculture, Washington, D.C.
LAURENCE C. WALKER, Dean, School of Forestry, Stephen F. Austin

State College, Nacogdoches, Texas
R. H. WALKER, Dean, College of Biological and Agricultural Sciences,

Brigham Young University, Provo, Utah
J. R. WELLS, Head, Department of Agriculture, Fort Hays State College,

Hays, Kansas
WILLIAM L. WEST, Associate Professor of Pharmacology, Howard

University, Washington, D.C.
R. H. WESTVELD,* Director Emeritus, School of Forestry, University of

Missouri, Columbia, Missouri

*Member, Panel on Preprofessioral Training in the Agricultural Sciences.
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ROBERT S. WHEELER, Director of Instruction, College o'Z Agriculture,
University of Georgia, Athens, Georgia

N. N. WINSTEAD, Director of Biological Science Institute, North Carolina
State University, Raleigh, North Carolina

ERNEST WOHLETZ, Dean, College of Forestry, University of Idaho,Moscow, Idaho
ROY A. YOUNG,* Dean of Research, Oregon State University, Corvallis,Oregon
R. A. ZABEL, Associate Dean for Instruction and Biological Sciences,State University College of Forestry at Syracuse University, Syracuse,New York

*: :ember, Commission on Undergraduate Education in the BiologicalSciences; Chairman, Panel on Preprofessional Training in the Agri-.cultural Sciences.
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Sponsoring Organizations

COMMISSION ON EDUCATION IN AGRICULTURE AND
NATURAL RESOURCES

The Commission is charged with reviewing trends in undergraduate
education in agriculture and natural resources; stimulating discus-
sion, re-evaluation, and improvement; and preparing recommenda-
tions for the development of academic programs in the future. The
Commission conducts conferences, panel meetings, campus visits,
and other activities directed toward achieving these goals.

Created as the Committee on Educational Policy in Agriculture
in 1961, the Commission was renamed on July 1, 1965. The Com-
mission was formed by the Agricultural Board, a unit of the Division
of Biology and Agriculture of the National Research Council. Finan-
cial support is provided by the National Science Foundation.

Members

R. E. LARSON (Chairman), Dean, College of Agriculture, The Pennsylvania
State University, University Park, Pennsylvania

DANIEL G. ALDRICH, JR., Chancellor, University of California, Irvine,
California

LINCOLN CONSTANCE, Professor, Department of Botany, and Director,
Herbarium, University of California, Berkeley, California

G. R. FERGUSON, President, Geigy Agricultural Chemicals, Ards ley,
New York

GEORGE A. GRIES, Head, Department of Biological Sciences, University
of Arizona, Tucson, Arizona

A. R. HILST, Professor, Field Crops, and Assistant Head, Department of
Agronomy, Purdue University, Lafayette, Indiana
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ROY M. KOTTMAN, Dean, College of Agriculture and Home Economics,
The Ohio State University; Director, Ohio Agricultural Research and
Development Center; and Director, Ohio Cooperative Extension Service,
Columbus, Ohio

DARREL S. METCALFE, Director of Resident Instruction, College of
Agriculture, University of Arizona, Tucson, Arizona

LLOYD E. PARTAIN, Assistant to the Administrator on Recreation, Soil
Conservation Service, U.S. Department of Agriculture, Washington, D.C.

R. E. GEYER, Executive Secretary, Commission on Education in Agricul-
ture and Natural Resources, National Research Council, 2101 Constitu-
tion Avenue, Washington, D.C. 20418

NATIONAL ASSOCIATION OF COLLEGES AND TEACHERS
OF AGRICULTURE

The National Association of Colleges and Teachers of Agriculture
(NACTA) was formed in 1955 as the National Association of College
Teachers of Agriculture; it was redesignated in 1963. NACTA has
the following purposes: to coordinate and improve college teaching
in agriculture; to make available college instruction in agriculture
to the greatest number of people; and to encourage and promote
research in agriculture among members of the Association. About
560 persons representing some 50 institutions are affiliated with
NACTA, many through institutional memberships.

Presidents

HAL B. BARKER, Dean, School of Agriculture and Forestry, Louisiana
Polytechnic Institute, Ruston, Louisiana (1965-1966)

J. KEITH JUSTICE, Head, Department of Agriculture, Abilene Christian
College, Abilene, Texas (1966-1967)

COMMISSION ON UNDERGRADUATE EDUCATION IN THE
BIOLOGICAL SCIENCES

The primary goal of the Commission on Undergraduate Education
in the Biological Sciences (CUEBS) is to improve undergraduate
education in the biological sciences by reducing the gap between
research findings and teaching in classroom, laboratory, and field.

CUEBS has established 11 action panels, one of which is the
Panel on Preprofessional Training in the Agricultural Sciences
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(PPTAS). PPTAS was established because the Commission recog-
nized a need to study the biological sciences training appropriate
for the diversified areas in the agricultural sciences.

These members of the CUEBS staff participated in conference
planning: M. W. Schein, Director, and T. G. Overmire, Staff Biolo-
gist. The CUEBS offices are located at 1717 Massachusetts Avenue,
N.W., Washington, D.C. 20036.

CUEBS was formed in 1962. It is supported by a National Science
Foundation grant to George Washington University.

Members

ROY A. YOUNG (Chairman), Dean of Research, Oregon State University,
Corvallis, Oregon

EDWARD G. BUSS, Professor, Poultry Genetics, Department of Poultry
Science, The Pennsylvania State University, University Park, Pennsylvania

WESLEY P. JUDKINS, Head, Department of Horticulture, Virginia Poly-
technic Institute, Blacksburg, Virginia

ROY M. KOTTMAN, Dean, College of Agriculture and Home Economics,
The Ohio State University; Director, Ohio Agricultural Research and
Development Center; and Director, Ohio Cooperative Extension Service,
Columbus, Ohio

J. H. .isfEYER, Dean of Agriculture, University of California, Davis,
California

HENRY S. MOSBY, Professor of Wildlife Conservation, Department of
Forestry and Wildlife, Virginia Polytechnic Institute, Blacksburg,
Virginia

J. R. SHAY, Head, Department of Botany and Plant Pathology, Oregon
State University, Corvallis, Oregon

R. H. WESTVELD, Director Emeritus, School of Forestry, University of
Missouri, Columbia, Missouri

NATIONAL ASSOCIATION OF STATE UNIVERSITIES AND
LAND-GRANT COLLEGES

The purpose of the Resident Instruction Section, Division of Agri-
culture, National Association of State Universities and Land-Grant
Colleges is to promote excellence in resident instruction in the
colleges, schools, and departments of agriculture in member
institutions of the Association. Sessions are held during the
Association's annual meeting and in four regional meetings held
each spring.
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The Resident Instruction Committee on Organization and Policy(RICOP) is responsible for studying and developing policies andactivities for the Resident Instruction Section. One of the majoractivities has been a series of summer workshops on residentinstruction.
The Chairman of the Resident Instruction Section is Paul R.Poffenberger, Assistant Dean for Instruction, College of Agriculture,University of Maryland, College Park, Maryland (1966).The Chairman of RICOP is Don A. Marshall, Associate Dean,College of Agriculture, University of Idaho, Moscow, Idaho (1966).The Association is located at 1785 Massachusetts Avenue, N.W.,Washington, D.C. 20036.


