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A Survey of U.S. Agricultural Research
by Private Industry II1

This is the third in a series of surveys ¢onducted by the Agricultural
Research Institute to obtain data on the areas of emphasis and magnitude
of expenditures by private industry for agricultural research. The first of
these surveys provided information for the fiscal year 1965 (6). The
second covered a period of 1976 and 1977 (7). Thus, to the extent that
the data reported here are typical of the expenditures by industry, they
should provide an indication of the priorities in the various areas of
agricultural research and also in budgetary support, and the changes in
expenditures that have occurred over the 19-year period since the first
survey was conducted.

Several very significant developments affecting research policy and
administration in both the public and private sectors may have had more
profound effects on agricultural research than has the lapsed period of
time. We make no attempt to evaluate the quantitative significance of
each of these events nor to enumerate all of them, but some of the more
significant changes are;

1. The Agricultural Research Service of the U.S. Department of Agri-
culture has articulated quite clearly and published the objectives of
its research program plans (1). It has also established research priori-
ties and developed a 6-year implementation plan to arrive at estab-
lished objectives (2). As might be expected, these programs and their
objectives have been criticized by various groups largely on the basis
of percentage of the budget and of scientist time allotted to each of
the areas of research. However, the rationale for accomplishing the
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planning is above criticism. It has served to make research planning in
the Department more effective and it has provided a basis for evaluat-
ing scientist and budgetary needs. Further, the existence of these
research program plans has opened a path for more communication
on research needs and has made available for discussion the agenda
and the dimension of the research programs. It has also stimulated
more two-way discussions between the private and public sectors.

. The experiment stations in many of the states have been aggressively
reviewing and revising their programs in research. The Experiment
Station Committee on Organization and Policy (ESCOP) has taken
the lead in this effort.

. Although better communications have developed between the pri-
vate and public sectors in research, much improvement still needs to
be made, particularly in the effectiveness of industry in keeping the
public research leaders informed of broad industry problems with
some order of significance and priority.

The recent rulings of the Commerce and Justice Departments
suggest that when industry-wide problems are of such magnitude that
. noone company could or should finance research programs attempt-
ing to solve them, cooperative efforts by a group of companies would
be permissible under anti-trust laws provided all participating com-
panies have equal access to the results of the research.

. There has been a noticeable dichotomy in the attitudes of various
companies in the emphasis on basic, applied and developmental
research. Certain companies have adopted policies of building for the
future by investing substantially in basic research, while others have
decidedly decreased the emphasis on relevant basic research and are
focusing primarily on product development programs. Thus, the
total research budget does not necessarily indicate the emphasis on
basic versus applied or developmental research in private industry.
. The present depressed situation in the agricultural economy has
made it imperative that both the general public and governmental
agency officials be made aware of the fact that agriculture is attempt-
ing to solve some of its problems through research.

. Some of the more vocal critics, both public and private, of the
Agricultural Research Service programs, have failed to recognize the
need for balanced research programs which emphasize basic, applied
and developmental research to solve both present problems and
respond to longer range needs. This would include research to solve
post-harvest, distribution and marketing problems as well as prob-
lems in the production area and the exploitation of biotechnology to
solve them.
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Procedure

This survey was conducted following an expression of interest from the
U.S. Department of Agriculture for more up-to-date information on
both the nature and extent of industry research relating to food and fiber
production, utilization and marketing systems. A mailing list was com-
piled by an outside consultant who contacted agricultural trade associa-
tions which were national, state, and local in scope. In addition, two
publications providing a listing of agricultural companies were con-
sulted. Such a list obviously does notinclude every agricultural business
but it does include those which are most likely to be conducting and
financing research.
The objectives of this third survey were:

1. To bring up to date the data on private sector research to supplement
data already available on agricultural research being conducted by
public research agencies.

2. To identify for USDA, the Office of Management and Budget, and
members of Congress, the major areas of research emphasis by
private industry so that public funding of research can be approp-
riately complementary.

3. To provide valid data to correct misconceptions on the magnitude of
support and areas of emphasis in private sector research programs in
relation to public sector research.

4. To help guide our efforts to assure that public and private research
are directed toward the most pressing agricultural problems.

5. To assist decision makers in avoiding unnecessary duplication in
research, thus helping to assure that public funds are directed more
efficiently and effectively toward the solution of the most pressing
agricultural problems.

A less detailed questionnaire than was used in the first two surveys was
developed in the hope of getting a much better response than was
obtained in the second survey. This questionnaire was patterned to a
considerable extent after that used by Kalton and Richardson (4) who
made a survey of seed industry research expenditures and scientist years!
devoted to research in the plant breeding area in 1982 and 1983. They
received over 80% response to their questionnaire, which is exception-
ally good. The estimated annual expenditure for plant breeding research
was about $115,000,000.

A total of 648 questionnaires were mailed in the ARI survey, and a
total of 326 responses were obtained including 119 reporting no

research, and 6 reporting research programs but not providing adequate
data.

'One scientist year equals one full time scientist for one year, including

persons with a B.S., M.S. and Ph.D. degree. This is in contrast to the
public sector where scientist year refers to a Ph.D. or the equivalent.
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Two-hundred-and-one responses provided useable data. This was
considered a good response. Data from 155 responses to the Kaltonand
Richardson (4) survey are included in this report of the ARIsurvey, with
no identification as to the individual companies reporting. [The results
of the Kalton and Richardson (4) survey were published in Diversiry.]
These data were included because it was considered vital that informa-
tion be obtained from this segment of the agricultural industry butit was
not felt desirable or practical to repeat a survey that had been made just
one year previously.

Ruttan (5), in his book, Agricultural Research Policy, indicated that the
private industries were spending in the neighborhood of 1.6-2.0 billion
dollars annually for agricultural research in 1979. These estimates were
somewhat higher than indicated in the previous ARI surveys for 1965
and 1976-77.

All questionnaires that were sent out were coded by the Agricultural
Research Institute office. Only that office had access to the codeand the
code is to be destroyed as soon as the survey is completed. Thus, all
information is confidential as to the identity of the companies? that
provided the individual segments.

Scientific Personnel
(Combined ARI and Kalton-Richardson Data)

In Table I we have listed 13 areas of research which we consider to be
distinctive and, in addition, a 14th classification for others not falling
within the 13. In this table we have summarized from the questionnaires
returned the number of companies reporting research in each category .
and the number of scientist years spent in research for that particular
category in terms of Ph.D., Master of Science and Bachelor of Science
degree personnel. Some companies, of course, are involved in more than
one area of research and therefore there is a discrepancy between the
total number of responses received and the total number of companies
listed in this table.

On the basis of the companies that reported, it is evident that the
pesticide industry, in the combined areas of synthesis and screening and
the areas of product development and registration, devotes more scient-
ist yearsin the Ph.D. category than do other industry classifications. This
is followed by plant breeding; biotechnology; and human food product
development, processing and nutrition in that order. The number of
M.S. scientist years employed follows the same pattern except that

?The term “‘company”’ or “‘companies”’ is used throughout this reportas
ageneral term to include the various organizations in the private indus-
try sector that provided data in this survey. Included are: companies,
corporations, cooperatives, associations, foundations and other for-
profit and not-for-profit entities.
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human food research surpasses biotechnology as a major participant at
this level. At the B.S. level, again the pesticide industry employs the
largest number followed by plant breeding, human food and farm
machinery. .

The larger number of scientist years devoted to research in the pesti-
cide segment of the industry is to be expected given the fact thata large
amount of chemical screening is needed to identify prospective com-
pounds. The companies thatare in this business are well-established and
to a considerable extent, larger companies, than those in the other
groupings. Biotechnology isa new industry and largely made up of small
companies and therefore would not have the extensive staffs employed
by some of the older, more established businesses. It would be antici-
pated that the staffs and research budgets of the biotechnology compan-
ies will increase as products are developed and the business becomes well
established and productive. Several of the companies operating in the
pesticide area, for example, are also involved in the biotechnology area.

The number of scientist years reported in the survey provides an
estimate of the magnitude of the research effort within companies (Table
11). The minimum number of Ph.D. scientist years, M.S. or B.S. for all
companies shows very little difference in range. The total range is from
0.01 t0 0.5 for Ph.D.’s, 0.01 to 1.0 for M.S.and 0.1 to 1.3 forB.S.inthe
companies that reported. The maximums, however, show decided dif-
ferences. The greatest number of Ph.D. scientist years employed by any
one company in an identified area is 182 for the product development
and use registration area of the pesticide business, ranging downto0.5in
tobacco. The number of scientist years at the M.S. level ranges from 220
in the unspecified group (other) to 1, also in tobacco production and
processing. At the B.S. level, the highest number reported was in the
unspecified group (other) where 400 were employed by one company of
the unspecified group (other) and only 0.7 in the tobacco classification.
Thus, the total scientist years devoted to agricultural research by these
356 companies was 8, 159 of which 2,835 wereat the Ph.D. level, 1,990
at the M.S. level and 3,334 at the B.S. level.

It may be of even greater interest to note from the data provided in
Table I the total scientist years spent in each of the 13 major areas of
research identified. This ranges from a total of 2,700.6 in the pesticide
area to a low of 2.2 in tobacco production and processing where a very
large amount of the work is done in public institutions but supported by
the tobacco industry, and 36.6 in the natural fiber processing area. The
figure of 54 in the area of agricultural economics probably represents
only those studies devoted to the general economy whereas much of the
economic analysis work on markets or products is included in the
specific product areas.
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Research Expenditures
(Combined ARI and Kalton-Richardson Data)

In Table I1I we have calculated the research expenditures for 356 com-
panies which supplied useable data on this subject by using the mid-
point of the range reported for research expenditures muldiplied by the
number of companies reporting in each category. In the questionnaire
respondents were asked to provide only arange of expenditures and not
an exact figure. It was felt that this would be more acceptable to those
companies reluctant to provide exact figures on research expenditures.
Thus, for the 356 companies, a total of $1,370,775,6 70 was reported as
having been spent per year in the survey period by industry in agricultu-
ral research.

Extrapolation From Questionnaire Data to Entire Industry
(Combined ARI and Kalton-Richardson Data)

We will make three sets of assumptions to provide estimates of total
agricultural research expenditures by private industry:

1. The firstassumption is since the incentive of receiving a copy of the
final report was offered to induce the return of questionnaires, all of
those doing no research responded by checking one box and return-
ing the questionnaire. .

Under this assumption, the 322 who did not reply would all be
conducting research, and it would be assumed at about the same rate
per company as those who did respond. On the basis of
$1,303,450,000 having been spent on in-house research by the 356
companies that reported useable data and $67,325,670 in support
of outside research, the total would be $1,370,775,670 and the
mean expenditure per company would be $3,850,493. The addi-
tional 322 companies that did not report would also be operating on
the same basis as the 356 which reported, and would have spent
$1,239,858,746. By adding this to the 356 total of $1,370,775,670,
we arrive at a figure of $2,6 10,634,416 for the total of all companies
doing research. This obviously is not a precise figure since ranges
were used in reporting and extrapolations were used to arrive at this
figure.

2. Under our second assumption, the 322 companies that did not
report included the same percentage of companies not doing
research as the original 648 companies which were asked to fill out
questionnaires in the ARI survey. On this basis, an additional 197
satisfactory questionnaires would have been received. Since the
original 356 companies spend an average of $3,850,493 per com-
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pany, the additional 197 companies would have spent in total
$758,547,121 which, added to the original $1,370,775,670, would
provide a grand total of $2,129,322,791 for the 553 companies
doing research under this scenario.

3. Under the third assumption, the 322 companies that did not return
questionnaires were doing research, but at a lower level of expendi-
ture per company. More recent figures obtained by Kalton (1984),
reported in the 155 questionnaires included in this survey, indicate
an average expenditure of $1,041,613 per company in the plant
breeding area. Using this figure as an average for the 322 not
reporting, these companies would have invested a total of
$335,399,386, which, added to thetotal of $1,370,775,670 for the
356 companies reporting, gives an industry total of $1,706,175,056.

This is probably a conservative figure since the mailing list used
undoubtedly did not include all companies conducting agricultural
research. Since ranges of expenditures were used rather than exact
figures, it is probable that the second assumption provides the best
estimate of private industry annual expenditures in agricultural
research — approximately 2. }siffion dollars.

The range of expenditured ¢$1.7 - 2.6 biljlon) indicated by this

industry survey, in which a totaFoFH460 million was estimated from
247 questionnaires. These figures may be compared with the more
precise figures supplied by Eddleman (3) for the stateand U.S.D.A.
research programs, which increased from $429.9 million in 1967 to
$1,703.6 million in 1983. In both periods, industry expenditures
appear to be equal to or somewhat in excess of public outlays for
agricultural research.
1f the total expenditure to support the research of 8,159 scientist years
in-house was $1,303,450,000, average cost per scientist year regardless
of the academic rank was $159,756. The expenditures for each area of
research were calculated by multiplying the total number of scientist
years reported for each area by the average cost per scientist year and are
presented in Table IV. It is apparent from these data that the pesticide
industry has a larger research budget than any of the other major areas.
This is followed by plant breeding, human food, biotechnology, farm
machinery and equipment, biologics, and animal nutrition and feeds. If
the calculations for those expenditures are made with a differential for
the Ph.D., M.S., and B.S. scientist years, the amounts would be changed
but there would probably be very little, if any, change in the ranking of
the different research areas.

10
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Research Categories

(ARI Data Only)

Table V presents the distribution of research expenditures in the
categories of relevant basic research, applied research and develop-
mental research as reported in the questionnaires received from the ARI
survey. The definitions for relevant basic research, applied research and
developmental research as included in the questionnaire are as follows:
Relevant Basic Research — Research conducted to determine the basic
cause or mechanism of why certain results or reactions are obtained.

Applied Research — To develop knowledge or information directly
relevant to technology or to product development or to market
possibilities.

Developmental Research — To develop a new or improved technol-
ogy or product or to support market testingand introduction or to main-
tain product performance and quality or to meet regulatory
requirements.

The data reveal that 82 of the 201 reporting companies (40.8%),
conduct no relevant basic research. Five companies classified their
research programs as 100% in this category.

Fifteen companies reported 100% of their programs in the applied
research area. There were 15 companies ( 7.5%) reporting no applied
research. This group would depend very heavily on public research
institutions to supply the information needed for the development of
products and programs.

In the developmental research area, 29 compaies (14.4%) reported no
expenditures. Seven companies reported 100% of their research budgets
being utilized in the developmental research area.

Not all of the companies reporting research expenditures provided
complete breakdowns on the percentage of their budgets spent in basic,
applied or developmental research. The useable data obtained from the
201 responses in the ARI survey reveal that the companies reporting
spent a total of $1,145,000,000 in agricultural research, which was
allotted as follows: $171,649,930 to relevant basic research;
$498,379,030 to applied research and $474,947,740 to developmental
research. This would indicate that private industry is devoting 15.0% of
its agricultural research expenditures to relevant basic research, 43.5%
to applied research and 41.5% to developmental research.

Ifthe 119 companies that reported doing no research are added to the
82 doing research but reporting no basic research, we have 62% of the
326 companies that responded in the ARI survey not doing any basic
research. This figure becomes important when the complementary roles
of public and private research programs are considered.

12
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Summary and Conclusions

. The results of the surveys reported here provide the basis for

estimating that the private sector of the agricultural industry
spends from approxmately $1.7 to $2.6 billion per year on agricul-
tural research, depending upon the assumptions made in extrapo-
lating from the data provided in the completed questionnaires toa
total for all companies asked to provide data in the ARI survey.
Our best estimate is that private industry is investing approxi-
mately $2.1 billion annually in agricultural research:

. The 356 companies (201 in the ARI survey and 155 from Kalton,

et. al.) that reported their research expenditures provide budgets
of approximately $1,303,450,000 per year for in-house research
programs.

. One-hundred-and-forty-one companies that reported supporting

research through grants or contracts to universities, foundations,
or other private or public organizations, reported a total expendi-
ture of approximately $67,325,670. However, since the question-
naire specified that the amount be stated to the nearest $50,000,
small grants and fellowships or scholarships would not have been
reported. For that reason, this total is probably under-reported.

. The tortal research expenditures of the 356 companies reporting

was $1,370,775,670 for the support of both in-house and outside

research.

. The 356 companies reporting supported a total of 2,835 scientist

years at the Ph.D. level; 1,990 at the M.S. level; and 3,334 at the
B.S. level — a total of 8,159 scientist years at all levels.

- The cost per scientist year for in-house research was $ 159,756, if

the assumption is made that there is no cost differential for the
three academic ranks.

. The greatest expenditure of research funds reported by the com-

panies responding was in the area of pesticides.

Eighty-two companies of the 201 providing data reported no
relevant basic research while 5 companies reported 100% basic
research.

Fifteen companies reported no applied research and 15 reported
100% applied research.

*Since the Kalton-Richardson survey did not provide enough useable
data on a break-down into relevant basic, applied or developmental
research, observations 8, 9, 10, 13 and 14 are based only on data from
201 ARI responses.
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*10.

11.

- 12.
*13.

*14.

Twenty-nine companies reported no developmental research and
7 reported 100% developmental research.
Six-hundred-and-forty-eight questionnaires were sent out in the
ARI survey to companies that presumably should be conducting
research. A total of 326 replies were received. Of these, 201
provided the data requested, 119 reported doing no researchand 6
reported doing research but did not provide adequate data.

The data obtained in the two surveys which are combined in this
report should provide a reasonably valid estimate of the amounts
and type of research work that is being conducted in the private
sector.

One-hundred-and-nineteen companies reported doing no research,
and 86 of those reporting indicated no basic research, revealing
that 62% of the companies responding to the ARI survey are not
funding basic research.

The 119 companies reporting no research constituted 36.5% of
the companies which returned the questionnaire in the ARI survey
and 18.4% of the 648 companies contacted. This group would
depend upon the public sector to provide the necessary research
—basic and applied.
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