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introduction

The commercial development of a new product
from a new crop, a new product from a known
crop, or a substitute for an established product re-
quires that a system involving three major subsys-
tems be established: production, processing/
marketing, and consumption (PMC). Each of these
subsystems has a number of functional compo-
nents, al of which must be in place and operating
viably for the system to function effectively,

Historically, work on new crops has concentrated
first on production technology, with only a gener-
a, and often somewhat vague, vision of the struc-
ture and magnitude of demand. Obviously, techno-
logical aspects of crop production must be re-
searched, but demand and consequent costs and fi-
nancial returns are just as critical,

Demand analysis and quantification are difficult
to deal with at early stages of product development
because there is a lack of data. Early critica input
into decisions about making additional R&D or
commercial investments can be provided by infor-
mation gathered from experiences in other coun-
tries, similar existing products, and production
technology research which will begin to generate
some cost component information.

A number of possible economic benefits must ac-
crue at various levels of the PMC system for suc-
cessful introduction of a new crop/product. Bene-
fits must accrue at the farm level; the marketing/
processing level; and, for the government to coop-
erate in policy and/or R&D resources, at the na-
tional economy level. Some possible benefits at
these different levels are listed in table 1. Whether
a crop becomes profitable or not depends on more
than the quantification of economic payout. Figure
1* shows the components of PMC Systems, dem-
onstrating the wide range of possible economic
variables involved in a PMC System.

In the past when new crops became commercial,
the development of the system relied primarily on
entrepreneurship, risk capital, and time. If one
looks at crops that have been introduced and subse-
guently commercially developed in the United
States within the last 50 years, one finds that there
were one or a few key individuals or institutions
who were convinced that the crop had a future and
did not give up; for example, it was Mr. A. E. Staley
for soybeans (processing); a couple of seed compa
nies for sunflower; USDA and Texas A&M Sor-

ghum Breeders for grain sorghum; and a few Cali-
fornia avocado (hobbyists) growers for avocado.
These are what we might call “commodity cham-
pions.”

If new crop research were to follow a more inte-
grated approach, carrying out economic analysis
simultaneously with technology research and con-
straint identification and analysis, profitable crops
could be expected to be introduced in less time and
at less cost. Demand and profitability analysis for
the entire system, not just cost of production and
partial product analyses, are needed.

The three following possible types of prefeasibili-
ty economic determinations should be made prior
to the prototype stage:

1. In the case of import substitution or an alter-
native crop for an existing product: Is the price
of the end product increasing at or above the
rate of inflation?

2. Does the product have a high income elastici-
ty of demand—i.e, as consumers incomes in-
crease do they allocate increasing proportions
to that product?

3. Is there self-perpetuating demand for a new
type of product—e.g., health foods?

Figure 2, “PMC System Decision Matrix, ” was
developed in the NSF study on “Feasibility of In-
troducing New Crops’ to assist in analyzing the
technical, economic, and institutional (regulatory,
policy, sociological, etc.) constraints on production,
marketing (procurement, processing, distribution),
and consumption of new crop products. The matrix
provides an idea of the components involved in
new crop development, which if analyzed would
provide an indication of economic feasibility of the
crop/product introduction.

The discipline of economics never has enough
data to give unequivocal answers, and economic
data are especialy limited in the early stages of new
crop R&D. One effective technique to get the best
possible estimates not only of economic but also
technical and institutional feasibility is a modified
Delphi technique. The technique gathers fact and
opinion from al knowledgeable people about a sub-
ject, gives values to the judgments, and eventualy
arrives at some consensus on the actual situation
regarding the issue. By using the Delphi technique
to gather information on the various components
shown in figure 2, the stage and potential of a crop’s
commercial development can be identified.

Simulation is one of the more comprehensive eco-
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Table 1.—Benefits That Have an Impact on Economic Feasibility of New Crop Introduction
A. Farm Producer Benefits

Risk reduction

Stress tolerance

Value per acre intensification

Use of marginal land consistent with environmental limitations
Market diversification

Improved use of family labor

NS ohr 0N PR

Improved use of permanent hired labor

; Lower capital input

B. Marketing and Processing Benefits

High market demand potential
Existing installed processing capacity

Low processing system cost

1

2

3

4. Consistent demand

5 Product source diversification
6

Supply security enhancement

C. National Economy Benefits

1. Import substitution
2. Export market (foreign exchange earnings)
3. Productive use of otherwise marginal resources

4. Adaptable to natural resource conservation practices

Relatively low energy requirement for production and processing

Market diversification

5

6

7. High potential impact magnitude

8. Impact in areas with limited alternatives
9

Strategic or essential supply security (risk reduction)

10. Employment generation
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Figure 1. —General PMC System®
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Figure 2.—The PMC System Decision Matrix®
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nomic analysis methodologies for determining
feasibility of marketing/Zconsumption components;
farm budget analysis can be used effectively at the
farm level to determine production feasibility.

Finally, to make effective use of the results of

analyses and knowledge base for a particular crop,
a formalized strategy for moving into the commer-
cial production stage can be formulated using a
technique called critical path programing. An ex-
ample for kenaf from the NSF study is shown in
figure 3.

Some additional observations on economic issues

or constraints to new crop introduction are:

1. Lead time and development investments often
are long and heavy, and risks are high because
of the highly sophisticated nature of much new
product development in the chemical, medical,
pharmaceutical, and refined proteins areas. A
concerted effort is needed to develop an effec-
tive partnership between government and the
private sector to share in both the risks and the
benefits.

2. The degree to which a new crop’s development
system is vertically integrated affects how well
synchronized the establishment of the required
subsystem components will be,

3. Many of the products that have been discussed
at the workshop are subject to the “lumpy in-
vestment” syndrome in which large invest-
ments are needed to incorporate changes in
production. These crops require much greater
knowledge of the economic risks than crops for
which investment increments follow a fairly
smooth curve.

4. Interest groups and government should join
together to form a “New Crops Council.”

5. Existing food crops in developing countries are
usually produced at no more than 30 to 40 per-
cent of the potential of the land base. Food
needs are more likely to be met by improving
the ability to grow known crops than by intro-
ducing new crops,

6. Products derived from wild stands give com-
mercial value to plants that previously had only
local or no value. As demand increases, the
cost of the raw product will increase. Once the
demand for a product with a limited market
and high price is satisfied, the product has near
zero value. Production and demand can easi-
ly fall out of phase,

Following are the author’s comments from an eco-
nomics perspective on each of the papers presented
at the workshop.

An Alternate Use for Tobacco
Agriculture: Proteins for Food
Plus a Safer Smoking Material

by Samuel Wildman

As in the case of many new crop development
efforts, this presentation is long on technical proc-
ess and short on economic feasibility. The shortage
of protein in a global sense has to be considered
in economic terms if it is to be solved. Demand
varies according to the type of protein and whether
it is for specialized use, animal use, or general
human consumption. With specialized uses and an-
imal use, the product must be able to compete with
aternative products in price, availability, and ease
of use, With human consumption, it also must com-
pete with other products on the basis of consumer
taste preference.

According to Wildman's paper, tobacco protein
extracts have two major specialized uses: for spe-
cialized diet requirements and as a protein fortifier
in the packaged foods industry. Although no infor-
mation on market size is given, the demand for to-
bacco protein in specialized diets probably is quite
limited. Processing requirements raise serious
guestions about the economic viability of protein
extraction solely for this specialized product. Thus,
economic feasibility probably depends on whether
the other subproducts can compete in other pro-
tein markets.

Protein fortification in the general package foods
industry is highly dependent upon final consumer
demand. How much more will consumers pay for
a protein fortified packaged food? Available evi-
dence suggests that they will pay only marginally
more because consumers of packaged foods gen-
erally have the purchasing power to get adequate
protein from preferred sources, particularly meat.
Thus, for this market, price becomes a prime ele
ment of economic feasibility. The paper does not
provide adequate price information to evaluate the
protein’s competitiveness in this market, although
the information provided suggests that its economic
viability is somewhat doubtful, More economic in-
formation is needed before the technology’s viabili-
ty can be assessed.

Since the pricing of green sludge and green resi-
due in the animal protein market depends largely
on the price structure of the higher value products
and the magnitude of the market, their competitive
position is speculative. (The green residue would
be used mainly for deproteinized cigarette tobac-
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o, so one would assume it would be used as animal
feed only when there is surplus.) If only limited
amounts of these animal feed byproducts are avail-
able, compared with the massive market volume for
their established competitors, it is unlikely that the
feed industry would be willing to go to the trouble
and expense of using minor and/or intermittent
amounts of these new products.

In addition to the fortification of packaged foods,
the other possible market for human consumption
is as a protein supplement for populations that do
not have the purchasing power to obtain adequate
protein from preferred sources. This probably
would have to be part of government programs. The
history of attempts to market a protein additive for
home prepared foods such as soups and stews as
a means of increasing proteins in poor peoples
diets is abysmal.

Poor people on their own often will not buy pro-
tein supplements to add to their food, partly
because being poor often is coincident with a low
level of knowledge and commitment to nutritional
needs. Even premixing protein in products bought
by poor people has not had significant results.
Witness attempts at lysine fortification of rice in
Latin America, where housewives often pick out
and throw away the slightly off-color lysine rice
grain. Attempts in Latin America to encourage low
income families to use the protein supplement
INCAPARINA so far have been largely unsuccess-
ful. Raising incomes may well be a more viable
means of achieving nutritional goals.

In many developing countries, poor people suf-
fer from calorie as well as protein shortages, often
the smal amount of protein consumed is converted
to energy. The first nutritional requirement is to
raise energy intake levels; otherwise much of the
benefit of increasing protein intake is lost.

The following economic questions need to be an-
swered:

1. In the United States, it is questionable whether
the use of tobacco plants-for protein extracts
will have significant impact on the net income
per acre or the expansion of farmers acreage
in tobacco because after the protein has been
extracted, tobacco processors would use the
residual fibers to fulfill the demand for ciga-
rette production.

2. Investment in commercial processing for to-
bacco protein is a “lumpy investment. ” In or-
der to accept the risk of investing in an expen-
sive process change, good knowledge about the
economics of the enterprise must be available.

3. The paper presents no economic information
about competitiveness of tobacco compared

with alternative feedstocks, except to suggest
that total biomass per hectare is high compared
with many aternative crops. That is not suffi-
cient information to determine tobacco’'s com-
petitiveness.

A commercial operation may be economically
feasible, but the paper has not shown this, even at
a prefeasibility level. A serious analysis of the en-
tire PMC system for this crop/product is urgently
needed before additional resources are invested in
its development.

Loaf Protein Extraction
From Tropical Plants

by Lehel Telek

Many of the same economic questions arise with
this paper as with Wildman's. This paper also deds
almost exclusively with technology and very little
with demand, market, costs, and returns, a major
weakness in most publicly and some privately
funded new crop/product research. Original proj-
ect design should include resources to do initial and
subsequent periodic assessments of economic and
institutional factors determining the feasibility of
the entire PMC system upon which successful com-
mercial development of the new crop/product de-
pends. The additional cost for such economic/in-
dtitutional analyses would be marginal, and the sav-
ings could be enormous.

Although this paper primarily addresses the ani-
mal protein market, human consumption also is
contemplated. The comments made on Wildman's
paper relating to human consumption are relevant
to this paper as well. The LPE process explained
in this paper appears to be much more feasible for
anima protein production than the extraction proc-
ess for tobacco. Because the protein extract from
the LPE process would be used mainly as animal
feed, it probably would be more competitive with
alternative sources than with tobacco extracts.

Major weaknesses in the overall concept of proc-
essed leaf protein for animals in tropical areas need
to be taken into account. There are a number of
tropical crops that aready are well-established and
can be consumed directly by animals, even non-
ruminants. Although direct consumption may not
permit the fine tuning of protein balance needed
for optimum feed conversion ratios, this may not
be so important in tropical areas as in the U.S.
where conversion ratios are critical to profitabili-
ty. In developing countries where opportunity cost
of labor is low and conversion efficiency may be
less critical, considerable improvement can be
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made in animal productivity through direct con-
sumption of many existing, well-established crops.
Marginal improvement in productivity of these
crops and in their use in anima feeding could be
achieved without introducing a processing tech-
nique requiring what would bean enormous capital
investment in a developing country, as well as spe-
cialized knowledge. It seems unlikely that many de-
veloping countries will have either the institutional
capacity or the economic capacity for large scale
processed protein production and use for many
years. These countries might be better advised to
put scarce resources into improving animal feeding
systems based on existing local products for direct
consumption before new systems are introduced.
Again, having said this, there probably are areas
of the tropical world that are ready for processed
leaf protein. Puerto Rico may be one. Nevertheless,
there is insufficient information to determine the
economic feasibility of the system at present.

The Role of the Alkaloids
of Catharanthus Roseus . . ..
by Gordon Svoboda

Obviously, marketing alkaloids from the Mada-
gascar periwinkle has been successful. If the diver-
gence between general belief and actual fact about
profitability of this cancer drug is as great as
Svoboda suggests, some mechanism to counteract
misinformation is needed to make venture capital
aware of the profit potential of drugs from plants.

Some economic factors incident to this new crop/
product area are:

1. The research process to arrive at the point
reached for the Madagascar periwinkle is long
and high risk. A partnership between govern-
ment and private industry, where risks of
“blind aleys’ are shared, could stimulate more
activity in the development of pharmaceuticals
from plants.

2. Some public/private industrywide mechanism
should exist for alocating resources to screen-
ing potentially valuable plants, including a
standardized system for reviewing crops that
merit further research. Resources for research
are alocated in a somewhat random and dis-
continuous way at present.

3. Government regulation of the drug industry,
while admittedly in the public interest, has
raised the cost of product development and
testing until the economic feasibility for many
product markets is questionable. Economic ef-
ficiencies in the system can be achieved by

streamlining compliance with and application
of Government regulations, greater use of pub-
lic resources for product R&D, and earlier at-
tention to economic issues by the product de-
veloper.

Chemicals From Arid/Semiarid
Land Plants: Whole Plant Use
of Milkweeds

by Robert Adams

This paper generaly is responsive to the need for
applying economic criteria to determine feasibili-
ty of new crop introduction. It points out the rela
tive economic advantages of crops with the poten-
tial to produce severa byproducts of economic val-
ue. It also highlights the advantages of looking at
crops that do not compete in the same marketplace
with domestic crops; some milkweed byproducts
compete only with imported products. The paper
also attempts to determine comparative advantage
of milkweed production in semiarid areas now pro-
ducing grain sorghum and wheat.

Because there is a lack of knowledge about proc-
essing costs for many of the extracts, their farm gate
value is speculative and their economic feasibility
cannot be predicted yet with any certainty. Never-
theless, the author is to be commended for making
this early effort at determining economic feasibili-
ty at the production subsector level of the PMC sys
tem. Similar efforts, perhaps using the Delphi tech-
nique, need to be made for the marketing and con-
sumption subsectors. Efforts at economic data im-
provement are imperative.

Insecticides, Insect Repellants,
and Attractants From Arid/Semiarid
Land Plaints

by Martin Jacobson

The paper provides intriguing information about
seven crops that produce extracts with insecticidal
properties. No economic information is provided
for any except some yield and price information
on neem tree products (oil and cake) in India. Ap-
parently the author recognizes that unless some of
the more valuable neem extracts can be efficiently
produced and marketed, it is not an attractive in-
come crop for a farmer who probably would earn
very little from the harvested seed per tree per year.

Economic screening of the plants described is a
necessary next step in determining which of them
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have economic potential. Applying the PMC sys-
tems analysis and using the Delphi technique to im-
prove reliability of the data base could be quite help-
ful in making these economic choices.

Molluscicidal and Other Economic
Potentials of Ended

by Aklilu Lemma

The information provided in this paper reflects
the usua bias in new crops research; it emphasizes
technological aspects although it recognizes the
need for economic analysis.

This paper appropriately points out the potential
for developing countries of foreign exchange sav-
ings (import substitution) by using domestically
produced ended instead of importing chemical
molluscicides to control schistosomiasis. Unfor-
tunately, the paper does not provide cost and com-
parative price data to permit any but the most gen-
eralized assessment of economic potential.

A sufficient data base for Ended to permit a rea
sonably reliable PMC System analysis probably ex-
ists, Until a detailed analysis is done, the economic
potential of Ended for the multiple uses proposed
will remain largely speculative.

Marine Plants: A Unique
and Unexplored Resource

by William Fenical

This paper summarizes some important commer-
cial uses of marine algae for food or food supple-
ments, fertilizer, pharmaceuticals, and in biomed-
ical research. The paper aso points out the vast un-
tapped potentia of marine plants as sources of bio-
mass, pharmaceuticals, agricultural chemicals,
food and food products, and industrial chemical
feedstocks. Economic obstacles alluded to include
high basic research costs of screening, bioassay,
isolation, synthesis, etc.

Implications are that costs and risks of not being
able to isolate commercially exploitable products
are so great that only with appropriate joint pub-
lic/private efforts can the potential in pharmaceu-
tical use of marine plants be achieved. For new
pharmaceutical uses, present slow progress likely
will continue unless the United States makes a
public policy decision to increase investments in
this type of research.

Strategic and Essential Industrial
Materials From Plants-Thesis
and Uncertainties

by Howard C. Tankersley
and 8. Richard Wheaton

This paper presents important preliminary stra-
tegic and economic criteria for pursuing national
production potential for reducing dependence on
foreign imports of a wide array of strategic and
essential industrial materials.

In economic terms, the private sector has been
unwilling to act on its own initiative, perhaps
because it perceives the costs and risks of convert-
ing to national production as higher than continu-
ing to import the products. Recent rapid increases
in petroleum prices may have altered that outlook
for the private sector, but public policy involvement
probably is necessary to bring about a significant
change of attitude of the private sector. Public
policy decisions must relate to underwriting a part
of R&D costs and assuring priority of U.S. produced
products in the U.S. marketplace. It also may re-
guire some innovative arrangements between Gov-
ernment and the private sector concerning initial
investments in industrial plant and equipment.
Government policy actions for these strategic and
essential products clearly are key factors in deter-
mining economic feasibility.

Information Gathering and Data
Bases That Are Pertinent to the
Development of Plant-Derived
Drugs
by Norman Farnsworth
and William Loub;
and
The USDA Economic Botany
Laboratory's Data Base on Mimer
Economic Plant Species

by James Duke

Both of these data bases are important to further-
ing production and processing research in the new
crops area. However, neither data base focuses on
economic data.

Since economic data become outdated more rap-
idly than production, biological, and processing
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data, it is more difficult to deal with. However, a
central economic data base could be quite helpful
in encouraging both public and private sectors to
invest in further development of promising new
crops and products.

Again, until higher public sector priority is ac-
corded to new crops/products development and re-
flected through increased R&D funding and appro-
priate policy actions, it is doubtful that there will
be much change in the area of new crops develop-
ment.

Concl usi ons

1. For a more coordinated and sustained focus on

problems and prospects of new crops/products
development, a representative private/public sec-
tor group needs to be established at the national
level. A “New Crops Council” could:
1) be a clearinghouse for information, 2) provide
guidance in establishing priorities, 3) enter into
direct R&D, including initial commercial produc-
tion, for new crops/products with sufficient tech-
nological, institutional, and economic promise,
and 4) review areas of public policy that inhibit
dynamic private involvement in the R&D proc-
ess, and provide solutions to these.

2. The scientific community itself appears to have
some attitudes that tend to dampen private and
public sector enthusiasm for developing natural

products derived from plants. The bias is toward
synthetic organic chemicals and related fields.
This reaches into the upper echelons of public
and private sector management. If the many ap-
parently sound economic, developmental, and
societal arguments for more intense efforts at ex-
panding our useful crops and plants base are val-
id, a well-coordinated educational process is in
order. The public sector should take the initiative
in such an educational effort.

. Past and ongoing efforts at new crops develop-

ment tend to focus on production and techno-
logical process factors, with little or no early at-
tention to economic factors. Although there usu-
aly is some general economic rationale for look-
ing a new crops and/or products, that rationale
seldom is tested either empirically or with sim-
ulated information, A relatively reliable and low
cost method for early analysis of economic po-
tential, and identification of elements requiring
in-depth economic anaysis, was developed in the
NSF study referred to earlier. All research proj-
ects on new crops should include resources to
carry out a PMC Systems anadlysis at a very early
stage, with required periodic updating of infor-
mation and analysis. The Delphi technique can
provide meaningful economic information at a
very early stage in research on new crop produc-
tion, processing, and use.
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