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U.S. scientific leaders in the development
of agricultural biotechnology can contrib-

ute to the economic growth of many coun-

tries by commercializing plant cultivars with

improved genetic characteristics. In the face

of limited resources and the high cost of

research, the undesirable effects of past

adoptions of technology have made the

public and research community more aware

of the importance of evaluating economic

impacts before adopting a technology. Lack

of information about the potential effects

of biotechnology has led to a discussion of

its environmental hazards (Brill), social is-

sues (like those described by Buttel), and

patenting of altered cultivars (Schmid). Bio-

technology has also been the focus of

several agricultural economists (Butler;

Sundquist et al; Lu; Harl; Hill et al; Offut

and Kuchler; Kalter and Tauer; Hueth and

Just).

The U.S. Department of Agriculture (USDA)
and the Office of Technology Assessment

of the U.S. Congress have conducted stud-

ies on the impacts of agricultural biotech-

nology as well as other modern technolo-

gies. But most of these studies have avoided

the issues of distributional welfare effects

as the technologies have been commer-

cially adopted.

Analysts of economic and social conse-

quences have often relied on qualitative

evaluation without quantifying the results.

Any attempt to quantify something so com-

plex as the welfare effects of adopting a

technology must incorporate numerous

simplifying assumptions and be limited to

partial equilibrium analysis. Useful insights

into relationships among the important
variables can be obtained by quantifying
at least first-order consequences of change.

With the use of static analysis, this man-

uscript provides estimates of the welfare

changes associated with commercialization

of twelve alternative plant biotechnologies.
Welfare is measured by consumer and pro-
ducer surpluses. The analysis gives infor-

mation about the potential regional real-

location of agricultural land and about

welfare gains to consumers. The models

used in the analysis demonstrate long-

term, aggregate effects of each new tech-

nology, assuming full adoption. Impacts of

each technology are examined indepen-

dently of the other eleven; no simultaneous

adoption of two or more technologies was
allowed in the model.

Description of Selected

Alternative Biotechnologies

Symbiotic Changes. This biotechnological
alternative focuses on improving the ability

of plants to obtain nitrogen from the soil.

Nitrogen fixation technology would enable

corn and other plants to fix nitrogen on
their roots much as the soybean plant does

now. This symbiotic technology would be

of great importance to farmers because

nitrogen fertilizer represents a significant

cost and because the lack of supply in

many countries prohibits use of fertilizer

at the optimum levels.

New Rhizobia Strains. Genetic changes in

rhizobia, bacterial species capable of fixing

nitrogen, are also receiving considerable

attention. The symbiotic relationship be-

tween rhizobia and legume crops is rec-

ognized as having significant economic im-

portance in agriculture and the cost of food

production. Developing new strains of rhi-

zobia that will be effective on crops other

than legumes could extend this beneficial

relationship to other crops. These rhizobia

may also be altered to increase the amount
of nitrogen fixed in the symbiotic relation-

ship currently found in most legume crops.

Altered Protein Content. Biotechnology can

alter the chemical composition of grains.

Protein content and quality, in terms of

amino acid balance, are of special impor-
tance. In countries suffering from protein

deficiency, increased protein would directly

improve nutritional levels. Higher protein

grains could also reduce the cost of pro-
duction for livestock where supplemental

protein is now required.

New Resistant Varieties. Besides directly de-

stroying the plant, pests can indirectly cause

plant loss by creating an environment con-

ducive to other diseases. Resistant varieties



of plants can be developed by directing

genetic changes. The southern corn leaf

blight is one example of how genetic dif-

ferences have altered the impact of a dis-

ease. Developing corn plants resistant to

aspergillus flavis is also a high research

priority in many countries.

Frost Tolerance. Frost damage to crops fre-

quently lowers the yield or totally destroys

crops in many parts of the world. Some

plants are highly susceptible, others quite
tolerant to cold temperatures including
frost. Genetic manipulation could increase

the resistance of important crops to the

danger of occasional frost.

Herbicide Tolerance. Increased herbicide tol-

erance would increase crop yields and the

value of a crop where treatment for pests,

diseases, or weeds harms the protected

crop. Genetic changes could neutralize the

impact of herbicide residues in the soil.

Significant commercial progress has been

made on this technology in recent years.

Heat Tolerance. Heat stress significantly
lowers the yields of many crops. In some

cases, it precludes the cultivation of some
feed and food cereals in regions where

they are needed. The global warming trend

may also increase the interest in heat tol-

erance for many crops now grown in tem-

perate regions. Developing varieties that

are resistant to heat is one of the objectives
of genetic manipulation.

Plant Growth Regulators (PGRs). These reg-
ulators stimulate or retard plant growth.
Some growth regulators are now in com-
mercial operation. For example, wheat may
be sprayed to control plant growth and

prevent lodging. Future developments in

biotechnology may widen the array of uses

and plants for which PGRs are effective.

Ice-Retarding Bacteria. Crop production can

be influenced not only by genetic changes
in the plants but also by genetic changes
in the microorganisms associated with the

plants. Ice-retarding bacteria, one such ex-

ample, has been chosen for analysis in this

study because it has been developed to the

point of experimental application. Presence

of these microorganisms prevent damage
to crops from low temperatures of sur-

rounding air.

The Model

Assuming that the agricultural sector op-
erates under conditions of perfect compe-
tition, by maximizing the sum of consumer
and producer surpluses incorporated in an

objective function, we can estimate changes
in welfare after the use of selected agri-

cultural biotechnologies. This procedure
was developed by Samuelson and made

operational by Takayama and Judge

through application of quadratic program-

ming (QP). As an alternative to QP, Duloy
and Norton suggested a linear-program-

ming (LP) algorithm with grid linearization.

This method allows an analysis of both

separable and nonseparable demand func-

tions and has been recommended for ag-
ricultural sector analysis (McCarl and

Spreen). Taylor et al. applied this grid
linearization to separable demand func-

tions. In case of nonseparable demand
functions, the price is expressed as a func-

tion of parameters of substitutes' demand
functions. An integral incorporated into the

objective function of the model used to

estimate welfare and distribution effects of

technology adoption for a two-commodity,
two-market case is:

= /Q,c-(flc.

\

bcst)
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where subscript c refers to one commodity,
for example, corn; subscript s refers to

another commodity, for example, sorghum;
d indicates the domestic market, e the

export market; Q, is the total quantity of

the domestic and export market; P is the

price of each commodity. The equation
becomes a part of an integral measuring
the area under the demand function for

commodity c, with Q,s as an argument. A
similar derivation procedure was followed

in specifying the objective function used

in this study (Florkowski).

Future characteristics of agricultural bio-

technologies, yield, and the use of fertilizer

and pesticides, must be incorporated into

a model in order to provide a reliable

solution. With information about the di-

rection of changes in input use from an

international survey (Florkowski and Hill),

we assumed, after consulting agronomists,
that the size of increase or decrease in a

specific input use would amount to 10

percent of its cost. The international survey
also provided estimates of expected yield

changes (Table 1). Twelve of the twenty

technologies included in the survey were

included in the analytical model. The prin-

cipal criterion for selection was the prob-

ability of rapid commercial adoption as-

signed by survey respondents. Other
selection criteria included possible future

changes in input use induced by biotech-

nologies, expected yield changes, goals of

plant-breeding programs, and the availa-

bility of the necessary data for specifying
a model. This study considered only the

impact of genetic improvement through

biotechnology and the minimum changes
in input use. Other factors have been omit-

ted, such as machinery that decreases soil

compaction and increased yields from

higher concentrations of atmospheric car-

bon dioxide or improved management.

The formulated benchmark model used

statistics published in the final version of

the 1982 Federal Enterprise Data System
(FEDS) Budgets on the cost and quantities
of inputs applied per acre for nine row

crops: barley, corn, cotton, oats, peanuts,
rice, sorghum, soybeans, and wheat. In

order to arrive at the cost of production at

the regional level, the production costs

reported for states were weighted by the

state's share in acreage planted of a crop
in a given region in 1982.

The costs used in the model, which are

variable cost categories reported by budget
data and fixed costs, include the cost of

machinery, tractors, and general farm over-

head. The cost of share rent was excluded

because it represents a part of the calcu-

lated consumer and producer surpluses.

This study uses Soil Conservation Service

(SCS) data on yield adjustment for different

land classes compiled in 1974 (USDA, 1975)
and used in studies by Nicol and by Taylor
and Frohberg. Data on the amount of land

available in different quality classes were

obtained from the USDA Natural Resource

Inventory. Yields in the model were cal-

culated as simple averages of yields re-

ported by the SCS and adjusted by land

class.

The averages were further adjusted for

genetic yield improvement between 1974

and 1982 in order to make the yield data

correspond to 1982 cost estimates. The size

of the yield increase from genetic gain was
obtained through field tests (Miller and

Kebede; Meredith and Bridge) or through
interviews with experts (Hymowitz; Lam-

bert). In the case of cotton and peanuts,
no field test data were available, so we

adjusted yields by calculating a percentage
increase using the difference between

weighted average yields for the early 1970s

and 1980s. We calculated weights as a

percentage share of the total regional har-

vested acreage for each state. The yield of

rice in the benchmark model remained

unchanged because the comparison of av-

erages between the two periods did not

show significant differences. We assumed
that the yield of oats and barley increased

by 0.3 percent annually because of genetic

improvement. For crops not explicitly in-

cluded in the model, an estimate of total

land area allocated to these crops was
withdrawn from the total land available in

the model for crop production.



Table 1. Expected Percentage Changes in Yield from Application of Selected Biotechnologies

Technology Corn Rice Sorghum Soybeans Wheat
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where

a is a coefficient allocating a proportion of the total available nonirrigated

land class to production of a crop under a given technology;

b is a coefficient allocating a proportion of the total available irrigated land

class to production of a crop under a given technology;

i subscript denoting the quality class of irrigated land;

;' subscript denoting the cropping pattern, including rotational schemes and

mix of crops in the region;

k subscript denoting the geographical production region;

m subscript denoting the quality class of nonirrigated land;

n subscript denoting a commodity;

p segment of the demand schedule;

A acres of crops produced;
C cost of production per acre;

D area under the demand curve;

L total acres of cropland;

Q quantity of a commodity represented by the area under a segment of the

demand curve, D;

T total production of a crop;

Y yield of each crop under the given technology, crop mix, and land class;

Z activity representing the pth segment on the demand schedule;

Alj acres of crop production under cropping pattern ;'
on irrigated land class

i in region k;

Ak

in
acres of crop production under cropping pattern ;' producing commodity
n on irrigated land class i in region k;

Ak

mj acres of crop production under cropping pattern ; on nonirrigated land

class m in region k;

Ak

min acres of crop production under cropping pattern / producing commodity
n on nonirrigated land class m in region k;

C* cost per acre of producing crops under cropping pattern ;'
on irrigated land

class i in region k;

Ck

mj
cost per acre of producing crops under cropping pattern / on nonirrigated

land class m in region k;

Dn area under the demand curve for commodity n;

Lf total acres of irrigated cropland of class f in region k;

Lk
m total acres of nonirrigated cropland of class m in region k;

Qp
n quantity of commodity n corresponding to D



Tn total production of commodity n in 1982

YJ,n yield per acre of commodity n produced under production cropping pattern

j on irrigated land class i in the region k;

Yk

mjn yield per acre of commodity n produced under production cropping pattern

/ on nonirrigated land class m in region k;

Z activity in the model drawing an amount equal to the area under the

demand curve at the pth step on the function. This amount is drawn from

the demand-supply balance for commodity n.

All of the above parameters and variables

are assumed to be non-negative. Ranges
on the production of crops included among
the constraints of the benchmark model
were used in order to arrive at a solution

that would be comparable to land alloca-

tion for actual acreage use in 1982.

The percentage absolute deviation (PAD)
was used as a criterion for model evaluation

(Norton and Schiefer). The PAD value of

6.74 percent for the benchmark model
indicates that model acreage allocation dif-

fered by 6.74 percent from the actual

acreage allocation of 1982.

Comparisons between the 1982 actual yield
and yields in the benchmark solution were
used to further validate the benchmark
model (Table 2). Yields for irrigated and

nonirrigated fields were combined to obtain

average yields for each region and crop.
Areas where the benchmark model yield
did not deviate by more than 10 percent
included the Northeast, Delta, Appala-
chian, and Pacific regions. Yield for the

Lake States, the Southeast, and Northern

Plains had a deviation larger than 10 per-
cent. These larger deviations included the

yield of oats in the Lake States, soybean

yield in the Southeast, and sorghum yield
in the Northern Plains. The yield of wheat
and oats deviated more than 10 percent
from the actual average yield in the solu-

tion for the Corn Belt. Similarly, the yield
of oats and corn in the Mountain region
deviated more than 10 percent from the

1982 level. The solution obtained for the

Southern Plains showed deviation above

10 percent in the cases of corn, sorghum,
and cotton. Some of the discrepancies be-

tween average yields and actual yields were

the result of inadequate data on crop yield
on irrigated land by land class. Comparison
of calculated yields with long-term average

yields revealed differences with regard to

the same crop differences that, on oc-

casion, were larger than the 1982 averages.

Prices obtained from the model solution

reflected the market equilibrium deter-

mined by the model. The differences be-

tween the actual 10-year average prices
and estimated prices were substantial (Ta-

ble 3). Among the reasons for those dif-

ferences were the omission of some eco-

nomically important crops, inaccurate

estimates of long-term, own-price and

cross-price demand elasticities (Table 4),

imperfections in real markets, and forces

distorting equilibrium prices. As an ex-

ample of market imperfections, rice is traded

on a thin market (Rastegari-Henneberry).

Accuracy in estimating price elasticity is

diminished by the fact that the prices of

some commodities, such as barley, cotton,

or soybeans, are influenced by their dual

usage or the demand for a joint product.

Given the objective of the study, that is,

the evaluation of a potential change in

economic welfare due to the commercial

application of an agricultural biotechnol-

ogy under long-term equilibrium condi-

tions, the set of prices generated by the

model was considered satisfactory evidence

that the model's specifications were correct.

Results

Impact of Biotechnologies. Solutions of the

model provided estimates of land allocation

after the application of biotechnologies (Ta-

ble 5). The commercial planting of cultivars
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Table 3. Estimated Quantities and Prices for Selected Crops
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in the Southern Plains can be expected.
Solutions obtained for the Southern Plains

should be evaluated cautiously because of

specification problems related to irrigated

acreage.

Total Welfare Changes. The process of pro-
duction and adjustment to a new market

equilibrium leads to a change in the welfare

of producers and consumers. Predicted

changes were based on several simplifying

assumptions. In particular, the quantities
demanded by domestic and export buyers
were expected to increase by no more than

50 percent above 1982 consumption. The
domestic demand was assumed to be ine-

lastic. Shifts in crop acreages among re-

gions, changing crop mixes, and altered

input use changed the production and price
of each crop and determined the size of

consumer and producer surpluses. Under
these assumptions, an increased supply
lowers the price and increases consumer

surplus. But the producer surplus can

change in either direction because of the

interaction of production costs and input
use (Tayler et al.).

The change in total welfare, measured as

the sum of producer and consumer sur-

pluses, differed with the technology ap-

plied (Table 6); but the average gain in the

total surplus for all technologies in the

model amounted to $13.4 billion. The total

surplus including both producer and
consumer surpluses will be the largest

following commercialization of cultivars

that contain higher amounts of protein,
that are resistant to diseases caused by
viruses and bacteria, or that react to PGRs.

According to the solutions of the model,
total surplus was increased with the adop-
tion of any of the technologies. Gains from

seven of the technologies symbiotic,

fungus-resistant, insect-resistant, herbicide-

tolerant, and frost-tolerant cultivars as well

as ice-retarding bacteria and new rhizobia

strains were below the average of $13.4

billion. The other five technologies resulted

in above-average increases in total surplus
relative to the benchmark solution

(Table 6).

Distributional Effects Among Sectors. Al-

though adoption of all technologies pro-
duced an increase in total welfare, the

distribution of welfare among producers
and consumers differed with the nature of

the new technology. Solutions of the twelve

models indicated the largest gain to con-

sumers was from the development and use

of cultivars with altered protein content

(Table 6). The consumer surplus increased

by $51.1 billion. Producer surplus de-

creased by $835 million after the commer-
cialization of cultivars with altered protein

content, but the decrease was less than

that for any other technology.

Another technology that resulted in large
welfare gains to consumers was the de-

velopment of virus-resistant cultivars. The

gain of $35.2 billion in consumer surplus
offset the decrease of $4.8 billion in pro-
ducer surplus the second largest of any
biotechnology examined. The application
of bacteria-resistant cultivars resulted in an

increase in consumer surplus of $23.0 bil-

lion and a decrease of $3.8 billion in pro-
ducer surplus.

Disease-resistant cultivars could bring some
of the largest gains in consumer surplus.

They also may cause some of the most

significant decreases in producer surplus,
but developing cultivars resistant to bac-

teria and viruses is not an easy task. The
numbers of both viral and bacterial dis-

eases are large, and absolute success is

unlikely. Nevertheless, results of this study,
stress the economic importance of disease-

resistant cultivars.

The technology that resulted in the largest

decrease of producer surplus, $5.0 billion,

was the application of plant growth reg-
ulators. The increase in consumer sur-

plus a substantial increase, though not

the largest one amounted to $19.3 bil-

lion. The use of cultivars with a symbiotic
mechanism for fixing nitrogen caused a

medium-sized decrease in producer sur-

plus, compared with the effects of other

technologies. At the same time, the increase

in consumer surplus with this biotechnol-

ogy was one of the smallest ($4.7 billion).
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Among biotechnologies for stress tolerance,

development of frost-tolerant cultivars,

herbicide-tolerant cultivars, and ice-retard-

ing bacteria caused relatively small de-

creases in producer surplus: $2.4 billion

for frost-tolerant cultivars, $2.7 billion for

herbicide-tolerant cultivars, and $2.5 bil-

lion for the development of ice-retarding
bacteria. The gain in consumer surplus for

the frost-tolerant technology was $14.2

billion; for herbicide-tolerant cultivars, it

was $4.6 billion; and for the technology of

ice-retarding bacteria, it was $6.2 billion.

Solutions were influenced by the meth-

odological framework, the assumption
about future demand, and the regional crop
mix. Results indicated the existence of mul-

tiple optimal solutions, a natural occurrence

in a competitive environment (Paris).

Therefore, any future changes in agricul-
tural policy, economic conditions, or tech-

nological development could alter the im-

pact of commercial biotechnology used in

agricultural production.

Distributional Effects Among Regions. Spatial
distribution of aggregate income will vary

among technologies. The withdrawal of

large portions of acreage from production
in the Delta and the Southeast can be

expected to decrease the total farm revenue

in those regions (Table 3). A similar situ-

ation will occur, to a lesser degree, in three

other regions: the Appalachians, the Moun-
tains, and the Northern Plains.

The production of major crops is likely to

remain concentrated in the Lake States and
the Corn Belt. As a result, a larger portion
of the aggregate income will be received

by midwestern producers. The effects of

income concentration in the Corn Belt and
the Lake States are strengthened by the

cropping pattern that consists primarily of

corn and soybeans, and to some extent,

wheat. The model reflected the domination

of the commodity markets by corn, soy-
beans, and wheat. Depending on govern-
ment programs, land may be removed from

production in the Delta and Southeast, or

alternative crops may be introduced.

Shifts in the spatial distribution of income

will generate a second wave of effects.

Because new technologies will be neutral

with respect to economies of size, benefits

from their application will occur in pro-

portion to acreage planted with new cul-

tivars. New technologies may accelerate

the trend toward larger farms. Also, if

information about new technologies is not

made equally available to all farmers, early

adopters, who often are large farm oper-
ators, will be among the first to identify
and use the opportunity for increasing their

income.

Environmental Impacts. Application of all

new technologies, except for new rhizobia

strains and symbiotic nitrogen fixation, ac-

cording to results of the international sur-

vey would lead to increased use of nitro-

gen, phosphate, and potash fertilizers.

Plants can only use a portion of the fer-

tilizer applied at any given time because

their nutrient requirements are limited, be-

cause their root zone is finite, and because

moisture often cannot be controlled. There-

fore, increased use of fertilizers, particu-

larly nitrogen, increases the content of un-

desired chemical substances in the soil.

Leaching of nitrogen is particularly harmful

because it causes water pollution and leads

to additional costs related to upgrading
water quality and maintaining drainage.
Increased use of fertilizers as a result of

some applications of biotechnology may
not be welcomed by environmentalists,

despite increased commodity supply and
lower prices.

Application of cultivars resistant to viruses,

bacteria, fungi, and insects would lower

pesticide use. A decrease in the use of

pesticides would slow down the develop-
ment of mutant insects. It would also help
to eliminate some fears of harmful pesticide
residue in agricultural commodities.

Changes in plants will cause researchers

to focus on manipulating specific, well-

characterized genes (Brill). It seems unlikely
that an addition of several genes to a plant
could create a weed. In the opinion of

experts, weeds require a large number of

genetic traits in order to maintain their

character. If any negative characteristics do

12



occur, breeders can recognize them in a

plant; and "because the genetic alteration

in a recombinant plant is well-controlled,

the likelihood of a problem is far less than

[it is] in standard breeding practices" (Brill),

which mix specific and uncharacterized

genes of different plants. In addition, the

safety of developing biotechnologies and
their application has been assessed (Fiskel

and Covello) and is regulated.

Conclusion

Model solutions suggest a decrease in total

acreage used for the production of nine

crops subject to the analysis following the

introduction of biotechnology. Irrigated and

nonirrigated land withdrawn from pro-
duction is located in the Delta and South-

east and, to a smaller extent, in the Ap-
palachian, Mountain, and Northern Plains

regions. The affected regions represent a

range of different climates and growing
conditions that offers a potential for de-

veloping specialized agricultural produc-
tion, which could potentially neutralize the

negative effects on farm income.

A decrease in agricultural activity will slow

the degradation of the environment. Re-

planting the withdrawn land with peren-
nial or cover crops would lower soil ero-

sion. The technologies presented in this

paper that would cause the largest relo-

cation of crops and prove beneficial from

the standpoint of soil protection are the

use of PGRs, heat-tolerant cultivars, bac-

teria- and virus-resistant plants, and cul-

tivars with altered protein content.

The four technologies most beneficial to

society, as measured by the change in total

surplus are cultivars with altered protein

content, virus- and bacteria-resistant cul-

tivars, and cultivars responding to PGRs.
This ranking was largely influenced by the

size of consumer surplus, which was the

highest for these technologies. All biotech-

nologies negatively affected producer sur-

plus the smallest effect being that from

commercialization of cultivars with altered

protein content, and the largest being the

effect of widespread use of PGRs. Under

the assumption of no change in demand,
a larger volume of commodities causes

lower gross income in the aggregate as a

result of a decrease in prices. In the cost

data used in this model, the new technol-

ogies did not sufficiently reduce the cost

of production to compensate for lower

prices.

The introduction of new technologies de-

creases aggregate farm income, as meas-

ured by producer surplus. But aggregate
income of the agricultural sector in each

region will be affected differently. A larger

portion of total farm income will go to

producers in the Midwest. Individual farm

income may decrease or increase, depend-

ing on market price and skillful application
of the new technologies. The reduction in

farm income shown by the models is the

direct result of increased supply under the

assumed price elasticities. The negative ef-

fects on the producer sector can be alle-

viated by expanding demand, finding new
uses, and controlling supply through gov-
ernment action; by transferring income from

consumers, processors, and other groups
that benefit from lower crop prices; and

by lowering costs of production.

The impact of biotechnology as presented
here illustrates a polar case of a long-term
full adoption of twelve separate technol-

ogies applied to a limited number of field

crops. The information about potential fu-

ture land allocation and welfare changes
contributes to the constantly expanding

pool of knowledge concerning predictions
of the impact of agricultural technology.

Specifically, this study indicated to agri-

cultural research administrators the per-
ceived probabilities of developing different

biotechnologies and economic impact of

their commercialization. Allocation of re-

search funds may be determined not only

by the short-term success in developing a

technology but also by its long-term wel-

fare effects. Welfare effects, in turn, may
not be limited to the easily quantifiable

changes in total surplus. These may also

include the technology on quality and sus-

tainability of natural resources, such as

unpolluted water or uneroded soil. Some
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of the biotechnologies considered in this

study will lower pesticide use and with-

draw land from agricultural production.

Policymakers may use the information from

this study to formulate policy goals that

would make the necessary adjustment eas-

ier and to fully explore benefits offered by
the use of biotechnology in crop produc-
tion. For example, programs for alternative

land use or economic programs that sustain

rural community growth may be needed
as agriculture diminishes in importance.

For farm groups and checkoff programs,
the results of this study suggest paying
more attention to the demand for agricul-
tural crops. Traditional food, feed, and fiber

use of grains, oil crops, and cotton could

be augmented by industrial uses of crops.
Industrial use of agricultural crops would

change the demand structure and create

new markets. Checkoff funds applied to-

ward research on new uses of commodities

and on feasibility studies of new markets

can make biotechnology work to the benefit

of farmers.
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