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BIOTECHNOLOGY IN AGRICULTURE:
THE PROMISE AMIDST CHALLENGES

Alfred  Parks

ABSTRACT
Technology in Agriculture is nothing new. For thousands of years man has manipulated plants, 
animals, and the like, through selection, breeding, enhancement, etc. into producing more 
productive plants and animals. However, if we mention the word biotechnology, we seem to 
raise an eyebrow.  And no one seems to understand why.  Most Americans (at least 75%) have 
at least heard something about biotechnology, but don't quite have a full grasp of what it is 
exactly.
In recent years, foods produced with modern biotechnology seem to be raising many concerns, 
particularly the bio-engineered crops.  For all the promises that agriculture biotechnology 
offers, it poses as many questions.  However, it is probably impossible to identify a food from a 
domesticated source that has not genetically modified in one way or the other.
In my remarks here today I want to touch on three (3) basic issues; 1) The promise of 
biotechnology, 2) some economic considerations associated with agricultural biotechnology, 
and 3) challenges.
Key Words: Genetically modified, biobased, food, health.

THE PROMISE
If you were to visit the U.S. Department of Agriculture's website you would read a statement 
which says that, “In 1862, when President Abraham Lincoln founded the U.S. Department of 
Agriculture, he called it the 'people's department.” Why? Because it was founded to serve the 
needs of the people  48 percent of whom were farmers who needed good seed and information 
to grow their crops and raise their livestock.  Therein lies the mission of USDA: Enhance the 
quality of life for the American people by supporting production of agriculture:
Ø ensuring a safe, affordable, nutritious, and accessible food supply
Ø  caring for agricultural, forest, and range lands
Ø  supporting sound development of rural communities
Ø  providing economic opportunities for farm and rural residents
Ø  expanding global markets for agricultural and forest products and services
Ø  and working to reduce hunger in America and throughout the world.

USDA Vision:   A healthy and productive Nation in harmony with the land.
To this end, U.S. Agriculture has been one of the more highly productive sectors of the 
American economy.  As Americans, we enjoy an abundance of cheap food and fiber, spending 
approximately only about 11 percent of our disposable income on food.  This has been made 
possible by the concerted efforts of the various USDA agencies responsible for research (such 
as ARS, ERS, etc.) and the state experiment station partners who have been diligent in their 
efforts to provide “access to agricultural information and developing new knowledge and 
technology needed to solve technical agricultural problems of broad scope and high national
priority to ensure adequate availability of high-quality,safe food and other 
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agricultural products to meet the nutritional needs of the American consumer, to sustain a 
viable and competitive food and agricultural economy, and to maintain a quality environment 
and natural resource base” [USDA website].
Despite the progress and the successes that have been made in providing an abundance of 
affordable food and fiber, we have not been without our controversies.  Concerns about the 
safety and security of our food seem to proliferate with each passing world event  Food safety 
issues, such as e. coli (in U.S.), mad cow in Europe, cloning, etc.  all raise safety and ethical 
questions regarding our food supply.
Modern technology (i.e. biotechnology) in agriculture, holds great promise for increasing 
agricultural productivity  particularly in many parts of the developing world.  It holds great 
potential for increasing the quantity, quality, and the safety of foods.  Nevertheless, it is not 
without controversy.  The issues range from food safety to environment impacts to values and 
beliefs.
A number of organizations have been founded in recent years to provide a forum for discussing 
the various issues of biotechnology in agriculture:

1. The Center for Science in Public Interest (CSPI), founded in 1971, is an independent non-
profit consumer health group.  CSPI advocates honest food labeling and advertising, safety and 
more nutritious foods, and prohealth alcohol policies.  In a recent issue of their newsletter, 
Nutrition Action Healthletter, Nov. 2001, Vol. 28, No.9, they stated “Using biotechnology to 
produce food has enormous potential: safer pesticides and less harm to wildlife, more 
nutritious foods, and greater yields to help feed the world's hungry nations.  It's the risk of 
dicing and splicing mother nature that are harder to get a handle on”.

2. The International Food Information Council (IFIC),  founded to communicate science-
based information on food safety and nutrition to health and nutrition professionals, educators, 
journalists, government officials and others providing information to consumers.  Its purpose 
is to bridge the gap between science and communications.
In one of its publications entitled, “Food Biotechnology: Enhancing Our Food Supply”, 
September 2000, Benefits of Food Biotechnology, Biotechnology already helps us in many 
ways:

Ø Protection of the Environment.  Scientists have made some foods, like papayas and     
potatoes, more resistant to disease.  These crops need less chemical spray to protect 
them from harmful insects or viruses, which is better for the environment.

Ø  Greater Crops Yields.  Farmers also use biotechnology to help plants survive.  For 
example, new varieties of corn and cotton ward off harmful insects, and improved 
soybeans can tolerate herbicides.  Farmers can expect to harvest more crops from 
these hardier plants.

Ø  Better Tasting, Fresher Foods.  Sweeter peppers and tomatoes that ripen more slowly 
are just two examples of how biotechnology can produce fresher and better-tasting 
food.
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      The future of Biotechnology.  In the future, biotechnology will help us:

Ø  Grow More Food on Less Land.  By the year 2050, 10 billion people will live on 
Earth.  That's about a third more people than are here today.  Using biotechnology, 
farmers will be able to produce more crops on the land they already have.  If we can get 
the food we need from these crops, we won't have to devote more land to farming.  
Developing countries will benefit most from this modern technology since they will 
have the largest population growth.

Ø Keep Food Safe to Eat.  Scientists will be able to find unwanted plant viruses and 
bacteria in food earlier and more accurately than they can now.  So, we will have an 
even lower risk for food-borne illnesses.

Ø  Provide Healthier Food.  Enhancing some foods using biotechnology will help lower 
our risk for chronic diseases like cancer and heart disease and other health conditions.  
For example:  ?Some fruits and vegetables will contain more antioxidants, vitamin C, 
and vitamin E.  ?Cooking oils will be made from plants that contain fewer saturated 
fats.  ?Potatoes will contain more carbohydrates so that they absorb less oil during 
frying.  ?Peanuts may contain less of the proteins that cause allergies.

Ø  Keep Animal Feed Safe.  Some types of fungus that can be found in corn release 
substances that can harm animals that eat it.  These substances are already regulated in 
the United States, and biotechnology provides another tool that will help reduce the 
amount of these substances in corn.

3. Council for Agricultural Science and Technology (CAST), established in 1972, 
assembles, interprets, and communicates science-based information regionally, nationally, and 
internationally on food, fiber, agricultural, natural resource, and related societal and 
environmental issues to our stakeholders  legislators, regulators, policy makers, the media, the 
private sector, and the public.
In a recent CAST issue paper entitle, “Biotechnology in Animal Agriculture: An Overview” 
several aspects of animal biotechnology and attempts to increase public understanding on 
related scientific, economic, legislative, ethical, and social issues were addressed, including:

a) Uses in Medicine.  According to Teresa A. Gruber, CAST Executive Vice President, 
“Livestock have a long history of use in the production of medicine for humans.  For example, 
animals have traditionally been used to produce anticoagulants, heart valves, antisera and sera, 
and collagen for medical purposes.  But now biotechnology presents the opportunity for more 
economical, ethical production of these and other important medical products.”
Several companies are producing human proteins in milk and in eggs, which will be used to 
benefit biomedicine.  Another biotechnology under development uses animals to produce 
donor organs for human transplant.  It is possible that genetic engineering can be used to 
produce immune, rejection-free organs in increased quantities.

b) Uses in Food Safety.   Advances in biotechnology research have allowed significant 
improvements in diagnostic approaches to food safety, as well.  “Advances in biotechnology, 
especially in the last five to ten years, have transformed approaches to assuring the microbial 
safety of foods,” states Etherton.  Microbial biotechnologies are currently being used to screen 
for Salmonella, Escherichia coli, and Listeria monocytogenes.
Producers and regulators are looking for ways to identify high quality, biosecure products.  The 
potential for livestock producers to use DNA “fingerprints” to determine herd identity or to 
track a product from producer to consumer is being explored.
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c) Uses in Farming.  Biotechnology provides a way for farmers to change the genes of animals 
to achieve better health and production.  It also offers a way of improving animal feed, which 
makes up approximately 70% of the cost of farming.  Compounds called metabolic modifiers 
have been created through biotechnology.  A commonly used modifier called bST is used in 
dairy cows to increase milk yield, to achieve unprecedented improvements in milk-to-feed 
ratio, and to decrease waste.  Approximately half of U.S. dairy herds are receiving bST 
supplements and nineteen countries around the world have approved this biotechnology for 
commercial use.

d) Environmental Impacts. Biotechnology also offers farmers a chance to decrease the 
amount of manure produced, as well as the amount of nutrients and odors from manure.  
Animal manure, especially swine and poultry manure, is high in nitrogen and phosphorus.  
Both nutrients contribute to surface and groundwater pollution and to poor air quality and to 
offensive odors.

e) Ethical Considerations. The authors suggest that as we explore the benefits and risks of 
applying biotechnologies in animal science, we need to continuously weigh the ethical and 
social consequences.

4. National Agricultural Biotechnology Council (NABC), a not-for-profit consortium, 
founded in 1988 by the Boyce Thompson Institute in collaboration with Cornell University, 
Iowa State University, and the University of California - Davis  provides an open forum for the 
discussion of issues related to the impact of biotechnology on Agriculture.  NABC hosts annual 
public meetings whereby “persons with different interests and concerns can come together to 
speak, to listen, to learn, and to participate in meaningful dialogue and evaluation of the 
potential impacts of agricultural biotechnology” [NABC, News, Spring 2003, No. 26].

In NABC Statement 2000 on Agricultural Biotechnology: Promise, Process, Regulation, 
and Dialogue, the following was said about the promise;   Major benefits to our security and 
quality of life and to global sustainability are expected from biotechnology.  Such 
opportunities are made possible by our expanding knowledge of the principles of biology, an 
exploding database of information on genomic sequences and gene function, and new tools that 
enable genetic modification by design at the molecular level.  The benefits will result from 
developments in the biomedical, agricultural, food, and industrial arenas.

Ø Health products with minimized side effects will be designed for improved efficacy 
and, even more importantly, treatments for many diseases will become possible.  
Several novel diagnostic, therapeutic, and vaccine products are already in use.

Ø  Agricultural crops will be self-protected against ever-present pests and diseases with 
reduced use of synthetic agrochemicals.  Corn, cotton, and potatoes protected against 
insects are being grown; herbicide-tolerant soybeans, corn, and canola now enable the 
use of short-lived herbicides.

Ø  The devastating effects of periodic drought stress on crops and our global need to use 
saline and high-aluminum acidic soils to produce food, especially in the developing  
world, are being helped by biotechnology.

Ø  Biotechnology will help satisfy the global need for increased food production, driven 
by the still-growing population and demand for higher quality food, including animal 
products.

Ø  Our food will be more healthful, more nutritious, and even safer.
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Ø  The relationship between medicine, plants, and human health will become more 
seamless.

Ø  Vitamin-enhanced crops, such as rice, can prevent blindness for millions of people in 
the developing world, and can reduce that impact of ailments that affect the developed 
world, such as heart disease and some cancers.

Ø  Edible vaccines, made in plants such as bananas, will protect people in both the 
developed and developing worlds.

The 1998 National Agricultural Biotechnology Council (NABC) Vision Statement for 
stAgricultural Research and Development in the 21  Century highlighted a biobased economy.  

Biotechnology will foster the growth of this biobased economy; energy, chemicals, and 
materials will be produced from sustainable and renewable agricultural materials rather than 
from non-renewable fossil fuels.  The 1999 National Research Council (NRC) Report on 
Biobased Industrial Products targets 50 percent of liquid fuels, 90 percent of chemicals and 99 

stpercent of materials from biosources in the 21  Century.

Ø Regional and global environments will benefit from the use of biobased sources, and 
the economies of our rural communities will benefit from bioprocessing located near 
sites of production.

Ø  Our physical security will be improved from much-reduced dependence on foreign 
petroleum.

Ø  Increased demand for agricultural commodities will help to minimize the periodic 
economic traumas of over-production and low prices.

Of course, the ultimate benefits from biomedical, agricultural, food, and industrial 
biotechnology will accrue to the consumer, along with a more sustainable Earth.  Crop-yield 
increases will free fragile land from agricultural use and mitigate the exploitation of tropical 
forests for agriculture, thus helping to maintain wildlife habitats and biodiversity.

Economic Considerations
The rapid adoption of new technologies in agriculture for most producers is a matter of 
economics.  Recent reports within the U.S. indicate that “increased yields” was the number one 
reason given by U.S. farmers for adopting herbicide, tolerate soybeans/cotton and B+ cotton 
(Shoemaker, et al., 2001).
A simple production function states output as a function of inputs.  Simply stated, output - f 
(inputs); or Y = f(X , X , X ).  It expressed a mathematical relationship which describes the way 1 2 ?

inputs and outputs are correlated.  Graphically, it is expressed as:
where y is output and x is input.  This simple illustration shows that there is a positive 
correlation between the amount of output brought about by each level of input.  However, if we 
were to probe further, we would find other laws of economics coming into place (decreasing 
returns > diminishing returns).
The introduction, or the infusion, of new technology (e.g. Biotechnology) has the potential of 
raising the level of output (Y) per the level of input (X).  In this illustration, Y  represents the 1

level of output using existing, or old technology.  The introduction of new technology holds the 
potential of raising the level of output (Y) relative to the level of inputs.
U.S. Agriculture has historically been one of the more productive sectors of the U.S. economy.  
Since 1947 productivity growth rates have averaged nearly 2 percent per year (Shoemaker, et 
al., 2001; Acquaye, et al., 2003).  The continuous infusion of new technology has been a major 
contributing factor (Fernandez-Cornejo and McBride, 2002).  However, the question remains, 
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does the end justify the means?  Undoubtedly, Biotechnology does offer many technical 
advantages, higher yields, lower input costs, among them.  But many questions remain 
regarding such issues as environmental impacts, food safety, intellectual integrity, research 
policy, etc.
Fernandez-Cornejo and McBride in their report examined some of the microeconomic impacts 
of adopting bioengineered crops.  Here is some of what they had to say.  “Published research 
about the economic benefits from using herbicide-tolerant crops has been mixed”.  “While 
economic analyses based on experimental data have mostly favored herbicide-tolerant crops 
over conventional varieties, results from producer surveys have not been as definitive.  
Published research about the economic benefits from using Bt corn suggests that the value of Bt 
corn relative to traditional varieties depends primarily upon the yield loss that can be attributed 
to damage from the ECB”.  At a recent conference, a representative from a well know U.S. 
company stated that to them biotechnology represents this future  referring primarily to the 
bottom line (profits).  If farmers are looking for ways to increase output or lower input cost, 
visa-vis all else, then their job is to provide those products.

THE CHALLENGES
While scientists are touting the benefits of biotechnology, consumer concerns and resistance 
continues to raise much uncertainty.  In a gathering of agricultural leaders initiated by the (Pen 
Initiative on Food and Biotechnology, News release, January 22, 2002), the initiative 
organizer, Michael Rodemeyer said that “genetically modified crops present marketing 
hallenges  as well as opportunities  for every part of the chain of the food production and 
delivery system”.  Comments like these suggest that we still have a ways to go.

Consumer Acceptance
Consumer acceptance and responses to genetically engineered (GE) foods vary widely 
worldwide, according to Shoemaker.  In their work, Shoemaker, et al., attempted to answer the 
following questions: How commonly held are specific consumer preferences with respect to 
GE products?  What impact do they have on domestic policies and consumption of biotech 
crops?  What implications do policies and differences in policies have for trade in agricultural 
products?  Their results indicated that “U.S. consumers have voiced little objection to 
genetically modified foods, while EU consumers have been vocal in their disapproval.  
Attitudes of consumers in Japan and Australia in the mid-1990's were generally favorable 
toward biotech crops, although Australian consumers generally regard biotech crops as risky.  
These attitude differences have resulted in differences in regulatory policies and in the 
potential for trade disputes.”
Outbreaks of protest seem to follow wherever there are conferences discussion the issues of 
Biotechnology in food.  I personally experienced public outcry at a recent conference that I 
attend.  The prevailing attitude seems to center around the “right to know” what we are eating.  
Unfortunately, technology seem to move much faster that the research that determines the 
input.  For us as researchers and research administrators in public institutions, our task is to try 
to provide accurate and unbiased answers to these types of concerns.
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