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Can life Be Made? 
Can life Be Owned?

Redefining Biodiversity

In 1971, General Electric and one of its employees, Anand Mohan 
Chakravarty, applied for a U.S. patent on a genetically engineered 
pseudomonas bacteria. Taking plasmids from three kinds of bacteria, 
Chakravarty transplanted them into a fourth. As he explained, “I sim-
ply shuffled genes, changing bacteria that already existed.” Chakra-
varty was granted his patent on the grounds that the microorganism 
was not a product of nature but his invention and, therefore, patent-
able. As Andrew Kimbrell, a leading U.S. lawyer, recounts, “In coming 
to its precedent-shattering decision, the court seemed unaware that the 
inventor himself had characterized his ‘creation’ of the microbe as sim-
ply ‘shifting’ genes, not creating life.”1

On such slippery grounds, the first patent on life was granted, and 
in spite of the exclusion of plants and animals from patenting under 
U.S. law, the United States has since rushed to grant patents on all kinds 
of life-forms.

Currently, well over 190 genetically engineered animals, including 
fish, cows, mice, and pigs, are figuratively standing in line to be pat-
ented by a variety of researchers and corporations. According to Kim-
brell: “The Supreme Court’s Chakravarty decision has been extended 
to be continued, up the chain of life. The patenting of microbes has led 
inexorably to the patenting of plants, and then animals.”2

Biodiversity has been redefined as “biotechnological inventions” to 
make the patenting of life-forms appear less controversial. These pat-
ents are valid for twenty years and hence cover future generations of 
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plants and animals. Yet even when scientists in universities or corpo-
rations shuffle genes, they do not “create” the organism that they then 
patent. Referring to the landmark Chakravarty case, in which the court 
found that he had “produced a new bacterium with markedly different 
characteristics than any found in nature,” Key Dismukes, study direc-
tor for the Committee on Vision of the National Academy of Sciences 
in the United States, said:

Let us at least get one thing straight: Anand Chakravarty 
did not create a new form of life; he merely intervened in 
the normal processes by which strains of bacteria exchange 
genetic information, to produce a new strain with an altered 
metabolic pattern. “His” bacterium lives and reproduces itself 
under the forces that guide all cellular life. Recent advances in 
recombinant DNA techniques allow more direct biochemical 
manipulation of bacterial genes than Chakravarty employed, 
but these too are only modulations of biological processes. We 
are incalculably far away from being able to create life de novo, 
and for that I am profoundly grateful. The argument that the 
bacterium is Chakravarty’s handiwork and not nature’s wildly 
exaggerates human power and displays the same hubris and 
ignorance of biology that have had such devastating impact on 
the ecology of our planet.3

This display of hubris and ignorance becomes even more conspicu-
ous when the reductionist biologists who claim patents on life declare 
that 95 percent of DNA is “junk DNA,” meaning that its function is 
not known. When genetic engineers claim to “engineer” life, they often 
have to use this “junk DNA” to get their results.

Take the case of a sheep named Tracy, a “biotechnological inven-
tion” of the scientists of Pharmaceutical Proteins Ltd. (PPL). Tracy is 
called a “mammalian cell bioreactor” because, through the introduc-
tion of human genes, her mammary glands are engineered to produce 
a protein, alpha-1-antitrypsin, for the pharmaceutical industry. As Ron 
James, director of PPL, states, “The mammary gland is a very good fac-
tory. Our sheep are furry little factories walking around in fields and 
they do a superb job.” While they claim that genetic engineers created 
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the “biotechnological invention,” the scientists at PPL had to use “junk 
DNA” to get high yields of alpha-1-antitrypsin. According to James, 
“We left some of these random bits of DNA in the gene, essentially as 
God provided it and that produced high yield.” In claiming the patent, 
however, it is the scientist who becomes God, the creator of the patented 
organism.

Further, future generations of the animal are clearly not “inven-
tions” of the patent holder; they are the product of the regenerative 
capacity of the organism. Thus, though the metaphor for patenting is 
“engineers” who “make machines,” of the 550 sheep eggs injected with 
hybrid DNA, 499 survived. When these were transplanted into sur-
rogate mothers, only 112 lambs were born, just 5 of which had incor-
porated the human gene into their DNA. Of these, only 3 produced 
alpha-1-antitrypsin in their milk, 2 of which delivered three grams of 
proteins per liter of milk. But Tracy is the only lamb among the 112 
engineered ones to become PPL’s “sheep that lays golden eggs” and pro-
duce thirty grams per liter.

One of the characteristics of reductionist biology is to declare 
organisms and their functions useless on the basis of ignorance of their 
structure and function. Thus, crops and trees are declared “weeds.”4 
Forests and cattle breeds are declared “scrub.” And DNA whose role is 
not understood is called “junk DNA.” To write off the major part of the 
molecule as junk because of our ignorance is to fail to understand bio-
logical processes. “Junk DNA” plays an essential role. The fact that Tra-
cy’s protein production increased with the introduction of “junk DNA” 
is an illustration of the PPL scientists’ ignorance, not their knowledge 
and creativity.

While genetic engineering is modeled on determinism and pre-
dictability, indeterminism and unpredictability are characteristic of 
the human manipulation of living organisms. In addition to the gap 
between the projection and practice of the engineering paradigm, there 
is the gap between owning benefits and rewards and owning hazards 
and risks.

When property rights to life-forms are claimed, it is on the basis of 
their being new, novel, not occurring in nature. But when it comes time 
for the “owners” to take responsibility for the consequences of releas-
ing genetically modified organisms, suddenly the life-forms are not 
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new. They are natural, and hence safe. The issue of biosafety is treated 
as unnecessary.5 Thus, when biological organisms have to be owned, 
they are treated as not natural; when the ecological impact of releasing 
GMOs is called to account by environmentalists, these same organisms 
are now natural. These shifting constructions of “natural” show that 
science, which claims the highest levels of objectivity, is actually very 
subjective and opportunistic in its approach to nature.

The inconsistency in the construction of “natural” is well illustrated 
in the case of the manufacture of genetically engineered human pro-
teins for infant formula. Gen Pharm, a biotechnology company, is the 
owner of the world’s first transgenic dairy bull, called Herman. Her-
man was bioengineered by company scientists when still an embryo 
to carry a human gene for producing milk with a human protein. The 
milk was to be used for making infant formula.

The engineered gene and the organism of which it is a part are 
treated as nonnatural when it comes to ownership of Herman and his 
offspring. Yet when it comes to the safety of the infant formula contain-
ing this bioengineered ingredient extracted from the udders of Her-
man’s offspring, the same company says, “We’re making these proteins 
exactly the way they’re made in nature.” Gen Pharm’s chief executive 
officer, Jonathan MacQuitty, would have us believe that infant for-
mula made from human protein bioengineered in the milk of trans-
genic dairy cattle is human milk. “Human milk is the gold standard, 
and formula companies have added more and more [human elements] 
over the past 20 years.” From this perspective, cows, women, and chil-
dren are merely instruments for commodity production and profit 
maximization.6

As though the inconsistency between the construction of the natu-
ral and novel in the spheres of patent protection and health and envi-
ronmental protection was not enough, Gen Pharm, the “owner” of 
Herman, has totally changed the objective for making a transgenic bull. 
They now have ethical clearance on the grounds that, by using him for 
breeding, the modified version of the human gene for lactoferin might 
be of benefit to patients with cancer or AIDS.

Patenting living organisms encourages two forms of violence. First, 
life-forms are treated as if they are mere machines, thus denying their 
self-organizing capacity. Second, by allowing the patenting of future 
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generations of plants and animals, the self-reproducing capacity of liv-
ing organisms is denied. Living organisms, unlike machines, organize 
themselves. Because of this capacity, they cannot be treated as simply 
“biotechnological inventions,” “gene constructs,” or “products of the 
mind” that need to be protected as “intellectual property.” The engi-
neering paradigm of biotechnology is based on the assumption that life 
can be made. Patents on life are based on the assumption that life can 
be owned because it has been constructed.

Genetic engineering and patents on life are the ultimate expres-
sion of the commercialization of science and the commodification of 
nature that began the scientific and industrial revolutions. As Carolyn 
Merchant has analyzed in The Death of Nature, the rise of reductionist 
science allowed nature to be declared dead, inert, and valueless. Hence, 
it allowed for the exploitation and domination of nature, in total dis-
regard of the social and ecological consequences.7 The rise of reduc-
tionist science was linked with the commercialization of science, and 
resulted in the domination of women and non-Western peoples. Their 
diverse knowledge systems were not treated as legitimate ways of know-
ing. With commercialization as the objective, reductionism became the 
criterion of scientific validity. Nonreductionist and ecological ways of 
knowing, and nonreductionist and ecological systems of knowledge, 
were pushed out and marginalized.

The genetic engineering paradigm is now pushing out the last 
remains of ecological paradigms by redefining living organisms and 
biodiversity as “man-made” phenomena. The rise of the reductionist 
paradigm of biology to serve the commercial interests of the genetic 
engineering, biotechnology industry was itself engineered. This was 
done through funding as well as rewards and recognition.

Genetic Engineering and the Rise of the Reductionist 
Paradigm of Biology

Reductionism in biology is multifaceted. At the species level, this 
reductionism puts value on only one species—humans—and gen-
erates an instrumental value for all others. It therefore displaces and 
pushes to extinction all species that have no or low instrumental value 
to humans. Monocultures of species and biodiversity erosion are the 
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inevitable consequences of reductionist thought in biology, especially 
when applied to forestry, agriculture, and fisheries. We call this first-
order reductionism.

Reductionist biology is increasingly characterized by a second-
order reductionism—genetic reductionism—the reduction of all behav-
ior of biological organisms, including humans, to genes. Second-order 
reductionism amplifies the ecological risks of first-order reductionism, 
while introducing new issues, like the patenting of life-forms.

Reductionist biology is also an expression of cultural reductionism, 
since it devalues many forms of knowledge and ethical systems. This 
includes all non-Western systems of agriculture and medicine as well as 
all disciplines in Western biology that do not lend themselves to genetic 
and molecular reductionism, but are necessary for dealing sustainably 
with the living world.

Reductionism was promoted strongly by August Weismann, who 
nearly a century ago postulated the complete separation of the repro-
ductive cells—the germ line—from the functional body, or soma. 
According to Weismann, reproductive cells are already set apart in the 
early embryo and continue their segregated existence into maturity, 
when they contribute to the formation of the next generation. This sup-
ported the idea that acquired traits with no direct feedback from the 
environment were noninheritable. The mostly nonexistent “Weismann 
barrier” is still the paradigm used to discuss biodiversity conservation 
as “germ plasm” conservation. The germ plasm, Weismann had earlier 
contended, was divorced from the outside world. Evolutionary changes 
toward greater fitness—meaning greater capacity to reproduce—were 
the result of fortuitous mistakes that happened to prosper in the com-
petition of life.8

Weismann’s classic experiment a century ago was taken as proof 
of the noninheritability of acquired characteristics. He cut the tails off 
twenty-two generations of mice and found that the next generation was 
still born with normal tails. The sacrifice of hundreds of mouse tails 
only proved that this type of mutilation was not inherited.9

The proposition that information only goes from genes to the body 
was reinforced by molecular biology and the discovery in the 1950s of 
the role of nucleic acid, placing Mendelian genetics on a solid mate-
rial basis. Molecular biology showed a means of transferal of informa-
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tion from genes to proteins, but gave no indication—until recently—of 
any transfer in the opposite direction. The inference that there could be 
none became what Francis Crick called the central dogma of molecu-
lar biology: “Once ‘information’ has passed into proteins, it cannot get 
out again.”10

Isolating the gene as a “master molecule” is part of biological 
determinism. The “central dogma” that genes as DNA make proteins 
is another aspect of this determinism. This dogma is preserved even 
though it is known that genes “make” nothing. As Richard Lewontin 
states in The Doctrine of DNA:

DNA is a dead molecule, among the most non-reactive, 
chemically inert molecules in the world. It has no power to 
reproduce itself. Rather, it is produced out of elementary 
materials by a complex cellular machinery of proteins. While 
it is often said that DNA produces proteins, in fact proteins 
(enzymes) produce DNA.

When we refer to genes as self-replicating, we endow them 
with a mysterious autonomous power that seems to place them 
above the more ordinary materials of the body. Yet if anything 
in the world can be said to be self-replicating, it is not the gene, 
but the entire organism as a complex system.11

Genetic engineering is taking us into a second-order reduction-
ism not only because organisms are perceived in isolation of their envi-
ronment, but because genes are perceived in isolation of the organism 
as a whole. The doctrine of molecular biology is modeled on classical 
mechanics. The central dogma is the ultimate in reductionist thought.

At the very same time that Max Planck, Niels Bohr, Albert Ein-
stein, Erwin Schrodinger, and their brilliant colleagues were revising 
the Newtonian view of the physical universe, biology was becoming 
more reductionist.12 Reductionism in biology was not an accident but 
a carefully planned paradigm. As Lily E. Kay records in The Molecular 
Vision of Life, the Rockefeller Foundation served as a principal patron 
of molecular biology from the 1930s to the 1950s. The term molecular 
biology was coined in 1938 by Warren Weaver, the director of the Rock-
efeller Foundation’s Natural Science Division. The term was intended to 
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capture the essence of the foundation’s program—its emphasis on the 
ultimate minuteness of biological entities. The cognitive and structural 
reconfigurations of biology into a reductionist paradigm were greatly 
facilitated through the economically powerful Rockefeller Foundation. 
During the years 1932–1959, the foundation poured about $25 million 
into molecular biology programs in the United States, more than one-
fourth of the foundation’s total spending for the biological sciences out-
side of medicine (including, from the early 1940s on, enormous sums 
for agriculture).13 The force of the foundation’s funding set the trends in 
molecular biology. During the dozen years following 1953 (the elucida-
tion of the structure of DNA), Nobel Prizes were awarded to scholars 
for research into the molecular biology of the gene, and all but one had 
been either fully or partially sponsored by the Rockefeller Foundation 
under Weaver’s guidance.14

The motivation behind the enormous investment in the new agenda 
was to develop the human sciences as a comprehensive explanatory and 
applied framework of social control grounded in the natural, medical, 
and social sciences. Conceived during the late 1920s, the new agenda 
was articulated in terms of the contemporary technocratic discourse of 
human engineering, aiming toward restructuring human relations in 
congruence with the social framework of industrial capitalism. Within 
that agenda, the new biology (originally named “psychobiology”) was 
erected on the bedrock of the physical sciences in order to rigorously 
explain and eventually control the fundamental mechanisms govern-
ing human behavior, placing a particularly strong emphasis on heredity. 
Hierarchy and inequality were thus “naturalized.” As Lewontin states 
in The Doctrine of DNA: “The naturalistic explanation is to say that not 
only do we differ in our innate capacities but that these innate capacities 
are themselves transmitted from generation to generation biologically. 
That is to say, they are in our genes. The original social and economic 
notion of inheritance has been turned into biological inheritance.”15

The conjunction of cognitive and social goals in reductionist biol-
ogy had a strong historical connection to eugenics. As of 1930, the Rock-
efeller Foundation had supported a number of eugenically directed 
projects. By the time the “new science of man” was inaugurated, how-
ever, the goal of social control through selective breeding was no longer 
socially legitimate.
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Precisely because the old eugenics had lost its scientific validity, a 
space was created for a new program that promised to place the study 
of human heredity and behavior on vigorous grounds. A concerted 
physicochemical attack on the gene was initiated at the moment in his-
tory when it became unacceptable to advocate social control based on 
crude eugenic principles and outmoded racial theories. The molecular 
biology program, through the study of simple biological systems and 
the analyses of protein structure, promised a surer, albeit much slower, 
way toward social planning based on sounder principles of eugenic 
selection.16

Reductionism was chosen as the preferred paradigm for economic 
and political control of diversity in nature and society. Genetic deter-
minism and genetic reductionism go hand in hand. But to say that 
genes are primary is more ideology than science. Genes are not inde-
pendent entities but dependent parts of an entirety that gives them 
effect. All parts of the cell interact, and the combinations of genes are 
at least as important as their individual effects in the making of an 
organism. More broadly, an organism cannot be treated simply as the 
product of a number of proteins, each produced by the corresponding 
gene. Genes have multiple effects, and most traits depend on multiple 
genes.

Yet the linear and reductionist causality of genetic determinism is 
held on to, even though the very processes that make genetic engineer-
ing possible run counter to the concepts of “master molecules” and the 
“central dogma.” As Roger Lewin has stressed: “Restriction sites, pro-
moters, operators, operons, and enhancers play their part. Not only 
does DNA make RNA, but RNA, aided by an enzyme suitably called 
reverse transcriptase, makes DNA.”17

The weakness of the explanatory and theoretical power of reduc-
tionism is made up for by its ideological power as well as its economic 
and political backing. Some biologists have gone far in exalting the 
gene over the organism and demoting the organism itself to a mere 
machine. The sole purpose of this machine is its own survival and 
reproduction or, perhaps more accurately put, the survival and repro-
duction of the DNA that is said both to program and to “dictate” 
its operation. In Richard Dawkins’s terms, an organism is a “sur-
vival machine”—a “lumbering robot” constructed to house its genes, 
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those “engines of self-preservation” that have as their primary prop-
erty inherent “selfishness.” They are sealed off from the outside world, 
communicating with it by tortuously indirect routes, manipulating it 
by remote control. They are in you and in me; they created us, body 
and mind. And their preservation is the ultimate rationale for our 
existence.18

This reductionism has epistemological, ethical, ecological, and 
socioeconomic implications. Epistemologically, it leads to a machine 
view of the world and its rich diversity of life-forms. It makes us forget 
that living organisms organize themselves. It robs us of our capacity 
for the reverence for life—and without that capacity, protection of the 
diverse species on this planet is impossible.

Engineering versus Growing
The capacity to self-organize is the distinctive feature of living systems. 
Self-organizing systems are autonomous and self-referential. This does 
not mean that they are isolated and noninteractive. Self-organized sys-
tems interact with their environment but maintain their autonomy. The 
environment merely triggers the structural changes; it does not specify 
or direct them. The living system specifies its own structural changes 
and which patterns in the environment will trigger them. A self- 
organizing system knows what it has to import and export in order to 
maintain and renew itself.

Living systems are also complex. The complexity of their struc-
ture allows for self-ordering and self-organization. It also allows for the 
emergence of new properties. One of the distinguishing properties of 
living systems is their ability to undergo continual structural changes 
while preserving their form and pattern of organization.

Living systems are also diverse. Their diversity and uniqueness are 
maintained through spontaneous self-organization. The components 
of a living system are continually renewed and recycled with structural 
interaction with the environment, yet the system maintains its pattern, 
its organization, and its distinctive form.

Self-healing and repair is another characteristic of living systems 
that derives from complexity and self-organization.

The freedom for diverse species and ecosystems to self-organize is 
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the basis of ecology. Ecological stability derives from the ability of spe-
cies and ecosystems to adapt, evolve, and respond. In fact, the more 
degrees of freedom available to a system, the more a system can express 
its self-organization.

External control reduces the degrees of freedom a system has, 
thereby reducing its capacity to organize and renew itself. Ecological 
vulnerability comes from the fact that species and ecosystems have 
been engineered and controlled to such an extent that they lose the 
capacity to adapt and evolve.

Chilean scientists Humberto R. Maturana and Francisco J. Varela 
have distinguished two kinds of systems—autopoietic and allopoietic. 
A system is autopoietic when its function is primarily geared toward 
self-renewal. An autopoietic system refers to itself. In contrast, an allo-
poietic system, such as a machine, refers to a function given from out-
side, such as the production of a specific output.19

Self-organizing systems grow from within, shaping themselves out-
ward. Externally organized mechanical systems do not grow; they are 
made, put together from the outside. Self-organizing systems are dis-
tinct and multidimensional. They therefore display structural and func-
tional diversity. Mechanical systems are uniform and unidimensional. 
They display structural uniformity and functional one-dimensionality. 
Self-organizing systems can heal themselves and adapt to changing 
environmental conditions. Mechanically organized systems do not heal 
or adapt; they break down.

The more complex a dynamic structure is, the more endogenously 
it is driven. Change depends not only on its external compulsions but 
on its internal conditions. Self-organization is the essence of health and 
ecological stability for living systems.

When an organism or a system is mechanically manipulated to 
improve a one-dimensional function, including the increase in one-
dimensional productivity, either the organism’s immunity decreases 
and it becomes vulnerable to disease and attack by other organisms, 
or the organism becomes dominant in an ecosystem and displaces 
other species, pushing them into extinction. Ecological problems arise 
from applying the engineering paradigm to life. This paradigm is being 
deepened through genetic engineering, which will have major ecologi-
cal and ethical implications.
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Ethical Implications of Genetic Engineering
When organisms are treated as if they are machines, an ethical shift 
takes place—life is seen as having instrumental rather than intrinsic 
value. The manipulation of animals for industrial ends has already had 
major ethical, ecological, and health implications. The reductionist, 
machine view of animals removes all barriers of ethical concern for 
how animals are treated to maximize production. Within the indus-
trial livestock production sector, the mechanistic view predominates. 
For example, a manager of the meat industry states that: “The breeding 
sow should be thought of as, and treated as, a valuable piece of machin-
ery, whose function is to pump out baby pigs like a sausage machine.”20

Treating pigs as machines, however, has a major impact on their 
behavior and health. In animal factories, pigs have to have their tails, 
teeth, and testicles cut off because they fight with each other and resort 
to what the industry calls “cannibalism.” Eighteen percent of the piglets 
in factory farms are choked to death by their mother. Two to five per-
cent are born with congenital defects, such as splayed legs, no anus, or 
inverted mammary glands. They are prone to diseases such as “banana 
disease” (so named because stricken pigs arch their backs into a banana 
shape) or porcine stress syndrome. These stresses and diseases are 
bound to increase with genetic engineering. Already, the pig with the 
human growth hormone has a body weight that is more than its legs 
can carry.

The issues of health and animal welfare are intrinsically related to 
the ecological impact of the new technologies on the capacity of self- 
regulation and healing. The issue of intrinsic worth is intimately related 
to the issue of self-organization, which is also, in turn, related to healing.

In the making of the organism, the multiplying cells seem to be 
instructed as to their respective destinies, and they become perma-
nently differentiated to compose organs. But the instructions or pattern 
for making the whole structure remain somehow latent. When a part is 
injured, some cells become undifferentiated in order to make new, spe-
cialized tissues.21

Thus, there is a self-directed capacity for restoration. The faculty of 
repair is, in turn, related to resilience. When organisms are treated as 
machines, and manipulated without recognition of their ability to self-
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organize, their capacity to heal and repair breaks down, and they need 
increasing inputs and controls to be maintained.

Ecological and Socioeconomic Implications 
of Genetic Engineering

Genetic engineering has epistemological and ethical implications not 
merely for the material conditions of our life, our health, and our envi-
ronment. Health implications are built into the very techniques of genetic 
engineering.

Genetic engineering moves genes across species by using “vectors”—
usually a mosaic recombination of natural genetic parasites from different 
sources, including viruses causing cancers and other diseases in animals 
and plants that are tagged with one or more antibiotic-resistant “marker” 
genes. Evidence accumulating over the past few years confirms the fear 
that these vectors constitute major sources of genetic pollution with dras-
tic ecological and public health consequences. Vector-mediated horizon-
tal gene transfer and recombination are found to be involved in generating 
new pandemic strains of bacterial pathogens.22

Genetic engineering also has major ecological impacts, even though 
the biotechnology industry and regulatory agencies keep claiming that 
there have been no adverse consequences from the over five hundred field 
releases in the United States.23 Existing field tests are not designed to col-
lect environmental data, and test conditions do not approximate produc-
tion conditions that include commercial scale, varying environments, and 
time periods. Yet, as Phil J. Regal has stated, “This sort of nondata on non-
releases has been cited in policy circles as though 500 true releases have 
now informed scientists that there are no legitimate scientific concerns.”24

Two studies of detailed environmental impact assessment have veri-
fied the hazards posed by the large-scale introduction of genetically engi-
neered organisms in the field of agriculture. At the 1994 annual meeting 
of the Ecological Society of America, researchers from Oregon State Uni-
versity reported on tests to evaluate a genetically engineered bacterium 
designed to convert crop waste into ethanol. A typical root zone–inhabit-
ing bacterium, Klebsiella planti-cola, was engineered with the novel ability 
to produce ethanol, and the engineered bacterium was added to enclosed 
soil chambers in which a wheat plant was growing. In one soil type, all 
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the plants in soil with the engineered bacterium died, while plants in 
untreated soil remained healthy.

In all cases, mycorrhizal fungi in the root system were reduced by 
more than half, which ruined nutrient uptake and plant growth. This 
result was unpredicted. Reduction in this vital fungus is known to result in 
plants that are less competitive with weeds or more susceptible to disease. 
In low-organic-matter sandy soil, the plants died from ethanol produced 
by the engineered bacterium in the root system, while in high-organic- 
matter sandy or clay soil, changes in nematode density and species compo-
sition resulted in significantly decreased plant growth. The lead researcher, 
Dr. Elaine Ingham, concluded that these results imply that there can be 
significant and serious effects resulting from the addition of a genetically 
engineered microorganism (GEM) to soil. The tests, using a new and com-
prehensive system, disproved earlier suggestions that there were no signif-
icant ecological effects.25

In 1994, research scientists in Denmark reported strong evidence 
that an oilseed rape plant genetically engineered to be herbicide tolerant 
transmitted its transgene to a weedy natural relative, Brassica campestris 
ssp. campestris. This transfer can take place in just two generations of the 
plant. In Denmark, B. campestris is a common weed in cultivated oilseed 
rape fields, where selective elimination by herbicides is now impossible. 
The wild relative of this weed is spread over large parts of the world. One 
way to assess the risk of releasing transgenic oilseed rape is to measure the 
rate of natural hybridization with B. campestris, because certain trans-
genes could make its wild relative a more aggressive weed, even harder to 
control.

Although crosses with B. campestris have been used in the breeding of 
oilseed rape, natural interspecific crosses with oilseed rape were generally 
thought to be rare. Artificial crosses by hand pollination carried out in a 
risk-assessment project in the United Kingdom were reported to be unsuc-
cessful. A few studies, however, have reported spontaneous hybridization 
between oilseed rape and the parented species B. campestris in field exper-
iments. As early as 1962, hybridization rates of 0.3 to 88 percent were mea-
sured for oilseed rape and wild B. campestris. The results of the Danish 
team showed that high levels of hybridization can occur in the field. Field 
tests revealed that between 9 and 93 percent of hybrid seeds were pro-
duced under different conditions.26
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The transfer of herbicide resistance to wild, weedy relatives of crops 
threatens to create “superweeds” that are resistant to herbicides and hence 
uncontrollable. As a strategy for Monsanto to sell more Roundup and Ciba 
Geigy to sell more Basta, genetically engineered herbicide-resistant crops 
make sense. Yet this strategy runs counter to a policy of sustainable agri-
culture, since it undermines the very possibility of weed control.

Just as the strategy of using genetic engineering for herbicide resis-
tance fails to control weeds and instead carries the risk of creating “super-
weeds,” the strategy of genetically engineered crops for pest resistance fails 
to control pests and instead carries the risk of creating “superpests.” In 
1996, nearly 2 million acres in the United States were planted with a genet-
ically engineered cotton variety from Monsanto called Bollgard. Monsan-
to’s Bollgard cotton is a transgenic variety that has been engineered with 
DNA from the soil microbe Bacillus thurengesis (Bt) to produce proteins 
poisonous to the bollworm, a cotton pest. Monsanto charged the farmers 
a “technology fee” of $79 per hectare in addition to the price of seed for 
“peace of mind” through “seasonlong plant control . . . that stops worm 
problems before they start.” The company collected $51 million in one 
year alone from this “technology fee.”27

The technology, however, has already failed the farmers. The bollworm 
infestation on the genetically engineered crop was more than twenty to 
fifty times the level that typically triggers spraying. Further, since Bt has 
been an important natural biological control agent used by organic farm-
ers, the genetic engineering strategy undermines the organic strategy.28

Besides the “technology fee,” Monsanto has also placed highly restric-
tive rules on farmers. As the company states: “Monsanto is only licensing 
growers to use seed containing the patented Bollgard gene for one crop. 
Saving or selling the seed for replanting will violate the limited license 
and infringe upon the patent rights of Monsanto. This may subject you 
to prosecution under federal law.”29 Monsanto “owns” the crop when it 
comes to reaping millions of dollars in rent from farmers, but it does not 
own the costs or take responsibility for the hazards that its transgenic crop 
generates.

Intellectual property rights (IPR) monopolies are justified on grounds 
that corporations are given IPRs by society so that society can benefit from 
their contributions. The failure of the transgenic cotton shows that the 
assumption that IPRs will “improve” agriculture does not always hold. 
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Instead, what we have is an example of social and ecological costs gener-
ated for society in general and farmers in particular. IPRs on crop varieties 
that are creating ecological havoc is an unjust system of total privatization 
of benefits and total socialization of costs.

Monopolies linked to this unaccountable and unjust system prevent 
the development of ecologically sound and socially just practices. Further, 
they force an agricultural system on people that threatens the environ-
ment and human health.

The imposition of monopolies, and of genetically engineered prod-
ucts, is, ironically, at the core of the “free trade” system. Legally, it is a free 
trade treaty, the Uruguay Round of GATT, that is forcing all countries 
to have IPRs in agriculture. Economically, the introduction of genetically 
engineered products is being forced on unwilling citizens and countries 
on the grounds of “free trade” which, as the case of Monsanto’s soybeans 
illustrates, translates into the absolute freedom of transnational corpora-
tions to force hazardous products on people.

World Food Day, October 16, 1996, was celebrated by five hundred 
organizations from seventy-five countries calling for an international boy-
cott of genetically engineered soybeans resistant to the chemical herbicide 
glyphaosate, which Monsanto sells as Roundup. Monsanto had genetically 
engineered the soybean to increase its herbicide sale.30

This was also a major controversy at the World Food Summit held in 
Rome in November 1996. Monsanto, which claimed its soybean was dis-
tinctive and novel to get a patent, now says that the new soybean is indis-
tinguishable from the conventional bean in order to mix the two types of 
soybeans together offshore and import them to European markets. Citi-
zens are demanding that the genetically engineered soy be labeled under 
their “right to know” and “right to choose.”

Both the soybean and cotton are now Monsanto monopolies since it 
acquired Agracetus, which has broad species patents for all transgenic cot-
ton and soy, in May 1996 for $150 million. These patents are given on the 
basis of novelty, but that novelty is denied in the face of consumer resis-
tance and concern over the safety of genetically engineered products.

As a technique, genetic engineering is very sophisticated. But as a 
technology for using biodiversity sustainably to meet human needs, it is 
clumsy. Transgenic crops reduce biodiversity by displacing diverse crops, 
which provide diverse sources of nutrition.
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In addition, new health risks are being introduced through transgenic 
crops. Genetically engineered foods have the potential of introducing new 
allergies. They also carry the risk of “biological pollution,” of new vulner-
ability to disease, of one species becoming dominant in an ecosystem, and 
of gene transfer from one species to another.

In an experiment carried out in the United Kingdom by Dr. James 
Bishop, scorpion genes were introduced into a virus to make an insecti-
cidal spray to kill caterpillars. The transgenic virus is assumed to be safe on 
grounds that it will not cross species boundaries for its target, even though 
there are plenty of examples of viruses and disease organisms finding new 
target species. Scientific evidence also shows that genetic engineering can 
create “superviruses,” viruses resistant to pesticides. Complacency on bio-
safety issues is therefore not justified on the basis of available scientific 
evidence.

A clearance has recently been given for the first trial of genetically 
engineered crops in India. They include a tomato engineered with Bt and 
hybrid brassica. There is already enough scientific evidence that genetic 
engineering with Bt is contributing to resistance and therefore is not a sus-
tainable route for controlling plant pests and disease.

The promised benefits of genetically engineered crops and foods are 
illusionary, although their potential risks are real. The illusion of genetic 
engineering is, however, not merely at the systems level in food produc-
tion and consumption. It is also at the scientific level. Genetic engineering 
offers its promises on the basis of genetic reductionism and determinism. 
Yet both of these assumptions are being proved false through molecular 
biology research itself.

Celebrating and Conserving Life
In the era of genetic engineering and patents, life itself is being colonized. 
Ecological action in the biotechnology era involves keeping the self- 
organization of living systems free—free of technological manipulations 
that destroy the self-healing and self-organizational capacity of organ-
isms, and free of legal manipulations that destroy the capacities of com-
munities to search for their own solutions to human problems from the 
richness of the biodiversity that we have been endowed with.

There are two strands in my current work that respond to the manipu-
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lation and monopolization of life. Through Navdanya, a national network 
for setting up community seed banks to protect indigenous seed diver-
sity, we have tried to build an alternative to the engineering view of life. 
Through work to protect the intellectual commons—either in the form of 
seed satyagraha launched by the farmers’ movement or in the form of the 
movement for common intellectual rights that we have launched with the 
Third World Network—we have tried to build an alternative to the para-
digm of knowledge and life itself as private property.

It is this freedom of life and freedom to live that I increasingly see as 
the core element of the ecology movement as we reach the end of the mil-
lennium. And in this struggle, I frequently draw inspiration from the Pal-
estinian poem “The Seed Keepers”:

Burn our land
burn our dreams
pour acid onto our songs
cover with sawdust
the blood of our massacred people
muffle with your technology
the screams of all that is free,
wild and indigenous.
Destroy
Destroy
our grass and soil
raze to the ground
every farm and every village
our ancestors had built
every tree, every home
every book, every law
and all the equity and harmony.
Flatten with your bombs
every valley; erase with your edits
our past,
our literature, our metaphor
Denude the forests
and the earth
till no insect,
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no bird
no word
can find a place to hide.
Do that and more.
I do not fear your tyranny
I do not despair ever
for I guard one seed
a little live seed
that I shall safeguard
and plant again.
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