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Biotechnology Briefing: A Lean Economy Paper

Genetic manipulation
An unnecessary technology
David Fleming
Fundamental biological barriers mean that genetically-engineered crops are
more likely to reduce yields than to increase them. They launch us into a sea
of troubles. Their use will rack up industrial agriculture another notch and
make it much more difficult to revert to a sustainable, low energy systems of
cultivation. So how has this technology developed such momentum?
Introduction

B

iotechnology seems to have a lot to offer.
It can extract genes from the plants and
animals in which they evolved, and insert
them in other species. It can design altered
species with useful qualities such as better
resistance to pests, drought and toxic chemicals.
It can produce crops with more vitamins and the
ability to use sunlight more efficiently. This is a
technology that comes bearing gifts.
Agriculture, on the other hand, is in trouble. Its
long record of rising productivity is faltering; the
resistance of crops to pests and diseases is
declining; weeds are becoming harder to manage.
The natural resources on which it depends are at
risk: gas, the main raw material for fertilizer and
pesticides, and oil, the fuel for all other tasks and
transport, are close to peak and decline; water is
approaching critical scarcity in the main foodproducing regions of the world; soil fertility itself
is being depleted as industrial agriculture
neglects the rotations and care needed by a living
soil. And along with the fertility, freedom is in
retreat – the freedom of farmers to make their
own decisions, to keep their own seed, to apply
intelligence, experience and local knowledge, to
make at least some of the food they produce
informally available in the community. Locallyskilled farming is being eliminated. Farmers are
losing their right to think.
But those are not problems which the new
technology can cure. On the contrary,
biotechnology reinforces all that is wrong with
industrial agriculture, postponing the needed

reform, and enabling agriculture’s problems to
mature to the point at which reform itself ceases
to be an option. The gifts being borne by this
technology are not benign.
To some extent, those gifts have already been
accepted: the agricultural industries of Canada,
the US, Argentina and China have in varying
degrees done so, but other countries are
debating it. Two conditions should be present in
a public debate: (a) the public should be
reasonably well informed in the subject, and (b)
both (or all) of the options under discussion
should in fact be feasible and reasonable ways
forward, so that the choice is a matter of
preference rather than a discussion about
whether or not to make a catastrophic error. In
the case of biotechnology and the use of
genetically-modified organisms (GMOs), neither
of these conditions apply – or not yet: the first of
them, at least, should not be impossible to meet,
for (as the first part of this paper explains) there
are just seven central but simple points to note:
1.
2.
3.
4.
5.

GMOs do not, in general, produce
more food.
GMOs do not improve crops’ resistance to
pests and diseases except for short periods.
GMOs increase weeds’ resistance
to herbicides.
GMOs are unmanageable: they cannot be
controlled or contained.
GMOs are unpredictable: the full effects
of transplanting a gene between species
are unknown.
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6. GMOs increase the risk to food security
arising from depletion of oil, gas, water
and fertility.
7. GMOs are unnecessary.
The second part considers a single question:
Why is the case for GMOs so strongly pressed?

Part One: Notes on a flawed
technology
1. GMOs do not, in general, produce
more food
For most of its history, the productivity of
agriculture has been growing. One of the periods
of most rapid advance was the twentieth century,
when yields rose dramatically, keeping roughly in
step with the rising population – although the
actual benefits of this have been mixed (see box).

Now the hope is that GMOs will be able to pick
up on the record of growth and take it yet further,
but this is unlikely. Not only is the harvest index
already close to its best, but the genetic
engineering of plants to improve their resistance
to pests and herbicides has generally tended to
reduce yields: a study of recent experience in
North America shows that the yield of soya fell by
between 1 percent and 19 percent, with a typical
reduction of about 10 percent; the yield from
some maize, engineered for pest resistance, rose
very slightly, but in the case of oilseed rape, the
study found a 7.5 percent reduction. There is as
yet little experience of using GMOs explicitly to
improve yields as distinct from protecting crops
from pests and weeds, and GM traits were initially
introduced only into a few varieties, so that some
yield problems may have been due to unsuitable

Yield
Agriculture is producing much more grain now, but is that all we want it to produce?
Higher yields. The transformation in the productivity of cereals in recent times began with the
Japanese dwarf strains of rice. Until the late nineteenth century, a mere 20% of the photosynthate (the
production of plant material by photosynthesis) was turned into seed; the rest went into the straw, the
roots and the leaves. Selective plant breeding since then has progressively raised this “harvest index”
to not far short of the theoretical maximum of 60%; it produces massive heads of seed, but it cannot
be taken very much further without reducing the stalk, the leaves and the roots to the point at which
there is no viable plant there at all. Breeding also developed plants’ ability to survive high densities –
for instance by selecting for plants with leaves that point upwards to catch the sun in a field of denselypacked grain. And these hyper-productive cereals, in turn, allow much greater applications of fertiliser
and water than before; when the old thin-strawed varieties were heavily fertilised, they promptly
collapsed under the weight of their seed-heads. It is this interaction between breeding, fertiliser and
water which drove the “Green Revolution”, and which has taken the productivity of plants about as far
as it will go.1
There is more to “yield” than just grain. Productivity is not just a matter of the amount of grain a
crop produces. Industrial agriculture, which is committed to the principle of uniformity, concentrates
on a narrow range of crops, and it is concerned only with the primary product (the grain) without regard
to any of the other resources that the crop can provide. These vital secondary products include fibre,
fuel, fodder and medicines; and they include water conservation, organic matter for soil conditioning,
and the broader role of the crop as a resource for a stable local ecology which keeps pests in balance.
They also include useful plants growing in association with the primary crop. For example, the green
leafy vegetable, bathua (fat hen, or Good King Henry) which normally grows as an associate of wheat,
has very high nutritive value, rich in vitamin A and iron, and a is remedy for intestinal worms. Together
with the wheat, it contributes to a high combined yield – but, dismissed by industrial agriculture merely
as a competitor of wheat, it is declared a “weed”, and is efficiently killed with herbicides.2
Industrial agriculture does not allow these essential secondary products to intrude on the simplydefined and simply-measured goal of yield. And yet, it is the total yield of all parts of the plant that
really matters to local people, particularly in the third world. The combined yield of a traditional harvest
may well be, in terms of value to local people, greater than the simple yield of grain provided by the
Green Revolution and its GM sequel; high commercial productivity is obtained at the cost to local
communities of profoundly reduced useful yield.3
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varieties being used for local conditions. Now a
greater range of varieties is available, and yet the
reductions in yield (e.g. the 7.5 percent fall in the
case of rape) and the unpredictability of yields
indicates a problem which may be expected to
persist.4

2. GMOs do not improve crops’ resistance
to pests and diseases except for very
short periods
The pesticide which is chiefly used by GMOs is
Bacillus thuringiensis (Bt). This is the latest in a
sequence of pesticides, each used for a decade or
so before losing its potency (see box).

delta endotoxin, is contained in a protein which is
insoluble in normal conditions; it is only in the
highly reducing conditions (with a pH of 9.5 or
more) which exist in the gut of lepidoptera larva
that it becomes soluble – and when it dissolves, it
releases the very powerful toxin which is rapidly
lethal. Newly-developed strains of Bt are effective
against the larva of other pests, including
mosquitoes, some flies and gnats, Colorado
beetles and elm leaf beetles. These properties –
the combination of effectiveness where it is
needed, coupled with harmlessness at all other
times – may be unique; should Bt become
ineffective, there are no close substitutes.8

The pesticides arms-race
Pesticides have a useful life of about ten years before the pests become immune to them
Pesticides of various kinds have been doing a useful job in the protection of crops for centuries, but
the practice of relying almost exclusively on them for the control of pests did not come until the
arrival of neurotoxins with the lethal persistence required to defend a crop from predators
throughout the growing season. First to arrive were the organochlorates, including DDT, deildrin and
chlorane, whose effects on the natural environment were described by Rachel Carson in Silent
Spring. By the end of the 1960s, however, the pests which they were designed to control had built
up an immunity, and it became necessary to turn to something stronger. The solution was provided
in part by the organophosphates – parathion, malathion, chlorpyrifos and others – and Rachel
Carson describes one experiment to assess the toxicity of parathion:
A chemist, thinking to learn by the most direct possible means the dose acutely toxic to human beings,
swallowed a minute amount, equivalent to about 0.00424 oz. Paralysis followed so instantaneously that he could
not reach the antidotes he had prepared at hand, and so he died.5

The organophosphates were used alongside an even more powerful group of neurotoxins, but less
persistent – the carbamates, which included insecticides such as aldicarb, carbofuran, carbaryl and
oxamyl. Together, the organophosphates and carbamates provided protection from insect predators
through the 1980s until their effectiveness, too, started to decline. By the 1980s, farmers would have
run short of defences had it not been for yet another group of chemicals, the pyrethroids. They were
derived originally from chrysanthemums but, in their synthetic form (permethrin, cypermethrin,
esfenvalerate), they were the most potent of all: applied at the rate of just one tenth of the
carbamates, they provided protection through the 1990s.6 The agricultural industry was able, for a
little longer, to remain defended, not just against pests and diseases, but against any real incentive
to think again about its methods.7
Then, in the mid 1990s, a new technical fix became necessary, and the sequence moved on towards
Bacillus thuringiensis (Bt).
Bt is a bacterium originally found in 1911 as a
pathogen of flour moths in Thuringia in Germany,
whose cells contain a powerful insecticide protein
which is of exceptional value. It is safe for humans
and for all other higher animals, and the most
widely-used strain (kurstaki) is safe also for insects,
but Bt is lethal for the lepidoptera larva
(caterpillars) that are the primary predators of
crops. The reason for this is clever: the toxin itself,

The use of Bt in the form of a spray requires
skilled planning. It degrades quickly in sunlight, it
must be applied at the right stage in the
development of the larva, at the correct
temperature and before the pest has bored into
the crop plant where it will be protected – and it
must be actually eaten by the larva.9 For all these
reasons it has in the past been applied
strategically to deal with particular problems.
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The only way in which it can be effective as a
routine defence is by integrating it into the tissue
of the crop itself, which becomes possible with
the use of GM technology: the gene which
produces Bt is inserted into the DNA of the crop.
However, it has no more chance than any other
routinely-used pesticide of preventing pests from
building up their resistance. Bt is claimed by the
agronomists to be a miracle; for the pests with
predatory designs on the crops, it is at first a
tricky problem in chemistry; but then, all too
soon, it is lunch. As the environmentalist
Jonathon Porritt writes,
It is astonishing that serious scientists can be so
childishly enthusiastic at the prospect of
swapping today’s chemical treadmill for
tomorrow’s genetic treadmill, all in pursuit of the
unattainable dream of pest-eradication.10

The pattern is now established: as pests develop
a resistance to the toxins that are designed to
destroy them, the toxins have to be made more
powerful, and the technologies become more
cunning, so the pests adapt, and the technologies
raise their game yet further... GMOs, in the end,
make little difference to this arms-race other than
to speed it up: when the genetically-engineered
insecticide is present permanently in several
different crops and at constant concentrations, it
provides ideal conditions for the pests to develop
immunity at their leisure. For pest control in
agriculture to be effective, there has to be
flexibility; whereas sprays can at least be switched
around, forcing the pests to deal with a variety of
different chemicals, GMOs are limited to a narrow
range of chemicals – and for the early years Bt
has been doing the job virtually on its own. It is
unlikely that genetic engineering has other
insecticides on the way with an effectiveness
anything like as great as Bt, and the risk of
finding that there is no effective replacement for
it is real. Global harvests depend on the
biotechnology of the future finding another way

of achieving the exceptional effectiveness of Bt –
and then continuing to achieve it every ten years
indefinitely.
In response to this problem, industrial agriculture
is starting to turn to the development of
completely new toxins: just moving genes around
is no longer enough; it is necessary to start from
scratch. Nanotechnology is likely to be used to
build toxins, behaviours and properties that have
never previously existed, and to produce new
creations – a combination of genetics, robotics,
information technology and nanotechnology
(GRINs). There may be some consumerresistance to GRINs becoming integrated into the
daily diet. They can also be expected to escape
into the wild ecology, and it is likely that, in due
course, it will be possible to hack into GRINs and
maliciously insert or develop a virus intended to
cause trouble.

3. GMOs increase weeds’ resistance to
herbicides
The other main use of GMOs is to enable
industrial agriculture to rely exclusively on
herbicides for the control of weeds. Intensive
applications of herbicides have become
necessary as the only way of dealing with weeds
which have become viciously persistent after
years of selection for their ability to survive them;
the problem is that the quantity now needed to
kill the weeds is enough to kill the crops too. The
solution offered by GMOs is to insert a gene into
the crop to confer resistance to the most widelyused weed-killers – glyphosate, or “Round-Up”
(Monsanto),
glufosinate
(Aventis),
and
imidazolinone (Cynamid).11
This is, however, only a short-term solution for, as
the herbicide doses increase, so does immunity
of the weeds (see box). “Inevitably”, writes the
agronomist Charles Benbrook, “the use rates of
herbicides will trend upwards” – that is, until the

Tough Weeds I
Weeds that rise to the challenge of GMOs
Horseweed, a prolific weed in the soya crops of Mississippi, quickly developed an immunity which
required a six- to thirteen-fold increase in the amount of glyphosate to achieve the same level of
control as normal horseweed. Velvet leaf developed a tolerance for quantities of glufosinate larger
than many farmers could afford; water hemp’s response to glyphosate application was simply to delay
germination until after it had been applied. In Iowa, after a few years of GM use, the 10 percent most
heavily-treated fields required at least 34 times more herbicide than fields in which GM varieties were
not used.13
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trend reaches its limit. That limit is set when the
quantity of herbicide used makes the crop unfit
for consumption, or when the soil becomes so
degraded that it is unable to support crops, or
when farmers can no longer afford to buy the
quantity of herbicide that is needed. Limits could
also be set by the build-up of herbicide in the
local drinking water, or by the presence of weeds
which are so resistant to herbicides that
cultivation of a tolerably clean crop is no longer
possible.12
Here, too, the response in the long term might be
expected to take the form of GRIN technology. It
will, of course, call for exhaustive testing,
requiring many years to reach any measure of
assurance that the newly-invented herbicides can
be used safely – but the incentive to develop the
new technology more speedily than that will be
hard to resist.

“volunteers”). However, if the volunteers happen
to be genetically engineered to survive
applications of the normal herbicides
(glyphosate, etc), the remaining options are to
turn to intensely toxic chemicals such as 2,4-D
and paraquat, or to weed the fields by hand, or to
abandon any pretence of variety and to grow the
same crop for years on end without a break.14
That is, if the previous years’ crops cannot be
eradicated from this year’s crop, then the only
solution available within the reach of GM
agriculture is to abandon rotations altogether,
raising the same crop in the same place for year
after year. This affront to the most elementary
principle of husbandry is a guarantee that pests
and weeds, and the ineradicable remains of
previous crops (which do not breed true), will
become firmly established. Agricultural ecology
in this condition is unmanageable. The

Tough Weeds II
When last-year’s crop comes back, and back, and back
In 1997, Tony Huether, who farms in northern Alberta, planted three different kinds of GM oilseed
rape resistant to, respectively, Monsanto’s glyphosate, Aventis’s glufosinate, and Cynamid’s
imidazolinones. The following year, he found his fields invaded by strains of oilseed rape which had
acquired genes giving them resistance to all three herbicides: in order to clear his land, he had to
use 2,4-D. In Manitoba, Monsanto has been reduced to sending out teams of students to weed out
indestructible volunteer rape plants by hand.15

4. GMOs are unmanageable: they cannot
be controlled or contained
GM crops are unmanageable in three ways. First,
persistence: GM varieties have a persistence
which can – and, with increasing frequency, does
– place them beyond the control of standard
agricultural practice. Secondly, contamination:
they cannot be prevented from invading
agricultural and natural ecosystems extending far
beyond those for which they were intended.
Thirdly, uniformity: if a new disease becomes
established anywhere in the world, the use of
genetically uniform crops will ensure that nothing
impedes its march.
1. Persistence
When a farmer plants a new crop, he has to be
confident that the crop which grew in the
previous year will not try to come back in force;
at the very least, he needs to have the option of
using herbicide to eradicate newly-germinated
plants from the previous crop (farmers call them

application of yet stronger chemicals reaches its
intrinsic limit when the land becomes unable to
support any crops fit for human consumption.
The changes to the composition of the soil due
to
the
presence
of
GMOs
include
microorganisms, seeds and other genetic
material which, through reproduction, persist
indefinitely, so that there could be effects which
cannot be eradicated. The degree to which
reconversion or “decommissioning” can
subsequently restore the land for conventional or
sustainable agriculture is not known.
2. Contamination
The genes that have been inserted into the crop
do not stay put; they spread themselves around
in three ways:
Pollen and seeds: Pollen spreads GM genes fast
and far. Tree pollen can travel 600 kilometres on
the wind; pollen from all plants is industriously
spread through the locality by birds, bees, insects,
fungi, bacteria and rain. When this year’s pollen
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has gone as far as it can, it fertilises the plant
which will be the starting-point for next year’s
journey. And, not far behind the pollen come the
seeds, spread by the wind, by birds, by the
transport of grain, the contamination of grain
elevators and combine harvesters. There is no
effective way of containing genetic pollution. In
Saskatchewan in Canada, almost the whole
organic oilseed rape sector has already been lost;
in fact, the cultivation of GM-free crops of maize,
oilseed rape and soya, is for practical purposes
no longer possible anywhere in Canada.16
Competition: GM plants do not necessarily have
a competitive advantage with non-GM plants, but
in some cases their advantage could be decisive.
GM trees containing insecticide-producing genes,
for instance, will be able to invade wild
ecosystems with ease, disrupting the system as
they go.17
The wandering gene: When a gene is inserted
in the DNA of an organism, it is bundled together
in a “construct” with genes needed for various
functions such as inserting the gene, activating it
and identifying it. The constructs are designed to
be mobile – and that mobility persists so that,
when the gene has moved in, it is reasonable to
suspect that it could all too easily move out
again, in a process known as “horizontal
transfer”.18 There is growing evidence that the
mobile properties conferred on a gene are indeed
likely to work in both directions. Among the
accessible organisms into which the wandering
gene can migrate are the gut bacteria of the
animals (insects, bees, cattle and humans) that
eat the GM food, although it is not known to
what extent the gene can continue to function
after the transfer. There is also evidence that the
transfer can occur among fungi and bacteria in
the soil, spreading among the microorganisms
and fungi that sustain the soil and the natural
environment.19
3. Uniformity: crops without boundaries
All hybrid crops produce uniformity, which helps
in harvesting, in processing and in the
identification of particular varieties and their
breeders; it also helps sales of seed, since hybrids
cannot themselves be successfully used for the
following year’s seed, so that farmers have to buy
seed from the breeders every year. Naturally, the
case for hybrids has been pressed by the seed
industry rather than by farmers, and the
dominance of hybrids in American agriculture
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was established in the 1930s following a vigorous
campaign by the industry. The danger of this
uniformity showed up in 1970: corn leaf blight
swept through the southern states of America; it
encountered no genetic resistance for thousands
of miles.
GMOs make the evolution of a virus even more
likely even than it is in the case of uniform nonGM hybrids. Conditions for the rapid evolution of
viruses and pests are provided, for instance, by
the permanent presence of a GM substance in
every tissue of the crop, and as an example of
that, we have the practice of engineering plants
such as papaya and plum with genes instructing
them to make viral proteins (which provide
protection against the virus with which they are
associated). If a different virus now invades the
plant, it will have a ready-made supply of alien
virus protein with which it can, in a process of
viral recombination, evolve into a new form
against which the plant has no defences. Another
way in which a new virus, or a predator with new
characteristics, could come into existence is
simply by evolution in response to the constant
presence of an engineered toxin. A third route, as
explained below, is a direct but unintended
consequence of importing alien genes into a cell:
it is not known in detail what those
consequences will be: it is likely, however, that
some of the unexpected effects will survive and
multiply.
5. GMOs are unpredictable: the full effects
of transplanting a gene between species are
unknown
Almost all commercial operations in the late
market economy involve some degree of assetstripping of the natural environment.
Biotechnology takes this down to the detail of
DNA; it claims that what it is doing is science,
and that criticism of GM technology is criticism of
science. However, this is as accurate as the idea
that opponents of logging are anti-forest, or
opponents of industrial fishing are anti-fish.
The principle on which GM technology is based
– so simple that it should immediately arouse
suspicions – is that, when a gene is extracted
from the DNA of its own species and implanted
in another, it will carry on doing the same job as
before. On this assumption, useful characteristics
can be fitted together almost at will to produce a
designer-organism, so that the range of new
plants and creatures that can be created and
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brought to life is limited only by the imagination:
“...furniture that is grown rather than made;
clothing that eats the dead skin its wearer sheds;
miniature pet dragons (fire-breathing optional) as
household pets”.20 It is, perhaps, fortunate that
this vision of the future from The Economist
magazine is an extreme case of the banal, kitsch
and dispiriting, since this tempers the
disappointment of discovering that, actually, the
function of DNA is not as easy as that: it is not a
self-service counter at which biotechnologists can
simply pile up their plates with whatever
combination of goodies they wish. What the
science actually tells us is that the gene’s activity
depends on its interactions with the proteins and
other constituents of the cell and that, when a
gene finds itself in a new biological environment,
this collaboration is disrupted. The biologist
Barry Commoner explains:
The living cell is a unique network of interacting
components, dynamic yet sufficiently stable to
survive. [It] is made fit to survive by evolution; the
marvellously intricate behaviour of the
nucleoprotein site of DNA synthesis is as much a
product of natural selection as the bee and the
buttercup.21

It is, therefore, only to be expected that the
organisms into which genes have been implanted
usually die, and that most of the survivors are
damaged. Those with obvious damage are
weeded out; the less obvious failures are those
that survive but have a defect which becomes
apparent later, in subtle ways. Some curious
effects are being observed by farmers in the form
of unexplained interactions between crops and
the animals that eat them (or refuse to eat them).
There are the pigs that do not farrow (conceive)
when they are fed on GM grain, the cows, elk and
rats that refuse to eat it, the soya plants whose
stems split open before the harvest, that fall
victim to pests that the farmers have never seen
before, that refuse to germinate, that prove to be
highly unstable in successive generations.22 The
studies which could show for certain whether
such effects are due to GMOs or to some other
cause, and which could explain why they occur,
have not yet been done; all that can be said for
the time being is that these effects are linked by
experienced observers to the presence of GM
crops, and that they are indications that the
technology has unintended consequences.
Such practical experience by GMO growers is
commonly dismissed as the effect of the weather,
as anecdotal, or as evidence of poor husbandry.

What we have here, however, is a technology
built on unknowns. This is not the first time the
application of a new technology has developed
far beyond the understanding of the science on
which it is based; there is an honourable, if
painful, tradition of trial and error in every field
from flight to medicine, but in the case of
biotechnology, there are three differences. The
first is that the error tends to be suppressed and
denied because the flaws that are revealed are
so fundamental that they threaten the existence
of the entire technology. The second is that
GMOs seem to be so very innocuous: a GM
plant looks so like a non-GM plant that any
concern about the GM process can be
maliciously derided as paranoia. Thirdly, many
of the errors which can be expected to occur in
the case of GMOs do not become apparent until
after they are already established as unwanted
mutations in living and reproducing organisms
in the environment. They can then reveal their
true characteristics at leisure.
6. GMOs increase the risk to food supplies
arising from depletion of oil, gas, water and
fertility
Industrial agriculture depends on a steady flow of
cheap oil and gas, on abundant supplies of water,
and on its inherited capital of fertile land. All of
these, to varying degrees, are at risk, and it is here
that we see the chief threat to the security of
supply of food. GM technology, far from offering a
solution, actually intensifies the problem.
Oil: GMOs are designed for large-scale
production of single, uniform crops, using giant
labour-saving equipment, and backed by long
distance transport with central processing and
distribution. Industrial agriculture is already
vulnerable to any interruption in the event of a
breakdown in the flow of oil but it would, in
principle, be possible to convert to an energyefficient, localised form; eventually the chemical
residues in the soil would decompose, and
fertility would rebuild. In the case of GMOs,
however, changes they cause to the soil and
problems with their volunteers could make
decommissioning and returning to conventional
crops a very lengthy process, or impractical. The
heavy energy-dependency of agriculture could
become irreversible.
Gas: GM systems are dependent on gas as the
raw material for chemicals and fertiliser.23 GMOs
reduce yet further or eliminate the use of good
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fertility-building practices such as mixed farming,
the composting and re-use of organic material,
and rotations – the practice of switching crops
around in successive years and using fallow
periods to prevent the build-up of pests and
diseases and to build fertility. Dependence on
artificial fertiliser becomes even more deeply
entrenched.
Water: The effect of GMOs is more ambiguous.
Crops which are engineered for herbicide
resistance make it possible for farmers to prepare
the land for next year’s crop by spraying their
fields with a powerful herbicide, instead of
ploughing. This “no-till” cultivation has the
advantages that it does not disturb the soil, and
leaves a covering of dead plants (a kind of mulch)
on the land which protects it from erosion and
helps it to conserve water. It may well be,
therefore, that in the short term, biotechnology is
consistent with water conservation. The
disadvantage is that, with the heavy application
of herbicide and the lack of rotations, the fertility
of the soil can be expected to deteriorate, ruling
out any savings in water. An adequate analysis is
still lacking; current knowledge of fertile soils,
however, indicates that the water-retention
properties of an impoverished soil are poor.
Moreover, crops which are engineered to be
drought-resistant would be no compensation for
the loss of a water-retaining fertile soil.
Fertility is directly eroded by GMOs. Genetic
modification is intended, amongst other things,
to eliminate the need for crop rotations. In fact,
soil that has been repeatedly treated with
herbicides which only a GM crop can withstand
will not be able to support any other crop, and it
may even be poisoned by Bt toxin exuded
through the roots of the GM crop. Cropland
which lacks rotations, drenched with toxic
chemicals and drained of much of its organic
content cannot be regarded as fertile.

7. GMOs are unnecessary
There might conceivably be a case for putting up
with the array of problems and dangers
presented by GMOs if there were no alternative.
However, genetic engineering is an unnecessary
technology. Much better results – higher yields
and more jobs – can be delivered in other ways,
at much lower cost, and with a protected
environment. GMOs are an extended – or
overextended – development of industrial
agriculture, and the alternative to them lies in an
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alternative to industrial agriculture itself. This is a
practical, down-to-earth way forward, and it has
two central defining features: it builds and
conserves fertility by using rotations and recycling
nutrients, and it controls pests and diseases
effectively by intelligent local management of
plants and predators. From those two startingpoints, it is possible to develop other
opportunities which include conserving water
both in the soil and as a productive resource in
aquaculture, conserving and using the farm’s
endowment of renewable energy, and sustaining
cooperative relationships with consumers and
other farmers in the locality.24
Sustainable agriculture, freed from the paralysis
of chemical-dependent technology, is capable of
being extremely productive: it produces a lot of
food. In developing countries, for example, the
yields achieved by farmers using sustainable
agriculture – though variable, depending on the
crop and the particular circumstances – have
been shown to average almost twice the yield
obtained from the conventional combination of
fertilisers and pesticides. As reported in a recent
survey by Jules Pretty and Rachel Hine25, soil
erosion can actually be reversed, with the soil
increasing in depth and recovering its ability to
retain water and nutrients; water needed for
irrigation can be reduced by as much as 80
percent; pesticides can be cut by two thirds, or
eliminated entirely. And secondary benefits
follow, such as the opportunity to produce fish
in the pesticide-free water of paddy-fields and
freedom to experiment in ways which combine
modern science and local knowledge. Examples
of this kind of local innovation include the
newly developed “System of Rice Intensification”
in Madagascar which improves productivity by
between three- and six-fold, the design of
cultivation systems for salt water in Vietnam,
and the two-orders-of-magnitude increase in
local organic production achieved during the
1990s in Cuba.
In comparison with advances in husbandry such
as these, GMOs are an irrelevance. The
technology is simply unnecessary for sustained
or expanded food production – and not just in
the third world. In the industrialised countries,
yield is not in itself the major issue; farmers
already produce too much. What matters here is,
first of all, the high cost of industrial agriculture
which is mainly paid (and obscured) by subsidies;
the other three problems are the acute
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vulnerability to an interruption in the supply of
oil and gas, the damaging impact of agriculture
on the environment, and the increasing
resistance of weeds, pests and diseases to
industrial biocides. GMOs are, at best, neutral
with respect to the first of these (cost), and the
next two problems are intensified rather than
relieved by GMOs. Only in the case of overcoming
resistance could GMOs have, in theory, a useful
part to play – but here, too, we have seen how the
brief mitigation of crops’ vulnerability to pests
and weeds quickly breaks down. The only
coherent response to all these four issues
confronting modern agriculture is to approach
them in a completely different way: sustainable
agriculture consists of working with the local
ecology, using the enduringly effective services it
provides for free.
GMOs, then, are a technology we do not need.
Even the special services it is claimed to supply
turn out to have doubtful value. One example of
this is the case of Golden Rice, that famous
source of vitamin A: it turns out that a person
would have to consume some nine kilograms of
cooked rice, twelve times the normal intake, to
get the necessary vitamins. The rational way of
supplying vitamin A, and a lot of other nutrients
at the same time would be to eat green
vegetables.26 Even drought-resistant GM grain is
at best an imitation of the many drought resistant
varieties now being revived in India after
becoming temporarily obsolete during fifty years
of profligate irrigation in the twentieth century.27
And – beyond food production itself – there is
the matter of the production of industrial
materials which, as is now beginning to be
recognised, can be provided in immense and
unexplored variety by the application of good
science to materials derived from plants, animals
and microorganisms. Do we need biotechnology
to make this happen? The materials scientist,
Paul Geiser, thinks not:
... the technological possibilities for new industrial
materials based on natural processes are rich and
varied enough that it appears unnecessary to leap
to gene-altering technologies that raise
unexplored risks. A rush to invest in genetically
modified industrial materials or materials
development processes appears cavalier when so
many natural processes remain unexplored and
untapped.28

In medical research, too, it is now recognised that
GMOs are not simply unnecessary; as the

medical scientist David Horrobin, explains, the
technology has become a handicap:
From the 1930s to the 1960s, biomedical science
bore some resemblance to an integrated whole.
There were researchers working at every level of
biological organisation – from subcellular
biochemistry, to whole cells, to organs, to
animals, to humans. This was a golden age.
But, starting in the 1960s, molecular biologists
and genomics specialists took over biomedical
science. Everything was to be understood
completely at the molecular genomic level.
Everything was to be reduced to the genome.
Now we have an almost wholly reductionist
biomedical community, which repeatedly makes
exaggerated claims about how it is going to
revolutionise medical treatment – and which
repeatedly fails to achieve anything. The idea that
genomics is going to make a major contribution
to human health in the near future is laughable.
But the tragedy is that the whole-organism
biologists and clinicians who might have helped
to unravel the complexity have almost all gone,
destroyed by the reductionists.29

Unnecessary: we do not need to launch ourselves
onto this sea of troubles.

Part Two: Why is the case for
GMOs pressed so strongly?
In view of what we have seen, why have GMOs
developed so much momentum? Why does this
technology seem to be unstoppable? Four
reasons are particularly relevant.
1. The technology: Technology has advanced
faster than our understanding of how to handle
it. We are still at the naive, even primitive, stage
at which we regard technology with awe and
reverence, sacrificing to it whatever it demands.
What we get back is a host of problems – but
they turn out to be rather useful, for they call for
another technical fix, so that the need for
technical advance becomes greater than ever.
The result is an endless series of technical fixes,
each one more remote from the husbandry at the
start of it all; each fix demands greater sacrifices
and prepares the ground for a sequence which,
for some key industrial and academic interests, is
a source of income.30
The problem is that GMOs are embedded in a
debased scientific culture which sees it as
desirable to avoid the application of critical
judgment. This is a “hands-off” approach to
science: there is an ostensible commitment to
intellectual rigour, which is sought by allowing
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the evidence to “speak for itself”, without
contamination by the application of critical
judgment, or by any interpretation of how it fits
into a wider picture. The price of this rigour is
simplification and reductionism, substituting a
neat model for the turbulence of the real thing;
the prize is certainty, an escape from the systemsliterate, scientific reality that it is the connections
that matter and that a degree of uncertainty and
unexpectedness is intrinsic to any grounded
understanding. We see the effect of this parody of
science in the brilliant, yet socially and culturally
empty mathematical modelling which has been
so influential in the development of academic
economics;31 we see it in statistics, where the
ideal of allowing the numbers for speak for
themselves, explicitly avoiding the error of
thinking about the issue itself, has led to
improbable but influential conclusions about the
environment.32 It is there in the reduction of
biology to genomics, as David Horrobin (above)
explains. And we see it, as Larry Siedentop notes,
in the narrowing and fragmentation of
intellectual life as a whole:
At first glance the separation of philosophy,
economics and political science into distinct
“subjects” has brought to them far greater
precision and sophistication, and nowhere more
so than in the development of economic theory.
[But it] has fostered a widespread fear about
straying outside one’s subject, outside the
discourse of any profession. ... Those concerned
with the nature and operation of political systems
– ‘political scientists’ as they are now called – have
by and large ceased to operate with any
conception of human well-being or flourishing.
They shun passion.33

There is no reason why agriculture should be
exempt from the curse of reductionism. This
means that, in a sense, the debate about GMOs
is vetoed before it has started: the technologists
are self-appointed guardians of the thin and
infantile specialisms they misrepresent as
“science”; any attempt to apply judgment which
challenges or even attempts to understand the
direction of technology can in this way be simply
ruled out of order on the grounds that it is antiscience or – as one leading representative of this
view, John Maddox, puts it – “so partial and
deliberately biased as to be misinformation”.34
2. The logic: The case that is made for GMOs
typically employs a logical fallacy of a particular
kind: “begging the question” – petitio principii.
An argument begs the question when it uses the
assumption that a proposition is true as the basis
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on which to argue that it is true. For example, the
statement, “We have to use GMOs in order to
feed the world” contains within it the assumption
that GMOs can (safely and sustainably) feed the
world, but the question as to whether GMOs can
actually do so is precisely what the debate is
about – and it follows that a statement which
takes this as a given begs the question: it is a
pointless but misleading statement, and it should
be as unacceptable for a politician as the related
misdemeanours of telling lies or taking bribes.
The standard of logic-literacy at present is poor,
so the error is almost never recognised or picked
up; even the term “begging the question” is used
mainly in the different sense of “raising a new
question”. In fact, the use of the fallacy is often
merely a warm-up act for a restatement of it in a
yet more logically-collapsed form, e.g.: “By
opposing GMOs, you are condemning millions to
starvation”.35
Corrupt argument, once established, tends to
pollute the entire debate: “After a pointless
experiment that involved feeding rats with
potatoes modified to produce a poison,” writes
The Economist, “parts of Europe developed mass
hysteria.”36 This hyperbole refers to a careful
experiment by Dr Arpad Pusztai which compared
the effect of the non-toxic snowdrop lectin
(Galanthus nivalis – GNA) administered to rats
in identical quantities by (a) engineering the gene
into the potatoes, and (b) adding lectin itself to
the potatoes. The rats fed GM potatoes showed
significant changes, notably increases in the
mucosal thickness of the stomach and the crypt
length of the intestines, indicating that the GM
process itself has consequences which we know
nothing about. Dr Pusztai notes, “it is therefore
imperative that the effects on the gut structure
and metabolism of all other GM crops developed
using similar techniques and genetic vectors
should be thoroughly investigated before their
release into the food chain.”37
This issue of safety is assumed away by advocates
of GMOs: the neglect of the safety of GMOs in a
culture of paranoia about the safety of longstanding assets such as local abattoirs, smallscale cheese production, homoeopathic remedies
and children’s swings seems to be an indication
not just of logical error but of a pathology of
public debate which has deteriorated to the point
of derangement. In a debate without logic, there
are no links, no “therefores”; instead, as Pusztai
calmly reflects, “most of the adverse comments
on this Lancet paper were personal, non-peer
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reviewed opinions and, as such, of limited
scientific value”.38
3. The economics: The obvious alternative to
using GMOs would be simply to stop using them.
However, this would be resisted for two reasons.
First, the seed and chemical providers like
Monsanto, which have not been making the large
profits from GMOs that they expected, and are
already faced with mounting litigation, would
quickly be bankrupted. Monsanto’s patent on the
world’s leading weed-killer, glyphosate, ran out in
2000, and the genetic engineering of crops which
were resistant exclusively to glyphosate was at
first sight a clever response. The industry now
has the motivation, resources, politics and
persuasive skills to mount a formidable
defence.39
Secondly, industrial agriculture already has
difficulties of its own – notably the increasing
persistence of pests, diseases and weeds. The
solution to this is to reform agriculture as a
whole, rebuilding it on the principle of
sustainable husbandry and moving away,
substantially or completely, from dependence on
agricultural chemicals. Although the economic
benefits of this would be immense, there is
inertia: changes not just in the use of GMOs but
in the nature and fundamental principles of the
whole agricultural industry worldwide would be a
massive undertaking, involving loss of face, loss
of revenue, and unbearable changes to life-long,
industry-defining mindsets.
One of the powerful advantages which the
agricultural chemicals industry has in its defence
is that the alternative – sustainable agriculture –
is so detailed, so diverse, so local. These are not
problems; they are the content of the discipline of
husbandry; they are its reality, as distinct from the
quick fixes of industrial agriculture, which are its
drug. Sustainable agriculture would restore to
farmers the power to make decisions in the light
of their own needs and experience; it would lift
the burden of regulation and distrust from the
food producers of the world. Simple, global rules
are easy to devise and administer, but complex
local detail is impervious to central
administration; local sustainable agriculture
would therefore spell redundancy not only for the
agricultural chemical industry, but also for
regulators and bureaucrats. However, control is
addictive; naturally, the controllers, too, will use
every means they can to defend themselves.

4. The soil: Once GMOs have been used in an
area, it will not be easy to go back to GM-free
husbandry. A changed soil and resistant weeds
are to be expected; uncontaminated seed has
become hard to get in areas where GMOs are
widely used; conventional Bt spray is becoming
less effective as a result of over-use by GM crops,
eliminating one of the main lines of defence
open to sustainable agriculture; habitats for the
predators of crop pests are altered, particularly as
GM crops spread to forestry; the produce of farms
can no longer be guaranteed to be free of GMOs,
and will remain suspect for many years. The
technology is unforgiving; there is a sense that,
once it has started, it will never go away, and that
there is no choice but to develop constant new
fixes to try to control it. Governments and
companies, having started down that path, and
having produced something which threatens to
be unstoppable, are likely to be driven by fear.
Now for the positive feedback: the most effective
way of allaying fear of something which is
suspected to be unstoppable is to join it, to
maintain the pretence that actually you are using
its powers for your own ends, that you are in
control. With each rise in the level of fear, the
industry’s standing as the only body with the
power and the expertise to solve the problem is
advanced; the incentive for an alliance between
the industry and the authorities gets stronger. All
regimes built on fear are extremely stable; after a
long delay, they are eventually destroyed – rather
suddenly.

Conclusion
Can genetic engineering be stopped? It can.
However, there are difficulties. First, in the
countries where it has already become
established, the many technical problems we
have noted in this paper would not end
immediately upon a decision to stop using
GMOs; and yet, the presumption has to be that
these difficulties are not insuperable. In the many
countries where GM crops have not yet been
grown commercially, the technical difficulties are
of course drastically reduced, though some
contamination from testing sites is to be
expected. Secondly, there are the borderline
cases between medicine and agriculture – the
breeding of pigs for spare parts surgery, for
example. The arguments for and against this are
not the same as those relating to agriculture, but
the two uses of biotechnology are similar enough
to complicate the debate: Where exactly is the
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borderline to be drawn between the engineering
of pigs to be used for agriculture, and pigs to be
used for spare parts? Where do you stop? This
“slippery slope” objection, though logically trivial,
is effective in sabotaging sensible debate and
decisive action. Thirdly, there are weighty political
and commercial interests in favour of continuing
with the technology. Fourthly, our society has a
poor record in the field of science policy: there
are instances, such as human cloning, where an
informed public choice has been insisted-upon,
but the usual presumption is that where
technology leads, society should follow.
There is a real prospect of the technology being
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Big biotech’s plans for domination run into difficulties

T

he giant transnational biotech companies
have set their sights on controlling the
world’s food supply by owning and
licensing the genes used to produce it. Jeffrey M.
Smith’s excellent book Seeds of Deception:
exposing corporate and government lies about
the safety of genetically engineered food (Green
Books, 2004) reports that a representative of the
Arthur Andersen Consulting Group told a
biotech industry conference in January 1999 that
his company had asked Monsanto what their
ideal future looked like. Monsanto replied that
they wanted a world in which 100 percent of all
commercial seeds were genetically modified and
patented. Andersen Consulting then worked
backward from that goal and developed a
strategy to achieve it.
Part of the plan was to get GM foods into the
marketplace quickly before resistance could
build up. According to a biotech consultant, "The
hope of the industry is that over time, the market
is so flooded [with GM] that there's nothing you
can do about it. You just sort of surrender".
The companies have already gained the right to
sell animal feed containing GM material without
the resulting human food having to be labeled as
such. They are now trying to get the World Trade
Organisation (WTO) to force the world’s
governments to accept their patented and
proprietary GM seeds, crops, livestock, and
related foods. If they succeed, the consequences
will be irreversible, since GMOs cannot be
recalled after their release. GM contamination of
crops and livestock reduces farm incomes, makes
organic farming impossible, threatens biodiversity
and human health, and robs consumers of their
right to choose whether to buy GM food or not.
The companies insist that foods containing GM
ingredients are safe because they are
“substantially equivalent” to conventional foods.
The WTO has accepted this and is using its rules
prohibiting countries restricting trade because of
differences in production methods to try to stop
governments banning imports of GM goods.
With corporate encouragement, the governments
of the USA, Canada and Argentina have filed a
joint complaint against the EU with the WTO,
claiming that European resistance to GM food
and crops is illegal and costs GM companies and

GM farmers billions of dollars in lost revenues. If
the WTO rules in favour of the complainants, EU
governments may face massive punitive
sanctions and other governments will probably
abandon their resistance to the global GMO
invasion.
World-wide resistance to GM food and farming is
growing rapidly. In 1998, the European
Commission imposed a de facto moratorium on
GMOs because 70% of EU citizens opposed GM
food. This was lifted in 2004 subject to the
proviso that (a) human food containing more
than 0.9% GM ingredients be fully labeled and
traceable, and (b) member states set up
legislation and liability régimes prior to allowing
any “co-existence” of GM with conventional and
organic crops. But the official EC report on “coexistence” found that the process would be
extremely difficult to manage, and New Scientist
magazine reported in September 2004 that GM
pollen can contaminate crops 21km away. As a
result, European “co-existence” of GM with
conventional crops is unlikely to be accepted.
In 2001, EC directive 2001/18/EC recognised the
right of local areas to be GM-free and allowed for
GM-free buffer zones to protect organic farms
and other special places. The Assembly of
European Regions is now campaigning to
strengthen the legal recognition of GM-free zones
and regions. These have already been established
in 22 of the 25 EU member states (www.gmofreeeurope.org).
In 2003 major food brands removed GM
ingredients, and the Cartagena Protocol on
Biosafety recognised the right of any government
to ban or restrict GMOs on the basis of the
Precautionary Principle. In August 2004, the EU
won the first round in the legal struggle with the
US, Canada and Argentina when the WTO
Dispute Panel accepted the EU’s demand for
scientific opinion on GM risks. This will delay the
resolution of the dispute until 2005 or 2006.
But perhaps the best news of all is that the
demand for GM-free food and animal feed will
soon outstrip supply. This will make GM-free
farming much more profitable than the
alternative and remove any commercial incentive
that farmers might have had to make Monsanto’s
dreams come true. - Michael O’Callaghan.

Michael O’Callaghan is chairman of Global Vision Consulting Ltd – www.global-vision-consulting.com and coordinator of the GM-free Ireland Network – www.gmfreeireland.org

FEASTA REVIEW Number 2

95

