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1
INTRODUCTION AND SUMMARY

Gloom reigns supreme. Any thought of progress is scoffed at.
According to the received wisdom, the earth's “carrying capac-
ity” will not permit global prosperity and “human nature”
guarantees that any attempt to advance beyond capitalism will
end in tears. Challenging these grim prognoses requires a
“technofix” approach, and that is what the reader will find in
the following pages.

The planet’s capacity to comfortably accommodate us is lim-
ited only by the application of human ingenuity, something we
are never going to run out of. Food production can be increased
by making better use of land and water resources, modernizing
backward agriculture, and developing higher yielding and
more resilient varieties of crops and livestock. Our increasing
energy needs can be met from an array of old and new
resources. The fossil fuels - coal, oil and gas - on which we pres-
ently rely so very heavily, are ample enough, with the applic-
ation of better methods of extraction and processing, to
continue playing a major role for quite some time, and they can
do so while keeping CO:2 emissions within reasonable limits. In
the longer run other energy resources will take on a greater
importance, as their technologies develop and their costs de-
cline. The options in view include sun, wind and wave, as well
as uranium and thorium for nuclear power, and the geotherm-
al energy beneath our feet. Then there are others we can only
dimly foresee, if at all. At the same time, we will find all the
raw materials we need to produce ever increasing quantities of
goods and services. Most of these materials are in great abund-
ance and are bound to become cheaper with new methods and
new opportunities to substitute less costly for more costly ones.

We can get what we want without threatening the bio-
sphere’s “life support systems”. While our impact on the
natural environment is extensive, it is nothing compared with
the battering that the earth withstands on a regular basis from
super volcanoes, meteors and ice ages. Furthermore, progress
leads to cleaner technologies and better knowledge of how to
conserve and manage ecosystems.

We will definitely be making increasing use of our large and
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expanding carrying capacity as the economies of developing
countries continue to grow, albeit patchily. By mid century the
number of countries and proportion of the world’s population
in the affluent category will have increased significantly. Others
will follow later in the century with some stragglers such as
Sub-Saharan Africa taking until early in the 22nd century.

As the world’s population increases from its present 6.5 bil-
lion to 9 or 10 billion in the second half the century (at which
point it is expected to plateau, at least temporarily), a 2.5 to 3
fold increase in grain production will provide everyone with all
the food they need, including produce from grain fed livestock.
This can be achieved mid century with an average annual
production growth rate of 2 per cent. A slower rate would only
mean a delay by several decades.

As the century progresses an increasing proportion of the
developing world will reach the per capita energy consumption
levels presently achieved in the rich countries.: Total per capita
energy production for a world with 9 billion people requires a
4.5 fold increase to reach the current rich country average. For
a world with 10 billion, a 5 fold increase is required. These
increases could easily be achieved this century if we maintain
the growth rates seen in recent times and those expected in the
next few decades. We can expect raw material needs to grow at
a similar pace given they are used to build the industries,
infrastructure, motor vehicles and homes that use the energy.

We can expect to see the demand on resources by the coun-
tries that are already rich to decline in importance. Their food
consumption will stabilize given that their population is not
expected to grow much beyond its current level of around one
billion and satiation levels have been generally achieved. Being
at the technology frontier their economies will grow more
slowly than those of catch-up countries. Also their stage of
development and static population means less expansion of
energy intensive production such as heating, cooling, transport
and infrastructure.

Being permanently stuck with capitalism is certainly a
gloomy thought. Affluence on average conceals gross inequal-
ity, and whatever affluence is achieved is for most people
accompanied by alienating employment and limited personal
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development. If human nature has made capitalism necessary,
it was because we needed profit seeking capitalists to make us
work. However, in the developed economies this is becoming
less and less the case as technological progress transforms work
generally into something which we want to do primarily for its
own sake. On average it is becoming more interesting, complex
and challenging as evidenced by the fact that over half the
present workforce requires post-secondary training. Most of the
really dreadful, dangerous and exhausting jobs have already
disappeared and with increasing automation most of the dreary
and menial ones will decline over the course of coming
decades. Furthermore, under these new conditions, collective
ownership by willing producers provides a more efficient
economic motive force than ownership by a master class. It can
more effectively tap into the creative powers of the vast
majority and is not hidebound by sectional interest.

Any case for collective ownership, of course, has to pay heed
to the prevailing view that the economically inefficient police
states in the “communist” countries have shown that socialism
is inherently flawed. As argued in the final chapter, socialism’s
lack of success in those countries was mainly due to the fact
that they were only beginning to emerge from feudalism .2 Just
getting capitalism to develop in such backward conditions is a
mighty achievement, let alone socialism. A socialist revolution
in North America or western Europe, while having its own
challenges, would be on far firmer ground. In particular, there
is the transformation of work just referred to plus the fact that it
is carried out by a working class that is in the majority, is
educated, is worldly wise, understands what the revolution is
about and is not easily browbeaten.

A somewhat more obscure argument against socialism which
economists raise is also addressed. They argue that we cannot
do without capitalism because we require markets for inter-
mediate goods. These are the inputs that firms obtain from
other firms for use in the production processes, and include
raw materials, components, factory buildings and machinery.
According to this view, if you do not have market relations you
are stuck with top-down direction of what is produced and by
whom, and this is a method which becomes increasingly in-
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effective as the economy becomes more complex. As argued in
the final chapter, they are right about identifying markets for
intermediate goods with capitalism but mistaken in their belief
that decentralized price setting and resource allocation requires
a market exchange.

Of course, radical change does not occur just because condi-
tions for it are favorable. We have to understand what has
happened and then act. With anything new and daunting, it
takes a while to catch on and then leap into the unknown. And
when we finally make a move we are bound to confront a steep
learning curve and considerable resistance from remaining
supporters of the existing order. So while the future is a bright
one, the road ahead may still be long and bumpy.
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CREATING FOOD ABUNDANCE

Food production will have to increase considerably over the
next half century to ensure that everybody has all the food they
want. The 9 billion or so individuals expected by 2050 will have
to be much better fed than most of the present 6.5 billion.

At the moment, almost a billion people are under-nourished,
receiving far from adequate levels of calories and other nutri-
ents. The region with the largest number in this category is
South Asia, where just under a quarter of the population are in
this wretched condition. The region with the highest proportion
in this category is Sub-Saharan Africa with over a third3
Worldwide, some 170 million children under five years of age
are underweight due to malnutrition.* This makes them vulner-
able to a range of diseases and it is estimated that around 3.7
million died in 2000 as a result® Two billion people or more
have iron, iodine and zinc deficiencies® and one fifth of the
global disease burden is due to undernourishment.”

Then there is the majority of people who receive a more or
less adequate diet but with rising incomes aspire to more
‘luxury’ foods, such as fruit, vegetables, meat and dairy prod-
ucts, which for a given level of calorie consumption require a
lot more resources to produce. The calories from a hectare of
most varieties of fruit or vegetable are far less than the calories
from a staple grain, such as corn, rice or wheat, grown on the
same area. Likewise, in the case of grain-fed livestock and
poultry that consume far more calories than what humans get
from the final product. About 50 per cent of current world
grain production goes to feeding animals rather than humans.?
Obviously if the grain were consumed directly, it would feed a
lot more people. It would be more ‘calorie efficient’. Then we
have increasing demand for products such as tea, coffee,
alcoholic beverages, chocolate, herbs and spices that are not
consumed for the nourishment but which draw on resources
that would otherwise be available for the production of staples.

This increasing pressure on resources as most people move
up the “food ladder” will be alleviated to some extent by a
number of factors that increase calorie efficiency. These include:
an increased preference for chicken rather than red meat; the
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development of a greater range of palatable meat substitutes;
and the development of improved livestock and feed.

A major upsurge in vegetarianism might help, however,
there are no signs of this happening. Besides, vegetarianism of
the affluent requires a wide range of fruit, vegetables, herbs and
spices and possibly various exotic grains that are low in yield
and resource efficiency. Even in India where vegetarianism is
imposed by the tyranny of religion, a growing share of grain is
going to support the burgeoning dairy industry. Furthermore,
total vegetarianism would actually be unhelpful, given that
some resources are best used for meat production, e.g., grain
by-products and pasture land that is unsuited for crops.

So, what are the prospects for improving average consump-
tion levels and eventually reaching a stage where all countries
have reached the satiation level achieved in developed
countries? They are good as long as we can increase grain pro-
duction at rates that exceed population growth. As for how
long it will take, that will depend on the difference in the two
growth rates.

Over time the task will be made easier as the rate of popu-
lation growth declines. It has been falling since the late 1960s
when it peaked at around 2.1 per cent® It is now around
1.13 per cent and according to the UN’s medium growth
scenario, it is expected to fall further to 1.05 percent in the
period 2010 to 2015, to 0.7 percent during 2025 to 2030 and 0.33
per cent during 2045 to 2050.1° So by mid century even a very
modest increase in output would lead to an increase in the per
capita average.

Doubling per capita consumption in developing countries
can probably be achieved with a 24 to 2.6 fold increase in
output.t This is on the assumption that their population in-
creases by 50 to 65 per cent (i.e., a world total between 9 and
10 billion) and that all the increase in output goes to developing
countries. The latter assumption is realistic given that people in
developed countries already have plenty to eat and their
population is not expected to increase.

Grain production has been increasing at more or less a linear
fashion over the last 45 years or more. While varying consid-
erably from year to year, annual growth generally gravitated
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around 30 million tonnes.?? If we continue with a similar annual
increase we will double production by around 2060 and pro-
vide more than a 50 per cent increase in per capita consumption
in developing countries. A 2.5 fold increase would take until
the final decade of the century.

If we can push up the pace and achieve the 2-4 per cent
annual growth rates achieved in the 1960s and 1970s we would
reach the desired levels far more quickly. For example a 2 per
cent annual growth rate would provide a 2.5 fold increase by
2050.

So, can we match or even exceed past achievements? Can
science keep coming up with higher yielding crops and live-
stock? Can we ensure that there will be sufficient resources
such as good quality land and water? Can we maintain or even
increase the fish harvest? These and related questions will be
addressed in the rest of the chapter.

BETTER PLANTS AND LIVESTOCK

The main reason for our success in increasing food production
during the last 50 years has been the ability of science to
increase the yield potential of our plants and livestock, and to
improve their ability to cope with a range of hostile conditions.
Can we maintain this performance or are we running out of
steam?

The prospects look promising when you consider that we are
at the beginning of a biotechnology revolution that is bound to
bring major advances in plant and animal breeding. Biotech-
nology provides a tool kit that includes genetic engineering,
genomics, marker assisted selection, cell and tissue culture, and
increasing knowledge of how physiological characteristics can
act as indicators of performance. This tool kit is already starting
to bring results.

Both genetic engineering and marker assisted selection rely
on our growing knowledge of genes being provided by gen-
omics which aims to describe and decipher the location and
function of all the genes of an organism, and the interactions
between them.!3

Genetic engineering is opening up a totally new area of plant
and livestock improvement. It allows us to directly manipulate
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the genes responsible for various attributes. This includes con-
trolling the level of activity of genes by turning them on or off,
or up or down, and also transferring genes from other plants or
animals. Scientists will produce an increasing flow of results as
they learn more about what genes confer what characteristics
and improve their ability to manipulate genes, particularly
multi-gene manipulation which is necessary in many cases.

Marker assisted selection (MAS) uses genetic markers to
assist in selecting plant varieties with particular traits for
inclusion in breeding programs. They are easily identified DNA
sequences that are located near a specific gene associated with
the trait. This technology is revolutionizing breeding methods
because a large number of varieties can be screened for a
desirable trait without having to grow them to maturity to
determine its presence. Samples can be taken from seedlings
and tested for the presence of the molecular marker. With
traditional methods, a similar procedure would be far more
time consuming and expensive, and often impractical. Check-
ing for the continued presence of the markers can also
determine whether the desired trait has been successfully
transferred through the various stages of breeding and cross-
breeding. This technology has already achieved considerable
results, but will achieve a lot more as more is learnt about the
role of genes in bestowing traits and their corresponding
genetic marker is identified.

Tissue culture refers to a process where new plants are
grown from individual cells or clusters of cells, often bypassing
traditional cross-fertilization and seed production.'* This tech-
nigue enables breeders to attempt wide crosses between
varieties that could not be hybridized before and enable faster
stabilization of breeding lines. Such methods are also used to
produce pathogen-free plants for distribution to farmers and
for germ plasm storage.®

Better knowledge of what identifiable physiological features
are associated with tolerance to certain conditions will assist the
selection of varieties for inclusion in breeding programs.
Features that are relevant to performance include: root struc-
ture that allows higher nutrient uptake, early ground cover to
reduce evaporation of soil moisture and large seeds to assist
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early crop establishment.6

There is also much that can be done without cutting edge
science or major breakthroughs. In large parts of the developing
world high yield plant varieties still need to be adapted to local
conditions. And there are neglected crops such as cassava and
banana that would benefit from the kind of attention that rice
and wheat have received in the past. Likewise, livestock suited
to the tropics can benefit from more research. Breeding the
water buffalo for meat and milk is an example often cited.

There are also many farmers in the developing world who
have yet to take advantage of what has already been achieved
because their use requires a more advanced form of agriculture
and economic infrastructure. This includes distribution of high-
yielding hybrid seeds that cannot be home grown, support
from extension services and access to necessary ancillary inputs
such as fertilizer and reliable water needed to achieve the
promised higher yields.

What is achieved in coming years will depend very much on
the level of research funding. Research in recent times has been
hampered by the cut back in funding to the major research
institutions in the last decade, including those associated with
the Consultative Group on International Agricultural Research
(CGIAR), the main umbrella organization for research in devel-
oping countries. Funding began to decline once research efforts
had dealt with the urgent problems of the 60s and 70s by
providing a new generation of high yielding rice and wheat.
Notwithstanding this problem there are still a whole range of
important improvements at various stages along the pipeline.
We’ll look first at the higher yielding plants currently being
developed and then the advances in livestock and feed.

The examples provided are meant to give a general in-
dication. They are not exhaustive and some of those in the
pipeline may never see the light of day. Not included is specu-
lation of what may be on offer two or three generations down
the track when our knowledge is far more advanced. Perhaps,
one day we will produce food directly without having plants or
animals as intermediaries. If a plant can produce grain surely
we can, and with a multitude of customized features. Likewise
for producing muscle tissue (i.e., meat) without the rest of the
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animal. The output from any given input of land or water with
such technology would increase dramatically.

Better Plants

Plants can be improved in a number of ways. Firstly we can
increase their yield potential. This is the yield that can be
achieved under the best conditions in terms of weather, water
and soil. Secondly we can increase their capacity to narrow the
gap between actual and potential yields under less than
favorable conditions, i.e., conditions of stress. Thirdly we can
increase the ability of the crop to survive in an edible state after
it is harvested.

Increasing Yield Potential

Yield potential of plants can be increased by various means.
Hybridization is one approach. Thanks to an imperfectly
understood effect called heterosis, the hybrid from a cross of
two different plant varieties grows more vigorously and pro-
duces more grain than either parent. In some crops including
maize this process is simple. However, with other major crops
itis a difficult and ongoing process.

Hybrid rice was first developed in China in the early 1970s
and is now planted on about half that country’s rice growing
area. First generation hybrids have increased yields by 15 to 20
percent and second generation by a further 5 to 10 per cent of
their predecessors.!’” A third generation is now being developed
which will increase yields even further. Other Asian countries
are now beginning to follow suit, developing their own
varieties in line with their own palates and environmental
conditions. Chinese scientists have also recently managed to
develop and test a hybrid wheat breed that could at least
double their country’s present per-hectare yields.!® They have
also recently created the first hybrid soybean which is expected
to increase yields by 20 per cent.'®

Researchers can also breed plants that put more energy into
grain production and less into the rest of the plant. Researchers
are working on a new rice and wheat ‘architecture’ that will
significantly increase their harvest index, in other words more
grain and less plant. This will be achieved by developing
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varieties with larger grain heads on thicker but fewer stems.2

Other fascinating approaches include: crop plants with an
algae gene that boosts yields by almost a third because the new
strain converts nitrogen fertilizer far more efficiently2t and rice
with an antisense gene, that inhibits the formation of certain
proteins and thus prolongs the grain-filling period of the plant.
This rice, in its first field test, increased productivity by 40 per
cent?,

A long-term hope among some scientists is to create plants
that are far more efficient at photosynthesis, the process that
converts sunlight into energy. If this could be improved, plants
could reach maturity more quickly, allowing more crops each
year. Nitrogen fertilizer consumption could also be reduced
because photosynthesis is the main consumer of this input.
Apparently photosynthesis is very inefficient and worked a lot
better back in the early days of plants when the atmosphere
had little or no oxygen. A number of projects are doing very
preliminary research on this problem.

Helping Plants Cope Better with Harsh Conditions

Crops are generally grown under less than ideal conditions
which subject them to stresses that can reduce yields quite sig-
nificantly. These stresses are usually classified into biotic and
abiotic. Biotic stresses include the ravages of diseases and in-
sects, and competition from weeds, while abiotic (or non-
biological) stress includes the effect of too much or too little
water, excessive heat or cold and soil problems such as salinity,
acidity and erosion.

Because the amount of damage is quite high, there is much to
be gained by improving plant tolerance. And the prospects for
progress in this area look very good, with the level of success
depending mainly on the extent of funding and the supply of
trained workers.

Where crops have a particular strain or wild relative that
copes well with a particular stress, this feature can be incorpo-
rated into existing commercial varieties through cross breeding.
This can be assisted by the use of molecular marker technology
to screen a large number of varieties where it is known which
gene expresses a particular feature. Where reproduction is
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through cuttings, tissue culture can provide farmers with
disease free plants.

Using genetic engineering, changes can be made directly at
the gene level to bestow tolerance. This may involve transfer-
ring a gene from a totally different life form that is known to
cope well with the particular stress or tweaking the plants
existing genes to achieve a similar effect. The more we know
about genes and how to manipulate them, the more that can be
achieved.

The examples provided below should give a fair indication of
the kind of work being done. While some are already showing
up in farmers’ fields most are still at the research and develop-
ment stage. It is not an exhaustive list and there are no doubt
very important omissions, and possibly some inclusions that
will not meet up to expectations. We will start with biotic
stresses.

Biotic Stresses

Rice has been genetically engineered to resist devastating dis-
eases such as sheath blight, bacterial blight and tungro virus.?
Sheath blight resistance has been achieved through the transfer
of genes from an insect and from the soil bacterium Bacillus
thuringiensis, more commonly called Bt2?* Scientists have also
successfully transferred a bacterial resistance gene from wild
rice to cultivated rice.?® In the case of barley, resistance to a
particular disease has been conferred by a wine grape gene.?

Scientists are working on a bread wheat that is resistant to
the devastating leaf blotch. They have discovered a gene that
provides resistance to this disease and are using marker tech-
nology to find wheat varieties with this gene. As soon as a
seedling sprouts, a small piece of the young leaf can be ground
and then a DNA test can be run. This shows whether the mark-
ers for the gene are present.?’

A transgenic potato is being developed that is resistant to the
late-blight that caused the Irish famine in 1840 and still causes
major havoc. Fungicide has limited effect, is expensive and
when used in large amounts can be an environmental problem.
The protective gene comes from a wild potato that scientists
believe co-evolved in Mexico alongside the blight pathogen.?®
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Potatoes could also become a major food source in tropical
countries with the development of a variety incorporating a
gene from chicken that resists bacterial rot.?°

Reducing disease in the banana would make a major differ-
ence in poor countries where it is a staple food. Because the
domesticated banana is usually a seedless clone which grows
from cuttings, tissue culture is being introduced to propagate
offspring that do not carry over disease from the parent plant.
Disease-free cells are selected, removed under sterile conditions
and placed in a growth medium. The resulting plants are then
distributed to farmers.®

Researchers are working to map the entire genetic code of a
wild banana from East Asia in the hope it will reveal the genes
that provide resistance to the two worst enemies of the banana
crop - black Sigatoka and Panama fungal diseases. Once identi-
fied, researchers hope to insert these genes into edible var-
ieties.3!

In the battle against viruses, techniques have been developed
to insert harmless parts of the virus into the plant to set off an
immune reaction much like an inoculation. And having become
part of the plants genetic make up it is passed on to the next
generation. The most dramatic example of such a process was
papaya in Hawaii which had been devastated by papaya ring
spot virus. A genetically engineered plant virtually brought the
industry back from extinction. A biotech papaya is now being
brought to farmers in Southeast Asia, the Caribbean and several
other developing areas where papaya is a staple food. In
Australia, scientists have developed a similar ‘vaccination’
technique that has already been used to create potatoes
resistant to Potato Leaf Roll Virus and which they hope to
apply to a range of plants that are vulnerable to viruses which
up till now have proven to be virtually unbeatable.3

Providing plants with their own defenses against insects and
pests can often be far more effective than other measures such
as pesticides, or, at the very least, an important adjunct. In re-
cent years the most dramatic advance in this regard has been
the development of so-called Bt crops. This has also been one of
the major genetic engineering success stories to date. The plant
expresses insecticidal proteins derived from genes cloned from
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the soil bacterium Bacillus thuringiensis (Bt). These proteins
bind to receptor proteins in the insect gut, destroying cells and
killing the insect in several days.

Quite large areas are now being sown with Bt corn, canola
and cotton. A Bt potato has also been available for use,
however, major buyers such as fast food chains have put the
stopper on it for fear of been picketed by bio-fearmongers. The
more widespread use of these Bt varieties in coming years and
the introduction of the gene into other crops including rice and
wheat will bring continuing benefits. Yield gains from using Bt
corn are estimated to average 5 per cent in temperate regions
and 10 per cent in tropical regions.s

This is just the first of many toxins that will be provided to
plants through genetic manipulation. Included among them
will be the transfer of genes from other plants that have shown
themselves to be more resistant to given insects. Australian
researchers have added a gene from green beans to field peas,
creating a crop with a built-in insecticide that is almost 100 per
cent effective against pea-weevils, the most damaging pest in
that country’s pea crop.3* Also resistance to the white-backed
plant hopper is being transferred from barley to rice .3

Plant ‘architecture’ can also provide protection. This in-
cludes: developing wheat with more solid stems that will be
less susceptible to attack by Hessian fly and sawfly;¥ maize
with thicker epidermal cell walls that prevent armyworm larva
establishing in the whorl (hair) of the plant?® and plants with
an enhanced natural ability to produce leaf wax which makes
them more difficult for insects to consume. 3

One of the most destructive pests is the nematode, a
microscopic worm that feeds on plant roots and comes in about
15,000 varieties. Scientists are using the genes for defense
proteins that occur naturally in rice and sunflowers to fortify
potatoes and bananas from this pest.3® And the breeding of a
nematode resistant soybean has been made possible with the
help of molecular marker technology.*°

Another stress that reduces crop yields is the competition
from weeds. The biggest news in this area is the introduction of
herbicide resistant genetically modified corn and soybeans. The
crop contains a gene that makes it tolerant of the herbicide,
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Roundup, so that when a farmer sprays the field, weeds are
killed but not the crops. This proves far more effective than
when spraying can only be carried out prior to planting. A
weed called striga can devastate grain and legume harvests in
Sub-Saharan Africa. Researchers are countering this problem by
developing a maize with a herbicide resistance derived from a
naturally occurring gene in maize 4

There is a concern that pests can evolve resistance to the pes-
ticide being incorporated in plants by genetic engineering, just
as they evolve resistance to pesticide sprays. So far resistance
has not become a problem with Bt crops despite their having
been in use since 1996.%2 Scientist are looking at a number of
strategies to delay or eliminate this danger. One approach is to
use a Bt gene that is more widely expressed in the plant giving
a better knock out punch that leaves less room for the build up
of immunity that can happen when the insect experiences lower
levels of exposure.*® Another is the use of “pyramiding” where
two Bt genes which are lethal in totally different ways are
inserted into the plant. It is highly improbable that an insect
would develop resistance to both.*

Abiotic Stresses

As well as dealing with a host of weeds and pests, crops also
have to contend with the elements. The weather can be too dry,
wet, hot or cold, and the soil can be poor.

Droughts and Flooding Rains

Lack of water is a major constraint on crop yields in many
areas*s and can destroy a crop in severe cases.

Crossing with drought resistant wild relatives is one
approach. For example, CIMMYT (Centro Internacional de
Mejoramiento de Maiz y Trigo or International Maize and
Wheat Improvement Center) is currently developing drought-
resistant wheat varieties descended from crosses that included
goat grass, one of wheat’s wild relatives.*

Progress is being made by CIMMYT in mapping genes for
drought tolerance in wheat*” and researchers at the University
of Queensland are endeavoring to do the same for rice.*®

Transferring to crops draught tolerance genes from other
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plants is another promising approach. It is believed that once
the genes responsible for superior drought tolerance in sor-
ghum are identified that these genes could be activated in
maize because the two plants are likely to share the same basic
drought tolerance pathways.*® Scientists at the University of
Bonn have identified a gene in the resurrection plant from
South Africa which helps it to survive droughts. The plant can
lose up to 95 per cent of its moisture without being harmed by
slowing down its metabolism to almost zero during a dry
period. It then springs back to life in a few hours once it
receives water® In Texas, US Department of Agriculture
(USDA) researchers have identified the genes that help a type
of grass from South Africa and a type of moss native to the
High Plains of the United States to survive extended dryness.5!

Plant varieties can be bred with physiological traits confer-
ring drought tolerance. Molecular biologists in Oklahoma are
developing a drought resistant wheat by adding genes to syn-
thesize a naturally occurring sugar alcohol called mannitol
which accumulate in leaf tissues.5? Other helpful physiological
features include larger seed size that improves crop establish-
ment, early ground cover and pre-anthesis biomass that re-
duces evaporation of soil moisture, and roots that are able to
extract water deep in the soil.>

Another strategy which might be more aptly called drought
avoidance rather than drought tolerance involves breeding
plants that match their development cycle with the availability
of water. This has been used in the past and still offers much
promise. In some cases this could mean that the periods of
maximum water requirement match the periods of maximum
availability.5* In other cases it could mean ensuring maturity
prior to the arrival of a dry period at the end of the growing
season. This could be achieved through faster maturity®® or
through allowing earlier planting by developing varieties that
can cope with shorter daylight hours.5

Where plants are not being deprived of water there is a good
chance they are being drowned in it. A widespread problem in
irrigated and high rainfall wheat-growing regions is water log-
ging due to poor drainage. The prospects for developing water
logging tolerant wheat are considered good because of genetic
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variability for this trait.5” Breeders have found that "synthetic"
wheat, bred from grass species that are the wild relatives of
wheat, are exceptionally good sources of tolerance®

Heavy rain on maturing wheat crops can cause the grain to
start germinating before it is harvested. This degrades end-use
quality due to the undesirable proteins produced during ger-
mination. CIMMYT has identified high rainfall wheat lines with
high levels of sprouting tolerance which could be employed in
breeding programs to rectify this problem.%°

Hot and Cold

Just as it can be too wet or too dry, it can also be too hot or too
cold. Agricultural research bodies in developing countries
consider heat stress as one of their top research priorities.
CIMMYT has already had some success in identifying wheat
varieties in their seed banks that have various traits generally
associated with tolerance to heat stress. This includes leaf traits
such as evapotranspiration, rolling, greater thickness or up-
rightness.5? They expect genetic markers to facilitate the
process. Similar efforts are also being made in the case of
tropical maize.?> And on the genomic front, researchers have
identified a protein that acts as a master regulator of the tomato
heat stress response.5

Cold tolerance can bestow a range of benefits. It can ensure
that the crop won’'t be destroyed by a cold snap at the
beginning of growing season. It can allow crops to be grown in
climates too cold to support them currently or permit an extra
crop by earlier planting and/or later harvesting.

The Chinese claim to have inserted cold tolerance genes from
fish into beets, while British researchers are achieving similar
results by incorporating a gene from carrots into various
crops.® Researchers in Canada, have isolated a powerful gene
from larvae of the yellow mealworm beetle that keeps the
worms from freezing to death during the winter. They believe it
is far more powerful than 'antifreeze genes' found in flounder, a
fish which is no slouch when it comes to protecting itself in cold
waters.%

Where the cold cannot be dealt with head on, it can be
avoided by making plants grow faster. Researchers at Cam-
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bridge University's Institute of Biotechnology in England put a
gene from a flowering weed into tobacco plants, making the
tobacco grow much more quickly. The gene produces a protein
that causes the plant cells to divide much faster at the tips of
roots and shoots.%

Unfriendly Soil

Plants can find the soil far from friendly for a range of reasons -
in particular, salinity, poor structure and acidity.

Some crops have genetic variation for salt tolerance which
can be exploited in breeding programs, particularly with the
help of molecular markers.%” Chinese researchers claim to have
developed salt-tolerant varieties of rice®® and Australian re-
searchers announced that they have successfully bred salt-
tolerant durum wheat by crossing an ancient salt-tolerant
durum wheat variety with modern commercial ones.%°

Genetic engineering can take traits from plants and organ-
isms that thrive in a high salt environment. Scientists have
genetically modified a tomato plant that thrives in salty irri-
gation water. The tolerance comes from a protein known as a
'sodium/proton antiporter," which uses energy available in the
plant cells to move salts into compartments within the cells.”
Once the salt is stashed inside these compartments - called
vacuoles - it is isolated from the rest of the cell and unable to
interfere with the plant's normal biochemical activity. Not only
does the tomato tolerate salt, it also removes salt from the soil.
Work is being done to extend this technology to other crops.
Chinese scientists have cultivated salt-resistant tomatoes, soy-
beans, rice and a fast-growing poplar using a gene cloned from
a salt-resistant plant called Suaeda Salsa.”* Another possible
approach is to take genes from a bacteria that lives in places
like the Dead Sea and splice it into crops. 72 This bacteria can
thrive in salt levels ten times higher than ocean water.

Plants often have difficulty accessing the micro-nutrients in
the soil because of its structure or composition. Improving the
take up ability of the root system may help, possibly through
better root system geometry.”® So would increasing the nutrient
reserves in seeds. These would sustain life until the root system
is well developed.”* Another approach might be to reduce the



CREATING FOOD ABUNDANCE 19

plants needs for certain nutrients. Improving their distribution
within the plant would be one way of achieving this’> Little
effort has gone into breeding crops adapted to these kinds of
soil conditions despite the genetic potential.”® Molecular mark-
ers will greatly facilitate the selection of micronutrient efficient
genotypes.”” Genetic engineering also offers promise. A gene
for copper efficiency has been transferred from rye to wheat.
The transferred gene confers on plants a much greater ability to
mobilize and absorb copper ions tightly bound to the soil.”®
Major crops such as corn, wheat and rice have a lot of trouble
absorbing iron from alkaline soils which make up a significant
proportion of arable land. However, some crops including
barley have no trouble. So researchers at the University of
Tokyo took two genes from barley and introduced them into
rice plants. The result was a four-fold yield increase in the same
soil.”®

Soil acidity is a major constraint on crop production. This is
mainly because it releases aluminum ions which are highly
toxic to plant roots. Vast areas either have their yields seriously
reduced by it or are made unsuitable for cultivation. The prob-
lem is particularly serious in tropical regions. While, improving
acid soils is part of the answer, its role is limited by the expense
and by the fact that disturbing the soil can lead to erosion.
Developing aluminum tolerant plants is often a feasible solu-
tion either on its own or as a complement to soil improvement.

There are good prospects for wheat given that there is con-
siderable genetic diversity in aluminum tolerance. In Brazil
local low yield aluminum tolerant wheat varieties have been
interbred with high yielding varieties to provide the benefits of
both.8® A Portuguese landrace also has a high aluminum toler-
ance and has yet to be exploited in breeding programs.s!
Another strategy is to transfer rye’s greater aluminum tolerance
to wheat. Triticale (a cross between rye and wheat) could serve
as a bridging parent to achieve this transfer.8

In the case of maize, researchers are confident that molecular
markers and genomics will lead to the development of alumi-
num tolerant suitable maize cultivars.® Genetic engineering is
also making some progress in the area. There has been some
preliminary work on transferring a gene from an aluminum
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tolerant plant to maize.® Another strategy being pursued is to
insert into plants a bacterial gene that codes for citric acid sec-
retion. This allows them to emulate aluminum tolerant plants
the roots of which secrete the acid into the surrounding soil in
order to 'capture’ the toxic aluminum ions which would other-
wise attack the plant roots. This approach has been trialed on
tobacco, papaya, and rice plants.%

Stacked Traits

There are many cases where yields would be increased signifi-
cantly by the plant having more than one form of improved
stress tolerance. For example, a crop may confront dry weather,
acid soil and regular insect plagues. Genetic engineering ought
to be able to contribute a great deal in this area by “stacking
on” genetic changes appropriate for each of the stresses. A
genetically modified maize that combines both herbicide toler-
ance and insect resistance has already been released; and there
are already plans to extend this combination to other varieties,
notably sugar beet, rice, potatoes and wheat .

Post-Harvest Waste

As well as increasing the size of the crop, plant improvements
can also increase the proportion that actually reaches the con-
sumer. Ultimately this is what matters — yield net of post-
harvest waste. A lot of food is lost through post-harvest spoil-
age, so anything that can make the harvested crop more robust
will increase the effective food supply. This is particularly so in
developing countries with poorer harvesting methods and a
lack of refrigeration, storage and transport.

The delayed ripening of fruit and vegetables would improve
shelf life and reduce spoilage. Genetic engineering is being
used to control the amount and timing of the production of the
hormone ethylene that regulates ripening in fruits and vege-
tables. Research has reached an advanced stage with tomatoes,
raspberries, melons, strawberries, cauliflower and broccoli®”
And in the Philippines, scientists have developed a papaya that
instead of rotting in one week, can stay fresh for three months.%8
Researchers in England have found a “freshness gene” in
petunias which shows promise 8
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In the case of grain, greater resistance to storage pests would
make a big difference. CIMMYT has discovered a source of
such resistance and is incorporating this trait into maize breed-
ing stocks.%°

Improved Livestock and Poultry Production

Just as crops have to deliver up more from every hectare of
land and kiloliter of water, so do livestock and poultry. These
resources are used directly in the case of grazing and indirectly
where the animals consume feed crops. About 3.3 billion hec-
tares are under permanent pasture - more than twice the area
under arable and permanent crops.®* And as already mentioned
domestic animals consume about half of world grain prod-
uction. This ranges from around 60 per cent in Europe® and the
US down to quite low levels in India and Sub-Saharan Africa.®

Improving livestock and poultry productivity becomes even
more important as people in the developing countries increase
their per capita consumption of meat and dairy products in
step with rising income levels. For most of these countries
increases in meat consumption have so far been fairly slight if
not stagnant, as in the case of Sub-Saharan Africa. However, if
middle income countries such as China and Brazil are anything
to go by meat consumption can rise dramatically over a number
of decades. In the case of China, meat consumption has quad-
rupled over the past 20 years.%

Increased productivity comes down mainly to improvements
in feed and forage, disease control and livestock breeding. As
with grain production for human consumption, this is in part a
matter of developing countries catching up with the practices of
developed ones and in part a matter of pushing out the technol-
ogy frontier. The former is exemplified by the fact that in 1997-
98 beef yield per animal was less than 60 per cent and milk
yield per cow was less than 20 per cent of those achieved in the
developed countries.®

Improved Feed and Fodder

There are many ways in which we can improve what livestock
have to eat. Feed and fodder can be made more nutritious, the
diet can be enhanced with additives and supplements and nut-



22 BRIGHT FUTURE

rients in food can be made more accessible by improving
digestibility.

In developing countries simply catching up with the world’s
best feed practices can bring large gains. Feed can be harvested
at the right time to maximize nutrient recovery, processed to re-
tain more nutrition and improve digestibility, and stored
properly to avoid nutrition loss. Animals can also benefit from
being fed well balanced mixtures and provided with food sup-
plements.

Smil (2000) points out that the overwhelming majority of
China's pigs (which account for 90 percent of the country's
meat output) is still not fed well-balanced mixtures but just
about any available edible matter and hence it is commonly
lacking in protein.% As a result feeding rates are well above the
norms prevailing in Western countries and pigs take at least
twice as long to reach slaughter weight as a typical North
American animal - and its carcass is still lighter and fattier. He
tells a similar story for chickens. The hundreds of millions of
chickens roaming China’s farmyards take three times as long to
reach a lower slaughter weight as North American broilers.®
China is far from being the most backward when it comes to
animal raising.

Conway mentions a number of possible ways that genetic
engineering could transfer greater nutrition to feed and for-
age.® Cereals are low in lysine compared with legumes such as
peas and lupins. A gene transfer from legumes to cereals would
benefit pigs and chicken. On the other hand legumes are
deficient in a number of sulphur amino acids required by cattle
and sheep. These would benefit from transferring genes from
sunflower seeds and chicken egg protein to forage legumes
such as lucerne and clover.

The wider use of growth hormones could considerably
improve productivity. Those in cattle (BST) increase milk
production efficiency by up to 40 per cent per cow and increase
feed to beef conversion by about 9 per cent.?® According to
Avery the potential of pig growth hormone (PST) is even
greater than for cattle.!®® He claims that PST will produce hogs
with up to 60 percent less fat and 15 percent more lean, using
one-third less feed grain.
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Reducing methane production in livestock could save up to
10 percent of feed because of the energy loss avoided.?! Smil
refers to an additive, produced from a fungus, which reduces
methane production by altering the metabolism of ruminant
bacteria, 2 and scientists are developing a vaccine that will
discourage the production of these methanogenic micro-
organisms.!03

Much can be done to improve the digestibility and nutrient
absorption of feed. Better processing is one approach. For
example, straw can be made more digestible by a range of
chemical treatments, and lignin and cellulose in crop residue
can be broken down using a range of methods including
fermentation.1® Plants can be bred to remove or neutralize
substances that interfere with digestibility and nutrient absorp-
tion. Soybeans and wheat are being genetically engineered to
express the phytase enzyme. This neutralizes phytate, a
substance that “is widely distributed in cereals and legumes
and reduces the absorption of iron, zinc, phosphorus and other
minerals in humans and other animals.”1% Researchers have
genetically modified lupin so that sheep absorb more sulphur
amino acids required for wool and muscle growth. Presently, a
large proportion of the acids are broken down in the rumen
before reaching the small intestine where they would otherwise
be absorbed. The lupin has been modified to contain a sun-
flower gene that produces a protein that is both rich in sulfur
amino acids and stable in the sheep’s rumen.’% And Conway
refers to research aimed at inserting genes from crops like
sorghum, maize, millet into forage legumes to reduce lignin
content and increase their digestibility by 10-30 per cent.17

Better Disease Control and Healthcare

Disease significantly affects livestock productivity. Alexan-
dratos refers to estimates showing that at least 5 percent of
cattle, 10 percent of sheep and goats and 15 percent of pigs die
annually due to diseases.’® And in the case of animals that
survive, productivity is less than that for healthy animals.
Farmers in developing countries will benefit from access to
better veterinarian services and disease control measures as
they modernize and farmers worldwide will benefit from the
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forward march of medical and veterinary science which will
improve our ability to prevent, diagnose and control disease.

As with human health, biotechnology will play an important
part in disease control. Some progress has already been made
in the development of genetically engineered vaccines. For ex-
ample, researchers at the School of Veterinary Medicine at the
University of California, Davis have been developing such a
vaccine for rinderpest, a devastating viral disease that is re-
sponsible for millions of deaths among cattle herds each year
throughout Africa and Asia.l® The vaccine is produced by
transferring two genes from the rinderpest virus into the virus
used to make the smallpox vaccine. It is particularly suited to
the backward areas affected because it requires no refrigeration
and is simply scratched onto an animal’s neck or abdomen.
Furthermore, a cattle herder can produce thousands of doses by
scratching the skin of a calf, applying the seed vaccine, and a
week later harvesting the scab in saline solution.

In central Africa sleeping sickness (trypanosomiasis) poses
an enormous obstacle to human health and cattle production. A
range of measures offer the hope of recovering infested areas
for agriculture. These include trypanocidal drugs, aerial spray-
ing, adhesive insecticides, impregnated screens and traps and
the use of sterile insects. 110

Breeding Better Farm Animals

Breeding programs can improve livestock and poultry in a
range of ways that ensure that they make the most of what they
are fed. This can mean more meat as a proportion of body
weight, taking less time to reach slaughter age, greater disease
resistance, better ability to process food, less nutrient needs,
more milk or eggs for a given level of feed, improved re-
productive efficiency and the ability to consume a wider range
of foods.

As with plants, biotechnology will play a major role in future
breeding programs. With rapid advances in understanding the
genetic make-up of animals, genes that are important for
economic performance, such as those for disease resistance or
for adaptation to adverse environmental conditions, can be
identified and transferred into animals, either through marker-
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assisted selection or through genetic engineering.!

Conway reports on the development of genetically engineer
livestock that produce greater quantities of bovine growth
hormone.112 This would enable them to reach optimal slaughter
age more quickly, meaning that less of the feed and water con-
sumed would go into just standing around breathing rather
than growing.

Another strategy is to reduce the nutrient needs of the
animal. Conway suggests the possibility of introducing genes
for sulphur amino acid biosynthesis, present in the bacterium E.
coli, directly into sheep, bypassing the need for improved
fodder.113

Given the high losses from disease, the transfer of genes
encoding for resistance from other animal species and even
from plants could bring significant benefits.!’* For example, a
genetically modified cow is being developed with a mouse
gene that makes them resistant to mastitis of the udder .15 Cur-
rently, antibiotics are used to treat the disease, and the milk
cannot be used while the cows are on the drugs.

Smil sees much to be gained in devoting more resources to
breeding animals suited to the tropics, a region that has not
received anywhere near the attention of the temperate zones.!16
He gives the example of how the water buffalo might be trans-
formed from a working animal into a valuable meat and milk
specie. It is particularly suited to tropical and sub-tropical
climates. Because of the higher count of cellulose-breaking
bacteria and protozoa in their guts, they use low-grade rough-
ages more efficiently than normal cattle and have overall lower
feed/gain ratios. In addition, buffalo milk is richer in protein
and fat than cow’s milk. However, a breeding program would
be needed to raise their average milk and meat yields which are
far behind those for temperate-climate cattle.1’

DEFENDING GM FOOD

While genetic engineering promises to contribute much to the
challenge of increasing food production, its opponents have
managed to whip up considerable opposition. We are told that
it is ‘unnatural’, tinkering with nature, playing God; that it
poses fearful food safety risks and threatens the environment
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with ‘super weeds’ and ‘genetic pollution’. We are like the
master’s apprentice tinkering with forces we do not really
understand and which can get out of our control.

A host of inquiries have given genetically modified food the
nod of approval and firmly rebutted the claims of opponents.
They consider the risks are mostly identical to the risks associ-
ated with conventional foods and that those that are different
are well covered by the regulatory regimes in place. The only
real concern is that as changes made by genetic engineering
become more varied and complex that the science and technol-
ogy needed to assess them keeps pace.

A range of regulatory bodies are involved assessing and
regulating transgenic crops. In the US there is the Food and
Drug Administration (FDA), the Department of Agriculture
(USDA) and the Environmental Protection Agency (EPA). At
the international level there is the World Health Organization
(WHO) and the Food and Agricultural Organization (FAO).
Genetically engineered crops have been grown and tested for
20 years and eaten by millions of people on a daily basis since
1996 without any disastrous consequences.

Food Safety
There is no credible evidence that GM foods are less safe to
consume than other food. The risks are not of a different nature
than those that are already familiar to toxicologists and can be
created by conventional breeding.!®® In fact some transgenic
food currently on the market are identical to the conventional
product because the gene change is not in the final product.
Where there is a change to the final product, it will be easier to
evaluate for safety compared to those developed through
traditional breeding because the new method is more precise.
Instead of randomly combining all the traits of the two parent
organisms, as happens with conventional breeding, genetic
engineering permits identification and transfer of only desir-
able traits. Scientists know what has been changed and there-
fore what to look for when evaluating possible risks.1°

In its short history, transgenic food has had three main food
safety claims against it. These were the study which claimed
that laboratory rats were being poisoned by GM potatoes; con-
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cerns about the use of antibiotic resistance genes in the gene
transfer process; and the introduction of allergens. We examine
these in turn.

Rats Don’t Like Raw Potato

A preliminary study performed at the Rowett Research Insti-
tute in Scotland by Dr Arpad Pusztai reported that rats
developed intestinal problems after being fed raw transgenic
potatoes containing a lectin with known insecticidal proper-
ties.!? The study was heavily criticized by independent experts
and by the Rowett Institute itself, which discredited the study
entirely after performing an audit of the research.

The British medical journal Lancet made the unwise decision
to publish the study. In an editorial disowning it, they con-
ceded that they were caving into pressure from GM opponents
who were running the line that failure to publish was suppres-
sion. This flies in the face of the normal practice of academic
journals of only publishing papers that have successfully run
the gauntlet of peer review. With laboratory studies the
emphasis is on ensuring that the usual rules of evidence are
being applied. This study failed that test totally.

Antibiotic Resistance Marker Genes

There has been some objection to the incorporation of antibi-
otic-resistant marker genes in transgenic crops together with
the gene conferring the desired trait. The antibiotic Kills seed-
lings to which the genes have not been properly transferred.?
There has been a worry that if these genes were present in
transgenic food or feed, they could confer resistance to disease-
causing micro-organisms in the stomachs of any human or farm
animal eating it. There is even a concern that antibiotic resist-
ance could be passed on to people who consume livestock
products.

There are a number of answers to these fears: (1) The resis-
tance gene protects against an antibiotic which is not used on
humans and animals; (2) The antibiotic resistance may not
necessarily be transferred to the final plant variety distributed
to farmers because it is the product of a cross between the
original transgenic plant and a commercial one; (3) if it is trans-
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ferred, the chance of it being incorporated into the genetic
make-up of micro-organisms is zero, and this is even if we
didn’t allow for the effect of digestion which tends to totally
destroy genes and DNA; and (4) recent attempts to get
microbes to pick up the trait confirmed the impossibility.1??
Even if the worry had some grounds to it, it is becoming a thing
of the past as researchers develop other methods to determine
whether a gene has “taken.”

Introducing Allergens

Another potential risk posed by GM foods is the introduction of
genes from organisms that cause allergic reactions in some
people. This would pose a problem if people with allergies are
unaware of the danger. This is most likely if the GM food is a
widely used ingredient. Outside a relatively small number of
genes associated with a limited number of foods, allergic reac-
tions are fairly rare. Most food allergies occur in response to
specific proteins in only eight foods: peanuts, tree nuts, milk,
eggs, soybeans, shell fish, fish and wheat. Furthermore, the
small risk is totally under control. Any additional components
added to a GM crop are clearly defined and easy to detect and
can be tested for any allergic reaction or other toxic effect. These
would be picked up in mandatory tests that are much the same
as those for pesticides and food additives. This is what
happened in the case of an experimental soybean with an add-
ed Brazil-nut protein. It was abandoned once the problem was
recognized.

Safety Endorsements

A long list of relevant bodies have concluded that genetically
modified food is as safe as any other food. These include: the
WHO, the FAO, the United Nations Food Program, the Inter-
national Society of Toxicology, the French Academy of Science
and Medicine, the American College of Nutrition, the American
Medical Association, the General Accounting Office (the
investigative arm of the US Congress), the National Academy
of Sciences (NAS), the Royal Society and the British Medical
Association.
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Safer and Healthier

GM foods are not only safe, they have the potential to make
food even safer and healthier.

Removing allergens Eliminating or reducing the allergenic
properties of food would be a major service to that significant
proportion of people who suffer from allergies. Using gene
silencing techniques which reduce or shut off the production of
the offending protein, researchers have already grown low
allergy rice, wheat and soybean while progress is being made
with peanuts and prawns.

Healthier oils In an effort to create healthier fats, researchers
have modified the fatty acid composition of soy and canola in
several ways. This includes oils with reduced or zero levels of
saturates and trans-fatty acids and with high levels of oleic
acid.’® Plans are also afoot to introduce fish type omega-3 into
oil-seed crops. This could be achieved by introducing genes
from algae and marine micro-organisms.?

Better frying potatoes A transgenic potato has been devel-
oped which contains a gene for an enzyme which greatly
increases starch synthesis. The increased starch content makes
the potatoes take up less fat during frying, resulting in a lower-
fat product 1?5

More protein In India, a gene was added to ordinary pot-
atoes giving them a third more protein than normal, including
substantial amounts of the essential amino acids lysine and
methionine. The new gene comes from the amaranth plant
which grows in South America.'? Protein enriched maize and
soybeans have also been produced!?” and researchers are seek-
ing to improve the protein content of vegetable staples such as
cassava and plantain.t?

Antioxidants Scientists have produced tomatoes with two and
half times the normal level of lycopene. Lycopene is thought to
reduce the risk of several types of cancer and some forms of
heart disease. However, it is normally difficult to increase the
amount in one’s diet and taking it as a supplement does not
work!?®

Another antioxidant that genetic engineering can help with is
vitamin E. Studies show that vitamin E lowers the risk of
cardiovascular disease, cataracts and some cancers, and it may
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slow the progression of some degenerative diseases such as
Alzheimer's1® However, to achieve its results it needs to be
taken in levels that are not practical to receive from our diet
because of the quantities involved, e.g., four pounds of spinach
per day or 3,000 calories of soybean oil.13! Researchers are hop-
ing to increase our intake by tinkering with a gene that converts
the less potent gamma form of vitamin E to the more potent
alpha form in soybean, corn and canola oils.

Vitamin A Every year some 500,000 children in the develop-
ing world go blind because of vitamin A deficiency. Re-
searchers are hoping to reduce this appalling statistic with the
help of a gene from daffodils. This produces elevated levels of
beta-carotene which are then converted to Vitamin A in the
human body. Rice with this gene (called golden rice because of
its color) has been crossed with local varieties of rice which are
undergoing field trials and will hopefully be available to sub-
sistence farmers in the near future.'® Work is also progressing
on developing a similarly enhanced mustard which is grown
widely in developing countries for its 0il 133

Access to iron Most people get too little iron, with almost one
third of the world’s population believed to be anemic, and
possibly around one fifth of all malnutrition deaths caused by a
lack of iron.134 Scientist are working on a variety of rice that has
a higher level of iron in the grain and also makes it more acces-
sible®> The amount of iron is doubled with the aid of a gene
from the French bean, while accessibility is aided by two
mechanisms. The first one involves a gene from fungus which
counteracts a molecule called phytate that locks up about 95
percent of the iron in the plant. The second involves a gene
from basmati rice which makes a protein that aids iron absorp-
tion in the human digestive system.

Food tolerance The vast majority of east Asians and blacks,
and many whites are intolerant of cow's milk. That's because
their bodies do not produce enough of the enzyme lactase,
which is needed to digest the milk protein lactose. In France
researchers are working to eliminate the problem by giving
cows a gene that will cause them to manufacture their own
lactase, which will be present in their milk.136

Many people cannot eat wheat, oat, rye or barley products
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because the gluten makes them ill. Consequently, British
researchers are working on a process to remove from gluten the
part which causes illness while leaving the part that is im-
portant for baking.¥

Medical Uses

As well as the nutritional benefits of genetically modified
organisms, there are the medicinal.

Vaccines in food offer considerable promise for developing
countries. Because they would be administered orally it would
avoid the horrendous number of HIV and hepatitis B infections
that are presently caused by unsafe injection. They would also
be inexpensive and require no refrigeration. Potatoes, tomatoes,
carrots, bananas and rice are being developed containing vac-
cines for a range of diseases including food borne E. Coli,
choleraand hepatitis B.138

A plant could possibly provide an edible form of immuno-
therapy for asthma. Tests with mice are promising. Con-
sumption of engineered lupin plants that contained an asthma
allergen from sunflower seeds protected the mice from a large
otherwise asthma-inducing dose of the allergen in the air.1%®

Genetically modified plants, bacteria and animals are being
turned into little factories churning out cheap ingredients such
as proteins, enzymes and hormones for the pharmaceutical
industry. The diseases being treated so far include hemophilia,
cystic fibrosis and multiple sclerosis.14

Menaces can be neutralized. For example a ryegrass is being
develop with less hay fever allergens in its pollen'*! and work
has been done that may lead one day to a malaria resistant
mosquito.'*? Also, new friends can be made, such as a gene-
altered microbe that when applied to the mouth elbows out
bacteria that cause tooth decay,’*® animals with tissue and
organs suitable for human use'#* and plants that change color in
the presence of landmines.145

Environmental Scares

GM crops are accused of posing a number of environmental
risks. There is said to be a danger from gene flows which can
create “super weeds” in the wild and “genetic contamination”
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of other crops. Also US Bt crops have been accused of en-
dangering the monarch butterfly.

‘Super Weeds’

Critics raise the specter of genetically enhanced crops breeding
with wild relatives to create a 'super weed' that could over-
whelm the natural environment and curtail genetic diversity
both among plants in general and among the existing wild
varieties that provide the ‘gene pool’ for breeding better
commercial varieties.

The first question to ask is how likely is such inter-breeding?
To begin with, there needs to be wild relatives in the region.
This rules out wheat, corn, soybean, cotton and potato in most
places where they are grown. The main possible concerns
would be rice in Asia and Africa, corn and potatoes in Mexico
and Central America, wheat in the Middle East and soybean in
Koreaand China

The proximity of related species does not necessarily mean
that they will inter-breed. They need to flower at the same time,
share the same insect pollinator (if insect-pollinated) and be
close enough for the transfer of viable pollen. The latter can
easily be thwarted by creating a buffer zone planted with tra-
ditional crop varieties to minimize any possible effects of pollen
flow to a neighboring farmer's field or to a wild plant
relative.146

Would a trait provide a selective advantage? Some traits are
obviously not a risk. For example, tolerance to a particular
herbicide is not likely to confer an advantage to a plant in the
wild because the herbicide is not encountered there. If the weed
becomes a problem on farms or areas of human settlement, it
can be controlled with some other herbicide. Other traits - such
as resistance to pests or disease, or tolerance of hostile growing
conditions such as drought or poor soil - could theoretically
give a weedy relative an advantage. However, the likelihood is
diminished when we keep in mind that wild plants by their
nature are already stress tolerant. If they were not they would
simply die out. Domesticated plants on the other hand have lost
much of the hardiness of their ancestors. Farmers select for
edible yield while making up for any drop in stress tolerance by
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a range of farm practices such as irrigation, soil improvement
and pest control. Any reintroduced stress tolerance would have
to be quite strong to compete with the wild varieties. One
example is sunflower which has been given a gene from wheat
to resist white mould. If this genetically modified variety were
introduced, gene flow would be inevitable because the crop is
grown in the same regions as the wild varieties. However, it
would have very little effect because the latter already have
resistance to white mould.*#

It should also be kept in mind that the risk faced is identical
to the risk from domestic plants bred conventionally for stress
tolerance. Ironically, genetic engineering opens up a number of
ways of ruling out gene flow. One approach is to incorporate
what has been called a ‘terminator’ gene into the plant which
renders it sterile while another approach involves passing on
the attribute on the maternal side and hence not transmitted
through the pollen.

Genetic Contamination

Similar to the ‘super weed’ ruckus was the one made over the
claimed appearance of genes from genetically modified maize
in Mexican landraces. This was dubbed ‘genetic contami-
nation’. Landraces are the varieties developed by small-scale
farmers over the centuries and have evolved through selection
to thrive under particular environmental conditions and to
meet local food preferences.

It was finally determined that the claim was unfounded.4®
However, if indeed there had been a gene transfer it would
have been no different in nature from those involving conven-
tional modern varieties. These have been occurring for may
decades without causing any problems. If plants are superior
from the farmers point of view, their seeds will be retained. If
they are inferior they will not be.

Monarch Butterfly

Opponents of GM crops have made a big deal out of a sup-
posed threat to monarch butterflies from Bt crops.® It is
something of an enviro icon, and no anti GM rally is complete
without the presence a number of eco-bubble-brains dressed up
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as butterflies. The kafuffle started when the journal Nature in
1999 published a paper by Dr. John Losey of Cornell University
showing the toxic effects when monarch butterfly larvae in a
laboratory study were fed their favorite food, milkweed,
covered with pollen from Btcorn.

A number of objections have been raised to the study. To be-
gin with, only one type of Bt corn pollen was tested from
among the many types of Bt corn in use. Recent studies indicate
that a few types of Bt corn pollen may kill or slow the growth of
monarch caterpillars, while other types of Bt pollen have no
harmful effect.

More importantly, the laboratory results were in no way
indicative of the real world risks to the butterfly. In the field,
the risks to the larvae are minimal for a range of reasons: corn
pollen is produced for only a short time during the growing
season; farmers control milkweed in and around their fields,
just as they control other weeds; corn pollen is heavy and is not
blown far from corn fields by the wind; and even if milkweed
were within a few meters of cornfields, pollen density on the
leaves would not be high enough to pose a danger

The EPA, a body that is more often than not the greeny’s
friend has given Bt crops a clean bill of health. After evaluating
the evidence, the EPA concluded that the scientific evidence
demonstrates that Bt corn does not impact on monarch butter-
fly populations and that a hazard in the laboratory does not
translate into a risk in nature.’® Finally, if there had been a
problem with Bt corn it would be resolved by varieties
currently being developed that only express Bt in the stalk.
Only insects that actually attack the plant would have any pos-
sibility of being affected.15!

Environmental Benefits

Often ignored are the environmental benefits of GM crops.
These include reducing impacts on the environment and pro-
viding remedies for past damage.

Less Use of Pesticide

The insect resistance of Bt crops has lead to a greatly reduced
use of pesticide. US corn growers, for example, have reduced
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pesticide treatment for the European corn borer by about a
third®? and according to one projection the use of pesticide in
the corn crop will drop by 70 per cent once resistance to corn
rootworm is also incorporated into seeds.’®3 It has been re-
ported that Chinese farmers of Bt cotton have slashed their use
of pesticides by about 80 percent!>* In Australia, pesticide use
on Bt cotton crops was about half that on conventional crops,
and with a newly released version, trials suggest a 75 per cent
reduction.® In India the use of Bt cotton has cut pesticide
spraying by two thirds.% The recently announced blight resis-
tant potato promises large reductions in the use of fungicide
and insecticide, given the high levels currently used to control
the disease.

The adoption of herbicide resistant crops is also leading to a
more environmentally friendly herbicide regime. Because the
crop is resistant to it, a post-emergent herbicide can be sprayed
over the crop killing any weeds that may have sprouted. The
herbicide used - glyphosate with the trade name Roundup - is
required in lower quantities because it kills such a wide range
of weeds replacing the need to use a multitude of herbicides. It
is also environmentally quite benign. It has extremely low tox-
icity to people and animals. It also binds well to the soil until it
completely deteriorates, so there is very little that can run off
into water supplies.’s

Less Tilling of the Land

Because herbicide resistance allows for crops to be sprayed
after they have been planted, herbicides can more effectively
control weeds so reducing the need to till the soil for that pur-
pose.

Reduced tillage has a range of benefits in terms of conserving
agricultural resources and the environment generally. It dram-
atically reduces soil erosion which affects fertility and clogs up
rivers and streams, carrying pesticides and fertilizer with it.
The crop mulch shades the ground and slows evaporation and
the improved soil structure resulting from less plowing actually
increases the movement of water into the soil following rain or
irrigation and holds it there, which means less irrigation is
necessary.'® Low tillage also means less tractor passes and less
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fuel consumption. According to one 