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Unit One

THE FUTURE OF AGRICULTURE

One of the greatest and most immediate challenges facing today’s world is to produce
enough food to feed its expanding population. Even though it is estimated that world food
production has expanded 2.6 times since 1950—more rapidly than the human population—
virtually all the lands that can be cultivated are already under cultivation. A quarter of the
world’s topsoil has been lost from agricultural lands during this period, and the human
population is continuing to grow explosively. Much of the world is populated by very large
numbers of hungry people who are rapidly destroying the sustainable productivity of the lands
they inhabit; at the same time, consumption in industrialized countries such as the United
States, running at 20 to 30 times the rate in developing countries, is having an even greater
adverse effect on the future of humanity. In the face of these massive problems, we need to
consider what the prospects are for increased agricultural productivity in the future, and what
we can do to improve these prospects.

For a start, we are going to have to identify more kinds of crops. Nearly all of the major
crops now grown in the world have been cultivated for hundreds or even thousands of years.
Only a few, including rubber and oil palms, have entered widespread cultivation since 1800,
One key feature for which nearly all of our important crops were first selected was ease of
growth by relatively simple methods.

How many plants do we use at present? Just three species——rice, wheat, and corn—supply
more than half of all human energy requirements; only about 150 kinds of plants are used
extensively; and only about 5000 have ever been used for food. It is estimated that there may
be tens of thousands of additional kinds of plants, among the world total of some 250 000
species, that could be used for human food if their properties were fully explored and they were
brought into cultivation. There are also many uses for plants other than for food. Oral
contraceptives were produced from Mexican yams for many years; the muscle relaxants used in
surgery worldwide came from curare, an Amazonian vine used traditionally to poison darts used
in hunting; and the cure for Hodgkin’s disease was developed in the early 1970s from the rosy
periwinkle, a widely cultivated plant native to Madagascar.

The reasons for which we select new crops now are often very different from those which
appealed to our ancestors who developed agriculture, living as they did in small groups around
the foothills of the Near East or on the temperate slopes of the mountains in Mexico. Standards
of cultivation have changed, and we use many products from plants—for example, oils, drugs,
and other chemicals—that often would not have led to their cultivation earlier. In a time when
human activities threaten to drive many of the world’s plants and other organisms to extinction
during our lifetimes and those of our children, we need to search systematically for new and
useful crops that fit the multiple needs of modern society in ways that would not have been
considered earlier. We must begin more diligent efforts to find and bring into cultivation more
kinds of useful plants before they are gone forever.

In improving the world food supply, the most promising strategy is to improve the
productivity of crops that are already being grown on lands that are under cultivation. Much of
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the improvement in food production must take place in the tropics and subtropics, where a
rapidly growing majority of the world’s people already live, including most of those enduring a
life of extreme poverty. These people can not be fed by exports from the industrial nations,
which contribute only about 8% of their total food at present and where agricultural lands are
already heavily exploited.

During the 1950s and 1960s, the so-called Green Revolution took place. This revolution
depended on the development of new, improved strains of wheat and rice at international centers
that were organized by groups such as the Rockefeller and Ford foundations, with the assistance
of many other agencies and of governments. As a result of the efforts made at these centers, the
production of wheat in Mexico increased nearly 10-fold between 1950 and 1970, and Mexico
temporarily became an exporter of wheat rather than an importer. During the same decades,
food production in India was largely able to outstrip even a population growth of approximately
2.3% annually, and China became self-sufficient in food.

Despite the apparent success of the Green Revolution, the improvements were limited. The
agricultural techniques that were employed required the expenditure of large amounts of energy
and abundant supplies of fertilizers, pesticides, and herbicides, as well as adequate machinery.
For example, in the United States it requires about 1 000 times as much energy to produce the
same amount of wheat that results from traditional farming methods in India. Introducing
industrialcountry methods obviously increases the yield, but who will pay the bill? Energy
prices are often held at artificially low levels in developing countries, so it may actually be more
expensive for a poor rural farmer to grow an equivalent amount of grain than for a large-scale
farmer using developed-world technology. In this respect, the introduction of Green Revolution
methods in some regions has actually worsened poverty for many of the people and lessened their
access to food, fuel, and other commodities on which they depend.

Certain nutritional problems have also arisen in connection with the Green Revolution. The
overconcentration on cereal crops has tended to lower the production of other nutritionally
important plants, including legumes, oilseeds, and vegetables of all kinds. The reason that
legumes and cereals are often nutritionally combined is that they provide a balanced set of amino
acids required by human beings for proper growth. The varied strains of crops that are grown on
small farms may also be driven out by fewer kinds of modern strains and fewer crops, which
produce a better yield if large-scale inputs of chemicals and the use of machinery are possible.
Despite these short-term advantages, the loss of the unique, traditional strains of crops
presently cultivated by small, rural farmers throughout the world may ultimately prevent the
particular crop plants from being able to grow in less favorable habitats or to withstand
important diseases in the long run. Monoculture—the exclusive cultivation of a single crop over
wide areas—is an efficient way to use certain kinds of soils, but it carries the risk of an entire
crop being destroyed with the appearance of a single pest species or disease.

In improving the world food supply, the most promising strategy is to improve the
productivity of crops that are already being grown on lands that are under cultivation. There are
relatively few parts of the world where additional land exists that can be brought into cultivation
using currently available technology. Biologists have a crucial role to play in the improvement of
crops and in the development of new ones. Traditional methods of plant breeding and selection
must be applied fully to many crops of importance in the tropics and subtropics in addition to
wheat, corn, and rice. Genetic engineering techniques are being applied extensively to crop
plants and, to some extent, to animals, and these techniques offer great promise for the future.
For example, it will be possible to produce plants that are resistant to specific herbicides, which
can therefore be applied much more effectively to crops for weed control . It will soon be
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possible, through the methods of genetic engineering, to produce new strains of plants that will
grow successfully in areas where the crop could not grow before. Eventually it will also be
possible to introduce desirable characteristics into important crop plants, such as the ability to
fix nitrogen, carry out C4 photosynthesis, or produce substances that deter pests and diseases in
abundance. The ability to transfer genes between organisms will be of great importance in the
improvement of crop plants before the twentieth century draws to a close.

The oceans were once regarded as an inexhaustible source of food, but overexploitation of
their resources is actually limiting the world catch from year to year, while these catches are
costing more in terms of energy. It has been estimated that the mismanagement of fisheries,
mainly through overfishing, local pollution, and the destruction of fish breeding and feeding
grounds, has already lowered the catch of fish in the sea by about 20% from its maximum
levels. The decline in the numbers of whales in the oceans of the world is a tragic and well-
known example of the way fisheries have been and are being destroyed.

The development of new kinds of food, such as microorganisms grown in culture in
nutrient solutions, should definitely be pursued. For example, the photosynthetic, nitrogen-
fixing cyanobacterium Spirulina is being used in this way, with experimentation under way in
several countries to see whether it can be developed into a commercial food source. Masses of
this bacterium are used traditionally as food in Africa, Mexico, and other regions. Spirulina
thrives in very alkaline water and has a higher protein content than do soybeans; the ponds in
which it grows are 10 times more productive, on the average, than are wheat fields. Ultimately
the enrichment of human food through protein-rich concentrates of microorganisms will provide
important nutritional supplements to our diets. But there are psychological barriers that must be
overcome to persuade people to eat such foods, and the processes required to produce them tend
to be energy-expensive.
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