23 Summing Up:

Options and Solutions

Tough questions about conservation of natural resources, development of alternative
energy resources, desired standards of living, types of diet, and optimum popula-
tions size must be answered. All require decisive action.

The foremost question is how humans will be able to provide a nutritionally
adequate diet for a world population expected to be more than 13 billion by 2055.

Food security for all is dependent on and interrelated with many factors within
the vast human social and ecological system. Fundamentally, it depends upon human
population numbers and the standard of living those humans desire. Environmen-
tal resources such as cropland, water, climate, and fossil energy for fertilizers and
irrigation influence the outcome. The food supply is also affected by crop losses to
pests, availability of labor, environmental pollution, and the health and lifestyle of
the people. Distribution systems and the social organization of families and coun-
tries play a role in the solution.

FUTURE FOOD NEEDS

For about a million years, the human population growth rate was slow, averaging
only about 0.001% per year. During that long period of time, the world population
numbered less than 10 million (Keyfitz, 1976). Growth in human population num-
bers began to escalate about 10,000 years ago, when agriculture was first initiated.
Rapid population growth, however, only started after the year 1700, when it acceler-
ated to today’s rate of 1.2% per year, about 1200 times the historical rate of 0.001%
(NAS, 1975; Keyfitz, 1976; PRB, 2004). World population now stands at 6.5 billion
and is expanding at a quarter million persons per day. Unless unforeseen factors
intervene, it will reach more than 13 billion by 2055. Growth is not expected to end
until after the year 2100.

The rapid growth in the world population has already resulted in an increased
need for food. Estimates are that today 3.7 billion people, or more than half of the
world population, are seriously malnourished (WHO, 2004).

PoruLaTiON HEALTH

Rapid growth in the world population coincided with the exponential growth in the
use of fossil fuels (Figure 23.1). Some of this energy has been used to promote public
health, control disease, and increase food production for the ever-growing world
population. The control of typhoid disease, for example, was achieved by improving
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FIGURE 23.1 World population growth and fossil energy use ( ) and projected (---)
future trends for each. (Environmental Fund, 1979; Linden, 1980; USBC, 1994; PRB, 2006.)

water purification, which required large energy expenditures (Audy, 1964). The pro-
gram for eradicating malaria-carrying mosquitoes required the application of DDT
and other insecticides. Producing these insecticides used substantial quantities of
energy (Audy, 1964).

Reduction in death rates through effective disease control has been followed by
substantial increases in population growth rates. For example, in Sri Lanka (Ceylon),
after spraying mosquitoes with DDT, the death rate fell from 20/1000 in 1946 to only
14/1000 in 1947 (PEP, 1955), and population growth rates concurrently increased.
A similar dramatic reduction in death rate occurred after DDT was used on the island
of Mauritius, where death rates fell from 27 to 15/1000 in 1 year, and population
growth rates increased from about 5-35 per 1000 (Figure 23.2).

Historical evidence documents many similar occurrences in nations where
public health technology improved sanitary practices and medical supplies signifi-
cantly reduced death rates (Corsa and Oakley, 1971). The effective control of human
diseases, coupled with increased food production, has contributed significantly to
rapid population growth. Unfortunately, the immediate increase in family size and
explosive population increase in cities, towns, and villages all too often overwhelms
existing food, education, health, and social systems.

The presence of some chronic diseases also increases the need for food. For
example, when a person is ill with diarrhea or malaria or is infested with a parasite
such as hookworms, anywhere from 5% to 20% of the individual’s energy intake
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FIGURE 23.2 Population growth rate on Mauritius from 1920 to 1970. From 1920 to 1945
the growth rate was about 5 per 1000. After malaria control, in 1945, the growth rate exploded
to about 35 per 1000 and has since very slowly declined. After 25 years the rate of increase is
still nearly four times the 1920—1945 level. (Pimentel and Pimentel, 1979.)

is expended to offset the illness. With malaria, hookworms, and amebic dysentery,
the parasites remove blood and nutrients and reduce the individual’s ability to make
effective use of his food.

Foob Lossks

Significant quantities of our food supply are lost to insects, plant pathogens, weeds,
birds, rodents, and other pests. World crop losses due to pest infestation are esti-
mated to be about 40% (Pimentel, 1997). These losses include destruction by insects
(15%), plant pathogens (12%), weeds (12%), and mammals and birds (1%). Although
mammal and bird losses are more severe in the tropics and subtropics than in the
temperate regions, they are still low compared to those attributed to insects, patho-
gens, and weeds.

In addition, available evidence tends to suggest that some Green Revolution
technologies have intensified losses to pests (I. N. Oka, Bogor Food Research Insti-
tute, Indonesia, personal communication, 1991). Some of the new high-yielding crop
varieties exhibit greater susceptibility to some pests than do traditional varieties. In
the past, farmers saved seeds from those individual plants that survived and yielded
best under local cultural conditions and planted them in subsequent years. These
genotypes were naturally resistant to pest insects and plant pathogens and competi-
tive with weeds. In this way, farmers developed genotypes that grew best in their
localities.
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The newly developed grain varieties have more genetic uniformity, and this
can become a distinct disadvantage when the variety is planted over large areas
in a new environment. Such plantings provide an ideal ecological environment
in which the plant pathogens can evolve highly destructive genotypes (I. N. Oka,
Bogor Food Research Institute, Indonesia, personal communication, 1991). Concur-
rently, programs have been developed for multiple cropping in an effort to increase
food supplies from limited land resources. This type of continuous crop culture has
resulted in increased pest outbreaks. Higher crop losses to pest damage mean lower
yields and less food.

Not all losses occur during the growing season; substantial postharvest losses
occur. These are estimated to range from 10% in the United States to a high of
25% in many developing countries. The major pests that destroy harvested foods
are microbes, insects, and rodents. When postharvest losses are added to preharvest
losses, total food losses due to pests rise to an estimated 52%. Thus, pests destroy
more than half of the potential world food supply. We cannot afford a loss of such
magnitude when faced with an increasing need for food to feed the growing world
population.

STRATEGIES FOR MEETING FOOD NEEDS

Two-thirds of the world’s people consume primarily a vegetarian-type diet. These
individuals eat about 200 kg of grain products yearly. They consume this grain
directly and eat little food of animal origin. In contrast, the remaining one-third of
the world’s people, including those living in industrial countries such as the United
States, consumes about 360 kg of animal food products yearly. To produce this
amount of animal food in the United States, about 665 kg of grain per person are
raised and then fed to animals.

Livestock, including poultry, in the United States alone number 9 billion and
outweigh the human population by more than five times. Worldwide there are an esti-
mated 30 billion livestock. These animals graze on about 30% of the world land area.

To increase the production of animal protein, the process must be made more
efficient than it has been in the past. This is especially relevant to livestock produc-
tion. Overgrazing should be prevented and more productive pasture plant species
developed and cultured. Applications of limited amounts of livestock manure and
perhaps fertilizers would increase forage yields. The annual supply of animal protein
could be increased to about 50 million tons by the year 2050. This increase, however,
would not be sufficient to maintain the present protein intake of 64 g per person
per day for the world population, which in the meantime will also have increased
substantially.

Some estimates report that the fishery harvest is about 95 million tons. This
is probably the maximum yield, considering the serious overfishing problems that
already exist. In addition, fish production is energy intensive; this energy has been
and will continue to be a constraint on its expansion.

One way to increase food supplies is for humans to become more vegetarian in
their eating habits. Annually, an estimated 40 million tons of grain protein suitable
for human consumption are fed to the world’s livestock. This represents 34% more
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protein that would be available as food for the world population if it was not cycled
through livestock.

If the protein currently fed to livestock were instead fed directly to humans,
then more food grains would be available to the world population. Assuming that
improved management of livestock pasture and rangeland yielded an additional
25 million tons of livestock protein, then the increases needed in the following crops
over a 20-year period would be: cereals, 41%; legumes, 20%; and other plant proteins,
50%. 1t is doubtful that these increases can be achieved. However, increased yields in
plant crop production are more easily achieved than increases in animal production.
Nevertheless, just as livestock production is vital to humans today, it will be impor-
tant to humans in the future. Cattle, sheep, and goats will continue to be of value
because they convert grasses and shrubs on pastures and rangeland into food suitable
for humans. Without livestock, humans cannot make use of this type of vegetation
on marginal lands.

ENERGY NEEDS IN FOOD PRODUCTION

In past decades humans did not have to concern themselves about fossil fuel sup-
plies, because relatively inexpensive and ample supplies were available. Such will
not be the case in the twenty-first century. An estimated 19% of the fossil energy
consumed in the United States is used in the food production system. This 19%
may seem neither large nor important when considered as a portion of the total U.S.
energy expenditure, but compared to that of other nations (especially developing
countries) it is extremely large. It amounts to more than twice the total per capita
fossil use in Asia and about four times that in Africa (Figure 1.3).

The following analysis may help clarify the relationships of fossil fuel supplies
to production of food supplies. The total energy used annually in the United States
for food production, processing, distribution, and preparation is about 1500 L of oil
per capita per year. Using U.S. agricultural technology to feed the present world
population of 6.5 billion, a high protein/calorie diet for 1 year would require the
equivalent of 9000 X 10° L of fuel annually.

Another way to understand the dependency of food production on fossil energy is
to calculate how long it would take to deplete the known world reserve of petroleum
if a high protein/calorie diet, produced using U.S. agricultural technologies, were fed
to the entire world population. The known world oil reserves have been estimated
to be 90 X 102 L, so if we assume that 75% of raw oil can be converted to fuel, this
would provide a useable reserve of 67 X 102 L of oil. Assuming that oil were the
only source of energy for food production and that all known oil reserves were used
solely for food production, the reserves would last a mere 7 years from today. This
estimate is based on a hypothetical stabilized population of 5.5 billion. The reality is
that each day an additional quarter million new mouths must be fed.

How then can food supply and energy expenditures be balanced against a grow-
ing world population? Even tripling the food supply in the next 40 years would just
about meet the basic food needs of the 11 billion people who will inhabit the Earth
at that time. Doing so would require about a 10-fold increase in the total quantity of
energy expended in food production. The large energy input per increment increase
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in food is needed to overcome the incremental decline in crop yields caused by
erosion and pest damage.

One practical way to increase food supplies with minimal increase in fossil
energy inputs is for the world population as a whole to consume more plant foods.
This diet modification would reduce energy expenditures and increase food supplies,
because less food suitable for human consumption would be fed to livestock. With
livestock, roughly 25 cal of increased energy is needed to obtain 1 cal of food.

LAND CONSTRAINTS

Feeding a population of more than 6.5 billion a high protein/calorie diet using U.S.
agricultural technology would require large areas of arable land. This will be the
case even if only plant production is to be increased. Thus, it is important to know
how much arable land now is available for use in agricultural production.

The United States, with a current population of 300 million people, has about
160 million ha planted to crops. This averages out to 0.5 ha/person. However, the
cropland needed per American is only about 0.4, because 20% of our present crop
yield is exported.

Worldwide, about 1.5 billion ha of arable land now exist for crops. Based on
the present population of 6.5 billion, this averages out to be only 0.23 ha/person.
Therefore, if at least 0.50 ha/person is needed to produce a U.S-type diet, there is not
sufficient arable land, even with the addition of energy resources and other technol-
ogy, to feed the rest of the world a U.S.-type diet.

In some regions it may be possible to bring some poor land into production.
Best estimates are that cropland resources might be doubled to 3 billion with great
cost, using large amounts of energy for fertilizers and other inputs. This increase in
cropland would necessitate cutting down most forests and converting some pasture-
lands to cropland. Both changes would have negative impacts on biodiversity and
production of needed forest products. Also, forest removal increases erosion, flood-
ing, and other environmental damage.

Worldwide, more than 20 million ha of agricultural land is abandoned annually
because of soil erosion and salinization. During the past 40 years, about 30% of total
world arable land has been abandoned because it was no longer productive. Loss of
arable land is increasing because poor farmers worldwide have to burn crop residues
and dung as fuel because firewood supplies are declining and fossil fuels are much
too costly. It is expected that 750 million ha of cropland will be abandoned by 2050
because of severe degradation. This is extremely bad news; about half of the current
arable land now in cultivation will be unsuitable for food production by the middle
of the twenty-first century.

Wind and water erosion seriously reduce the productivity of land. In the United
States, the rate of soil erosion is estimated at 10 tons/ha annually. The United States
has already abandoned an estimated 100 million ha (Pimentel et al., 1995). At least
one-third of the topsoil has been eroded from U.S. cropland during more than a
century of farming. Iowa, which has some of the best soils in the United States,
reportedly has lost half its topsoil after little more than 100 years of farming
(Risser, 1981).
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So far, the reduced productivity of U.S. cropland due to erosion has been offset
by increased use of fertilizers, irrigation, and pesticides. The estimate is that about
50 L of oil equivalents per hectare are expended each year to offset cropland deg-
radation. In developing countries, the rate of soil loss is more than twice that of the
United States, an estimated 30—40 tons/ha/year (Pimentel, 1993). Therefore, based
on what we presently know, both the amount of arable land available for crop pro-
duction and the amounts of extra energy needed to put poor land into production are
serious constraints on expansion of crop production.

WATER CONSTRAINTS

Water is the major limiting factor in crop production worldwide because all plants
require enormous amounts of water for their growth. For example, a corn crop will
transpire about 5 million L of water during the growing season. If this water has
to be added by irrigation, approximately 10 million L of irrigation water must be
applied. Another way of assessing water needs is to point out that 1000 L of water is
necessary for the production of 1 kg of corn.

Indeed, agriculture is the major consumer of available water. In the United States,
irrigated agriculture consumes (nonrecoverable) about 80% of the fresh water that
is pumped, and the public and industry consume the remaining 20%. Worldwide,
agriculture uses about 70% of the fresh water pumped.

Only about 17% of the world’s cultivated land is now irrigated. In the arid lands,
various sectors of the economy have conflicting demands for available water. Agri-
culture must compete with industry and public use of water, because the economic
yields from agriculture per quantity of water used are far less than economic yields
from industry. The public always needs water to drink and for other personal uses.

Expansion of irrigation is further limited because it requires large amounts of
energy. About 20 million kcal of energy is needed to pump 10 million L of water
from a depth of 30 m and irrigate by sprinkler system. This is more than three times
the fossil energy input of 6 million kcal usually expended to produce 1 ha of corn. In
addition, 13% more energy is required to maintain the irrigation equipment. These
figures do not include the environmental costs of soil salinization or waterlogging
often associated with irrigation.

High rainfall and the presence of too much water, or rapid water runoff, also
cause serious environmental problems. The removal of forests and other vegetation,
in particular on slopes, encourages water runoff and often results in serious flood
damage to crops and pasture. In fact, environmental damages caused by floodwater,
soil sediments, and related watershed damage are estimated to be about $6 billion
per year.

CLIMATE

Climate has always determined the suitability of land for cultivation of crops. For this
reason, changes in temperature and rainfall can be expected to influence food produc-
tion and supplies. These two considerations must be evaluated on different time scales.
Within any given decade, there are likely to occur irregularities in temperature and
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rainfall patterns that may either improve crop yields or inflict enormous damage to
agricultural yields (e.g., the drought that occurred in the United States in 2005). How-
ever, long-term changes may have far more serious consequences. In particular, many
scientists are concerned about global warming because of the greenhouse effect, which
may affect agricultural production. The sensitivity of crops to temperature change
is illustrated with corn. For example, a mere 0.6°C increase in temperature would
lengthen the growing season by about 2 weeks and increases crop yields. However,
global warming would also reduce the amount of water available for crop production.
On balance, global warming would have a negative impact on agriculture.

The changes wrought by irregularities of climate patterns call attention to the
interdependency of nations and the importance of cooperative planning. The effects
of such irregularities also emphasize the need for the establishment of an interna-
tional food reserve to offset years in which crop yields in the food-producing regions
of the world are unexpectedly low.

ENVIRONMENTAL POLLUTION

Numerous wastes produced by agricultural production are considered pollutants.
These include fertilizers, pesticides, livestock manure, exhaust gases from machinery,
soil sediments, odors, dust, wastewater, and crop wastes. Pesticide use in the world
totals 3.0 million tons, yet insects, plant pathogens, and weeds still destroy about 40%
of all potential food in the world. However, pesticides are important, for without them
food losses would rise to about 60%.

Pesticides, however, also cause serious public health and environmental problems.
Worldwide, about 26 million human people a year suffer from pesticide poisoning,
with about 220,000 fatalities. In the United States there are about 300,000 human
pesticide poisonings per year with about 25 fatalities. In addition, there are as many
as 10,000 cases of cancer associated with pesticide use. In addition, fish, honeybees,
birds, and natural enemies are killed. The total environmental and health costs of using
pesticides are estimated to be more than $11.3 billion per year (Pimentel, 2005).

On the world scene, pesticide use in agriculture has contaminated water with
pesticides and exposed mosquito populations to insecticides. The result has been the
development of high levels of resistance to insecticides worldwide and an explosion
in the incidence of malaria, which is now difficult to control. The various envi-
ronmental problems associated with pesticides appear to be increasing worldwide
(Pimentel, 2005).

THE FUTURE

There is no single cause of the growing shortages of food, land, water, and energy
or pollution of the environment, nor are there simple solutions. When all the world’s
resources and assets must be divided among an increasing number of people, each
one has a smaller share, until there are insufficient amounts to go around.

At this point it is relevant to reconsider the biological law Malthus proposed:
“First, that food is necessary to the existence of man. Secondly, that the passion
between the sexes is necessary and will remain nearly in its present state . ... Assuming
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then my postula are granted, I say that the power of population is definitely greater
than the power of the Earth to produce sustenance for man.” Malthus may not have
been thinking about this aspect, but it is true that food production increases linearly,
whereas the human population increases geometrically. Therefore, there is no bio-
physical way for food production to increase and stay with the growth of the human
population. Even if population increase were not geometric, there are limits to the
Earth’s carrying capacity.

Perhaps Bertrand Russell (1961) best expressed the biological law related to pop-
ulation growth when he wrote: “Every living thing is a sort of imperialist seeking to
transform as much as possible of its environment into itself and its seed.” This law
suggests that the human population will increase until food or some other basic need
limits its survival and growth.

Although science and technology will help alleviate some of the future short-
ages, they cannot solve all the problems the world faces today. Science has been
unable to solve many of the world’s problems during the past 50 years, and with
fewer resources that must be shared with more people, we have no reason to expect
that biophysical limits can be overcome. For example, more, larger, and faster fishing
vessels have not increased fish production; on the contrary, it is declining. Likewise,
water flowing in the Colorado River now ceases to reach the Sea of Cortes. There is
no technology that can double the flow of the Colorado or increase rainfall.

We remain optimists, for we see some signs that people are beginning to under-
stand that resources are not unlimited and that a balance must be achieved between
the basic needs of the human population and environmental resources, many of
which are finite. This is the time to take action.

Above all else humans must control their numbers. This task is probably the
most difficult one facing all of us today. If birth rates are to decline on a massive
scale, parents must understand that having fewer children is in their own and their
children’s interest. This understanding can be achieved only if the direct costs of
having children are increased and if socially acceptable substitutes for large fami-
lies are developed. Within each country and each ecological system, difficult social
changes must be encouraged in conjunction with policies that augment food supplies
and improve health, education, and lifestyle.

What humans choose to do in the coming two decades will determine the kind
of world the next generations will live in. Ultimately, it is up to each individual to
reduce his or her reproductive rate. Clearly, if humans do not control their numbers,
nature will do so through poverty, disease, and starvation.
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