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Life Support Systems:
Food and Soil

Figure 2
Trends in world grain production
from 1950–2000

DID YOU

KNOW

?

World Hunger
Each year, more than 40 million
people die from hunger and
hunger-related diseases. This is
equivalent to 300 fatal jumbo jet
crashes a day, with almost half of
the passengers being children.
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Figure 1
Modern intensive and highly technological farming practices produce
very large food yields.
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Humans, like other heterotrophs, need food for survival. As populations grow, the need for increased food production is greater.
Technology has had an enormous impact on our ability to grow
food. The plough, invented about 5000 years ago, was the first tool
that permitted humans to dramatically alter the soil surface by
enabling them to till heavy but fertile soils that could not be worked
by hand. Oxen and horses were the first beasts of burden used as a
source of power in agriculture. Since the industrial revolution, tractors, fertilizers, and pesticides have further enhanced agricultural
productivity. In 1900, one Canadian farmer could produce enough
food to feed about seven people. Today, the average Canadian farmer
produces enough food to feed close to 100 people (Figure 1)!
From 1950 to the mid-1980s, increases in global food production
steadily outpaced increases in demand (based on population
growth). However, during the past 15 years global food production has levelled off and actually declined on a per capita basis.
Figure 2 illustrates this trend for grain production—humans’ most
important food source.
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Even though food production is no longer outpacing population growth, we still produce enough food on a global scale to adequately feed all of the world’s people. Yet, tens
of millions continue to suffer from starvation and undernourishment every day. According
to the United Nations, the amount of food consumed each day by the average global
citizen should be no less than 9900 joules (J), the minimum critical diet. Below this
level, chronic malnutrition may result. Figure 3 shows the average food energy intake for
different countries. According to the United Nations Food and Agricultural Organization
(FAO) and the World Bank, almost 500 million people regularly consume less than the
minimum critical diet, and over two thirds of these people live in Asia, Africa, and Latin
America. However, there are two forms of malnutrition: undernourishment and overnourishment. Health statistics from industrialized regions, including North America and
Europe, reveal a growth in the incidence of illness caused by overeating, such as coronary
heart disease and obesity.
Well into this century much attention will be focused on the efficient production,
distribution, and utilization of food resources needed to nourish a dense and expanding
population. Success will only be achieved if and when malnutrition is eliminated and when
those who do have access to plentiful food supplies make health-wise choices in their
preparation and consumption.
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Food Energy Intake
(J/day)

13 200 and over
11 500–13 199
9900–11 499
8200–9899
under 8200
insufficient data

The causes of world hunger are complex. One of the basic problems is that some
regions of the world are endowed with fertile soils and favourable climates, while others
have poor soil conditions, drought, flooding, and other harsh conditions that severely limit
the ability to grow food. Figure 4 illustrates the disproportionate availability of arable
land in various regions of the world.
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Figure 3
Global food consumption as measured by food energy intake (J/day).
A daily intake of 9900 J is considered to provide adequate nutrition
for the average person. People
receiving less than 8200 J/day are
chronically malnourished.
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Figure 4
Major categories of land use. The
sizes of the circles are proportional
to total land area. “Other land use”
includes deserts, mountainous
regions, and urban areas.

Most agricultural experts agree that the principal cause of hunger is, and will continue to be, poverty, which prevents the poor from growing food or buying food, regardless of how much is available. For example, despite impressive gains in total and per
capita food production, about 40% of India’s population suffers from undernourishment because they do not have enough money to buy or grow the food necessary to
meet their basic needs.
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Per Capita Catch
(kilograms per person)

Food Sources
Humans depend largely on grain production, livestock, and ocean fisheries for food.
According to the Worldwatch Institute, yield thresholds—the maximum production of
fish, grain, and livestock—are currently estimated to be at, or close to, maximum.
Seafood has been gathered and consumed by people for centuries. Global seafood harvests, however, peaked in 1989 at an estimated 100 million tonnes (or 19 kg per person)
and the Worldwatch Institute predicts that no increase in seafood catches can be expected
to the year 2030. Ocean pollution, damage to aquatic habitats that are spawning grounds,
and overharvesting have combined to limit the world’s seafood catch (Figure 5). Wild
fish stocks were once sufficiently plentiful to feed adjacent human populations as well as
marine predators. Abundant stocks, such as those off the Atlantic coast of Canada, have
attracted many fishing fleets to harvest food resources for populations far distant from the
location of the fish stocks. On discovering these cod stocks 500 years ago, Europeans
reportedly declared that there were enough fish to feed the entire world for all time. That
prediction has a hollow ring now, as overfishing has depleted stocks beyond estimated sustainable yields and the continental shelf habitat has become so disturbed that cod populations may not recover for decades. To add to the concern, in February 2002, scientists
published findings suggesting that the entire North Atlantic fishery is under serious threat
from continued overfishing. They called for significant reductions in total catches to prevent a severe and prolonged collapse of the industry.
World meat production surged from nearly 44 million tonnes produced in 1950 to
211 million tonnes in 1997 (Figure 6). Livestock ranching, however, has led to forest
degradation in Central and South America and the introduction of foreign species
almost everywhere commercial ranching exists. Currently, 36% of the world’s grain goes
to feed livestock. If this amount were reduced by just 10%, 67 million tonnes of grain could
be available to sustain 225 million people. Agriculture that provides animal protein and
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Figure 5
World fish catch per person,
1950–1997. The worldwide per capita
fish catch has dropped since 1989.
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Figure 6
The world is home to more than 10 billion domestic animals used for livestock, including
approximately 3 billion ruminants, 1 billion pigs, and 6 billion poultry.
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products has also resulted in significant water scarcity in northern China, the Middle East,
northern India, and sub-Saharan Africa. A number of the world’s large rivers, including
the Colorado River and China’s Yellow River, are so heavily utilized for irrigation supplies that virtually no water reaches the river mouth during the summer months. Wastes
produced by livestock—on a global scale, 130 times more than those produced by
humans—have been implicated in the pollution of waterways, the proliferation of toxic
algal blooms, and the loss of many different fish species.
Growth in grain production from 631 million tonnes in 1950 to 1780 million tonnes
in 1990 is similar to the expansion in global livestock production. The Worldwatch
Institute predicts, however, that growth will slow to 2149 million tonnes by 2030, an
increase of only 369 million tonnes from 1990. Reasons for a slower increase in grain production are varied, the most serious of which is loss of cropland at a rate worldwide of
10.1 million hectares per year—equivalent to the size of southern Ontario.
Much of the lost agricultural land is being converted to nonagricultural uses, particularly to meet increased housing needs. The most severe loss, however, is to soil degradation.
In regions where people rely on wood for fuel, deforestation exposes soil that may have
marginal fertility for growing crops. Loss of roots of living plants that would normally
retrieve nutrients from deeper layers of soil can disrupt nutrient cycles, allowing these
nutrients to be leached away. To improve productivity, in the past, many farmers were
encouraged to grow crops season after season, but such continuous cropping gradually
strips soil of organic matter and of nutrients that cannot be replaced by fertilizers. Droughts
can accelerate soil erosion; as crops wither, soil surfaces dry and are subject to wind erosion. Excessive wetness can lead to waterlogged soil, which also reduces crop productivity
by limiting soil oxygen supplies needed by plant roots. In many areas where grain producers
rely on irrigation, salts and mineral deposits can gradually accumulate in the soil through
a process called salinization. A high salt content in soils disrupts the flow of nutrients
into plants and restricts the water that plants can withdraw. Severe salinization of lands
around the Aral Sea has resulted in the collapse of an agricultural region that was once
more productive than California (Figure 7).
Although food production worldwide has slowed, the need for it has not. Research into
improved food production continues, while related ecological issues, such as water and
air qualities, are also topics of intense study.

DID YOU

KNOW

?

A Desert World?
The world’s deserts are
spreading. This desertification
threatens about one third of the
entire world’s land surface!
Human activity is the main cause.
On arid lands, drought-resistant
plants help maintain some soil
moisture by shading and adding
organic matter to the soil surface.
If these plants are removed by
overgrazing or excessive cutting
of fuel wood, the soil is exposed,
dries out, and the limited nutrients in the surface are removed
by wind erosion.

soil degradation the removal of
soil nutrients and loss of topsoil rich
in organic matter, caused by erosion
from the movement of water and
wind
salinization the accumulation of
excess of salts in soil that restricts
the amount of water and essential
nutrients plants can withdraw from
the soil

Figure 7
Unsustainable use of water for vast
irrigation projects near the Aral Sea
drained this large water body, which
could no longer rely on consistent
inflows from rivers fed by melting
glaciers. Evaporation of the Aral Sea
has exposed deep layers of saline
soils, which has resulted in an ecological disaster.
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More Efficient Energy Distribution
energy pyramid a model that
illustrates energy flow from producers at the beginning of food
chains to consumers farther along
trophic level a level within a food
chain or energy pyramid that
demonstrates energy flow from producers (at the primary trophic level)
to consumers (at secondary or tertiary trophic levels)
food chain a sequence of linked
organisms that feed on one another,
starting with a producer and continuing with consumers; energy flow
decreases proportionately for each
additional consumer level

On one of his CDs, the musician Moby states: “In a world where people are starving, it
seems criminal to fatten up cows with grain that could be keeping people alive.” Is this
observation supported by science? Ecologists often use energy pyramids as models to
visualize the transfer of food energy from one trophic level to another through a food
chain (Figure 8). These models are pyramidal in shape to illustrate that energy flows
through an ecosystem in an inefficient manner. Not all the energy trapped by producer
organisms in the first trophic level of the pyramid is transferred to consumers in the
next level, since the majority of the energy dissipates as heat. Approximately only 10%
of the energy in one organism is transferred to an organism in the next trophic level.
Therefore, a food chain with a greater number of organisms would have a higher loss of
usable energy as it flows through the food chain. Organisms in the uppermost trophic
level (at the end of long food chains) receive a small fraction of the energy available at
the lowest level in the food chain.
(a)
primary consumers:
humans 100 kJ
plant producers 1000 kJ
(b)

Figure 8
These energy pyramids compare
the relative efficiency of energy
transfer from (a) the primary
trophic level, and from (b) a
secondary trophic level.

SAMPLE problem

secondary consumers:
humans 10 kJ
primary consumers:
livestock 100 kJ
plant producers 1000 kJ

Energy From Food Production
A food chain consists of grain, cattle, and human populations. If the amount of energy in
the harvested grain is 730 kJ, how much energy is available for the human population?

Solution

At each trophic level, 10% of biological energy is transferred.
Energy transferred from the grain to the cattle ! 730 kJ " 10% ! 73 kJ

The cattle obtain 73 kJ of energy from the harvested grain.
Energy transferred from the cattle to the humans ! 73 kJ " 10% ! 7.3 kJ

The humans obtain 7.3 kJ of energy from the cattle.
Answers
1. (a) 65.7 MJ
(b) 6.57 MJ

Practice
Understanding Concepts
1. In a forest ecosystem, wolves and humans feed on deer, and deer feed on plants. If

the plants eaten by the deer are able to trap 657 MJ of energy through the process
of photosynthesis, how much energy is available for the
(a) deer?
(b) humans and wolves?
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Energy pyramids illustrate that humans can obtain more energy
from consuming producing organisms—grains, vegetables, and
fruits—directly rather than from feeding them to livestock and
subsequently eating livestock products. The evidence suggests
that eating organisms early in food chains or energy pyramids
(e.g., plants) can sustain large populations in countries with insufficient food production. For example, in 2000, China harvested
462.5 million tonnes of various grains, an amount that was sufficient to ensure that the entire population could be fed. In the
past, the people of China consumed fish in addition to grains,
but very few meat products. More recently, many Chinese changed
their diets to include more meat products, which led to challenges
in food production. The raising of livestock resulted in the clearing
of agricultural land formerly used exclusively to cultivate crops for
human consumption. Some of the land was converted to pasture
and some grains were diverted to feed livestock. The total energy
value of the livestock was less than what had been provided directly
by the grains. As Chinese people continue to eat farther along
food chains, more grains will have to be produced to sustain their
energy needs.
In many regions of the world, livestock are used to provide food
for humans when crop plants cannot be readily grown. For example,
in regions where the poor soils, rugged terrain, or weather patterns make land unsuitable for cultivation, grazing herds of goats,
sheep, and cattle may be able to convert unpalatable native plants
into meat and milk products suitable for human consumption
(Figure 9).

TRY THIS activity

Test Your Energy Intake

You can relate the foods you consume to the amount of land required to produce
those foods.

•

On a graphic organizer, record everything you eat in 48 h by the type of food (animal or
plant product) and the amount that you ingest.

•

Use a kilojoule counter, or record kilojoule values from food packaging, to calculate the
number of kilojoules you consumed from animal products and from plant products.

•
•

Multiply each of your results by 365 to get an average annual intake of kilojoules.

•

Figure 9
These grazing sheep are utilizing
land unfit for growing crops and they
are consuming plant species that are
not suitable for human consumption.

Divide the annual average intake of kilojoules from animal products by 835 kJ per m2 to
determine the amount of land needed to produce the animal products you consume.
Divide the annual average intake of kilojoules from plant products by 8350 kJ per m2 to
determine the amount of land needed to produce the plant products you consume.

(a) Which food products required less land?
(b) Compare your results with those of your classmates.
(c) How might you and your classmates change your diets to contribute to global sustainability?
(d) How might your results compare to people living in other parts of the world?
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More Sustainable Food Production
Agricultural research scientists with the Canadian International Development Agency
(CIDA) are involved in many projects around the world to support better food production. Each project is designed to address a specific agricultural problem. An integrated pest management program in Africa, for example, is aimed at saving the cassava
(or manioc) crops, which provide high-energy values for more than 200 million people
(Figure 10). Cassava had almost become extinct from the ravages of the cassava mealybug,
which had no natural predator. Scientists involved in a project supported financially by
CIDA proposed the introduction of an exotic species of parasitic wasp for release through
aerial spraying over African lands where the cassava mealybug was prevalent. The wasps
dramatically reduced the mealybug populations, allowing a return to successful cultivation
of cassava crops that provide much-needed food for the human populations.

Figure 10
Cassava, or manioc, is a staple crop
in much of Africa, where flour is
produced from the plant’s starchy
tuberous roots. Many Canadians
enjoy tapioca pudding, which is
produced from this root starch.

The Food and Agriculture Organization (FAO) plays a major role in global food security and production. On November 3, 2001, an FAO conference adopted an International
Treaty on Plant Genetic Resources for Food and Agriculture, which represents global
agreement on management of the world’s agricultural biodiversity. Currently, only about
30 crops provide human populations with 95% of their food energy. Seed diversity has
decreased as international programs have sought to focus on the most efficient plant
species. The hundreds of rice species that used to be grown in a variety of countries
have been reduced to those with the best durability and highest yields. Rice is a vital
grain crop with high nutritional and energy values that feeds millions of people in
regions of low prosperity. Given the diminishing number of crops and varieties being
grown, FAO scientists and officials have expressed concern that the genetic diversity of
crops is decreasing, and that entire crops could become extinct. To save the genetic diversity of grain crops, the FAO has established its own gene and seed banks.
As a food production technology, genetic modification has been actively promoted for
several years. Crops are being genetically designed to withstand extreme temperatures,
to be resistant to pests and herbicides, to have improved flavour and nutritional content,
and to produce bigger yields. Genetically modified organisms (GMOs) are a subject of
controversy for many reasons. Recently, Bt-corn made the news when it was discovered
that some flour made from a variety of Bt-corn plants had been accidentally introduced
into some human food items. Bt-corn has been genetically modified with a gene from
the bacterium Bacillus thuringiensis. The gene codes for a protein that is then produced
within the plant tissues and is toxic to corn borers, thus providing resistance to the pest
without the spraying of pesticides. This particular variety of corn is not to be consumed
by humans—it is to be fed to livestock or processed into fuel.
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Some critics wonder when GMO technologies will deliver on their promises to solve
the world’s food shortages. Others are concerned that large corporations that own patents
to GMOs may be contributing to the loss of genetic diversity. Farmers who want to plant
GMOs for increased food production must every year pay companies from which they
purchase seed, since the seeds have often been changed so that mature plants will not reseed
themselves. Farmers accustomed to having seeds last several seasons may not expect or
be able to afford to pay yearly, especially poor farmers in countries struggling to stabilize their economies or repay huge debts to international funding agencies.

EXPLORE an issue

Take a Stand: Can Biotechnology
Increase Food Supplies?
In 1798, Thomas Malthus hypothesized that “the power of population is infinitely greater than the power in the earth to produce food for man.” Many countries do not have the financial
means to import food nor have enough productive farmland—
without cutting down valuable forests—to produce enough food
to sustain their populations. Delegates to the Tokyo
International Forum of the Conference of the World’s Scientific
Academies in May 2000 said, “Over the next 50 years, the
worldwide demand for food is expected to triple in response to
population growth, increases in per capita income, and continuing attempts to improve nutrition among the very poor.
Meeting this demand will require dramatic advances in food
production, distribution, access, and security.” Biotechnology in
agriculture is being explored as a potential solution to feeding
populations in countries that are unable to meet current or
future food needs. Proponents for the use of biotechnology
declare that it will provide ways for farmers to produce larger
harvests from existing land, eliminate diseases that devastate
crops, reduce pesticide and fertilizer use, improve the nutritional content of food, and increase a crop’s ability to withstand
harsh environmental conditions. Opponents of agricultural
biotechnology argue that it is unsafe, as it could eliminate

SUMMARY

Decision-Making Skills
Define the Issue
Defend the Position

Research
Evaluate

genetic diversity and take the control of crop cultivation for basic
survival from farmers and put it into the hands of corporations.
• Identify the issue presented above.
• Who might have an interest in this issue? Identify the perspectives these parties might have that reflect their interest in
the issue.
• Research Canada’s role in agricultural biotechnology and
agricultural technologies. For example, you might want to
look into the work of the Canadian International Development
Agency. Your research should include a brief description of
how the technology works and should focus on the scientific,
societal, environmental, and technological impacts of the
various biotechnologies.

GO
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(a) Complete a risk-benefit analysis of your research.
(b) Write a supported opinion letter to the Food and
Agriculture Organization of the United Nations on whether
you agree with using agricultural biotechnology to increase
food supplies.

Life Support Systems: Food and Soil

•

Although total world food production has increased dramatically during the past
century, the per capita production of food has started to decline during the past
decade.

•

The present annual world food supply is adequate to feed the entire human population but both food production and food distribution are very uneven among
different regions of the globe.

•

Soil quality is threatened in many regions of the world by human activity that
can lead to erosion, salinization, nutrient loss, and desertification.

•

Consuming plant foods directly provides significantly more joules of food energy
than feeding the same plant foods to livestock for the production of animal food
products.

•

Advances in biotechnology may provide methods to increase food supplies.

NEL

Analyze the Issue
Identify Alternatives
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Section 15.3 Questions
Understanding Concepts

Making Connections

1. Describe how the following major factors might influence

the ability of humans to produce large quantities of food in
a given region of the world:
(a) technological innovation
(b) soil quality
(c) climate
2. Using a graphic organizer of your choice, summarize

the challenges that food scarcity poses to global food
production.
3. What do energy pyramids show about the suitability of

plants versus animals for meeting human food demands?
4. How have grazing animals been used to effectively increase

the land area available to feed the human population?
Applying Inquiry Skills
5. Table 1 provides estimates of the average primary produc-

tivity of different habitats in joules per m2 per year. Complete
the table, comparing the theoretical value of food energy
that could be supplied for human consumption if we were to
feed on the plants directly or if we were to feed on livestock.

6. Many alternatives in agricultural practices are leading to

improvements in land use. Use the Internet to research one
of the following farming practices and report your findings
to the class:
(a) low-tillage cultivation
(b) drip irrigation
(c) crop rotation

GO

www.science.nelson.com

7. Vegans are advocates of consuming plants only. They claim

that a larger number of people could be sustained if populations switched to a vegan diet. Their opponents argue that
there is not enough productive land to grow plant products
to sustain that many people.
(a) With two or three other students, discuss arguments
and counterarguments for each position.
(b) Create a PMI chart to summarize your thinking. See
Appendix A4 for a description of a PMI chart.

Table 1
Type of ecosystem

Primary
productivity
(J/m2/year)

tropical rain forest

38 000

temperate grassland

9 200

open ocean

5 000
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Energy available to
primary consumers
(J/m2/year)

Energy available to
secondary consumers
(J/m2/year)
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