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PRE-READING ACTIVITY

Key-Term
Fold
Before you
read this chap-

ter, create the FoldNote
entitled “Key-Term Fold”
described in the Reading and
Study Skills section of the
Appendix. Write a key term
from the chapter on each tab
of the key-term fold.
Under each tab, write
the definition of the
key term.

This farmland in rural Pennsylvania
is used to grow alfalfa, corn, and
soybeans. Agriculture can be
tthought of as one of the most
important relationships people
have with the environment.
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Section 1 Feeding the World 407

In 1985, lack of rain, loss of soil, and war caused crops to fail in
Ethiopia. This resulted in widespread starvation caused
by a shortage of food. Events like the famine in Ethiopia present
a frightening picture of the difficulty of feeding the Earth’s grow-
ing population. By 2050, the world’s farmers will need to feed
about 9 billion people. That is 50 percent more than they feed
today. In this chapter, you will learn why feeding all the world’s
people a nutritious diet is difficult, and how food production can
be increased without irreversibly damaging the environment.

Humans and Nutrition
The human body uses food both as a source of energy and as a
source of materials for building and maintaining body tissues. The
amount of energy that is available in food is expressed in Calories.
One Calorie (Cal) is equal to 1,000 calories, or one kilocalorie. As
shown in Table 1, the major nutrients we get from food are carbo-
hydrates, proteins, and lipids. Our bodies need smaller amounts of
vitamins and minerals to remain healthy.

is a condition that occurs when people do not
consume enough Calories or do not eat a sufficient variety of foods
to fulfill all of the body’s needs. There are many forms of malnutri-
tion. For example, humans need to get eight essential amino acids
from proteins. This is easily done if a variety of foods are eaten.
However, in some parts of the world, the only sources of food may
be corn or rice. Both corn and rice contain proteins, but they lack
some essential amino acids, vitamins, and minerals. Protein-energy
malnutrition results, affecting the normal physical and mental devel-
opment of children.

Malnutrition

famine,
Objectives

� Identify the major causes of 
malnutrition.

� Compare the environmental costs
of producing different types of
food.

� Explain how poverty is a major
cause of malnutrition.

� Explain the importance of the
green revolution.

Key Terms
famine
malnutrition
diet
yield

S E C T I O N 1

Feeding the World

BiologyConnection to

Essential Amino Acids Animals
make their own proteins from
amino acids. Essential amino
acids are those that must be sup-
plied in the diet because the
body needs them but cannot
make them from other amino
acids. A lack of essential amino
acids in the diet can lead to the
human diseases kwashiorkor and
marasmus, which can cause brain
damage in children.

Major Nutrients in Human Foods

Energy
Nutrient Composition Sources yield Function

Carbo- sugars wheat, corn, 4 Cal/g is the main
hydrates and rice source of the

body’s energy

Lipids fatty acids olives, nuts, 9 Cal/g helps form 
(oils and and fatty and animal membranes
fats) alcohols fats and hormones

Proteins amino acids animal food about helps build
and smaller 4 Cal/g and maintain
amounts all body
from plants structures

Table 1 �

 www.scilinks.org
Topic: Food and Diet
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Sources of Nutrition A person’s is the type and amount of
food that he or she eats. A healthy diet is one that maintains a
balance of the right amounts of nutrients, minerals, and vitamins.
In most parts of the world, people eat large amounts of food that
is high in carbohydrates, such as rice, potatoes, and bread. As
shown in Figure 1, the foods produced in the greatest amounts
worldwide are grains, plants of the grass family whose seeds are
rich in carbohydrates. Besides eating grains, most people eat
fruits, vegetables, and smaller amounts of meats, nuts, and other
foods that are rich in fats and proteins.

Diets Around the World People worldwide generally consume
the same major nutrients and eat the same basic kinds of food.
But diets vary by region, as shown in Figure 2. People in more-
developed countries tend to eat more food and a larger propor-
tion of proteins and fats than people eat in less developed
countries. For example, in the United States, almost half of all
Calories people consume come from meat, fish, and oil.

In general, how do the diets of people in developed
countries compare with the diets of people in developing countries?
(See the Appendix for answers to Reading Checks.)

■●✓  Reading Check

diet
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World Food Production, 2004
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Figure 1 � This bar graph shows
that in 2004, more grains (wheat,
corn, and rice) were produced than
any other food. Wheat and corn are
eaten by humans and are fed to farm
animals.
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Figure 2 � People in developed
countries generally eat more food
and more proteins and fats than peo-
ple in less developed countries eat.
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The Ecology of Food
As the human population grows, farmland and suburbs replace
forests and grasslands. Feeding everyone while maintaining natu-
ral ecosystems becomes more difficult. Different kinds of agricul-
ture have different environmental impacts and different levels 
of efficiency.

Food Efficiency The efficiency of a given type of agriculture is a
measure of the quantity of food produced on a given area of land
with limited inputs of energy and resources. An ideal food crop is
one that efficiently produces a large amount of food with little
negative impact on the environment.

On average, more energy, water, and land are used to pro-
duce a Calorie of food from animals than to produce a Calorie
of food from plants. Animals that are raised for human use are
usually fed plant matter. Because less energy is available at each
higher level on a food chain, only about 10 percent of the energy
from the plants gets stored in the animals. Thus, a given area of
land can usually produce more food for humans when it is used
to grow plants than when it is used to raise animals. The effi-
ciency of raising plants for food is one reason why diets around
the world are largely based on plants. However, meat generally
provides more nutrients per gram than most food from plants. 

Old and New Foods Researchers hope to improve the efficiency
of food production by studying plants and other organisms that
have high —the amount of food that can be produced in a
given area. Researchers are interested in organisms that can thrive
in various climates and that do not require large amounts of fer-
tilizer, pesticides, or fresh water. As shown in Figure 3, some
organisms have been a source of food for centuries, while other
sources are just being discovered.

yield

MATHPRACTICE
Extra Calories An active 
man who weighs 70 kg 
maintains his weight if he eats
2,700 Cal per day. Unused Calories
are converted into stored fat at the
rate of 1 kg of fat per 9,000 Cal
that are unused. If this active man
consumes 3,600 Cal per day, 
how much weight does he gain
each year?

Figure 3 � Glasswort (top) is a salad
green that may become an important
food source in the future because it
can grow in salty soil. Seaweed (bot-
tom) has been harvested and eaten
by humans for centuries.

Section 1 409
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World Food Problems
The world’s farmers produce enough grain to feed up to 10 bil-
lion people an adequate vegetarian diet. However, no one is satis-
fied with having just enough to eat. Many of us consume about a
third of our calories from animals, not grain.

Poverty As shown in Figure 4, malnutrition today is almost
entirely a result of poverty. No one with enough money, any-
where in the world, needs to be hungry. The world’s hungry are
nearly all farm workers and subsistence farmers—farmers who
grow only enough food for local use. They work tiny plots of
land, trying to produce enough food for their families, with
something left over to sell. They generally do not have access to
enough water for irrigation, which would increase the productiv-
ity of their land. Most of them live in extreme poverty, defined as
an income of less than $1 a day. The world’s hungry live mainly
in Africa, Asia, and the mountains of South America.

More Income and More Food The number of people living in
extreme poverty has declined by nearly half a billion since 1980.
This achievement is largely the result of rapid economic develop-
ment in East Asia, especially in China and India. Figure 5 shows,
however, that although the world’s grain production has increased
for 50 years, it has not grown as fast as the world’s population. To
feed the people of the world in 2050, we will need to produce
more food. As well, we will need to abolish poverty, particularly
among rural people. Increasing the productivity of the world’s sub-
sistence farmers will go a long way toward achieving both goals.

What could be done to increase the productivity of
the land worked by subsistence farmers?
■●✓  Reading Check

410 Chapter 15 Food and Agriculture

Figure 4 � Malnourished citizens in
Bangladesh (an impoverished coun-
try in Asia) wait for food assistance.

 
www.scilinks.org
Topic: Green 

Revolutions
Code: HE80693

hes08_ch15_406-411_S01  7/19/06  10:18 AM  Page 410



The Green Revolution
Between 1950 and 1970, Mexico increased its production of wheat
eight-fold and India doubled its production of rice, without
increasing the area of farmland used. These spectacular increases
were called the green revolution. They resulted from new varieties
of grain, as shown in Figure 6. The new varieties produce large
yields if they are supplied with enough water, fertilizer, and pesti-
cides. The green revolution reduced the price of food and improved
the lives of millions of people.

The green revolution had limitations, however. Most of the
increases that resulted from the green revolution came from large
farms, which continue to increase their productivity. Because sub-
sistence farmers often live in extreme poverty, they do not have the
money to acquire the water and chemicals that the new crop vari-
eties need.

As well, subsistence farmers cannot use much machinery
because their farms generally consist of less than 2 acres.
Subsistence farmers need small-scale irrigation systems and high-
value crops, such as vegetables and fruits, that they can sell. Much
research today is devoted to developing plant varieties that produce
high yields of nutritious food on poor soil, using as little water and
expensive chemicals as possible. Distributing the seeds and technol-
ogy to scattered rural farms remains a problem to be solved.

Section 1 Feeding the World 411

1. Identify the major causes of malnutrition.

2. Compare the environmental costs of producing dif-
ferent types of food.

3. Explain how malnutrition today is linked to poverty.

4. Describe the importance and effects of the green
revolution.

CRITICAL THINKING
5. Identifying Relationships Study the graph in

Figure 5. World grain production increased during
the 1990s. Why did the amount of grain per person
decline during that decade?

6. Inferring Relationships Write a short paragraph
that explains how a decrease in the production of
grain worldwide could lead to a shortage of other
food sources. WRITING SKILLS

S E C T I O N 1 Review

World Grain Production, 1950–2005
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Figure 5 � Worldwide grain produc-
tion has increased steadily, but not as
rapidly as the population has grown.

Figure 6 � New rice varieties and
farming methods developed during
the green revolution are used to
increase yield in this experimental
farm in China.

hes08_ch15_406-411_S01  8/10/06  9:22 AM  Page 411



S E C T I O N 2

Crops and Soil
EARTH SCIENCE              CONNECTION

412 Chapter 15 Food and Agriculture

Objectives

� Distinguish between traditional
and modern agricultural tech-
niques.

� Describe fertile soil.
� Describe the need for soil conser-

vation.
� Explain the benefits and environ-

mental impacts of pesticide use.
� Explain what is involved in inte-

grated pest management.
� Explain how genetic engineering is

used in agriculture.

Key Terms
arable land
topsoil
erosion
desertification
compost
salinization
pesticide
biological pest control
genetic engineering

Figure 7 � In modern agriculture,
machinery is used to do much of the
work previously performed by
humans and animals.

Much of the Earth’s surface cannot be farmed. Only about 10
percent of the Earth’s surface is land that can be
used to grow crops. Urban areas occupy about 3 percent of the
Earth’s land surface and are expanding, often into arable land.
We need to use our remaining arable land as efficiently as possi-
ble, for it to continue to grow enough food for the world.

Agriculture: Traditional and Modern
The basic processes of farming include plowing, fertilization,
irrigation, and pest control. In traditional agriculture, plows are
pushed by the farmer or pulled by livestock. Plowing helps crops
grow by mixing soil nutrients, loosening soil particles, and
uprooting weeds. Organic fertilizers, such as manure, are used to
enrich the soil so that plants grow strong and healthy. Fields are
irrigated by water flowing through ditches. Weeds are removed
by hand or machine. These traditional techniques have been used
since the earliest days of farming, centuries before tractors and
pesticides were invented.

In industrialized countries, the basic processes of farming
are now carried out using modern agricultural methods.
Machinery powered by fossil fuels is now used to plow the soil
and harvest crops, as shown in Figure 7. Synthetic chemical 
fertilizers are now used instead of manure and plant wastes to
fertilize soil. A variety of overhead sprinklers and drip systems
may be used for irrigation. And synthetic chemicals are used to
kill pests.

arable land,
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Section 2 Crops and Soil 413

Numbers of Organisms 
in Average Farm Soil

Organisms Quantity

Insects 23 million 
per hectare

All arthropods 725 million
(including per hectare
insects)

Bacteria 2.5 billion 
per gram

Algae 50,000 
per gram

Earthworms 6 million 
per hectare

Table 2 �

Note:  One hectare equals about 2.47 acres.
Source: US Department of Agriculture.

Surface litter fallen leaves
and partially decomposed
organic matter

Topsoil organic matter, 
living organisms, and
rock particles

Zone of leaching dis-
solved or suspended mate-
rials moving downward

Subsoil larger rock parti-
cles with organic matter,
and inorganic compounds

Rock particles rock that 
has undergone weathering

Bedrock solid 
rock layerRhizobium bacteria

produce fixed nitrogen.

Ants and 
earthworms 
break up 
and aerate 
the soil.

Bacteria 
and fungi
decompose 
organic matter.

Figure 8 � Soil is made of rock parti-
cles, air, water, and dead and living
organisms. The number and charac-
teristics of the soil layers may be dif-
ferent in different types of soil.

Fertile Soil: The Living Earth
Soil that can support the growth of healthy plants is called fertile
soil. Plant roots grow in the surface layer of soil, which is
usually richer in organic matter than the subsoil is. Fertile topsoil
is composed of living organisms, rock particles, water, air, and
organic matter, such as dead and decomposing organisms.

Most soil forms when rock is broken down into smaller and
smaller fragments by wind, water, and chemical weathering.
Chemical weathering happens when the minerals in the rock react
chemically with substances such as water to form new materials.
Temperature changes and moisture cause rock to crack and break
apart, which creates smaller particles on which the seeds of pio-
neer plants fall and take root. It can take hundreds or even thou-
sands of years to form a few centimeters of soil.

Other processes also help to produce fertile topsoil. The rock
particles supply mineral nutrients to the soil. Fungi and bacteria
live in the soil. They decompose dead plants and organic debris,
and add more nutrients to the soil. Earthworms, insects, and
other small animals help plants grow by breaking up the soil and
allowing air and water into it. Table 2 lists some of the organisms
that live in fertile soil. 

As you can see in Figure 8, several layers of soil lie under the
topsoil. The bottom layer is bedrock, which is the solid rock from
which most soil originally forms.

Name two processes that help to make soil fertile.■●✓  Reading Check  

topsoil,
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Soil Erosion: A Global Problem
is the movement of rock and soil by wind and water.

Eroded soil washes into nearby rivers or is blown away in clouds
of dust. In the United States, about half of the original topsoil has
been lost to erosion in the past 200 years. Figure 9 shows potential
soil erosion worldwide. Without topsoil, crops cannot be grown.

Most farming methods increase the rate of soil erosion.
Plowing loosens the soil and removes plants that hold the soil in
place. When water from irrigation runs off the land, it carries
some of the soil with it.

Land Degradation
Land degradation happens when human activity or natural
processes damage the land so that it can no longer support the
local ecosystem. In areas with dry climates, desertification can
result. is the process by which land in arid or
semiarid areas becomes more desertlike. 

Desertification has happened in the Sahel region of northern
Africa. In the past, people who lived in the drier parts of the Sahel
grazed animals. People who lived in parts of the Sahel with more
rainfall planted crops. The grazing animals were moved from place
to place to find food. The cropland was planted for only a few
years, and then the land was allowed to lie fallow, or to remain
unplanted, for several years. These practices allowed the land to
support the people in the Sahel. But the population in the region
has grown, and the land is being farmed, grazed, and deforested
faster than it can regenerate. Now, too many crops are planted too
frequently, and fallow periods are being shortened or eliminated. As
a result, the soil is losing its fertility and productivity. Because of
overgrazing, the land has fewer plants to hold the topsoil in place.
So, large areas have become desert and can no longer produce food.

Desertification

Erosion

414 Chapter 15 Food and Agriculture

QuickLAB
Preventing
Soil Erosion

Procedure
1. Obtain three trays, and fill one

with sod, one with topsoil, and
one with a type of mulch, such
as hay.

2. Place each tray at an angle by
creating a surface that resem-
bles a hill by using doorstop-
pers and textbooks. Place a
large bowl at the bottom of
each tray to catch the runoff.

3. Sprinkle 2 L of water slowly on
each tray to simulate heavy
rainfall.

4. Use a scale to weigh the runoff
of soil and water that collected
in each bowl.

Analysis
1. Which tray had the most soil

erosion and water runoff?
Which tray had the least? Why?
What does this lab demonstrate
about soil erosion?

Figure 9 � Soil erosion is one of the
most serious environmental problems
the world faces. This map shows the
vulnerability of soils worldwide to
erosion by water.

hes08_ch15_412-422_S02  7/19/06  10:40 AM  Page 414



SSooiill  CCoonnsseerrvvaattiioonn
There are many ways of protecting and managing topsoil to reduce
erosion. Soil usually erodes downhill, and many soil conservation
methods are designed to prevent downhill erosion, as shown in
Figure 10. Building soil-retaining terraces across a hillside may be
cost-effective for producers of valuable crops, such as wine grapes
and coffee. On gentler slopes, contour plowing is used. This
method includes plowing across the slope of a hill instead of up
and down the slope. An even more effective method of plowing is
leaving strips of vegetation across the hillside instead of plowing
the entire slope. These strips catch soil and water that run down
the hill. Overhead irrigation tends to wash away soil. Soil (and
water) can be conserved by using drip irrigation instead.

In traditional farming, after a crop is harvested, the soil is
plowed to turn it over and bury the remains of the harvested
plants. In no-till farming, shown in Figure 11, a crop is harvested
without turning over the soil. Later, the seeds of the next crop are
planted among the remains of the previous crop. The remains of
the first crop hold the soil in place while the new crop develops.
No-till farming saves time compared with conventional methods.
It can also reduce soil erosion to one-tenth of the erosion caused
by traditional methods. However, no-till farming may not be suit-
able for some crops. Other disadvantages can include soil that is
too densely packed and lower crop yields over time.

Section 2 Crops and Soil 415

Figure 10 � Terracing (left) keeps
soil in multiple, small, level fields.
Contour plowing (right) follows 
the natural contours of the land.
Both methods prevent soil erosion
by keeping water from running
directly downhill.

Figure 11 � This farmer is practic-
ing no-till farming. The tractor plants
a new crop by poking seeds into 
the soil through the remains of the
old crop.

 www.scilinks.org
Topic: Soil Erosion
Code: HE81410
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Enriching the Soil
In traditional farming, the soil is enriched by adding organic mat-
ter, such as manure and leaves, to the soil. As the organic matter
decomposes, it adds nutrients to the soil and improves the texture
of the soil. However, inorganic fertilizers that contain nitrogen,
phosphorus, and potassium have changed farming methods.
Without these fertilizers, world food production would be less
than half of what it is today. Over the past 50 years, the use of
such fertilizers has increased rapidly, as shown in Figure 12.

A modern method of enriching the soil is to use both organic
and inorganic fertilizers by adding compost and chemical fertilizers
to the soil. is partly decomposed organic material.
Compost comes from many sources. For example, you can buy
composted cow manure in a garden store. Also, many cities and
industries now compost yard waste and crop wastes. This compost
is sold to farmers and gardeners, and the process is saving costly
landfill space.

Salinization
The accumulation of salts in the soil is known as
(SAL uh nie ZAY shuhn). Salinization is a major problem in places
such as California and Arizona, which have low rainfall and 
naturally salty soil. In these areas, irrigation water comes from
rivers or groundwater, which is saltier than rainwater. When
water evaporates from irrigated land, salts are left behind.
Eventually, the soil may become so salty that plants cannot grow.

Irrigation can also cause salinization by raising the groundwater
level temporarily. Once groundwater comes near the surface, the
groundwater is drawn up through the soil like water is drawn up
through a sponge. When the water reaches the surface, the water
evaporates and leaves salts in the soil. Salinization can be slowed if
irrigation canals are lined to prevent water from seeping into the
soil, or if the soil is watered heavily to wash out salts.

Why is salinization a problem in California and
Arizona?
■●✓  Reading Check

salinization

Compost

416 Chapter 15 Food and Agriculture

1. Explain the differences between traditional and
modern farming methods.

2. Describe the structure and composition of fertile
soil.

3. Explain why the presence of plants helps prevent
soil erosion.

4. Explain why soil conservation is an important agri-
cultural practice.

CRITICAL THINKING
5. Inferring Relationships Study the graph in Figure

12. What do you think might have happened to food
production between 1990 and 1995?

6. Applying Ideas Erosion is a natural process. Why
has it become such a serious environmental problem?
Write a paragraph that explains your reasoning.

WRITING SKILLS

S E C T I O N 2 Mid-Section Review

GeologyConnection to

Soil Formation Over Time
Most rock breaks down into finer
particles over time and changes
from gravel to sand to clay. You
can tell the age of soil by looking
at its rock particles. Young soil is
sandy or gravelly, and it falls
apart when you squeeze it in
your hand. Older soil contains
clay, and damp clay stays
together in lumps when you
squeeze it in your hand.

World Fertilizer Use, 
1950–2000
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Figure 12 � The use of inorganic
fertilizers has increased dramatically
worldwide since 1950.

hes08_ch15_412-422_S02  7/19/06  10:42 AM  Page 416



Pest Control
In North America, insects eat about 13 percent of all crops.
Crops in tropical climates suffer even greater insect damage
because the insects grow and reproduce faster in these climates.
In Kenya, for example, insects destroy more than 25 percent of
the nation’s crops. Worldwide, pests destroy about 33 percent of
the world’s potential food harvest. 

As shown in Figure 13, insects are one of several types of organ-
isms considered pests. A pest is any organism that occurs where it is
not wanted or that occurs in large enough numbers to cause eco-
nomic damage. Humans try to control populations of many types
of pests, including many plants, fungi, and microorganisms.

Wild plants often have more protection from pests than crop
plants do. Wild plants grow throughout a landscape, so pests have
a harder time finding and feeding on a specific plant. Crop plants,
however, are usually grown together in large fields, which pro-
vides pests with a one-stop source of food. Wild plants are also
protected from pests by a variety of pest predators that live on or
near the plants. Some wild plants have even evolved defenses to
many pests, such as poisonous chemicals that repel pests.

Pesticides
Many farmers rely on pesticides to produce their crops.

are chemicals used to kill insects, weeds, and other crop
pests. During the last 50 years, scientists invented many new pes-
ticides. The pesticides were so effective that farmers began to rely
on them almost completely to protect their crops from pests.
However, pesticides can also harm beneficial plants and insects,
wildlife, and even people.

Pesticides

Section 2 Crops and Soil 417

Ecofact
Crop Rotation Farmers and gar-
deners have known for centuries
that you get higher yields and less
pest damage if you plant different
crops each year on a piece of land.
This method works because most
pests are specialists and will only
eat one or a few types of plants.
The tomato hornworm is an exam-
ple of one of these pests. If you
plant tomatoes in one place every
year, the hornworm population
grows rapidly and will destroy the
crop. If beans are planted in place
of the tomatoes in alternate years,
the hornworms cannot find food
and will die.

Figure 13 � Examples of major
crop pests include weeds, 
plant-eating insects, and fungi.
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Pesticide Resistance You might think that the most effective
way to get rid of pests is to spray often with large amounts of
pesticides, as shown in Figure 14. However, over time, this
approach usually makes the pest problem worse. Pest populations
may evolve resistance, the ability to survive exposure to a par-
ticular pesticide. More than 500 species of insects have developed
resistance to pesticides since the 1940s.

Human Health Concerns Pesticides are designed to kill organisms,
so they may also be dangerous to humans. For example, in some
areas fruit and vegetable farmers use large amounts of pesticides
on their crops. Cancer rates among children in these areas are
sometimes higher than the national average, and nervous system
disorders may be common. Workers in pesticide factories may also
become ill. And people who live near these factories may be endan-
gered by accidental chemical leaks. People who apply pesticides
need to follow safety guidelines to protect themselves. 

Pollution and Persistence The problem of pesticides harming
people and other organisms is especially serious with pesticides
that are persistent. Persistent pesticides do not break down rap-
idly into harmless chemicals when they enter the environment. As
a result, they accumulate in the water and soil. Some persistent
pesticides have been banned in the United States, but many of
them remain in the environment for many years. DDT, a persist-
ent pesticide banned in the United States in the 1970s, can still be
detected in the environment and has even been found in women’s
breast milk.

Why can spraying pests with large amounts of pesti-
cides become ineffective over time?
■●✓  Reading Check

418 Chapter 15 Food and Agriculture

Figure 14 � A cropduster sprays
pesticide on a field of pineapples in
Hawaii. Cropdusting is an easy way
to apply pesticide to a large area.

LawConnection to

Pesticide Regulation The only
pesticides that are fully regulated
in the United States are newly
introduced pesticides designed
for use on some food crops.
Many older pesticides in use
have not been adequately tested
for toxicity and are not effec-
tively regulated. According to
the National Academy of
Sciences, much of the cancer risk
from pesticides in our diet comes
from older pesticides used on
foods such as tomatoes, po-
tatoes, and oranges.
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Biological Pest Control
Most farmers practice some form of pest management.

is the use of living organisms to control pests. Every
pest has enemies in the wild, and these enemies can sometimes be
used to control pest populations, as shown in Figure 15. One of
the first recorded examples of biological control was in India in
the mid-1800s. American prickly pear cactus had been introduced
into India to feed insects that are used to make a valuable red dye.
Because the cactus had no natural enemies in India, the cactus
grew and spread. The plants were finally controlled by the intro-
duction of an American beetle that eats the cactus.

Pathogens Organisms that cause disease, called pathogens
(PATH uh juhnz), can also be used to control pests. One of the
most common pathogens used to control pests is the bacterium
Bacillus thuringiensis (buh SIL uhs THUHR in JIEN sis), often
abbreviated Bt. This bacterium can kill the caterpillars of moths
and butterflies that we consider to be pests.

Plant Defenses Scientists and farmers have bred plant varieties
that have defenses against pests. For example, if you buy tomato
plants or seeds, you may see that they are labeled “VNT.” This
label means they are resistant to certain fungi, worms, and
viruses. Examples of plant defenses include chemical compounds
that repel pests and physical barriers, such as tougher skin.

Chemicals from Plants Another type of biological pest control
also makes use of plants’ defensive chemicals. For example, chemi-
cals found in chrysanthemum plants are now sold as pesticides.
Most insect sprays that contain these chemicals are designed for
use in the home because they are less harmful to humans and pets.
These products are biodegradable, which means that they are bro-
ken down by bacteria and other decomposers.

pest control
Biological
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FIELD ACTIVITYFIELD ACTIVITY 
Pest Search Make a list of the
pests you can find in your area.
Look for weeds and insects. What
evidence can you find that these
organisms are pests? You will not
be able to see pests in the soil or
microscopic bacteria, fungi, or
viruses, but you may be able to
see the damage the microscopic
pests cause—black spots or dead
patches on leaves. Can you think
of a way to decrease the damage
that is caused by these pests that
involves the use of biological pest
control? Record your observations
in your EcoLog.

Figure 15 � A parasitic wasp injects
its eggs into an aphid (left). A preda-
tory mite is attacked by another
species of mite (right).
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Disrupting Insect Breeding If you have a dog, you may feed it a
pill once a month to keep it free of fleas. The pill contains a
growth regulator, a chemical that interferes with some stage of a
pest’s life cycle. When a flea sucks the dog’s blood, the flea
ingests the growth regulator. The regulator stops the flea’s eggs
from developing into adult fleas.

Pheromones (FER uh MOHNZ), chemicals produced by one
organism that affect the behavior of another organism, can also
be used in pest control. For example, female moths release
pheromones that attract males from miles away. By treating
crops with pheromones, farmers can confuse the male moths
and interfere with the mating of the moths. Another way to
prevent insects from reproducing is to make it physically
impossible for the males to reproduce. For example, male
insects are treated with X rays to make them sterile and then
are released. When they mate with females, the females pro-
duce eggs that do not develop.

Integrated Pest Management
Integrated pest management is a modern method of controlling
pests on crops. The steps involved in integrated pest management
are shown in Figure 16. The goal of integrated pest management
is to reduce pest damage to a level that causes minimal economic
damage. A different management program is developed for each
crop. The program can include a mix of farming methods, bio-
logical pest control, and chemical pest control. Each of these
methods is used at the appropriate time in the growing season.
Fields are monitored from the time the crops are planted. When
significant pest damage is found, the pest is identified. Then a
program to control the pest is created.

Describe one strategy that can be used to control
insect pests.
■●✓  Reading Check
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ChemistryConnection to

Organic Chemistry All food
contains organic chemicals, but
the term organic is used differ-
ently in the field of chemistry
than in agriculture. The term
generally means “of or pertaining
to living organisms.” In chem-
istry, an organic chemical is any
chemical compound that con-
tians carbon. Most organic chem-
icals are derived from living
organisms, but chemists can now
synthesize organic chemicals—
and even invent new ones—in
the lab. In contrast, organic agri-
culture is the practice of raising
crops or livestock without using
synthetic chemicals. Foods
labeled as organic in the grocery
store have been raised using
organic methods.

Figure 16 � This flow diagram
shows the steps involved in inte-
grated pest management.
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Biological methods are the first methods used to control a
pest. So, natural predators, pathogens, and parasites of the pest
may be introduced. Cultivation controls, such as vacuuming
insects off the plants, can also be used. As a last resort, small
amounts of insecticides may be used. The insecticides are changed
over time to reduce the ability of pests to evolve resistance.

Engineering a Better Crop
Plant breeding has been used since agriculture began. Farmers
select the plants that have the tastiest tomatoes and the least pest
damage. They save seeds from these plants to use in planting the
next crop. The selected seeds are more likely to contain the genes
for large, tasty fruits and for pest resistance than seeds from other
plants are.

A faster way of creating the same result is to use
the technology in which genetic material in

a living cell is modified for medical or industrial use. Genetic
engineering involves isolating genes from one organism and
implanting them into another. Scientists may use genetic engi-
neering to transfer desirable traits, such as resistance to certain
pests. The plants that result from genetic engineering are called
genetically modified (GM) plants.

Figure 17 shows an example of the steps used to produce a
GM plant. In this case, the gene introduced into the plant is not a
plant gene. It is an insecticide gene from Bt, a bacterium that pro-
duces a chemical that kills plant-eating caterpillars but does not
harm other insects. Plants that have the Bt gene make this insecti-
cide within their leaves. Hundreds of gene transfers have now
been performed to create many other GM crops.

genetic engineering,
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+

Scientists grow the corn cells and expose them
to an antibiotic. Only those cells that have 
incorporated the inserted genes survive.

The surviving cells grow into corn plants. 
These plants produce the Bt toxin, which 
kills caterpillars.

The two genes are inserted
into corn plant cells.

Scientists isolate the gene from Bt that directs 
a cell to produce a toxin. The Bt gene is then 
joined to a “marker gene” that enables a 
cell to break down an antibiotic.

Antibiotic

Bacillus
thuringiensis
(Bt)

Marker gene

Toxin gene
from Bt

Figure 17 � Genetic Engineering
This diagram shows the main steps
used to produce a genetically modi-
fied plant—in this case, corn that
produces its own insecticide.

 
www.scilinks.org
Topic: Genetic

Engineering
Code: HE80654
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Implications of Genetic Engineering In the United States, we
now eat and use genetically engineered agricultural products
every day. Many of these products have not been fully tested for
their environmental impacts, and some scientists warn that these
products will cause problems in the future. For example, genes
are sometimes transferred from one species to another in the
wild. Suppose a corn plant that was genetically engineered to be
resistant to a pesticide were to pass the resistance genes to a wild
plant. That wild plant might be a pest that could not be killed by
that pesticide.

Sustainable Agriculture
Farming that conserves natural resources and helps keep the land
productive indefinitely is called sustainable agriculture. Also
called low-input farming, sustainable agriculture minimizes the
use of energy, water, pesticides, and fertilizers. This method
involves planting productive, pest-resistant crop varieties that
require little energy, pesticides, fertilizers, and water. Figure 18
shows an experimental farm where new sustainable agriculture
techniques are being researched.

1. Define the term pest.

2. Compare the benefits and environmental impacts of
pesticide use.

3. Describe how biological pest control is part of inte-
grated pest management.

4. Describe how genetic engineering is used in 
agriculture.

CRITICAL THINKING
5. Inferring Relationships Write a paragraph to

explain the similarities and differences between tradi-
tional plant breeding and genetic engineering.

6. Predicting Consequences Read the description of
integrated pest control in this section. Why do you
think this pest control technique is not practiced
everywhere? READING SKILLS

WRITING SKILLS

S E C T I O N 2 Review

Ecofact
Nitrogen Fixation One of the
most valuable families of crop
plants is the legumes (LEG YOOMZ),
which include peas and beans.
Legumes produce higher grade
proteins than most plants produce,
so legumes are part of diets in
many parts of the world. Planting
legumes also improves the soil.
Their roots have nodules contain-
ing bacteria that take nitrogen gas
from the air and convert the nitro-
gen into a form other plants can
use to build proteins.

Figure 18 � At the Land Institute in
Salina, Kansas, sustainable agriculture
techniques are being used to increase
seed quantity in wheatgrass (back-
ground) and to increase yield in
young sunflowers (foreground).
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We have seen that the total energy needed to grow plants for food
is much less than the energy needed to raise animals as food.
However, most animal proteins contain more essential amino
acids than proteins found in plants do and most humans include
some animal products in their diet. Food from animals has been
the basis of life for some human populations for centuries.

Our ancestors obtained animal proteins by hunting and fish-
ing, but today most people get animal proteins from domesticated
species. About 50 animal species have been which
means that they are bred and managed for human use. Domesti-
cated animals include chicken, sheep, cattle, honey bees, silk-
worms, fish, and shellfish. In many parts of the world, goats, pigs,
and water buffalo are also important domesticated animals.

Food from Water
Because fish are an important food source for humans, the harvest-
ing of fish has become an important industry worldwide. However,
as shown in Figure 19, when too many fish are harvested over a
long period of time, ecological systems can be damaged.

Overharvesting Catching or removing from a population more
organisms than the population can replace is called
Many governments are now trying to stop overharvesting. They
have created no-fishing zones, so that fish populations can recover.
Research shows that fishing in areas surrounding no-fishing zones
improves after no-fishing zones have existed for a few years. In
some areas of the world, such restrictions are necessary if fish mar-
kets, such as the one shown in Figure 20, are to prosper.

Describe one way governments try to prevent 
overharvesting.
■●✓  Reading Check

overharvesting.

domesticated,

Objectives

� Explain how overharvesting affects
the supply of aquatic organisms
used for food.

� Describe the current role of aqua-
culture in providing seafood.

� Describe the importance of live-
stock in providing food and other
products.

Key Terms
domesticated
overharvesting
aquaculture
livestock
ruminant

S E C T I O N 3

Animals and Agriculture

Figure 20 � Whole, fresh tuna are
one of the many types of seafood for
sale at the Tokyo fish market, the
largest fish market in the world.
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Figure 19 � The North Atlantic cod
fishery has collapsed because of over-
harvesting.
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Aquaculture
Fish and other aquatic organisms provide up to 20 percent of
the animal protein consumed worldwide. But overharvesting is
reducing the amount of fish and other organisms in the world’s
oceans. One solution to this problem may be a rapid increase in

(AK wuh KUHL chuhr), the raising of aquatic organ-
isms for human use or consumption.

Aquaculture is not a new idea. This practice probably began
in China about 4,000 years ago. Today, China leads the world in
using aquaculture to produce freshwater fish.

There are a number of different methods of aquaculture. The
oyster farm shown in Figure 21 represents one such method. The
most common method is known as a fish farm. Fish farms gener-
ally consist of many individual ponds that each contain fish at a
specific stage of development. Clean water is circulated through
the ponds and brings in oxygen while sweeping away carbon
dioxide and fecal wastes. The fish grow to maturity in the ponds
and then are harvested.

Another type of aquaculture operation is known as a ranch.
In this method, fish such as salmon are raised until they reach a

aquaculture
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Menhaden: The Fish Behind the Farm

One of the largest commercial
catches in the United States each
year is of a fish that most people
have never heard of—the men-
haden (men HAYD ‘n). Menhaden
are small, silver, oily fish in the her-
ring family and are found in the
Atlantic Ocean from Maine to
Florida. Menhaden make up more
than one-third of the weight of
commercial fish caught on the East
Coast each year. But menhaden are
so full of bones that they are inedi-
ble. So why are they so important?

When the first colonists arrived
in the area we now call New
England, local Indians showed them
how to fertilize their crops with
menhaden. This is where the leg-
end that the best corn is grown by
planting a fish with each seed came
from. Later, menhaden oil was used

Menhaden live in large schools
near the surface, so they are easily
caught with purse seine nets, nets
that hang down from the surface.
Boats towing the nets encircle the

in oil lamps, and ground menhaden
were added to cattle feed. 

The menhaden catch is 
processed to produce fishmeal and
fish oil. The oil is used in cooking
oils and margarine. The fishmeal
has a high protein content, and it is
added to the feed of pets, chickens,
turkey, hogs, cattle, and farm fish.
Menhaden are also used by rec-
reational fishers as bait for fish such
as bluefin, striped bass, shark, and
tuna.

Menhaden spawn in the ocean.
The eggs hatch into larvae, which
are carried into estuaries where they
spend their first year. After the men-
haden mature, they return to the
ocean and usually live within 50 km
of the coast. The Chesapeake Bay is
one of the most important nurseries
for menhaden.

Figure 21 � This oyster farm in
Washington State shows how aquacul-
ture concentrates seafood production.

� The enormous menhaden catch is
used entirely to produce feed and oil
and as bait for catching other fish.
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certain age and then are released. The salmon, for example,
migrate downstream to the ocean, where they live until adult-
hood. When they are mature, the fish return to their birthplace to
reproduce. When they return, they are captured and harvested.

Today, most of the catfish, oysters, salmon, crayfish, and
rainbow trout eaten in the United States are the products of
aquaculture. In the 1980s, domestic production of these species
quadrupled, and imports of these species increased even faster.
Worldwide, about 23 percent of seafood now comes from
aquaculture.

However, as with other methods of food production, aquacul-
ture can cause environmental damage if not managed properly.
For example, the aquatic organisms can create a large amount of
waste, which can be a source of pollution. Also, because aquacul-
ture requires so much water, the process can deplete local water
supplies. In a few cases, sensitive wetlands have been damaged
when large aquaculture operations were located within the wet-
land. Despite these problems, aquaculture will continue to be an
important source of protein for the human diet.
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on record. Both groups believe that
overharvesting by commercial fish-
ing boats was the reason for the
reduced catch. As a result, the
Atlantic Menhaden Management
Board, which manages the men-
haden fishery, has been restructured
to have fewer members who repre-
sent the commercial fisheries.

CRITICAL THINKING

1. Applying Ideas Many different
groups have potentially conflicting
interests in the future of the men-
haden fishery. Write a paragraph
that explains the opposing points of
view of two of these groups.

2. Expressing Viewpoints If you
were on the Atlantic Menhaden
Management Board, what changes
would you suggest to prevent the
fishery from declining? Write a 
paragraph that explains these
changes. WRITING SKILLS

WRITING SKILLS

fish, which are pumped out of the
ocean into refrigerated containers.

An adult menhaden is an
important member of the marine
ecosystem. The fish are filter 
feeders that scoop up large mouth-
fuls of water and filter out the
plankton for food. An adult men-
haden can filter a million gallons of
water in six months. 

The Chesapeake Bay Ecological
Foundation estimates that the men-
haden population removes up to
one-fourth of the nitrogen pollutants
dumped into the Chesapeake Bay
each year. Because nitrogen runoff
from lawns and farms is a major pol-
lutant of the Chesapeake Bay, this
function of the fish is important.
Sport fishers also value menhaden as
bait because they are the natural
food of many sportfish.

Both environmentalists and the
sport fishing industry were worried
when the menhaden catch declined
during the 1990s. The catch in
2000 was the second-lowest catch

� A menhaden catch is unloaded
from purse seine nets in Chesapeake
Bay, Virginia.

Comparison
Table

Create the Graphic Organizer
entitled “Comparison Table”
described in the Appendix. Label
the columns with “Aquaculture
Farming” and  “Aquaculture
Ranching.” Label the rows with
“Advantages” and
“Disadvantages.” Then, fill in the
table with details about the
advantages and disad-
vantages of each
type of aquaculture.
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Livestock
Domesticated animals, such as those listed in Table 3, that are
raised to be used on a farm or ranch or to be sold for profit are
called Large livestock operations, such as the pig farm
shown in Figure 22, produce most of the meat that is consumed
in developed countries. Meat production per person has increased
worldwide since 1950, as shown in Figure 23. Livestock are also
important in developing countries. In these countries, livestock
provide leather, wool, eggs, and meat, and serve many other func-
tions. Some are used as draft animals to pull carts and plows.
Other livestock provide manure, which is used for fertilizer or as
a fuel for cooking.

Ruminants Cattle, sheep, and goats are (ROO muh
nuhnts), cud-chewing mammals that have three- or four-
chambered stomachs. Cud is the food that these animals regurgi-
tate from the first chamber of their stomachs and chew again to
aid digestion. Ruminants have microorganisms in their intestines,
which allow the animals to digest plant materials that humans
cannot digest. When we eat the meat of ruminants, we are using
them to convert plant material, such as grass stems and woody
shrubs, into food that we can digest—such as beef.

Humans have created hundreds of breeds of cattle that are
suited to life in different climates. Cattle are most common in
North America, India, and Africa. But the cattle are not always
slaughtered for meat. In Africa for example, traditional Masai
herders drink milk and blood from their cattle. India has almost
one-fifth of the world’s cattle. However, many of these cattle are
not killed or eaten because cows are sacred to Hindus, who make
up a large part of India’s population. These cattle instead produce
milk and dung, and are used as draft animals.

How are livestock important in developed and in
developing countries?
■●✓  Reading Check

ruminants

livestock.
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Figure 22 � Modern livestock opera-
tions, such as this pig farm in North
Carolina, are large and efficient.
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Figure 23 � Worldwide meat pro-
duction per person has increased sig-
nificantly since 1950.

UN FAO Estimates of Animal Populations

Species 1961 2004 Increase

Chickens 3.9 billion 16.4 billion 320%

Sheep 1 billion 1.1 billion 10%

Cattle 942 million 1.3 billion 38%

Pigs 406 million 945 million 132%

Goats 349 million 708 million 123%

Horses, donkeys, 110 million 109 million �0.9%
and mules

Global Livestock Populations

Table 3 �
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Poultry Since 1961, the population of chickens worldwide has
increased by a greater percentage than the population of any
other livestock, as shown in Table 3. Chickens are a type of
poultry, domesticated birds raised for meat and eggs, which are
good sources of essential amino acids. In more-developed coun-
tries, chickens and turkeys are usually raised in factory farms,
as shown in Figure 24. Some people have criticized this indus-
try because the animals live in cramped, artificial environments.

Fewer ducks and geese are raised worldwide than chickens,
but in some areas ducks and geese are economically important.
For example, the Chinese use ducks not only for meat, but also
as part of an integrated system that produces several types of
food at one time. The ducks’ droppings are used to fertilize
fields of rice called rice paddies. The rice paddies are flooded
several times per year with water from nearby ponds. Mulberry
trees, which feed silkworms, are also irrigated by the ponds.
Plant materials and filtered sewage are dumped in the ponds
and serve as food for carp and other fish. The integrated system
uses little fresh water, recycles waste, and produces ducks, silk,
rice, and fish.

Section 3 Animals and Agriculture 427

Figure 24 � Modern chicken farms,
such as this one, are often huge,
industrial-scale operations.

1. Explain why the percentage of seafood produced by
aquaculture is increasing so rapidly.

2. Explain how overharvesting affects the supply of fish
such as salmon.

3. Describe the importance of livestock to cultures that
consume no meat.

CRITICAL THINKING
4. Inferring Relationships Read the description of

poultry above and explain why chickens are such an
important source of food for humans. 

5. Applying Ideas Look at the graph in Figure 23.
Write a short paragraph explaining why meat pro-
duction has increased so rapidly. WRITING SKILLS

READING SKILLS

S E C T I O N 3 Review

 
www.scilinks.org
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Key Terms
famine, 407
malnutrition, 407
diet, 408
yield, 409

Main Ideas
� The foods produced in the greatest amounts
worlwide are grains, the seeds of grass plants.

� Malnutrition is a condition that occurs when
people do not consume enough Calories or do
not eat a sufficient variety of foods to fulfill all
of the body’s needs. 

� More food is needed each year to feed the
world’s growing population. Poverty is the
main reason for hunger in the world today.

� The green revolution introduced new crop
varieties with increased yields through the
application of modern agricultural techniques.

arable land, 412
topsoil, 413
erosion, 414
desertification, 414
compost, 416
salinization, 416
pesticide, 417
biological pest con-

trol, 419
genetic engineering,

421

� The basic processes of farming are plowing,
fertilization, irrigation, and pest control.
Modern agricultural methods have replaced
traditional methods in much of the world. 

� Fertile soil is soil that can support the
growth of healthy plants. Soil conservation
methods are important for protecting and man-
aging topsoil and reducing erosion. 

� Pests cause considerable crop damage. The
use of pesticides has both positive and negative
effects on the environment. Integrated pest
management can minimize the use of chemical
pesticides.

� Genetic engineering is the process of trans-
ferring genes from one organism to another.
Plants that result from genetic engineering are
called genetically modified plants. 

domesticated, 423
overharvesting, 423
aquaculture, 424
livestock, 426
ruminant, 426

428 Chapter 15 Highlights

� Overharvesting has reduced the populations
of many aquatic organisms worldwide. 

� Aquaculture, the raising of aquatic animals,
may be a solution to the problem of overhar-
vesting.

� Livestock are important for the production
of food and other products. Worldwide meat
production per person has increased greatly
over the past several decades. 
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Review

Chapter 15 Review 429

Using Key Terms
Use each of the following terms in a separate
sentence.

1. overharvesting
2. erosion
3. livestock
4. yield
5. genetic engineering

For each pair of terms, explain how the meanings
of the terms differ.

6. pesticide and biological pest control
7. arable land and topsoil
8. livestock and ruminant
9. malnutrition and famine

10. salinization and desertification

Understanding Key Ideas
11. Malnutrition can be caused by

a. a lack of enough Calories.
b. a lack of carbohydrates.
c. a lack of essential amino acids.
d. All of the above

12. Humans need which of the following 
nutrients?
a. carbohydrates and minerals
b. lipids and vitamins
c. proteins
d. all of the above 

13. Which of the following is not one the six
most produced foods worldwide each year?
a. potatoes
b. beef
c. rice
d. wheat

14. Which of the following statements about
human diets in all parts of the world is true?
a. Most people eat pork.
b. An adequate diet includes carbohydrates,

proteins, and fats.
c. Most people do not have protein in their

diets.
d. Most people are obese.

15. Malnutrition is largely a result of
a. war.
b. soil erosion.
c. poverty.
d. salinization.

16. Which of the following is not found in fertile
soil?
a. rock particles
b. worms
c. high concentrations of salts
d. high concentrations of organic matter

17. Which of the following is not a soil conser-
vation method?
a. contour plowing
b. salinization
c. no-till farming
d. terracing

18. Which of the following statements is a disad-
vantage of using chemical pesticides?
a. Pesticides can pollute waterways.
b. Pests evolve resistance to pesticides.
c. Pesticides kill beneficial insects.
d. all of the above

19. How do pesticides that are growth regula-
tors work?
a. They kill fleas.
b. They disrupt the pest’s life cycle.
c. They attract predators of the pest.
d. They prevent the pest from attacking the

plant by poisoning its nervous system.

C H A P T E R 15

Making It a Habit Many people find that devel-
oping a routine helps them to study more effec-
tively. Decide which time of day you feel most alert,
and set it aside for studying. Make sure that any
distractions around you will be minimal. When you
regularly follow through with your study plan, you
may find that you begin to learn more in less time.

STUDY TIP
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Review
Short Answer
20. Why does it cost more to produce a kilo-

gram of meat than to produce a kilogram
of plants?

21. How does plowing soil increase soil erosion? 
22. Why are biological controls for killing pests

sometimes more effective than chemical pes-
ticides are?

23. Why are ruminants valuable livestock?
24. Explain how soil degradation leads to loss of

arable land. 

Interpreting Graphics
Use the graph below to answer questions 25–27.
25. In which year was the most corn planted? In

which year was the least corn harvested?
26. How many acres were planted with corn in

1991?
27. According to the graph, more acres of 

corn are planted than are harvested each
year. Why?

Concept Mapping
28. Use the following terms to create a concept

map: contour plowing, no-till farming,
organic farming, careful irrigation, soil ero-
sion, nutrient depletion, and salinization.

Critical Thinking
29. Making Predictions Reread the text under

the heading “World Food Problems.” Write
a paragraph to predict how increasing the
productivity of the world’s subsistence 
farmers would affect poverty and food 
production.

30. Analyzing Ideas What incentives to conserve
soil do farmers in developed nations have?

31. Inferring Relationships Read the text in this
chapter under the heading, “Disrupting Insect
Breeding.” Are pheromones a type of pesti-
cide?  Explain your reasoning. 

Cross-Disciplinary Connection
32. Social Studies Thousands of tons of dead

fish are shoveled back into the ocean each
year from fishing vessels because the fish are
species that consumers do not want to buy.
Identify some ways that humans might be
able to reuse this protein.

33. Economics Hundreds of thousands of people
starve to death every year. How is this prob-
lem related to the problem of poverty?
Explain your answer.

Portfolio Project
34. Prepare a Report Environmental degrada-

tion caused by farming is not a new prob-
lem. The Dust Bowl of the 1930s is an
example of an environmental disaster caused
by farming practices that we would now
consider to be damaging. Investigate the
Dust Bowl, and write a report about it.
Include information about the farming prac-
tices, laws, and regulations that were intro-
duced in the United States as a result of the
lessons learned during the 1930s.

WRITING SKILLS

READING SKILLS

WRITING SKILLS
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Read the passage below, and then answer
the questions that follow.

A large amount of energy is needed to pro-
duce food. In all parts of the world, the energy
used to process, distribute, and cook food is
greater than the energy used to grow it. In the
United States, it is estimated that every Calorie
of food on our dinner tables has required 9
Calories of energy to get there. Half a Calorie
accounts for the energy used on the farm. The
other 8.5 Calories account for the energy used
to process, package, distribute, and cook the
food. In rural India, twice as much energy goes
into cooking a kilogram of rice as was invested
in producing it. Energy shortages, such as a
shortage of wood for cooking, have caused
environmental problems such as deforestation.
In poor countries, cooking may require more
energy than is used by transportation, heating,
and all other energy uses combined.

1. According to the passage, which of the
following statements about food is true?
a. Most of the energy invested in food

production goes into distributing 
the food.

b. More energy is used to grow food on
the farm than is used to cook the food.

c. Most energy used to produce food
goes into processing, distributing, and
cooking the food. 

d. In developing countries only, cooking
food requires more energy than grow-
ing food does.

2. Which of the following points is not dis-
cussed in this passage?
a. Packaging is the least costly part of

preparing food for sale to the customer.
b. It takes more energy to cook a kilogram

of rice than to grow a kilogram of rice.
c. In some countries, cooking requires

more energy than all other processes
that use energy combined.

d. Gathering sufficient wood to cook
food has led to deforestation.

MATH SKILLS

Use the table below to answer questions 35–38.

35. Analyzing Data Which foods had increased
production in 1995 and 1999?

36. Analyzing Data Which foods had lower pro-
duction in 1995 than in 1990?

37. Analyzing Data Taking into account the
1999 data, can you think of any possible
reasons for the answer to question 36?

38. Analyzing Data The human population of
the world grew by 15 percent between 1990
and 1999. By what percentage did total
grain production increase during this time?

WRITING SKILLS

39. Communicating Ideas Explain how the way
in which insects reproduce allows them to
evolve pesticide resistance very rapidly.

40. Analyzing Ideas Explain why the pesticide
DDT can still be detected in the environment
even though its use was banned decades ago. 

World Food Production (in millions of tons)

Food 1990 1995 1999

Total grains 1,700 1,800 1,900

Wheat 590 540 590

Rice 350 370 400

Legumes 58 55 59

Poultry 37 51 58

Milk 441 381 387

READING SKILLS
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C H A P T E R 15 Standardized Test Prep
Understanding Concepts
Directions (1–4): For each question, write on a
separate sheet of paper the letter of the correct
answer.

1 Which of the following is a major cause of
malnutrition in the world today? 
A. food efficiency
B. improved yield
C. poverty
D. no-till farming

2 What is the main difference between fertile
and infertile soil?
F. Fertile soil supports plant life; infertile

soil cannot.
G. Infertile soil supports plant life; fertile

soil cannot.
H. Fertile soil supports insect life; infertile

soil cannot.
I. Infertile soil supports insect life; fertile

soil cannot.

3 What is the eventual result of land 
degradation?
A. desertification
B. fertilization
C. integration
D. salinization

4 Which of the following is an effect of soil
erosion?
F. increased crop yields
G. increase in land fertility
H. decrease in desertification
I. decrease in the amount of topsoil

Directions (5–6): For each question, write a short
response.

5 Over time, controlling pests with pesticides
can make a pest problem worse if pest 
populations develop resistance. Resistance
is the ability to survive exposure to a par-
ticular pesticide. Why are subsequent gener-
ations of resistant pest populations more
likely to be resistant?

6 Evaluate the practice of biological pest 
control.

Reading Skills
Directions (7–8): Read the passage below. Then
answer the questions.

Plant breeding has been used since 
agriculture began. Farmers select the plants
that have the most desirable characteristics.
They save seeds from these plants to use in
planting the next crop. The selected seeds are
more likely to contain the genes for the desired
traits. The same result is achieved with genetic
engineering, the technology in which genetic
material in a living cell is modified for medical
or industrial use. 

Genetic engineering involves isolating genes
from one organism and implanting them into
another. The plants that result from genetic
engineering are called genetically modified
plants. Sometimes genes introduced into plants
are not plant genes. An insecticide gene from a
bacterium that produces a chemical that kills
plant-eating caterpillars can be implanted into
crop plants. Hundreds of gene transfers have
now been performed to create many geneti-
cally modified crops. In the United States, we
now eat and use genetically engineered agricul-
tural products every day.

7 What impact has the technology of genetic
engineering had on the agricultural 
community?
A. The technology of genetic engineering

has increased the efficiency of the 
agricultural community.

B. The technoIogy of genetic engineering
has decreased the efficiency of the 
agricultural community.

C. The technology of genetic engineering
has increased cultivation within the 
agricultural community.

D. The technology of genetic engineering
has decreased cultivation within the 
agricultural community.

8 What effect could introducing insecticide
genes into crops have on insecticide 
resistance?

432 Chapter 15 Standardized Test Prep
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Test
Slow, deep breathing
may help you relax. If
you suffer from test
anxiety, focus on your
breathing in order to
calm down.

Interpreting Graphics
Directions (9–11): For each question below, record the correct answer on a
separate sheet of paper.

The graph below shows world grain production over a 55-year period. Use
this graph to answer questions 9 through 11.

World Grain Production, 1950–2005

9 In what year did the total amount of grain production equal the 
average amount of grain per person? 
F. 1980
G. 1983
H. 2003
I. The two amounts were never equal.

0 What is the main reason that, while total grain production has
increased each year, the amount of grain per person has been 
relatively steady?
A. Much of the grain produced could not be distributed efficiently.
B. The world’s population has grown faster than grain production.
C. The world’s population has remained roughly the same for the last

35 years.
D. Much of the grain produced in the world was used to feed livestock

or as seed.

q If the trend that was in place from 1990–1995 continued through
2005, what would have been the average amount of grain available
per person in 2005?
F. 200 kg
G. 250 kg
H. 300 kg
I. 350 kg 
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434 Chapter 15 Inquiry Lab

Managing the Moisture in Garden Soil
You work as a soil specialist with the Smith County Soil
Conservation District. You are trying to help Mrs. Latisha
Norton, a local resident, solve an agricultural problem. Mrs.
Norton has found that she must water her vegetable garden very
often to keep it healthy. As a result, her family’s water bills have
skyrocketed! Mrs. Norton and her family may have to give up
their garden project because of the added expense.

You realize that the water is probably draining out of the
garden soil too quickly. To solve this problem, you need to find
out how much water the soil can hold. You visit her garden
and collect several soil samples. (Your teacher will provide you
with soil samples.)

Procedure
1. Dry your soil sample without burning any of the organic

matter. To do this, place about 50 g of soil in a crucible or
other heat-safe container. Using tongs, gently heat the sample
over a hot plate or put the sample in an oven. Stir the sample
occasionally with a stirring rod to ensure that the sample
becomes completely dry.

2. After the sample is completely dry, weigh about 10 g of dry
soil. Record the mass in a data table.

3. Dampen a circle of filter paper until it is thoroughly moist,
but not dripping. Weigh the moist filter paper, and record its
mass in a data table.

4. As shown below, fold the moist filter paper into quarters.
Next, open the filter paper to form a cup that fits in a fun-
nel. Place the cup-shaped filter paper in the funnel.

5. Place the dry soil sample on the filter paper in the funnel.
Place the funnel in the beaker.

6. Add water to the soil sample one drop at a time until all of
the soil is moist and water begins to drip out of the funnel.
Stop adding water, and let the funnel sit for 5 min.

Objectives
�

Hypothesize how to reduce the
amount of water a garden needs.

� Compare the amount of water
different soil samples can hold.

� Explain how adding materials to a
soil sample can help increase the
sample’s ability to hold water.

Materials
beaker, 250 mL
compost, 5 g
crucible (or other heat-safe 

container)
dry chopped grass clippings, 5 g
eyedropper
filter paper
funnel
heat source (hot plate or oven)
metric balance
sawdust, 5 g
soil sample, 50 g
stirring rod
tongs
watch (or clock)
water

USING SCIENTIFIC METHODS

Inquiry Lab: MODELING
C H A P T E R 15

� Step 4 Fold the moist filter paper
into quarters, and then open it to
form a cup that fits in a funnel. 
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7. After 5 min, remove the filter paper and moist soil from the
funnel, and weigh the paper and soil together. Record their
mass in a data table.

8. Calculate the mass of the moistened soil sample by subtract-
ing the mass of the damp filter paper from the mass of the
completely moistened sample and the filter paper. Record the
mass in a data table.

9. Calculate the amount of water that your soil sample can hold
by subtracting the mass of the dry soil sample from the mass
of the moistened soil sample. Record the result in a data table.

10. Calculate the percentage of water that your sample held.
Divide the mass of water the soil held by the mass of the
moistened soil sample, and multiply by 100. The higher the
percentage is, the more water the soil can hold. Record the
percentage in a data table.

11. Divide the remaining dry soil sample into three 5 g portions.
To the first soil sample, add 5 g of dry compost. To the sec-
ond soil sample, add 5 g of dry chopped grass clippings. To
the third soil sample, add 5 g of dry sawdust. Weigh each
mixed soil sample, and record the masses of the three sam-
ples in a data table.

12. Perform steps 3–10 for each of your mixed soil samples.
Record your results in a data table.

Analysis
1. Organizing Data Compare your results with the results of your

classmates. Which soil samples held water the best? Why?
2. Analyzing Data Which of the additional materials improved

the soil’s ability to hold water?

Conclusions
3. Evaluating Methods Based on your results as well as your

research, what could you recommend to Mrs. Norton to
reduce the amount of water her garden needs?

� Step 6 When adding water to the
soil sample, add one drop at a time
until all of the soil is moist and water
begins to drip out of the funnel.

1. Designing Experiments With the help of your teacher,
choose one more material in addition to the three materials
you used in step 11. Combine two of these materials, and
mix them with a soil sample. Combine the remaining two
materials with another soil sample. Perform steps 3–10 for
these two mixed soil samples. Compare your results with
the results you gathered earlier in the lab. Which combina-
tion of materials in the soil samples held water the best? 

Extension
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GENETICALLY ENGINEERED FOODS

436 Chapter 15 Points of View

Genetically engineered foods are
now on sale in the world’s super-
markets, and we do not recognize
them because they are not labeled
as such.

As the world’s population con-
tinues to increase, food production
must try to keep pace with the
increase. Genetic engineering pro-
vides one way to develop new
foods. Biotechnologists develop
desirable characteristics in an
organism by altering its genes or by
inserting new genes into the organ-
ism’s cells. For example, a gene
that makes one plant species resist-
ant to pests might be transferred to
another plant species. The second
plant species would then have the
same resistance to pests.

In 1994, the first genetically
modified food was offered for
sale. It was a tomato called the
Flavr Savr™ which softens slowly,
so it can remain on grocery

shelves longer before becoming
soft and overripe. Biotechnologists
developed the tomato by altering
the gene that causes ripe tomatoes
to soften. The Food and Drug
Administration (FDA) said it was
as safe as other tomatoes and
cleared it for sale. Here are two
points of view on genetically engi-
neered foods.

The Benefits Outweigh
the Risks
Scientists who support the devel-
opment of genetically engineered
foods view the process as simply
an extension of previous plant-
breeding techniques. Traditionally,
farmers altered the genetic makeup
of plants by crossbreeding different
strains to combine the best traits
of both plants. However, the direct
manipulation of genes makes it
possible to control genetic changes
more precisely and efficiently.

Biotechnologists say that their
new products are as safe for con-
sumers as plants developed
through crossbreeding. Why
shouldn’t genetically engineered
foods sit beside other foods on
grocery store shelves?

The benefits of creating geneti-
cally engineered fruits and vegeta-
bles include keeping produce fresh
longer, adding nutrients, and creat-
ing more-successful crops. For
example, by inserting a gene that
gives virus resistance to squash
plants, scientists could boost the
plants’ resistance to viral infection.
These resistant squash could pro-
duce five times the amount of
squash per harvest as other squash
do. Or scientists could increase the
amino acids in a food product to
give it more nutritional value. 

Crops could be developed to
grow faster and have higher yields.
To combat world hunger, scientists
may be able to develop seeds that
can grow well in areas that have
poor soil or poor water conditions.
For more immediate relief, geneti-
cally engineered foods that would
not spoil as quickly could be
shipped to needy nations.

� The corn plants in this field have been genetically engineered to resist
the effects of herbicides.

� A scientist examines experimental
samples of genetically modified 
fruit trees.
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What Do You Think?
Some people propose that
genetically engineered foods
should have labels that iden-
tify them as such. Could such
a measure decrease criticism
about the safety of genetically
engineered foods? Based on
what you have read, decide
whether you would buy
genetically engineered foods
at the grocery store. Explain
your reasoning.

The Risks Outweigh
the Benefits
Critics of genetically engineered
foods believe that these products
are significantly different from
foods developed through tradi-
tional methods. Genetic engineer-
ing allows genes from any living
organism, including genes from
animals or bacteria, to be placed
into crops. Opponents are con-
cerned about the safety of foods
that contain these “foreign” genes.

Another safety concern is the
possibility of allergic reactions.
Some foods, such as peanuts and
shellfish, cause allergic reactions
in many people. If genes from
these foods are placed in entirely
different products, people who eat
these new products and do not
know that the new products con-
tain the foreign genes may have
allergic reactions.

Other critics object because of
religious or ethical reasons. Certain

religions prohibit eating pork and
other foods. People may object to
the insertion of genes from pigs or
other prohibited foods into foods
they normally eat. Similarly, veg-
etarians might object to eating
foods containing animal genes. 

Some scientists are concerned
that genetically engineered plant
species may be accidentally intro-
duced into the wild. Genetic engi-
neering may give a new species an
advantage over an existing wild
species. If the new species thrives at
the expense of the wild species, the
wild species could become extinct.

� This farmer from Oaxaca, Mexico, holds up ears of traditional corn vari-
eties. Some people fear that genes from genetically engineered varieties
could accidentally be introduced into native varieties.

� These people in Montreal, Quebec, are protesting the importation of
genetically modified organisms (GMOs). Many countries have not
accepted genetically engineered crops as much as the United States has.
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