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~Where Did Agriculture
~Qriginate?

" !nvgn’tton of Agriculture

s Comparing Subsistence

and Commercial Agriculture

Agriculture is deliberate’
through cultivation of plants andéafing of animals to ab-
tain sustenance or economic ga ,Agneuiture originated
when humans domesticated plants and anjmals for their
use. The word cultivate means “to care fo ;

any plant cultivated by people,

Approximately one-half of the people in ]ess devekcped
countries are farmers. The overwhelming majority of the
grow enough food to feed themselves, but little more. [
veloping countries are home to 97 percent of the world’s
farmers. In contrast, fewer than 2 percent of the people in
the United States are farmers. Yet the advanced technology
used by U.S. farmers allows them to produce enough food
for people in the United States at a very high standard, as
well as food for many people elsewhere in the worid.

In each soctety, farmers possess very specific knowledge of
their environmental conditions and certain technology for
modifying the landscape. Within the limits of their technol-
ogy, farmers choose from a variety of agricultural practices,
based on their perception of the value of each alternative.
These values are partly economic and partly cultural. How
farmers deal with their physical environment varies accord-
ing to dietary preferences, availability of technology, and
other cultural traditions. Farmers select agricultural practices
based on cultural perceptions because a society may hold
some foods in high esteem while avoiding others.

Invention of Agriculture

The origins of agriculture cannot be documented with cer-
tainty because it began before recorded history. Scholars
iry to reconstruct a logical sequence of events based on
fragments of information about ancient agricultural prac-
tices and historical environmental conditions, Improve-
ments in cultivating plants and domesticating anlmals
evolved over thousands of years. This secticn offets an ex-
planation for the origin and diffusion of agriculture,

odification of Earth’s surface
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HUNTERS AND GATHERERS

Before the invention of agriculture, all humans probably
obtained the food they needed for survival through hunt-
ing for animals, fishing, or gathering plants (including ber-
ries, nuts, fruits, and roots). Hunters and gatherers lived
in small groups of usually fewer than 50 persons because
a larger number would guickly exhaust the available re-
sources within walking distance (Figure 10-2), The men
hunted game or fished, and the women collected berries,
nuis, and roots. This division of labor sounds like a stereo-
type but is based on evidence from archaeology and an-
thropology. They collected food often, perhaps daily. The
food search right have taken only a short time or much
of the day, depending on local conditions.

The group traveled frequently, establishing new home
bases or camps, The direction and frequency of migration
depenided on the movement of game and the seasonal
growth of plants at various locations. We can assume that
groups communicated with each other concerning hunt-
ing rights, intermarriage, and other specific subjects. For

the most part, they kept the peace by steering clear of each

her’s territory.

Today, perhaps a quarter-million people, or less than
0.005 percent of the world’s population, still survive by hunt-
ing ant gaﬂlering rather than by agriculture, Examples in-
clude the Spini x(also known as Pila Nguru) people, who
live in Australi@’ sGreat Victorian Desert; the Sentinelese peo-
ple, who live in India¥ Andaman Islands; and the Bushmen,
who live in Botswana nd--l}jamlbia Contemporary hunting
and gathering societies aré lS%)l&t groups that live on the
periphery of world settlemen ey provide insight into
human customs that prevailed i ﬁgehistoric times, before
the invention of agriculture.

4 FGURE 10-2 HUNTING AND GATHERING A Bushman in Botswana
prepares his bow and arrow for hunting.
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348 THE CULTURAL LANDSCAPE

AGRICULTURAL REVOLUTION

Learning Outceme 10 1.1 .
= Ldentlfy the major crop and livestock hearths

‘The g_r;cultural revolution was the t:me when human be—

it had in the past eo r’aphers and other scientists bel:eve
that the reason for the* sudder‘a ‘population increase was the
agricultural revolution. B)f“growin“ nplants and raising ani-
mals, human beings created large '%more stable sources
of food, so more people could survives *

Scientists do not agree on whether thie agm:ulturai 1ev-
olution originated primarily because of: envirohmental
factors or cultural factors. Probably a combinatfon- of both
factors contributed:

* Environmental factors. Those favoring environme’h-t-ai
reasons point to the coinciding of the first domestica-
tion of crops and animals with climate change around
10,000 years ago. This marked the end of the last ice
age, when permanent ice cover receded from Earth’s
mid-latitudes to polar regions, resulting in a massive
redistribution of humans, other animals, and plants at
that time.

* Cuftural factors. Human hehavrm may be primarily re-
sponsible for the origin of agriculture. A preference for

living in a fixed place rather than as nomads may have
led hunters and gatherers to build permanent setile-
ments and to store surplus vegetation there, In gather-
ing wild vegetation, people inevitably cut plants and
dropped berries, fruits, and seeds. These hunters proba-
bly ohserved that, over time, damaged or discarded food
produced new plants. They may have deliberately cut
plants or dropped berries on the ground to see if they
would produce new plants. Subsequent generations
learned to pour water over the site and to introduce ma-
nure and other soil improvements. Over thousands of
years, plant cultivation apparently evolved from a com-
bination of accident and deliberate experiment.

CROP HEARTHS, Scientists also do not agree on how
agriculture diffused or why most nomadic groups convert
from hunting, gathering, and fishing to agriculture. They
do agree that agriculture originated in multiple hearths
around the world:

* Southwest Asia. The earliest crops domesticated in
Southwest Asia are thought to have been barley and
wheat, around 10,000 years ago (Figure 10-3). Lentil
and olive were also early domestications in Southwest
é;am From this hearth, cultivation diffused west to
‘drope and east to Central Asia.

+ East Agi Rice is now thought to have been domesti-
cated mmEai Asia more than 10,000 years ago, along

the Yangtze’ Rlver 4n eastern China. Millet was culti-
vated at an earl é? ng the Yellow River.

* Sub-Saharan Africa.Sofghum was domesticated in
central Africa around 8,000 years ago. Yams may have

¥ FIGURE 10-3 CROP HEARTHS Agriculture orfgmated in multiple hearths, Domestication of some craps can be

dated back more than 10,000 years.
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4 FIGURE 10-4 ANIMAL HEARTHS Animat

v

oy } ATLANTIC l
ALPACAT AT |

Wy Ll

Yearsage | .. o
12,000 )
9,400 4

domestication also originated in multiple
hearths,
3

8,000 4
6,008
Unknown

[ o

been domesticated even earlier, Millet amﬂ l‘l(,‘e Jnay
have been domesticated in sub-Saharan Africa mdagaen-
dently of the hearth in East Asia. From central Afy
domestication of crops probably diffused further soutk
in Africa.
* Latin America. Two important hearths of crop do-
mestication are thought to have emerged in Mexico
and Peru around 4,000 to 5,000 years ago. Mexico is
considered a hearth for beans and cotton, and TPeru
for potato. The most important contribution of the
Americas to crop domestication, maize (corn), may
have emerged in the two hearths independently
around the same time. From these two hearths, cul-
tivation of maize and other crops diffused north-
ward into North America and southward into tropical
South America. Some researchers place the origin of
squash in the southeastern present-day United States.

Pause and Reflect 10.1.1

Which crops appear to have reached the present-day
United States first, according to Figure 10-37

ANIMAL HEARTHS. Animals were also domesticated
in multiple hearths at various dates. Southwest Asia is
thought to have been the hearth for the domestication of
the largest number of animals that would prove to be most
important for agriculture, including cattle, goats, pigs, and
sheep, between 8,000 and 9,000 years ago (Figure 10-4),
Domestication of the dog is thought to date from around
12,000 years ago or possibly earlier in Southwest Asta, East
Asia, and/or Europe. The horse is considered to have been
domesticated in Central Asia; diffusion of the domesticated
horse is thought to be assoclated with the diffusion of
the Indo-European language, as discussed in Chapter 5
{Figure 10)-5).
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Inhabitants of Southwest Asia may have been the first to
integrate cultivation of crops with domestication of herd

. anima]s such as cattle, sheep, and guat's These animals

mals is a funcldmental element of modern agriculture,

That agricuftta’re had multiple origins means that, from
earliest times, peep“fe have produced food in distinctive
ways in different regions,>This diversity derives from a
unique legacy of wild plast, whmatlc conditions, and cul-
tural preferences in each regn;) # Improved communica-
tions in recent centuries have eng uraged the diffusion of
some plants to varied locations around the world, Many
plants and animals thrive across a wide portion of Earth’s
surface, not just in their place of original domestication.
Only after 1500, for example, were wheat, oats, and barley
introduced to the Western Hemisphere and maize to the
Eastern Hemisphere,

¥ FIGURE 10-5 HORSES tN KAZAKHSTAN The horse s thought to have
been domesticated in this region roughly 6,000 years ago.
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Comparing Subsistence
and Commercial Agnculture

Eearning Outcome 10 ? 2

. andmebmmerclal agriculture.

The most futid mental differences in agricultural practices
are between thos n_developing countries and those in
developed countnas Fafmers in developing countries gen-
erally practice subs;stance agrxculture, whereas farmers in
developed countries practlce commercial agriculture, Sub-
sistence agriculture, found msdevelopmg countries, is
the production of food primarily fm gonsumption by the
farmer’s family, Commercial agncultu;:e found in devel-
oped countries, is the production of food pnin rily. for sale
off the farm. The main features that distinguisk-cor
cial agriculture from subsistence agriculture mclud"e"”“% the
percentage of farmers in the labor force, the use of ma:
chinery, and farm size,

PERCENTAGE OF FARMERS IN
THE LABOR FORCE

A priority for all people is to secure the food they need to
survive, In developing countries most people are subsistence
farmers who work in agriculture to produce the food they
and their families require. In developed countries the rela-
tively few people engaged in farming are commercial farm-
ers, and most people buy food with money eamed by work-
ing in factories or offices or by petforming other services.
In developed countries, around 5 percent of workers are
engaged directly in farming, compared to around 44 per-
cent in developing countries (Figure 10-6). The percentage
of farmers is even Jower in North America—only around
2 percent. Yet the small percentage of farmers in the
United States and Canada produces not only enough food

¥ FIGURE 10-8 AGRICULTURAL WORKERS The percentage of the workforce engaged in agriculture is higher

in developing countries than in developed countries.,

for themselves and the rest of the region but also a swrplus
to feed people elsewhere.

The number of farmers declined dramaticatly in devel-
oped countries during the twentieth century. The United
States had about 60 percent fewer farms and 85 percent
fewer farmers in 2000 than in 1900, The number of farms
in the United States declined from about 6 million in 1940
to 4 million in 1960 and 2 miltion in 1980. Both push and
puil migration factors have been responsible for the decline:
People were pushed away from farms by lack of opportunity
to earn 4 decent income, and at the same time they were
pulled to higher-paying jobs in urban areas. The number of
U.S. farmers has stabilized since 1980 at around 2 million.

USE OF MACHINERY

In developed countries, a small number of commerclal
farmers can feed many people because they rely on ma-
chinery to perform work rather than on people or animals
{Figure 10-7). In developing countries, subsistence farmers
do much of the work with hand tocls and animal power.
Traditionally, the farmer or local craftspeople made
qmpment from wood but begmmng in the late e1gh—

made f;un"h- gfle@fdependent on human or animal power.
Tractors, combm‘e corn pickers, planters, and other fac-
tory-made farm machifies have replaced or supplemented

manual labor,
Transportation improve

s%have also aided commer-
cial farmers. The building of gads in the nineteenth
century and highways and trunﬁ-in he twentieth century
have enabled farmers to transport crops and livestock far-
ther and faster. Cattle arrive at market heavier and in better
condition when transported by truck ot train than when
driven on hoof. Crops reach markets without spoiling.
Comumercial farmers use scientific advances to increase
productivity. Experiments conducted in university labo-
ratories, industry, and research organizations generate
new fertilizers, herbicides, hybrid
plants, animal breeds, and farm-
ing practices, which produce
higher crop yields and health-
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ter animals. Access to other sci-
entific information has enabled
farmers to make more intelligent
decisions concerning proper ag-
ricultural practices. Some farm-
ers conduct their own on-farm
research.

Electronics also help commer-
cial farmers. Parmers use (flobal
Positioning System (GPS} devices
to determine the precise coordi-
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A FIGURE 10-7 AREA OF FARMLAND PER TRACTOB ;ﬁe;%mers in developing countries have more hectares or
acres of land per tractor than do farmets in developed cotintries. Qie achinery makes it possible for commercial
farmers to farm extensive areas, a practice necessary to pay far the' expensive machinery.

of cattle. They ue satellite imagery to measure crop progress
and yield monitors attached to combines to determine thé . ¢
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beginning operations. This money
is frequently borrowed from a bank
and repaid after output is sold.

Commercial agriculture is in-
creasingly dominated by a handful
of large farms. In the United States, .
the largest 5 percent of farms pro-
duce 75 percent of the country's
total agriculture, Despite their size,
most commercial farms in devel-
oped countries—90) percent in the
United States—are family owned
and operated. Commercial farmers
frequently expand their holdings
by rentintg nearby fields.

Although the United States had
fewer farms and farmers in 2000
than in 1900, the amount of land
devoted to agriculture increased by
13 percent, primarily due to irriga-
tion and reclamation. However, in

= the twenty-first century, the United States has been losing
-million hectares (3 million acres) per year of its 400 mil-

precise number of bushels being harvested, hon:hectares (1 billion acres) of farmland, primarily because
of the expansion of urban areas.

Pause and Reflect 10.1.2 -

What other electronics, in addition to GPS devices,
might help a farmer on a very large farm?

FARM S51ZE

The average famm is relatively large in commercial agricul-
ture, Farms average 161 hectares (418 acres) in the United
States, compared to about I hectare (2.5 acres) in China (Fig-
ure 10-8). Large size partly depends on mechanization. Com-
bines, pickers, and other machinery perform most efficiently
at very large scales, and their considerable expense cannot
be justified on a small farm. As a result of the Jarge size and
the high level of mechanization, commercial agriculture is
an expensive business. Farmers spend hundreds of thou-
sands of dollars to buy or rent land and machinery before

¥ FIGURE 10-8 FARM SIZE The average size of a family farm in China is much smaller than in the United States,

{left) Family faren in Anhui Province, China. {right} Family farm in West Brooklyn, Hlinois,
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352 THE CULTURAL LANDSCAPE

Why Do People
'-=Consume Different

of a farm? Not likely. The meat is carved into piece

no longer resemble an animal and is wrapped in p_apé“r"o:l::'

plastic film. Often the vegetables are canned or frozen. The
milk and eggs are in cartons.

The food industry in the United States and Canada is
vast, but only a few people are full-time farmers, and they
may be more familiar with the operation of computers
and advanced machinery than the typical factory or office
worker. The mechanized, highly productive American or
Canadian farm contrasts with the subsistence farm found
in much of the world. The most “typical” human—if there
is such a person—is an Asian farmer who grows enough
food to survive, with little surplus. This sharp contrast in
agricultural practices constitutes one of the most funda-
mental differences between the more developed and less
developed countries of the world.

Diet

Everyone needs food to survive,

Consumption of food varies around

the world, both in total amount

and source of nutrients. The vari-

ation results from a combination

of:

* Llevel of development. People
in developed countries tend to
consume more food and from

kitocalories,

P

* Cultural preferences, Some food preferences and avoid-
ances are expressed without regard for physical and
economic factors, as discussed in Chapter 4.

TOTAL CONSUMPTION OF FOOD

Dietary energy consumption is the amount of food that
an individual consumes, The unit of measurement of di-
etary energy is the kilocalorie (kcal), or Calorie in the
United States. One gram (or ounce) of each food source
delivers a kilocalorie level that nutritionists can measure.

Most humans derive most of their kilocalories through
consumption of cereal grain, or simply cereal, which is
a grass that yields grain for food. Grain is the seed from a
cereal grass, The three leading cereal grains—wheat, rice,
and maize {comn in North Amerlca}—together account for
neatly 90 percent of all grain production and more than
40 percent of all dietary energy consumed worldwide;

* Wheat. The principal cereal grain consumed in the de-
veloped regions of Europe and North America is wheat,
which is consumed in bread, pasta, cake, and many

. other forms. It is also the most consumed grain in the

dwc.lc}pin;, regions of Central and Southwest Asia,

-whete relatively dry conditions are more suitable for

g,rong ‘wheat than other grains (Figure 10-9).

* Rice. The, pn@xpal cereal grain consumed in the devel-
oping regions Qf Last, South, and Southeast Asia is rice.
It is the most suitable crop for production in tropical
climates, e 7,

¢+ Maize. The leading cro e world is maize (called
corn in North America), thodgh»much of it is grown
for purposes other than direct human consumption, es-
pecially as animal feed. 1t is the leading crop in some
countries of sub-Saharan Africa.

* Other crops. A handful of countries obtain the largest
share of dietary energy from other crops, especially in
sub-Saharan Africa (Figure 10-10), These include cas-
sava, sorghum, millet, plantains, sweet potatoes, and

¥ FIGURE 10-9 DIETARY ENERGY BY SOURCE Wheat, rice, and maize are the three main sources of
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into a porridge.

P
A FIGURE 10-10 AFRICAN FOOD The girl is canrying cassavas In Tanzania: -
At home, these roots will be pounded to break up the fibrous texture and cooked
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yams. Sugar is the leading source of dietary energy in
Venezuela,

 Pause and Reflect 10.2.1

Which of the three main cereal grains is most
prevalent in your diet?

SOURCE OF NUTRIENTS

Protein is a nutrient needed for growth and maintenance
of the human body. Many food sources provide protein of
varying quantity and quality. One of the most fundamen-
tal differences between developed and developing regions
is the primary source of protein (Figure 10-11).

In developed countries, the leading source of protein is
meat products, including beef, pork, and poultry (Figure 10-
12). Meat accounts for approximately one-third of all pro-
tein intake in developed countries, compared to approxi-
mately one-tenth in developing ones. In most developing
countries, cereal grains provide the largest share of protein.

g TLANTIC
/ paciric DOEAN
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Leading protein source
SR Cereals—at feast 50%

"% Cerealg—al least 25%
EHE Meat-at least 25% | .

4 FIGURE 10-11 PROTEIN BY SOURCE Pecple
et most of their protein from meat in developed
~gBuritries and frem cereals in developing countries.
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< FIGURE 10-12 PROTEIN FROM MEAT The
percentage of protein frem meat is much higher
for people in developed countries than for those in
developing countries.
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Nutrition and Hunger

Learning Outcome 10 2 2
%xplam"the giobal dlstrlbutlon of undernourishment

suffi?:iem'% fieet dietary ueeds and food preferences for
an active and-he3lhy life. By this definition, roughly one-
eightly of the world® inhabitants do not have food security.

DIETARY ENERGY NEEDS.

To maintain a moderate level of phyS!caI activity, an average
individual needs to consume at least-1,800 keal per day, ac-
cording to the UN Food and Agriculturaf Orgamzanon The
figure must be adjusted for age, sex, and regitn of the wold.
Average consumption world- )
wide is approximately 2,800 kcal
per day, or roughly 50 percent
more than the recommended min-
imum. Thus, most peaple are get-
ting enough food 1o eat. People in
developed countries are consum-
ing on average twice the recom-

UNDERNOURISHMENT

Undernourishment is dietary energy consumption that is
continuously below the minimum requirement for main-
taining a healthy life and carrying out light physical activity,
The UN estimates that 870 million people in the world are
undetrnourished; 99 percent of the wotld’s undernourished
people are in developing countries, India has by far the larg-
est the number of undernourished people, 225 million, fol-
lowed by China, with 130 million (Figure 10-15}. One-fourth
of the population In sub-Saharan Africa, one-fifth in South
Asia, and one-sixth in all developing countries are classified
as undernousished (Figure 10-16).

Worldwide, the total number of undernourished peo-
ple has not changed much in several decades (Figure 10-17).
With population growth, though, the percentage of un-
dernourished people has decreased. Among developing
regions, East Asia, led by China, has had by far the larg-
est decrease in number undernourished, and South Asia and
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mended minimurnm, approximately
3,600 keal per day (Figure 10-13),
Austria and the United States have
the world’s highest consumption,
approximately 3,800 kcal per day
per person. The consumption of 50

kcalfparson/day
$% 2,000 and abova

much food is one reason that obe- ;;:3‘2223? e
sity is more prevalent than hunger " nodata \
oy

in developed countries,

In developing regions, aver-
age daily consumption is approxi-
mately 2,600 keal, still above the
recommended minimum. How-
ever, the average in sub-Saharan
Africa is only 2,400 keal, an indi-
cation that a laige percentage of
Africans are not getting enough
to eat. Diets are more likely to be

deficient in countries where peo- { PACIFIO
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4 FIGURE 10-13 DIETARY ENERGY CONSUMPTION Per capita caloric intake is approximately 3,600 keal per
day in developed countries and 2,600 in developing countries,

ple have to spend a high percent- ;
age of their income to obtain food S
(Figure 10-14). o

1

Parcant Ihcote
spent an food

Pause and Reflect 10.2.2
How many kilocalories

FE0 40 and above

INDIAN

mzu 38

are in a Big Mac? You can
use Google to find the

answer. How does one Big e

Mac compare to the daily
caloric intake of the average
African?
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4 FHGURE 10-14 INCOME SPENT ON FOOD
Pecple spend on average less than 20 percent of income for food in developed countries compared te more than 40
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A FIGURE 10-15 DISTRIBUTION OF UNDERNOU: ISHMENT More than
half of the world's undernourished peopfe are in"Solith Asia.and East Asia.
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% FIGURE 10-16 EXTENT OF
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..Where Is Agriculture
llstrlbuted'?

People have been able to practlce agric ture;n a wide va-
riety of places. The most widely used- map&Df world ag-
ricultural regions is based on work done’ S’y ge grapher

» FIGURE 10-18 AGRICULTURE

Derwent Whittlesey in 1936, Whittlesey identified 11 main
agricultural regions, plus an area where agriculture was
nonexistent. Whittlesey's 11 regions are divided between
5 that are important in developing countries and 6 that
are important in developed countries (Figure 10-18), The
S agricultural regions that predominate in developing
counftrigs are:

+ Pastoral nomadism—primarily the drylands of South-
west Asia & North Africa, Central Asia, and East Asia

¢ Shifting cuwltivation—primarily the tropical regions
of Latin America, sub-Saharan Africa, and Southeast
Asia

¢ Intensive subsistence, wet rice dominanf—primarily the
large population concentrations of East Asia and South
Asia

» Intensive subsistence, crops other than tice dominant—
primarily the large population concentrations of East
Asia and South Asia, where growing rice is difficult

AND CLIMATE REGIONS B
{right) The major agricultural -
practices of the workd can be divided
into those that are prevalent in
developing countries and those that
are prevalent in developed countries
(upper right}, Climate plays a large
role in the practice of agriculture.
Figure $-4Q is a more detailed version
of the climate map shawn here.

L7, Littie or no agricutture

Subsistence agriculture k
Buveiuplng countriesy: g

m letensive subsistence, i
wet rice domina i

Intengive subsistencs, ;
wit rice not dominaat |

ARCTIC
OCEAN

ATLANTIC |
OCEAN

ATLANTIC
‘OCEAN

Pastoral nomadism
2

Gommercial agricufture

Developed countries

W Mixed crop and
livestock
#2 Dary

Grain

Livestock ranching.
B28 Mediterranean

BB commercial gardening
Déveloping countries

5 mantation
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. t‘wi_?»’lisi}zﬁr‘cgtzfmq—primarily the tropical and sub-
Udpi%{gl‘i‘ég;_(?ns of Latin America, sub-Szharan
Africa, '-Shutﬁv Asia, and Southeast Asia

The six agricultufals-regions that predominate
in developed countries aze:

e » Mixed crop and livestock—primarily the U.S.

\ Midwest and central Europe

Y * Dairying—ptimarily near population clus-

ters in the northeastern United States,

southeastern Canada, and northwestern

e o RO G

i

] g Europe
¢ PADIAIC : * Grain—primarily the north-central United
' . OF‘EEAN ; States, south-central Canada, and Eastern
‘ Burope

g s siag,

Bddl—y  ® Ranching—primarily the drylands of west-
: ern North America, southeastern Latin
America, Central Asia, sub-Saharan Africa,
and the South Pacific

*  Mediterranegn—primarily lands surround-

INDIAN
OCEAN

‘

T ing the Mediterranean Sea, the western

United States, the southern tip of Africa,
and Chile

*  Commercial gardening—primarily the south-
eastern United States and southeastern

Australia
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Pause and Reflect 10.3.1

e ar r e i < i In which agricultural region do you live?
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Agriculture in Developing
Regions

_Learning Qutcome 10.3.2
g sExplain how pastoral nomadism works in the

&rxy nﬂs of developmg regions.

In developing formtries most people produce food for their

o, Nome surplus may be sold to the gov-
ernument or to privatg | ﬂfm ut the surplus product is not
the farmer’s primary purp; nd may not even exist some
years because of growing eénditiohs. This section consid-
ers five agricultural types characteristit"of developing coun-
tries—pastoral nomadism, shifting, caltivation, intensive
subsistence with wet rice dominant, mtemwe subsistence
with crops other than rice, and plantation farrnmg

AGRICULTURAL REGIONS AND CL;MA?-;;E .
One factor that contributes to the different types of ag

riculture in both developed and developing countries is '

climate. Similarities between the agriculture and climate
maps on the previous page are siriking. For example, pas-
toral nomadism is the predominant type of agriculture in
Southwest Asia & North Africa, which has a dry climate,
whereas shifting cultivation is the predominant type of
agriculture in sub-Saharan Africa, which has a tropical
climate. Note the division between southeastern China
(warm mid-latitude climate, intensive subsistence agricul-
ture with wet rice dominant) and northeastern China (cold
mid-latitude climate, intensive subsistence agriculture
with wet rice not dominant). In the United States, much of
the West is distinguished from the rest of the country ac-
cording to climate (dry} and agricuiture (livestock ranch-
ing}. Thus, agriculture varies between the drylands and the
tropics within developing countries—as well as between
the drylands of developing and developed countries.
Because of the problems involved with the concept of
environmental determinism, discussed in Chapter 1, geog-
raphers are wary of placing too much emphasis on the role

¥ FIGURE 16-1% PASTORAL NOMADISM: CHOICE OF ANIMALS Goats are herded in Zantaram, Niger.

of climate. Cultural preferences discussed in Key Issue 2
also explain agricultural differences in areas of similar cli-
mate. Hog production is virtually nonexistent in predom-
inantly Muslim regions because of that religion’s taboo
against consuming pork products. Wine production is rel-
atively low in Africa and Asia, even where the climate is
favorable for growing grapes, because of alcohol avoidance
in predominantly non-Christian countries (Figure 4-22),

PASTORAL NOMADISM

Pastoral nomadism is a form of subsistence agriculture
based on the herding of domesticated animals. The word
pastoral refers to sheepherding. It is adapted to dry cli-
mates, where planting crops is impossible. Pastoral no-
mads live primarily in the large beit of arid and semiarid
land that includes Central and Southwest Asia and North
Africa. The Bedouins of Saudi Arabia and North Africa and
the Masai of Fast Africa are examples of nomadic groups.
Unly about 15 million people are pastoral nomads, but
they sparsely occupy about 20 percent of Earth’s land area.
. Unlike other subsistence farmers, pastoral nomads de-
end primarily on animals rather than crops for survival.
1 dmmais provide miik, and their skins and hair are
used: for clothing and tents. Like other subsistence farm-
ers, though‘“pastoral nomads consume mostly grain rather
than meat. To; n grain, many present-day nomads do
raise ¢rops, Thé mals are usually not slaughtered, al-
though dead ones éy be.consumed. To nomads, the size
of their herd is both an{jmpértant measure of power and
prestige and their main sedufit urmg adverse environ-
mental conditions.

Some pastoral nomads obtam graﬁ’a from sedentary sub-
sistence farmers in exchange for animal products. More
often, part of a nomadic group—perhaps the women and
childeen—may plant crops at a fixed location while the rest
of the group wanders with the herd. Nomads might hire
workers to practice sedentary agriculture in return for grain
and protection. Other nomads might sow grain in recently
flooded areas and return later in the year to harvest the
crop. Yet another strategy is to remain in one place and cul-
tivate the land when rainfail is abundant; then, during pe-
riods that are too dry to grow crops, the group can increase
the size of the herd and migrate in
search of food and water.

CHOWCE OF ANIMALS. Nomads
select the type and number of
animals for the herd according
to local cultural and physical
characteristics. The choice depends
on the relative prestige of animals
and the ability of species to adapt to
a particular climate and vegetation,
The camel is the most highly
desired animal in North Africa and
Southwest Asia, along with sheep
and goats. The horse is particularly

: it il ﬂmﬁs’éw}hrﬁmt&ﬁﬁ nﬁf@@hser of



A FIGURE 10-20 PASTORAL NOMADISM: MOVEMEN

» Camels are well suited to arid climates because t
go long periods without water, carty heavy bag“gage

and move rapidly, but they are particularly bothered*

by {lies and steeping sickness and have a relatively long *
gestation period—12 months from conception to birth.

* (oats need more water than do camels but are tough

and agile and can survive on virtually any vegetation,

no matter how poor (Figure 10-19).

* Sheep are relatively slow moving and affected by cli-
matic changes; they require more water than camels
and goats and are more selective about which plants
they will eat.

The minimum number of animals necessary 1o support
each family adequately varies according to the particular
group and animal. The typical nomadic family needs 25 to
60 goats or sheep or 10 to 25 camels.

MOVEMENTS OF PASTORAL NOMADS. Pastoral nomads
do not wander randomly across the landscape but have
a strong sense of territoriality (Figure 10-20), Every group
controls a piece of territory and will invade another group’s
territory only in an emnergency or if war is declared. The
goal of each group is to control a territory large enough
to contain the forage and water needed for survival. The
actual amount of land a group controls depends on its
wealth and power.

The precise migration patterns evolve from intimate
knowledge of the area’s physical and cultural character-
istics. Groups frequently divide into herding units of five
or six families and choose routes based on the most likely
water sources during the various seasons of the year. The
selection of routes varies in unusually wet or dry years
and is influenced by the condition of the animals and the
area’s political stability.

Some pastoral nomads practice transhumance, which
Is seasonal migration of livestock between mountains and
lowland pasture areas. Pasture is grass or other plants
grown for feeding grazing animals, as well as land used for

omads pitch tents in Turkey.
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grazing, Sheep or other animals may pasture in
alpine meadows in the summer and be herded
back down into valleys for winter pasture.

THE FUTURE OF PASTORAL NOMADISM,
Agricultural experts once regarded pastoral
nomadism as a stage in the evolution of
agriculture—between the huntesrs and gatherers
who migrated across Earth’s surface in search of
food and sedentary farmers who cultivated grain
in one place. Because they had domesticated
animals but not plants, pastoral nomads were
considered more advanced than hunters and
gatherers but less advanced than settled farmers.

Pastoral nomadism is now generally recog-
nized as an offshoot of sedentary agriculture,
not as a primitive precursor of it. It is simply a,
practical way of surviving on land that receives
too little rain for cultivation of crops. The do-
mestication of animals—the basis for pastoral nomadism—
probably was achieved originally by sedentary farmers,
ot by nomadic hunters. Pastoral nomads therefore had
0-be familiar with sedentary farming, and in many cases
tﬁeyf practiced it.

ciay, pas’tqral nomadism is a declining form of agricul-

ture, pdrtly awictim of modern technology. Before recent
tramport‘ltion aﬁd, communications inventions, pastoral
nomads played’ a:’i nhportant role as carriers of goods and
information across the sparsely inhabited drylands. They
used to be the most powerful‘ithabitants of the drylands,
but now, with modern weapgiiy; national governments
can control nomadic populatic: re effectively.

Government efforts to resettlé’ nomads have been
particularly vigorous in China, Kazakhstan, and several
countries of Southwest Asia, including Israel, Saudi Ara-
bia, and Syria. Nomads are reluctant to cooperate, so
these countries have experienced difficulty in trying to
force their settlement in collectives and coopetatives.
Governments force groups to give up pastoral nomadism
because they want the land for other uses. Land that can
be irrigated is converted from nomadic to sedentary ag-
riculture. In some instances, the mining and petroleum
industries now operate in drylands formerly occupied
by pastoral nomads. Some nomads are encouraged to
try sedentary agriculture or to work for mining or petro-
leum companies. Others are still allowed to move about,
but only within ranches of fixed boundaries. In the fu-
ture, pastoral nomadism will be increasingly confined to
areas that cannot be irrigated or that lack valuable raw
materials,

Pause and Reflect 10.3.2

A few trees are growing in the background in

Figure 10-1% and none in Figure 10-26. What natural
resource needs to be present so that trees can grow?
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SHIFTING CULTiVAT!ON

Learning Outcome H

~<Explain how shlftmg cultivatfon works i’ the tropucs
of eveiopmg regions,

Itivation is practiced in much of the world’s
Troplcal, or A chmate regions, which have relatively high
temperatures 7 abundant rainfall, It is practiced by
roughly 250 miiljon pec)pie across 36 million square kilo-
meters (14 million square-iniles), especially in the tropi-
cal rain forests of Latin Amer;‘ca, sub-Saharan Africa, and
Southeast Asia, o

Two distinctive features of 5mft1ng é:ult;vatmn are:

» Farmers clear land for planting by siéshi ng vegetatmn
and buining the debris (shifting cuitiVatlon A3 some-
times called slash-and-burn agriculture).

» Farmers grow crops on a cleared field for only ‘
years, until soil nutrients are depleted, and thent eav
it fallow (with nothing planted) for many years so the
soil can recover.

People who practice shifting cultivation generally live
in small villages and grow food on the surrounding land,
which the village controls. Wetl-recognized boundaries
usually separate neighboring villages.

THE PROCESS OF SHIFTING CULTIVATION. Each year
villagers designate for planting an area surrounding the
settlernent. Before planting, they must remove the dense
vegetation that typically covers tiopical land. Using axes,
they cut down most of the trees, sparing only those that are
economically useful. An efficient strategy is to cut down
selected large trees, which bring down smaller trees that
may have been weakened by notching, The undergrowth
is cleared away with a machete or other long knife. On a
windless day the debris is burned under carefully controlied
conditions. The rains wash the fresh ashes into the soil,
providing needed nutrients (Figure 10-21),

¥ FIGURE 10-27 SHIFTING CULTIVATION: SLASH AND BURN This field
in Mozambiqie is heing prepared through slash and bur.

A FIGURE 10-22 SHIFTING CULT!VATION PREPARING THE LAND This
field in Cote d'lvoire is being prepared for planting,

Before planting, the cleared area, known by a variety
of names in different reglons, including swidden, lading,
milpa, chena, and kaingin, is prepared by hand, perhaps

with the help of a simple implement such as a hoe; plows

animals are rarely used (Figure 10-22), The only fertil-
g‘guelally available is potash {potassium) from burning
the debris when the site is cleared. Little weeding is done
the first yea that a cleared patch of land is farmed; weeds
may be cleared with a hoe in subsequent Vears.
11asd ¢an support crops only briefly, usually
three years or less.'In_many regions, the most productive
harvest comes in the s Q%year after burning. Thereaf-
ter, soil nutrients are rapidly ¢ epleted, and the land be-
comes too infertile to nourish: erops; Rapid weed growth
also contributes to the abandonment of a swidden after a
few years. When the swidden is no longer fertile, villagers
identify a new site and begin clearing it. They leave the old
site uncropped for many years, allowing it to become over-
tun again by natural vegetation, The feld is not actually
abandoned; the villagers will return to the site someday,
perhaps as few as 6 years or as many as 20 years later, to
begin the process of clearing the land again. In the mean-
time, they may still care for fruit-bearing trees on the site,
If a cleared area outside a village is too small to pro-
vide food for the population, then some of the people may
establish a new village and practice shifting cultivation
there. Some farmers may move temporarily to another set-
tlement if the field they are clearing that year is distant.

CROPS OF SHIFTING CULTIVATION. The crops grown
by each village vary by local custom and taste. The
predominant crops include upland rice in Southeast Asia,
maize {corn) and manioc (cassava) in South America, and
millet and sorghum in Africa, Yams, sugarcane, plantain,
and vegetables are also grown in some regions. These crops
have originated in one region of shifting cultivation and
have diffused to other areas in recent years.

The Kayapo people of Brazil’s Amazon tropical rain for-
est do not arrange crops in the rectangular fields and rows
that are familiar to us. They plant in concentric rings. At
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first they plant sweet potatoes and yams in the inner area,
with corn and rice, manioc, and more yams in successive
rings. In subsequent years the inner area of potatoes and
yams expands to replace corn and rice. The outermost ring
contains plants that require more nutrients, including

"'papaya, banana, pineapple, mango, cotton, and beans. It
%, 18 here that the leafy crowns of cut trees fall when the fle!d

im a large vanety of intermingled crops,
which are harvest‘*edml_n ividually at the best time. In shift-
ing cultivation a “fafm f‘e!d“:.appears much more chaotic
than do fields in develope _,imtnes, where a single crop
such as corn or wheat may“grow over an extensive area.
In some cases, families may specialize;i
trade with villagers who have a surpius f others.

OWRNERSHIP AND USE OF LAND "IN SHIFTING
CULTIVATION. Traditionally, land was owfied ‘by. the
village as a whole rather than separately by each remd’
The chief or ruling council allocated a patch of land
each family and allowed it to retain the output. Individuals
may also have had the right to own or protect specific trees
surrounding the village, Today, private individuals now
own the land in some communities, especially in Latin
America,

Shifting cultivation occupies approximately one-fourth
of the world’s land area, a higher percentage than any
other type of agriculture. However, less than 5§ percent of
the world’s people engage in shifting cultivation, The gap
Letween the percentage of people and land area is not sur-
prising because the practice of moving from one field to
another every couple years requires more land per person
than do other types of agriculture,

FUTURE OF SHIFTING CULTIVATION. Land devoted to
shifting cultivation is declining in the tropics at a rate
of about 75,000 square kilometers (30,000 square miles),
or 0.2 percent, per year, according to the United Nations
(Figure 10-23). The amount of Farth’s surface allocated
to tropical rain forests has already been reduced to less
than half of its original area, for until recent years the
World Bank supported deforestation with oans to finance
development schemes that required the clearing of forests.
Shifting cultivation is being replaced by logging, cattle
ranching, and the cultivation of cash crops. Selling timber
to builders and raising beef cattle for fast-food restaurants
are more effective development strategies than maintaining
shifting cultivation. Developing countries also see shifting
cultivation as an inefficient way to grow food in a hungry
world. Indeed, compared to other forms of agriculture,
shifting caltivation can support only a small population
in an area without causing environmental damage,

To its critics, shifting cultivation is at best a preliminary
step in economic development. Pioneers use shifting cul-
tivation to clear forests in the tropics and to open land for
development where permanent agriculture never existed,

4 FIGURE 10-23 DEFORESTATION The rain forest in Parana, Brazil, once
used for shifting cultivation, was cleared plant soybeans,

People unable to find agricultural land elsewhere can mi-
grate to the tropical forests and initially practice shifting
cultivation. Critics say it then should be replaced by more

- sophisticated agricultural techniques that yield more crops

ver land area. Defenders of shifting cultivation consider it
fhelmo t environmentally sound approach for the trop-
ics. ﬁxa ices.used in other forms of agriculture, such as
applymg rért;hz.ere. and pesticides and permanently clear-
ing fields, ma}#ﬁ&mage the soll, cause severe erosion, and
upset balanced: é’éesystems.

Large-scale destrug’u sn.of the rain forests also may con-
tribute to global warm:;;' ‘When large numbers of trees
are cut, their burning and decay Jelease large volumes of
carbon dioxide, This gas can bmid~up in the atmosphere,
acting like the window glass in a ‘gréenhouse to trap solar
entergy in the atmosphere, resulting in the “greenhouse
effect,” discussed in Chapter 11, Elimination of shifting
cultivation could also upset the traditional local diversity
of cultures in the tropics. The activities of shifting cultiva-
tion are intertwined with other social, religious, political,
and various folk customs. A drastic change in the agricul-
tural economy could disrupt other activities of daily life.

As the importance of tropical rain forests to the
global environment has become recognized, developing
countries have been pressured to restrict further destruc-
tion of them. In one innovative strategy, Bolivia agreed
to set aside 1.5 million hectares (3.7 million acres) in a
forest reserve in exchange for cancellation of $650 mil-
lion of its debt to developed countries. Meanwhile, in
Brazil’'s Amazon rain forest, deforestation has increased
from 2.7 million hectares (7 million acres} per year dur-
ing the 1990s to 3.1 million hectares (8 million acres)
since 2000,

Pause and Reﬂect 10.3.3

‘How does rapid population growth in sub-Saharan

* Africa make it difficult to practice shifting cultsvat:on
there?
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~v~~*=Leamlng Outcome 10 3 4

INTENSIVE SUBSISTENCE WITH WET RICE
DOMINANT

x%{a;m how mtenswe subssstence farming works in
e |

subsistence agncultur a?found in regions of low density.
But three-fourths of the world’s people live in develop-
ing countries, and the for fsub§1steme agriculture that
feeds most of them is intensive subsistence agriculture.
The term intensive implies that farmers,must work inten-
sively to subsist on a parcel of land:In densely popuiated
East, South, and Southeast Asia, most farmers p! ctice in-
tensive subsisterice agriculture, £

CHARACTERISTICS OF INTENSIVE SUBSISTENCEF
ING, The typical farm in Asia’s intensive subsisté“né,
agriculture regions is much smaller than farms elsewhere
In the world. Many Astan farmers own several fragmented
plots, frequently a result of dividing individual holdings
among several children over several centuries. Because the
agricuitural density—the ratio of farmers to arable land—
is so high in parts of East and South Asia, families must
produce enough food for their survival from a very small
area of land. They do this through careful agricultural
practices, refined over thousands of years in response to
local environmental and cultural -patterns. Most of the
work is done by hand or with animals rather than with
machines, in part due to abundant labor, but largely from
lack of funds to buy equipment.

To maximize food production, intensive subsistence
farmers waste virtually no land. Corners of fields and ir-
regularly shaped pieces of land are planted rather than
left idle. Paths and roads are kept as narrow as possible to

¥ FIGURE 10-24 RICE PRODUCTION China and India produce ene-half of the world's rice,

T

4 FIGURE 10-25 GROWING RICE: PREPARING THE FIELD Piowing a
field with a water buffato in the Philippines,

minimize the loss of arable land, Livestock are rarely per-
mitted to graze on land that could be used to plant crops,
and little grain is grown to feed the animals.

The intensive agriculture region of Asia can be divided
tween aredas where wet rice dominates and areas where
£5.00t (refer to Figure 10-18}). The term wet rice refers
toTide ﬁan;ed on dry land in a nursery and then moved
as seed’hr%!g‘é‘@to a flooded field to promote growth. Wet
rice occupies a'relatively small percentage of Asia’s agri-
cultural land bufjs the region’s most important source of
food. China and i‘néla account for nearly 50 percent of the
world’s rice productiaii;ai fnore than 90 percent is pro-
duced in East, South, and So"theast Asia (Figure 10-24),
Intensive wet-rice farming is ‘thie di inant type of agricul-
ture in southeastern China, East Indja, and much of South-
east Asia. Successful production of lf.trge vields of rice is an
elaborate process that is time-consuming and done mostly
by hand. The consumers of the rice also perform the work,
and all family members, including children, contribute to
the effort.

CULTIVATION OF WET RICE.
Growing rice involves four principal
steps:

Rice production
{million metric tons)
F83) 100 2nd above
B 10-99

HEE 1-98

ATLANTIC
QCEAN

* Field preparation. A farmer
prepares the field for plant-
ing, often using a plow drawn
by water buffalo or oxen (Fig-
ure 10-25). The use of a plow
and animal power is one char-
acteristic that distinguishes
subsistence agriculture from
shifting cultivation.

* Flooding. The plowed land
is then flooded with water
{Figure 10-26). The water is
coilected from rainfall, river

" below 1
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overflow, or irrigation. Too
much or too little water can
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4 FIGURE 19-26 GROWING RICE: FLOODING THE FIELD ‘Fooded figld
in Japan.

damage the crop—a particular problem for farmers in
South Asia who depend on monsoon rains, which do
not always arrive at the same time each summer, Before
planting, dikes and canals are repaired to ensure the
right quantity of water in the field. The flooded feld
is called a sawah in the Austronesian language widely
spoken in Indonesia, including Java. Europeans and
North Americans frequently, but incorrectly, call it a
paddy, the Malay word for wet rice.

* Transpianting. The customary way to plant rice is to
grow seeditngs on dry land in a nursery and then trans-
plant the seedlings into the flooded field (Figure 10-27),
Typically, one-tenth of a sawah is devoted to the cul-
tivation of seedlings. After about a month they are
transferred to the rest of the field. Rice plants grow
submerged in water for approximately three-fourths of
the growing period. Another method of planting rice is
to broadcast dry seeds by scattering them through the
field, a method used to some extent in South Asia.

* Harvesting. Rice plants are harvested by hand, usu-
ally with knives (Figure 10-28). To separate the husks,
known as chaff, from the seeds, the heads are threshed
by beating them on the ground or treading on them
barefoot. The threshed rice is placed in a tray, and
the lighter chaff is winnowed—that is, allowed to be
blown away by the wind. If the rice is to be consumed
directly by the farmer, the hull, or outer covering, is re-
moved using a mortar and pestle, Rice that is sold com-
mercially is frequently whitened and polished, a pro-
cess that removes some nutrients but leaves rice more
pleasing in appearance and taste to many consumers,

Wet rice is most easily grown on flat land because the
plants are submerged in water much of the time, Thus
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A FIGURE 10-27 GROWING RICE: TRANSPLANTING PLANTS
Transplanting rice by hand in Malaysia,

most wet-rice cultivation takes place in river valleys and
deltas. But the pressure of population growth in parts of
East Asia has forced expansion of areas under rice cultiva-

~ tion. One method of developing additional land suitable

”I,,,gérowmg tice is to terrace the hillsides of river valleys.
Iand is used even more intensively in parts of Asla by
obtafmffg twe, harvests per year from one field, a process
known as ﬁouble cropping. Double cropping is common
in places that fiay Q?e‘ warm winters, such as southern China
and Taiwan, but”isfr veiy rare in India, where most areas
have dry winters, N mal!}f, double cropping involves al-
ternating between wet fi&g i
TE

precipitation is higher, and whéat, _barley, or another dry
crop, grown in the drier winteés season Crops other than
rice may be grown in the wet-rice reglon in the summer on
nonirrigated land,

Pause anci Reflect 10.3.4

Describe the. sequence of tasks i in wet rice cuftivation.
- How can growing this very labor-intensive crop be
-cost effective for farmers?

¥ FIGURE 10-28 GROWING RICE: HARVESTING Harvesting rice by hand
in Thaitand,
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INTENSIVE SUBSISTENCE WITH WET
RICE NOT DOMINANT

wLearnmg ‘Outcome 10, 3 5
Degc.nbe reasons for gmwmg crops other than- wet

Climate,, 'S?‘ents farmers from growing wet rice in por-
tions of Asza,;e@pe ially where summer precipitation lev-
els are too low and ‘Winters are too harsh (refer to Fig-
ure 10-18). Agmuitﬁ uch of the interior of India
and northeastern Chin devoted to crops other than
wet rice. Wheat is the most-impi 1___ tit crop, followed by
barley (Figure 10-29). Various o¥fier grains and legumes are
grown for household consumption;., ncly,dmg millet, oats,
corn, sorghum, and sovbeans. In additién, some crops ate
grown in order to be sold for cash, such'as (otton, flax,
hemp, and tobacco.

Aside from what is grown, this region shares most of

the characteristics of intensive subsistence agriculture with ¢

the wet-rice region. Land is used intensively and worke
primarily by human power, with the assistance of some
hand implements and animals. In milder parts of the re-
gion where wet rice does not dominate, more than one
harvest can be obtained some years through skilled use of
crop rotation, which is the practice of rotating use of dif-
ferent fields from crop to crop each year to avoid exhaust-
ing the soil. In colder climates, wheat or another crop is
planted In the spring and harvested in the fall, but no
¢rops can be sown through the winter.

Since the Communist Revolution in 1949, private in-
dividuals have owned little agricultural fand in China. In-
stead, the Communist government organized agricultural
producer communes, which typically consisted of several
villages of several hundred people each, By combining

¥ FIGURE 10-29 CHINA BARLEY FIELDS Hillsides are terraced to create
flat fields,

A FIGURE 10-30 CHINA COMMUNE A commune in Changsha, China.

several small flelds into a single large unit, China’s gov-
ernment hoped to promote agricultural efficiency; scarce
equiprent and animals and larger improvement projects,
such as flood control, water storage, and terracing, could
be shared (Figure 10-30). In reality, productivity did not
increase as much as the government had expected because

. people worked less efficiently for the commune than when
wori;mg for themselves.
Gh

ina has therefore dismantled the agricultural com-
munes,wThe sommunes still hold legal title to agricultural
land, butmlldgers sign contracts that entitle them to farm
portions of* th,g fid as private individuals. Chinese farm-
ers may sell to'others the right to use the land and to pass
on the right to their children. Reorganization has been dif-
ficult because 1mgat10 terits, equipment, and other
infrastructure were develop 0 serve large communal
farms rather than small 1nd1v1dudljy'"managed ones, which
cannot afford to operate and matniain the machinery. But
production has increased greatiy.

PLANTATION FARMING

The types of agriculiure in developing countries discussed
so far are considered subsistence agriculture because the
principal purpese is production of food for consump-
tion by the farmer's family. Plantation farming is a form
of comrmercial agriculture found in developing countries.
A plantation is a large cominercial farm in a developing
country that specializes in one or two crops.

Most plantations are located in the tropics and
subtropics, especiatly in Latin America, Africa, and Asia
{Figure 10-31). Although generally situated in develop-
ing countries, plantations are often owned or operated by
Furopeans or North Americans, and they grow crops for
sale primarily to developed countries. Crops are normally
processed at the plantation before being shipped because
processed goods are less bulky and are therefore cheaper to
ship the long distances to the North American and Furo-
pean markets.

Among the most important crops grown on planta-
tions are cotton, sugarcane, coffee, rubber, and tobacco
(Figure 10-32). Also produced in large quantities are cocoa,
jute, bananas, tea, coconuts, and palm oil. Latin American
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4 FIGURE 10-33 PLANTATION WORKERS
Temporary laborers are transported to a coffee plantation in Minas Gerais, Brazil.

Plantation managers try to spread the work as evenly as pos-
sible throughout the year to make full use of the large labor
force. Where the climate permits, more than one crop is
planted and harvested annually. Rubber tree plantations try
to spread the task of tapping the trees throughout the year.
Until the Civil War, plantations were important in the
EL.S. South, where the principal crop was cotton, followed
by tebacco and sugarcane. Demand for cotlon increased
drafatically after the establishment of textile factories in
England atghiestart of the Industrial Revolution in the late
.century. Cotton production was stimulated by
rent of the cotton gin by Eli Whitney in 1793
and the developrignt-of new varieties of cotton that were
hardier and easier to"picki$laves brought from Africa per-
formed most of the laboriry ¢ abolition of slavery and
the defeat of the South in th¥Givil War. Thereafter, planta-
tions declined in the United States; they were subdivided
and either sold to individual farmefs or worked by tenant

A FIGURE 10-31 COFFEE PLANTATION This plantation is in Minas Gerais,
Brazil.

plantations are most likely to grow coffee, sugarcane, and
bananas, whereas Asian plantations may provide rubber

and palm oil. Crops such as tobacco, cotton, and sugar-
cane, which can be planted only once a year, are less likely
to be grown on large plantations today than in the past.
Because plantations are usually situated in sparsely set-
tled locations, they must import workers and provide them
with food, housing, and social services (Figure 10-33).

farmers.

Pause and Ré'ﬂéct 10.3.5

What foods do you consume that are grown on
plantations? :

¥ FIGURE 10-32 COFFEE BEAN PRODUCTION One-third of the warld’s coffee heans are grown in Brazil,
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Agrlculture in Developed
Regions

Learnmg Outcome 10. 3 6

Describe how mixed crop and Irves’cock farming
_W orks: 13 .

Commercial” agriculture in developed countries can be
divided into “six mdin types: mixed crop and livestock
farming, dairy arming;, commercial gardening and fruit
farming, grain farmidg, l'glediterranean agriculture, and
livestock ranching. Each ‘type is. ;predominant in distine-
tive regions within developed Lom’mes, depending largely
on climate. Commercial agricultugé iy a1§o becoming in-
creasingly important in many develcipmg countries.

In commercial farming, farmers grow: cwps and raise
animals primarily for sale off the farm rather than,;r“ thelr
own consumption. Agricultural products are not st
rectly to consumers but to food-processing comp
Large processors, such as General Mills and Kraft, typicil
sign contracts with commercial farmers to buy their grain,
chickens, cattle, and other output. Farmers may have con-
tracts to sell sugar beets to sugar refineries, potatoes to dis-
tilleries, and oranges to manufacturers of concentrated
juices.

Commercial farming 15 closely tied to other businesses.
The system of commercial farming found in developed
courtries has been called agribusiness because the family
farm Is not an isolated activity but is integrated into a large
food-production industry. Commercial farmers make heavy
use of modern communications and information technol-
ogy to stay in touch and keep track of prices, yields, and
expenditures.

- Although farmers account for less than 2 percent of the
U.S. labor force, around 20 percent of U.S. laborers work in
food production and services related to agribusiness—food
processing, packaging, storing, distributing, and retail-
ing. Agribusiness encompasses such diverse enterprises as
tractor manufacturing, fertilizer production, and seed dis-
tribution. Although most farms are owned by individual
families, many other aspects of agribusiness are controlled
by large corporations.

MIXED CROP AND LIVESTOCK FARMING

Mixed crop and livestock farming is the most common form
of commercial agriculture in the United States west of the
Appalachians and east of 98° west longitude and in much of
Europe from France to Russia (refer to Figure 10-18).

INTEGRATION OF CROPS AND LIVESTOCK. The most
distinctive characteristic of mixed crop and livestock
farming Is the integration of crops and livestock (Figure
10-35). Most of the crops are fed to animals rather than
consumed directly by humans. In turn, the livestock

4 FIGURE 10-34 MIXED CROP AND LIVESTOCK Harvesting com in lowa,

supply manure to improve soil fertility to grow more crops.
A typical mixed crop and livestock farm devotes nearly all

lanid area to growing crops but derives more than three-

fourths of its income from the sale of animal products,
ch as beef, milk, and eggs. In the United States pigs are
often ‘bred directly on the farms, whereas cattle may be
broui,lﬁ in foube fattened on corn.

M1xmgutaps and livestock permits farmers to distribute
the workload (ﬁ% evenly through the year. Fields require
less attention i t,he, Syinter than in the spring, when crops
are planted, and in t -when they are harvested, Mean-
while, livestock require year 'g attention. A mix of crops
and livestock also reduces * «asonal variations in income;
most income from crops comes- dufi‘ng the harvest season,
but livestock products can be sold throughout the year.

In the United States, corn (maize) is the crop most fre-
quently planted in the mixed crop and livestock region
because it generates higher yields per area than do other .
crops (Figure 10-35). Some of the corn is consumed by peo-
ple as oil, margarine, and other food products, but most is
fed to pigs and cattle. The most important mixed crop and
livestock farming region in the United States—extending
from Ohio to the Dakotas, with its center in Iowa-—is fre-
quently called the Corn Belt because around half of the
cropland is planted in corn. Soybeans have become the
second-most-important crop in the U.S., mixed commer-
cial farming region. Like corn, soybeans are mostly used
to make animai feed. Tofu (made from soybean milk) is
a major food source, especiafly for people in China and
Japan. Soybean oil is widely used in U.S. foods, as a hid-
den ingredient.

CROP ROTATION. Mixed crop and livestock farming
typically involves crop rotation. The farm is divided into
a number of fields, and each field is planted on a planned
cycle, often of several years. The crop planted changes
from one year to the next, typically going through a cycle
of two or more crops, and perhaps a year of fallow before
the c¢ycle is repeated. Crop rotation helps maintain the
fertility of a field because various crops deplete the soil of
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with shifting cuftlvatlon, in wlnch nutrients depleted
from a field are restored only by leaving the field: falle
(uncropped) for many years. With shifting cultivationt
in any given year, crops cannot be planted in most of an
area’s fields, so everall production is much lower than in
mixed commercial farming.

A two-field crop-rotation system was developed in
Northern Furope as eatly as the fifth century. A cereal
grain, such as oats, wheat, rye, or harley, was planted in
Field A one year, while Field B was left fallow. The follow-
ing year, Field B was planted, and Field A was left fallow,
and so forth, Beginning in the eighth century, a three-field
system was introduced. The first field was planted with a
winter cereal, the second was planted with a spring cereal,
and the third was left fallow. As a result, each field yielded
four harvests every six years, compared to three every six
years under the two-field system.

A four-field system was introduced in Europe during the
elghteenth century. The first year, the farmer could plant
a root crop (such as turnips) in Field A, a cereal in Field B,
a “rest” crop (such as clover, which helps restore the field)
in Field C, and a cereal in Field D. The second year, the
farmer might select a cereal for Field A, a rest crop for Field
B, a cereal for Field C, and a root for Field D. The rotation
would continue for two more years before the cycle would
start again. Each field thus passed through a cycle of four
crops—root, cereal, rest crop, and another cereal.

Cereals such as wheat and bazley were sold for flour and
beer production, and straw (the stalks remaining after the
heads of wheat are threshed) was retalned for animal bed-
ding. Root crops such as turnips were fed to the animals
during the winter. Clover and other rest crops were used
for cattle grazing and for restoring nitrogen to the soil.

Pause and Reflect 10.3.6

What are the principal differences between harvesting
of maize in the United States {Figure 10-34) and
harvesting of rice in Thailand (Figure 10-28)7

INDIAN
QCEAN

&
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4 FIGURE 10-35 MAIZE {CORN) PRODUCTION
The United States produces nearly 40 percent and China
more than 20 percent of the workd total.

T T T

COMMERCIAL GARDENING AND FRUIT
FARMING

Commercial gardening and fruit farming is the predom-
nt type of agriculture in the southeastern United
tes..The region has a long growing season and humid
ang:jt is accessible to the large markets of New

climate;
York, ﬁh:ladeiphla Washington, and other eastern U.S.

urban areds..

¢ of agriculture practiced in this re-
gion is frequently’called truck farming, from the Middle
English word truck; meaning “bartering” or “exchange of
commodities.” Truck farms gmw many of the fruits and
vegetables that consumers -developed countries de-
mand, such as apples, aspara herries, lettuce, mush-
rooms, and tomatoes. Some of t (0 Yfruits and vegetables
are sold fresh to consumers, but most are sold to large pro-
cessors for canning or freezing.

Truck farms are highly efficient large-scale operations
that take full advantage of machines at every stage of the
growing process. Truck farmers are willing to experiment
with new varieties, seeds, fertilizers, and other inputs to
maximize efficiency. Labor costs are kept down by hiring
migrant farm workers, some of whom are undocumented
immigrants from Mexico who work for very low wages.
Farms tend to specialize in a few crops, and a handful of
farms may dominate national output of some fruits and
vegetables.

A form of truck farming called specialty farming has
spread to New England, among other places. Farmers are
profitably growing crops that have limited but increasing
demand among affloent consumers, such as asparagus,
peppers, mushrooms, strawberries, and nursery plants.
Spectalty farming represents a profitable alternative for
New England farmers at a time when dairy farming is de-
clining because of relatively high operating costs and low
milk prices,
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DAIRY FARMING

Learning. Cutcoma 10 3 7

g Descrlbe how dairy farming and commemai
{ gardenmg work

Dalry armmg is the most important commercial agriculture
praf_med%n farms near the large urban areas of the north-
eastern Uni

+States, southeastern Canada, and north-
£ igure 40-36). Dairying has also become
an important type' of rming in South and East Asia. Tra-
ditionally, fresh milk was, 'eEy consumed except directly
on the farm or in nearby vil ages, " With the rapid growth of
cities in developed countries durifig thé nineteenth century,
demand for the sale of milk to urbap’ residents increased,
Rising incomes permitted urban residents t milk prod-
ucts, which were once considered luxuries!

REGIONAL DISTRIBUTION OF DAIRYING. TFor m
the twentieth century, the world’s milk production

clustered in a handful of developed countries. However, the

share of the world's datry farming conducted in developing
countries has risen dramatically, from 26 percent in 1980
to 53 percent in 2010 (Figure 10-37). In the twenty-first
century, India has become the world’s largest milk producer,
ahead of the United States, the traditional leader; and China
and Pakistan are now third and fourth largest (Figure 10-38).

In developed countries, dairying is the most important
type of commercial agriculture in the first ring outside large
cities because of transportation factors. Dairy farms must
be closer to their market than other types of farms because
their products are highly perishable. The ring surround-
ing a city from which milk can be supplied without spoil-
ing is known as the milkshed. Improvements in transpor-
tation have permitted datrying to be undertaken farther
from the market. Until the 1840s, when railroads were First

¥ FIGURE 10-36 DAIRY FARM Many cows are milked simultaneously at this daity farm in

Wiltshire, England.
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4 FHGURE 10-37 CHANGING MILX PRODUCTION

Developing countries now produce more milk than developed countries.

1960 1970

used for transporting dairy products, milksheds rarely had
a radius beyond 50 kilometers (30 miles). Today, refriget-
ated railcars and trucks enable farmers to ship milk more
than 500 kilometers (300 miles). As a result, nearly every
farm in the northeastern United States and northwestern

Rurope is within the milkshed of at least one urban area.

.. Dairy farmess, like other commerctal farmers, usually
do not sell their products directly to consumers. Instead,

Wthey geqperally sell milk to wholesalers, who distribute it

in mrn*to 1ttailers. Retailers then sell milk to consumers
in shop‘; @rm’f& home. Farmers also sell milk to butter and
cheese manufactur;ers

In general, the farther the farm is from large urban con-
centrations, the smali he percentage of output devoted
to fresh milk. Farms l¢ _farther from consumers are
maore likely to sell their output 16 grocessors that make but-
ter, cheese, or dried, evaporated;y diidicondensed milk, The
reason is that these products keep fresh longer than milk
does and therefore can be safely shipped from remote farms.

Countries likewise tend to specialize in certain prod-
ucts. New Zealand, the world’s largest per capita producer
of dairy products, devotes about § percent to liquid milk,
compared to more than 50 percent in the United Kingdom.
New Zealand farmers do not sell much lig-
uid milk because the country is too far from
North America and northwestern Europe,
the two largest relatively wealthy popula-
tion concentrations.

CHALLENGESFORDAIRY FARMERS. Like
other commercial farmers, dairy farmers face
economic difficulties because of declining
revenues and rising costs. Dairy farmers
who have quit farming most often cite
lack of profitability and excessive workload
as reasons for getting out of the business.
Distinctive features of dairy farming have
exacerbated the economic difficulties:

* Labor intensive. Cows must be milked
twice a day, every day; although the ac-
tual milking can be done by machines,
dairy farming nonetheless requires con-
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v« Winter feed. Dairy farmers
face the expense of feeding
the cows in the winter, when
they may be unable to graze
on grass. In northwestern Fu-
rope and in the northeastern
United States, farmers gener-
ally purchase hay or grain for
winter feed. In the western part
of the U.5. dairy region, crops

Milk praduction _ are more likely to be grown

{millor: metrio fos); : "o P ¢ . X in the summer and stored for

Kt 100 and abuve winter feed on the same farm.
1000
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§ & A A A G 4 . e LQOk on the label of your-
gy milk carton. How far away
from youis the dairy?
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% FIGURE 10-38 MILK PRODUCTION ¢
India has replaced the United States as the world's Ieadir%»;ﬁllk préducer.
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GRAIN FARMING

Learning.! Gutcome 10, 3 8

Describe’ how gram and Medlterranean farmmg
\’fvork : RSty

Some rr of grain is the major crop on most farms. Grain
is the seed fromesvarious grasses, such as wheat, corn, oats,
barley, rice;/ mj]let, and others. Commercial grain agricul-
ture is dmtmgumht,cf from mixed crop and livestock farm-
ing because crops on‘agrain farm are grown primarily for
consumption by humars zathér than by livestock. Farms in
developing countries also grow crops for human consump-
tion, but the output is directly: ;mmumed by the farmers.
Commercial grain farms sell theit- oytput” to_manufactur-
ers of food products, such as breakfast cereals»and breads.

The most important crop grown is wheat,~-used tQ make
bread flour. Wheat generally can be sold for a Wigher price
than other grains, such as rye, oats, and barley, and“it has
more uses as human food. It can be stored relatively €asil
without spoiling and can be transported a long distance
Because wheat has a relatively high value per unit weight,
it can be shipped profitably from remote farms to markets.

As was the case with milk production, the share of world
production of wheat in developing couniries has increased
rapidly. Much of this increased production results from
growth in large-scale commercial agriculture. Developing
countries accounted for more than one-half of world wheat
production in 2010, compared to only one-fourth in 1960,
The United States is by far the largest producer of wheat
among developed countries, but it now ranks third among
all countries, behind China and India (Figure 10-40), China
has been the world leader since 1983, and India has been
second since 1999,

Large-scale grain production, like other commercial
farming ventures in developed countries, is heavily mech-
anized, conducted on large farms, and oriented to con-
sumer preferences. The McCormick reaper (2 machine that

T e

cuts grain standing in the field), invented in the 1830s,
first permitted large-scale wheat production. Today the
combine machine performs in one operation the three
tasks of reaping, threshing, and cleaning.

Unlike work on a mixed crop and livestock farm, the ef-
fort required to grow wheat is not uniform throughout the
year. Some individuals or firms may therefore have two
sets of fields—one in the spring wheat belt and one in the
winter wheat belt. Because the planting and harvesting in
the two regions ocour at different times of the year, the
workload can be distributed throughout the year. In addi-
tion, the same machinery can be used in the two regions,
thus spreading the cost of the expensive equipment. Com-
bine harvesting contractors start working in Oklahoma in
early summer and work their way northward.

Commercial grain farms are generally located in re-
glons that are too dry for mixed crop and livestock agricul-
ture. Within North America, large-scale grain production
is concentrated in three areas:

s The winter wheat belt through Kansas, Colorado, and

Oklahoma. The winter wheat crop is planted in the

autumn and develops a strong root system before

gtowth stops for the winter. The wheat survives the

“Wihter, especially if it is insulated beneath a snow blan-
ket; and "ripe by the beginning of summer,

+ The spi”mg héat belt through the Dakotas, Montana,
and southémi Saskatchewan in Canada. Winters are
usually too severe’1Gr winter wheat in this region, so
spring wheat is planted’in the spring and harvested in
the late summer.

* The Patouse region of Washmgtcm State. Wheat com-
prises a smaller percentage of agficultural output than
in the other two wheat-growing regions. The Palouse
is also an important source of legumes; for example,
80 percent of 17,8, lentils are grown in the region.

Wheat's significance extends beyond the amount of
land or number of people involved in growing it. Un-
like other agricultural products, wheat is grown to a

8 FIGURE 10-40 WHEAT PRODUCTION
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China and India are the leading wheat producers,
followed by the United States,
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A FIGURE 10-41 MEDITERRANEAN AGRICULTURE Nearly all ofives
are produced in countries that border the Mediterranean Sea or have similar
climates, including Sifnos, Greace.

considerable extent for international trade, and it is the
world's leading export crop, The United States and Canada
account for about half of the world's wheat exports; conse-
quently, the North American prairies are accurately called
the world’s “breadbasket.” The ability to provide food for
many people elsewhere in the world is a major source of
economic and political strength for these two countries.

MEDITERRANEAN AGRICULTURE

Mediterranean agriculture exists primarily on the lands
that border the Mediterranean Sea in Southern Furope,
North Africa, and western Asia (Figure 10-41). Farmers in
California, central Chile, the southwestern part of South
Africa, and southwestern Australia practice Mediterranean
agriculture as well.

These Mediterranean areas share a similar physu,al en-
vironment (refer to Figures 10-18 and 10-40). Every Medi-
terranean area borders a sea, and most are on-west coasts
of continents {(except for some lands surrounding the
Mediterranean Sea). Prevailing sea winds provide mois-
ture and moderate the winter temperatures. Summers are
hot and dry, but sea breezes provide some relief. The land
is very hilly, and mountains frequently plunge directly to
the sea, leaving very narrow strips of flat land along the
coast,

Farmers derive a smaller percentage of income from
animal products in the Mediterranean region than in the
mixed crop and livestock region. Livestock production is
hindered during the summer by the lack of water and good
grazing land. Some farmers living along the Mediterranean
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Sea traditionally used transhumance to raise animals, al-
though the practice is now less common. Under transhu-
mance, animals—-primarily sheep and goats—are kept on
the coastal plains in the winter and transferred to the hills
in the summer.

Most crops in Mediterranean lands are grown for human
consumption rather than for animal feed. Horticulture—
which is the growing of fruits, vegetables, and flowers—
and tree crops form the commercial base of Mediterranean
farming. A combination of local physical and cultural char-
acteristics determines which crops are grown in each area.
The hilly tandscape encourages farmers to plant a variety of
¢rops within one farming area.

In the lands bordering the Mediterranean Sea, the two
most important cash crops are olives and grapes. Two-
thirds of the world’s wine is produced in countries that
border the Mediterranean, especially Italy, France, and
Spain, Mediterranean agricultural regions elsewhere in the
world produce most of the remaining one-third (refer to
Figure 4-22). The lands near the Mediterraniean Sea are also
responsible for a large percentage of the world’s supply of

lives, an important source of cooking oil. Despite the im-

ortance of olives and grapes to commercial farms border-
mg the Mediterranean Sea, approximately half of the land
is devgzed tt)__growmg cereals, especially wheat for pasta
and bread, _in the U.S. winter wheat belt, the seeds are
sown in the-fall and harvested in early summer. After cul-
tivation, cash cfr’ops_ are planted on some of the land, and
the remainder of theJand.is left fallow for a year or two to
conserve moisture in tﬁeﬁﬁ@i L ¢

Cereals occupy a muchwleiw .percentage of the culti-
vated land in California than ‘in‘ofher Mediterranean chi-
mates. Instead, a large portion of Ealifornia farmland is
devoted to fruit and vegetable horticulture, which supplies
a large portion of the citrus fruits, tree nuts, and deciduous
fruits consumed in the United States. Horticulture is prac.
ticed in other Mediterranean climates, but not to the ex-
tent found in California. The rapid growth of urban areas
in California, especially Los Angeles, has converted high-
quality agricuitural land into housing developments, Thus
far, the loss of farmland has been offset by the expansion
of agriculture into arid lands. However, farming in dry-
lands requires massive irrigation to provide water, In the
future, California agriculture may face stiffer competition
for the Southwest's increasingly scarce water supply.

Pause and Reflect 10.3.8

At least 1 million metric tons of wine are produced
in eight countries (Argentina, Australia, China,
France, Italy, South Africa, Spain, and the United
States). Referring to Figures 4-22 and 10-18, which
one of the eight countries does not appear to have
Mediterranean agricubture?
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LIVESTOCK RANCHING

Learning Outcome 10.3. g
_.;:rw$escrlbe how Ewestock ranchmg works.

i”i

am‘:lﬁ g is the commercial grazing of livestock over an
exterisi ag;ea (Figure 10-42). This form of agriculture is
adapted.to se fiic id or arid land and zs practiced in devel-

importance of ranching iy t

1¢, United States extends
beyond the people who choosé hi& form of commercial

farming, Its prominence in populai”rr Tultareespecially in
Hollywood films and television, has not, only helped to
draw attention to this form of commercial farm; 'g but has
also served to illustrate, albeit in sometimes romanticized
ways, the crucial role that ranching played in the ‘history
and settlernent of areas of the United States. Cattle ranchimg -
in Texas, as glamorized in popular culture, did actually
dominate commercial agriculture, but only for a short
period—from 1867 to 1885,

Cattle ranching expanded in the United States during
the 1860s because of the demand for beef in East Coast
cities, If they could get their cattle to Chicago, ranchers
were paid $30 to $40 per head, compared to only $3 or
$4 per head in Texas. Once in Chicago, the cattle could
be slaughtered and processed by meat-packing companies
and shipped in packages to consumers in the East. To reach
Chicago, cattle were driven on hoof by cowboys over trails
from Texas to the nearest railhead. There the cattle were
driven into cattle cars for the rest of their journey. The
western terminus of the rail line reached Abilene, Kansas,
in 1867. Wichita, Caldwell, Dodge City, and other towns
in Kansas took their turns as the main destination for cattle

¥ FIGURE 10-42 RANCHING Cattle on a west Texas ranch are rounded up for shipping,
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A FIGURE 10-43 CHISHOLM TRAIL The Chisholm Trail was used to move

m Texas to railroad stations in Kansas during the 18605 and 1870s.

drivén porth on trails from Texas. The most famous route
from Texas horthward to the rail line was the Chisholm
Trail, which~beggn, near Brownsville at the Mexican bor-
der and extended,mqrthward through Texas (Figure 10-43).
Cattle ranching declined in importance during the
1880s, after it came into“¢onflict with sedentary agricul-
ture, Most early U.S. ranché adhered to “the Code of the
West,” aithough the system had 110, official legal status.
Under the code, ranchers had range rights—that is, their
cattle could graze on any open land and had access to scarce
water sources and grasslands, The early cattle ranchers
in the West owned little land, only cattle, The U.S. gov-
ernment, which owned most of the land used for open
grazing, began to sell it to farmers to grow crops, leaving
cattle ranchers with no legal
claim to it. For a few years the
ranchers tried to drive out the
farmers by cutting fences and
then illegally erecting their
own fences on public land, and
“range wars” flared. The farm-
ers’ most potent wea‘pon proved
to be barbed wire, first com-
mercially produced in 1873,
The farmers eventually won the
battle, and ranchers were com-
pelled to buy or lease land to ac-
commodate their cattle. Large
cattle ranches were established,
primarily on land that was too
dry to support crops. Ironically,
60 percent of cattle grazing
today takes place on land leased
g irom the US. government,
GEG/20722, USse beyond the authorzed user or
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4 FIGURE 19-44 MEAT PRODUCTION
China is now the world's largest meat
producer,
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With the spread of irrigation techniques and hardier
crops, land in the United States has been converted fror
ranching to crop growing. Ranching generates lower in-
come per arez of land, although it has lower operating
costs. Cattle are still raised on ranches but are frequently
sent for fattening to farms or to local feed lots along major
railroad and highway routes rather than directly to meat
processors,

COMMERCIAL RANCHING IN OTHER REGIONS.
Commercial ranching is conducted in several developed
countries besides the United States and, increasingly, in
developing countries. The interior of Australia was opened
for grazing in the nineteenth century, although sheep
are more common there than cattle. Ranching is rare in
Europe, except in Spain and Portugal, In South America, a
jarge portion of the pampas of Argentina, southern Brazil,
and Uruguay is devoted to grazing cattle and sheep. The
cattle industry grew rapidly in Argentina in part because
the land devoted to ranching was relatively accessible to
the ocean, making it possible for meat to be transported to
overseas markets.

As with other forms of commercial agriculture, the
growth in ranching has been in developing couniries.
China is the leading producer of meat, ahead of the United
States, and Brazil is third (Figure 10-44), China passed the
United States as the world’s leading meat producer in 1990
and now produces twice as rmuch. Developed countries
were responsible for only one-third of world meat produc-
tion in 2010, compared o two-thirds in 1980, _

Ranching has followed similar stages around the world,
First was the herding of animals over open ranges, in a sem-
inomadic style. Then ranching was transformed into fixed

2 ; . i
LA ¥ (R V<R | S 5

farming by dividing the open land into ranches. When

~many of the farms converted to growing crops, ranching

as=confined to the drier lands. To survive, the remain-

ﬁfﬁggﬁgﬂqhes experimented with new methods of breeding

and Sourcestof water and feed. Ranching has become part
of the megt-processing industry rather than an economic
activity carrfed ofiton isolated farms. In this way, commer-
cial ranching &%ﬁryfgom pastoral nomadism, the form of
animal herding practiggd.in less developed regions.

Pause and Reflect 10.3.9

What are the two most important ranched animals,
according to Figure 10-457
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A,Why Do Farmers Face

conomic Difficulties?
» Challenges for Farmers in Deveiopmg
Countries. .

= Challenges fc
Countries

» Strategies to Inc easeﬁ:he World's
Food Supply

» Sustainable Agrzcuiture i

r Farmers in Developed

Learning Outcome 10.4.1-

Describe the impact of popufatlon growth and trade
on farming in developmg countraes .

Commercial farmers in developed countries and subsis-
tence farmers in developing countries face comparable
challenges. Farmers in both developing and developed
countries have difficulty generating enough income to
continue farming. The underlying reasons, though, are
different. Commercial farmers can produce a surplus of
food, whereas many subsistence farmers are barely able to
produce enough food to survive,

Challenges for Farmers in
Developing Countries

Two issues discussed in earlier chapters influence the

chaice of crops planted by subsistence farmers in develop-

ing countries:

* Subsistence farmers must feed an increasing number of
people because of rapid population growth in develop-
ing countries (discussed in Chapter 2),

* Farmers who have traditionally practiced subsistence
farming are pressured to grow food for export instead of
for direct consumption due to the adoption of the in-
ternational trade approach to development (discussed
in Chapter 9).

SUBSISTENCE FARMING
AND POPULATION GROWTH

Population growth influences the distribution of tyvpes of
subsistence farming, according to economist Ester Boserup.

It compels subsistence farmers to consider new farming
approaches that produce enough food to take care of the
additional people.
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For hundreds if not thousands of years, subsistence
farming in developing countries yielded enough food for
people living in rural villages to survive, assuming that no
drought, flood, or other natural disaster occurred. Sud-
denly in the late twentieth century, developing countries
needed to provide enough food for a rapidly increasing
population as well as for the growing number of urban
residents who cannot grow their own food. According to
Boserup, subsistence farmers increase the supply of food
through intensification of production, achieved in two
ways:

* New farming methods are adopted. Plows replace axes
and sticks, More weeding is done, more manure is ap-
plied, more terraces are carved out of hillsides, and more
irrigation ditches are dug (Figure 10-45). The additional
fabor needed to perform these operations comes from
the population growth. The farmland yields more food
per area of land, but with the growing population, out-
put per person remains about the same.

* Land is left fallow for shorter periods. This expands the
amount of land area devoted to growing crops at any
given time. Boserup identifled five basic stages in the
ntensification of farmland:

alfow. Fields are cleared and utilized for up
s and left fallow for more than 20 years,
longﬁnough for the forest to grow back.

* Bush faﬂow Eields are cleared and utilized for up to
8 years and [¢ allow for up to 10 years, long enough
for small trees and’__t_) igHes to grow back.

¥ FIGURE 10-45 INTENSIVE FARMING METHODS Hillsides in Radi,
Bhutan, are terraced into fields for intensive planting of rice.




* Short fallow. Fields are cleared and utilized for per-
haps 2 years (Boserup was uncertain) and left fallow
for up to 2 years, long enough for wild grasses to
grow back.

.. * Annual cropping. Fields are used every year and to-
tated between legumes and roats,

Muiti-cropping. Fields are used several times a year
rid,never left fallow.

Contrdst sh:ftmg cultivation, practiced in regions of low
population ‘defisity, such as sub-Saharan Africa, with inten-
sive subsistence’ agﬂ ultuge, practiced in regions of high pop-
ulation density, such.asEast.Asia. Under shifting cultivation,
cleared fields are utilized for a*couple years and then left fal-
low for 20 years or more. “Fhis type:of agriculture supports
a small population living at low; densﬁ;; As the number of
people living in an area increases (that»is,""as the population
density increases) and more food must bé grawn, fields will
- be left fallow for shorter periods of time. Even%ualiy, farmers

achieve the very intensive use of farmland chdtactenstlc of
areas of hlgh population density. ¥

SUBSISTENCE FARMING AND
INTERNATIONAL TRADE

To expand production, subsistence farmers need higher-
yield seeds, fertilizer, pesticides, and machinery. Some
needed supplies can be secured by trading food with urban
dwellers. For many African and Asian countries, though,
the main way to obtain agricultural supplies is to import
them from other countries, However, subsistence farmers
lack the money to buy agricultural equipment and materi-
als from developed countries.

To generate the funds they need to buy agricuttural sup-
plies, developing countries must produce something they
can sell in developed countries. The developing countries
sell some manufactured goods (see Chapter 11), but most
raise funds through the sale of crops in developed coun-
tries. Consumers in developed countries are willing to pay
high prices for fruits and vegetables that would otherwise
be out of season or for crops such as coffee and tea that
cannot be grown in developed countries because of the
climate,

In a developing country such as Kenya, families may di-
vide by gender between traditional subsistence agriculture
and contributing to international trade. Women practice
most of the subsistence agriculture--that is, growing food
for their families to consume—in addition to the tasks of
cooking, cleaning, and carrying water from wells, Men may
work for wages, either growing crops for exportt or at jobs in
distant cities. Because men in Kenya frequently do not share
the wages with their families, many women try to gener-
ate income for the household by making clothes, jewelry,
baked goods, and other objects for sale in local markets,
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The sale of export crops brings a developing country for-
eign currency, a portdon of which can be used to buy agri-
cultural supplies. But governments in developing countries
face a dilermma: The more land that is devoted to growing
export crops, the less that is available to grow crops for do-
mestic consumption. Rather than help to increase produc-
tivity, the funds generated through the sale of export crops
may be needed to feed the people who switched from sub-
sistence farming to growing export crops.

Pause and Reflect 10.4.1

What.is an example of a product available in
supermarkets in the United States that was exported
from a developing country?

AFRICA’S FOOD-SUPPLY STRUGGLE

Sub-8aharan Africa is struggling to keep food production
ahead of population growth. Since 1961, food production
has increased substantially in sub-Saharan Africa, but so

- has population (Figure 10-46). As a result, food production

ser capita has changed little in a half-century.
¢ threat of farnine is particularly severe in the Horn
of“Afng% apgd the Sahel. Traditionally, this region sup-
ported’ hrmteg ‘agriculture, With rapid population growth,
farmers ovas:p]a €d, and herd size increased beyond the
capacity of th&imiﬁ Jo support the animals. Animals over-
grazed the llmiteéveg“ﬁmon and clustered at scarce water
SOULCEs, = mgj s s
Government policies have dggravated the food-shortage
crisis. To make food affordable’ forurban residents, govern-
ments keep agricultural prices low,:Constrained by price
controls, farmers are unable to sell their commodities
at a profit and therefore have little incentive to increase
production.
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A FIGURE 10-46 POPULAYTION AND FOOD IN AFRICA Food prodiction
is increasing at about the same rate as population in Africa. As a result, food
praduction per capita is staying about the same,
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DRUG CROPS

Learning, Outcome 1042

T he export crops grown in some developing countries, es-
pecially_in’Létin America and Asia, are those that can be
converted to drugs Cocaine and heroin, the two leading,
especially dangemus'drugs are abused by 16 to 17 million
people each, and marijuanay-the most popular drug, is esti-
mated to be used by 140 mj. 'lbn worldwide:

s Cocaine is derived fromi coc leaf, most of which is
grown in Colombia or the nelghbormg countries Peru
and Bolivia. Most consumers are- lucatech 01 developed
countries, especially in North Amerlca r‘%’l‘he pnnapal
shipping route is from Colombia by s&§ to \
other Central American countries and thén by-land
through Mexico to the United States (Figure 10-47)

* Heroin is derived from raw opium gum, which is px
duced by the oplum poppy plant, Afghanistan is the
source of nearly 90 percent of the world’s opium; most
of the remainder is grown in Myanmar (Burma) and
Laos, Most traffic flows from Afghanistan through Iran,
Turkey, and the Balkans to Western Europe, wliere the
largest numbers of the world's users live. A second route
goes through Central Asia to Russia (Figure 10-48),

¢ Marijuana, produced from the Cannabis sativa plant, is
cultivated widely around the world. The overwhelm-
ing majority of the marijuana that reaches the United
States is grown in Mexico. Cultivation of C. sativa is not
thought to be expanding worldwide, whereas cultiva-
tion of opium poppies and coca leaf are.

" Pause and Reflect 10.4.2
Why does most consumption of cocaine and herom
occur in developed countries?

Cocaine trafficking
(metvic tons)

*140 PR TS
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A FIGURE 10-47 POPPY FIELD Afghanistan is the leading producer of pop-
pies, which are cultivated for opium production.

FOOD PRICES

TSt centm‘y has been food prices lather than food supply
Food tices more than doubled between 2006 and 2008,

prices to four Iaétbrs

+ Toor weather esﬁemaﬂy in major crop-growing regions
of the South Pdmﬁ@a North Ametrtca

* Higher demand, espe( China and India

* Smaller growth in productivily, especially without
major new “miracle” breakthroughs

» Use of crops as biofuels instead of food, especially in
Latin America
On the other side of the coin, record high food prices
have stimulated record high prices for prime agricultural
land. Adjusting for inflation, the price of farmland in
fowa doubled from around 32,500 per acre in 2000 to
$5,000 in 2010,

“ FIGURE 10-48
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Global Consﬁm 1 i Price Index
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4 FIGURE 10-49 FOOD PRICE INDEX V}fmti?izi}figg food prices rese rapidly
between 2006 and 2008 and have remaingﬂﬁgg*‘ﬁn"&e then,
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Challenges for Farmers
in Developed Countrles

4 w'“l;earnmg Otm:om'r 10. 4.3 :
g Explarn the impact of ovel production and market
accedsion farmlng ih developed countries. o

.?g.. «*4

Commerc;ai’fafrmers in developed countries are in some
ways victims of theu own success. Having figured out how
to produce lar”ge' q antltles of food, they face low prices
for their output. Govemmeﬂt’submdles help prop up farm
incorme, but many believe that the furure hedlth of com-

practices.

OVERPRODUCTION IN COMMERCIAL
FARMING

Commercial farmers suffer from low incomes beta Me

they are capable of producing much more food than is des

manded by consumers in developed countries. A surplus of
food can be produced because of widespread adoption of
efficient agricultural practices. New seeds, fertilizers, pesti-
cides, mechanical equipment, and management practices
have enabled farmers to obtain greatly increased yields per
area of land.

The expearience of dairy farming in the Unlted States
demonstrates the growth in productivity. The number of
dairy cows in the United States decreased from 10.8 million
to 9.1 million between 1980 and 2010. But milk produc-
tion increased from 58 to 87 million metric tons. Thus,
yield per cow increased 78 percent during this 30-year pe-
riod, from 5.37 to 9.56 metric tons per cow (Figure 10-51).

Although the food supply has increased in developed
countries, demand has remained constant because the
market for most products is already saturated. In devel-
oped countries, consumption of a particular commodity
may not change significantly if the price changes. Ameri-
cans, for example, do not switch from Wheatles to Corn

¥ FIGURE 10-51 U.5. DAIRY PRODUCTIVITY The amount of mitk
produced per cow has increased rapidly in the United States, especially
since the 1980s.
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Flakes if the price of corn falls more rapidly than does the
price of wheat. Demand is also stagnant for most ag:i-
cultural products in developed countries because of low
population growth.

The U.S. government has three policies that are sup-
posed to address the problem of excess productive capacity:

+ Farmers are encouraged to avoid producing crops that
are in excess supply. Because soll erosiorn is a constant
threat, the government encourages planting fallow
crops, such as clover, to restore nutrients to the seiland
to help hold the so0il in place. These crops can be used
for hay or forage for pigs, or to produce seeds for sale.

+ The government pays farmers when certain commod-
ity prices are low. The government sets a target price for
a commaodity and pays farmers the difference between
the price they receive in the market and the target price
set by the government as a fair level for the commuodity.
The target prices are calculated to give farmers the same
price for the commodity today as in the past, when
compared to other consumer goods and services.

The government buys surplus production and selis or
donates it to foreign governments fn addition, Iow-

o 'ed States has averaged about $20 billion a year
on farm subsidie ‘m recent years. Annual spending varies
considerably froty o year to the next. Subsidy payments
are lower in years’ en “market prices rise and production
is down, typically as a r&; @f _poor weather conditions in
the United-States or politicalp reblems in other countries.
Farming in Europe is subsidiZed’ even more than in the
United States. More farmers recéive subsidies in Lurope,
and they receive more than American farmers. The high
subsidies are a legacy of a long-standing commitment by
the European Union to maintain agriculture in its member

 states, especially in France, Supporters point to the preser-

vation of rural village life in parts of Lurope, while critics
charge that Europeans pay needlessly high prices for food
as a result of the subsidies.

Government policies in developed countries point out
a fundamental irony in worldwide agricultural patterns:
In developed regions such as North America and Europe,
farmers are encouraged to grow less food, whereas devel-
oping countries struggle to increase food production to
match the rate of growth in the population.

IMPORTANCE OF ACCESS TO MARKETS

Because the purpose of commercial farming is to sell pro-
duce off the farm, the distance from the farm to the market
influences the farmer’s choice of crop to plant. Geogra-
phezs use the von Thinen model to help explain the im-
portance of proximity to market in the choice of crops on
commercial farms.

Joharnin Heinrich von Thiinen, an estate owner in
northern Germany, first proposed the mode] in 1826, in
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Thiinen mode! in the absence of topugraphlc faftors, d, srent
farming are conducted at different distances from a city, dependmg on the cost
of transportatior and the value of the product. {right) yorThiinen Jxrﬂéugmzed
that his medel would be modified by site factors, such as a riverdh thiss etch,
which changes the accessibility of different fand parcels to the marketcent
Agricuitural uses that seek highly accessible focations need to locate néar
the river,

a book titled The Isolated State (Figure 10-52). According
to this model, which geographers later modified, a com-
mercial farmer initially considers which crops to cultivate
and which animals to raise based on market location. In
choosing an enterprise, the farmer compares two costs: the
cost of the land and the cost of transporting products to
market,

Von Thiinen based his general model of the spatial
arrangement of different crops on his experience as the
owner of a large estate in northern Germany during the
early nineteenth century. He found that specific crops
were grown in different rings around the cities in the area:

* First ring. Market-oriented gardens and milk producers
were located in the first ring out from the cities. These
products are expensive to deliver and must reach the
market quickly because they are perishable.

¢ Second ring. The next ring out from the cities con-
tained wood lots, where timber was cut for construc-
tion and fuel; closeness to market is important for this
commodity because of its weight.

+ Third ring. The next ring was used for various crops and
for pasture; the specific commodity was rotated from
one year {o the next,

+ Fourth ring. The outermost ring was devoted exclu-
sively to animal grazing, which requires lots of space.

The model assumed that all land in a study area had
simnilar site characteristics and was of uniform quality, al-
though von Thiinen recognized that the model could vary
according to topography and other distinctive physical
conditions. For example, a river might modify the shape of

Mode modified by river
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the rings because transportation
costs change when products are
shipped by water routes rather
than over roads. The model also
failed to consider that social cus-
toms and government policies
influence the attractiveness of
plants and animals for a commer-
cial farmer.

Although von Thiinen devel-
oped the model for a small re-
gion with a single market center,
the model is also applicable on
a national or global scale, Farm-
ers in relatively remote locations
who wish to sell their output in
the major markets of Western Burope and North America,
for example, are less likely to grow highly perishable and
bulky products.

The foliowing example illustrates the influence of
transportation cost on the profitability of growing wheat:

.o Gross profit from sale of wheat grown on 1 hectare of

Ianci not including transportation costs:

an be scld for $250 per metric ton.

b. Yi@iQ»pgr hectare of wheat is 4 tons.

c. Grossprefitis $1,000 per hectare ($250 per ton x 4 tons).

» Net profit from sale of wheat grown on 1 hectare of
land including transportatxon costs:

a. Cost of transportinsg of wheat to market is
$0.10 per kilometer.

b, Net profit from the sale of 4 toﬁs of wheat grown on
a farm located 1,000 kilometers from the market is
$900 ($1,000 gross profit — $100 for 1,000 kilometers
of transport costs).

€. Net profit from sale of 1,000 kilograms of wheat
grown on a farm located 10,000 kilometers from the
market is $0 (31,000 gross profit - $1,000 for 10,000
kilometers of transport costs).

This example shows that a farmer would make a profit by
growing wheat on land located less than 10,000 kilome-
ters from the market. Beyond 10,000 kilometers, wheat is
not profitable because the cost of transporting it exceeds
the gross profit. These calculations demonstrate that farms
located closer to market tend to select crops with higher
transportation costs per hectare of output, whereas more
distant farms are more likely to select crops that can be
transported iess expensively.

Pause and Reflect 10.4.3

H the price of wheat dropped to $200 per ton, what
would be the maximum distance that the wheat
could be profitably shipped?
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Strategies to Increase
the World'’s Food Supply

Learning Outcome 10.4.4

+Explain-the contribution of expanding exports and
arm!"‘ang to world food supply.

Whereds” deveiopﬂd countries often produce more food
than they need mﬁny developing countries struggle to
produce enough’ w’feed ‘their rapsdiy growing popuiations.
Four strategies are beingémj loyed to distribute food to
everyone in the world: .

* Increasing exports from countrfés With surpluses
» Expanding the land area used for. gncuimre
* Expanding fishing

* Increasing the productivity of land now used for
agriculture

Challenges underhie each of these strategies.

INCREASING EXPORTS FROM COUNTRIES
WITH SURPLUSES

Trade in food has increased rapidly, especially since 2000,
exceeding $1 billion for the first time in 2008 (Rigure 10-53).
On a global scale, agricultural products are moving pri-
marily from the Western Hemisphere to the Eastern Hemi-
sphere, Latin America, led by Brazil and Argentina, is the
by far the leading region for export of agricultural prod-
ucts; North America, Southeast Asia, and the South Pacific
are the other major exporting regions (Figure 10-54),

Prior to the 1980s, the only major food importing re-
gions were Furope, East Asia, and the former Soviet Union.
Historically, European countries used their colonies as
suppliers of food; after they became independent coun-
tries, the former colonies sold food to Burope. Joining East

¥ FIGURE 16-54 TRADE IN AGRICULTURAL PRODUCTS The principal flow of agriculture in the world is from

the Western Hemisphere to Europe and Asia.
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A FIGURE 10-53 GROWTH IN AGRECULTURAL EXPORTS

Agricultural trade increased from $400 billion in 2000 to $1 triflion in 2010.

Asia as net food importers were Southwest Asia and North
Africa during the 1970s, South Asia and sub-Saharan Africa
during the 1980s, and Central Asia in 2008, Food produc-
tion: was unable to keep up with rapid population growth
in these regions, and as they embraced the international
trade path of development, agriculture was increasingly
devoted to growing export crops for sale in developed
untries, Japan is by far the leading importer of food, fol-
wed by the United Kingdom, China, and Russia.

;! rgsponse to the increasing global demand for food
1mporfs the. flmted States passed Public Law 480, the
Agricultural, Tfagie, and Assistance Act of 1954 (referred
to as PL.-480): ’”Ertlg { of the act provided for the sale
of grain at low infé rates, and Title I gave grants to
needy groups of peoplg ¥ United States remains the
world’s leading exporter ‘of glain including nearly one-
half of the world’s maize expott “But the overall share of
exports accounted for by the Urlited States has declined
rapidly, from 18 to 19 percent of the world total in the
1970s to 10 to 11 percent in the twenty-first century. Ag-
ricuitural exports from the United States have continued
to increase rapidly, but developing regions—especially
Latin America and Southeast Asia—have had more rapid
increases.

EXPANDING
AGRICULTURAL LAND

Historically, world food produc-
tion has increased primarily by
expanding the amount of land
. devoted to agriculture. When
o the world’s population began
o to increase mote rapidly in the
i late eighteenth and early nine-
o teenth centuries, during the In-

dustrial Revolution, pioneers
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’ could migrate to uninhabited
territory and cultivate the land,
Sparsely inhabited land suii-
able for agriculture was avail-
able in western North America,
central Russia, and Argentina’s
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Tweo centusies ago, people believed that 7.0
good agricultural land would always be 6.5
available for willing pioneers. Today few sci-
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entists believe that further expansion of ag-
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ricultural land can feed the growing world
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population. At first glance, new agricultusal
land.appears to be available because only 11

Agricultural Land
{billion hectares)
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percént-of the world's land area is currently
cu!t:vated However, in recent decades, pop-

ulation. has -fncreased much more rapidly
than agricultutal land (Figure 10-55).
bF tmland is abandoned
for lack of water. Espe 1ally 41 semiarid re-
gions, human actions are caysing land to de-
teriorate to a desertlike c:oncﬁnon d process
called desertification (or, more c_" ely, semiarid land
degradation). Semiarid lands that canssi rt.only & hand-
ful of pastoral nomads are overused becauge frdplci popu-
lation growth. Excessive crop planting, anifmal grizing, and
tree cutting exhaust the soil’s nutrients and preclide-agri-
culture. The Farth Policy Institute estimates that 2'billion
hectares (5 million acres) of land have been deé,rad:.
around the world (Figure 10-56), Overgrazing is thought t6
be responsible for 34 percent of the total, deforestation for
30 percent, and agricultural use for 28 percent, The UN
estimates that desertification removes 27 million hectares
(70 million acres) of land from agricultural production
each year, an area roughly equivalent to Colorado.
Excessive water threatens other agricultural areas, es-
pecially drier lands that receive water from human-built
irrigation systems. If the frrigated land has inadequate
drainage, the underground water level rises to the point
where roots become waterlogged. The UN estimates that
10 percent of all irrigated land is waterlogged, mostly
in Asia and South America. If the water is saity, it can
damage plants. The ancient civilization of Mesopotamia
may have collapsed in part because of waterlogging and
excessive salinity in its agricultural lands near the Tigris
and Euphrates rivers,
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A FIGURE 18-55 AGRICULTURAL LAND AND POPULATION GROWTH Lland devoted to
agriculture has remained virtually unchanged since 1930, whereas population has increased by
more than 50 percent,

Urbanization can also contribute to reducing agricul-
tural land. As urban areas grow in population and land
area, farms on the periphery are replaced by homes, roads,
shops, and other urban land uses. In North America, farms
outside urban areas are lefl idle until the speculators who
own them can sell them at a profit to builders and de-

s yelopers, who convert the land to urban uses. A serious

:groblem in the United States has been the loss of 200,000
ec;ares_ (500,000 aues) of the most produ(_twe farmland,

V‘We lmportance of tha

" various factors in-protecting fa m}and Policymakaers
and the public must make these value judgments. Do
you think that prime soils, significant environmental -
features, and high population growth should be
valued the same o dlfferentiy in dec:dmg which
farmland to- protect" '
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EXPANDING FISHING

Learning Qutcome ?0 4 5

---Describe the contribution of flsh:ng to world food

mative for increasing the world’s food supply
fishing. The agriculture discussed thus far in
this chdpter is }an [ased. At first glance, increased use
of food from the git-is attractive. Oceans are vast, cover-
ing nearly three fu of LBarth's surface and lying near
most population coucenﬁratmns Historically the sea has
provided only a small percentage-of:the world food supply.
Food acquired from Rarth’s.waterS:includes fish, crus-
taceans {such as shrimp and crabs); mollusks (such as
clams and oysters), and aquatic plants (such as watercress).
Water-based food is acquired in two waysi..”

» Fishing, which is the capture of wild fish and other sea-
food living in the waters,

* Aquaculture, or aquafarming, which is the Luinva-
tion of seafood under controlled conditions. (See the =
Sustainability and Inequality in Our Global Village
feature.)

FisH CONSUMPTION. Human consumption of fish and
seafood has increased from 27 million metric tons in
1960 to 110 million metric tons in 2010 (Figure 10-57).
Developing countries are responsible for five-sixths of the
increase. Fish consumption has increased more rapidly
than population growth. During the past half-century, per
capita consumption of fish has nearly doubled in both
developed and developing countries, from 17 kcal per
person per day in 1960 to 30 kcal per person per day in
2010, $till, fish and seafood account for only 1 percent of
all calories consumed by humans (refer to Figure 10-13).

¥ FIGURE 10-57 GROWTH IN HUMAN CONSUMPTION OF FISH
Human consumption of fish has increased in both developed and developing
regions.
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A FIGURE 10-58 GROWTH N FISH PRODUCTION

Increased fish production has come primarily from aquaculture rather than wild

capture of fish.

FISH PROBUCTION. During the past half-century, global
fish production has increased from approximately 36 to
145 million metric tons (Figure 10-58). The growth results
entirely from expansion of aquaculture (Figure 10-59). The
capture of wild fish in the oceans and lakes has stagnated
nce the 19903, despite population growth and increased

“demand to consume fish. The reason that production is

higher thamﬁuman consumption is that a large portion of
the fish that.iscaught is converted to fish meal and fed to
poultry and. hogyomy two-thirds of the fish caught from
the ocean is consuined directly by humans.

The world’s ocedfs are divided into 18 major fishing
regions, including seve in the Atlantic and Pacific
oceans, three in the Ind ,cean, and the Mediterranean
(Figure 10-60). Fishing is also o, ucted in inland water-
ways, such as lakes and rivers. THe.dreas with the largest
yields are the Pacific Northwest and Asia’s inland water-
ways. China is responsible for one-third of the world’s
vield of fish (Figure 10-61). The other leading countries are
naturally those with extensive ocean boundaries, such as
Chile, Indonesia, and Peru.

¥ FIGURE 10-59 AQUACULTURE Fish are raised inside the containers at
this fish farm in Corfu, Greece.
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CVERFISHING. Hope grew during the mid-twentieth
century that increased fish consumption could meet the
needs of a rapidly growing global population. However,
the population of some fish species declined because
they were harvested faster than they could reproduce.
Overfishing has been particularly acute in the North
Atlantic and Pacific oceans, Because of overfishing, the
population of large predatory fish, such as tuna and
swordfish, has declined by 90 percent in the past half-
century, The UN estimates that one-guarter of fish stocks

have been overfishedrand one-half fully exploited, leaving
only one-fourth undesfished.. Consequently, the total
world fish catch has remainedfelatively constant since the
1980s, despite population growtlhy -

Pause and Reflect 10.4.5

Should Chicago's canals be shut to protect the Great
Lakes from Asian carp? Why or why not?

A FIGURE 10-61 FISH PRODUCTION China is the
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Population (billion} and
Food Production index
o

INCREASING PRODUCTIVITY

Learning Outcome 10:4. 6 : .
-Describe the contribution-of higher productwlty to
wor!d food supply :

grew at the fastest rate in human history dur-
a"dyhalf of the twentieth cen.tury, as discussed

wide to achieve much gre_‘ elds from the saime amount
of land., Worldwide, obtammg e food from the same
amount of land has been the leg;dip,g source of increasing
the food supply.

THE GREEN REVOLUTION. The invention and rapid
diffusion of more productive agricultural :iifechil_iQ‘ues
during the 1970s and 1980s is called the green revo
The green revolution involves two main practices:s
introduction of new higher-yield seeds and the expan

use of fertilizers. Because of the green revolution, agri- :

cultural productivity at a global scale has increased faster
than population growth (Figure 10-62).

Scientists began an intensive series of experiments dur-
ing the 1950s to develop a higher-yield form of wheat. A
decade later, the “miracle wheat seed” was ready. Shorter
and stiffer than traditional breeds, the new wheat was
less sensitive to variation in day length, responded bet-
ter to fertilizers, and matured faster. The Rockefeller and
Ford foundations sponsored many of the studies, and the
program’s director, Dr. Norman Borlaug, won the Nobel
Peace Prize in 1970. The International Rice Research In-
stitute, established in the Philippines by the Rockefeller
and Ford foundations, worked to create a miracle rice seed
(Figure 10-63). During the 1960s, their scientists intro-
duced a hybrid of Indonesian rice and Taiwan dwarf rice
that was hardier and that increased yields. More recently,
scientists have developed new high-yleld maize {corn}.

¥ FIGURE 10-62 POPULATION AND FOOD PRODUCTION World
population has increased less rapidly than foed production.
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& FIGURE 10-63 INTERNATIONAL RICE RESEARCH INSTITUTE, HOME

OF THE GREEN REVOLUTION “Miracle” high-yield seeds have been
praduced through labaratory experiments at the International Rice Research
Institute (IRRI). The IRRI is testing rice varieties in the Phitippines.

The new miracle seeds were diffused rapidly around the
orld. India’s wheat production, for example, more than

‘daubied in five years. After importing 10 million tons of

whe#t ahnu%lly in the mid-1960s, India had a surplus of
several miilibn tons by 1971, Other Asian and Latin Amer-
fcan countrie rded similar productivity increases. The
green revolution ’was Jargely responsible for preventing a
food crisis in thesé fegions during the 1970s and 1980s.
But will these scientifi¢ bréa ’hroughs continue in the
twenty-first century?
To take full advantage of th i miracle seeds, farm-
ers must use more fertilizer and max:hmery Farmers have
known for thousands of years that application of manure,
bones, and ashes somehow increases, or at least maintains,
the fertility of the land. Not until the nineteenth century
did scientists identify nitrogen, phosphorus, and potas-
slum (potash) as the critical elements in these substances
that improve fertility. Today these three elements form the
basis for fertilizers—products that farmers apply to their
fields to enrich the soil by restoring lost nutrients,
Nitrogen, the most important fertilizer, is a ubiquitous
substanice. China is the leading producer of nitrogen fertil-
izer. Europeans most commontly produce a fertilizer known
as urea, which contains 46 percent nitrogen. In North
America, nitrogen is available as ammonia gas, which is
82 percent nitrogen but more awkward than urea to trans-
port and store. Both urea and ammonia gas combine nitro-
gen and hydrogen. The problem is that the cheapest way
to produce both types of nitrogen-based fertilizers is to ob-
taln hydrogen from natural gas or petroleun. As fossil fuel
prices increase, so do the prices for nitrogen-based fertiliz-
ers, which then become too expensive for many farmers in
developing countries, In contrast to nitrogen, phosphorus
and potash reserves are not distributed uniformly across
Earth's surface, Phosphate rock reserves are clustered in
China, Morocce, and the United States. Proven potash re-
serves are concentrated in Canada, Russia, and Ukraine.
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Farmers need tractors, irtigation pumps, and other ma-
chinery to make the most effective use of the new miracle
seeds. In developing countries, farmers cannot afford such
equipment and cannot, in view of high energy costs, buy
fuel to operate the equipment. To maintain the green revo-

<" lution, governments in developing countries must aliocate
. scaree funds to subsidize the cost of seeds, fertilizers, and

EY:MODIFIED FOODS. Farmers have been
manipulating rops and livestock for thousands of vears.
The very natuie'sf ag,ricqlture is to deliberately manipulate
nature. Humans contfdl sefective reproduction of plants
and animals in order 3 uce a larger number of
stronger, hardier survivors. Beg| £ In the nineteenth
century, the science of geneti ded understanding
of how to manipulate plants and’ imals to secuare
dominance of the most favorable traits; However, genetic
modification (GM), which became widespread™in the
late twentieth century, marks a sharp break the
agricultural practices of the past several thousand, year
Under GM, the genetic composition of an organism istny
merely studied, it is actually altered; GM involves mixing .
genetic material of two or more species that would not
otherwise mix in nature.

Worldwide, 160 million hectares—10 percent of all
farmland—were devoted to genetically modified crops in
2010; 77 percent of the world's soybeans, 49 percent of
cotton, and 26 percent of maize were genetically modified
in 2010. GM is especially widespread in the United States:
94 percent of soybeans, 90 percent of cotton, and 88 percent
of maize; usage increased rapidly during the first decade
of the twenty-first century (Figure 10-64). Three-fourths of
the processed food that Americans consume has at least
one GM ingredient. North America was responsible for
one-half of the wotld's genetically modified foods, and
developing countries—especially in Latin America—were
responsible for the other one-half.

The United States has urged sub-Saharan African coun-
tries to increase their food supply in part through increased
use of GM of crops and livestock. Africans are divided on
whether to accept genetically modified organisms. The

¥ FIGURE 10-64 GENETICALLY MODIFIED CROPS IN THE UNITED STATES
Approximately 90 percent of major crops in the United States are genetically
maodified.
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positives of GM are higher yields, increased nutrition, and
more resistance to pests. Genetically modified foods are also
better tasting, at least to some palates, Despite these bene-
fits, opposition to GM is strong in Africa for several reasons:

¢ Health problems. Consuming large quantities of genet-
ically modified foods may reduce the effectiveness of
antibiotics and could destroy long-standing ecological
balances in local agriculture,

+ Export problems. Furopean countries, the main mar-
kets for Africa’s agricultural exports, require genetically
maodified foods to be labeled. Europeans are especially
strongly opposed to GM because they believe geneti-
cally modified food is not as nutritious as food from
traditionally bred crops and livestock. Because Euro-
pean consumers shun genetically modified food, Afri-
can farmers fear that if they are no longer able to certify
their exports as being not genetically modified, Euro-
pean customers will stop buying them (Figure 10-65).

+ Increased dependence on the United States, U.S.-based
transnational corporations, such as Monsanto, man-
ufacture most of the GM seeds, Africans fear that the
biotech companies could—and would—Introduce a so-
called “terminator” gene in the GM seeds to prevent
’”farrners from replanting them after harvest and require

thein to’ ‘continue to purchase seeds year after year from

the transnatm lal corporations.

“We don’t ‘Wa it to, create a habit of using genetically
modified maize th tﬁe‘ .country cannot maintain,” ex-
plained anamlnque 5 pn “minister. 1 agriculture is re-
garded as a way of life, not just a- foad production business,
GM represents for many Afric n unhealthy level of
dependency on developed countries

Pause and. Reﬂect 10.4.6 .

What are the benefits and drawbacks for sub-
Saharan Africa to plant more genetlcai!y modified
crops? :

¥ FIGURE 10-65 GENETICALLY MODIFIED FOOD Genetically modified
food is widespread in the United States but shunned by most cansumers in
Evrope.
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Sustainable Agrlcu!ture

Learning Qutcome 10. 47

“Describe the role of sustaanable agracutture in world:
food supply :

Qonwcmnmer(:ial farmers are converting their operations
to sustainabl ) agriculture, agricultural practices that
preserve and? énhawce environmental quality. Farmers
practicing sustidipnables agriculture typically generate
lower revenues thaf do egniventional farmers, but they
also have lower costs, ¢ .

An increasingly popu]ar‘fbrm ofsustainable agriculture
is organic farming. Worldwide, the ssified 37 million
hectares (75 million acres), or 0.6 pefce, t of.farmland, as
organic in 2009, Australia was the leadér,: w;th 12 million
of the hectares, or 32 percent of the wor]dw' e total
(Figure 10-66). Argentina accounted for 12 percent of the
worldwide total, and the United States, China, and“Brva_zﬂ

for 5 percent each. Three principal practices distingtish
sustainable agriculture (and, at its best, organic farming)

from conventional agriculture:

* Sensitive land management

» Limited use of chemicals

* Better integration of crops and livestock

SENSITIVE LAND MANAGEMENT

Sustainable agriculture protects soil in part through ridge
tillage, which is a system of planting crops on ridge tops.
Crops are planted on 10- to 20-centimeter (4- to 8-inch)
ridges that are formed during cultivation or after harvest.
A crop is planted on the same ridges, in the same rows,
year after year. Ridge tillage is attractive for two main rea-
sons: lower production costs and greater soil conservation.

Production costs are lower with ridge tillage in part
because it requires less investment in tractors and

¥ FGURE 10-66 DISTRIBUTION OF ORGANIC FARMING Australia accounts

for nearly one-third of the world's organic farming.
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other machinery than conventional planting. An area
that would be prepared for planting under conven-
tional farming with three to five tractors can be pre-
pared for ridge tillage with only one or two tractors.
The primary tillage tool is a row-crop cultivator that
can form ridges. There is no need for a plow, or a field
cultivator, or a 300-horsepower four-wheel-drive trac-
tor. With ridge tillage, the space between rows needs
to match the distance between wheels of the machin-
ery. If 75 centimeters (30 inches) are left between
rows, tractor tires will typically be on 150-centimeter
(60-inch) centers and combine wheels on 300-centime-
ter (120-inch) centers, Wheel spacers are available from
most manufacturers to fit the required spacing.

Ridge tillage features 2 minimum of soil disturbance
from harvest to the next planting. A compaction-free
zone is created under each ridge and in some row middles.
Keeping the trafficked area separate from the crop-growing
area improves soil properties. Over several years, the soil
will tend to have increased organic matter, greater water-
holding capacity, and more earthworms. The channels left
by earthworms and decaying roots enhance drainage.
Ridge tillage compares favorably with conventional
~ng_for yielcis whlie lowenng the cost of productlon

~Ed

has gained”*tavt') J r produf.tion of organic and herbicide-
free soyheans, Wﬁth;ﬁeif for more than regular soybeans.

In conventional agriculture se€di"are often genetically
modified to survive when herbie¢ides and insecticides
are sprayed on fields to kill weeds and insects. These are
known as “Roundup Ready” seeds because their creator,
Monsanto, sells its weed killers under the brand name
Roundup. Roundup Ready seeds were planted in 90 per-
cent of all soybean fields and 70 percent of all cotton and
maize (corn) fields in the United States in 2010. In addi-
tion to the adverse impacts of herbicides on soil
and water quality, widespread use of Roundup
Ready seeds is causing some weeds to become re-
sistant to herbicides,

Sustainable agriculture, on the other hand,
involves application of limited if any herbicides
to control weeds. Tn principle, farmers can con-
trol weeds without chemicals, although doing so
requires additional time and expense that few
farmers can afford. Researchers have found that
combining mechanical weed control with some
chemicals yields higher returns per acre than re-
tying solely on one of the two methods.

Ridge tillage also promotes decreased use of
chemicals, which can be applied only to the
ridges and not the entire field. Combining her-
bicide banding—which applies chemicals in nar-
row bands over crop rows—with cultivating may
be the best option for many farmers.
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INTEGRATED CROP AND LIVESTOCK

Mixed crop and livestock is a common form of farming in
the United States, as discussed earlier in the chapter. But
many farmers in the mixed crop and livestock region actu-
= ally choose to only grow crops or raise more animals than
the crops they grow can feed. They sell their crops off the
'"fa:m or purchase feed for their animals from outside suppli-
tainable agriculture attempts to integrate the grow-
ing of crop: and'the raising of livestock as much as possible
at the level ©f the-individual farm. Animals consume CTOps
grown on the falm am;i are not confined to small pens.
Integration of croj and livestock reflects a return to
the historical practice of:) m xed crop and livestock farm-
ing, in which growing crops-and’ ra:smg animals were re-
garded as complementary activities, orthe farm. This was
the common practice for centuries, tmtil* the mid-1900s,
when technology, government policy, and economics en-
couraged farmers to become more specaalized
Sustainable agriculture is sensitive to the cériiplexities
of biological and economic interdependencies btetwe n
crops and Hvestock:

* Number of livestock. The correct number, as well as

the distribution, of livestock for an area is determined
based on the landscape and forage sources. Prolonged
concentration of livestock in a specific location can re-
sult in permanent loss of vegetative cover, so a farmer
needs to move the animals to reduce overuse in some
areas, Growing row crops on the more level land while
cenfining pastures to steeper slopes will reduce soil
erosion, so it may be necessary to tolerate some loss of
vegetation in specific locations.

* Animal confinement. The moral and ethical debate
over animal welfare is particularly intense regarding
confined livestock production systems (Figure 10-67).
Confining livestock leads to surface and ground water
pollution, particularly where the density of animals is
high. Expensive waste management facilities are a nec-
essary cost of confined production systems. If animals
are not confined, manure can contribute to soil fertil-
ity. However, quality of life in nearby communities may
be adversely affected by the smell,

* Management of extreme weather conditions. Herd size
may need to be reduced during periods of short- and
long-term drought, On the other hand, livestock can
buffer the negative impacts of low rainfall periods by
consuming c¢rops that in conventional farming would
be left as failures. Especially in Mediterranean climates
such as California’s, properly managed grazing signifi-
cantly reduces fire hazards by reducing fuel buiklup in
grasslands and brushlands.

* Flexible feeding and marketing. Flexibility in feeding
livestock and sending livestock to market can help cush-
lon farmers against trade and price fluctuations and, in
conjunction with cropping operations, make more effi-
clent use of farm labor. Feed costs are the largest single
variable cost in any livestock operation. Most of the feed

IGURE 10-67 (TOP} CONVENTIONAE VERSUS (BOTTOM) ORGANIC

“-FARMNG Chickens are not penned up in cages o an arganic farm.

may comle frem other enterprises on a ranch, though
some is usuaH purchased off the farm. Feed costs can
be kept to a miniteum by monitoring animal condition
and performance and nderstanding seasonal variations
in feed and forage quali

Pause and Refiect 10, 4.7 o

Are you willing to pay more for food that is
organically produced? Why or why not?
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* (rowing rice is an mtenswe opemuon that d
“primarily on 1bundant Tabor. :

LEARNING OUTCOME 10.3.5: Describe reasons for grow-
ing crops other than wet rice in intensive subsxstt:me
regions.

« In intensive subststence areas Where the ciimate is ]
unsuiitable for rice, hardier crops are grown, such as.
wheat and barley.

* Plantation farming is a form of commercial agri-
culture conducted in developing regions. Planta-
tions grow crops primarily for export {0 developed
countries. .

LEARNING CUTCOME 10.3.6: Describe how mixed crop
and livestock farming works.

+ Mixed crop and livestock is the most common form
of agricultare in the center of the United States.

* Crops, especially maize and soybeans, are grown
primarily to feed animals.
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